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Abstract  Egypt's 2030 development plan prioritizes 

sustainable development, including higher education. 

Egyptian universities have embraced sustainable campuses, 

necessitating using suitable tools to measure and monitor 

progress. While the Green Pyramid Rating System assesses 

sustainability in Egypt, it lacks specific emphasis on 

university campuses. This study proposes a framework for 

evaluating the sustainability of Egyptian university 

campuses. This study was based on two worldwide 

prevailing sustainability assessment systems for campuses; 

some selected reports and previous studies were addressed 

to formulate a proposed framework that was investigated 

as suitable for the Egyptian context. This study applied this 

proposed framework to the Tanta University campus to 

assess its status and define the requirements to increase its 

sustainability. This study concluded most percentages of 

criteria from moderate to good. The highest value was 66-

92% for education & research while planning & 

administration recorded 51-57% as the lowest value. Most 

percentages of indicators range from low to good, where 

education & research recorded the highest rate at 66-92%, 

while water indicator got the lowest at 20-26%. Finally, the 

highest percentage was 69% for the Sibirbay campus, while 

the lowest was 57% for the university administrative 

buildings based on the proposed framework. This study's 

proposed framework for evaluating the sustainability of 

Egyptian university campuses, applied to the Tanta 

University campus, provides valuable insights that can 

inform and guide sustainability efforts in other Egyptian 

universities, allowing for the assessment's transferability 

and effectiveness in different institutional contexts. 

Keywords  Sustainability, Sustainable Campus, 

Egypt's Vision 2030, Tanta University, Architecture, 

Urban Development 

1. Introduction

The mitigation and adaptation of climate change have 

been included in the National Egyptian Agenda 2030 [1]. 

Although the global nature of the problem is significant, 

sustainable initiatives on a local scale and positive steps 

could contribute to solving it [2-4]. 

Consequently, building an evaluation system to measure 

sustainability is crucial for long-term development [5-7]. 

The United Nations places great emphasis on sustainability. 

In this regard, 17 global Sustainable Development Goals 

(SDGs) have been agreed to be implemented [8]. 
A sustainable campus integrates the community's 

understanding of "energy saving" and "resource recycling" 

by removing boundaries and creating and maintaining 

environmentally friendly campus settings [5,9,10]. 

Buildings use 30-40 % of global energy and are responsible 

for 37% of global CO2 emissions [11-15]. Building 

sustainability involves considering the impact of social, 

economic, and cultural indicators at different stages of the 

life cycle of a building [16-19]. 

This study is important for understanding sustainability 

on Egyptian campuses and reducing climate impacts and 

can use the general framework proposed by other 

universities worldwide. This research assumes that the 
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sustainable campus has a form, determinants, and standards, 

a general framework that studies the gap between it and the 

current situation. Moreover, it tries to find the proper 

answer to some questions, which are as follows: 

 What are the challenges facing a sustainable campus? 

 How do we achieve sustainability on campus? 

 What is the appropriate framework to achieve 

sustainable campus models in Egypt? 

As for the study problem following the Brundtland 

Report in 1987, many green building rating systems were 

developed, including HK-BEAM, LEED, GBI Tool, 

CASBEE, BREEAM, GPRS in Egypt, and many more. 

However, there are sustainable rating systems for 

university campuses [20,21]. Sustainable campus rating 

tools exist globally, such as UI-GreenMetric, STARS, 

CSAF, and THE. Egypt's Green Pyramid Rating System 

(GPRS) assesses new buildings neglecting existing ones. 

Educational buildings have not been adequately and 

effectively included in this assessment tool [22]. This study 

proposes a framework for creating a sustainable campus. 

This study aims to develop a framework for a sustainable 

campus by analyzing two assessment systems and previous 

practices. In addition, the application of a sustainable 

campus at Tanta University has been investigated to 

formulate a clear view of the campus situation in Egypt. 

2. Literature Review 

Sustainable development is a shared construction goal 

tied to humanity's future destiny. Green campus 

construction has become a hallmark of university efforts to 

achieve the goal of global sustainable development [23,24]. 

As a result of Jean Mayer's 1990 summit of 22 universities, 

"sustainable development" has gained widespread 

acceptance worldwide. George Washington University 

proposed a green university pilot plan in 1997 [24]. 

AASHE was established in 2005 following EFS West's 

hosting of the North American Conference on 

Sustainability in Higher Education in Portland, Oregon, 

2004. [25-27]. ISCN's Charter and Rio+20 have provided 

new sustainability standards for higher education 

institutions [27], while the Green University Alliance 

hosted a subforum on sustainable development. The United 

Nations approved a strategy in 2015 to guide its operations 

until 2030. STARS created the sustainable campus index to 

honor top-performing schools and institutions in 17 

elements of sustainability as part of the Sustainable 

Development Goals (SDGs) strategy [24,28,29]. 

The sustainability initiatives of Saudi Arabian 

universities are inadequate compared to other countries. 

Therefore, they recommend campus sustainability plans 

developed for educational and operational institutions [30-

32]. 

The leading African institutions in the world promote 

sustainability through a less hierarchical approach to 

management, environmental research, and other vital fields 

of study, as well as providing training and incentives for 

lecturers to grow [33]. 

In Egypt, some studies deal with strategies to reach 

sustainable university campuses, including Mansoura 

University and Tripoli University in Libya. 

One study dealt with comprehensive urban design at 

Aswan University, another dealt with the 

environmental/social sustainability of landscapes at the 

American University in Cairo and British University in 

Cairo, and another dealt with environmental sustainability 

at Mansoura University [34]. 

There are multiple concepts of a sustainable campus, as 

follows: 

A sustainable campus protects and improves the health 

and wellbeing of humans and ecosystems and advances 

some ways of addressing present and future ecological and 

social challenges [35,36]. 

Campuses are small communities that mimic the 

functions of cities [36]. They strive for sustainability in 

various dimensions by providing all necessary services and 

facilities for students and workers [37,38]. 

Higher education institutions must meet the needs of the 

present without compromising the needs of future 

generations. Consequently, resource conservation and 

enhancement embrace economic, social, and cultural 

development [39]. 

In addition, the challenges facing the sustainable campus 

are that the management, planning, and architecture of 

campuses are significantly affected by IoT technology [40]. 

A smart campus provides numerous benefits, but its 

implementation poses challenges, such as preventing hacks 

and sabotage, and data access and privacy rules must be 

controlled [41]. Moreover, to promote the concept of a 

sustainable campus, walking can be used as a means of 

transportation between different parts of the campus, but 

weather and temperature, lack of infrastructure, and safety 

measures pose problems for walking habits [42-45]. Finally, 

planning and managing resources and enacting 

commitments for sustainable development are essential to 

a university's sustainability. Secondly, sustainability is 

linked to the long-term viability of a university campus. 

The operational challenges addressed by campus 

sustainability are energy, water use, emissions, waste 

management, materials, food services, green areas, and 

transportation [46-49]. 

3. Methodology 

The research methodology, as shown in Figure 1, 

consists of several key processes. Firstly, conducting a 

literature review to explore the concepts of a sustainable 

campus and sustainable campus assessment systems, 

focusing on the Sustainability Tracking, Assessment & 

Rating System (STARS) and UI-GreenMetric, to compare 

these assessment systems. 
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Figure 1.  Scheme of the Methodology (the authors) 

Based on the literature review, a proposed assessment 

framework will be constructed. This framework will 

include relevant indicators to the local Egyptian situation, 

which was then applied to the Tanta University campus as 

a case study. The indicators were selected based on their 

existence to provide a comprehensive and accurate 

assessment of the sustainability of the campus. 

This study recruited participants from a local university 

and asked them to complete the surveys. Additionally, field 

surveys and reports were conducted. The proposed 

assessment framework was used to analyze the data and 

comprehensively assess the campus's sustainability to 

assess the sustainability of the Tanta University campus. 

Finally, the assessment results were discussed, and 

recommendations were made to improve the sustainability 

of the Tanta University campus. The recommendations 

were based on the findings of applying the proposed 

framework to define the gap between the proposed guiding 

and the current sustainability status of this campus. Overall, 

this research methodology will provide a comprehensive 

and systematic approach to assess the sustainability of the 

Egyptian University campus, aiming to improve its 

sustainability in the long term. 

4. Two Worldwide Prevailing 
Sustainable Campus Assessment 
Systems 

Formulating sustainable campus assessment standards is 

crucial to encourage and monitor sustainable development 

[50,51]. Two systems were selected for study and analysis, 

namely UI-GreenMetric and STARS. 

4.1. GreenMetric – UI's GreenMetric University 

Sustainability Ranking (UI-Green Metric) 

The University of Indonesia launched the UI 

GreenMetric World University Rankings in 2010 to 

increase university awareness of sustainability issues, 

combating global climate change, conserving energy, water 

recycling, and waste, and promoting green transportation. 

The ranking also provides consulting, rankings tracker, tree 

rating, events, and branding services [52,53]. The last 

release was in 2022. 

UI-GreenMetric has a set of criteria and indicators for 

campus assessment and relative weights of the system, as 

shown in Figure 2. The total points are 10000 points. 
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Figure 2.  Criteria and Indicators of the UI-GreenMetric (summarised by the authors from [54,55])  
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As shown in Figure 2, the points corresponding to the 

elements of this system represent credits with maximum 

points, which are indicated in parentheses for each 

indicator. Also, it is noted that: The highest point rate 

determined is Energy and Climate Change (EC). The 

lowest point rate determined is Water (WR). 

4.2. Sustainability Tracking, Assessment & Rating 

System (STARS) 

The Sustainability Tracking, Assessment & Rating 

System (STARS) is a self-reporting framework that allows 

colleges and universities to assess their sustainability 

performance. It was launched 2006 in the US and Canada; 

the latest version was released in 2019. 

Developing a sustainability framework helps higher 

education administrators understand sustainability, 

promotes continuous improvement, and builds a 

sustainable campus community [56]. 

The STARS includes many criteria and indicators, as 

shown in Figure 3. The total points are 205. 

 

Figure 3.  Criteria and indicators of STARS (summarized by the authors from [57])
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It is apparent from Figure 3 that the points corresponding 

to this system's elements represent credits with maximum 

points, which are indicated in parentheses for each 

indicator; it is noted that: 

The highest point rate determined is operations (OP). 

The lowest point rate determined is Planning & 

Administration (PA). 

5. Comparison between the Two 
Assessment Systems 

This study, in Figure 2 and Figure 3, states that the 

evaluation criteria are generally similar between systems 

and can be known by the indicators for each criterion. 

 The Setting & Infrastructure (SI) criterion in the UI-

GreenMetric system corresponds to the STARS 

system's criterion of Operations (OP). 

 The Education &Research (ED) criterion in the UI-

GreenMetric System corresponds to an Academics 

(AC) criterion in the STARS system. 

 The criterion of operations (OP) in the STARS system 

corresponds to the criteria of (Energy & Climate 

Change (EC), Waste (WS), Water (WR), and 

Transportation (TR)) in the UI-GreenMetric System. 

The UI-GreenMetric indicators correspond to the 

STARS index, with the points for each indicator in 

parentheses, as shown in Figure 2 and Figure 3. The study 

then compared common indicators and named criteria. 

Finally, the proposed framework was extracted using 

previous reports and studies. 

In Figure 4, this study compares the relative weights of 

the criteria for assessment systems. The percentages of 

indicators for the two systems were calculated without 

considering the main criteria for each. UI-GreenMetric 

prioritizes energy and climate change at 21%, waste, and 

transportation at 18%, water at 10%, setting & 

infrastructure at 9%, and buildings at 1%. While STARS 

prioritizes Education & Research 28.29%, followed by 

Engagement 20%, Health & Wellbeing 3.41%, Purchasing 

& Funding 10.37%, Buildings 3.90%, and Planning-

Diversity & Affordable 9.27%. From this comparison, it 

becomes clear that UI-GreenMetric cares about energy & 

climate change. On the contrary, STARS prioritizes 

Education & Research. 

6. Proposed General Framework for 
Assessment of the Sustainability of a 
University Campus 

Two worldwide prevailing sustainable campus 

assessment systems were presented to analyze the 

sustainability of the campus. A general framework was 

deducted from similarity indicators for the two assessment 

systems. Since sustainability assessment systems are local, 

some indicators abroad are unsuitable for the Egyptian 

context. Moreover, some elements were missing in the two 

systems, so they were extracted from previous studies and 

reports and combined. This study proposed a general 

framework suitable for the Egyptian context and its 

determinants, as shown in Figure 5. 
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Figure 4.  Relative weights for criteria of the two assessment systems (the authors) 
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Figure 5.  The proposed framework for assessing sustainability for a University Campus (the authors)

7. Applying the Proposed General 
Framework to the Tanta University 
Campus 

Most data are collected by monitoring the current 

sustainability practices of Tanta University, taking pictures, 

and obtaining information from the university's website. 

The following steps then assess the campus: 

First: Interviewing stakeholders and some campus users 

and obtaining engineering drawings. 

Second: Referring to some reports and references to 

determine some indicators for the evaluation that ensure the 

results are accurate, such as: 

SITES v2 Rating System for Sustainable Land Design 

and Development [58]. 

Safety and Security (Principles of Crime Prevention 

through Environmental Design). 

Third: Conducting an electronic survey on the 

university's sustainability efforts. The questionnaire is 

available at https://shorturl.at/cejlM. 
Fourth: Using all data to evaluate the campus through the 

proposed framework list as in Figure 5. Then, analyzing the 

results. 

7.1. Location of the Tanta University Campus 

Tanta University Campus is in Tanta, Egypt. It has 

several campuses, including the Medical Campus, the 

Sibirbay Campus, and the separate faculties distributed in 

the city's urban fabric, and university administration 

buildings. For 2021, the number of university students is 

121252. Tanta University Campus was ranked to be 566 

out of 956 universities worldwide according to the UI-

GreenMetric in 2021[59]. The study chose six campuses 

from it and showed its locations in Tanta city in Figure 6. 
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Figure 6.  The locations of the university campus in Tanta and the separate faculties distributed in the city's urban fabric (Adapted from Google Earth) 

[60] 

7.2. Practices at Tanta University 

This study monitored and analyzed the campus of Tanta 

University to highlight its current situation using the 

proposed framework. So that conclusions and 

recommendations can be drawn about a sustainable campus 

in the Egyptian context: 

7.2.1. Infrastructure 

The infrastructure was established before the 

establishment of the university campus, but after the 

expansion, it was insufficient, so it was increased after 

construction. 

(a) Site context & Buildings: 

Tanta University's campus planning is generally based 

on district planning, which appears in various sectors 

through the convergence of functional levels. 

Connectivity- Accessibility: 

The Sibirbay Campus (A) is divided into four sectors, 

namely the academic, sports, service, and residential 

sectors, and is linked by a central spine. There are also 

pedestrian, vehicle, and bicycle paths, as shown in Figure 

7, the connectivity between them is good, but the sidewalks 

are narrow and high, where trees and seats occupy the most 

prominent areas, so there is a slight traffic overlap. In 

addition, there is a square for vehicle circulations located 

at the beginning of the main entrance. Additionally, the 

campus is connected abroad through three active gates. 

  

Figure 7.  Vehicles, pedestrian, bicycle paths, and bicycle parking 

(Authors) 

The medical campus (B) is divided into three sectors, 

namely the academic (medical faculties), the medical 

(hospitals), and residential sectors, separated by a fence 

surrounding the facilities and connected to the outside 

through ten gates. Furthermore, some paths for pedestrians 

and vehicles are separated through very safe crossings. In 

addition, a vehicle loop connects all parking areas to 

prevent congestion when searching for parking, bicycles 

are not allowed to enter campus, and there are no paths. 

The Faculty of Education (C) consists of two open 

spaces in which the buildings are distributed, with links 

between them. Additionally, pedestrians and vehicles are 
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separated by not allowing cars to enter the entrance for 

students. It is connected to the outside through four gates. 

Furthermore, some buildings boast a distinct historical 

style, and the Gamal Abdel Nasser memorial statue reflects 

the community's culture. 

The Faculty of Commerce (D) consists of commercial 

sectors, two main axes, an open space, paths for pedestrians 

and cars, and parking lots distributed on paths. So, the 

connectivity between pedestrian circulation and vehicles is 

moderate. However, there is slight interference between 

them, and the materials of the tracks differ to reduce the 

speed of cars, and the presence of two squares eases the 

rotation of cars. In addition, it is connected to the outside 

through four gates. Finally, the buildings have a distinct 

historical style, through their social sustainability is 

achieved by reflecting the community's cultural identity. 

The faculty of specific education (E) consists of the main 

spine, on which buildings are distributed on both sides and 

are connected to the outside through three gates. It is close 

to most services but relatively far from transportation. 

Additionally, the central open space contains a memorial 

statue in the form of a Tanura dancer. This is one of the 

folklores of ancient Egypt, which reflects the community's 

cultural identity and achieves social sustainability. 

The administrative sectors are interconnected through 

links and paths within the buildings (F). Pedestrian and 

vehicle paths are also available in the open spaces 

surrounding the buildings, and there are designated parking 

lots separated from the pedestrian areas by a small fence 

and different materials. The university is accessible 

through four gates. Additionally, one of the buildings has a 

Greek style and houses a nursery for employees' children, 

enabling them to work efficiently while keeping an eye on 

their kids, boosting economic and social sustainability. 

Safety: each campus has clearly defined areas with clear 

visibility and good sight lines, with proper lighting levels 

varying from one campus to another. However, there are 

few corridors without lighting and not well monitored. 

Most paths are connected to the main entrances of various 

buildings for emphasis or classrooms, with outdoor 

observation creating a connection between indoor and 

outdoor spaces. Different materials are used in the tracks to 

separate pedestrians from vehicles in the open space 

between buildings to slow the movement of vehicles. 

 

Figure 8.  Main Gates (the authors) 

Wayfinding: the university's logo is only on the main 

gates, as shown in Figure 8, and landmarks are typically 

associated with uses rather than unique buildings or 

landscapes. 

Only on the Sibirbay campus, the Faculty of Commerce 

and the university administration signs indicate the way. 

Natural sunlight makes them clear during the day, so they 

do not require artificial lighting, as shown in Figure 9. 

Additionally, memorial statues, open areas, and gates are 

landmarks. In addition, all campuses are connected to 

multi-modal transit networks. 

 

Figure 9.  Signs (the authors) 

Ramps have been installed at building entrances and 

some public areas lacking parking to facilitate the 

movement of disabled individuals. The university has also 

incorporated programs to accommodate their needs, 

including a dedicated center for their care and integration 

into academic studies. However, the campus lacks LEED, 

BREEAM, or GPRS certification for its buildings. 

However, it has implemented several sustainable practices 

that contribute to environmental sustainability, such as sun 

breakers, air-catching systems, and courtyards. 

Additionally, covering sewage pipes on building facades 

has improved the aesthetics and social sustainability of the 

campus. However, the university's maintenance practices 

do not meet sustainable site maintenance requirements, 

although its quality is evaluated periodically. 

Open spaces: According to the questionnaire, all 

campuses have uncomfortable seats, and some spaces are 

rarely used due to the lack of shadows and some in the back. 

Most spaces also feature consistent materials, styles, and 

identities. No inhumane or cramped spaces exist, and most 

student activities occur there. 

(b) Materials: 

Maintenance now employs interlocking bricks on select 

sidewalks, while no recycled building materials were used. 

Certain paths and spaces also feature vibrant colors to 

mitigate the thermal island effect. 



 Civil Engineering and Architecture 11(4): 1909-1939, 2023 1919 

 

(c) Landscape: 

It uses organic and inorganic fertilizers; some compost 

is produced on-site from fallen tree leaves and artificial soil 

(peat moss), and local sand is mixed with artificial fertilizer 

to modify the soil and increase its quantity. Moreover, 

biodiversity does not exist. 

7.2.2. Planning & Administration 

Some practices have been conducted in this criterion as 

follows: 

(a) Engagement: 

This is done through supporting a culture of excellence 

and competitiveness, nurturing the gifted, cultural activities 

on campus, enhancing partnership axes and areas for 

environmental development and community service, and 

promoting human capabilities and skills. The university 

hosted a local exhibition to arbitrate projects submitted by 

school students in different and advanced fields, such as 

Robotics, Embedded Systems, Energy, and the 

environment, to choose the best project. 

(b) Health and Wellbeing: 

There is partially achieved physical safety where some 

broken sidewalks lead to stumbling. Moreover, there are 

covered rainwater catch basins in the medical campus and 

bumps, different path materials to reduce vehicle speed, 

and monitoring cameras for security. However, power 

wires come out of lampposts and must be covered in small 

cases, and electronic gates and paths at Sibirbay and 

medical campuses to detect ID and metals. Hazardous 

medical waste is disposed of in hidden locations on the 

medical campus. The College of Commerce and the 

Medical Complex have fire extinguishers and emergency 

gathering points. On the other hand, there are Safety 

facilities in Figure 10. 

Some campuses have dilapidated lampposts that do not 

work. There is little lighting in open spaces at night, but 

users do not suffer from psychological or physical 

problems. According to users, parking lots are exposed to 

direct sunlight; and only a few, but not all, safety measures 

are implemented by supplying low-altitude vegetation 

surrounding. Regarding campuses, street furniture is made 

of local materials such as wood and ceramics and has a 

uniform design, color, and style. 

Physical activity and social connection are achieved 

through bicycle paths, sidewalks, sports fields, open spaces, 

seats under trees, and pergolas. 

(c) Purchasing & Funding: 

Sustainable investment is interested in the green 

economy and tourism. Furthermore, it tries to purchase or 

import large laboratory, medical, or engineering devices or 

auxiliary devices with an energy efficiency rating of less, 

and it was put a plan for reducing energy consumption [61]. 

Also, it created a unit to manage electronic waste. Finally, 

neither recycled paper nor environmentally friendly 

cleaners are purchased. 

 

Figure 10.  Safety facilities (the authors) 
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7.2.3. Operations 

(a) Energy & Climate Change: 

Non-energy-saving fluorescent lamps are used. However, 

now it is being replaced by energy-saving LEDs. Smart 

lighting is used in the faculty of science building only on 

the medical campus. In addition, some practices have been 

implemented to reduce energy consumption and achieve 

environmental sustainability. It came through sun breakers 

& light colors in buildings' facades, heights of buildings 

variations, use of air catching on some buildings' roofs, 

vegetation, relying on natural ventilation and lighting 

inside buildings and internal courtyards, as shown in Figure 

11 and Figure 12. All of these reduce energy consumption 

and achieve environmental sustainability. Insufficient 

shading is the main problem. 

The university used solar energy as an alternative to 

conventional energy to provide electricity, and it increased 

the temperature of the air conditioners to 26 degrees 

Celsius, turning off 10% of the air conditioners at peak time 

and planting 2000 trees [62]. 

 

Figure 11.  Sun breakers and light colors (the authors) 

 

Figure 12.  Height of buildings and landscape, courtyard, and some sustainable practices (the authors) 
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(b) Water: 

According to the climate in Egypt, rainwater is not 

managed well. Although some buildings have drains that 

irrigate vegetation directly with surface runoff water and 

solar-powered reverse osmosis desalination plants, as 

shown in Figure 13, achieving environmental 

sustainability in the Sibirbay campus. Filters were also 

installed for drinking water purification in buildings. 

Finally, drip irrigation rationalizes water use on the medical 

campus. 

  

Figure 13.  Solar-powered reverse osmosis desalination plant [63] 

(c) Waste: 

It converts paper books into e-books, prints on two sides, 

and conducts electronic exams. Additionally, the science 

faculty separates the waste from the source, as in Figure 

14. Moreover, the Management Unit Electronic Waste and 

The Crisis and Disaster Management for hazardous 

materials are responsible for disposing of hazardous 

medical waste [64]. Additionally, producing high-quality 

and durable plastic wood uses rice straws. However, the 

university does not use it and is not a recycling program. 

  

Figure 14.  Waste separation in the faculty of science (the authors) 

Furthermore, recycling agriculture waste to produce 

organic fertilizer for plant growth. 

(d) Transportation: 

Despite having bike parking and paths, bicycle use is 

almost non-existent on campus, and public transportation 

is mainly used to access campus. Also, the shuttle service 

(Taftaf) is only inside the Sibirbay campus but rarely works, 

as shown in Figure 15. 

 

Figure 15.  Shuttle service (Taftaf) (the authors) 

7.2.4. Education & Research 

It uses the campus infrastructure to conduct experiments, 

such as soil tests. Furthermore, the literacy plan was 

implemented in cooperation with Haya Karima Institution 

in the neediest villages, and disabled people were 

integrated into their studies at the university. Moreover, it 

opened special departments such as environmental 

architecture - new and renewable energy engineering and 

merged sustainability concepts in curricula. In addition, it 

developed courses, established an educational satellite 

channel, electronic platforms, staff professional 

development, and training centers, and promoted 

sustainability awareness and education. Also, it established 

centers for sustainable development, robotics, intelligent 

simulation, and intelligent modeling units, as shown in 

Figure 16. 

 

Figure 16.  Robotics, intelligent simulation, and intelligent modeling 

units (the authors) 

7.2.5. Innovation 

It supported partnership and innovation for students in 

all fields and contributed to the state achieving Egypt's 

2030 vision. 

7.3. Checking of the Proposed General Framework 

By determining the availability degree of criteria and 

indicators met on the Tanta University campus, results and 

conclusions can be drawn from Table 1. 
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Table 1.  The evaluation of the sustainability of the Tanta University campus based on the proposed framework (the authors) 

Criteria & Indicators Sub- indicators 
Availability 

Notes 
A B C D E F 

Infrastructure 

Site Context & Buildings 

Connectivity 

Permeability of pedestrian network (short links- numerous intersections - minimal 

dead ends) 
5 5 5 5 5 5 

A: All spaces and paths are linked through a 

continuous main spine. Moreover, the connectivity 

between pedestrian, cycling, and vehicular circulations 

is good. However, there is a slight traffic overlap 

because the width of the sidewalks is narrow, where 

trees and seats occupy most of the area. Also, in (C), 

there is a slight overlap between them 

A balance between vehicular and pedestrian networks 4 4 4 4 4 5 

Provide optimum site accessibility Provide site access and usability 5 5 5 4 3 5 All campuses close to public transportation 

Provide safety 

Clear, defined spaces and access control 5 5 4 5 5 5 Most spaces are clear, defined and access control 

Natural surveillance with adequate lighting levels 4 4 4 4 4 4 
Although natural surveillance is available in (D, E), 

narrow and unexposed paths with low light levels exist 

Natural surveillance at entrances and walkways 5 5 5 5 4 5 All main gates bear the name and logo of the university 

Clear visibility and good sightlines 4 4 4 4 5 5  

A variety of options for access 5 4 3 5 3 4 Confirmation of paths and guidance signs 

Site design elements that improve the effectiveness of security and policing efforts 5 5 5 5 4 5 
(D) and (E) have narrow and unexposed paths with low 

light levels 

Absence of different hazards: clearance hazard- object hazard- collision hazard- 

stability hazard 
4 4 3 4 4 4 Some sidewalks are broken in (C) 

Provide wayfinding 

Clear entrances and gateways 5 5 5 3 4 5 In (E), two gates are not clear 

Viewpoints and sight lines 4 4 3 4 4 5 Most sight lines are clear 

Landmarks 4 4 5 4 5 4 There are various landmarks 

Decision points or nodes 4 4 3 3 4 4 Nodes are visible and clear 

Hierarchy of pedestrian and vehicular circulation 4 4 4 4 4 4 

All gates separate vehicles and pedestrians through 

entrances for each. Also, (A) and (D) have vehicles 

rotation square, but there is a slight overlap between 

them 

Different areas and regions 4 4 4 4 3 5 There are various distinct areas 

Orientation devices and systems 4 4 3 4 4 4 
Confirmation of paths by plants, different materials, 

and shaded paths 

Maps and brochures 1 1 1 1 1 1 There are few maps explaining ways 
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Table 1 continued 

Connect to multi-modal transit networks 5 5 5 5 3 5 
All campuses connect to public transport and bicycle 

path in (A) 

Campus facilities for disabled, special needs, or maternity care 4 4 2 3 1 1 
Ramps at entrances. In (B), there is a center for care for 

them 

Building Design and 

Construction 

Restore soils disturbed by previous development 2 2 2 2 2 2  

Divert construction and demolition materials from disposal 2 2 2 2 2 2 Doors and windows are reused 

Divert reusable vegetation, rocks, and soil from disposal - - - - - -  

Protect air quality during construction - - - - - -  

Buildings were built or renovated according to green building codes, policies, 

guidelines, and/or rating systems: multi-attribute BREEAM, LEED, or single attribute 

focusing on one aspect of sustainability 

4 3 2 2 2 2 

Campuses do not have LEED, BREEAM, or GPRS 

green building certificates; however, some sustainable 

practices exist 

Building Operations and 

Maintenance 

Plan for sustainable site maintenance - - - - - - 

Although building and site maintenance are done, it is 

not sustainable as it does not support at least one aspect 

of sustainable sites maintenance 

Storage and collection of recyclables 3 3 3 3 3 3 The iron is sold to scrap dealers 

Recycling organic matter 2 2 2 2 2 2 Fertilizing fallen tree leaves 

Minimize pesticide and fertilizer use 2 2 2 2 2 2  

Reduce outdoor energy consumption 2 2 2 2 1 1 Using vegetation to reduce energy and temperature 

Use renewable sources for landscape electricity needs - - - - - - Is not applied 

Protect air quality during landscape maintenance - - - - - - Is not applied 

Open spaces 

Accessibility, functionality, and interactivity of spaces 5 4 4 4 4 3 
Some open spaces are not used on campus (A) and are 

insufficient in (B) 

Interconnectivity of spaces with the whole network of spaces on campus 5 4 4 5 5 5 In (B, C), there are some separate spaces 

Presence of central space for activities 4 4 4 5 5 4 

(A, B) a space for activities between each group of 

buildings, according to its specialization. (F) the space 

is for parking 

Consistency of materials, styles, and identity of spaces 5 5 4 5 5 5  

Presence of spaces enhances social interactions 5 5 5 5 5 4  

Humane proportions of designed spaces. (Enclosure and heights) 5 5 5 5 5 5  

Variety of uses and activities of different spaces on campus 4 4 3 4 4 1 (F) the space for parking 

Definition of spaces using buildings or vegetation 5 5 5 5 5 5  
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Table 1 continued 

Landscape 

Landscape Management 

Organically, without the use of inorganic fertilizers and chemical pesticides, fungicides, 

and herbicides 
3 3 3 3 3 3 Using organic and inorganic fertilizers 

An Integrated Pest Management (IPM) program - - - - - - 
The plant is sprayed with the appropriate pesticide 

when the infection appears only 

Biodiversity - - - - - - 
There are no natural reserves or heritage buildings in 

the university 

Soil & Vegetation 

Use the existing plant material or installing plants that provide shade over paving areas 

(including playgrounds) 
4 3 4 4 4 4 

Although there are plants on the sidewalks, they do not 

provide enough shade, and an attempt is now being 

made to replace them with bushy trees such as 

poinciana 

Provide shade with structures covered by energy generation systems that produce 

renewable energy 
3 - - - - -  

High-reflectance roof 3 3 3 3 3 3 Roofs colors are bright to reduce temperatures 

Vegetated Roof - - - - - -  

Parking undercover - - - - - 2 One parking on (F) 

Reduce the use of constructed impervious surfaces (e.g., roads, sidewalks, parking lots) - - - - - -  

Increase the use of vegetated surfaces and planted areas 5 4 4 4 4 4 2000 trees are now being cultivated 

Use shade from appropriate trees, large shrubs, vegetated trellises, walls, or other 

exterior structures 
5 3 3 4 3 3 

Some pergolas and shaded seats. In (B), there is a 

shortage of seats, and now under development 

Most of the campus is covered in planted vegetation 4 3 3 3 2 3 All campuses contain much vegetation. 

Water absorption besides the planted vegetation 1 - - - - - 
It does not exist on all campuses. But in (A) there is 

used surface water on roofs to irrigate plants by pipes 

Materials 

Maintain on-site structures and paving 4 4 3 4 3 4 

Although clean, repair, and refinish existing structures 

and paving, the maintenance is not sustainable such as 

not refurbishing and reusing in place 

Design for adaptability and disassembly 3 3 3 3 3 3 It uses interlocking bricks pavers on sidewalks 

Use recycled content materials 

Use plastic lumber made with recycled content 2 - - - - - 
Production of high-quality and durable plastic wood 

using rice straws was just an experiment 

Use crushed concrete for aggregate bases - - - - - - Not applied 

Specify new asphalt with recycled asphalt aggregate 2 2 2 2 2 2 Use new asphalt on old 

Use high recycled content steel - - - - - - Not applied 

Utilize spent iron and foundry sand as fine aggregate in concrete - - - - - - Not applied 

Support responsible extraction of raw materials 2 2 2 2 2 2 
Improve land use and respect cultural and community 

values 

Use regional materials 3 3 3 3 3 3 
It uses cheap and local materials to reduce the cost of 

transportation 
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Table 1 continued 

Planning & Administration 

Engagement 

Assessing Sustainability 

Culture 

Awareness of campus sustainability initiatives 2 2 2 2 2 2 There are initiatives but insufficient 

Behaviors 2 2 2 2 2 2 Behaviors are few sustainable 

Cultural activities on campus 3 3 3 3 3 2 There are many cultural activities 

Community Service 5 5 5 5 5 5 
Volunteer to serve the community in the "Decent Life" 

Initiative 

Health & Well-being 

Security and Safety Facilities 

Availability of parking lots at reasonable distances on campus 4 4 4 4 5 5  

The presence of special parking lots for disabled people 2 2 2 2 2 2  

Low-height vegetation around parking areas to not obstruct visibility 3 2 1 1 1 1  

Heat island effect prevention by planting deciduous trees on parking islands 2 1 1 1 1 3 
(F) One parking is covered. However, (B) is under 

construction 

The use of local materials to produce the site furniture 3 3 3 3 3 3  

The flexibility of furniture and durability of materials 3 3 3 3 3 3  

Furniture comfort and suitability for different users 3 3 3 3 3 3  

The location is close to most services, such as restaurants, libraries, and banks 4 5 5 5 4 5  

Support physical activity to site users (e.g., bicycle parking, drinking fountains, 

emergency call boxes) 
2 1 - - - - 

In (A), it provides bicycle racks that are not used and 

emergency call boxes in university cities only 

Support mental restoration & 

support social connection: 

Provide accessible, quiet 

outdoor spaces 

Provide comfortable seating in the sun and shade 4 3 3 4 3 3  

Visual and physical access to vegetation 5 5 5 5 5 5 All campuses provide visual and physical access 

Mitigate negative distractions and reduce noise 3 3 3 3 3 3 Vegetation and some fountains reduce noise 

Consideration of microclimates and other site-specific conditions (e.g., sun, shade, 

wind) 
3 3 3 3 3 3 

Trees as windbreaks in (A). Sun breakers in buildings' 

facades. Courtyards and connective tissue in some 

buildings with shaded paths. However, insufficient 

shading is the main problem 

Support Physical Activity 4 4 3 4 4 4 

Bicycle paths on campus (A) are available and 

pedestrians on all campuses, physical activities are 

moderately supported but elements that encourage 

walking are needed. 

Workplace Health and Safety 4 4 4 4 4 4  

Assess Employee Satisfaction 2 2 2 2 2 2  

Wellness Programs 
Wellness Program 3 3 3 3 3 3 Health insurance 

Smoke-free environments 2 2 2 2 2 2  
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Table 1 continued 

Purchasing & Funding 

Sustainable Investment 3 3 3 3 3 3  

Sustainable Procurement 3 3 3 3 3 3 

It puts a plan to purchase or import large laboratory, 

medical, or engineering devices or auxiliary devices 

with an energy efficiency rating of less 

University budget for sustainability efforts 3 3 3 3 3 3  

Electronics Purchasing 2 2 2 2 2 2 Some air conditioners save energy 

Office Paper Purchasing - - - - - - 
It is printed on two sides of the paper; the unrecycled 

paper is purchased 

Cleaning and Janitorial Purchasing - - - - - - Not applied 

Food and Beverage Purchasing 3 3 1 - - - 
Date palms and some fruit trees are cultivated inside 

(A) campus 

Operations 

Energy & Climate Change 

Energy-efficient Appliance usage 2 2 2 2 2 2 
Start to replace lighting with LEDs to save energy and 

through some practices 

Smart Building Implementation 3 4 2 2 2 3 

Use electronic gate, footprint in (A), and smart lighting 

in part of the faculty of science in (B). All campuses 

contain video surveillance 

Use vegetation to minimize 

building energy use 

Reduce energy use 3 3 3 3 3 3 Use trees and plants 

Provide shade structures to shade 100% of all HVAC units 1 1 1 1 1 1  

Provide a windbreak 1 - - - - - 
Cultivation of trees with dense leaves and high to face 

the unfavorable winds in the southeast of campus (A) 

Clean and Renewable Energy Sources on campus 2 2 - - - - Some buildings have solar cells in (A) and (B) 

Renewable energy production 2 2 - - - -  

Greenhouse Gas Emission Reductions Program 3 3 3 3 3 3  

Total carbon footprint campus 3 3 3 3 3 3 It has been recommended and is being worked on 

Innovative program(s) in Energy and climate change 3 3 3 3 3 3 
Short, medium, and long-term energy rationalization 

and efficiency plans 

Impactful university program(s) on climate change 4 4 4 4 4 4 Organize the International Environmental Forum 
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Table 1 continued 

Water 

Rainwater Management 1 1 1 1 1 1 

Despite the lack of rainwater, surface runoff water is 

used to irrigate the vegetation by pipes from the 

rooftops of the buildings directly to the plants in (A) 

Water-efficient Appliance usage - - - - - - Not applied 

Consumption of treated water - - - - - - The water is not treated 

Reduce outdoor water use 1 3 1 1 1 1 Drip irrigation in (B) 

Implementation of a water conservation program 2 2 2 2 2 2  

Water recycling program implementation 2 - - - - - 
Solar-powered reverse osmosis desalination plant in 

(A) 

Water pollution control in the campus area 3 3 3 3 3 3 There are filters for each building 

Waste 

Construction and Demolition Waste Diversion 3 3 3 3 3 3 
The iron is sold to scrap dealers, and doors & windows 

are reused 

Recycling program for university's waste 1 3 1 1 1 1 
Separation bins from the source in one faculty on 

campus (B) 

Program to reduce the use of paper and plastic on campus 4 4 4 4 4 4 
Electronic books and exams. Printing on two sides of 

the paper 

Minimization and diversion of waste 2 3 2 2 2 2  

Organic waste treatment 2 2 2 2 2 2 Use deciduous plants' leaves as an organic fertilizer 

Inorganic waste treatment 3 4 3 3 3 3 
Electronic management units for all campuses, in 

addition to (B), have separate bins 

Hazardous Waste Management 4 5 4 4 4 4 

Although there is a hazardous waste unit, this waste is 

put outside in plastic bags in (B). Unit to manage 

electronic waste in (A) and for all campuses 

Sewerage disposal 2 2 2 2 2 2 It is done in traditional ways 
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Table 1 continued 

Transportation 

The number of vehicles (cars and motorcycles) is low 2 2 2 2 2 2 
The number of cars and motorcycles with combustion 

engines is high 

Shuttle service 5 - - - - - There is a Taftaf inside the campus (A) 

Support for Sustainable Transportation & Zero Emission Vehicles (ZEV) policy on campus 3 2 2 2 2 2 
There is a cycling path in (A) and most employees use 

cycling. 

A pedestrian path on campus 

Pedestrian paths are available 4 4 4 4 4 4  

Safe design: enough lighting, a separate path for pedestrians and vehicles, and handrails 4 4 4 4 4 4 

On campus (A), traffic overlaps because of the narrow 

sidewalks, where trees and seats occupy the largest 

areas. Also, it is very high. The paths are safe on 

campus (C) as they are separated from the vehicle 

paths, but they are broken or are not paved . However, 

the campus suffers from a lack of lighting. In € is safety 

because it is small, so it decreases cars speed 

Convenience: the level difference with mild slant, some areas covered with soft material 

(rubber, wood, etc.), availability of directions and locations information 
5 4 4 4 4 4  

Disabled-friendly: ramps and guiding blocks with a suitable design for pedestrians with 

physical disabilities 
3 3 3 4 2 3 Ramps at entrances of buildings and some open spaces 

Cycling Paths on campus 

Cycling paths are available 4 4 2 2 2 2 

 Parking paths are available 4 4 2 1 1 1 

Usage Percentage 4 4 2 1 1 1 

Initiatives to decrease private vehicles on campus 1 1 1 1 1 1 It is starting 

Program to limit or decrease the parking area on campus 1 1 1 1 1 1 It is starting 
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Table 1 continued 

Education & Research 

Academic sustainability courses 5 5 4 4 4 3 
Most of the curriculum is about sustainability. Also, 

courses of digital transformation are made. 

Campus as a Living Laboratory 5 5 4 4 4 -  

Staff Professional Development and Training 5 5 5 5 5 5  

Learning Outcomes 5 5 4 4 4 2 
Most of the curriculum and research are about 

sustainability 

University-run sustainability website 3 3 3 3 3 3 There is a website for the university, but it is general 

Sustainability report 4 4 3 3 3 3  

Events related to sustainability 5 5 3 3 2 4 Organize the International Environmental Forum 

Scholarly publications on sustainability 5 5 5 5 5 5  

Open Access to Research 5 5 5 5 5 5  

Sustainability Literacy Assessment 5 5 5 5 5 - 

It got first place in literacy at the level of Egyptian 

universities. In (F), there are no students, employees 

only 

Student organizations related to sustainability 4 4 3 3 3 - In (F), there are no students, employees only 

Develop Courses 5 5 5 5 5 5  

Promote sustainability awareness and education 4 4 3 3 3 3 
There are electronic platforms and educational 

channels 

Innovation 

Innovation 
It would be added as a bonus if the university did something more than what was 

mentioned in the framework 
- - - - - -  

A: Sibirbay Campus B: Medical Campus C: Faculty of Education D: Faculty of Commerce E: Faculty of Specific Education 

F: University Administrative Buildings 0: not applied 1: Very low 2: Low 3: Moderate 4: Good 5: Very Good 
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8. Results 

Based on a proposed general framework in Figure 5 and 

that listed in Table 1, to assess the sustainability of the 

Tanta University Campus and choose six campuses from it, 

the following results can be shown: 

This study shows in Figure 17 that the Tanta University 

campus has many indicators ranging from low to good. The 

Education & Research have the highest rate between good 

and very good, with a percentage of 66-92%, the water has 

the lowest rate at 20-26%, Site Context & Buildings at 65-

72%, a Landscape at 29-42%, Materials at 29-36%, 

Engagement at 55-60%, Energy & Climate Change at 38-

49%, health & wellbeing at 56-62%, Purchasing & Funding 

at 31-40%, Waste at 53-65%, and Transportation at 40-

67%. Accordingly, in Figure 17, the university promotes 

sustainability through some practices. However, these few 

practices are not reflected in the sustainability of the 

university campus, so there is a need to develop plans to 

achieve sustainability with its three pillars and put 

mechanisms to implement them. Moreover, the Figure 

shows the general progress in achieving sustainability on 

the Tanta University campus. 

For Site Context & Building, (A) recorded the highest 

value at 72%, and (C, E) recorded the lowest value at 65%. 

As for the Landscape, 42% was recorded for (A) as the 

highest and 29% for (B, E) as the lowest. As for Materials, 

the highest rate for (A) at 36% and the lowest for (C, E) at 

29%. The Engagement was the highest value at 60%, and 

the lowest was for (F) at 55%. In addition, Health & 

Wellbeing recorded 62% for (A) as the highest, while 56% 

for (C) is the lowest. Purchasing & Funding were recorded 

at 40% for (A, B) and the lowest at 31% for (D, E, F). 

The highest average Energy & Climate Change value 

was recorded for (A, B) at 49%, while 38% for (C, D, E) 

was the lowest. Additionally, water was recorded at 26% 

for (A, B) and 20% for (C, D, E, F). Waste had the highest 

value at 65% in (B) but the lowest value at 53% in others. 

Transportation got 67% for (A) at the highest rate, while (E) 

at 40% was the lowest. Finally, Education and Research 

recorded the highest average at 92% for (A, B) but the 

lowest value for (F) at 66%. 

This study shows in Figure 18 that most criteria are at 

the range of moderate to good. In contrast, the Planning & 

Administration criterion has the lowest value at 51- 57%. 

While 62-83% Operations range from good to very good, 

indicating sustainable practices with this criterion, which is 

one of the most important criteria for achieving 

environmental sustainability, will be reflected in social and 

economic sustainability. On the other hand, the Education 

& Research index records the highest value between 66-

92%, which indicates the University's interest in enhancing 

campus social and economic sustainability, which is 

reflected in the sustainability of the Egyptian context. 

Moreover, the Infrastructure criterion records a value of 52-

60%. All of these indicate that the University must continue 

efforts to achieve sustainability and Egypt's Vision 2030. 
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Figure 17.  Assessment of proposed framework indicators in Tanta University Campuses (the authors) 
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Figure 18.  Criteria effectiveness assessment for framework in Tanta University Campuses (Authors) 
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Figure 19.  Percentage of proposed framework achievement for each campus (Authors) 
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Regarding Infrastructure, the highest value was recorded 

for (A) at 60% and (C, E) with the lowest value at 52%. For 

Planning & Administration, (A) had the highest value at 

57%, and (C, E) had the lowest value at 51%. Furthermore, 

Operations got 83% for (A) as the highest, but 62% for (F) 

as the lowest. Finally, Education & Research recorded the 

highest average at 92% for (A, B) but the lowest value for 

(F) at 66%. 
This study in Figure 19 shows the percentage of 

framework achievement on each campus, where (A) got the 

highest at 69% and (F) got the lowest at 57%. 

9. Discussion 

From the previous analysis of the Tanta University 

campus, it was found that there are major challenges facing 

the sustainability of the campus, the most prominent of 

which was the lack of awareness of the meaning and 

practices of sustainability, despite the launch of some 

initiatives, but they are insufficient. This study proposed a 

general framework, which can be considered a model for 

achieving campus sustainability in Egypt since there are no 

assessment systems for campuses. The following is a 

presentation of how this framework affects sustainability 

with its three pillars and 17 objectives: 

By providing education for all and understanding 

cultural diversity, Tanta University contributed to goal 4 

(quality education) and ranked first among Egyptian 

universities in literacy. It also contributes to goal 13 

(climate action) by improving education and awareness of 

climate change. Moreover, education achieves gender 

equality and acquires skills in the face of global poverty 

and biodiversity loss. On the other hand, the research 

contributes to goal 9 (industry, infrastructure, and 

innovation) and goal 16 (peace, justice, and vital 

institutions) by encouraging students, staff, and research 

centers to pay attention to sustainability research. 

It must increase awareness about sustainability. 

Moreover, it focused on training employees to raise their 

awareness, as shown in the establishment of the University 

Center for Career Development (UCCD), which reflects on 

reducing the effects of climate change and thus promotes 

goal 13 (climate action). It organized several climate 

change conferences and participated in presidential 

initiatives to enhance sustainable cities and communities. It 

encourages participation in sustainability initiatives, such 

as "Decent Life," which enhances the ethics of 

sustainability within the entire campus. 

Building ventilation and natural lighting promote goal 3, 

and reverse osmosis desalination using solar energy 

promotes goal 6. Regarding landscape, it promotes goals 3, 

6, and 15 by reducing food waste, composting food waste, 

and planting trees. Moreover, sustainable transport 

promotes goals 3,9,11,12,13 by reducing air pollution, 

limiting mobility, maintaining health, and encouraging 

walking and cycling. Nevertheless, there is still a need to 

raise awareness of and dependence on it, reducing on-

campus cars. Also, using organic fertilizer, composting 

agricultural waste, recycling, and maintaining public health 

promote goals 3, 6, 8, 12, and 14 in waste management. 

However, it is very low and needs to enhance. 

10. Conclusions 

Given this study and in terms of summarizing its results, 

it can be viewed through the same five sections that were 

studied in the theoretical part, and they are the same based 

on which the proposed general framework was devised to 

link the importance of the study, its topic, and the precise 

research point that was settled on one hand, and on the 

other hand, it indicates whether the research problem and 

the research hypotheses are answered to apply those 

theoretical studies that were finally crystallized in the 

proposed general framework, which was used in the study 

of the current situation of the university campus in Tanta to 

assess the extent of interest in the sustainable dimension of 

this campus from whether or not, and narrowing the gap 

between this current situation and what this university 

campus should be. 

Thus, for Tanta University, there are five axes to be 

considered by applying the proposed framework: 

First: For the campus infrastructure: The study 

concluded the following: 

(a) Site Context & Buildings: 

Connectivity, providing optimum site accessibility, 

safety, and wayfinding is very good and needs to improve 

orientation systems on most campuses and enhance safety 

through security systems and natural surveillance; the 

campuses have various architectural styles, with some 

Greek-style buildings, and new buildings are not the same 

style. Moreover, connection to multi-modal transit 

networks and campus facilities for the disabled, special 

needs, and maternity care are very good. As for building 

design and construction, building operations and 

maintenance, it should be boosted. However, Sun exposure 

(sun angles) and shading opportunities, using vegetation to 

minimize building energy use and open spaces, are 

available on all campuses. 

The proposed framework provides a starting point for 

architects, planners, and the state's officials to follow and 

join efforts to create a sustainable campus encompassing 

most aspects of life in Egypt. Regarding governmental 

regulations, it is critical to focus on campus sustainability 

through specific and specialized regulations to incorporate 

it as a sustainable practice as one of the ways to preserve 

the total goals of the Egyptian 2030 Agenda, especially for 

some branches which are still incomplete and new 

buildings, where these standards can be applied in design 

and planning. The university must plan and design a 

sustainable campus before its construction and operation 

and focus on reducing encroachment on agricultural land 
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when urbanizing it. 

(b) Landscape: 

Providing landscape management, biodiversity, soil & 

vegetation; most areas on campus are covered in planted 

vegetation but do not provide water absorption besides the 

planted vegetation and need to improve. 

(c) Materials: 

It maintains on-site structures and paving, and there is a 

lack of shade and seats on the sidewalks. However, it does 

not use recycled content materials or support responsible 

extraction of raw materials, and it uses regional materials 

and needs to boost them to achieve sustainability. In 

addition, recycled content is not generally supported in 

Egypt or is used with a limited and expensive scope. 

Finally, it needs to improve the infrastructure of the 

university campus in line with achieving sustainability in 

general. 

Second: For the Campus Planning & Administration: 

The study concluded the following: 

(a) Engagement: 

The indicator is categorized into three sub-indicators. 

The first one evaluates the culture of sustainability, 

indicating that while initiatives are present, they are 

inadequate. The second component assesses cultural 

activities on campus that require improvement. Finally, the 

third sub-component measures community service, which 

is deemed to be highly satisfactory. 

(b) Health & Wellbeing: 

It provides security and safety facilities, supports mental 

restoration & supports social connection by providing 

accessible, quiet outdoor spaces, and supports physical 

activity, workplace health & safety; smoking should be 

banned on campus to preserve the environment and public 

health. Assessing employee satisfaction and a relatively 

healthy work environment is considered somewhat 

satisfactory, providing some wellness programs. 

(c) Purchasing & Funding: 

It should boost sustainable investment, sustainable 

procurement, and university budget for sustainability 

efforts, electronics purchasing, office paper purchasing, 

cleaning and janitorial purchasing, and food and beverage 

purchasing, all of which follow established rules that 

encourage the purchase of recycled materials and prioritize 

markets that use clean energy; additionally, it should use 

all advanced products, such as compact and smart litter 

boxes, to improve sustainability. 

Third: For the campus Operations: The study concluded 

the following: 

(a) Energy & Climate Change: 

It should boost energy-efficient appliance usage, smart 

building implementation, use of vegetation to minimize 

building energy use, clean and renewable energy sources 

on the campus, and renewable energy production. 

Furthermore, it must provide a greenhouse gas emission 

reduction program, measure the total carbon footprint on 

campus, innovative energy and climate change programs, 

and impactful university programs on climate change. All 

of these that can be implemented by solar cells should be 

installed on all roofs, lampposts, shaded benches, and roofs 

planted under them that provide shade to plants and reduce 

energy consumption. Moreover, HVAC outside units must 

be covered. Implementing a plan to rationalize energy 

consumption efficiently is also necessary, which has been 

launched by the university. Also, by installing energy-

efficiency appliances and smart water devices, a platform 

can be created to monitor energy and water consumption 

on campus. 

(b) Water: 

It should boost rainwater management, water-efficient 

appliance usage, treatment, and consumption of treated 

water, reduce outdoor water use, water conservation, and 

recycling program implementation, and boost water 

pollution control in the campus area. Furthermore, water 

conservation measures include using rainwater systems, 

green roofs, trees that do not need large amounts of water, 

drip irrigation, and modern irrigation methods. As the 

water shortage problem increases, a black & grey water and 

wastewater treatment plant should be established. It should 

promote sustainability through media, workshops, 

integration of curricula, etc. 

(c) Waste: 

It must boost construction and demolition waste 

diversion and recycling programs for the university's waste, 

and program to reduce the use of paper and plastic on 

campus, waste minimization and diversion, organic waste 

and inorganic waste treatment, hazardous waste 

management, and treatment of sewerage disposal. So, it 

should use organic elements, organic fertilizers, non-use of 

inorganic and toxic chemicals, support and increase 

environmentally preferable markets in Egypt, and monitor 

through government agencies. Garbage separation bins 

should be provided throughout the university campus and 

encourage the reduction and recycling of waste by holding 

competitions and workshops and explaining the reasons 

and benefits of doing so. 

(d) Transportation: 

It should be decreased the number of vehicles (cars and 

motorcycles), the shuttle service (Taftaf) must be activated 

inside the campus, and the switch from conventional to 

electric should be insisted. Boost support for sustainable 

transportation & Zero Emission Vehicles (ZEV) policy on 

campus, cycling paths on campus, and increase awareness 

of the importance of cycling. It must enhance pedestrian 

paths on campus, and walking can also be encouraged by 

providing services such as drinking fountains, emergency 



1936 A Framework for Assessing the Sustainability of Egyptian University Campuses  

 

call boxes, and garbage separation bins, besides cycling as 

a culture, which is almost absent despite its requirements 

being available on the campus. Moreover, it must launch 

initiatives to decrease private vehicles on campus and 

programs to limit or decrease the parking area; some 

campuses have parking problems due to insufficient 

parking lots and a lack of shading. It comes in slight 

overlapping between vehicles and their circulations. 

Generally, walking, cycling, and public transportation 

reduce the carbon footprint, thus boosting environmental, 

social, and economic benefits, as a suitable approach to 

sustainability. 

Fourth: For the campus Education & Research: 

It provides academic sustainability courses, campus as a 

living laboratory, staff professional development and 

training, and learning outcomes, it has a website, but it 

needs to customize a website on sustainability and provides 

sustainability reports and events related to sustainability. 

Also, it has scholarly publications on sustainability and 

open access to research. It must boost sustainability literacy 

assessment, student organizations related to sustainability, 

developing courses, and promoting sustainability 

awareness and education where public awareness of 

sustainability issues is limited, and training courses and 

workshops are needed to increase awareness. 

The results show that operations are average in terms of 

implementation, and campus sustainability is still not 

considered the main issue. 

Fifth: For campus Innovation: 

The study did not assess it. It would be added as a bonus 

if the university did something more than what was 

mentioned in the framework. However, the university 

encourages innovation and creativity in all fields. 

Campus sustainability future research needs to address 

several areas. This includes expanding and documenting 

alternative and renewable energy and non-traditional water 

resources such as grey and black water treatment and 

rainwater harvesting. In addition, research needs to focus 

on recycling and reusing materials. It is also crucial to 

develop methods for measuring the carbon footprint of 

university campuses and establish sustainability 

assessment systems based on similar international rating 

systems. This study thus presents a proposed framework 

that aids in assessing the sustainability of the university 

campus within the Egyptian context, with a local 

perspective. It also serves as a customizable tool for the 

development of an Egyptian university campus evaluation 

system, which can be applied beyond the Egyptian context. 

This framework opens diverse prospects for future research 

at various levels within this context. 

Funding 

This research received no external funding. 

Conflicts of Interest 

The authors declare no conflict of interest. 

 

REFERENCES 

[1] Konbr, U.; Bayoumi, W.; Ali, M.N.; Shiba, A.S.E. 
"Sustainability of Egyptian Cities through Utilizing Sewage 
and Sludge in Softscaping and Biogas Production". 
Sustainability, vol. 14, no. 11, pp. 6675, 2022, doi: 
https://doi.org/10.3390/su14116675. 

[2] Maçin, K.E.; Arıkan, O.A.; Demir, I., "The UI GreenMetric 
Ranking System: Analyzing Impacts of Categories on 
Overall Results", in: 6th International Conference on 
Sustainable Development, 2020; pp. 4-06. 
https://shorturl.at/prwP8. 

[3] Sonetti, G.; Lombardi, P.; Chelleri, L. "True green and 
sustainable university campuses? Toward a clusters 
approach". Sustainability, vol. 8, no. 1, pp. 83, 2016, doi: 
https://doi.org/10.3390/su8010083. 

[4] Tan, H.; Chen, S.; Shi, Q.; Wang, L. "Development of green 
campus in China". Journal of Cleaner Production, vol. 64, 
pp. 646-653, 2014, doi:https://doi.org/10.1016/j.jclepro.20
13.10.019. 

[5] Liao, C.-W.; Lin, J.-H.; Chen, T.-W. "Research on a 
Framework for Sustainable Campus Eco-Architecture 
Selection: Taking a Taiwan High School as an Example". 
Sustainability MDPI, vol. 14, no. 10, pp. 6265, 2022, doi: 
https://doi.org/10.3390/su14106265. 

[6] Junior, B.A.; Majid, M.A.; Romli, A.; Anwar, S. "Green 
Campus Governance for Promoting Sustainable 
Development in Institutions of Higher Learning-Evidence 
from a Theoretical Analysis". World Review of Science, 
Technology and Sustainable Development, vol. 16, no. 2, 
pp., 2020, doi: https://doi.org/10.1504/WRSTSD.2020.109
682. 

[7] Elrayies, G.M. "Microalgae: Prospects for greener future 
buildings". Renewable and Sustainable Energy Reviews, 
vol. 81, pp. 1175-1191, 2018, doi: https://doi.org/10.1016/j
.rser.2017.08.032. 

[8] Konbr, U.; Maher, E. "Boosting Sustainability in Egypt by 
Developing Initiatives to Promote Smart Energy Systems". 
WSEAS Transactions on Environment and Development, 
vol. 17, pp. 89-109, 2021, doi: 
https://dx.doi.org/10.37394/232015.2021.17.10. 

[9] Mohammed, A.B. "Sustainable design strategy optimizing 
green architecture path based on sustainability". HBRC 
Journal, vol. 17, no. 1, pp. 461-490, 2021, doi: 
https://doi.org/10.1080/16874048.2021.1990572. 

[10] Wasley, J. "Safe Houses and Green Architecture: 
Reflections on the Lessons of the Chemically Sensitive". 
Journal of Architectural Education, vol. 53, no. 4, pp. 207-
215, 2000, doi: https://doi.org/10.1162/104648800564617. 



 Civil Engineering and Architecture 11(4): 1909-1939, 2023 1937 

 

[11] Abergel, T.; Delmastro, C. Tracking Buildings 2021; IEA, 
Paris 2021. https://www.iea.org/reports/tracking-buildings-
2021. 

[12] Konbr, U. "Studying the Indoor Air Pollution within the 
Residential Buildings in Egypt as a Factor of Sustainability". 
JES. Journal of Engineering Sciences, vol. 45, no. 5, pp. 
722-741, 2017, doi: https://doi.org/10.21608/jesaun.2017.1
16874. 

[13] Konbr, U. "Smart Buildings and Sustainability in Egypt- 
Formularization of a Concept and a Methodology 
Establishing". JES. Journal of Engineering Sciences, vol. 44, 
no. 4, pp. 472-501, 2016, doi: https://doi.org/10.21608/jesa
un.2016.117613. 

[14] Konbr, U.; Mamdouh, H. "A Proposed Strategy to Evaluate 
Nanomaterials in Construction to Boost Sustainable 
Architecture". Civil Engineering and Architecture, vol. 10, 
no. 7, pp. 3206-3226, 2022, doi: https://doi.org/10.13189/c
ea.2022.100732. 

[15] Wei, Z.; Zandi, Y.; Gholizadeh, M.; Selmi, A.; Roco-Videla, 
A.; Konbr, U. "On the Optimization of Building Energy, 
Material, and Economic Management using Soft 
Computing". Advances in Concrete Construction, vol. 11, 
no. 6, pp. 455-468, 2021, doi: https://doi.org/10.12989/acc.
2021.11.6.455. 

[16] Barthel, P.-A. "Morocco in the era of eco-urbanism: 
Building a critical and operational research on an emerging 
practice in Africa". Smart and Sustainable Built 
Environment, vol. 5, no. 3, pp. 272-288, 2016, doi: 
https://doi.org/10.1108/SASBE-05-2014-0033. 

[17] Mason, K. "Justice in building, building in justice: The 
reconstruction of intragenerational equity in framings of 
sustainability in the eco-building movement". 
Environmental Values, vol. 23, no. 1, pp. 99-118, 2014, doi: 
https://doi.org/10.3197/096327114X13851122269124. 

[18] Qiu, H. "Great significance of innovative research on for 
building socialist political economics with Chinese 
characteristics". China Political Economy, vol. 3, no. 2, pp. 
329-340, 2020, doi: https://doi.org/10.1108/CPE-10-2020-
0016. 

[19] An, H.Y.C.L.D. "The Design and Performance Monitoring 
of an Eco-building: a Case Study in Hong Kong". 
International Journal of Low-Carbon Technologies, vol. 1, 
no. 1, pp. 59-68, 2006, doi: https://doi.org/10.1093/ijlct/1.1
.59  

[20] Gomez, C.P.; Yin, N.Y., "Development of a progressive 
green university campus maturity assessment tool and 
framework for Malaysian universities", in: MATEC Web of 
Conferences, 2019; p. 6. https://doi.org/10.1051/matecconf
/201926601018.  

[21] Skabelund, L.R.; Gabbard, R.T.; Anderson, B.G.; 
Champion, B.L. "Turning a Corner: Kansas State 
University Seeks to Meaningfully Address Green Building 
and the Sustainable Use of Energy and Resources on 
Campus and in the Broader Community". Journal of Green 
Building, vol. 5, no. 4, pp. 34-66, 2010, doi: 
https://doi.org/10.3992/jgb.5.4.34. 

[22] Konbr, U.; Lebda, A. "Criteria of Sustainable Interior 
Design based on the Green Pyramid Rating System". 
Journal of Engineering Research, vol. 3, no. December, pp. 
48-60, 2019, doi: https://doi.org/10.21608/erjeng.2019.125

753. 

[23]  (AASHE)“America, STARS VR Technical Manual 
Version2.1”. https://www.aashe.org/wp- content/uploads/2
017/04/STARS-Technical-Manual-v2.1.2.pdf, accessed on 
6 January. 

[24] Zhu, B.; Zhu, C.; Dewancke, B. "A study of development 
mode in green campus to realize the sustainable 
development goals". International Journal of Sustainability 
in Higher Education, vol. 21, no. 4, pp. 799-818, 2020, doi: 
https://doi.org/10.1108/IJSHE-01-2020-0021. 

[25] (AASHE). History of AASHE. https://www.aashe.org/abo
ut-us/aashe-history/, accessed on 13 May. 

[26] WIKIPEDIA. Talloires Declaration.https://en.wikipedia.or
g/wiki/Talloires_Declaration, accessed on 13 May 2022. 

[27] Abbas, S.M. ISCN International Sustainable Campus 
Network.https://www.researchgate.net/publication/337717
506, accessed on 8 January 2022. 

[28] Fund, S.S.D.G. Millennium Development Goals. 
https://www.sdgfund.org/mdgs-sdgs, accessed on 13 May 
2022. 

[29] Ambariyanto, Y.J.U.A.; Zainuri, M.; Widowati, D.D.B.S.; 
Putro, S.P., "Sustainable development goals as the basis of 
university management towards global competitiveness", in: 
The 7th International Seminar on New Paradigm and 
Innovation on Natural Science and Its Application 17 
October 2017 Semarang, Indonesia, 2018; 
https://iopscience.iop.org/article/10.1088/1742-
6596/1025/1/012094/meta. 

[30] Habib M. Alshuwaikhat; Adenle, Y.A.; Saghir, B. 
"Sustainability assessment of higher education institutions 
in Saudi Arabia". Sustainability, vol. 8, no. 8, pp., 2016, doi: 
https://doi.org/10.3390/su8080750. 

[31] Choi, Y.J.; Oh, M.; Kang, J.; Lutzenhiser, L. "Plans and 
living practices for the green campus of Portland State 
University". Sustainability, vol. 9, no. 2, pp. 252, 2017, doi: 
https://doi.org/10.3390/su9020252. 

[32] Alshuwaikhat, H.M.; Abubakar, I. "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, 2008, doi: https://doi.org/10.1016/j.jclepro.2007.12.
002. 

[33] Mutinda, G.; Liu, Z. "On the Roles of World-Class 
Universities and the Sustainability Agenda in Africa: A 
Case Study of Two Universities in South Africa and Egypt". 
Higher Education Studies, vol. 11, no. 4, pp. 70-83, 2021, 
doi: https://doi.org/10.5539/hes.v11n4p70. 

[34] Derar, S.M.A.; Agmy, M. "Sustainable Urban Design for 
Campus-An Analytical Study". Journal of Engineering 
Sciences (JES), vol. 49, no. 3, pp. 316-353, 2021, doi: 
https://doi.org/10.21608/JESAUN.2021.68637.1042. 

[35] Cole, L. Assessing Sustainability on Canadian University 
Campuses: Development of Sustainability Assessment 
Framework. Royal Roads University, Master of Arts in 
Environment and Management, 2003.  

[36] Eltawil, A.; Mostafa, N.A.; Matsushita, Y., "Toward a 
Smart and Sustainable Campus: Future Vision, 
Opportunities, and Challenges", in: Resilient and 



1938 A Framework for Assessing the Sustainability of Egyptian University Campuses  

 

Responsible Smart Cities, Cham, 2021; pp. 233-242. 
https://doi.org/10.1007/978-3-030-63567-1_20.  

[37] Fadzil, Z.F.; Hashim, H.S.; Che-Ani, A.I.; Aziz, S. 
"Developing a campus sustainability assessment framework 
for the National University of Malaysia". International 
Journal of Environmental and Ecological Engineering, vol. 
6, no. 6, pp. 333-337, 2012, doi: https://doi.org/10.5281/ze
nodo.1072173. 

[38] Hassan, R.H.; Ramadan, A.S. "Planning and Design of 
Sustainable University Campus: University of Baghdad and 
University of Mustansiriya - Case Study". Journal of 
Engineering and Sustainable Development (JEASD) 
Published by Al-Mustansyriah University, vol. 22, no. 2, pp., 
2018, doi: https://doi.org/10.31272/jeasd.2018.2.61. 

[39] Quaddus, M.A.; Siddique, M.J.E.I. "Modelling sustainable 
development planning: a multicriteria decision 
conferencing approach". Environment International, vol. 27, 
no. 2-3, pp. 89-95, 2001, doi: https://doi.org/10.1016/S016
0-4120(01)00066-6. 

[40] Lu, M.; Fu, G.; Osman, N.B.; Konbr, U. "Green Energy 
Harvesting Strategies on Edge-based Urban Computing in 
Sustainable Internet of Things". Sustainable Cities and 
Society, vol. 75, pp. 103349, 2021, doi: https://dx.doi.org/
10.1016/j.scs.2021.103349. 

[41] Konbr, U.; Abdelaal, M. "Utilizing Smart Systems to 
Enhance the Sustainability of Egyptian Administrative 
Buildings". Civil Engineering and Architecture, vol. 10, no. 
7, pp. 2779-2808, 2022, doi: https://doi.org/10.13189/cea.2
022.100701. 

[42] Konbr, U.; Amandykova, D.; Tolegen, Z.; Sadvokasova, G.; 
Nauryzbayeva, A. "Assessment of Safe Access to 
Pedestrian Infrastructure Facilities in the City of Almaty, 
Kazakhstan". Civil Engineering and Architecture, vol. 11, 
no. 1, pp. 351-371, 2023, https://doi.org/10.13189/cea.202
3.110128. 

[43] Marzuki, M.; Rahman, M.H.A.; Nor, N.M.M.; Hairy, M. 
"The Importance and Challenges of Walking Practice in 
Malaysia to Realize the Formation of a Sustainable 
Campus". International Journal of Education, Psychology 
and Counselling (Ijepc), vol. 7, no. 45, pp. 60-71, 2022, doi: 
https://doi.org/10.35631/IJEPC.745005. 

[44] Maged, J.; Moussa, R.R.; Konbr, U. "An Investigation into 
the Causes of Pedestrians' Walking Difficulties in Cairo 
Streets". Civil Engineering and Architecture, vol. 10, no. 1, 
pp. 12-26, 2022, https://doi.org/10.13189/cea.2022.100102. 

[45] Elghonaimy, I.H.; AlSaeed, S. "The Role of Theme Parks 
in Creating Sustainable Development". BAU Journal - 
Creative Sustainable Development, vol. 3, no. 1, pp. 1-11, 
Article 12, retrieved from https://digitalcommons.bau.edu.l
b/csdjournal/vol13/iss11/12, access on 16 January 2022, 
2021. 

[46] Rose, M.B.P.; Ackerman, G.M.J.D. "Achieving campus 
sustainability: top‐down, bottom‐up, or neither?". 
International Journal of Sustainability in Higher Education, 
vol. 12, no. 4, pp. 338-354, 2011, doi: 
https://doi.org/10.1108/14676371111168269. 

[47] Lee, K.-H.; Barker, M.; Mouasher, A. "Is it even espoused? 
An exploratory study of commitment to sustainability as 
evidenced in vision, mission, and graduate attribute 
statements in Australian universities". Journal of Cleaner 

Production, vol. 48, pp. 20-28, 2013, doi: 
https://doi.org/10.1016/j.jclepro.2013.01.007. 

[48] Dagiliūtė, R.; Liobikienė, G. "University contributions to 
environmental sustainability: challenges and opportunities 
from the Lithuanian case". Journal of Cleaner Production, 
vol. 108, pp. 891-899, 2015, doi: https://doi.org/10.1016/j.j
clepro.2015.07.015. 

[49] Ali, M.N.; Shiba, A.S.E. "Grey water treatment, reused and 
benefit of the heat capacity of water to improve the 
environmental performance of internal space". Journal of 
Xi'an University of Architecture & Technology, vol. XII, no. 
VII, pp. 983-992, 2020, doi: https://doi.org/10.37896/JXA
T12.07/2408. 

[50] Ismaila, H.M.A.; Abubakar, R.; Aina, Y.A.; Saghir, B., 
"Networking the sustainable campus awards: engaging with 
the higher education institutions in developing countries", 
in: Handbook of Theory and Practice of Sustainable 
Development in Higher Education. Springer International 
Publishing: Vol. 2, pp. 93-107. https://doi.org/10.1007/978-
3-319-47889-0. 

[51] Zhu, B.; Liu, G.; Feng, J. "A comparison on the evaluation 
standards of sustainable campus between China and 
America". International Journal of Sustainability in Higher 
Education, vol. 23, no. 6, pp. 1294 - 1314, 2022, doi: 
https://doi.org/10.1108/IJSHE-03-2021-0095. 

[52] Rankings, U.-G.W.U. Our Services. https://greenmetric.ui.
ac.id/about/service, accessed on 4 April 2022. 

[53] Sari, R.F., "World Sustainable Campuses Online, 
Collaboration during COVID-19 Pandemic: UI 
GreenMetric Initiative", in: Managing Sustainable 
Universities During Covid-19 Pandemic. UI GreenMetric 
World University Rankings, Universitas Indonesia, Depok, 
Indonesia: Indonesia, pp. 1-12. https://greenmetric.ui.ac.id/
publications/ui-greenmetric-books/managing. 

[54] Rankings, U.-G.W.U. Methodology.https://greenmetric.ui.
ac.id/about/methodology, accessed on 9 May 2022. 

[55] Rankings, U.G.W.U. Guideline Ul GreenMetric World 
University Rankings 2022 "Collective Actions for 
Transforming Sustainable Universities in the Post-
Pandemic Time". https://greenmetric.ui.ac.id/publications/
guidelines/2022/english, accessed on 5 April 2022. 

[56] AASHE, S.A.P.o. About STARS. https://stars.aashe.org, 
accessed on 11 May 2022. 

[57] Education, AASHESTARS Technical Manual Version 2.2 
https://stars.aashe.org/resources-support/technical-manual/, 
accessed on 9 June 2022. 

[58] Initiative, T.S.S. SITES v2 Rating System For Sustainable 
Land Design and Development. https://sustainablesites.org
/resources, accessed on 7 November 2022. 

[59] Rankings, U.-G.W.U. Overall Rankings 2021. 
https://greenmetric.ui.ac.id/rankings/overall-rankings-2021, 
accessed on 9 Feb 2022. 

[60] GoogleMaps. Tanta Qism 2, Tanta, Gharbia Governorate. 
2019. 

[61] University, T. The strategic plan to rationalize and raise 
energy efficiency in the administration and faculties of 
Tanta University using solar energy and the strategy of 
reducing consumption. https://sci.tanta.edu.eg/unites/Disas



 Civil Engineering and Architecture 11(4): 1909-1939, 2023 1939 

 

ter/plan.aspx, accessed on 13 December 2022. 

[62] University, T. Live Video. https://www.facebook.com/Tan
taUniversity.Official/videos/1218116948915335, accessed 
on 13 October 2022. 

[63] Gate, A. Developing the performance of a solar-powered 

reverse osmosis water desalination plant in Tanta 
Engineering. https://gate.ahram.org.eg/News/3621822.aspx, 
accessed on 7 July 2022. 

[64] University, T. Safe Management of Hazardous Materials 
and Waste. https://tg.tanta.edu.eg/en/units/scidisaster#, 
accessed on 24 October 2022. 

 


