
21 

CHAPTER TWO 

LITERATURE REVIEW 

 

The literature review provides a comprehensive understanding of the theoretical 

foundations and previous studies that inform this research. It examines how 

architectural design principles, sustainability frameworks, and technological 

innovations interact in shaping contemporary educational environments. Through 

this review, the study establishes a conceptual basis that supports the redesign of 

the Sharq El-Nile University’s Faculty of Economics and Administrative Sciences 

as a modern, efficient, and culturally grounded academic facility. By analyzing 

relevant theories and precedents, this chapter situates the research within the 

broader discourse on sustainable university architecture in developing regions. 

Architecture in higher education settings has evolved beyond the mere 

provision of classrooms and offices; it now embodies the institutional identity, 

learning philosophy, and environmental responsibility of the university (Flores-

Chacón et al., 2023; Parra-Martínez et al., 2021). The design of university buildings 

must respond to changing pedagogical models, digital transformation, and 

ecological challenges (Huang et al., 2024; Mohamed Hashim et al., 2022a). 

Previous studies emphasize that sustainable and smart campus designs not only 

reduce environmental impact but also enhance users’ productivity, comfort, and 

sense of belonging (Noaime et al., 2025a). Therefore, reviewing theories on 

university design, sustainable architecture, and smart buildings provides the 

analytical lens through which this research addresses functional and contextual 

challenges in Sudan. 

 

2.1  Architecture Theory 

Architecture is fundamentally the synthesis of science, art, and human 

experience, shaping the spaces in which societies live, work, and evolve. Defined 

by Vitruvius’ enduring principles of firmitas, utilitas, and venustas—stability, 

function, and beauty—architecture is more than construction; it is a disciplined 

process of transforming ideas into built form (Vitruvius, trans. Morgan, 1914). 
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Contemporary practice extends this classical definition by incorporating 

sustainability, technology, and user-centered approaches, ensuring that buildings 

respond not only to physical needs but also to cultural, environmental, and 

psychological dimensions. 

As a systematic discipline, architecture relies on methodological rigor to 

guide decision-making from concept to completion. This involves sequential stages 

such as site appraisal, programmatic analysis, environmental assessment, and 

iterative design evaluation. Scientific tools like thermal modeling, structural 

simulation, and daylight analysis enable architects to predict building behavior and 

optimize performance based on measurable data. Lawson (2005) emphasizes that 

the architectural design process integrates deductive, inductive, and abductive 

reasoning, demonstrating how creativity and evidence-based practice intertwine to 

produce coherent and reliable outcomes. 

Supporting this systematic approach, architectural theory provides the 

conceptual lenses through which built environments are interpreted and created. 

Functionalism, phenomenology, structural rationalism, ecological design, and 

critical regionalism each offer distinct perspectives on how architecture should 

relate to context, technology, and human experience. Phenomenologists such as 

Pallasmaa (2012) highlight the importance of sensory engagement and 

embodiment, while Frampton’s (1983) critical regionalism argues for balancing 

modernity with local identity. These theories frame architectural decisions within 

broader intellectual traditions, shaping design intentions beyond practical 

requirements. 

The scientific dimension of architecture becomes especially evident when 

addressing environmental performance and sustainability. Contemporary architects 

must understand building physics—solar radiation, heat transfer, airflow, and 

material thermal properties—to design efficient and comfortable spaces. 

Environmental strategies such as passive cooling, natural ventilation, and daylight 

optimization rely on empirical knowledge drawn from disciplines like climatology 

and energy engineering. Givoni’s (1998) work underscores how climatic 
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responsiveness reduces energy consumption and enhances occupant well-being, 

positioning sustainability as both a scientific obligation and a design opportunity. 

Architecture, however, is not solely a technical or theoretical pursuit; it is 

also deeply embedded in social, cultural, and technological contexts. Buildings 

shape human behavior, influence productivity, and reflect community identities, 

making social sciences central to architectural inquiry. In parallel, digital 

technologies such as Building Information Modeling (BIM), parametric design, and 

smart-building systems are transforming design processes and enabling adaptive, 

data-driven environments. Kolarevic (2003) argues that computational tools expand 

architectural possibilities by enabling complex forms and performance-based 

design methods, reinforcing the growing synergy between technology and 

creativity. 

Architecture is an evolving interdisciplinary field that continuously adapts 

to global challenges such as climate change, urbanization, and technological 

disruption. Its effectiveness lies in its ability to merge scientific analysis, theoretical 

reflection, cultural understanding, and creative vision. By grounding design in 

research and integrating diverse perspectives, architecture remains a critical force 

in shaping sustainable, functional, and meaningful environments. As the discipline 

advances, its success will depend on maintaining this balance between measurable 

performance and human-centered meaning, ensuring that the built environment 

continues to serve—and inspire—future generations. 

 

2.2  A Smart and Sustainable Campus Design 

The concept of a smart and sustainable campus has emerged as a critical 

focus in contemporary architectural and urban planning research, reflecting the 

global shift toward digitalization and sustainability in higher education 

environments (Polin, Yigitcanlar, Washington, et al., 2024). Scholars define a 

sustainable campus as one that integrates environmental stewardship, economic 

efficiency, and social equity within university operations, teaching, and community 

engagement (Málovics et al., 2025; Sugiarto et al., 2022a). Recent studies 

emphasize that sustainability in campus design extends beyond green architecture 
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to encompass low-carbon mobility systems, renewable energy generation, resource 

efficiency, and biodiversity preservation (Ali El Ashmawy et al., 2024a; Málovics 

et al., 2025). The implementation of green building standards such as LEED, 

BREEAM, and Indonesia’s Greenship Campus Framework has been instrumental 

in guiding universities toward environmentally responsible development (Berliana 

Yasinta et al., 2025). These standards support holistic strategies for water 

conservation, energy efficiency, and material sustainability, ensuring that the built 

environment contributes to the reduction of the institution’s ecological footprint 

while enhancing user wellbeing and productivity. 

Parallel to sustainability, the notion of smart campus design integrates digital 

and intelligent technologies into the academic and physical ecosystem to improve 

management, learning, and user experience (Elbertsen et al., 2025a). Smart 

campuses employ Internet of Things (IoT), artificial intelligence (AI), and big data 

systems to monitor and optimize energy consumption, indoor air quality, security, 

and mobility (Abdeen et al., 2021; Singgih et al., 2025). These technologies create 

adaptive, data-driven environments that respond in real time to users’ needs and 

environmental conditions (Yitmen et al., 2025). Smart design also facilitates 

blended and flexible learning spaces, enabling remote collaboration and easy access 

to digital resources (Süner-Pla-Cerdà et al., 2025). The convergence of smart and 

sustainable approaches gives rise to smart-sustainable campuses—living 

laboratories where technological innovation supports ecological and social goals 

(Guardo et al., n.d.). Case studies from institutions such as the National University 

of Singapore, Stanford University, and Universitas Diponegoro demonstrate how 

integrated smart systems, renewable energy networks, and sustainable master 

planning can transform campuses into resilient, intelligent, and environmentally 

responsible communities that align with the United Nations Sustainable 

Development Goals (SDGs) (Ahmed Salih Hmdan et al., 2025). Diagram 1 below 

is an illustration of the convergence of the smart and sustainable campus figure, 

showing the necessary components: 
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Diagram 1. Convergence of Smart and Sustainable Compus Components 

 

Diagram 1 illustrates the convergence of key components required to redesign a 

campus into a Smart and Sustainable Campus. At the center is the campus itself, 

supported by six interconnected design domains that collectively guide 

redevelopment. Energy-efficient designs ensure buildings consume minimal power 

through advanced systems and passive strategies. Sustainable materials and water 

conservation promote low-impact construction and efficient resource use. The 

facades of buildings and smart facades and roofs focus on climate-responsive 

envelopes that integrate technologies such as shading devices, insulation, and 

renewable energy systems. Sustainable architectural design ensures that all 

interventions align with long-term ecological and functional goals, while flexible 

interiors allow spaces to adapt to changing academic, research, and student-life 

needs. Together, these components converge to form a unified framework for 

redesigning campus buildings toward higher sustainability, operational efficiency, 

and future resilience. 

The integration of smart and sustainable design principles has become a 

defining feature of 21st-century campus planning and architecture. The concept of 

a smart and sustainable campus integrates environmental responsibility, 
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technological innovation, and social inclusivity to create an adaptable and efficient 

educational environment (Martins et al., 2021). A sustainable campus balances 

ecological integrity, economic feasibility, and social equity in its design, operation, 

and academic mission (Das et al., 2022; Eltawil et al., 2021; S. S. Lin et al., 2025). 

Similarly, it has been emphasized that universities should serve as living 

laboratories for sustainable development, where research, education, and campus 

operations are interlinked through environmentally responsible practices (Cooper 

& Gorman, 2018; Hands & Anderson, 2017; Leal Filho et al., 2020). This approach 

has led to the emergence of the “green campus” model—characterized by 

renewable energy systems, resource-efficient buildings, waste minimization, and 

biodiversity preservation—all of which aim to reduce the ecological footprint of 

higher education institutions (Dawodu et al., 2022). 

From an architectural perspective, sustainable campus design emphasizes the 

use of passive design strategies, local and renewable materials, energy-efficient 

systems, and context-sensitive site planning (Cooper & Gorman, 2018). 

International frameworks, such as LEED (Leadership in Energy and Environmental 

Design) and BREEAM (Building Research Establishment Environmental 

Assessment Method) (Menna et al., 2022), as well as Indonesia’s Greenship 

Campus rating system, provide standardized benchmarks for assessing 

environmental performance in academic facilities (Busono et al., 2021). These 

guidelines promote integrated design approaches that optimize natural ventilation, 

daylighting, water management, and green landscape integration. Studies highlight 

that sustainable campus design is not only an environmental obligation but also a 

tool for educational transformation—encouraging behavioral change, fostering 

environmental awareness, and promoting institutional leadership in achieving the 

Sustainable Development Goals (SDGs) (Drissi et al., 2025a). Diagram 2 below 

shows a passive strategy design: 
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Figure 1. Passive Cooling Strategies in Sustainable Building Design 

Source: [Archi-Monarch, 2022]. 

 

Figure 1 demonstrates passive cooling principles that can directly guide the 

redesign of Sharq El Nile University facilities to address Sudan’s hot, arid climate. 

By incorporating high-level insulation and shaded openings, buildings can 

significantly reduce direct solar heat gain, which is critical under Sudan’s intense 

sunlight. Using floors and internal walls with high thermal mass allows the 

structures to absorb heat during the day and release it slowly at night, stabilizing 

indoor temperatures. Proper orientation to capture prevailing breezes from the Nile 

enhances natural cross-ventilation, while clerestory windows and ventilated roof 

profiles help expel rising warm air, maintaining continuous airflow. Landscaping 

with vegetation around buildings reduces radiated heat from the ground, and open 

breezeways between blocks can further dissipate heat and improve thermal comfort 

for students and staff. Together, these strategies form a cost-effective and 

sustainable cooling approach suitable for modernizing campus buildings with 

minimal energy demand. 
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Parallel to the sustainability agenda, the concept of a smart campus introduces 

digitalization as a means to enhance efficiency, connectivity, and responsiveness 

within the academic environment (Anthony Jnr, 2021; Elbertsen et al., 2025b). A 

smart campus integrates Information and Communication Technologies (ICT), 

Internet of Things (IoT) devices, and data-driven management systems to optimize 

operations such as energy consumption, security, space utilization, and 

transportation (Villegas-Ch et al., 2019b). Smart campuses function as microcosms 

of smart cities, where sensor-based networks collect and analyze real-time data to 

improve decision-making and user comfort (Polin et al., 2023). These technologies 

enable adaptive control of lighting, temperature, and resource usage, reducing 

operational costs while maintaining high levels of user satisfaction. Furthermore, 

smart design extends beyond physical systems to include smart learning 

environments—integrating digital platforms, remote learning tools, and intelligent 

resource management that support flexible and hybrid modes of education (Fonseca 

i Casas, 2025). 

The synthesis of smart and sustainable paradigms leads to what scholars term 

smart-sustainable campuses—a new generation of university environments where 

technological innovation supports ecological and social objectives simultaneously 

(Barnett-Itzhaki et al., 2025). The smart-sustainable campus embodies resilience, 

circularity, and intelligence by merging data-driven systems with environmentally 

conscious planning (Villegas-Ch et al., 2019b). Case studies from Stanford 

University, the National University of Singapore (NUS), and Universitas 

Diponegoro in Indonesia demonstrate the success of this integrated model (Ahmed 

Salih Hmdan et al., 2025). These campuses utilize renewable energy sources, smart 

grids, automated building management systems, and digital monitoring dashboards 

to track and optimize environmental performance. Such integration allows 

universities to become living laboratories—platforms where students, researchers, 

and administrators collaborate to develop, test, and scale sustainable innovations. 

The literature reveals that the smart and sustainable campus is not merely a 

physical construct but an evolving ecosystem that embodies sustainability as both 

a design principle and an institutional philosophy (Gracias et al., 2023; Suster et al., 
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2025). It represents a convergence of architecture, technology, and community 

engagement that redefines how educational spaces function in an age of 

environmental uncertainty and digital transformation. This integrated approach 

transforms campuses into prototypes for sustainable urban living—demonstrating 

that academic environments can lead by example in achieving the United Nations 

Sustainable Development Goals (SDG 4, SDG 7, SDG 11, and SDG 13) (Mondejar 

et al., 2021). 

  

2.3 The Modern Usage of the Concept Smart and Sustainable Campus 

The modern university campus has evolved from being a mere physical 

space for education into a dynamic ecosystem that integrates technology, 

sustainability, and social interaction (Omodan, 2024). The concept of a smart and 

sustainable campus reflects the broader global trend of merging digital innovation 

with environmental consciousness to create learning environments that are 

intelligent, efficient, and ecologically responsible (Abulibdeh, 2024). This dual 

emphasis positions campuses as living laboratories for sustainable urban 

development. Diagram 2 is an illustration of a dynamic ecosystem of a smart and 

sustainable campus: 

 

Diagram 2.  Dynamic Ecosystem of a Smart and Sustainable Campus 

 

Diagram 2 illustrates the interconnected pillars that shape a dynamic ecosystem of 

a smart and sustainable campus, integrating climate-responsive design, digital 
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intelligence, and resource circularity into a unified operational framework. The 

diagram outlines three pillars of sustainable and smart infrastructure. 

• Climate-Responsive Infrastructure and Design focus on reducing energy 

demand using passive cooling, adaptive facades, green spaces, and 

sustainable features like green roofs. 

• Smart Technology and Data Management highlights the use of IoT sensors, 

AI, Building Management Systems, smart safety systems, and solar-

integrated materials to improve building performance. 

• Resource Efficiency and Circularity emphasize efficient water use, low-

flow fixtures, renewable energy systems, smart grids, and effective waste 

management. 

• Overall, the three pillars work together to create environmentally 

responsible, technologically enhanced, and resource-efficient built 

environments. 

Scholars consider a sustainable campus as one that minimizes its negative 

environmental impact while enhancing social and educational functions (Sugiarto 

et al., 2022b). This definition has since expanded to include technological 

intelligence, aligning with the idea of smart sustainability—a framework that uses 

digital tools to optimize sustainable outcomes. The theoretical foundation of this 

concept lies at the intersection of sustainable architecture, smart city development, 

and environmental management systems. 

Historically, universities have played a central role in environmental 

advocacy and experimentation. The rise of campus sustainability initiatives in the 

1990s—such as the Talloires Declaration—marked a turning point in institutional 

responsibility toward ecological stewardship (ULSF, Accessed 13th November, 

2025). Early efforts focused on energy conservation, waste reduction, and green 

building certification (Mazur et al., 2023). Over time, sustainability expanded from 

isolated projects into comprehensive campus-wide frameworks that integrate 

teaching, operations, and community engagement (Castaño et al., 2025; Leal Filho 

et al., 2025). 
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The green campus movement emphasizes low-impact design and operations 

(Gandasari et al., 2020). It has been established that a sustainable university should 

function as a microcosm of a sustainable society, embedding sustainability across 

its physical, academic, and administrative systems (Castaño et al., 2025; Leal Filho 

et al., 2025). This movement encourages the adoption of green building practices, 

renewable energy systems, and efficient water management strategies, setting the 

foundation for modern sustainable campus design (Marrone et al., 2018). 

From an architectural standpoint, sustainability is achieved through the 

integration of passive design principles, bioclimatic planning, and resource 

efficiency. Scholars have highlighted the importance of designing buildings that 

respond to climate, orientation, and natural systems (Albatayneh et al., 2018). This 

approach prioritizes daylighting, natural ventilation, and local materials to reduce 

dependency on mechanical systems (Barone et al., 2024; Elaouzy & El Fadar, 2022b, 

2023; Khan et al., 2025; Waldmann-Diederich et al., 2022). Such strategies create 

buildings that are both energy-efficient and contextually responsive. 

To operationalize sustainability, universities often rely on international and 

local certification systems. Frameworks such as LEED (Leadership in Energy and 

Environmental Design), BREEAM (Building Research Establishment 

Environmental Assessment Method), and Indonesia’s Greenship Campus standard 

by Green Building Council Indonesia (GBCI) provide measurable criteria for 

energy use, materials, waste, and water efficiency (Virgayanti et al., 2017). These 

systems encourage holistic design integration across all campus facilities. 

Beyond physical design, sustainable campuses promote education for 

sustainability (Faludi et al., 2023). In other words, sustainability in higher education 

is both a pedagogical and infrastructural concern (Xiang et al., 2021). The campus 

becomes a learning environment that demonstrates ecological responsibility 

through its physical form and daily operations, encouraging students and staff to 

adopt sustainable habits and participate in environmental research and innovation 

(Sugiarto et al., 2022c). 

Parallel to the sustainability agenda, the digital revolution has introduced 

the concept of the smart campus. A smart campus leverages digital technologies to 
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enhance efficiency, connectivity, and informed decision-making (Elbertsen et al., 

2023). It applies Information and Communication Technologies (ICT) and Internet 

of Things (IoT) systems across buildings, energy networks, and academic platforms 

(Shihao et al., 2025). This evolution transforms universities into technologically 

enhanced spaces that are responsive and adaptive. 

The smart campus is characterized by interconnected infrastructure. Sensors 

collect data on temperature, lighting, occupancy, and energy consumption, which 

are analyzed through centralized systems to optimize performance (Karoon et al., 

2025). Note that such campuses mirror the principles of smart cities, where data-

driven technologies enhance operational efficiency, user comfort, and sustainability 

outcomes (Polin, Yigitcanlar, Limb, et al., 2024a). 

Smart infrastructure is a key driver of sustainability (Polin, Yigitcanlar, 

Limb, et al., 2024a). IoT-enabled systems monitor and control lighting, HVAC 

(heating, ventilation, and air conditioning), and energy flows to minimize waste 

(Rojek et al., 2025). Studies have revealed that real-time monitoring and predictive 

analytics significantly reduce energy costs and carbon emissions (Olawumi & 

Oladapo, 2025). Through automation, campuses achieve optimal energy 

performance without compromising comfort or functionality. 

 

2.4 University Design 

University design refers to the comprehensive process of planning, 

organizing, and developing the physical and spatial layout of a higher education 

institution to support its academic mission, research objectives, and social functions 

(Agrawal & Yadav, 2021). A university campus is more than a collection of 

buildings; it is a dynamic environment where teaching, learning, and community 

life intersect (Mulrooney & Kelly, 2020). The design of a university should reflect 

its educational philosophy and institutional culture while providing functional and 

flexible spaces for future growth (Matthews, 2023).  

A university’s layout—encompasses lecture halls, laboratories, libraries, 

administrative offices, student residences, and recreational areas—must promote 

intellectual engagement and social interaction (Nwuke & Nwanguma, 2024). In 
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essence, university design plays a key role in shaping the holistic educational 

experience of students and staff (Brownlow et al., 2023). A University Design 

diagram 3 typically illustrates the overall spatial organization of the campus by 

showing the relationship between academic, residential, administrative, and social 

functions. 

 

Diagram 3. Components in a University Design 

 

Diagram 3 illustrates the key components that shape a well-designed university 

campus from an architectural perspective. It shows how the academic core forms 

the central learning zone, supported by an administrative spine that organizes major 

institutional functions. Surrounding these are student-life facilities that foster social 

interaction, along with recreational and sports areas that enhance wellbeing and 

openness. A landscape framework provides environmental comfort and visual 

coherence, while ecological and utility systems ensure sustainable campus 

operations through features like solar panels and rainwater harvesting. The 

circulation systems connect all components, enabling smooth, accessible, and 

efficient movement throughout the campus. 

Academic facilities—such as lecture halls, classrooms, laboratories, and 

studios—form the core cluster, organized to maximize daylight, ventilation, and 
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efficient circulation. Knowledge hubs like libraries and research centers are placed 

centrally or symbolically to promote accessibility and intellectual exchange 

(Hormio & Reijula, 2024). Administrative buildings are arranged along a structured 

spine that defines orientation and institutional identity. 

Residential zones, including student hostels and staff housing, are grouped 

into walkable, climate-responsive living clusters that balance privacy and 

community engagement (Rodger et al., 2005). Social and student-life facilities—

such as cafeterias, student centers, and lounges—are positioned at key intersections 

to support interaction and create vibrant communal nodes (Qi et al., 2024). 

Recreational and sports areas are planned as open and well-ventilated zones that 

integrate landscape and shading structures (Wu et al., 2024). 

Cultural facilities like auditoriums and galleries serve as architectural 

landmarks and gathering spaces (Szpakowska-Loranc, 2021). Circulation systems 

emphasize a clear hierarchy of pedestrian pathways, shaded walkways, and 

segregated vehicular routes for ease of movement and thermal comfort. 

Environmental and utility infrastructure is integrated architecturally through solar 

roofs, water management systems, and green technologies (L. Chen et al., 2023). 

The overall landscape framework—consisting of courtyards, plazas, green belts, 

and ecological buffers—unifies the campus visually and environmentally, 

enhancing microclimate performance and user experience. 

Historically, university architecture was influenced by traditional academic 

models derived from medieval European institutions, which emphasized enclosed 

courtyards and hierarchical spatial structures (Wang et al., 2025). However, the 

20th and 21st centuries have witnessed a paradigm shift toward open, inclusive, and 

sustainable campus designs (Gladwin et al., 1995; Lopes & Vieira, 2021). 

Contemporary universities are increasingly adopting master plans that integrate 

academic, residential, and recreational zones within a cohesive framework, often 

incorporating green spaces, pedestrian pathways, and public plazas to encourage 

interaction and collaboration (Lopes & Vieira, 2021). This transformation aligns with 

the broader recognition that physical environments significantly influence learning 

outcomes, creativity, and emotional well-being (Norozi, 2025). Thus, the modern 
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university campus is envisioned not only as a site of formal instruction but also as 

a vibrant community that nurtures curiosity and innovation (W. Liu et al., 2024). 

The concept of university design has also evolved to respond to the demands 

of globalization, digital transformation, and sustainability (Mohamed Hashim et al., 

2022b). The expansion of online learning and interdisciplinary research has 

required campuses to become more adaptable and technology-integrated (Celestin 

et al., 2025). Designers now prioritize multi-functional learning spaces equipped 

with digital tools, smart classrooms, and modular layouts that can be easily 

reconfigured to accommodate diverse teaching methods (Manciaracina, 2022; 

Thong et al., 2024). Innovation hubs, co-working areas, and maker spaces have 

become essential features that promote collaboration across disciplines (Jiménez & 

Zheng, 2021). Furthermore, the integration of digital infrastructure—such as Wi-Fi 

connectivity, smart lighting, and energy monitoring systems—has transformed how 

students and faculty interact with the built environment (Sokienah, 2023). It is 

emphasized that these design innovations help universities remain relevant in an 

increasingly knowledge-driven and technologically interconnected world 

(Chasokela et al., 2025). 

Sustainability has emerged as a central concern in university design, 

reflecting global commitments to environmental stewardship and the United 

Nations Sustainable Development Goals (SDGs) (Abdullahi et al., 2024). Modern 

campuses are expected to minimize their ecological footprint by adopting green 

building practices, renewable energy systems, and efficient water and waste 

management (Vijayan et al., 2025). Green roofs, solar panels, and passive 

ventilation systems are increasingly common features in university architecture 

(Zacki & Pathirana, 2025). Moreover, landscape design is being used to restore 

biodiversity and provide outdoor learning environments that connect students with 

nature (Hsu, 2025). Such sustainable campus models not only reduce operational 

costs but also serve as living laboratories for environmental education and research 

(Rivera & Savage, 2020). In developing contexts such as Sudan, adopting these 

principles is particularly important to ensure long-term resilience and resource 

efficiency in higher education infrastructure (Eltahir et al., 2025). 
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Cultural and contextual responsiveness also play a vital role in effective 

university design (Morong & DesBiens, 2016). Each campus must resonate with its 

local identity, climate, and social context to create a sense of belonging and pride 

among users (ElDamshiry & ElEtreby, 2025). For example, universities in arid 

regions may use courtyard layouts, shaded walkways, and natural ventilation 

strategies to respond to harsh climatic conditions. Similarly, incorporating local 

materials, colors, and architectural motifs can reflect the nation’s heritage and 

values (Moscatelli, 2023). In Sudan, where universities often function as cultural 

landmarks, integrating Sudanese architectural elements into modern educational 

facilities can help bridge tradition and innovation. This approach ensures that 

university campuses do not merely replicate global design trends but instead 

articulate a distinct national identity rooted in local culture (Drori, 2013). 

The social and psychological dimensions of university design are equally 

significant. A well-planned campus can enhance students’ sense of safety, comfort, 

and belonging—factors that strongly influence academic success and retention rates 

(Yong et al., 2025). Open spaces, communal areas, and student centers encourage 

social engagement, while accessible pathways and inclusive facilities promote 

equity among all users, including those with disabilities. The strategic placement of 

academic and social spaces can encourage chance encounters and interdisciplinary 

exchange, fostering a culture of collaboration and innovation (Zamiri & Esmaeili, 

2024b). The physical environment is an active participant in the learning process—

it shapes behavior, interaction, and the overall quality of academic life (Rahmania, 

2024). 

University design must anticipate future needs (M. Davis & Dubberly, 2023). 

The increasing pace of technological advancement, demographic changes, and 

global challenges such as pandemics or climate change demand resilient and 

adaptable campus models (Goel et al., 2024). Flexibility in spatial design allows 

universities to adjust to shifts in enrollment, pedagogy, and technology without 

significant reconstruction (Connor, 2024). The emergence of smart campuses—

integrating Internet of Things (IoT) technologies, data-driven facilities 

management, and sustainable mobility systems—represents the next frontier in 
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university design (Bellaj et al., 2024). These innovations align with global 

aspirations for creating intelligent, responsive, and sustainable learning 

environments capable of preparing students for the complex realities of the future 

(Mariyono & Nur Alif Hd, 2025). 

A university design is a multidisciplinary endeavor that intertwines 

architecture, urban planning, pedagogy, technology, culture, and sustainability 

(Salama, 2018). It shapes not only the physical form of higher education institutions 

but also their intellectual and social character. For Sudanese universities such as 

Sharq El-Nile University, rethinking campus design provides an opportunity to 

address existing infrastructural deficiencies, integrate sustainable principles, and 

project a renewed image of progress and resilience (Ukonze et al., 2025). By 

adopting holistic design strategies, universities can become catalysts for national 

development and exemplars of sustainable educational environments. 

 

2.5 Sustainable Architecture 

Sustainable architecture represents a transformative approach to the built 

environment, one that prioritizes ecological integrity, resource efficiency, and 

human well-being (Khoukhi et al., 2024). It has emerged as a response to the 

pressing global challenges of climate change, environmental degradation, and 

unsustainable urbanization (Elaouzy & El Fadar, 2022b). Rather than viewing 

buildings as isolated entities, sustainable architecture considers their full 

lifecycle—from design and construction to operation and eventual 

deconstruction—seeking to minimize negative environmental impacts while 

enhancing social and economic value (Oyefusi et al., 2024). Diagram 4 below 

outlines the key design aspects of a sustainable campus, illustrating how 

architectural, ecological, energy-related, and water-management strategies 

integrate to create an environmentally responsible and future-oriented academic 

environment. 
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Diagram 4. Core Principles Guiding Sustainable Campus Planning 

 

Diagram 4 outlines the key design aspects of a sustainable campus by 

grouping them into four interconnected areas that enhance environmental 

performance and resource efficiency. It highlights sustainable architecture and 

urban planning, which use green roofs, flexible spaces, sustainable materials, and 

passive design to minimize ecological impact. Green landscaping and biodiversity 

further support sustainability through shaded outdoor spaces, native plants, and 

urban green corridors that strengthen ecological balance. Renewable energy and 

energy-efficient strategies—including solar systems, efficient buildings, and net-

zero design—reduce energy demand and promote clean energy use. Finally, water 

conservation and management emphasize efficient systems that reduce 

consumption and support long-term campus sustainability. 

Historically, sustainable architecture draws inspiration from vernacular 

traditions that inherently respected local climates, materials, and cultural 

practices(Khalil & Üzümcüoğlu, 2025). The concept of sustainability in architecture 

is grounded in the broader definition of sustainable development articulated by the 

Brundtland Commission: meeting the needs of the present without compromising 

the ability of future generations to meet their own (Dabija, 2020; Purvis et al., 

2019). In architectural terms, this translates into designing buildings that are 

energy-efficient, resource-conscious, and socially inclusive. It involves a shift from 
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linear construction models to circular systems that prioritize reuse, adaptability, and 

resilience (Oyejobi et al., 2024). Sustainable architecture thus becomes a vehicle 

for environmental stewardship and intergenerational equity. 

Core principles of sustainable architecture include energy efficiency, water 

conservation, material sustainability, and site sensitivity (Pohl, 2011). These 

principles are operationalized through design strategies such as passive solar 

heating, natural ventilation, daylighting, and the use of renewable energy sources. 

The integration of these strategies creates buildings that respond dynamically to 

their environmental context, reducing reliance on mechanical systems and 

enhancing occupant comfort. The emphasis on holistic design underscores the 

interconnectedness of environmental, social, and economic factors in shaping 

sustainable outcomes. 

Several theoretical frameworks inform sustainable architectural practice 

(Khalil & Üzümcüoğlu, 2025; Pohl, 2011; Purvis et al., 2019; Rahmania, 2024). The 

Triple Bottom Line model emphasizes the balance between environmental 

stewardship, economic viability, and social equity. Cradle-to-cradle design, 

developed by McDonough and Braungart, advocates for closed-loop systems where 

materials are perpetually reused rather than discarded (Adenle et al., 2024). These 

frameworks challenge conventional construction paradigms and promote 

regenerative approaches that restore rather than deplete natural systems. They also 

encourage architects to think beyond aesthetics and functionality, considering the 

broader implications of their design choices. 

Green building certification systems such as LEED, BREEAM, and Green 

Star have institutionalized sustainability in architecture by providing standardized 

metrics for evaluation (Elseknidy et al., 2025). These systems assess criteria 

including energy performance, indoor environmental quality, and material 

sourcing, offering a framework for accountability and continuous improvement 

(Perera et al., 2025). While influential, critics argue that certification can become a 

checklist exercise, emphasizing compliance over innovation (Perera et al., 2025). 

Nonetheless, these systems have played a crucial role in mainstreaming sustainable 

practices and raising awareness among stakeholders. 
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Bioclimatic design is a cornerstone of sustainable architecture, emphasizing 

the integration of climatic data into design to optimize thermal comfort and reduce 

energy demand (Nadarajah et al., 2024). Techniques such as building orientation, 

shading devices, and thermal mass are employed to harmonize buildings with their 

environment (Alhmoud & Alhmoud, 2024). This approach challenges the 

homogenization of global architectural styles and promotes contextual 

responsiveness. By aligning design with natural systems, bioclimatic architecture 

reduces environmental impact and enhances resilience to climate variability 

(Cuentas & Bernedo-Moreira, 2024). 

Material selection is another critical dimension of sustainability (Ljungberg, 

2007). Low-impact materials such as bamboo, rammed earth, recycled steel, and 

hempcrete offer renewable alternatives to conventional options (Kosasih, 2025). 

Prefabrication and modular construction techniques reduce waste and improve 

efficiency. Lifecycle assessments are increasingly used to evaluate the 

environmental impact of materials from extraction to disposal, enabling informed 

decision-making (Tessitore et al., 2025). The shift toward sustainable materials 

reflects a growing recognition of the embodied energy and ecological footprint of 

construction practices. 

Technological innovation has significantly enhanced the capabilities of 

sustainable architecture. Building Information Modeling (BIM) facilitates 

integrated planning and performance simulation, enabling architects to optimize 

energy use and resource allocation (Rehman et al., 2025). Smart building systems 

use sensors and automation to monitor indoor conditions and adjust systems in real 

time (Lavrinovica et al., 2024). These technologies support data-driven decision-

making and improve the adaptability of buildings to changing needs (Mlote et al., 

2024). They also enable predictive maintenance and long-term performance 

tracking, contributing to operational efficiency (Arge, 2005). 

Sustainable architecture extends beyond individual buildings to encompass 

urban systems (Purvis et al., 2019). Concepts such as eco-cities, transit-oriented 

development, and green infrastructure promote compact, walkable, and resilient 

urban environments (Yang et al., 2024). These strategies integrate transportation, 
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housing, and public space to support ecological and social goals. Urban 

sustainability requires coordination across sectors and scales, emphasizing the role 

of architecture in shaping inclusive and livable cities (Gil-Ozoudeh et al., 2023). It 

also involves rethinking land use patterns and prioritizing nature-based solutions. 

Social and cultural dimensions are integral to sustainable architecture. 

Participatory design processes engage communities in shaping their environments, 

fostering ownership and inclusivity (Gil-Ozoudeh et al., 2023). Architecture must 

reflect local identities and traditions while promoting universal values of health, 

dignity, and environmental stewardship (Z. Cao et al., 2024; Xie et al., 2020). 

Cultural sustainability ensures that buildings are not only environmentally 

responsible but also socially meaningful and contextually appropriate (Zhao et al., 

2025). It challenges architects to consider the lived experiences and aspirations of 

diverse populations. 

Climate resilience is an increasingly important consideration in sustainable 

design (Bozkurt, 2025). As climate change intensifies, buildings must adapt to 

extreme weather, sea-level rise, and resource scarcity (Dharmarathne et al., 2024). 

Resilient design incorporates flood-proofing, heat mitigation, and disaster 

preparedness. Adaptive reuse and flexible spaces allow buildings to evolve with 

changing conditions, enhancing their longevity and relevance (van Laar et al., 

2025). Resilience also involves redundancy and robustness in systems, ensuring 

continuity of function under stress. 

Net-zero and positive energy buildings represent the frontier of sustainable 

architecture (Li et al., 2013). Net-zero buildings produce as much energy as they 

consume, often through solar panels and efficient systems (Jaysawal et al., 2022). 

Positive energy buildings go further, generating surplus energy for the grid. These 

models challenge conventional energy paradigms and demonstrate the feasibility of 

carbon-neutral construction. They also highlight the potential for buildings to 

become active contributors to energy systems rather than passive consumers. 

Green roofs and living walls offer multifunctional benefits, including 

insulation, biodiversity support, and stormwater management (Mihalakakou et al., 

2023). They mitigate urban heat island effects and improve air quality. Research 
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shows that these features also enhance psychological well-being, contributing to 

biophilic design principles (Asojo & Hazazi, 2025). By integrating vegetation into 

the built environment, architects can create spaces that foster connection with 

nature and promote ecological health (Terblanche & Terblanche, 2025). 

Indoor environmental quality is a critical aspect of sustainable architecture. 

Natural lighting, ventilation, and non-toxic materials improve occupant health and 

productivity (Al horr et al., 2016). Studies link daylight exposure to circadian 

rhythm regulation and reduced absenteeism, highlighting the intersection of design 

and public health. Sustainable design thus becomes a tool for enhancing human 

performance and well-being, reinforcing the value of healthy environments 

(Mukherjee & Boubekri, 2025). 

Post-occupancy evaluation provides insights into building performance and 

user satisfaction (Al Mughairi et al., 2023). It reveals discrepancies between design 

intent and actual outcomes, informing future projects and promoting continuous 

improvement. POE supports evidence-based practice and fosters a culture of 

learning and accountability. It also enables architects to refine their approaches and 

respond to evolving user needs. 

Despite its benefits, sustainable architecture faces several barriers. Higher 

upfront costs, regulatory constraints, and limited awareness can hinder adoption. 

Market inertia and risk aversion often discourage innovation (Pittri et al., 2025). 

Overcoming these challenges requires policy support, financial incentives, and 

educational initiatives (dos S. Ribeiro et al., 2019). It also involves demonstrating 

the long-term value and return on investment of sustainable design. 

Governance plays a pivotal role in promoting sustainable architecture. 

Building codes, zoning regulations, and subsidies influence design choices and 

market behavior (Mathur & Gatdula, 2023). International frameworks such as the 

Paris Agreement shape national strategies and priorities (Amahnui et al., 2025). 

Effective governance requires coordination across scales and sectors, aligning 

environmental goals with economic and social objectives (Ahlström & Sjåfjell, 2023; 

Amahnui et al., 2025). It also involves stakeholder engagement and transparent 

decision-making. 
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Architectural education is evolving to integrate sustainability as a core 

competency (Bać et al., 2025b). Interdisciplinary curricula, experiential learning, 

and research initiatives prepare professionals to address complex environmental 

challenges. Continuing education and professional accreditation reinforce lifelong 

learning and ethical practice (Institute, 2010). Education also plays a role in shaping 

values and fostering a culture of sustainability within the profession (Akinsemolu & 

Onyeaka, 2025). 

Sustainable architecture is no longer a niche but a necessity (Røstvik & Altan, 

2021). Future directions include regenerative design, circular construction, and AI-

driven optimization (Zhou, 2025). As the built environment continues to expand, 

sustainability must remain central to architectural discourse and practice (Almusaed 

et al., 2024). It offers a pathway to resilience, equity, and ecological harmony, 

shaping a future where buildings contribute positively to both people and the planet. 

 

2.6 Smart Buildings 

Smart buildings are increasingly recognized as pivotal components of 

sustainable urban development, offering a fusion of intelligent systems and 

architectural innovation (Vafaei et al., 2025). The literature underscores their 

capacity to transform traditional buildings into responsive environments that adapt 

to user needs and environmental conditions (Mlote et al., 2024b). This 

transformation is driven by the integration of digital technologies such as IoT, AI, 

and cloud computing, which collectively enable real-time monitoring, predictive 

analytics, and automated control of building operations (Bongomin et al., 2025; 

Mlote et al., 2024b). These capabilities not only enhance operational efficiency but 

also contribute to broader goals of energy conservation and climate resilience. 

A significant body of research focuses on the role of smart buildings in 

energy optimization (Attoue et al., 2018; Ghaffarianhoseini et al., 2018; Janhunen 

et al., 2019; Xenakis et al., 2025). Through the deployment of sensor networks and 

smart meters, buildings can continuously track energy consumption patterns and 

identify inefficiencies (Alijoyo, 2024; Latif et al., 2021). Advanced control 

algorithms allow systems to adjust lighting, HVAC, and other utilities based on 
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occupancy and external weather conditions (Al Sayed et al., 2024). Studies have 

shown that such adaptive systems can lead to substantial reductions in energy use, 

often exceeding 30% compared to conventional buildings (Abedin et al., 2025). 

Moreover, smart buildings can participate in demand-side management programs, 

interacting with the power grid to modulate energy usage during peak periods, 

thereby supporting grid stability and reducing carbon emissions (Bayasgalan et al., 

2024). 

As a smart building, we can integrate advanced technologies and intelligent 

systems to create a connected, efficient, and responsive environment that enhances 

the overall campus experience, as illustrated in Figure 2 below: 

 

Figure 1 Core Design Aspects of a Smart Building on a Modern Campus 

 

Figure 2 presents the key components that make a campus “smart” by 

integrating technology into its planning, operations, and user experience. It 

demonstrates that a smart campus relies on advanced learning environments, such 

as smart classrooms and e-learning platforms, efficient spatial planning that utilizes 

digital tools to organize campus zones, and energy-smart infrastructure, including 
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solar glass or BIPV glazing, to support sustainability. It also includes smart fire 

safety and emergency systems for rapid response, secure access control systems 

that use digital authentication to enhance safety, and smart indoor air quality 

systems that automatically monitor and improve indoor environments. Overall, the 

figure highlights how different technological systems work together to create a 

modern, safe, efficient, and sustainable campus. 

Security and safety are integral aspects of smart building systems, and 

recent studies explore how intelligent surveillance, access control, and emergency 

response mechanisms are being implemented (Ciholas et al., 2019). AI-powered 

cameras and sensors can detect anomalies such as unauthorized access, fire hazards, 

or equipment malfunctions, triggering automated alerts and responses. Integration 

with public safety networks and emergency services further enhances the resilience 

of smart buildings. However, the proliferation of connected devices also introduces 

vulnerabilities, making cybersecurity a critical area of concern. Researchers 

emphasize the need for robust encryption, authentication protocols, and regulatory 

oversight to safeguard user data and system integrity (Parambil et al., 2024). 

Interoperability and scalability remain persistent challenges in the 

deployment of smart building technologies (Baharetha et al., 2023). The diversity 

of hardware and software platforms often leads to compatibility issues, hindering 

seamless integration and long-term maintenance (Agbeyangi & Suleman, 2024). The 

literature calls for standardized protocols and open-source frameworks that 

facilitate interoperability across vendors and systems (MZILI et al., 2025). 

Additionally, the high upfront costs associated with smart infrastructure can be 

prohibitive, especially for retrofitting existing buildings (Adegoke et al., 2024). 

Recent advancements in digital modeling and simulation have introduced 

the concept of digital twins in smart building research (Abdelrahman et al., 2025). 

These virtual replicas allow stakeholders to simulate building performance under 

various scenarios, enabling proactive maintenance and optimization. Digital twins 

can integrate data from BIM (Building Information Modeling), IoT sensors, and 

historical records to provide a comprehensive view of building operations (Pereira 

et al., 2021; Sadri, 2025). This approach supports lifecycle management and 
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facilitates informed decision-making in design, construction, and facility 

management. Coupled with edge computing, which processes data locally to reduce 

latency, digital twins represent a frontier in smart building innovation. 

The literature also explores the role of smart buildings within the broader 

context of smart cities. Buildings are increasingly viewed as nodes in 

interconnected urban ecosystems, contributing to data-driven governance, resource 

efficiency, and environmental monitoring. Smart buildings can share data with 

municipal systems to inform traffic management, pollution control, and disaster 

response. This integration supports the development of resilient and adaptive cities 

capable of responding to dynamic challenges. Scholars advocate for participatory 

design processes that involve stakeholders in shaping smart building initiatives, 

ensuring that technological solutions align with community values and needs. 

The literature on smart buildings reveals a dynamic and multidisciplinary 

field that intersects technology, architecture, sustainability, and human factors. 

While the benefits of smart buildings are well-documented—ranging from energy 

savings to enhanced user experience—the path to widespread adoption requires 

addressing technical, economic, and ethical challenges. Future research should 

prioritize inclusive design, regulatory frameworks, and cross-sector collaboration 

to realize the full potential of smart buildings in shaping equitable and sustainable 

urban futures. 

 

2.7 Benefits of Smart Building Systems 

Smart buildings deliver a wide range of transformative benefits by blending 

automation, data analytics, and interconnected systems (Jia et al., 2019). One of the 

most significant advantages is their ability to enhance energy efficiency. Smart 

sensors continuously monitor lighting levels, temperature, occupancy, and 

equipment usage, allowing the building to adjust systems in real time automatically 

(Vijayan et al., 2020). Instead of relying on fixed schedules, smart buildings 

respond dynamically to actual needs, reducing wasted energy. This not only lowers 

utility bills but also contributes to environmental sustainability, helping 

organizations meet carbon reduction targets and operate more responsibly. A smart 
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building integrates advanced technologies and data-driven systems to enhance 

efficiency, safety, and overall occupant experience (Billanes et al., 2025). 

 

Diagram 5. Key Benefits of a Smart Building 

 

Diagram 5 systematically presents the benefits of a smart building by outlining six 

key aspects: energy efficiency, achieved through optimized use of resources; better 

space utilization, enabled by monitoring and adaptive allocation of spaces; 

flexibility and scalability, allowing systems to adjust and expand with future needs; 

data-driven insights, generated through real-time analytics for improved decision-

making; sustainability and environmental impact, supported by reduced waste and 

greener operations; and improved safety and security, delivered through advanced 

monitoring and automated protection systems. Each aspect collectively 

demonstrates how smart buildings enhance operational effectiveness and 

sustainability. 

The six highlighted benefits include improved energy efficiency, better 

space utilization, flexibility and scalability, data-driven insights, sustainability and 

environmental impact, and enhanced safety and security (Bajwa et al., 2024). 
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Together, they convey that smart buildings not only optimize operational 

performance but also support long-term environmental goals and improve the 

overall experience for occupants. The clean circular layout reinforces the 

interconnected and holistic nature of smart-building advantages. 

Strengthened security and safety is another core advantage. Smart access 

control systems replace traditional keys with secure digital credentials, while 

integrated surveillance systems provide real-time monitoring and intelligent 

detection of suspicious activities (Kokila & Reddy K, 2025). Automated alarms can 

activate instantly in response to fire, smoke, gas leaks, or unauthorized entry, 

enabling faster emergency response and reducing risk (Shaharuddin et al., 2023). 

By centralizing these functions on a unified platform, building operators gain 

greater visibility and control over all aspects of building security. 

Additionally, smart buildings support better space utilization and planning 

(Delavar et al., 2025). By analyzing occupancy patterns and movement flows, 

organizations can identify underused areas, optimize room scheduling, and make 

informed decisions about future expansions or redesigns (Piras et al., 2024). This is 

particularly valuable for offices, universities, hospitals, and commercial spaces 

where efficiency in space management directly impacts costs and productivity 

(Indergård & Hansen, 2025). Usage insights also support more flexible workplace 

strategies such as hot-desking or activity-based working. 

Smart buildings contribute to long-term sustainability and cost-

effectiveness. As buildings generate and store vast amounts of performance data, 

organizations can continuously refine their operations, leading to ongoing 

improvements year after year (Ahmed Murtaza et al., 2024). Integration with 

renewable energy sources, such as solar panels and energy storage systems, further 

enhances sustainability (Chel & Kaushik, 2018a; Malik et al., 2025). Over time, these 

efficiencies translate into substantial cost savings, reduced environmental impact, 

and stronger alignment with modern green building standards. 

In essence, smart buildings transform spaces into intelligent ecosystems that 

are efficient, safe, comfortable, adaptable, and sustainable. They represent the 
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future of the built environment—one where technology works seamlessly in the 

background to create better experiences for both occupants and operators. 

 

2.8 Design Aspects of a Smart and Sustainable Campus 

The concept of a smart and sustainable campus has gained prominence as 

universities seek to align their infrastructure and operations with global 

sustainability goals while embracing digital transformation (Polin et al., 2025b). 

This dual focus reflects a growing recognition that educational institutions must not 

only reduce their environmental footprint but also foster innovation, resilience, and 

inclusive learning environments (Hassan & Ahmad, 2025). Energy efficiency is a 

central theme in sustainable campus design. Passive strategies such as optimal 

building orientation, natural ventilation, and daylighting are widely advocated for 

reducing energy consumption (Balali & Yunusa-Kaltungo, 2025). These approaches 

are often complemented by active systems, such as solar photovoltaics, geothermal 

heating, and smart HVAC controls. tools for sustainability. 

Water conservation is another critical aspect of campus sustainability. Dual 

plumbing systems, rainwater harvesting, and blackwater treatment technologies 

enable significant reductions in potable water use (Burszta-Adamiak & Spychalski, 

2021). Bioswales, green roofs, and permeable pavements contribute to stormwater 

management and aquifer recharge, enhancing the ecological resilience of campus 

landscapes (Motogaito et al., 2023a). These systems are often integrated with real-

time monitoring tools that track water usage and support adaptive management 

strategies. 

Waste reduction and circular economy principles are increasingly embedded 

in campus operations. Centralized waste hubs, composting stations, and e-waste 

recycling programs facilitate resource recovery and minimize landfill contributions 

(Bruni et al., 2020). Retrofitting existing buildings with modular furniture and 

demountable partitions extends the lifecycle of materials and supports flexible 

space usage. These practices not only reduce environmental impact but also 

promote a culture of sustainability among students and staff. 
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Smart infrastructure is a defining feature of modern campuses. The 

deployment of Internet of Things (IoT) technologies enables real-time monitoring 

of energy use, air quality, occupancy, and equipment performance (Rao et al., 2024, 

2025). Predictive maintenance and automated controls enhance operational 

efficiency and reduce downtime. Digital twins—virtual models of physical 

systems—allow for simulation and scenario planning, supporting data-driven 

decision-making across campus operations (Menon et al., 2023). 

Learning environments within smart campuses are designed to be adaptive 

and inclusive. Smart classrooms feature dynamic lighting, temperature control, and 

acoustic optimization, creating comfortable and engaging spaces for diverse 

learners (X. Zhang et al., 2024). Technologies such as augmented reality (AR), 

virtual reality (VR), and artificial intelligence (AI) support personalized and 

immersive learning experiences (Al-Ansi et al., 2023). These innovations foster 

collaboration, creativity, and deeper engagement with academic content. 

Green spaces play a vital role in campus design, contributing to biodiversity, 

regulating the microclimate, and enhancing mental well-being (Działek et al., 

2025). Tree canopy coverage, native landscaping, and ecological corridors support 

habitat conservation and provide outdoor learning opportunities. These spaces also 

serve as wellness zones, encouraging physical activity and social interaction among 

campus users. 

Climate resilience is increasingly prioritized in campus planning. Design 

strategies include resilience corridors with redundant utilities, elevated structures, 

and flood-proofing measures to protect critical infrastructure (Fatehelrahman & 

Mustafa, 2023). Emergency response systems powered by real-time data enable 

rapid decision-making during extreme weather events. These features ensure the 

safety of occupants and continuity of operations in the face of climate-related risks 

(Castaño-Rosa et al., 2022). 

Governance and policy integration are essential for sustaining smart and 

sustainable initiatives (Kaiser, 2024). Data platforms aggregate information across 

domains such as energy, water, waste, mobility, and academics, enabling holistic 

monitoring and policy enforcement. Participatory planning and stakeholder 
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engagement foster transparency and accountability, while continuous feedback 

loops support iterative improvements. 

Sustainability is also embedded in pedagogy and campus culture. Campuses 

serve as living laboratories where students engage with sustainability through 

experiential learning. Exposed building systems, interactive dashboards, and 

student-led audits provide hands-on opportunities to explore environmental 

challenges and solutions. These design elements reinforce systems thinking and 

empower students to become sustainability advocates.  

Diagram 6 illustrates the key design aspects that collectively contribute to 

building a smart and sustainable campus environment. 

 

Diagram 6. An Illustration of Design Aspects of a Smart and Sustainable 

Campus 

 

Diagram 6 above presents a central theme titled “Design Aspects of a Smart & 

Sustainable Campus”, surrounded by multiple interconnected components that 

together define a holistic approach to modern campus development. These 

components span technological, environmental, and architectural domains, 

emphasizing the need for integrated systems that enhance efficiency, safety, and 

sustainability. Elements such as Smart Security & Access Control, Smart Water 
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Management Systems, Smart Indoor Air Quality Systems, and Smart Fire Safety 

and Emergency Systems represent the technological backbone that supports a safe, 

resilient, and intelligent campus infrastructure. Additionally, innovations like Solar 

Glass / BIPV Glazing and Water Conservation & Management highlight resource-

efficient solutions that reduce environmental impact. On the environmental and 

design side, the diagram includes aspects such as Sustainable Architecture & Urban 

Planning, Green Landscaping & Biodiversity, Green & Biophilic Design, and 

Renewable Energy & Energy Efficiency, all of which contribute to ecological 

harmony and reduced carbon footprint. 

Retrofitting legacy buildings is a practical strategy for advancing 

sustainability without extensive new construction (Passoni et al., 2024). Upgrades 

to insulation, lighting, and HVAC systems, along with the integration of smart 

controls, improve energy performance and occupant comfort (Aljashaami et al., 

2024). Modular and demountable components allow for flexible use and future 

adaptability, preserving architectural heritage while meeting contemporary 

standards (Kitagorsky, n.d.). 

Inclusivity is a key consideration in campus design. Universal design 

principles ensure that spaces are accessible to people of all abilities, with features 

such as tactile pathways, assistive technologies, and gender-neutral facilities 

(Persson et al., 2015). Inclusive design enhances the campus experience for all users 

and supports equity in education. 

Behavioral change is critical to the success of sustainability initiatives. 

Nudging strategies such as feedback displays, gamification, and incentive programs 

encourage environmentally responsible behaviors. Workshops, campaigns, and 

peer networks build a culture of sustainability and collective action, reinforcing the 

impact of physical design. 

Performance metrics and evaluation frameworks are used to assess the 

effectiveness of smart and sustainable campus initiatives. Key indicators include 

energy intensity, water use per capita, waste diversion rates, and user satisfaction. 

Dashboards and annual reports communicate progress and support benchmarking 

against peer institutions, guiding strategic planning and resource allocation. 
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Case studies from leading institutions provide valuable insights into best 

practices and implementation strategies. The University of British Columbia, 

Arizona State University, and NTU Singapore have pioneered innovative 

approaches to campus sustainability, demonstrating the importance of leadership, 

interdisciplinary collaboration, and long-term vision. 

Despite the benefits, campuses face challenges such as high upfront costs, 

technical complexity, and stakeholder resistance (Mirata et al., 2020). Limited 

funding, fragmented governance, and legacy systems can hinder progress. 

Addressing these barriers requires strategic planning, capacity building, and 

supportive policies that align institutional goals with sustainability objectives 

(Drissi et al., 2025b). 

Emerging trends in campus design include AI-driven management systems, 

blockchain for resource tracking, and biophilic design principles (Hamdy et al., 

2025). Integration with smart city infrastructure, climate-positive design, and 

regenerative systems represents the next frontier in campus innovation. These 

developments will continue to shape the evolution of smart and sustainable 

campuses. 

The design of smart and sustainable campuses reflects a transformative 

approach to higher education that integrates environmental stewardship with 

technological advancement (Angelaki et al., 2024). By aligning infrastructure, 

operations, and pedagogy with sustainability principles, campuses can become 

models of resilience, innovation, and inclusivity. Continued research, collaboration, 

and investment are essential to realize this vision and contribute meaningfully to 

global sustainability efforts. 

 

2.9 Principles for Integrating Smart and Sustainable Features in Campus 

Design 

Designing a future-ready campus requires the seamless integration of smart 

technologies with sustainability principles to create environments that are efficient, 

resilient, and conducive to learning (Eappen et al., 2025). The foundation of this 

approach begins with sustainable design strategies that reduce environmental 
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impact while enhancing overall campus livability. Energy-efficient building 

envelopes, passive cooling and shading systems, and the use of renewable energy 

sources such as solar photovoltaic arrays or geothermal systems significantly lower 

operational energy demands (Chel & Kaushik, 2018a). In parallel, water-sensitive 

design—including rainwater harvesting, graywater reuse, and smart irrigation—

helps reduce potable water consumption and supports ecological resilience in the 

landscape. 

The true potential of a smart and sustainable campus emerges when these 

elements are integrated holistically. Human-centric design ensures that technology 

enhances comfort, health, and accessibility rather than adding unnecessary 

complexity (Najafi et al., 2025). Data-driven sustainability practices support 

transparent tracking of environmental performance, engaging the campus 

community in achieving shared goals. Climate resilience is strengthened through 

smart monitoring technologies that can detect risks early and support rapid response 

(Motogaito et al., 2023b). Finally, strong governance frameworks ensure ethical use 

of data, cybersecurity, and privacy protection, while community engagement 

transforms the campus into a living laboratory where students, faculty, and staff 

participate actively in shaping and testing innovative solutions. Together, these 

principles create a campus environment that is not only intelligent and efficient but 

also environmentally responsible, adaptable, and inclusive. 

 

Diagram 7.  Holistic Design Pathways for Resilient Learning Environments 
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Diagram 7 above presents a sequential progression of sustainable design 

strategies for the built environment, beginning with passive approaches and 

advancing toward more complex, integrated solutions. It starts with Passive Design, 

emphasizing orientation, natural ventilation, and thermal mass to reduce energy use. 

This is followed by Smart Façades, which incorporate kinetic facades, 

electrochromic glass, and green walls to dynamically regulate temperature and 

light. The sequence continues with Adaptive & Modular Spaces, illustrating the 

importance of buildings that can evolve with changing academic needs.  

The diagram highlights ecological and social design layers such as Green 

Corridors & Biodiversity, promoting nature-integrated environments, and Outdoor 

Learning & Social Spaces, which support collaboration through amphitheaters, 

shaded areas, and rooftop gardens. The progression culminates in Microclimate 

Regulation, focusing on trees, green roofs, and other interventions that reduce urban 

heat island effects. Overall, the diagram portrays a holistic pathway from 

fundamental to advanced strategies for creating sustainable, adaptable, and 

environmentally responsive spaces. 

 

2.10     Case Studies of Redesigned Campuses 

Redesigning existing university campuses has become an essential strategy 

in contemporary higher education planning, enabling institutions to align their 

physical environments with evolving academic, environmental, and social priorities 

(Coulson et al., 2014). Rather than constructing entirely new facilities, many 

universities are reinvesting in their existing campuses to promote sustainability, 

enhance learning experiences, and strengthen institutional identity. Examining 

successful redesign initiatives provides valuable insight into how architectural 

renewal can support modern educational objectives (Lan & Shizhu, 2025). This 

section reviews three significant international precedents—the Columbia 

University Renewal in the United States of America, the American University in 

Cairo’s New Campus in Egypt, and LSE – Marshall Building (United Kingdom)— 

all of which offer transferable lessons for the Sudanese context. 
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The following table 1 presents a comparative overview of three major 

university campus projects—Columbia Business School, the LSE Marshall 

Building, and the AUC New Campus—highlighting key aspects of their location, 

design strategies, spatial organization, and defining architectural features 

Table 1. Architectural and Planning Dimensions of CBS, LSE Marshall 

Building, and AUC New Campus 

Aspects Columbia Business School 

(Columbia University, 

USA) 

LSE – Marshall 

Building (United 

Kingdom) 

American University in 

Cairo (AUC) New 

Campus (Egypt) 

Location Situated in Manhattanville, 

New York City, as part of 

Columbia’s urban 

expansion, embedded in a 

dense metropolitan context 

with strong ties to local 

communities and the public 

streetscape. 

Located in central 

London on Lincoln’s Inn 

Fields, positioned within 

a historic urban fabric 

with proximity to major 

civic, academic, and 

public institutions. 

Located in New Cairo 

on a desert plateau east 

of central Cairo, a 

purpose-built site 

supporting long-term 

institutional expansion 

in a hot, arid climate. 

Implementation 

Design 

Designed as a highly 

transparent and flexible 

academic complex 

emphasizing collaboration, 

community engagement, 

and technological 

integration; built with high-

performance materials and 

energy-efficient systems. 

Conceived as a 

multifunctional academic 

and athletic hub, 

prioritizes structural 

innovation, daylighting, 

and openness while 

linking the school more 

actively with the 

surrounding city. 

Implemented through a 

climate-responsive 

masterplan using passive 

cooling, shaded 

pathways, and water-

efficient landscaping; 

developed in staged 

phases for continual 

expansion. 

Design 

Characteristics 

Modern, glass-based 

architecture with open 

interior volumes, flexible 

rooms, terraces, and 

interconnected spaces 

encouraging 

interdisciplinary interaction. 

Characterized by bold 

structural expression, 

large atriums, exposed 

materials, and generous 

public circulation areas, 

it balances contemporary 

design with contextual 

sensitivity. 

Stone-clad façades, deep 

shading devices, 

courtyards, and recessed 

openings, inspired by 

traditional Egyptian 

spatial logic, while 

equipped with modern 

academic infrastructure. 

Campus Design 

& Space Layout 

Organized into two main 

buildings—Kravis Hall and 

Geffen Hall—with 

vertically stacked learning 

zones, open commons, and 

integrated circulation linked 

directly to the urban 

streetscape. 

Arranged around a 

dramatic central atrium 

and cascading interior 

terraces, it includes 

academic spaces, student 

facilities, and a sports 

center, all connected by 

fluid circulation 

pathways. 

A network of courtyards, 

shaded walkways, and 

pedestrian routes forms 

the campus spine; 

academic and social 

buildings are positioned 

for environmental 

comfort and walkability. 

Key Features Collaborative learning 

commons, rooftop terraces, 

transparent community-

facing ground floors, 

flexible event and study 

spaces, high-performance 

façades, and advanced 

environmental controls. 

Central atrium, daylight-

enhancing façade 

strategies, 

multifunctional teaching 

and athletic spaces, 

strong street-level 

permeability, and 

structural engineering 

innovations. 

Shaded arcades, 

drought-tolerant 

landscaping, 

microclimate-enhancing 

courtyards, culturally 

expressive design 

elements, water-efficient 

systems, and climate-

oriented building 

orientation. 
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Table 1 provides a comparative overview of three prominent university campus 

projects—Columbia Business School in New York, the London School of 

Economics’ Marshall Building, and the American University in Cairo’s New 

Campus—highlighting how each institution responds to its unique geographic, 

cultural, and climatic context. By examining key aspects such as location, 

implementation design, architectural characteristics, spatial layout, and defining 

features, the table illustrates the diverse strategies employed in contemporary 

academic architecture. While the CBS and LSE projects emphasize urban 

integration, transparency, and multifunctional interior spaces within dense 

metropolitan environments, the AUC New Campus adopts a climate-responsive, 

courtyard-driven approach suited to an arid setting. Collectively, the comparison 

showcases how modern campus design reflects broader priorities of sustainability, 

cultural identity, and pedagogical flexibility across different global settings. 

 

2.10.1 The Case of Columbia Business School at the University of Columbia 

The redesigned Business School faculty at Columbia University in New 

York represents a major step in the university’s efforts to modernize its academic 

facilities and enhance the learning environment. Completed in 2022 and designed 

by Diller Scofidio + Renfro in collaboration with various engineering partners, the 

project spans approximately 492,000 square feet in Manhattanville. The goal of the 

redesign was to create a dynamic academic hub that reflects contemporary 

educational needs while strengthening Columbia’s presence within the urban fabric 

of New York City. The map below illustrates the site location of Columbia Business 

School within Columbia University’s Manhattanville Campus, situated between 

West 130th and West 131st Streets in New York City. 
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Figure 2. Site Location of Columbia Business School within the Manhattanville  

Campus [Source: Retrieved from Google Maps – Columbia Business School 

Manhattanville Campus, January, 2026] 

 

Architecturally, the redesign adopts a modern, transparent, and 

environmentally responsible approach. The buildings make efficient use of the 

dense urban site by incorporating layered programs and strategically placed 

communal areas. Internal courtyards, large atriums, and interconnected gathering 

spaces enhance visibility and interaction across the faculty, promoting a 

collaborative atmosphere that aligns with the values of the Business School. 

Diagram 11 below illustrates a layered circulation system that maps the vertical and 

horizontal movement of users between interconnected building levels. 

 

Figure 3. Layered Circulation Diagram of an Interconnected Campus Building 

Complex 

[Source: (Pintos, 2022)] 

https://maps.google.com/?utm_source=chatgpt.com
https://maps.google.com/?utm_source=chatgpt.com
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Figure 4 illustrates a multi-level circulation system connecting two adjacent 

buildings, highlighting how people move vertically through internal staircases and 

horizontally across an elevated bridge. Each floor features color-coded activity 

zones—blue on one side and red on the other—representing different user groups 

or programmed spaces, with dotted outlines framing areas of interaction. The 

staircases create continuous vertical pathways that link these zones, while the 

bridge extends the circulation network between the buildings, emphasizing a 

layered and integrated flow of movement, gathering, and transition across the 

architectural complex. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Site Plan for the Kravis and Geffen Building 

[(Pintos, 2022)] 

 

Figure 5 above presents a site plan illustrating the spatial relationship between the 

Kravis Building on the left and the Geffen Building on the right, organized around 

a large central open space labeled The Large Square. Both buildings are shown with 

detailed internal layouts, circulation corridors, and surrounding landscape elements, 

while the plan indicates their placement along 130th Street to the north and 129th 

Street to the south. The composition highlights how the two academic buildings 

frame the central public plaza, creating a cohesive campus block defined by 

balanced massing, clear access points, and integrated outdoor spaces. 
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Structurally, the new faculty facilities integrate advanced smart 

technologies that support comfort, energy efficiency, and adaptive use. Automated 

air circulation systems and responsive lighting based on occupancy and natural 

daylight contribute to sustainability and reduced operational demands. The 

structural planning also prioritizes multi-functionality, enabling classrooms, lecture 

halls, and event areas to be reconfigured for different academic and public activities 

with ease. 

 

 

Figure 5. Architectural Layout and Program Distribution of the Kravis 

Building 

[(Pintos, 2022)] 

 

The figure presents different floor layouts and spatial functions of the Kravis 

Building, supported by corresponding interior photographs. On the left, two floor 

plans highlight key zones such as retail, classrooms, and the lobby. These plans are 

connected visually to images that show the building’s open, stepped seating area 

and a large glass façade overlooking the outdoor landscape. The area labeled 

general activity runway is illustrated with a photo showing students occupying wide 

tiered seating, emphasizing the space’s role as a social and circulation hub. 
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On the right side of the diagram, another floor plan highlights classrooms, 

staircases, and flexible study rooms. Lines connect these annotated elements to real-

world images: a sculptural staircase with abundant natural light, and a flexible study 

area featuring glass walls, movable furniture, and city views. Together, the plans 

and images demonstrate how different building levels integrate instructional spaces 

with open, adaptive areas designed for collaboration, movement, and daylight-filled 

study environments. 

 

 

 

Figure 6. Spatial Organization of Academic and Collaborative Spaces Across Building 

Floors 

[(Pintos, 2022)] 

 

The figure above illustrates the spatial distribution of key academic and 

collaborative functions across multiple floors of a building, combining floor plans 

with corresponding interior photographs. It highlights areas such as PhD 

workstations, offices, classrooms, study rooms, and meeting rooms, showing how 

these spaces are arranged to support both focused work and group activities. The 

inclusion of staircases and circulation paths emphasizes vertical connectivity, while 
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images of meeting areas, classrooms, and architectural staircases help convey the 

building’s interior atmosphere. Overall, the diagram presents a clear overview of 

how diverse learning and working environments are integrated within the building’s 

layout. 

Figure 8 below illustrates the north–south sectional organization of Kravis 

Hall, highlighting the layered distribution of academic, social, and circulation 

spaces throughout the building. It reveals how classrooms, lounges, offices, and 

collaborative zones are vertically arranged and interconnected by a dynamic 

internal network of ramps and pathways—referred to as the “general activity 

runway.” The drawing emphasizes the integration of learning, engagement, and 

movement, showcasing how the architectural layout supports a seamless flow 

between instructional areas, student amenities, and shared community spaces. 

 

Figure 7. Kravis Hall North–South Section Overview 

[(Pintos, 2022)] 
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The figure presents a detailed north–south sectional view of Kravis Hall, showing 

how the building’s internal functions are vertically stacked and interconnected 

through a prominent circulation spine. Each level is programmed with specific 

uses—ranging from classrooms, student networks, lounges, and dining areas to 

faculty offices, meeting rooms, and study zones—creating a layered academic 

environment. The sloping ramps woven through the section form a continuous 

“general activity runway,” visually and physically linking spaces to encourage 

movement, collaboration, and interaction across floors. Supporting amenities such 

as the lobby, retail areas, and the connection to Geffen Hall are also integrated, 

illustrating how the structure brings together academic, social, and communal 

activities in one cohesive architectural system. 

 

 

Figure 8. East–West Section of Kravis Hall Functional Layout 

[(Pintos, 2022)] 

 

Figure 9 presents an east–west sectional view of Kravis Hall, illustrating the vertical 

organization of academic, social, and support functions throughout the building. 

Each floor is assigned a specific program—ranging from classrooms and student-
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centered spaces to faculty offices and dining areas—showing how the building’s 

design layers diverse activities in a compact vertical structure. Circulation paths, 

including stairways and connecting platforms, are visible across the section, 

emphasizing how movement between floors is integrated into the overall 

architectural layout. The inclusion of double-height spaces, setbacks, and open 

lounges suggests an environment designed to promote visibility, interaction, and a 

sense of openness within the building. 

At the lower levels, the section highlights key shared amenities such as the 

lobby, retail spaces, and the physical link to Geffen Hall, signaling the building’s 

function as part of a larger campus network. The mid- and upper-level floors 

accommodate classrooms, meeting areas, and faculty offices, forming the academic 

core of the structure. Student-focused areas—including lounges, study zones, and 

networking spaces—are interspersed throughout the tower to encourage 

engagement and collaboration. Overall, the diagram communicates how Kravis 

Hall’s vertical arrangement supports a dynamic blend of academic, social, and 

community activities within a cohesive architectural framework. 

 

Figure 9. Modern Collaborative Study and Meeting Spaces with Glass-Enclosed 

Design 

[(Pintos, 2022)] 
 

The images depict modern collaborative areas within the redesigned Columbia 

Business School campus, showcasing bright, flexible environments that support 

learning, teamwork, and professional interaction. Enclosed by transparent floor-to-

ceiling glass walls, these spaces emphasize openness and visual connectivity to the 

surrounding urban landscape. The natural light flooding through the expansive 
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windows highlights the school’s commitment to creating uplifting, human-centered 

study and meeting environments. 

Inside, the rooms are furnished with movable tables, ergonomic chairs, and 

comfortable lounge seating, allowing students to easily adapt the space for group 

discussions, project work, or informal conversations. The design blends 

functionality with aesthetic warmth, combining clean architectural lines with 

vibrant furniture. Together, these elements illustrate CBS’s vision of a dynamic, 

interconnected campus that fosters collaboration, innovation, and community 

engagement. 

 

 

Figure 10. Modern Interactive Learning Environment at Columbia Redesigned 

Business School 

[(Pintos, 2022)] 
 

Figure 11 above shows a classroom arranged in a tiered layout, with an instructor’s 

podium at the front containing two screens—one displaying a video call participant 

and the other showing lecture slides. Behind the podium, several rows of students 

are seated at long desks facing forward, illustrating an engaged audience. Large 

floor-to-ceiling windows line the side walls, indicating a bright, modern learning 

environment. Labels identify the key components: instructor podium, presentation 

screens, student seating rows, and surrounding windows. 
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Figure 11. Aerial View of a Contemporary Urban Campus Complex of the 

Redesigned Columbia Business School 

 [(Pintos, 2022)] 

 

The image shows a modern waterfront campus composed of two large, multi-story 

buildings with tiered, glass-wrapped floors that create a stepped architectural 

profile. These buildings face each other across a circular central plaza featuring 

pathways, seating, and landscaped green space. The complex sits beside a wide 

river, with an elevated roadway running along the shoreline and a bridge visible in 

the distance. Surrounding the site are a mix of residential towers and low-rise 

industrial or commercial structures, giving the scene an urban, densely built 

character. 

 

Figure 12. Geffen Building- Building Floor-Plan Layouts 

[(Pintos, 2022)] 
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The above figure 13 presents a multi-level architectural layout of an educational 

facility, showing how major program elements are distributed throughout the 

building. Each numbered plan highlights different functional zones—such as 

lobbies, classrooms, study rooms, offices, recreation areas, and multipurpose 

spaces—arranged around a central circulation network. Vertical movement is 

emphasized through features like escalators and connecting corridors, which link 

clusters of student spaces and activity areas. The shaded regions and outlined blocks 

indicate program density and spatial relationships, illustrating how academic, 

social, and support functions are layered and interconnected across the various 

floors to create a cohesive campus environment. 

The following diagram provides an overview of the building’s interior 

layout alongside reference images of its key spaces. 

 

 

Figure 13. Building Floor Plan and Key Space Highlights 

[(Pintos, 2022)] 

 

The plan illustrates a multi-level academic or research building organized around a 

central atrium, with circulation and program spaces arranged symmetrically on each 

floor. The ground level features the lobby and general activity areas, while upper 

floors accommodate cafés, classrooms, multipurpose rooms, administrative offices, 

student network zones with escalators, research centers, and laboratories. The 

diagram highlights how these functions stack vertically and connect through shared 
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central spaces, supported by the reference images that convey the building’s open, 

modern interior character. 

This sectional diagram illustrates the spatial organization and program 

distribution of the building, highlighting key areas ranging from public spaces on 

the lower levels to specialized academic and research facilities. 

 

Figure 14.  Building Section Showing Academic and Public Functions 

[(Pintos, 2022)] 

 

Figure 15 presents a sectional view of a multi-story academic building, showing 

how its functions are vertically organized from public to specialized spaces. At the 

base, the lobby opens into a student lounge and café, creating an accessible social 

zone. Above these levels, several floors are dedicated to classrooms and a 

multipurpose room, supported by a central circulation core that includes escalators 

labeled as the “Student Network.” Higher levels house administrative offices, a 

research center, and laboratories, reflecting a progression toward more focused 

academic and research activities. The section also reveals changes in floor plates 

and structural transitions, along with a cut through the site that shows how the 

building integrates with the sloped terrain. 

Overall, the redesigned Business School faculty at Columbia University 

showcases how modern architectural thinking and technological innovation can 

elevate academic environments. By blending sustainability, flexibility, and 



69 
 

 

community-oriented design, the project sets a precedent for future campus 

developments. It not only supports the evolving demands of business education but 

also enriches the university’s engagement with the wider urban context of New 

York City. 

 

2.10.2 A Case of the American University in Cairo (AUC) New Campus 

The American University in Cairo (AUC) New Campus in New Cairo 

provides a compelling model for climate-responsive and culturally rooted campus 

redevelopment in the Middle East. Conceived as a purpose-built academic 

environment that aligns with Egypt’s climatic and cultural context, the campus 

demonstrates how architecture can transcend functional needs to express identity, 

sustainability, and community values. Its location in the desert periphery presented 

both challenges and opportunities, prompting designers to explore strategies that 

mitigate heat, conserve water, and foster a comfortable learning environment. 

 

 

Figure 15. AUC New Cairo Campus – Location Map 

[Source: Google Maps, accessed February 1, 2026] 

 

The American University in Cairo’s New Cairo campus is located in the eastern 

part of Greater Cairo, set within a large, planned district surrounded by residential 
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neighborhoods and commercial areas. The campus sits just off major roadways that 

connect New Cairo’s communities, with The Spot Mall to its south and Americana 

Plaza to the northwest. The surrounding landscape blends organized urban 

development with open desert terrain, reflecting the characteristic layout of New 

Cairo, where educational, residential, and commercial zones are integrated into a 

spacious, modern environment. 

At the core of the campus design is an emphasis on passive environmental 

strategies. Buildings are oriented and massed to reduce solar heat gain, while shaded 

walkways, deep colonnades, and recessed openings limit direct sun exposure. 

Courtyards play a central role in microclimate regulation, creating pockets of cooler 

air and encouraging natural ventilation across academic and social spaces. These 

features reduce reliance on mechanical cooling and reflect a strategic re-

interpretation of architectural forms that have long been used in hot, arid regions. 

The campus design is rooted in a passive environmental approach, 

integrating building orientation, massing, and microclimate-driven spatial 

strategies to naturally moderate heat and enhance comfort throughout the site. 

 

Figure 16. Sustainable Site Development Framework 

[Adapted from Sasaki – The American University in Cairo Campus 

Development Plan, accessed January 2026] 
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The figure presents a comprehensive site plan of a large, enclosed campus set within 

a desert landscape, showing a carefully organized arrangement of academic, 

residential, and recreational zones woven together by shaded pathways, vegetation, 

and open courtyards. Buildings cluster primarily toward the center and right side of 

the site, while extensive green areas and sports facilities occupy the upper portion, 

and structured landscape zones fill the lower portion. Roadways and circulation 

routes trace the site’s triangular boundary, while internal pedestrian networks 

connect shaded courtyards, plazas, and building clusters. The overall composition 

highlights a climate-responsive layout, integrating greenery, orientation, and open 

spaces to enhance environmental comfort across the campus. 

The campus landscape also reflects an ecologically sensitive approach. 

Native and drought-tolerant plant species were prioritized to reduce irrigation 

demand, while water features and shaded gardens create comfortable outdoor zones 

despite extreme temperatures. Pathways and gathering areas are arranged to shade 

circulation routes and encourage pedestrian movement, reinforcing the sense of a 

self-contained academic community. This landscape strategy ties together 

environmental stewardship and student experience, demonstrating how outdoor 

space can become an educational and social asset rather than a liability in a desert 

environment. The campus is organized into three main zones—A, B, and C—each 

designated for distinct academic, administrative, and residential functions. 
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Figure 17. Campus Zoning and Facilities Map 

[Source: Adapted from Planning and Urban Design, 

https://www.sasaki.com/practice/sectors/education, retrieved February 1, 2026] 

 

The map shows a university campus divided into three color-coded zones—Zone A 

in yellow, Zone B in blue, and Zone C in red—each representing different 

functional areas. Zone A contains the Performing and Visual Art Center (PVA) and 

the School of Humanities and Social Science (HUSS), while Zone B includes the 

School of Science and Engineering (SSE), the School of Business, Economics, and 

Communications (BEC), and the Main University Auditorium. Zone C covers 

essential student-life facilities such as the Main Library, Student Housing, and 

Athletics Facilities. At the center of the campus sits the University Administration 

building, with major roads and entrances surrounding the entire layout. 

The master plan of the American University in Cairo’s New Cairo campus 

embodies a cohesive vision that integrates academic, cultural, and social life within 

a unified architectural and landscape framework. Designed as a modern, sustainable 

learning environment, the campus is organized into clearly defined districts—such 

as academic schools, research centers, arts facilities, and administrative hubs—

connected by plazas, courtyards, and pedestrian pathways that encourage 

interaction and community. The layout balances functionality with aesthetic 
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harmony, reflecting both contemporary design principles and regional architectural 

heritage, creating a vibrant setting that supports innovation, collaboration, and 

student well-being. 

 

Figure 18. Masterplan Overview of AUC New Cairo Campus 
[Source: Adapted from Sasaki, The American University in Cairo New Campus 

(2008)] 

 

The figure presents a color-coded master plan of the AUC New Cairo campus, 

illustrating the spatial organization and functional zoning of major facilities. 

Distinct building clusters are highlighted in separate colors to denote academic 

schools, research centers, administrative complexes, arts facilities, courtyards, 

plazas, and support services. The layout reveals a structured, hierarchical 

arrangement in which academic and research zones are centrally located, 

https://www.sasaki.com/projects/the-american-university-in-cairo-new-campus/?utm_source=chatgpt.com
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surrounded by administrative and cultural buildings, with circulation pathways and 

open courtyards providing connectivity and environmental coherence. The plan 

demonstrates an integrated approach to campus planning, emphasizing spatial 

efficiency, accessibility, and the systematic distribution of functions across the site. 

Cultural integration is equally central to the design narrative. Rather than 

imposing a foreign architectural language, the campus draws inspiration from 

traditional Egyptian spatial patterns—such as courtyards, screened façades, and 

stone finishes—embedding contemporary learning facilities within a culturally 

familiar framework. This blending of old and new allows the campus to express a 

distinctly Egyptian identity while maintaining the functionality and flexibility 

expected of a modern university. The result is an environment where architectural 

heritage informs a forward-thinking academic mission. 

 

 

Figure 19.  Illustration of Egyptian Culture through Design and Architecture 
[Source: Sasaki Associates, The American University in Cairo New Campus, accessed 

February 1, 2026] 
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Overall, the AUC New Campus stands as a case study in how climate-responsive 

design and cultural meaning can coexist productively in large-scale educational 

development. The project demonstrates that sustainability in hot, arid climates is 

not limited to technological solutions; it can be deeply embedded in the architectural 

language itself. By balancing environmental sensitivity, cultural continuity, and 

campus functionality, AUC’s redesigned environment showcases a blueprint for 

institutions seeking to build in ways that are both responsible and resonant with 

place. 

 

2.10.3 The Case of London School of Economics – Marshall Building (United 

Kingdom) 

The Marshall Building represents a pivotal milestone in the London School 

of Economics and Political Science (LSE)’s ongoing campus redevelopment 

strategy, which aims to transform its compact urban site into a modern, efficient, 

and socially vibrant academic environment. Conceived as part of a broader vision 

to elevate the quality of campus life, the building replaces older, fragmented 

structures with a unified architectural intervention that responds to both 

contemporary academic needs and the spatial limitations of central London. Its 

18,100-square-metre footprint reflects LSE’s ambition to expand capacity while 

simultaneously enhancing urban connectivity. 

 

 

 

 

 

 

 

 

 

Figure 20. Aerial View of the Marshall Building and Surroundings at LSE 

[Satellite image from Google Maps, retrieved June 1, 2026] 
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This aerial satellite image shows the Marshall Building at the London School of 

Economics, centered within a modern courtyard layout bordered by Portsmouth 

Street, Portugal Street, and Lincoln’s Inn Fields in central London. The building’s 

light-colored geometric structure and open green courtyard contrast with the 

surrounding dense urban environment, including nearby academic facilities such as 

the Saw Swee Hock Student Centre and the Royal College of Surgeons. The streets 

and pathways around the complex are clearly visible, highlighting the building’s 

integration into the historic grid adjacent to the large green expanse of Lincoln’s 

Inn Fields. 

Architecturally, the redesign focuses on creating a visually striking yet 

functional landmark that strengthens LSE’s identity. The Marshall Building 

introduces a bold structural expression characterized by exposed sculptural 

columns, generous openings, and a material palette that harmonizes with the 

surrounding historical fabric. These design decisions contribute to a campus image 

that is modern, open, and anchored in its urban context. The interplay between 

transparency and solidity not only enhances aesthetic appeal but also signifies 

institutional openness and engagement. 

 

 

 

 

 

 

 

 

 

Figure 21.  Description of the 3D View of the Marshall Building at LSE (London 

School of Economics) 

[Source: ArchDaily. (2022)] 
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The figure is a 3D sectional perspective of a contemporary, multi-storey building 

that reveals its internal structure by slicing through the façade. At the center is a 

tall, light-filled glass atrium shaped like an inverted “V,” allowing daylight to reach 

deep inside the building. Surrounding this core are layered floors containing open 

workspaces, meeting areas, and circulation spaces, while the upper levels step back 

into terraced forms with greenery and outdoor areas. The ground floor shows a 

spacious public concourse with visible pedestrian movement, and the entire 

structure sits within a dense urban context, blending modern transparency and 

openness with the surrounding cityscape. 

A core feature of the redesign is the reimagining of interior spaces to support 

new pedagogical approaches and collaborative learning. The building integrates 

lecture theatres, classrooms, departmental offices, informal study zones, and 

flexible communal areas into a coherent spatial system. This arrangement improves 

circulation, fosters cross-disciplinary interaction, and replaces previously siloed 

academic spaces with a more fluid and adaptable environment. The internal layout 

underscores the shift toward student-centered learning and the importance of social 

spaces in academic settings. 

 

 

 

 

 

 

 

 

 

Figure 22. Marshall Building: Floor Plans and Section Overview 
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[Source: ArchDaily – London School of Economics Marshall Building / Grafton 

Architects (2022)] 

 

The figure presents a set of architectural drawings that include the ground, second, 

and third floor plans alongside a vertical Section AA of the building, illustrating 

how social, study, and circulation spaces are organized across different levels. The 

ground floor plan highlights a central open social space surrounded by various 

rooms and site-responsive boundaries, while the second and third floor plans show 

progressively more structured arrangements of offices, study areas, and circulation 

zones. The section drawing reveals the building’s vertical relationships, including 

stacked floors, open atrium-like spaces that enhance natural light, landscaped 

terraces on upper levels, and service areas below ground, together conveying a 

comprehensive overview of the building’s spatial hierarchy and functional layout. 

From a structural and engineering perspective, the Marshall Building 

reflects a sophisticated response to the need for adaptability and long-span spaces 

within a highly constrained urban site. The use of advanced structural techniques 

allows for column-free volumes, especially in the athletics and multipurpose areas, 

enabling diverse activities and future reconfiguration. The collaboration with Mace 

as the main contractor ensured precision in construction, innovation in materials, 

and high standards of sustainability aligned with modern building performance 

benchmarks. 

 

Figure 23. Designing for Interaction: The Modern Campus Interior 

https://www.archdaily.com/977225/london-school-of-economics-marshall-building-grafton-architects?utm_source=chatgpt.com
https://www.archdaily.com/977225/london-school-of-economics-marshall-building-grafton-architects?utm_source=chatgpt.com
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[Source: ArchDaily, 2022] 

 

This figure presents a visual synthesis of contemporary learning environments by 

combining architectural floor plans with corresponding interior photographs. At the 

center, the plans outline the spatial organization of classrooms and study areas, 

highlighting how circulation, structure, and program are arranged across the 

building. Surrounding these drawings, the images capture the materiality and 

atmosphere of the spaces—exposed concrete structures, warm wood finishes, open 

study zones, and flexible seating arrangements. Together, the layout illustrates the 

relationship between design intent and built experience, showing how architectural 

elements, natural light, and spatial variety support both formal instruction and 

informal learning. 

The project’s broader impact on LSE’s campus redesign is significant. It 

enhances pedestrian flow, strengthens connections between academic buildings, 

and introduces new public realms that contribute to the social life of the institution. 

By integrating contemporary architecture with functional flexibility and urban 

sensitivity, the Marshall Building sets a new benchmark for redesigning existing 

campuses in dense metropolitan environments. It demonstrates how universities can 

strategically upgrade their built environment to support academic excellence while 

reinforcing community engagement and long-term spatial resilience. 


