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Preface 

This book presents the selected proceedings of the Second International Conference on 
Creativity, Technology, and Sustainability (CCTS 2025), held at Dar Al-Hekma Uni-
versity in Jeddah, Saudi Arabia, from April 30 to May 1, 2025. As a multidisciplinary 
academic forum, the CCTS 2025 conference explores the synergies between creative 
innovation, cutting-edge technology and sustainability strategies. This second edition 
builds on the success of the first and highlights the growing importance of collaborative 
research, deeply connected to today’s sustainable development challenges, as defined by 
the United Nations’ Sustainable Development Goals (SDGs) and the Kingdom of Saudi 
Arabia’s Vision 2030. 

The conference received 130 full paper submissions from researchers represent-
ing 25 countries and 76 institutions worldwide. Each submission underwent a rigorous 
peer-review process, evaluated by at least two independent experts. Following this metic-
ulous review, 53 papers were accepted for inclusion in these proceedings, ensuring both 
academic rigor and a diverse exploration of the conference themes. 

The various chapters contained in this book offer case studies, theoretical frameworks 
and scientific contributions that provide a comprehensive overview of how technology, 
stimulated by creativity, can be effectively mobilized to address multidimensional sus-
tainability challenges. These contributions span a broad spectrum of relevant topics, 
carefully organized into three distinct parts:

• Harnessing Technology for a Sustainable World: This section highlights how techno-
logical advancements can serve as powerful tools for sustainability. It features con-
tributions on AI-driven design and planning, sustainable housing and urban devel-
opment, data science for environmental monitoring, advancements in sustainable 
materials and construction, as well as broader reflections on the role of technology in 
addressing global sustainability challenges.

• Diverse Applications of Technology and Creative Solutions: The second section 
showcases the wide-ranging impact of technology across various sectors. This section 
features applications of AI and machine learning, the role of technology in education 
and well-being, the intersection of human factors and technology, advancements in 
environmental and industrial technology, and considerations for information systems 
and future trends.

• Shaping a Sustainable Future: The Role of Creativity in Societal and Economic Trans-
formation: The final section focuses on the crucial role of innovation and strate-
gic thinking in achieving sustainability. This part addresses economic policy and its 
impact on sustainability, the power of creativity and innovation for sustainable solu-
tions, the application of technology for sector-specific sustainability, the integration 
of sustainability into business strategy, the importance of security and automation for 
sustainability, and an analysis of emerging trends.



vi Preface

Throughout this book, the contributions show how important it is to use creativity and 
technology together to deal with the challenges of sustainable development. The research 
and ideas shared aim to increase awareness, support the use of sustainable practices, and 
encourage cooperation between researchers, professionals, and decision-makers. Each 
part of the book connects to key global sustainability priorities. Part I addresses SDG 9 
and SDG 11, focusing on sustainable infrastructure, innovation, and urban development. 
Part II connects to SDG 4, SDG 3, and SDG 8, emphasizing quality education, public 
health, and inclusive economic growth enabled by technology. Part III reflects SDG 
12, SDG 13, and SDG 17, highlighting responsible innovation, climate action, and 
the importance of global cooperation. Together, these chapters provide useful insights 
and practical steps, offering a clear roadmap for progress toward a more sustainable, 
equitable, and technology-driven future. 

We extend our deepest gratitude to the leadership of Dar Al-Hekma University, 
particularly the President, Dr. Abeer Aldoghaither, and the Vice President of Gradu-
ate Studies, Research and Business Division Dr. Norah Farooqi, for their unwavering 
support and visionary guidance. We are equally grateful to the authors for their valu-
able contributions and dedication to advancing knowledge in these critical fields. We 
are profoundly indebted to the international panel of reviewers and Program Committee 
members for their rigorous, constructive, and timely evaluations. Our sincere apprecia-
tion goes to the dedicated conference organizers whose meticulous efforts ensured the 
event’s success. We are especially grateful to Dar Al-Hekma University for providing an 
exceptional, collaborative environment as host institution, fostering the rich exchange 
of ideas central to CCTS 2025. 

It is our firm hope that the innovative ideas, research findings, and practical solutions 
within this volume will inspire further interdisciplinary collaboration, spark creative part-
nerships, and catalyze impactful actions towards building a more sustainable, equitable, 
and technologically empowered future. 

Djihed Berkouk 
Samar Altarteer 
Uday Chatterjee 

Tallal Abdelkarim Bouzir 
Imed Ben Dhaou



Contents 

Harnessing Technology for a Sustainable World 

Strategic Site Selection for Constructing a Space Center and Spacecraft 
Launch Station in Saudi Arabia: A Multi-criteria Evaluation . . . . . . . . . . . . . . . . . 3 

Abdulaleem Aboud, Omar Dakhil, and Hassan A. Abas 

Transformation of Affordable Housing in Saudi Arabia Toward Sustainable 
Development Goals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

Waleed S. Alzamil 

Sustainable Urban Greening Using Innovative Water Solutions in Madina 
Al Munawara . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 

Hassan A. Abas, Wed Makki, Yussra Aljohani, Braa Alhrbi, 
and Hussein Chekfehand 

Smart Cities in Egypt: Advancing Digital Transformation and Urban 
Sustainability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 

Anne A. Soliman, Amr Salem, Aya Ezzat, Mostafa Khaled Ahmed, 
Rana Elshafei, Samah El Khateeb, and Eman Farouk 

Smart Sustainable Cities: Innovative AI Technologies to Improve Urban 
Development and Quality of Life . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 

Muna Ahmed 

Developing a Custom AI Model for Vegetation Health Monitoring 
and Survival Prediction in Arid Regions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 

Ahmed Ahmed and Elshaimaa Nada 

Smart Waste Management System for Makkah City Using Artificial 
Intelligence and Internet of Things . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 

Rawabi Saeed Al Qurashi, Maram Meshal Almanjumi, 
Teef Lahg Alghamdi, Amjad Hasan Almalki, Shahad Saed Alharthi, 
Shahad Mashal Althobuti, Alanoud Saad Alharthi, and Maha A. Thafar 

A Climate-Aided Methodological Approach for Regenerating Cultural 
Heritage in Fragile Landscape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 

Angelo Figliola and Khaled Mohamed



viii Contents

An Analysis of Different Types of Gum Used in Concrete Applications: 
A  Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 

Alaa M.E.A. Saleem, Tareg Abdalla Abdalla, and Abdullah Albogami 

Thermal Evaluation of Wax-Expanded Polystyrene Composite in Concrete 
Blocks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82 

Aisha Hassan, Ethar Alawad, Shorouq Alsirhani, Haitham Rashed, 
Hassan A. Abas, and Hussain Alsadiq 

Sustainable Concrete Solutions: Harnessing CornCob as a Renewable 
Resource . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 

Arwa Fallatah and Shifana Fatima Kaafil 

Digital Transformation Innovations for Sustainability: Advancing 
Workforce Training in the Digitalization Era . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 

Azza AlGhamdi and Alia Aljindi 

Optimizing Solar Energy Integration in Educational Buildings . . . . . . . . . . . . . . . 107 
Ahmed Ahmed, Elshaimaa Nada, and Eman Ahmed 

The Role of Digital and Green Marketing in Promoting Sustainable 
Consumer Attitudes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116 

Rasha Abdulkhalek 

Towards Sustainable AI Development: A Focus on Transparency 
and Explainability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125 

Shahina Begum, Mobyen Uddin Ahmed, and Mosarrat Farhana 

When War Threatens Sustainability: The Legal Fight to Protect Our 
Environment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134 

Adnan Mahmutovic 

Sustainable Precision Agriculture: IoT-Based Soil Monitoring 
and ML-Driven Crop Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145 

Basnt Melibari, Jomana Alhothly, Joud Alshareef, Lenah Alsaeedi, 
Arwa Alsubhi, and Sarah Al-Shareef 

Diverse Applications of Technology and Creative Solutions 

CNN-Based Deep Learning for Automated Kidney Stone Classification 
in Medical Imaging (CT Scan) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157 

Vishesh Tanwar, Bhisham Sharma, and Imed Ben Dhaou



Contents ix

Generative Artificial Intelligence Tools in Higher Education: Systematic 
Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168 

Maha M. Hassan and Sanaa S. Askool 

Role of Artificial Intelligence in Redefining Modern Speech Therapy 
Practices in Saudi Arabia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176 

Amjad Alsaadi and Areej Alasseri 

A Review on the Use of Artificial Intelligence for Anomaly Detection 
in SCADA Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190 

Lujain Ali Alqahtani, Sara khaed Alnatah, Maram Abdullah Alzahrani, 
Dalal Khalid Alkhaldi, Fatimah Saeed Aqaqah, Maryam M. Aldossary, 
and Mustafa Youldash 

Hybrid Data Augmentation model for Sequential Recommendation . . . . . . . . . . . 197 
Jian Gang Gao, Shun Zheng, Syed Bilal Hussain Shah, 
and Arshad Ahmed Mir 

Hybrid Machine Learning Models for DDoS Detection: A Performance 
Evaluation on the CICIDS2017 Dataset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206 

Varkha K. Jewani, Pragati V. Thawani, Prafulla E. Ajmire, 
Mohammad Atique, and Imed Ben Dhaou 

Innovation-Driven Education Reforming Engineering Education in the AI 
Era . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215 

Jouni Isoaho, Hannu Tenhunen, Imed Ben Dhaou, Xing Guo, 
and Zhuo Zou 

The Impact of Intensive Training on General Education Teachers 
for Including Students with Autism Spectrum Disorder (ASD) in Regular 
Classrooms in Saudi Arabia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223 

Mona Al-Haddad 

VitalTwin: A Predictive and Management Prototype Digital Twin-Based 
System for Health and Wellbeing of Hajj and Umrah Pilgrims . . . . . . . . . . . . . . . 231 

Fatema Sabeen Shaikh, Rayhanah Jassim Aldolaim, 
Abrar Saleh AlGhamdi, Aisha Saleh AlKatheer, Reem Zaki AlMahfoud, 
Solaf Mohammed Alhotailah, Rawan Hamed Alghamdi, 
and Abdullah Ali M. Alqahtani 

Workplace Toxicity and Its Shadow: Investigating Inner Resignation 
Through Employee Well-Being and Creativity in Saudi Academia . . . . . . . . . . . . 238 

Komal Khalid



x Contents

Exploring the Impact of Instant Gratification Factors on Long-Term 
Sustainable Financial Planning Among Saudi Youth . . . . . . . . . . . . . . . . . . . . . . . . 247 

Fatima Balfaqih and Samar Altarteer 

The Use of Zeta Technology to Modify Vermiculite Clay for the Adsorptive 
Removal of Anionic Detergent Residues from Wastewater . . . . . . . . . . . . . . . . . . . 256 

Saad Mohamed Elsaid and Ali ben Saleh Albarak 

Assessing the Combined Effects of Climate Change and Urbanization 
on Water Resources in Arid Environments: A Comprehensive Machine 
Learning and Data Analysis Approach—Case Study Saudi Arabia . . . . . . . . . . . . 264 

Heba Fathi 

A Review of Capture the Flag (CTF) Platforms for OT/ICS Security 
Training . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 274 

Maryam M. Aldossary, Sara F. Aldossary, Zahra A. Albeesh, 
Rahaf A. Al-Ghamdi, Shujon A. Alshehri, Dalal M. Al-Thawadi, 
Khalid A. Alissa, and Abdulrahman M. Alharby 

SWOT Analysis of MIS in Higher Education: A Case Study of KKU . . . . . . . . . 282 
Nouf S. Aldahwan 

A Study on the Global Hype of Metaverse for Sustainable Growth 
in the Future . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295 

Saima Abdullah, Umara Zahid, and Zahid Rashid 

Sustainable Development of Rural and Remote Areas: A Case Study 
from Saudi Arabia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 304 

Salem Ahmed Alabdali, Salvatore F. Pileggi, and Dilek Cetindamar 

Shaping a Sustainable Future: The Role of Creativity in Societal and 
Economic Transformation 

Effects of Public Spending on Economic Growth: Evidence from the GCC 
Countries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 315 

Salwa Abdulraquib and Rozina Shaheen 

The Impact of ESG on Financial Performance and Market Value in Saudi 
Arabia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 324 

Roba Al Sharif and Karima Saci 

Renewable Energy Investments and their Impact on Stabilizing Inflation . . . . . . . 333 
Karima Saci and Saida Khalifa



Contents xi

Mawhiba Creative Programs for Young Talented Minds and their 
Sustainable Impact . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 341 

Fahad Alfaiz, Saad Bakry, and Nada Alqahtani 

Enhancing Innovation Through Interdisciplinary Collaboration: A Study 
on Interior Design and Construction Management Students in Augmented 
Reality Learning Environments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 349 

Amani Khan, Nathaniel B. Walker IV, and Henry Wanakuta 

Fog Computing-Powered Driving Assistant System Under Fog Weather 
to Support Sustainable Tourism in Rural Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 357 

Tami Alwajeeh 

Adapting New Technologies Within Cultural Heritage in Islamic Studio 
Ceramics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 366 

Zelal Basodan 

Identifying and Reducing Waste in Parkinson’s Disease Diagnosis: A Lean 
Approach to Sustainable Healthcare . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 375 

Dannah AlSafran, Mostafa Fawzy, Raneem AlQahtani, Sarah AlSafran, 
and Maha AlOtaibi 

A Comprehensive Assessment of Sustainable Construction Materials 
in Saudi Arabia’s Construction Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 384 

Maram Ghaleb and Mohammed M. Gomaa 

Blending Tradition with Security: Branding and Cybersecurity Strategies 
for Success in Saudi Arabia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 397 

Ahmed Nasseraldin and Homam El-Taj 

Exploring Collaborative Marketing Experience Between Small 
and Medium Enterprises and Startups in Saudi Arabia . . . . . . . . . . . . . . . . . . . . . . 403 

Amira Masood and Samar Altarteer 

Corporate Sustainability Reporting and Blockchain a Legal Analysis 
of Mandatory ESG Reporting in Saudi Arabia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 413 

Mohammed Alsudais 

Impact of Knowledge Sharing, Information and Communication 
Technology Usage, and Green Market Orientation on Sustainable 
Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 424 

Jalal Rajeh Hanaysha



xii Contents

The Influence of Latin Typography on Arabic-Speaking Female 
Consumers’ Perception of Brand Identity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 435 

Abdelqader Kamal Alnobani, Tahar Lazhar Ayed, 
Ahmed Khaled Nasseraldin, Lama Alkhail, Afnan Bahri, 
Farah Alfityani, and Joud Alhussan 

Sustainable AI Adoption: Legal Considerations for Cybersecurity in Saudi 
Arabia’s Context . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 443 

Homam El-Taj and Firas Najjar 

AI and Sustaining Legal Education for Creative Originality in the Gulf 
States: Saudi Arabia, Qatar, and United Arab Emirates . . . . . . . . . . . . . . . . . . . . . . 452 

Samuel Samiái Andrews 

Towards Automation in OT Risk Assessment: A Review of Methods, 
Machine Learning Techniques, Challenges, and Gaps . . . . . . . . . . . . . . . . . . . . . . . 459 

Amal A. Alahmadi, Aryam A. Alnemari, Deema A. Alfaleh, 
Fatema A. Alqahtani, Nouf M. Alabdallah, Ghada M. Alrashedi, 
and Abdulrahman A. Alharby 

Cybersecurity for Sustainable Supply Chains in the Fourth Industrial 
Revolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 468 

Fatima Al-ammari and Imed Ben Dhaou 

The Effect of Vaccination and Investor Sentiment on the Crypto-Currency 
Market . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 477 

Sonia Sayari and Faten Sameer Hanbali 

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 487



About the Editors 

Dr. Djihed Berkouk 
is Associate Professor in the Architecture Department 

within the School of Engineering, Computing, and Design at 
Dar Al-Hekma University, Saudi Arabia. As Holder of the 
Habilitation à Diriger des Recherches (HDR) from Biskra 
University in Algeria, he is qualified to supervise doctoral-
level research. His research investigates the relationship 
between the physical environment and space occupancy, 
human comfort, soundscape, multisensory perception, noise 
pollution, and urban morphology. Dr. Berkouk has published 
extensively in high-impact international journals indexed 
in Scopus and Web of Science, including those by Else-
vier, MDPI, Springer, SAGE, and AIP Publishing. He is 
actively engaged in the global academic community, serving 
as Reviewer for several Scopus-indexed journals and as Guest 
Editor for two Scopus journals and the CCTS Proceedings. 
He is supervising several PhD theses and has supervised Mas-
ter’s research in architecture and environmental design, with 
a focus on multisensory perception, thermal comfort, heat-
health risk assessment, and multi-objective optimization of 
building performance. 

Dr. Samar Altarteer 
holds BA, MA, MPhil, PhD. She is Director of the Scien-

tific Research Center and Assistant Professor at the School of 
Engineering, Computing, and Design at Dar Al-Hekma Uni-
versity, Jeddah, Saudi Arabia. Her expertise lies in Human-
Computer Interaction (HCI), User Experience (UX), and 
immersive technologies such as virtual and augmented real-
ity. She holds a PhD in Human-Computer Interaction from 
Glasgow Caledonian University (2015), an MPhil in HCI for 
E-Commerce (2011), an MA in 3D Design for Virtual Environ-
ments (2010), and a BA in Art from King Abdulaziz University 
(2006). Dr. Altarteer has held multiple leadership positions in 
academia, including Department Chair of Visual Communi-
cation, Program Director of Visual Communication, and Pro-
gram Coordinator for the Master of Design in Game Design. 
She previously served as Designer at Awad Altarteer Engi-
neering Consultations and as Founding Board Member and



xiv About the Editors

VP of the Saudi Digital Game Association. Her research con-
tributions span UX, HCI, VR/AR, 3D visualization, and digi-
tal education. She regularly publishes in high-impact journals 
and presents at international conferences. She has supervised 
a substantial number of capstone projects and student research 
papers, many of which have been published in reputable jour-
nals and conference proceedings. Dr. Altarteer is Certified 
Academic Quality Assurance Practitioner and Autodesk Certi-
fied Professional. She has organized scientific conferences and 
senior exhibitions and serves as Reviewer for indexed journals, 
including IEEE Xplore and Multimedia Tools and Applica-
tions. Her recognitions include the Dar Al-Hekma University 
Outstanding Performance Award (AY 2023–2024), the Uni-
versity’s Community Service Award, and multiple awards of 
academic excellence from the UK Saudi Cultural Bureau. 

Dr. Uday Chatterjee 
is Assistant Professor at the Department of Geography, 

Bhatter College, Dantan, Paschim Medinipur, West Bengal, 
India and Applied Geographer with a Doctoral Degree in 
Applied Geography at Ravenshaw University, Cuttack, Odisha, 
India. His areas of research interest cover Urban Planning, 
Social and Human geography, Applied Geomorphology, Haz-
ards & Disasters, Environmental Issues, disaster governance, 
community-based disaster risk management, climate change 
adaptation, urban risk management, and disaster. He has 
delivered 10 invited lectures in University Grants Commis-
sions (UGC) sponsored national seminars and various aca-
demic departments of different colleges in India. In addi-
tion, he presented 20 papers in national and international 
seminars/conferences held in India as well as chaired and 
co-chaired more than 5 technical sessions. He has success-
fully guided project dissertations to undergraduate students. 
He has also conducted (Convener) one Faculty Development 
Programme on ‘Modern methods of teaching and advanced 
research methods’ sponsored by Indian Council of Social Sci-
ence Research (ICSSR), Govt. of India. Currently, Dr. Uday 
Chatterjee has completed the Special Issue (S.I) of Urbanism, 
Smart Cities and Modelling, Geojournal, Springer as Lead Edi-
tor, book series editor Development in Environmental Science, 
Elsevier (https://www.elsevier.com/books-and-journals/book-
series/developments-in-environmental-science). His research 
work has been funded by the West Bengal Pollution Control 
Board (WBPCB) Govt. of West Bengal, India. He has served as

https://www.elsevier.com/books-and-journals/book-series/developments-in-environmental-science
https://www.elsevier.com/books-and-journals/book-series/developments-in-environmental-science


About the Editors xv

Reviewer for many International journals. Currently, Dr. Chat-
terjee is doing the international project, in collaboration with 
Indonesia, Malaysia, and Japan funded by APN (Asia Pacific-
Global Change Research), and he is Guest Editor of the special 
issue Social Ecology, Human-Well-being and Sustainability, 
Global Social Welfare journal, Springer. He has published 30 
research papers, 10 edited books, and 2 author books, 15 book 
chapters, and 2 conference proceedings. 

Dr. Tallal Abdelkarim Bouzir 
is Associate Professor at the Department of Architec-

ture of the University of Biskra in Algeria, and his area of 
expertise is the analysis of urban and architectural atmo-
spheres. Specifically, he concentrates on examining how 
the sound, visual, and thermal environment interacts with 
human perception, comfort, and public health. His research 
aims to deepen our understanding of how the urban and 
architectural environment impacts the quality of life of 
individuals. 

Prof. Imed Ben Dhaou 
holds a Ph.D. from the Royal Institute of Technology, 

obtained in 2002. He is currently Full Professor of Embed-
ded Systems at Dar Al-Hekma University, where he has 
served as Secretary of the Scientific Council since 2024. 
Additionally, he is Adjunct Professor at the University of 
Turku. In 2024, he was listed among the world’s top 2% 
of scientists by Stanford University and Elsevier. With over 
120 published papers, Dhaou has received several accolades, 
including the Best Paper Award at the 1997 Finnish Sympo-
sium on Signal Processing. He is Editor of the textbook IoT 
Enabled-DC Microgrids: Architecture, Algorithms, Appli-
cations, and Technologies (CRC Press). He has supervised 
and co-supervised several Ph.D., Master’s, and capstone stu-
dents and has also served as External Evaluator for Ph.D. the-
ses from institutions in Italy, India, and Saudi Arabia. Since 
2014, he has been Editor for the Microelectronics Journal 
and has actively contributed as TPC Chair or Member for 
numerous conferences. His managerial experience includes 
serving as Director of a private university and providing 
consultancy to the Deanship for Graduate Studies at Qassim 
University.



List of Contributors 

Hassan A. Abas Prince Mugrin University, Madinah, Saudi Arabia; 
University of Prince Mugrin, Madinah, Kingdom of Saudi Arabia; 
Prince Mugrin University, Madinah, Kingdom of Saudi Arabia 

Tareg Abdalla Abdalla Department of Civil Engineering, Faculty of Engineering 
Sciences, Omdurman Islamic University, Omdurman, Sudan 

Rasha Abdulkhalek Université La Sagesse, Beirut, Lebanon 

Saima Abdullah Department of Computer Science, International Islamic University, 
Islamabad, Pakistan 

Salwa Abdulraquib Dar Al-Hekma University, Jeddah, Saudi Arabia 

Abdulaleem Aboud University of Prince Mugrin, Madinah, Kingdom of Saudi Arabia 

Ahmed Ahmed Taibah University, Almadinah, Saudi Arabia 

Eman Ahmed Taibah University, Almadinah, Saudi Arabia 

Mobyen Uddin Ahmed School of Innovation, Design and Engineering, Mälardalen 
University, Västerås, Sweden 

Mostafa Khaled Ahmed Department of Urban Design and Planning, Faculty of 
Engineering, Ain Shams University, Cairo, Egypt 

Muna Ahmed Jazan University, Jazan, Saudi Arabia 

Prafulla E. Ajmire Computer Science Department, SGBAU Amravati University, 
Mumbai, Maharashtra, India 

Salem Ahmed Alabdali Department of Management Information Systems, Jazan Uni-
versity, Jazan, Saudi Arabia; 
School of Computer Science, University of Technology Sydney, Ultimo, NSW, Australia 

Nouf M. Alabdallah Imam Abdulrahman bin Faisal University, Dammam, Saudi 
Arabia 

Amal A. Alahmadi Imam Abdulrahman bin Faisal University, Dammam, Saudi Arabia 

Fatima Al-ammari Cybersecurity Department, Dar Al-Hekma University, Jeddah, 
Saudi Arabia 

Areej Alasseri School of Education, Health, and Behavioral Sciences, Department of 
Health and Behavioral Sciences, Dar Al-Hekma University, Jeddah, Saudi Arabia 

Ethar Alawad Prince Mugrin University, Madinah, Saudi Arabia



xviii List of Contributors

Ali ben Saleh Albarak Medical Applied College, Qassim university, Buraidah, Saudi 
Arabia 

Zahra A. Albeesh Imam Abdulrahman bin Faisal University, Dammam, Saudi Arabia 

Abdullah Albogami Department of Civil Engineering, Faculty of Engineering, Al-
Baha University, Al-Baha, Saudi Arabia 

Nouf S. Aldahwan Department of Information System, King Khalid University, Abha, 
Saudi Arabia 

Rayhanah Jassim Aldolaim Department of Computer Information Systems, Imam 
Abdulrahman Bin Faisal University, Dammam, Saudi Arabia 

Maryam M. Aldossary Imam Abdulrahman bin Faisal University, Dammam, Saudi 
Arabia 

Sara F. Aldossary Imam Abdulrahman bin Faisal University, Dammam, Saudi Arabia 

Fahad Alfaiz King Saud University, Riyadh, Saudi Arabia 

Deema A. Alfaleh Imam Abdulrahman bin Faisal University, Dammam, Saudi Arabia 

Farah Alfityani Dar Al-Hekma University, Jeddah, Kingdom of Saudi Arabia 

Rahaf A. Al-Ghamdi Imam Abdulrahman bin Faisal University, Dammam, Saudi 
Arabia 

Abrar Saleh AlGhamdi Department of Computer Information Systems, Imam Abdul-
rahman Bin Faisal University, Dammam, Saudi Arabia 

Azza AlGhamdi Faculty of Education, King Abdulaziz University, Jeddah, Saudi 
Arabia 

Rawan Hamed Alghamdi Department of Computer Information Systems, Imam 
Abdulrahman Bin Faisal University, Dammam, Saudi Arabia 

Teef Lahg Alghamdi College of Computers and Information Technology, Computer 
Science Department, Taif University, Taif, Kingdom of Saudi Arabia 

Mona Al-Haddad Dar Al-Hekma University, Jeddah, Saudi Arabia 

Abdulrahman A. Alharby Imam Abdulrahman bin Faisal University, Dammam, 
Saudi Arabia 

Abdulrahman M. Alharby Imam Abdulrahman bin Faisal University, Dammam, 
Saudi Arabia 

Alanoud Saad Alharthi College of Computers and Information Technology, Com-
puter Science Department, Taif University, Taif, Kingdom of Saudi Arabia 

Shahad Saed Alharthi College of Computers and Information Technology, Computer 
Science Department, Taif University, Taif, Kingdom of Saudi Arabia



List of Contributors xix

Solaf Mohammed Alhotailah Department of Computer Information Systems, Imam 
Abdulrahman Bin Faisal University, Dammam, Saudi Arabia 

Jomana Alhothly Computer Science & Artificial Intelligence Department, Umm Al-
Qura University, Makkah, Saudi Arabia 

Braa Alhrbi Prince Mugrin University, Madinah, Kingdom of Saudi Arabia 

Joud Alhussan Dar Al-Hekma University, Jeddah, Kingdom of Saudi Arabia 

Khalid A. Alissa Imam Abdulrahman bin Faisal University, Dammam, Saudi Arabia 

Alia Aljindi Faculty of Education, King Abdulaziz University, Jeddah, Saudi Arabia 

Yussra Aljohani Prince Mugrin University, Madinah, Kingdom of Saudi Arabia 

Aisha Saleh AlKatheer Department of Computer Information Systems, Imam Abdul-
rahman Bin Faisal University, Dammam, Saudi Arabia 

Lama Alkhail Dar Al-Hekma University, Jeddah, Kingdom of Saudi Arabia 

Dalal Khalid Alkhaldi Imam Abdulrahman bin Faisal University, Dammam, Saudi 
Arabia 

Reem Zaki AlMahfoud Department of Computer Information Systems, Imam Abdul-
rahman Bin Faisal University, Dammam, Saudi Arabia 

Amjad Hasan Almalki College of Computers and Information Technology, Computer 
Science Department, Taif University, Taif, Kingdom of Saudi Arabia 

Maram Meshal Almanjumi College of Computers and Information Technology, 
Computer Science Department, Taif University, Taif, Kingdom of Saudi Arabia 

Sara khaed Alnatah Imam Abdulrahman bin Faisal University, Dammam, Saudi 
Arabia 

Aryam A. Alnemari Imam Abdulrahman bin Faisal University, Dammam, Saudi 
Arabia 

Abdelqader Kamal Alnobani Dar Al-Hekma University, Jeddah, Kingdom of Saudi 
Arabia 

Maha AlOtaibi Najran Education Administration, Ministry of Education, Najran, 
Kingdom of Saudi Arabia 

Raneem AlQahtani King Fahd University of Petroleum and Minerals, Dhahran, 
Kingdom of Saudi Arabia 

Abdullah Ali M. Alqahtani Department of Computer Information Systems, Imam 
Abdulrahman Bin Faisal University, Dammam, Saudi Arabia 

Fatema A. Alqahtani Imam Abdulrahman bin Faisal University, Dammam, Saudi 
Arabia



xx List of Contributors

Lujain Ali Alqahtani Imam Abdulrahman bin Faisal University, Dammam, Saudi 
Arabia 

Nada Alqahtani Mawhiba, Riyadh, Saudi Arabia 

Rawabi Saeed Al Qurashi College of Computers and Information Technology, Com-
puter Science Department, Taif University, Taif, Kingdom of Saudi Arabia 

Ghada M. Alrashedi Imam Abdulrahman bin Faisal University, Dammam, Saudi 
Arabia 

Amjad Alsaadi School of Education, Health, and Behavioral Sciences, Department of 
Health and Behavioral Sciences, Dar Al-Hekma University, Jeddah, Saudi Arabia 

Hussain Alsadiq Prince Mugrin University, Madinah, Saudi Arabia 

Lenah Alsaeedi Computer Science & Artificial Intelligence Department, Umm Al-
Qura University, Makkah, Saudi Arabia 

Dannah AlSafran Dar Al-Hekma University, Jeddah, Kingdom of Saudi Arabia 

Sarah AlSafran Imam Abdulrahman Bin Faisal University, Dammam, Kingdom of 
Saudi Arabia 

Sarah Al-Shareef Computer Science & Artificial Intelligence Department, Umm Al-
Qura University, Makkah, Saudi Arabia 

Joud Alshareef Computer Science & Artificial Intelligence Department, Umm Al-
Qura University, Makkah, Saudi Arabia 

Roba Al Sharif Dar Al-Hekma University, Jeddah, Kingdom of Saudi Arabia 

Shujon A. Alshehri Imam Abdulrahman bin Faisal University, Dammam, Saudi Ara-
bia 

Shorouq Alsirhani Prince Mugrin University, Madinah, Saudi Arabia 

Arwa Alsubhi Computer Science & Artificial Intelligence Department, Umm Al-Qura 
University, Makkah, Saudi Arabia 

Mohammed Alsudais Al Yamamah University, Riyadh, Saudi Arabia 

Samar Altarteer Dar Al-Hekma University, Jeddah, Kingdom of Saudi Arabia 

Dalal M. Al-Thawadi Imam Abdulrahman bin Faisal University, Dammam, Saudi 
Arabia 

Shahad Mashal Althobuti College of Computers and Information Technology, Com-
puter Science Department, Taif University, Taif, Kingdom of Saudi Arabia 

Tami Alwajeeh Department of Computer Science, College of Computing and Infor-
mation, Al-Baha University, Alaqiq, Saudi Arabia 

Maram Abdullah Alzahrani Imam Abdulrahman bin Faisal University, Dammam, 
Saudi Arabia



List of Contributors xxi

Waleed S. Alzamil Department of Urban Planning, King Saud University, Riyadh, 
Saudi Arabia 

Samuel Samiái Andrews Albany State University College of Professional Studies, 
Albany, Georgia, USA 

Fatimah Saeed Aqaqah Imam Abdulrahman bin Faisal University, Dammam, Saudi 
Arabia 

Sanaa S. Askool Dr. Hussein AlSayyed Research & Innovation Center, Dept. of SRGS, 
University of Prince Mugrin, Madinah, Saudi Arabia; 
College of Computer and Cyber Sciences, University of Prince Mugrin, Madinah, Saudi 
Arabia 

Mohammad Atique Computer Science Department, SGBAU Amravati University, 
Mumbai, Maharashtra, India 

Tahar Lazhar Ayed Dar Al-Hekma University, Jeddah, Kingdom of Saudi Arabia 

Afnan Bahri Dar Al-Hekma University, Jeddah, Kingdom of Saudi Arabia 

Saad Bakry King Saud University, Riyadh, Saudi Arabia 

Fatima Balfaqih Dar Al-Hekma University, Jeddah, Kingdom of Saudi Arabia 

Zelal Basodan University of Jeddah, Jeddah, Saudi Arabia 

Shahina Begum School of Innovation, Design and Engineering, Mälardalen Univer-
sity, Västerås, Sweden 

Dilek Cetindamar School of Computer Science, University of Technology Sydney, 
Ultimo, NSW, Australia 

Hussein Chekfehand Prince Mugrin University, Madinah, Kingdom of Saudi Arabia 

Omar Dakhil University of Prince Mugrin, Madinah, Kingdom of Saudi Arabia 

Imed Ben Dhaou Computer Science Department, Dar Al-Hekma University, Jeddah, 
Saudi Arabia; 
Department of Computer Science, Hekma School of Engineering Computing and 
Design, Jeddah, Saudi Arabia; 
Computer Science Department, School of Engineering, Computing, and Design, Dar 
Al-Hekma University, Jeddah, Saudi Arabia; 
Dar Al-Hekma University, Jeddah, Saudi Arabia 

Samah El Khateeb Smart and Future Cities Laboratory for Sustainable Solutions, Fac-
ulty of Engineering, Ain Shams University, Cario, Egypt; 
Smart and Sustainable Cities Center, University of Business and Technology, Jeddah, 
Saudi Arabia 

Saad Mohamed Elsaid Private Colleges for Engineering and Information Technique, 
Onaizah College, Onaizah, Saudi Arabia



xxii List of Contributors

Rana Elshafei Smart and Future Cities Laboratory for Sustainable Solutions, Faculty 
of Engineering, Ain Shams University, Cario, Egypt 

Homam El-Taj Department of Cybersecurity, Dar Al-Hekma University, Jeddah, Saudi 
Arabia; 
Dar Al Hekma University, Jeddah, Kingdom of Saudi Arabia 

Aya Ezzat Architecture Department, Modern University for Technology and Informa-
tion (MTI), Cairo, Egypt 

Arwa Fallatah Hekma School of Engineering, Computing and Design, Dar Al-Hekma 
University, Jeddah, Saudi Arabia 

Mosarrat Farhana School of Business Society and Engineering, Mälardalen Univer-
sity, Västerås, Sweden 

Eman Farouk Architecture and Urban Design Program, German University in Cairo, 
Cario, Egypt 

Heba Fathi College of Arts and Humanities, Jazan University, Jazan, Saudi Arabia 

Mostafa Fawzy Dar Al-Hekma University, Jeddah, Kingdom of Saudi Arabia 

Angelo Figliola PDTA Department Planning Design Technology of Architecture, 
Sapienza University of Rome, Rome, RM, Italy 

Jian Gang Gao Tercelo Tire Group CO., LTD, Weifang, Shandong, China 

Maram Ghaleb Department of Architecture, Dar Al-Hekma University, Jeddah, Saudi 
Arabia 

Mohammed M. Gomaa Department of Architecture, Dar Al-Hekma University, Jed-
dah, Saudi Arabia; 
Department of Architecture, Faculty of Engineering, Aswan University, Aswan, Egypt 

Xing Guo Fudan University, Shanghai, China 

Jalal Rajeh Hanaysha School of Business, Horizon University College, Ajman, 
United Arab Emirates 

Faten Sameer Hanbali Department of Business and Administration, College of 
Administration and Finance, Saudi Electronic University, Jeddah, Saudi Arabia 

Aisha Hassan Prince Mugrin University, Madinah, Saudi Arabia 

Maha M. Hassan Civil Engineering Department, University of Prince Mugrin, Madi-
nah, Saudi Arabia; 
Dr. Hussein AlSayyed Research & Innovation Center, Dept. of SRGS, University of 
Prince Mugrin, Madinah, Saudi Arabia 

Jouni Isoaho University of Turku, Turku, Finland 

Varkha K. Jewani Computer Science Department, SGBAU Amravati University, 
Mumbai, Maharashtra, India



List of Contributors xxiii

Shifana Fatima Kaafil Department of Architecture, Dar Al-Hekma University, Jed-
dah, Saudi Arabia 

Komal Khalid King Abdulaziz University, Jeddah, Saudi Arabia 

Saida Khalifa Dar Al-Hekma University, Jeddah, Kingdom of Saudi Arabia 

Amani Khan Dar Al-Hekma University, Jeddah, Kingdom of Saudi Arabia 

Adnan Mahmutovic Department of Law, Al-Yamamah University, Riyadh, Saudi 
Arabia 

Wed Makki Prince Mugrin University, Madinah, Kingdom of Saudi Arabia 

Amira Masood Dar Al-Hekma University, Jeddah, Kingdom of Saudi Arabia 

Basnt Melibari Computer Science & Artificial Intelligence Department, Umm Al-
Qura University, Makkah, Saudi Arabia 

Arshad Ahmed Mir University Centre, Leeds, United Kingdom 

Khaled Mohamed Via Teano 331, Rome, RM, Italy 

Elshaimaa Nada Zagazig University, Zagazig, Egypt 

Firas Najjar Department of Information Security and Cybersecurity Department, 
Philadelphia University, Amman, Jordan 

Ahmed Nasseraldin Dar Al Hekma University, Jeddah, Kingdom of Saudi Arabia 

Ahmed Khaled Nasseraldin Dar Al-Hekma University, Jeddah, Kingdom of Saudi 
Arabia 

Salvatore F. Pileggi School of Computer Science, University of Technology Sydney, 
Ultimo, NSW, Australia 

Haitham Rashed Prince Mugrin University, Madinah, Saudi Arabia 

Zahid Rashid Technology Management Economics and Policy Program, College of 
Engineering, Seoul National University, Seoul, South Korea 

Karima Saci Dar Al-Hekma University, Jeddah, Kingdom of Saudi Arabia 

Alaa Saleem Department of Civil Engineering, Faculty of Engineering, University of 
Khartoum, Khartoum, Sudan 

Amr Salem Department of Urban Design and Planning, Faculty of Engineering, Ain 
Shams University, Cairo, Egypt 

Sonia Sayari Department of Business and Administration, College of Administration 
and Finance, Saudi Electronic University, Jeddah, Saudi Arabia; 
Higher Institute of Accounting and Business Administration, University of Manouba, 
Tunis, Tunisia 

Syed Bilal Hussain Shah University Centre, Leeds, United Kingdom



xxiv List of Contributors

Rozina Shaheen Effat University, Jeddah, Saudi Arabia 

Fatema Sabeen Shaikh Department of Computer Information Systems, Imam Abdul-
rahman Bin Faisal University, Dammam, Saudi Arabia 

Bhisham Sharma Centre of Research Impact and Outcome, Chitkara University, 
Rajpura, Punjab, India 

Anne A. Soliman Department of Architecture, Faculty of Engineering, Misr Interna-
tional University, Cairo, Egypt 

Vishesh Tanwar Chitkara University Institute of Engineering and Technology, 
Chitkara University, Rajpura, Punjab, India 

Hannu Tenhunen KTH-Royal Institute of Technology, Stockholm, Sweden; 
Dar Al-Hekma University, Jeddah, Saudi Arabia 

Maha A. Thafar College of Computers and Information Technology, Computer Sci-
ence Department, Taif University, Taif, Kingdom of Saudi Arabia 

Pragati V. Thawani Computer Science Department, SGBAU Amravati University, 
Mumbai, Maharashtra, India 

Nathaniel B. Walker IV Stephen F. Austin State University, Nacogdoches, USA; 
Dar Al-Hekma University, Jeddah, Kingdom of Saudi Arabia 

Henry Wanakuta Stephen F. Austin State University, Nacogdoches, USA 

Mustafa Youldash Imam Abdulrahman bin Faisal University, Dammam, Saudi Arabia 

Umara Zahid Department of Computer Science, International Islamic University, 
Islamabad, Pakistan 

Shun Zheng Tercelo Tire Group CO., LTD, Weifang, Shandong, China 

Zhuo Zou Fudan University, Shanghai, China



A Climate-Aided Methodological Approach 
for Regenerating Cultural Heritage in Fragile 

Landscape 

Angelo Figliola1(B) and Khaled Mohamed2 

1 PDTA Department Planning Design Technology of Architecture, Sapienza University of 
Rome, Rome, RM 00185, Italy 

angelo.figliola@uniroma1.it 
2 Via Teano 331, Rome, RM 00185, Italy 

Abstract. The notion of building construction, survival, and destruction unde-
niably intersects with intricate climatic, political, social, and economic agendas. 
From ancient Mesopotamian cities until the end of time, buildings have not only 
been generators of meanings and stories but they have also been encapsulating 
these stories. Therefore, the destruction of architecture, along with being a very 
unsustainable practice, fuels the loss of the collective spatial memory of an urban 
settlement and empties it of meanings related to identity and belonging. The paper 
focuses on the importance of architectural preservation and rehabilitation practice 
of modernist buildings that emerged from 1920s-1940s during the colonial era of 
Beirut, Lebanon. Moreover, it discusses how classifications of what constitutes 
culturally significant sites can aid the process of memory capsulation of such edi-
fices, by using a case study approach of the St. George Hotel & Bay, the first 
reinforced concrete modern building in Beirut city. The paper will discuss not 
only the interlinked relationship between modernist heritage rehabilitation and 
Climate-aided Design (CADe) but also how data-driven environmental design 
strategies can mitigate and adapt to climate change risks by utilizing advanced 
digital prototyping tools and regenerative design principles to enhance anti-fragile 
and resilient actions in Mediterranean coastal cities like Beirut. 

Keywords: Urban Regeneration · Climate-aided Design · Cultural Heritage 

1 Introduction 

Demolishing buildings and cities, especially after crisis scenarios, can pave the way 
for a better future or erase certain traumatic stories. However, it is also the easiest and 
most effective way to obliterate the collective memory and the physical identity of the 
built environment. At the same time, building construction and operation is responsible 
for around 40 to 50% of the total energy consumption worldwide. According to the 
Intergovernmental Panel on Climate Change (IPCC) in their fourth Assessment Report 
(AR4), the increase in the atmospheric concentration of carbon dioxide (CO2), methane 
(CH4), and nitrous oxide (N2O) happened during the last two centuries because of human 
activities exceeding any precedent pre-industrial numbers [1].
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The paradigm of how to approach and conceptualize an urban intervention has been 
the central focus of architects, designers, and urbanists throughout the centuries. These 
explorations often investigate the potential for building a better future, regardless of the 
level of uncertainty of this future. But what if the notion of building, as in the sense of 
construction, becomes at the expense of destroying more buildings, especially ones that 
express historical and symbolic significance? According to the United Nations (UN), 
around 68% of the world’s population will live in cities and urban areas by 2050 [2]. At the 
same time, new land use is becoming more disruptive to natural habitats and ecosystems, 
and in a future where more urbanization will be trendier, the destruction of culturally 
notable structures is becoming more evident. This presses the urge to reconsider not 
only the climatic and social challenges facing the practice of building in cities today but 
also to prompt mitigation and adaptation strategies to what seems to be an unavoidable 
climatic catastrophe. 

The IPCC report concludes with the urgency to encourage integrated design solutions 
for buildings, which is employing both passive and active techniques in monitoring and 
optimizing thermal comfort, ventilation, light distribution, and visual comfort to reduce 
energy requirements [3]. This raises an important statement of how environmental design 
can be utilized as a survival tool in urban settlements for a more sustainable future, 
and how classification, preservation, and adaptive reuse of existing cumulative heritage 
buildings can be a catalyst for urban regeneration processes. 

The focus of the study draws into Beirut city, Lebanon, a coastal city on the east 
of the Mediterranean basin, known historically for its urban complexity and diverse 
cultural identity. Also, Beirut is part of the Eastern Mediterranean and the Middle East 
(EMME) climatic zone [4], which is considered a climate change hotspot as it is highly 
vulnerable to shifts in both extreme and average climate conditions. This is because the 
EMME region is warming up twice as fast as the global average and the implications 
of this climatic change are already evident today in the form of intensified droughts, 
heatwaves, and other extreme weather events [5]. 

Beirut is a city with a rich and layered history, stretching back to the fifteenth century 
BCE. Over time, it evolved from a Phoenician port into a Roman colony, a medieval 
village, an Ottoman city, and later a French protectorate. The city’s transformation began 
during the late 19th century, under Ottoman rule, with a development boom that marked 
the start of continuous urban change. After World War I and the fall of the Ottoman 
Empire, Lebanon became part of the French Mandate in 1920. This sparked the first major 
wave of destruction in the city, as Ottoman-era buildings were replaced by a Western 
“Parisian” style of urban planning in what is now known as the “Haussmannization of 
Beirut”. More waves of destruction happened since the independence, the Lebanese civil 
war (1975–1990), after the war of 2006 and 2024, leaving the city in a constant state of 
destruction and rebuilding [6]. 

The chosen case is the first modern building in Beirut that has used reinforced 
concrete for its construction. Designed and built in 1929 during the French mandate by 
the Parisian architect Auguste Perret and Lebanese architect Antoine Tabet. Located on 
the waterfront in Beirut’s downtown core, it was claimed during the 1960s as one of the 
best seven hotels globally. However, since the civil war, it has struggled with any form 
of utility and was threatened multiple times with demolition because it is not listed as
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part of Beirut’s cultural heritage from the colonial era that is noteworthy to be saved 
[7]. With every wave of destruction, Beirut is subject to becoming more climatically 
fragile to extreme weather as well as it loses part of its cultural identity, especially the 
downtown of the city. Then with every wave of reconstruction, political and economic 
private stakes were prioritized over anti-fragile and constructive measures [8]. 

Therefore, the paper aims to explore how significant landmarks like the St. George 
Hotel, which embodies part of the city’s colonial, post-independence, and post-civil war 
spatial memory, can become catalysts for regenerating urban landscapes. Also, to high-
light the potential of Climate-Aided Design (CADe) to assist early design stages. The 
hypothesis is that utilizing CADe as a main driver to preserve and rehabilitate underuti-
lized structures can be an approach to reduce the environmental impact of high carbon 
footprint, potential waste of energy, material resources, and maintenance by leverag-
ing the embodied energy of the existing setting. Moreover, enhances the site’s climatic 
performance and resilience to future environmental threats which could ultimately con-
tribute to its preservation. The aim is to create a framework that integrates environmental 
de-sign practices from digital prototyping, multi-scalar environmental analysis, future 
scenario forecasts, and CADe to aid preservation efforts of French colonial architecture 
experiments during (1920–1940) in cities of the Levant, exemplified by the St. George 
Hotel in Beirut. 

2 Methodology 

The methodology embraced for this case included, first a deep historical and theoretical 
review that sets a foundation for allocating the significance of St. George Hotel to 
the spatial narrative of a city like Beirut. Second, a multi-scalar risk assessment of 
the current state-of-art condition and future scenario forecast of Beirut’s downtown 
area. This multi-scalar approach (see Fig. 1) from an urban scale to the building scale 
would represent the site’s relationship with its context and identify multi-risk factors 
of both the building and the downtown area. The relationship between the St. George 
Hotel and the downtown area was primarily studied through the writings of Lebanese 
historians and architectural theorists, who laid down a critical narration of the interaction 
between national identity conservation and the practices of destruction and expansion 
of the city’s colonial and post-colonial periods. These include Robert Saliba, an urban 
historian and a Professor of urban history at the American University of Beirut, who 
tackled the conservation practices of colonial heritage in Beirut’s central and pericentral 
districts since independence. Saree Makdisi, a Professor of comparative literature and 
colonial studies at UCLA, discussed the post-civil war aftermath of Beirut’s downtown. 
Assem Salaam [9], a renowned Lebanese Architect and academic, criticized post-war 
reconstruction plans carried out during the 1990’s. 

On the other hand, the methodology to analyse and forecast current and future envi-
ronmental and urban risks to downtown Beirut and the St. George Hotel embodied 
an integrated workflow starting from digital documentation from GIS data primarily 
obtained by Beirut Urban Lab [10], which is a collaborative, interdisciplinary research 
lab organised by the American University of Beirut. In addition, a collection of GIS and 
historical image sources like the Google Earth Engine, Arab Centre Archives (ACA) and
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site inspections between 2019 and 2022 was used. All maps, plans, sections, images, 
and Geo-referenced 3D models, obtained from open street maps, helped the digital 
prototyping process using Rhinoceros 3D. 

Regarding current climate conditions and environmental analysis, a few key perfor-
mance indicators (KPIs) were considered regarding urban and building scale levels. A 
complementary effort between the Autodesk Forma platform, Climate Studio plugin, 
and Grasshopper Ladybug plugin was utilized. Forma provided a powerful insight into 
running heavy urban scale simulations including sun hour analysis, wind speed and 
flow, comfort study, and microclimate analysis that combines thermal, wind, and shade 
information to visualize areas of optimal comfort within the urban context taking into 
account buildings orientation and shadow cast by the surrounding context. Climate Stu-
dio was useful at a site area and building-scale level where higher resolution of details is 
preferred to simulate primarily incident radiation analysis of the facades and roofs and 
the ground plane. In addition, it is effective to show an accurate perception of indoor 
space, direct and indirect daylight availability, direct and indirect solar radiation and 
glare study. Regarding the future scenario forecast, certain KPIs needed to be taken into 
consideration to foresee and visualize the symptoms of climate change on urban and 
building scale levels respectively. 

This includes risks like temperature rise, the effect of the urban heat island effect 
(UHI), and sea level rise throughout 5, 25, and 50-year intervals. So, EPW (EnergyPlus 
Weather) forecast weather files, site-specific to Beirut were obtained using Meteonorm 
8.0, including air temperature, relative humidity, global solar radiation, wind speed and 
direction, etc. This was done following Representative Concentration Pathway (RCP) 
4.5 for moderate emissions scenario for 2030, 2050 and 2080. The obtained data was 
then plugged into a grasshopper ladybug tool to eventually visualize and compare the 
results of incident radiation. Ladybug enables you to view thorough climate data through 
interactive graphs and spatial mapping, as well as import climate files in EPW format. 

Concurrently, forecast climatic data of Lebanon concerning thermal comfort, number 
of hot days, rise of sea level, etc. were collected from several sources, including the World 
Climate Research Program, the Coastal Risk Screening Tool developed by Climate 
Central, and Lebanon’s climate fact report published by the Lebanese Red cross. These 
were analyzed in comparison to psychrometric charts of the key years generated by 
Climate Studio. Finally, sea level rise was simulated and visualized using Grasshopper 
Kangaroo plugin based on the data gathered from Climate Central and the Lebanese Red 
Cross. 

3 Result 

Urban landscapes in politically and economically hazardous regions like Beirut face 
extreme challenges to mitigate and adapt to future climate change scenarios compounded 
by the long-lasting struggle with the lack of adequate infrastructure, poverty, high popu-
lation density, and conflicts. Eventually, they are also burdened with future scenarios of 
an environmental crisis. Therefore, traditional evaluation and intervention approaches 
must consider context, including infrastructure adequacy, socio-economic conditions, 
and local methods and materials.
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Fig. 1. Methodological Approach 

Fig. 2. Radiation Analysis and forecast of Beirut’s CBD area 2024,2030,2050,2080 from left to 
right respectively. Top left June 21. Top right September 21. Bottom left March 20. Bottom right 
December 21

Since the civil-war ended (1990) The Saint George Hotel stood at the edge of Beirut’s 
empty down. The empty promises of prosperity following the war have transformed the 
Central Business District (CBD) into a ghost town, alienating its connection to everyday 
Lebanese life. This is because 80% of buildings in the downtown have been either 
damaged beyond repair or demolished, two-thirds of which have been wiped out in the 
name of reconstruction and modernity. The area has been reserved for multi-millionaire 
real estate developments and seasonal tourism, pushing the majority of Beirut’s residents 
away from its centre. The sign “STOP SOLIDERE” is a striking reminder of the ongoing 
battle to preserve Beirut’s identity. The hotel embodies the struggle to protect the city’s 
history from erasure, serving as a memory incubator in a city that has lost significant parts
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of its spatial narrative. This deeply rooted legacy raises an immediate need to visualize 
the future of the St. George Bay and Hotel.

From an environmental perspective, Beirut lacks adequate blue and green infras-
tructure, endures increasingly extreme summer hot waves, and has already experienced 
an annual mean temperature increase of 0.3 °C per decade since 1970, which is twice 
the global average. This phenomenon is forecasted to worsen even more decade after 
decade. This can be seen from the predictions provided by World Climate Change Pro-
gram reports on Lebanon and the radiation forecast analysis carried out for the key years. 
Each period (2030, 2050, 2090) shows a steady increase in solar radiation levels across 
the entire urban landscape of the downtown, contributing to a worsening UHI effect 
(see Fig. 2). June 21 exhibits the highest incident radiation, with values rising to 7.5 
kWh/m2 by 2090, compared to 7.1 kWh/m2 today. Moreover, the number of very hot 
days (>35 °C) will reach 11–21 days annually by 2050 and more than 25 days by 2090. 
Under RCP 4.5, the moderate scenario applied, mean temperature will rise by 3.1 °C, 
intensifying heat stress in the city. 

Fig. 3. Sea level rise simulation for 2030 (left), 2050 (middle), 2080 (right) 

The psychrometric chart forecast analysis demonstrates an overall shift towards 
warmer conditions and higher humidity levels by 2090 (with ratios above 0.025 kg 
water/kg air). This by default decreases the number of hours that fall within both indoor 
and outdoor thermal comfort zones, causing more probability of extreme heat and making 
it harder to maintain comfort using passive strategies. According to the Lebanese Red 
Cross, it is projected that by 2050, the sea level in the coastal cities of Lebanon, where 
90% of the population lives, will be 30–60 cm higher. Using this rate, 20 mm per 
year, it is expected that by 2100 sea level will rise 80–100 cm (see Fig. 3). This would 
not only increase the risk of coastal flooding but also cause saltwater intrusion into 
coastal aquifers. Concerning the site, since its construction the building morphed from 
a two-storey structure to triple in size to 6 storeys today. 

This happened due to several reasons ranging from economic boom and expansion to 
war battles and conflict that have resulted in a series of restoration and reconstructions. As 
a result, the climatic performance of buildings was highly affected by fast and unstudied 
restorations. The original structure used to embed passive shading and cooling features 
to reach thermal comfort like wind towers, a central atrium, overhanging balconies, 
breeze walls etc. that were highly contextual and responsive to the climate at the time. 
Many of these aspects were lost and the building today finds itself again struggling to 
perform optimally.
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4 Design Solution 

The intervention aimed to represent a balanced relationship between memory preserva-
tion and addressing the pressing need to mitigate and adapt against upcoming climatic 
risks. This is conveyed by revitalizing the connection between the waterfront, the city, 
and the site as a continuously activated public space stitching it back to the city’s fabric. 
This was done while simultaneously incorporating measures to mitigate the Urban Heat 
Island (UHI) effect, reaching net energy efficiency, safeguarding against sea level rise, 
and enhancing indoor and outdoor thermal comfort. 

As a result, actions on the site involved considering Nature-Based Solutions (NBS) to 
transform the under-utilized outdoor area into a floodable public space that features rain 
gardens and water pools carefully zoned in high-radiation zones to enhance evaporative 
cooling. Native, drought-tolerant, and endangered plant species like Juniperus Drupacea, 
Quercus Calliprinos, Thymus Libanotius, Crataegus Azarolus, Cyclamen Libanoticum, 
Alkanna Maleolens Bornm, were deployed to reduce water consumption, combat bio-
diversity loss, and create shade. Also, the building’s basement was re-purposed as an 
extension of the urban park, blurring the harsh definition between public versus pri-
vate areas. This aspect is apparent throughout most of the project to achieve a better 
relationship between the building and its surroundings. 

Moreover, at the building scale, the intervention broadens the concept of the public 
space by visualizing multifunctional layers stacked vertically, combining environmen-
tal performance with public accessibility. The design prioritizes two main goals: first, 
referring back to the original design’s passive cooling strategies. Second, pulling out 
learnings from the local vernacular architecture, in terms of materiality, organization, 
and climatic responsiveness. Therefore, one of the main actions was to allow sunlight to 
penetrate the basement to create a chimney effect that ensures passive natural ventila-
tion throughout the structure. This approach allows sufficient wind circulation from the 
basement to the roof, promoting indoor air quality and thermal comfort. A pool posi-
tioned in the basement helps in cooling hot air during the summer, thereby maximizing 
the building’s environmental resilience. By integrating these decisions, the design com-
bines public and private functions, optimizing usability while enhancing a sustainable 
and climate-responsive architectural solution. 

5 Discussion 

The study on the St. George Hotel employed both qualitative and quantitative meth-
ods to investigate the complementary relationship between a theoretical framework and 
applied research. The proposal examined a detailed assessment of Beirut’s vulnerability 
to climate change and its potential of such under-recognized sites to be a catalyst of 
urban regeneration processes rather than silently wait for its dismissal. 

Today, the urgency to save St. George as it is one of the few colonial heritage 
buildings that stand today is undeniable. Nevertheless, why does it remain unrecognized 
for conservation and who benefits from the current state of constant erasure of heritage 
combined with an urban governance framework? Moreover, While the results stress the 
necessity to support adaptive design intervention using advanced modeling techniques
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and CADe on fragile landscapes to combat future risks scenarios and aid the preservation 
process, it may still be a niche approach for various reasons. For instance, the economic 
and political atmosphere combined with the lack of the institutional agenda may be a 
barrier to application. 

While this approach provides an essential perspective to apply CADe and assist 
the evolution in the field of climate risk assessment in rehabilitation practices, it is 
essential to acknowledge restrictions such as the reliance on limited climate models and 
emission scenarios that may include some inaccuracies. For instance, although climate 
models and projections offer valuable insight into site-specific conditions, they may not 
consider all microclimatic conditions. Also, the limitation of the modelling approach 
using multiple data sources to create close approximations. In addition, in a rapidly 
changing urban setting, further alterations of context structures, evolution, orientation, 
heights and materiality may affect the building’s performance and responsiveness to 
adapt to future threats. 

6 Conclusion 

The case of the St. George Hotel re-examines the essence of what creates continuous 
multi-layered cities in the first place, which is the adaptability and resilience of its layers 
to survive the test of time, natural disasters, conflicts, and man-made destruction. The 
main goal of this experiment was to showcase the potential of mandating and recognizing 
Beirut’s modernist legacy as part of the collective heritage of the city. It is time to adopt 
climate-resilient preservation practices as part of Lebanon’s heritage conservation policy. 
Also, the proposal points to a framework to stimulate anti-fragile generative measures 
in fragile landscapes applied to other coastal cities of the Mediterranean and encourage 
urban policies that embrace CADe as a tool for urban regeneration practices. 
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