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Extended Abstract

Aims: Contemporary environmental crises, including climate change, global warming, air pollution, water
scarcity, and the increasing frequency of natural disasters, have become among the most serious challenges
facing urban societies. The construction industry, as one of the largest consumers of natural resources and
energy (accounting for 30—40% of natural resources and approximately 50% of energy consumption), plays a
significant role in exacerbating these crises. Traditional architectural and urban management approaches are
no longer sufficient to address these complex challenges. In response, emerging technologies such as
Artificial Intelligence (Al), Internet of Things (IoT), Big Data Analytics, and Digital Twins offer
unprecedented opportunities for intelligent environmental crisis management and the creation of adaptive,
self-regulating built environments. However, there remains a lack of a comprehensive conceptual framework
that specifically integrates the data-driven dimension of smart architecture with environmental sustainability
principles, particularly in the context of developing countries like Iran, where infrastructural, economic,
cultural, and technical barriers are more pronounced. This study aims to develop a conceptual framework for
data-driven architecture in the Al era, with a strong emphasis on environmental sustainability, to transform
buildings and cities into intelligent, resilient, and sustainable systems.

Materials & Methods: This research is qualitative, applied-developmental in purpose, and employs a
systematic literature review combined with thematic analysis. Data were collected from credible national and
international scientific sources in the domains of smart architecture, Al, IoT, Digital Twins, and
environmental sustainability. Keyword searches were conducted in reputable databases, and sources were
selected purposively based on relevance, scientific credibility, recency, and focus on data-driven technologies
and sustainability. The analysis followed Braun and Clarke’s thematic analysis approach. More than 150
initial codes were extracted using MAXQDA software, which were then organized into coherent themes
through iterative coding, comparison, and refinement. The process continued until theoretical saturation was
reached. Finally, based on the relationships between the identified themes, a conceptual framework was
developed illustrating the interaction between data-driven technologies, Al, and sustainability principles in
architecture and urban management.

Findings: The findings indicate that data-driven architecture in the Al era is structured around four main
themes:

1. Data-driven infrastructure and architectural digitalization (IoT, sensor networks, real-time data, BIM,
and Digital Twins);

1A%



SIS Al Al 5 S 655 ,ald 4 e Egean s pae 33y pmendld (S lane e sete gl ol

2. Intelligent analysis and adaptive decision-making (Big Data Analytics, machine learning algorithms,
predictive modeling, and feedback loops);

3. Sustainability and environmental resilience (energy and resource optimization, carbon footprint
reduction, climate resilience, and circular economy);

4. Governance, interaction, and implementation context (data governance, security, privacy, stakeholder
participation, and cross-disciplinary collaboration).

The proposed framework operates through a dynamic cycle of real-time data collection — intelligent
analysis — adaptive decision-making — continuous learning. This approach shifts architecture from static,
reactive systems to dynamic, cognitive, and self-regulating ecosystems. Critical analysis of the literature
reveals significant progress in technological integration (Al + Digital Twins + IoT), yet persistent challenges
remain in standardization, scalability, ethical governance, and equitable implementation — particularly in
developing contexts. The framework addresses these gaps by emphasizing the synergy between technology
and sustainability principles.

Conclusion: This study presents a comprehensive conceptual framework for data-driven architecture in the
Al era that integrates technological, environmental, managerial, and social dimensions. By combining IoT,
Al, Digital Twins, and sustainability principles, the framework enables the development of smart,
sustainable, and resilient buildings and cities. The results demonstrate that successful implementation
requires overcoming barriers such as high initial costs, infrastructure limitations, skill gaps, and cultural
resistance through strategic policymaking, capacity building, and interdisciplinary collaboration. Future
research should focus on empirical testing of the proposed framework in real-world projects and exploring
the role of emerging technologies such as Generative Al, edge computing, and blockchain in advancing
sustainable data-driven architecture.

Key words: Data-driven architecture; Sustainability; Thematic analysis; Digital twin; Internet of Things;
Smart architecture.
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