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Abstract

The 21st-century city is a crucible of innovation and challenge, a complex organism where the 
imperatives of growth, sustainability, and human welfare perpetually intersect. Today, the Archi-
tecture, Engineering, and Construction (AEC) industry—the very skeleton and circulatory system 
of our urban environments—stands at the precipice of its most profound transformation since the 
Industrial Revolution.1, 2 The catalyst is Artificial Intelligence (AI), a force not merely of incremental 
improvement but of paradigmatic shift. As AI reconfigures the processes of designing, building, 
and maintaining our cities, it presents a powerful duality: it is both a transformative engine for 
urban development and a potent tool for its own regulation. This duality frames a critical discourse 
around two intertwined concepts: AI Governance (the rules, ethics, and frameworks for develop-
ing and deploying AI) and Governance in AI (the active, operational use of AI systems to enhance 
the oversight, transparency, and regulation of the AEC sector itself). Navigating this duality is not 
an academic exercise but a practical imperative to harness AI's potential for urban resilience and 
equity while erecting robust safeguards against its systemic and malicious risks.
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Part I: AI as a General Purpose Tech-
nology: Accelerating the AEC Paradigm 
Shift

TAI’s transformative potential stems from its 
dual core capabilities: the predictive logic of 
machine learning (ML) and the creative genera-
tion of generative AI, which together move AI 
beyond ‘just software’ into a system that can 
both anticipate outcomes and originate new 
content.3 Like the steam engine, electricity, and 
the internet, AI is characterized by pervasive 
applicability, continuous improvement, and the 
spawning of complementary innovations across 
all sectors. Mark Weiser, a pioneering computer 
scientist in the field of ubiquitous computing, 

famously argued that the most transformative 
technologies become invisible. In his seminal 
1991 article for Scientific American, "The Com-
puter for the 21st Century," he wrote: "The most 
profound technologies are those that disappear. 
They weave themselves into the fabric of ev-
eryday life until they are indistinguishable from 
it." This concept of seamless technological in-
tegration perfectly describes foundational Gen-
eral Purpose Technologies (GPTs) like electricity 
and, now, artificial intelligence.4

To comprehend AI's impact, one must first 
move beyond viewing it as another sophisticat-
ed software tool. This perspective is supported 
by the following diagram, which illustrates the 

Diagram 1. AI Market Readiness Overview for AEC in Q4 2025
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current landscape of AI readiness across various 
AEC workflows—a result of extensive industry 
research spearheaded by the consultancy AAL 
INNOVATION Ltd from 2024 to 2025. In the 
context of AEC, this nature unlocks unprece-
dented opportunities, beginning with the trans-
formation of the project lifecycle.

Artificial intelligence actively drives intelligent, 
efficient models across the entire project life-
cycle. In the design phase, generative copi-
lots—utilizing graph technology and advanced 
algorithms like FINCH3D5 enable architects to 
rapidly produce thousands of optimized build-
ing layouts. This provides instant performance 
feedback on a wide range of options, accelerat-
ing decision-making processes that traditionally 
required months of human evaluation. During 
the construction stage, AI-driven oversight is 
becoming integral to enhanced site monitoring, 
as exemplified by tools from startups such as 
InspectMind AI6. The efficacy of this approach 
is demonstrated in major initiatives tracked by 
the Construction Industry Council (CIC), includ-
ing large-scale infrastructure projects like the 
Hong Kong International Airport Three Runway 
System7. For maintenance and operations, the 
industry is shifting from reactive repair to proac-
tive care through technologies like digital twins 
and Building Information Modeling (BIM), cer-
tain industry consultants employ these virtual 
replicas for predictive upkeep, a practice that 
extends asset lifecycles and substantially en-
hances urban resilience8.  

AI democratizes expertise and enables "techno-
logical leapfrogging."9 The AEC industry is tradi-

tionally talent- and experience-intensive, with 
long cultivation cycles for skilled architects, 
engineers, and project managers. AI, however, 
can encapsulate expert knowledge into assis-
tive systems. An architect in a developing na-
tion can leverage AI tools for complex structural 
analysis or sustainable design simulation, com-
pressing years of specialized learning. Nations 
with less entrenched "legacy infrastructure" are 
increasingly bypassing incremental, often cum-
bersome, technological evolution by adopting 
state-of-the-art AI-driven planning, modular 
construction techniques, and smart city man-
agement platforms directly.10 This allows devel-
oping economies to avoid the costly upgrade 
paths of developed nations, a trend underscored 
by practitioners across the Middle East and Afri-
ca. In Egypt, for instance, AI agents are optimiz-
ing material selection for megaprojects like the 
New Administrative Capital and streamlining 
logistical supply chains for the Cairo Ring Road 
expansion.11 Similarly, in Kenya, a shift toward 
proactive development is enabling architects to 
use generative tools like MidJourney for rapid 
conceptualization, while engineers utilize AI-
integrated platforms to compress load analysis 
workflows from days into mere hours.12

In regions marked by rapid urbanization, post-
disaster recovery, or reconstruction, the agility 
of these technologies becomes pivotal. Israel’s 
dense innovation ecosystem exemplifies this, 
with over 300 startups prototyping the future of 
the built environment through AI-driven plan-
ning and robotics that digitize the full con-
struction lifecycle. Even "non-precise" AI out-
puts—such as rapid damage assessments from 
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satellite imagery or spatial AI for virtual inspec-
tions—enable a swift response to humanitarian 
and developmental crises. By accelerating the 
delivery of shelter and services, AI serves as a 
vital lever for equitable development, offering a 
faster track to building safer, more resilient, and 
efficient urban habitats.13

Part II: Governance in AI: The Intelli-
gent Overseer for the AEC Sector

While AI accelerates building, it simultaneous-
ly offers a revolutionary mechanism for over-
sight—this is Governance in AI. The traditional 
regulatory model in AEC is often one of "lim-
ited human oversight." It relies on manual site 
inspections, sampling audits, and self-reported 
compliance documentation. This model is in-
trinsically constrained by the scale of modern 
urban projects, the limits of human attention, 
and the lag time between violation and detec-
tion. It struggles with the volume and velocity of 
data generated by contemporary construction.

AI transforms this paradigm into one of potential 
"unlimited monitoring." It acts as countless "in-
telligent eyes" processing vast, heterogeneous 
data streams. By applying ML and big data an-
alytics to structured data (like permit records, 
BIM models, and transaction ledgers) and un-
structured data (like social media feeds, worker 
forum comments, and high-resolution satellite 
or drone imagery), AI can detect anomalies and 
patterns invisible to human regulators.

The application of AI in the built environment 
offers a powerful countermeasure against sys-
temic flaws such as collusive tendering and 

the use of substandard materials. For instance, 
an AI system can cross-reference procurement 
invoices with real-time site imagery to detect 
"corner-cutting"—a critical capability given 
that the use of non-fire-retardant scaffold net-
ting was identified as a key factor in the rap-
id spread of the tragic Wang Fuk Court fire14. 
Such technology is particularly vital for dis-
mantling the bid-rigging syndicates that plague 
the building maintenance industry, where cor-
rupt consultants often "set the rules" to ensure 
predetermined contractors win projects with 
inflated costs15. The public sector can leverage 
Natural Language Processing (NLP) to monitor 
news reports and social media for "red flags," 
identifying safety risks or community grievances 
that might otherwise be ignored—much like the 
residents' warnings regarding the Tai Po renova-
tion that circulated for over a year before the 
blaze16. By utilizing computer vision to provide 
continuous, real-time analysis of site footage, 
authorities can shift away from an unreliable 
"honour system" toward a model of "unlimited 
monitoring" that ensures strict compliance with 
safety protocols17,18. These Regulatory Technol-
ogy (RegTech) strategies are already successful-
ly established in finance and healthcare, where 
they use machine learning for anomaly detec-
tion, fraud prevention, and the automated veri-
fication of provider credentials to ensure ongo-
ing adherence to legal standards

The AEC industry has been historically bur-
dened by systemic inefficiencies, with research 
indicating that 98% of megaprojects suffer from 
cost overruns exceeding 30%, and 77% expe-
rience significant delays19. Integrating Gover-
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nance in AI into building authorities and audit 
bodies promises a new era of precise enforce-
ment. It moves regulation from periodic and 
reactive to continuous and proactive, even 
predictive, fostering a culture of accountabil-
ity. While traditional surveying often relied on 
manual ground crews or expensive helicopter-
mounted sensors, drones equipped with AI can 
now autonomously cross-reference real-time 
imagery against historical data to identify struc-
tural cracks, corrosion, or thermal anomalies in 
building facades with high precision20. The out-
come is not merely punitive but constructive: it 
guides the industry towards delivering higher-
quality, more transparent, and fundamentally 
safer living environments for citizens, thereby 

protecting the public interest at a systemic level.

Part III: The Imperative for AI Gover-
nance: Practical Application and Miti-
gating Dual Risks in the Urban Context

The immense power of AI as both a builder and 
an overseer is not without profound peril. A ro-
bust strategy must address risks emanating from 
two distinct yet interconnected sources: sys-
temic autonomous harm and malicious human 
misuse. This necessitates the complementary 
framework of AI Governance—the principles, 
policies, and technical standards that guide the 
ethical development and deployment of AI sys-
tems themselves.

Diagram 2. The Dual Role of AI in Building Our Cities, generated with Notebooklm
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The systemic risk, eloquently highlighted by 
pioneers like Nobel prize-winner Geoffrey Hin-
ton,21 involves the long-term, existential concern 
of creating highly capable AI systems whose ob-
jectives are misaligned with human values and 
safety. In an urban AEC context, this translates 
to more immediate, tangible dangers. A genera-
tive urban planning model, trained on histori-
cal data, could perpetuate and amplify spatial 
inequalities, designing neighborhoods that re-
inforce socio-economic segregation. These are 
not failures of intent but of alignment, where 
the AI pursues a narrow, poorly-specified goal 
with unintended, catastrophic consequences. A 
caveat here is that this risk exists if there are no 
Human-in-the-Loop (HITL) Protocols22, the later 
part of this essay will explain more.

The second risk is malicious misuse. In the 
hands of bad actors, the very tools that enable 
efficient construction and oversight can be wea-
ponized. AI could be used to design buildings 
that systematically evade regulatory detection, 
to generate deepfake documentation for per-
mits and safety certificates, or to orchestrate so-
phisticated bid-rigging and procurement fraud. 
Furthermore, AI-driven cyber-physical attacks 
could target the "smart" systems of a building 
or critical infrastructure, with devastating real-
world effects.

Addressing these dual threats requires a multi-
layered governance approach:

Ethical-by-Design Frameworks: AEC-specific 
AI ethics guidelines must be developed, man-
dating principles like fairness, accountability, 
transparency, and safety. This involves rigorous 

testing for data biases—a persistent ethical chal-
lenge. If an AI is trained predominantly on data 
from affluent neighborhoods, its solutions will 
be ill-suited for low-income or culturally dis-
tinct communities, entrenching development 
divides.

Human-in-the-Loop (HITL) Protocols: For high-
stakes decisions in design approval, safety criti-
cal systems, and regulatory enforcement, hu-
man oversight must remain integral. AI should 
be an augmentative tool, not an autonomous 
authority, ensuring final accountability rests 
with qualified professionals.

Transparency and Explainability (XAI): The 
"black box" problem of complex AI models 
is unacceptable in urban governance. Stake-
holders—from city planners to citizens—must 
understand why an AI made a particular rec-
ommendation or flagged a specific violation. 
Developing explainable AI for the AEC sector is 
crucial for building trust and ensuring just out-
comes.

Robust Cybersecurity and Anti-Fraud Measures: 
As the industry adopts AI, its digital attack sur-
face expands. Governance frameworks must 
mandate stringent cybersecurity standards for 
AI systems and create audit trails to detect and 
prevent AI-facilitated fraud.

Implementing the above infrastructure requires 
sustained, collaborative momentum; it is a sys-
temic transition that cannot be achieved over-
night. Success hinges on proactive industry 
awareness paired with decisive action from 
governmental and regulatory bodies, guided 
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Diagram 3. Governance Framework for AI in AEC, generated using Notebooklm
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from the outset by interdisciplinary consultation 
with AI ethics, cybersecurity, and AEC domain 
experts to translate these principles into action-
able, enforceable standards.

Part IV: Synthesis and Path Forward: In-
tegrating the Duality for Resilient Cities

The resilient, intelligent city of the future de-
pends on maintaining a productive tension 
between two imperatives: actively using AI-
for-Governance to create a transparent, high-
quality built environment, while rigorously ap-
plying Governance-of-AI to ensure these tools 
are developed and deployed responsibly. This 
duality cannot be theoretical; it requires con-
certed, multi-stakeholder action. Policymakers 
and regulators must pioneer this integration by 
developing adaptive, innovation-friendly regu-
lations that set clear ethical boundaries for AI 
in the AEC sector while actively investing in 
public-sector capabilities to wield AI as a tool 
for oversight.

For industry leaders and professionals, success 
means moving beyond viewing AI as a mere 
productivity booster and embracing its role 
in enhancing industry integrity. This involves 
strategic investment in training to cultivate 
"bilingual" talent—experts fluent in both AEC 
disciplines and AI ethics—and proactive partic-
ipation in shaping the standards that will govern 
their field. Finally, academia and civil society 
provide the essential foundation by driving in-
terdisciplinary research into AEC-specific chal-
lenges like algorithmic bias and explainability, 
and by fostering inclusive public dialogue to 
ensure community values, not just technologi-

cal possibility, guide the integration of AI into 
urban life. This collaborative framework is the 
essential path forward for building cities that are 
not only smarter but also more just, account-
able, and human-centric.

Conclusion: Building the Intelligent and 
Just City

In many organizations, employees are already 
using AI informally to lighten their workload 
long before leadership has defined any formal 
guidelines or governance frameworks. Yet at the 
scale of an entire company—or a city—mean-
ingful AI adoption cannot rely on decentralized 
experimentation alone; it must be orchestrated 
from the top through clear policy, strategy, and 
regulatory direction.

The transforming global construction paradigm, 
powered by AI, is not a deterministic force. It 
is a spectrum of possibilities, ranging from cit-
ies of unprecedented efficiency and resilience 
to landscapes of deepened inequality and novel 
risks. The path we take will be determined by 
our governance choices today. By deliberately 
intertwining AI Governance—the rules for the 
technology—with Governance in AI—the use 
of technology for rule-making and enforce-
ment—we can steer this transformation. The 
goal is to harness AI's generative power to build 
faster, smarter, and more sustainably, while si-
multaneously employing its analytical prowess 
to ensure that this building is done fairly, safely, 
and for the benefit of all citizens. In this duality 
lies the blueprint not just for intelligent cities, 
but for just, accountable, and truly human-cen-
tric urban futures.
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