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Abstract. Research focusing on the adoption of artificial intelligence of things (AIoT) solutions in urban 

digitalization contexts address technological, strategic, and institutional levers separately.  The key 

contribution of this study is a conceptual model grounded in dynamic capabilities theory, where these 

dimensions are blended to capture AIoT roles in establishing smart city sustainability. Specifically, AIoT is 

conceptualized as a facilitator that supports cities’ sensing, seizing, and reconfiguring capabilities. Key 

technological, strategic and institutional factors shaping AIoT as a player to enhance urban sustainability 

are identified. Implications for AIoT application in smart cities and its importance for improved and 

sustained urban governance are also presented.  

1 Introduction 

Urban population is expected to reach 68% by 2050 [1]. 

This rapid growth puts pressure upon infrastructure 

systems, energy, mobility, waste management, and air 

quality. In other words, cities must optimize natural 

resource usage, limit greenhouse gas emissions and 

build resilience to climate change impacts. More 

specifically, digitization through the integration of 

artificial intelligence of things (AIoT) has become a 

major player in establishing reliable and compatible 

infrastructure, as well as big data management and 

cybersecurity. Therefore, municipalities share today the 

responsibility of delivering equitable public services, 

minimizing digital disparities and protecting citizens’ 

personal information. This research addresses the 

fragmentation of scientific literature. Only a few studies 

examine the social, environmental, and economic 

dimensions of AIoT in smart cities simultaneously. 

Interoperability and standardization of technologies 

remain understudied, hindering the widespread adoption 

of AIoT solutions. Furthermore, ethical and regulatory 

issues are often addressed in isolation, without 

considering the prerequisites for sustainable large-scale 

implementation. There is therefore a lack of an 

integrative framework in the literature that 

simultaneously links technological levers, 

organizational capabilities, and institutional 

requirements for urban sustainability. This gap currently 

limits the systemic understanding of the actual 

contribution of AIoT to sustainable smart cities. This 

study is motivated by the lack of integrative research and 

aims to answer the following question: how does 
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artificial intelligence of things (AIoT) contribute to the 

sustainability of a smart city? The aim is to develop an 

integrative conceptual framework combining AIoT 

technological capabilities with urban sustainability 

goals in three dimensions: the optimization of urban 

resources through smart systems (water, energy, and 

waste) via AI and connected objects, the reduction of 

social and environmental inequalities and the 

improvement of climate resilience, interoperability and 

standardization of AIoT infrastructure for large-scale 

use. The major contribution of this study is to propose 

an original multidimensional framework linking the 

technological, organizational, and institutional levers 

needed to understand and operationalize the role of 

AIoT in urban sustainability. This framework is filling 

an important gap in literature as it remains fragmented 

and dominated by unidimensional analyses. The paper 

is organized as follows. First, the concepts of smart city 

sustainability, AIoT, and sustainable urban development 

are defined. Next, an integrated conceptual model 

grounded in dynamic capabilities theory is proposed. 

Finally, the paper discusses contributions to literature 

and outlines implications for researchers and managers. 

2 Conceptual Background 

2.1 Definition of key concepts 

2.1.1 Sustainable smart cities 
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Sustainable smart cities may be defined as an urban 

model which integrates sophisticated information and 
communication technologies that respect the principles 

of sustainability, through an environmental approach 

and social and economic equity [2]. In contrast to the 

broad technology-driven perception which 

characterized the early days of the smart city movement, 

the concept of a sustainable smart city places priority on 

resilience, quality of life, and citizen participation [3]. In 

fact, sustainable smart city development depends on 

creating an urban ecosystem that considers the social, 

ecological, and economic factors of urbanization and 

uses technology like an engine that optimizes resources, 

reduces the ecological and carbon footprint, and fosters 

participatory governance [4]. For authors in [5], this 

approach is intended to foster and develop a resilient 

sustainable urban environment to climate change and 

social and economic risks. It is at the same time a driver 

of innovative solutions for the transition to a green 

economy. 

2.1.2 Artificial Intelligence of Things (AIoT) 

Artificial intelligence of things refers to the strategic 

synergy between artificial intelligence (AI) and internet 

of things (IoT) technology. Authors in [6] do not clearly 

define AIoT. However, their study suggests that AIoT 

may serve as a driving force in developing smart city 

initiatives by overcoming the limitations of AI and IoT 

and achieving large-scale implementation. Therefore, 

by combining the learning and reasoning capabilities of 

AI with IoT devices, smarter, more adaptable, and more 

efficient urban systems can be implemented [6]. 

According to de Freitas and colleagues [7], AIoT refers 

to the use of machine learning in conjunction with IoT 

devices to create a new environment for IoT devices to 

provide cognitive capabilities and making decisions. 

This technological combination paves the way for 

intelligent and personalized solutions, particularly in the 

field of assistive technologies, where it helps to improve 

the autonomy and quality of life of users [7]. Thus, AIoT 

may be understood as an intelligent cyber-physical 

ecosystem that is based on the convergence of AI and 

IoT and facilitates the collection, analysis, and 

contextual use of data for autonomous, adaptive, and 

sustainable decision- making. 

2.1.3 Sustainable urban development 

Sustainable urban development is a comprehensive 

approach aiming to build cities which are 

environmentally, economically and socially sustainable. 

In order to define this concept, Trindade and colleagues 

[8] describe sustainable urban development in terms of 

three interdependent pillars: environmental, social and 

economic [8]. According to these studies, balancing 

them guarantees urban sustainability. Bibri and Krogstie 

[9] explored these pillars in smart cities, where 

technological innovation and data-driven governance 

improve how they work and how resilient they are [9]. 

Sustainable urban development seeks to reduce the 

ecological footprint and promote renewable energy. Its 

social dimension promotes inclusion, citizen 

participation, and spatial justice, while economically, it 

enhances responsible and innovative growth models that 

foster long-term prosperity. Consolidating these pillars 

into an integrated approach implies the fulfillment of the 

economic, social and environmental needs of cities. This 

ensures that they are sustainable and provide welfare for 

all citizens. 

 2.2 Integrating AIoT into sustainable smart 
cities 

The primary focus of this research on urban 

transformation is the convergence between smart and 

sustainable cities, artificial intelligence of things 

(AIoT), and sustainable urban development as 

evidenced both by recent publications in Scopus and 

Web of Science indexed journals. Even though they 

were developed in different areas, all three concepts 

mutually strengthen each other through technological 

integration and systemic sustainability. The concept of 

sustainable smart cities is defined as an urban 

environment using digital technologies to improve 

quality of urban life, economic competitiveness, and 

environmental performance [10]. Combining artificial 

intelligence (AI) analytics power with the Internet of 

Things (IoT) extensive connectivity, AIoT plays a key 

role in this perspective through the collection, 

interpretation, and intelligent use of vast amounts of 

urban data [11]. Integrating AIoT into smart cities 

creates operational synergies favoring sustainable urban 

development goals. An example of its application is the 

optimization of natural resource management (energy, 

water, mobility, waste) through real-time monitoring 

and predictive data analysis. More specifically, 

connected water management systems, can detect leaks 

in distribution networks and automatically adjust supply 

to limit losses. Meanwhile, smart waste collection 

devices use containers equipped with sensors to 

optimize collection routes and reduce fuel consumption. 
From a citizen perspective, this can translate into fewer 

service disruptions such as faster leak detection, and 

cleaner neighborhoods due to adaptive collection 

schedules.  These capabilities to anticipate and adapt 

urban policies by using dynamic indicators help to 

improve sustainable planning and infrastructure 

resilience at the same time. Together with digital twins, 

AIoT allows to virtualize urban environments and 

permits planners to perform simulations to inform 

proactive decision-making in response to a variety of 

environmental, social and operational challenges. 

Despite the growth in existing research around AIoT 

initiatives, it remains a fragmented and mainly technical 

field of investigation without a unified conceptual 

framework integrating technological, organizational, 

and institutional dimensions for urban sustainability. 

Consequently, there is always a theoretical gap linking 

AIoT with sustainable smart cities and sustainable urban 

development. 

3 Theoretical foundations based on 
dynamic capabilities theory and AIoT 
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3.1 Dynamic capabilities and the integration of 
AIoT in smart urban systems 

In accordance with the theory of dynamic capabilities 

[12], organizations in smart city contexts need to 

develop three key capabilities to remain competitive and 

adapt to changing environments. First of these is 

sensing, which means the ability to identify 

technological opportunities and environmental 

challenges using urban data analytics, artificial 

intelligence, and advanced observation tools. Next is 

seizing. It consists of leveraging these opportunities to 

develop and deploy AIoT solutions that satisfy 

sustainability criteria in terms of energy efficiency, 

mobility, and urban quality of life. Finally, 

reconfiguring reflects the ability for cities to continually 

reorganize their technology infrastructures, 

organizational systems, and public policies in response 

to evolving sustainability requirements and urban 

complexity, transformation or change. 

The use of AIoT plays a central role in terms of 

optimizing energy consumption, monitoring air quality, 

modernizing public transportation, and promoting 

proactive citizen participation [11]. Therefore, 

mobilizing the dynamic capabilities theory allows us to 

link cities' organizational capabilities to AIoT 

technologies, providing us with a foundation for 

understanding what factors enable successful adoption 

and performance of sustainable AIoT. While there is 

considerable research on AIoT in smart cities, many of 

these studies focus on one of the three levers of this 

complex urban system: technological, strategic, and 

institutional. Such fragmentation in literature displays 

the need for a unified framework enabling cities to 

maximize long- term benefits of AIoT use. 

3.2 Integrated conceptual model 

As shown in Figure 1, AIoT helps make smart cities 

more sustainable through an integrated conceptual 

model that describes how technology, governance, and 

urban impact interact. According to dynamic 

capabilities theory [12], organizations have to develop 

the capacities for anticipation, action, and 

reorganization to respond effectively to changing 

demands in their environment. These capabilities allow 

urban environments to use AIoT to optimize 

infrastructure efficiency and enhance citizens' quality of 

life at the same time as promoting equitable and resilient 

development models. The model below identifies three 

major areas of focus supporting cities’ sensing, seizing, 

and reconfiguring capabilities. For sensing, technology 

comprises the fundamental building blocks of a 

successful AIoT infrastructure including 

interoperability, data analytics, and energy efficiency. 

For seizing, strategic levers that drive the AIoT 

solutions include sustainable urban planning, lifecycle 

management, and increased collaboration between the 

public and private sectors to create coherent policies 

aimed at citizen well-being. Lastly, for reconfiguring, 

prior research highlights [13] that institutional levers 

primarily involve the creation of policy instruments, 

data protection, as well as citizen engagement. This 

creates awareness and stimulates acceptance for new 

technology, not to mention bridging geographical 

disparities. These three levers together offer a relevant 

framework for analysis, especially for the key actors in 

the city. It is a facilitator of effective and sustainable 

AIoT in their cities. This would relate to issues of 

compatibility, security regarding management of data, 

and differences based on geographic locations. In that, 

it is a pertinent instrument for formulating a vision 

regarding sustainable governance of cities through the 

concept of AIoT. 

 

Fig. 1. Integrated conceptual model of AIoT for smart city 

sustainability. 

 

Beyond structuring the technological, strategic, and 

institutional dimensions, the proposed framework also 

clarifies how AIoT-enabled capabilities relate to 

sustainability outcomes.  Environmentally, detection 

and data analysis systems powered by AIoT allow cities 

to monitor energy consumption, traffic congestion, and 

air quality in real time. For example, smart traffic 

management systems can dynamically regulate vehicle 

flows, reducing fuel consumption and CO₂ emissions. 

Similarly, smart grids supported by AIoT contribute to 

greater energy efficiency and optimized resource use 

[14]. From a social perspective, strategic and 

institutional mechanisms such as citizen participation 

platforms and data governance policies promote 

inclusion and transparency. For example, digital urban 

dashboards that allow residents to report malfunctions 

or environmental concerns strengthen civic engagement 

and improve the responsiveness of public services, 

contributing to quality of life and reducing territorial 

inequalities [15]. Economically, AIoT-enabled lifecycle 

management tools and public-private partnerships 

facilitate predictive maintenance of infrastructure such 

as transportation networks and water supply systems. 

This reduces operating costs, increases infrastructure 

resilience, and strengthens long-term urban 

competitiveness. These examples illustrate how the 

alignment of dynamic capabilities and AIoT 

technologies translate into tangible, multidimensional 

sustainability outcomes in the context of smart cities. 

4 Discussion 
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The developed multidimensional model that draws 

together technological determinants, dynamic 

capabilities, and institutional structures, serves as a 

comprehensive approach to understand how AIoT 

impacts urban sustainability. These dynamics influence 

environmental efficiency, social inclusiveness, and 

economic sustainability within smart city ecosystems. 

The technological perspective alone is not sufficient to 

capture smart city sustainability, our model therefore 

attempts to show how these dimensions interact to 

induce changes in urban sustainability through AioT. 

Indeed, using the theory of dynamic capabilities, smart 

cities are viewed as organizational systems equipped 

with sensing, seizing, and reconfiguring capabilities 

allowing them to detect, capture, and transform their 

AIoT resources. Therefore, further research can focus 

on reevaluating the systemic role of AIoT in urban 

transformation towards more sustainable, and resilient. 

Practically, the model can drive AIoT investments 

which are coherent with sustainable and inclusive smart 

city development. Urban stakeholders can also derive 

insights for deploying AIoT systems in interoperable, 

secure and user-centered digital infrastructure.  For 

example, they can invest in AIoT solutions that collect 

citizen feedback in real time, with the objective to 

enhance urban services and enable urban planners to 

adapt their decision accordingly. 

5 Conclusion 

This paper proposes an integrated conceptual model that 

contributes to literature through exploring the role of 

AIoT in smart city sustainability. Through mobilizing 

dynamic capabilities theory, this model suggests that 

AIoT drives cities’ sensing, seizing, and reconfiguring 

capabilities with regard to technology, urban strategies, 

and institutional instruments respectively. In fact, these 

levers are consolidated within the model, while most 

existing studies on AIoT and smart cities address them 

separately. For policymakers and urban actors, this 

study has the potential to support investments in AIoT 

solutions, as well as their effective and sustainable 

deployment. However, this work’s major limitation is 

the absence of empirical validation. Future research 

could therefore focus on testing the proposed model 

through empirical studies, such as case studies or 

quantitative analysis. 
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