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Abstract
[bookmark: _Hlk198209312]Global urban growth, combined with escalating climate crises and rapid digital transformation, is driving a profound reconfiguration of urban development models. The paradigms of the green city and the smart city, long mobilized as separate frameworks now reveal their limitations when confronted with the complexity of contemporary urban challenges. This article therefore addresses the following research question: how can ecological, digital, and institutional dimensions be integrated to construct sustainable urban trajectories?
The study adopts a qualitative and comparative approach applied to four cities, Copenhagen, Singapore, Benguérir, and Zenata examined through an integrated normative framework combining ESG standards and the ISO 37120/37122/37123 series. The objective is to investigate the convergence between environmental sustainability and digital innovation within the emerging model of the Smart Green City.
The findings reveal contrasted trajectories:
•Northern cities tend to green already mature digital systems;
• Southern cities progressively digitalize pre-existing sustainability practices.
These dynamics highlight the importance of contextualized and adaptive approaches to strengthen urban resilience. Finally, the article points to several avenues for future research, including the use of longitudinal analyses, the development of quantitative indicators, and the integration of advanced technologies such as digital twins.
INTRODUCTION
Global urban growth, combined with the intensification of climate crises and accelerating digital transformation, is driving a profound reconfiguration of urban development models. By 2050, nearly two-thirds of the world’s population will be living in urban areas, thereby increasing pressure on infrastructure, natural resources, and governance systems [38].
Within this context, two paradigms have largely shaped contemporary urban scholarship: the green city, grounded in ecological sobriety, territorial resilience, and environmental justice [7,8,28]; and the smart city, built upon the use of digital technologies, urban data, and connected systems to optimize services and urban functions [12,13,31]. Although these paradigms have long evolved independently, their respective limitations in addressing the complexity of current urban challenges underscore the need for an integrated perspective.
The convergence of these approaches has given rise to the emerging model of the Smart Green City, which articulates ecological and digital infrastructures, data-driven urban management, citizen participation, and multi-level governance. The objective of this article is to examine the modalities of this convergence through a comparative analysis of four urban configurations, Copenhagen, Singapore, Benguérir, and Zenata, and to assess the structuring role of ESG frameworks and ISO 37120/37122/37123 standards. In this perspective, the study pursues three objectives:
1. to analyse how smart technologies can support and enhance cities’ ecological ambitions;
2. to examine the role of ESG frameworks and ISO standards in structuring sustainable urban trajectories;
3. to compare Smart–Green dynamics across four cities situated in contrasting geographical and institutional contexts.
MATERIALS AND METHODS
This research adopts a qualitative, systemic, and comparative approach aimed at analysing how smart technologies can strengthen the ecological, social, and institutional objectives of cities undergoing transition. The methodology is structured around three main components.
1. A systematic literature review (2000–2025).
The first step consisted of reviewing peer-reviewed scientific publications indexed in Scopus and Web of Science, institutional reports (UN, OECD, ISO, EBRD), and key reference works pertaining to green cities, smart cities, hybrid Smart–Green models, environmental governance, and urban digital infrastructures. This review enabled the identification of core concepts, existing analytical frameworks, and relevant methodological approaches to structure the study.
2. A comparative analysis of four cities.
The selection of Copenhagen, Singapore, Benguérir, and Zenata is based on their geographical diversity (Europe, Asia, Africa), varying levels of technological and environmental maturity, and representativeness of different Smart–Green trajectories. The analysis focuses on their environmental strategies, digital infrastructures, governance models, and sustainable urban planning instruments.
3. The use of an integrated ESG–ISO analytical framework.
The study mobilises two major international instruments:
• ESG frameworks, providing a strategic evaluation of environmental, social, and institutional performance;
• ISO 37120, ISO 37122, and ISO 37123 standards, offering standardized measurement of urban sustainability, digital maturity, and resilience.
Drawing on these instruments, a comparative assessment grid was developed to evaluate the four cities across four dimensions: environmental, social, technological, and institutional. The data used come from official reports, ISO databases, public statistics, and academic literature. A systematic triangulation procedure was applied to ensure the robustness, consistency, and reliability of the findings.
Despite certain limitations associated with the heterogeneity of available data, this methodological combination offers a coherent and reliable framework for analysing the convergence between green cities and smart cities across diverse territorial contexts.
[bookmark: _Hlk198720265]PARADIGMS OF THE GREEN CITY AND THE SMART CITY
Contemporary urban scholarship identifies two structuring paradigms that shape cities’ transition trajectories: the Green City and the Smart City.
The Green City paradigm is rooted in the traditions of urban ecology and sustainable planning. It is grounded in the principles of environmental frugality, territorial resilience, and spatial justice [7,8,28]. This approach prioritises strategies aimed at resource-efficient management, the restoration of urban ecosystems, and the enhancement of biodiversity within built environments [1]. It also mobilises instruments such as urban greening, soft mobility, and citizen participation, which are considered key levers of socio-ecological transition [8]. Finally, it draws on the notion of environmental justice, understood as an imperative to reduce ecological inequalities and ensure equitable access to urban amenities [1,4].
In contrast, the Smart City paradigm is anchored in a logic of technological efficiency and data-driven governance. It places digital technologies, including ICTs, the Internet of Things, big data, and artificial intelligence, at the centre of efforts to optimise mobility, energy consumption, waste management, and urban safety [12,3,31]. In this perspective, urban data are conceived as a strategic resource that enables real-time monitoring, the rationalisation of decision-making processes, and more responsive management of socio-spatial dynamics [5,14].
For several decades, these two paradigms have evolved largely in parallel, supported by distinct theoretical frameworks, divergent epistemologies, and differentiated political agendas. The first emphasised reducing environmental impacts and promoting territorial equity, whereas the second relied on technological innovation and algorithmic optimisation of urban services. However, this separation reveals structural limitations: ecological approaches often lack real-time management tools, while technological approaches are exposed to risks of technocentrism, decision-making opacity, and the reproduction of social inequalities.
This critical review of the two paradigms thus underscores the need for an integrative framework capable of transcending disciplinary boundaries and capturing the inherently socio-ecotechnical nature of contemporary urban transitions.
FONDEMENTS CONCEPTUELS DE LA SMART GREEN CITY ET DE L’INTELLIGENCE ÉCOLOGIQUE TERRITORIALE
Contemporary urban scholarship identifies two structuring paradigms that shape cities’ transition trajectories: the Green City and the Smart City.
The Green City paradigm is rooted in the traditions of urban ecology and sustainable planning. It is grounded in the principles of environmental frugality, territorial resilience, and spatial justice [7,8,28]. This approach prioritises strategies aimed at efficient resource management, the restoration of urban ecosystems, and the enhancement of biodiversity within built environments [1]. It further mobilises instruments such as urban greening, soft mobility, and citizen participation, which are considered essential levers for socio-ecological transition [8]. Finally, it draws on the notion of environmental justice, conceived as a normative imperative to reduce ecological inequalities and ensure equitable access to urban amenities [1,4].
In contrast, the Smart City paradigm is grounded in a logic of technological efficiency and data-driven governance. It places digital technologies, ICT, the Internet of Things, big data, and artificial intelligence, at the core of efforts to optimise mobility, energy consumption, waste management, and urban safety [12,3,31]. Within this perspective, urban data are conceptualised as a strategic resource enabling real-time monitoring, the rationalisation of decision-making processes, and more adaptive management of socio-spatial dynamics [5,14].
For several decades, these two paradigms have evolved largely in parallel, supported by distinct theoretical frameworks, divergent epistemologies, and differentiated political agendas. The former focused on reducing environmental impacts and promoting territorial equity, while the latter relied on technological innovation and algorithmic optimisation of urban services. However, this separation reveals structural limitations: ecological approaches often lack real-time management tools, whereas technological approaches face risks related to technocentrism, decision-making opacity, and the reproduction of social inequalities.This critical review of the two paradigms underscores the need for an integrative framework capable of transcending disciplinary boundaries and capturing the inherently socio-ecotechnical nature of contemporary urban transitions.
Fig1 : Conceptual framework of Territorial Ecological Intelligence
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The hybridisation of these three dimensions constitutes the theoretical foundation of contemporary Smart–Green approaches. It enables cities to transcend the limitations of traditional paradigms by fostering urban systems that are more resilient, more equitable, and more adaptable, capable of responding to climatic uncertainties while strengthening operational efficiency and territorial cohesion.
SMART–GREEN GOVERNANCE INSTRUMENTS
Smart–Green governance instruments constitute essential levers for structuring and steering urban transitions. They enable the articulation of strategic vision, standardised measurement, and operational implementation. Two major instruments currently frame these dynamics.
1. ESG frameworks provide an integrated evaluation of environmental, social, and institutional performance. They allow cities to align their strategies with international standards of responsible investment, strengthen transparency, and orient decision-making toward measurable sustainability objectives [19,37,40].
2. ISO 37120, ISO 37122, and ISO 37123 standards offer a technical reference system for assessing urban service sustainability, digital maturity, and resilience to shocks. These standards ensure international comparability and reinforce the coherence of public policies across ecological, technological, and organisational dimensions [25,26,27].
Together, these two instruments, ESG and ISO, form an integrated governance framework that enables cities to advance toward coherent, measurable, and adaptive Smart–Green development models.
COMPARATIVE ANALYSIS
The comparative analysis focuses on four emblematic cities representing diverse geographical and socio-economic contexts: Copenhagen (Northern Europe) and Singapore (Southeast Asia) as global benchmarks, and Benguerir and Zenata (North Africa) as emerging cases. These examples illustrate how the convergence between ecological sustainability and technological intelligence unfolds across different governance models, resource endowments, and development strategies
1. Copenhagen: Carbon Neutrality Enabled by Data-Driven Governance
Copenhagen is widely recognised as one of the most advanced urban laboratories for ecological and digital transition. Its Copenhagen Climate Plan 2025 [14] aims for carbon neutrality by 2025 through a combination of green infrastructure, low-carbon mobility, and data-driven urban management (City of Copenhagen, 2021).
The City Data Exchange (CDE) [22], launched in 2016 in partnership with Hitachi and the Danish Climate Agency, embodies this vision. It provides an open platform that enables the sharing of energy, environmental, and mobility data among public institutions, businesses, and citizens [22]. This data-driven governance framework [34] supports adaptive planning: residents can monitor real-time air quality, neighbourhood-level energy consumption, and local CO₂ emissions [34].
This model exemplifies what Batty (2018) [6] calls an “informed green city”, where data becomes a public good serving sustainability objectives. Copenhagen demonstrates that urban intelligence can strengthen democratic transparency, environmental efficiency, and citizen trust.
ESG–ISO Reading:
•E: Continuous monitoring of carbon indicators through ISO 37120, aligned with SDGs 11 and 13.
•S: Digital citizen participation via the Copenhagen Solutions Lab.
•G: Multi-stakeholder governance and open-data policy.
•T: Dense sensor networks and digital twins for urban modelling.

2. Singapore: The Smart Nation Model and Eco-Technological Regulation
Singapore, often described as the world’s leading fully integrated smart city, launched its Smart Nation initiative in 2014, led by the Government Technology Agency (GovTech) [20]. The programme is supported by a comprehensive digital infrastructure combining IoT sensors, predictive analytics, and fully digitalised public services (GovTech, 2022) [20].
Unlike other technocentric models, Singapore gradually integrated environmental objectives into its efficiency-driven logic. The Smart Water Grid [35] has reduced water losses by nearly 30% through sensor networks and predictive algorithms (PUB, 2021). Electric and automated mobility is promoted through strong incentives and multimodal planning (Land Transport Authority, 2020) [32]. Smart eco-districts such as Punggol Digital District [42] showcase the coupling of digital innovation and energy sustainability.
This represents a form of regulated ecotechnology in which the State orchestrates the urban system through centralised yet highly effective governance [13,10].
ESG–ISO Reading:
• E: Excellence in water-energy efficiency.
• S: High quality of life and equitable access to public services.
• G: Integrated governance and proactive planning.
• T: Interoperable and cyber-secure digital ecosystem.

3. Benguerir (Morocco): An Educational and Experimental Green City
Located in central Morocco, Benguerir represents a new generation of African sustainable cities, conceived from the outset as territorial innovation laboratories [21]. Driven by OCP Group and Mohammed VI Polytechnic University (UM6P) [41], it functions as an urban experimentation platform integrating research, education, and sustainability [33].
Its development strategy is structured around three pillars:
1. Territorial ecology: green-blue infrastructure, bioclimatic buildings, and circular water management through wastewater reuse for irrigation.
2. Innovation and research: the Green Energy ParkAfrica’s first renewable-energy research hub—and living labs dedicated to soft mobility and smart agriculture.
3. Local participation: youth training programmes supporting green-economy professions.
Benguerir is characterised by a knowledge-driven urban model in which sustainability is actively co-produced by scientific institutions and a highly mobilised student community. Through training programmes, laboratories, and UM6P-led initiatives, students directly contribute to local ecological experimentation and solution-design. The construction of human capital largely carried by this university population deliberately precedes large-scale digitalisation, positioning Benguerir as a genuine living laboratory for sustainable innovation.
ESG–ISO Reading:
• E: High-performance energy and water-management systems.
• S: Strong educational anchoring.
• G: Multi-level governance (OCP, UM6P, local authorities).
• T: Experimental innovation and emerging data strategies.

4. Zenata (Morocco): A Standardised Governance Eco-City
Zenata, a new town developed by the Caisse de Dépôt et de Gestion (CDG) near Casablanca, is the first African city certified ISO 37120 (Silver level, WCCD, 2018) [44]. It represents an institutionalised approach to sustainable planning in which governance is structured around measurable standards.
The project relies on three pillars:
•Functional mixity: housing–employment–services balance.
• Green mobility: pedestrian corridors, public transport, and a 22% reduction in CO₂ emissions between 2016 and 2022 ([45]).
• Climate resilience: permeable infrastructure and integrated stormwater management.
Technological innovation supports environmental performance through a digital monitoring platform aggregating air, energy, and waste indicators, and a geographic information system (GIS) guiding planning and maintenance.
Zenata has become a norms-driven eco-city, where sustainability is measured, audited, and replicable [25,44].
ESG–ISO Reading:
• E: Measurable CO₂ reduction (ISO 37120, SDG 13).
• S: Social mixity and universal accessibility.
• G: Institutional governance and ISO certification.
• T: Integrated environmental monitoring and GIS systems.
Table 1 : Lecture comparative et typologie des convergences

	City
	Initial orientation
	Mode of governance
	Level of Smart–Green integration
	Key success factors

	Copenhagen
	Technological Green
	Open and collaborative
	Very high
	Open data ecosystem + carbon neutrality

	Singapore
	Tech-driven Green
	Centralised and hierarchical
	High
	Strong state leadership + digital coherence

	Benguerir
	Educational and innovative Green
	Multi-actor, experimental
	Medium (growing)
	Education-driven model + local innovation

	Zenata
	Institutional Green
	Public and standardised (CDG-led)
	Medium to high
	ISO framework + ESG-oriented governance


This comparison reveals a continuum of Smart–Green convergence.
• Northern cities (Copenhagen and Singapore) embed sustainability within already advanced digital systems, leveraging mature data infrastructures to enhance environmental performance.
• Emerging cities (Benguerir and Zenata) build sustainability primarily through planning, education, and standardisation, with technological integration occurring more gradually as institutional capacity and resources develop.

DISCUSSION

 Territorial Ecological Intelligence: An Integrated Interpretive Lens
The findings confirm the relevance of the conceptual framework of territorial ecological intelligence for analysing the convergence between green and smart city paradigms. Across the four cases, the observed hybridisation reveals a profound transformation in modes of urban governance, where environmental data, ecological infrastructures, and digital systems no longer operate as isolated components but as interdependent elements of a single socio-ecotechnical system. The analysis shows that the cities most advanced in Smart–Green integration, Copenhagen and Singapore, mobilise simultaneously:
• Ecological intelligence, grounded in the understanding of natural cycles and the sustainable management of resources;
•Technological intelligence, based on AI, IoT, predictive modelling, and data platforms;
• Institutional intelligence, structured around multi-actor coordination, transparency, and adaptive governance capacities.
This tripartite articulation reinforces the notion that contemporary urban sustainability relies not only on ecological or technological performance, but also on the capacity of institutional systems to integrate these dimensions coherently. The cases illustrate that cities combining these forms of intelligence develop more effective mechanisms for resilience, anticipation, risk management, and social inclusion.

North–South Dynamics: Greening Technology vs. Technologising Sustainability
The comparison between Copenhagen and Singapore on one side, and Benguerir and Zenata on the other, highlights a structural North–South asymmetry in Smart–Green transition pathways.
In Northern cities:
• Digital infrastructures were already highly mature before ecological considerations were integrated;
• The priority has been to green technology, aligning digital systems with climate objectives;
• Models rely on open-data platforms, digital twins, dense sensor networks, and collaborative governance.
In Southern cities:
• Urban transitions initially focused on ecological sustainability (green corridors, water management, functional mixity);
•Digital systems remain emerging and sometimes fragmented;
• The priority is to technologise sustainability, progressively mobilising digital tools to reinforce ecological, institutional, and social achievements.
These contrasts demonstrate that Smart–Green trajectories are not universal but context-dependent, shaped by available resources, institutional capacities, technological maturity, and territorial needs. Importantly, Southern cities exhibit significant innovation potential due to their capacity to design contextually grounded and socio-economically relevant models.

Towards an Adaptive Architecture for Smart–Green Transitions
Overall, the results indicate that Smart–Green convergence is not a uniform model but an evolving process. The most successful cities are those capable of developing a flexible architecture combining:
• data-driven governance;
• robust ecological infrastructures;
• adaptive, multi-level governance frameworks.
This adaptive character enhances resilience, innovation capacity, and social ownership of urban transformations. It also underscores the need for public policies to move beyond standardised templates in favour of differentiated approaches that are sensitive to local specificities.
LIMITATIONS
This study presents several limitations that should be acknowledged when interpreting the findings.
1. Limitations related to secondary data.
The analysis relies primarily on secondary data derived from institutional reports and normative databases, whose availability, accuracy, and timeliness vary significantly across the selected cities. This heterogeneity constrains fine-grained comparability, particularly in emerging contexts where data systems are less robust or less standardised.
2. Limitations concerning the geographical scope and number of cases.
The selection of four cities—while enabling a meaningful North–South comparison—captures only a limited portion of the diversity of Smart–Green urban trajectories. Consequently, the findings cannot be generalised to all cities, particularly those lacking formalised normative frameworks or advanced digital strategies.
3. Methodological limitations associated with the qualitative approach.
The study employs an in-depth qualitative framework but does not statistically test the relationships between ecological, technological, and institutional dimensions. The absence of quantitative modelling or longitudinal datasets limits the capacity to establish causal effects or to forecast future developments.
ORIGINALITY AND RESEARCH CONTRIBUTION
This study makes several original contributions to the literature on sustainable and smart urban development. First, it introduces a novel conceptual framework, territorial ecological intelligence, which integrates ecological, technological, and institutional dimensions of urban sustainability into a coherent analytical lens. Second, it provides a North–South comparative perspective that remains underexplored in existing scholarship, highlighting structural asymmetries and contextual dynamics shaping Smart–Green transition pathways.
In addition, the research is among the first to jointly mobilise ESG frameworks, ISO 37120/37122/37123 standards, and the Green City Action Plan (GCAP) to assess urban environmental, digital, and governance performance simultaneously. This multi-layered normative integration offers an innovative approach for analysing hybrid sustainability models.
Finally, by incorporating the cases of Benguerir and Zenata, two emerging North African cities that remain insufficiently documented in the international literature, the study broadens the empirical landscape of Smart–Green transitions. Overall, it establishes the foundation for a replicable and transferable analytical framework applicable to diverse urban contexts.
CONCLUSION
This study demonstrates that the convergence between green and smart city approaches has become a crucial lever for strengthening urban sustainability. The comparative analysis shows that neither ecological strategies nor technological solutions alone are sufficient to address current climatic, social, and institutional challenges. Their combination within an integrated model, the Smart Green City, enables the articulation of ecological infrastructures, digital systems, and adaptive governance.
The results also reveal differentiated transition trajectories: Northern cities primarily aim to green already mature digital systems, while Southern cities progressively technologise pre-existing ecological foundations. Within this context, Benguerir and Zenata emerge as promising laboratories for a hybrid Moroccan model grounded in ISO standardisation, local innovation, and multi-level governance.
Beyond these contributions, the study provides several implications for Moroccan urban policy. Morocco could further consolidate its Smart–Green model by:
1. strengthening the production and management of environmental data, a key requirement for evidence-based urban governance;
2. developing digital infrastructures adapted to local territorial and climatic constraints;
3. institutionalising participatory governance frameworks to involve citizens in ecological and technological transitions.
These orientations would enable Morocco to articulate a coherent and context-sensitive urban vision, positioning its cities as regional references in sustainability and innovation.
.
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Figure 1. Conceptual Framework of Territorial Ecological Intelligence
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