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ABSTRACT  

 The key spatial development of the twenty-first century is urbanization. The United Nations predicts that about seven 

out of ten people will live in cities by 2050, with the majority of this growth focused in the Global South. Currently, 

over half of humanity resides in cities. Urban areas are both the main causes of environmental change and the most 

promising places for climate solutions because, despite making up a small portion of the planet's land area, they 

consume the majority of global energy and resources and produce the majority of greenhouse gas emissions. In 

international policy studies, the assessment looks at twelve interrelated areas: smart grids and urban energy 

transitions; electrified and sustainable transport; green and blue infrastructure and natural solutions; Urban heat 

island mitigation and climate adaptation; smart waste management and the circular economy; energy-efficient and 

sustainable buildings; smart urban water management; digital twins and data-driven planning; smart governance, 

equity, and citizen participation; data privacy, cybersecurity, and artificial intelligence ethics; disaster risk reduction 

and urban resilience; and tracking advancements toward Sustainable Development Goal 11. Evidence from these 

domains consistently shows a tension: while technological innovation is developing quickly and producing 

quantifiable improvements in efficiency, monitoring, and service delivery, the social, institutional, and governance 

aspects of sustainability are still lagging, especially in low- and middle-income nations where urbanisation pressure 

is highest. Instead of assuming intelligence and sustainability as inevitably interchangeable, the research concludes 

that truly sustainable urban development necessitates the intentional integration of technological, ecological, and 

social-equity factors under unified governance frameworks. It concludes with a research and policy agenda that 

prioritizes stronger city-level monitoring systems, inclusive digital governance, climate-just infrastructure 

investment, and interoperability. 

Keywords: sustainable urban development; smart cities; green infrastructure; urban resilience; climate adaptation; 

circular economy; smart governance; digital twins; Sustainable development Goal 11; urban sustainability indicators 
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1.1.11. Introduction 

Part of the twenty-first century's story is the story of cities. Less than one-third of human inhabitability in the cities 

was observed in 1950, whereas close to 68 per cent of humanity, about six billion people are living in the cities by the 

middle of this century (Sustainable smart city and Sustainable Development Goals review, 2025; UN-Habitat, 2024). 

This demographic shift is putting new and unprecedented demands on cities' housing, transport, energy, water, and 

waste systems just as they are being called on to decarbonize, adapt to more extreme climate risks, and responsibly 

manage new digital technologies. Although urban facilities cover a small portion of the Earth's surface, cities are 

responsible for a high proportion of global energy use and GHGs emissions, and the future course of urban growth 

will to a large extent drive both the global effort to realize climate and sustainability targets and the resulting 

environmental impacts. 

Researchers and practitioners have a body of parallel intellectual and policy programmes concerning the 

future of the city. There are two parallel intellectual and policy streams that have formed researchers' and 

practitioners' thinking about the urban future. The first one is the sustainability tradition which was formalized at the 

city scale in Sustainable Development Goal 11: Sustainable and inclusive, safe, resilient cities and human settlements 

(Redclift, 2005; UN DESA, 2026). The latter is the “smart city” tradition, beginning in early 2010s, where scientists 

brought together information ICTs with urban infrastructure, hampered by a lack of cross-sectoral collaboration, with 

the aim of creating an “IoT-enabled city” that will be more efficient, more responsive, and make cities more liveable 

by using sensors, data analysis, AI, and connected devices (Caragliu et al., 2011; Batty et al., 2012). These two 

traditions are complementary, at least even competing signs of smart technology have been promoted and studied as 

solutions for sustainability goals, ranging from optimized energy systems to intelligent waste picking. But there are 

many points in this equivalence that deserve critical interrogation, as shown by a new critical scholarship. However, 

the concept of "smart city" has been overlooked when it comes to ecological integrity and social equity; and, as of yet, 

there is little evidence that cities claiming to be 'smart' are more sustainable when it comes to outcome measures 

(Shang et al., 2022; Frontiers integrated review, 2025). 

The focal question of this review is where and how smart technologies are actually promoting sustainable 

urban development and, conversely, where they are not, and what scope and limits of governance, equity and 

institutional conditions is responsible for that? The review does not follow a chronological structure, rather it spans 

from more technical areas of the energy sector, the mobility sector, green infrastructure and water, to the more recent 

and important aspects of the digital sector (of the urban digital twin and data governance), and the social and 

institutional sector (of citizen participation, privacy, resilience and measurement). Such a structure demonstrates the 

evolution of scholarship on the subject of the smart city: at first the focus of the research was techno-centric, and later, 

after 2023, it has become clear that the issue of the smart city is dealt with from a number of perspectives including 

aforementioned governance, equity, ethics, and Global South (Chen et al., 2022; Luo & Huang, 2024; social 

sustainability Global South review, 2025). 

The rest of the review is organized in the remaining plan. The Methodology for Reviewing is described in Section 2, in 

Section 3, a conceptual framework defining smart urbanism and sustainable urban development, and sketching out 

the pillars that link the two, is built up. The thematic review is contained in 12 domains in Section 4. Section 5 is an 

aggregation of cross-cutting challenges, which are common to domains. Future research directions are outlined in 

Section 6 and distilled policy implications in Section 7 before a conclusion in Section 8. 

2. Review Methodology 

This review does not follow a systematic review from scratch methodology, but a narrative-integrative review that is 

guided by recent systematic and bibliometric reviews in the field. The idea behind this is that there are lots of 

systematic reviews and bibliometric analysis done to the smart and sustainable cities literature so far that focus on 

individual and specific sub-domains (such as urban digital twining, smart grid, green infrastructure, or waste 

management), and the crux one needs now is to get a unified, coherent and cross-cutting of the various sub-domains 

out of the literature and bring them together in a unified collection, some kind of a synthesis. The literature was 

identified by the systematic search of academic databases and publisher platforms, including platforms such as  
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ScienceDirect, MDPI journals (e.g., Smart Cities, Sustainability), Springer Nature, Frontiers, MDPI data preprints, and 

arXiv preprints, encompassing the last three years of publications since 2023 up to 2026 and then by some earlier 

works where they continue to form the central reference point of a concept. Systematic reviews, meta-analyses and 

bibliometric studies with clear methodologies (including those that followed PRISMA reporting guidelines) were 

given a higher priority, as were authoritative international reports from the UN Statistics Division, OECD, the UN 

Habitat and the UNDP and UNDRR. The review brings together conclusions from over eighty different sources from 

the engineering, urban planning, public administration, environmental science and information systems literature. 

The literature on smart and sustainable cities is vast, rapidly expanding and unevenly distributed geographically; at 

this time, there is still a literature gap with materials on smart and sustainable cities from the Global South in 

particular; this review is therefore consciously endeavoured to highlight literature available for Smart and Sustainable 

cities from the Global South where appropriate. 

3. Conceptual Framework: From Smart Cities to Sustainable Urban Development 

Specific definitions are important in this context since the terms ‘smart city' and ‘sustainable city' are often used 

interchangeably, though they are two very different (but not mutually exclusive) concepts. When defining a smart 

city, it is best considered as a locality that combines information and communication technologies, sensors and data 

analysis for the efficient provision of urban services and for better urban decision-making processes (Caragliu et al., 

2011). In contrast a sustainable city is defined as being one where multiple generations fulfil its economic, social, and 

environmental goals (Redclift, 2005) as the Brundtland formulation has since been adopted and meant for SDG 11. 

Looking more contemporary and instead of just technology, a smart and sustainable city should be a healthy system 

of systems creating a net positive environmental impact with the infusion of social, human and environmental capital 

(Frontiers integrated review, 2025). This formulation comes in handy as it points to the fact that technology is an 

enabling but not a guaranteeing factor in outcome of sustainability. 

The four- or six-pillar approach has been widely used to analyze the literature. One of the influential schemes 

has separated the smart city strategies into four pillars such as environment, society, governance, and economy a 

stance that the authors make in favor of making all four work together to ensure that investments in smart cities 

translate into sustainable development gains (Sustainable development strategies for smart cities review, 2024). A 

parallel, more specific systematic review of 524 bibliographic records found six interrelated domains that are  

 

observed across the resilient, smart and sustainable city literature, both in the field of economy, people and society, 

mobility, natural environment, energy/waste, and governance (Nor Shrgdin, et al., 2025). These come together on one 

central idea: for any and every technical solution whether it is an optimized traffic signal network, an ecologically 

acceptable rooftop solar array or a smart water meter purely technical solutions in each of these fields do not bring 

sustainability value in their own right; they need to be part of a governance system that also engages with 

distributional equity as well as institutional capacity and long-term ecological integrity. 

The Smart Renewable Energy System (Smart RES; integration study, 2025) is another interesting concept found in 

the urban energy-climate planning literature, which explicitly combines energy and climate planning on both district 

and building levels, and views decarbonization and digitalization as a unified problem, rather than two independent 

streams. The highly imbricated and socio-technological formulation of energy, mobility, water and waste systems is a 

recurring theme in the following reviewed domains: From the domain of energy, to being plans as socio-technological 

instead of as a sector of infrastructure planning; from the domain of mobility to cities that rely on water resources 

plans and infrastructure investments; from the domain of water to urban waste plans and investments; and from the 

domain of waste to socio-technological systems for urban waste planning and investments (also referred to as the 

"social-ecological-technological systems" formulation of urban ecosystem services research (McPhearson et al., 

2025)). 

  Two other conceptual differences are found throughout this review. There is first a technology-led versus 

citizen-centred distinction, with the former typically located in the top-down implementation of technologies such as 

sensors and platforms, while the latter, with elements such as participatory design, algorithmic transparency and co- 
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production of urban services with the citizens (Rethinking the smart city review, 2025, Kummitha, 2025). Second, the 

existence of a specific disaster-oriented versus capability-oriented understanding of urban resilience, the former 

being geared towards the ability of urban systems and institutions to withstand and recover from discrete disaster 

events, and the latter towards their ability to develop the underlying adaptive capacity of the urban system and 

institutions over time (Governmental climate governance discourse study, 2026). The first and the second difference 

is important because they determine which are deemed to be indicators of success and therefore whose goals are 

represented by a particular "smart" or "sustainable" intervention. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Thematic Review 

4.1 Urban Energy Systems and the Renewable Transition 

Urban energy systems are considered as a first order priority for sustainable development and estimated at 75-80% 

of total global energy consumption and greenhouse gas emissions (Smart Grids in the Context of Smart Cities review,  

2025). However according to a large bibliometric study of over 9,300 papers on smart cities and urban energy 

planning, only a few research areas have been extensively explored, and technology efforts are consistently stronger 

than those to integrate building energy use, urban design and planning, transportation and mobility, and even the 

modernization of the electric grid, and policy and regulatory frameworks (Smart Cities and Urban Energy Planning: 

An Advanced Review, 2024). This asymmetry, the rapid change in technological development coupled to the delayed 

regulatory and institutional development, is amongst the most common across the smart and sustainable cities 

literature, and recurs in the water, waste, mobility, and digital twin spaces outlined below. 

At the technology level, significant changes have been documented in the field of integrating distributed renewable 

generation, with a particular focus on photovoltaics, wind, and in specific cases geothermal and biofuels, into urban 

energy systems via the implementation of smart grids, in which an internet-of-energy architecture is used to balance 

energy supply and demand in real-time (Sustainable Urban Energy: Integrating Smart Grids into Smart Cities, 2020; 

Gill et al., 2024). As EVs become more widely adopted, the decades-long argument for them as a de-carbonising 

transport component is becoming more than obvious, as vehicle-to-grid systems become a daunting asset to deal with 

renewable intermittency: particularly when vehicles are parked, with stored energy being fed back to the grid during 

peak periods and being recharged when there is a surplus (Gill et al, 2024). Eight of those eleven implementation gaps 

were more or less common in urban smart grid, but eleven solutions were found to be persistent across the different 

contexts investigated: they represent either interoperability issues, financing models, workforce difficulties, inactive 

solutions, or challenges in the existing grid architecture. Smart Grid and Smart Cities Smart Grids in the Context of 

Smart Cities review (2025) outlines a possibly exhaustive portfolio of sixteen smart grid solutions that were  
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developed for urban use during the systematic gap analysis. Later architecture-first reviews advance this thinking 

and consider the new generation of decentralized, smart energy grids, powered by artificial intelligence, to be poorly 

suited to the multi-actor coordination that they're now calling for (Electrical Grid Architectures for Smart Cities 

review, 2026). 

Positive energy districts, neighborhoods or buildings which generate renewable energy at least as much as 

what they consume over an annual cycle are starting to become a key implementation unit between building-scale 

and city-scale energy planning, although systematic reviews indicate that there is still a need for more regulation, 

financing, and social acceptance issues to be resolved before positive energy districts scale much longer than the 

underlying technology (Urban energy transition in smart cities review 2025). Moving to the municipal to district level, 

comparative case analysis of European cities like Strasbourg and Aarhus shows how ESCP can be put into practice 

with operational tools, integrated simulation tools and the technical expertise of individuals, as well as how the social 

acceptance of the transition, and/or coherent institutional structures, are as important as the technical modeling 

capacity (Smart Renewable Energy System integration study, 2025). 

4.2 Sustainable and Smart Mobility 

One of the most obvious aspects of urban sustainability transition particularly concerns transport decarbonisation. 

The deployment of electric vehicles has been rapidly gaining momentum worldwide; it is estimated that by the end of 

2025, the global fleet stood at approximately 85 million EVs (up from 64 million a year ago); that B tabulation had a 

share of about three-quarters of the market; and since then, EV numbers are projected to grow further to reach over 

145 million by 2030 (A Positive Outlook for Sustainable Mobility, 2025). Delivers examples of how quickly change is 

happening at the market leading edge: In Norway, almost 96 per cent of all new cars registered in 2025 were electric 

vehicles, compared to 89 per cent in 2024 (Mapfre sustainable mobility outlook, 2026). Despite this, current studies 

on EVs warn of the need to address the issue of affordability and equity; the design of the subsidy can significantly 

influence the uptake of electric vehicle benefits, such as reduction of local emissions (Stefaniec et al., 2025). 

In addition to electric cars, the mobility literature highlights multimodal decarbonization, such as the 

aspiration to have a 100% clean-energy bus fleet by 2040 in Singapore and efforts to increase charging infrastructure, 

while also observing that increased autonomy and sharing of mobility services are becoming a common feature of the 

mobility landscape (Brears, 2024; A Positive Outlook for Sustainable Mobility, 2025). The systematic review revealed 

ongoing barriers to walking and the use of cycling such as extreme temperatures, air pollution and poor infrastructure  

 

in cities that are struggling with environmental conditions and cited a range of interventions from shaded pedestrian 

walking lanes to integrated multi modal trip planning (Wismadi et al., 2025). Building on that, a study on the potential 

of using big data and Artificial Intelligence in urban mobility systems found that predictive analytics and adaptive 

traffic management have the potential to significantly improve urban mobility management, provided that the data 

governance capabilities are in place, a critical challenge that many localities face (Yusuf et al., 2025). 

The studies on the sustainability and safety characteristics of emerging modes like urban air mobility 

(excitably vertical take-off and landing aircraft) and micromobility devices (electric scooters) are still in a preliminary 

and exploratory phase compared to the existing body of literature related to ground based electric vehicle studies 

(Urban Air Mobility review, 2025). However, a comprehensive review of electric vehicles and sustainable urban 

mobility in the Middle East and North Africa reveals that many systems of mobility transition pathways cannot be 

transferred untouched from high-income to low-income urban contexts and highlights the importance of adjusting 

regulation, charging infrastructure siting and battery-swapping innovations to regional-specific barriers such as 

limited grid capacity and extreme heat (comprehensive EV and SUMP review in MENA, 2026). 

4.3 Green and Blue Infrastructure and Nature-Based Solutions 

Enhancing and working with nature to mitigate urban climate challenges is emerging as a key part of urban adaptation 

strategies, and Natural Based Solutions or NbS is defined by the IUCN as solutions that leverage and enhance nature 

to resolve societal problems. (Urban NbS scoping review, 2025). A systematic review conducted by grouping 749 

initially retrieved publications into 84 articles that met inclusion criteria showed that the type of intervention is only  
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a small part of the solution; that data-driven planning, stakeholder efforts and data on sufficient long-term resourcing 

are key to successful NbS implementation for urban climate resilience; and that NbS offer considerable potential for 

optimizing urban climate resilience in their capacity (NbS for urban climate resilience review, 2025). A parallel 

systematic review and bibliometric analysis of ninety peer-reviewed papers published in the last decade (2014–2024) 

also identified fragmented methodology as a significant challenge for the effective incorporation of NbS in gI planning 

and financial, technical, social and political challenges as key barriers to uptake despite current strong evidence for 

the ecological benefits. (Nature-Based Solutions in Urban Green Infrastructure systematic review, 2025). 

Empirical case studies are provided to demonstrate the possibilities and variation of implementation models. 

Green corridors and vertical greenery have helped deliver measurable benefits in terms of cooling and biodiversity 

advantage in Singapore (City in Nature strategy), with more than 80,000 trees planted in Cardiff as part of its One 

Planet Strategy, and green roofs have had a noticeable impact in the creation of climate resilient neighbourhoods to 

reduce the risk of flooding and enhance liveability in Copenhagen (International experts urban greening report, 2025). 

A dedicated review of what they call ‘green infrastructure typologies' mapped specific interventions to climate 

regulating services, including flood prevention and thermal regulation, identifying a matrix to normalize temperature 

and decision support to planners selecting interventions based on local hazard profiles (Green infrastructure for 

urban climate mitigation and adaptation, 2025). Urban climate adaptation literature emphasizes the urgent need for 

adaptation measures to remain sustainable over time. Complementing this, biodiversity-based research focuses on 

the pragmatic synergies between ecological connectivity and provision and dense urban development, arguing that a 

range of adaptation management approaches is required instead of a one-size-fits-all design approach to climate 

adaptation (Frontiers Review urban green infrastructure for biodiversity, 2024). 

Furthermore, a rapidly emerging body of work identifies NbS as public-health infrastructure, and shows how 

parks, street trees and blue-green corridors all offer more than just environmental services; there are studies 

documenting the multiple public-health benefits of investing in NbS as a multi-sectoral public good, rather than an 

environmental amenity (Urban nature-based solutions public-health scoping review, 2025). The use of digital 

monitoring tools on top of traditional green infrastructure is also on the rise, as governance research about Internet-

of-Things (IoT) for green space management in Campobasso, Italy, shows, an example of which is a direct application 

in the Field of Irrigation Systems (2025), which sees digital tools used to manage the state of vegetation and to 

implement proactive maintenance actions to counteract stress (Urban Green Governance IoT study, 2025). 

4.4 Urban Heat Islands and Climate Adaptation 

The UHI phenomenon is one of the most widely studied urban climate hazards both because of its demonstrable 

human health impacts and its range of potential urban mitigation options. Results from a systematic quantitative 

literature review show that across all strategies for adaptation to higher temperatures, green, blue and grey 

infrastructure all offer significant basic mitigation of heat intensity at a low cost, but grey infrastructure can also be 

even more cost and resource effective at times than green infrastructure, especially taking into account ongoing 

maintenance costs (A Review of Adaptation Strategies to Increased Urban Temperatures, 2025). Ubiquitous 

quantifiable case evidence exists, for example in Singapore which has documented 2–3 degree Celsius reduction in 

maximum temperatures with the introduction of a green roof, and another example is the cooling effects the urban 

forest creates when paired with a blue-green roof and water features in Philadelphia, which was documented at 

approximately 2–5 degree Celsius. 

Environmental justice has been important in urban heat research, with a systematic review of the literature that urban 

heat exposure and vulnerability across income and racial/ethnic lines in cities, and co-occurrence analysis of the 

literature has been a consistent finding across all U.S. cities (Urban heat vulnerability and mitigation in U.S. cities 

review, 2026). The need for context-sensitive rather than one size fits all heat governance is reflected in a critical 

review of urban heat island management strategies, in which unintended trade-offs and conflicts can be created such 

as by balancing reflective roofing strategies (which reduce the indoor heat, but also increase the glare and heat 

reflection at the pedestrian level) with vegetative cooling (which needs water resources that are in limited supply in 

the same places where cooling is most required and critical for heat governance) (Critical reflections on urban heat  
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island strategies, 2024). However, moving from hazard diagnosis to meaningful, thermally resilient urban design in 

order to move and sustain the implementation of urban heat island policy requires institutional capacity that is hard 

to build and sustain, because it flows through the reorientation of local decision-making processes.Even when the 

basic urban science of the hazard is robust, there can be a disconnect between the translation of urban heat island 

science and the development of meaningful urban design that is put to use, as evidenced in a policy implementation 

study conducted cross-city that diagonalized the process of institutionalizing urban HAIs by examining the path from 

urban heat island science to meaningful action (Lau et al., 2025). 

At a larger scale, several critical reviews of urban planning approaches towards climate change adaptation 

and mitigation highlight that there is significant disconnect between the implementation of urban plans and the 

monitoring of outcome of their implementation after they are adopted, with many empirical plans still being more 

aspirational than actual (Aboagye & Sharifi, 2024). The evidence from the vast literature on climate governance 

overall also suggests that public pressure brought by citizen engagement via digital channels and civic engagement 

contributes to strengthening local government's formal capacities to clamp down on climate policies as opposed to 

replacing them (governmental climate governance discourse study, 2026). 

4.5 Circular Economy and Smart Waste Management 

While it is estimated the cities account for about half of waste generation, only approximately 19 per cent of municipal 

solid waste (MSW) is recycled globally, and many cities lack proper systems for collecting and processing waste 

materials (circular economy and digitalization in MSW review 2026). This constitutes the conceptual promise versus 

the reality gap between the circular economy, and the resulting significant, and increasingly vast, literature on smart-

waste management. The research concept of Internet-of-Things (IoT) smart bins, dynamic route optimization, and 

waste generation prediction has become well started; although most available evidence is still from pilot projects, 

real-time monitoring and optimization algorithms have demonstrably decreased fuel usage, missed collections, and 

overflow situations during these validation stages (2025: Internet-of-Things (IoT) smart bins for waste management 

in smart cities: A review from the published literature on IoT applications from 2018 to 2024). 

The applications of Artificial Intelligence aren't limited to optimizing logistics, but also encompass materials recovery 

and circular economy design of value chains. A review of the applications of AI in the field of waste management 

frames the technology as a part of the shift towards a "zero waste circular economy" favoring decisions whether to 

recycle, reuse or reduce the waste stream, such as through machine learning models identifying the variables that  

 

affect waste stream composition, for instance, in energy recovery programmes such as biogas generation from organic 

waste (Artificial intelligence for waste management in smart cities review, 2023). The Internet of Things (IoT) has 

become a significant sub-domain of this as digital instruments come to be the enablers of the Internet of Things or 

smart cities sector's own circularity: The systematic literature review on smart cities and electrical and electronic 

waste management has shown that information security, interoperability, and cost are the top three barriers to 

expanding the sector's circular recover/reuse of valuable materials from discarded electronics, despite the sector's 

growth in electronics (Souza et al., 2025). 

The European Union Waste Framework Directive (2030) ambition of 60 per cent municipal solid waste 

recycling and preparation for reuse, and additional measures such as separate bio-waste collection requirements, 

which were introduced at the end of 2023, are examples of how EU legislation can help drive up the uptake of the 

circular economy in cities, although implementation is delayed in some members states who have not yet done so 

(circular economy and digitalization in MSW review, 2026). While circular economy policies and practices can 

certainly be measured and managed through technical solutions, there are also governance considerations to take 

into account from a circular city perspective, as it is not just a technical waste management challenge but one that is 

relational, spatial and digital, requiring greater synergy between the two strategies: circular economy policy and 

digital economy strategy (Anttiroiko, 2023). 

4.6 Sustainable and Energy-Efficient Buildings 

The built environment is a key domain for sustainable urban development solutions since buildings occupy a  
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significant proportion of EUR urban energy use and embodied carbon. According to market data, green building 

material markets and green building technologies are growing rapidly, with global green building technology and 

material markets worth approximately 377 billion USD in 2024 and anticipated to grow in the future despite recent 

disruptions in supply chains, and increased policy support for implementing net-zero retrofit rates, including the EU's 

expanded initiative of the Renovation wave (Sustainable Construction Driving Green Building Growth, 2026). Energy-

efficient HVL, renewable technologies for energy generation on site (solar, wind, and geothermal), and more recently, 

artificial intelligence for building automation that learns occupancy to optimize energy use and consumption in real 

time (technical review of the use of AI in green buildings, 2021; Modern Energy Sources for Sustainable Buildings 

review, 2025) dominate the field of technical reviews of green building technologies. 

Additionally, there is a parallel research path exploring novel materials and construction technology, such as 

self-healing concrete, mycelium-based insulation and transparent photovoltaic glazing, and modular approach, which 

includes minimizing construction material wastage and expediting project schedules (Green Building Technologies 

2025 guide; Sustainable building trends report, 2025). Internet-of-Things (IoT) based building management systems 

which are inter-connected sensors, devices and networks are being adopted as a core component of many new 

commercial buildings, contributing to energy savings, as well as fault detection and optimizing the comfort of 

occupants (Special Review on Sustainable building trends 2025). Despite this, the sector is not yet at a point to achieve 

equitable penetration — industry surveys suggest that although most construction professionals know about some 

Green methods, building to deep decarbonization, as opposed to new construction, is still a “more capital-intensive 

endeavor” that takes “more time” (Green Building Practices 2025 guide). 

4.7 Smart Urban Water Management 

Climate change effects on the distribution of water have increased with water scarcity, ageing water distribution 

systems make urban water system an important target for digitalization. A representative study of how artificial 

intelligence and Internet-of-things architectures are applied to urban water distribution systems in Spain resulted in 

up to a 96.6 percent reduction in water wastage using dynamic, real-time optimization, as compared with the 

traditional static optimization methods (Leveraging Urban Water Distribution Systems, 2025). Wider evaluations of 

‘smart water city' concepts document the proliferation of urban water infrastructure applications driven by network-

based technologies, which range from smart water tanks and meters to smart leak detection and advanced monitoring 

and analytics for both drinking water, storm-water and wastewater systems, but warn that technological deployment 

remains a significant step ahead of the needed communication-technology coordination and institutional integration  

to achieve system-wide benefits (Towards a smart water city review, 2021). 

Results from multi-criteria decision making (MCDM) research for the water management (WM) aspects of 

smart cities showed that the selection of water management strategies has its highest priority based on factors of 

effectiveness and risk management, with the lowest priority for energy intensive desalination; rainwater harvesting, 

greywater recycling and reuse are rated medium, with regard to the overall priority for water management strategies 

(Optimal Water Management Strategies study, 2023). Some case-study examples provide evidence of the actual 

outcomes from water management practices integrating AI and IoT systems in Barcelona and Singapore, which have 

achieved tangible water savings and strengthen water distribution networks' efficiency and resilience in facing 

climate and population increase risks (AI and IoT in smart water management review, 2024). Meanwhile, studies on 

the life cycle effects of smart water meter deployment warn that the water and energy savings that smart water 

systems offer must be balanced by the water, energy and embodied software and electricity costs of digitalization 

including the costs of producing electronic water meters, energy consumption needed to power the data centres, and 

the replacement cycle of smart water meters. 

4.8 Digital Twins and Data-Driven Urban Planning 

Over the last five years, dynamic virtual replicas of physical cities systems, urban digital twins, have come a long way 

from research concepts to municipal implementation, characterized by the integration of real-time data streams for 

supporting simulation, monitoring, and decision-making. Interest has paralleled the growth of scholarly activity too, 

as a systematic review of innovation in urban DTs has been observed an increasing number of papers on urban DTs  
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published since 2020, appearing at significant volume in 2023 after a “spatially distributed” amount of papers in the 

years that preceded it (Review of Urban Digital Twins Integration study, 2024). Examples for cities include the city 

model developed for urban planning decisions in Zurich (Schrotter & Hürzeler, 2020); the "Virtual Singapore" 

platform that helps resolve transport and resilience issues in Singapore (AI-Driven data governance for smart cities 

study, 2025); and Vienna's geo-centric digital twin infrastructure (Towards Civic Digital Twins study, 2024) - citing 

Lehner & Dorffner. 

Although this trend is occurring, systematic reviews have consistently revealed that there is a significant mismatch 

between the goals set for the urban digital twin and the impact that these can have on the actual decision-making 

process and planned results. A systematic literature review points to the lack of considering the socio-technical 

complexity of digital twin implementation, suggesting an “Augmented Urban Planning” research agenda that enables 

digital twin adoption to go beyond just a data engineering problem and involve stakeholders and institutional 

processes in the construction and use of digital twins (What Have Urban Digital Twins Contributed study, 2025). 

However, despite the ongoing advancement of the technical frontier by edge-cloud, 3D immersive visualization, 

generative artificial intelligence, and blockchain integration, a related systematic review that included 64 peer-

reviewed studies based on the PRISMA methodology found that interoperability challenges remain with respect to 

the integration of different urban data systems into a coherent and efficient Smart City ecosystem, and that there is 

limited empirical evidence of digital twins providing the city-scale operational benefits and flexibility envisioned. IoT, 

AI and Digital Twins in Smart cities systematic review, 2025. 

An example of the promise as well as fragmentation of the current digital twin landscape is the sector-specific 

review, digital twins in urban water networks (Pedersen et al., 2021), which is a very separate undertaking from the 

digital twin for the smart-grid and transportation systems (Jafari et al., 2023), or the digital twin for intelligent traffic 

intersection management (Digital Twins for Intelligent Intersections review, 2025). A more comprehensive 

bibliometric analysis of over 4,200 studies related to Digital Twins in the field of Smart Cities also revealed that the 

research is largely constrained within different technical sub-levels, instead of a city-wide digital twin architecture 

(El-Agamy et al., cited in Digital Twins for Intelligent Intersections review, 2025). This is because the environmental, 

equity-based benefits that can be leveraged by use of digital twins, optimized emissions reduction, more efficient 

operation of infrastructure and emergency response rely on cross-sectoral integration of data that only a few of the 

current digital twin deployments have integrated together (Digital twin technology in smart cities review, 2025). 

4.9 Explore the importance of smart governance, citizen involvement, and equity 

The literature on governance spells out why those institutional lags are important for sustainability outcomes, since 

the technical domains explored above demonstrate that change in the technical areas can actually be swift while 

institutions lag behind. Smart governance (SGO) with a focus on the integration of digital technologies into 

institutional decision–making processes in the field of urban governance has been acknowledged as one of the key 

factors for sustainable urban development, however, it relies on a set of actors, digital technologies and enablers that 

are unevenly distributed between urban systems (Understanding Smart Governance of Sustainable Cities review, 

2025). Comparative case evidence shows a range of governance models: Medellín, Colombia, is often cited as an 

example of human-centered governance that has improved social resilience through participatory approaches, and, 

Aarhus, Denmark, has pursued a more technocratic collaborative governance model, with the combined efforts of 

smart sensors, IoT infrastructure, and green energy systems leading towards carbon neutrality (Understanding Smart 

Governance of Sustainable Cities review 2025). 

But, a more critical literature is emerging, warning that digital governance devices do not necessarily lead to 

venues that are more inclusive or equitable. The analysis of the Smart City Governance literature conducted by 

bibliometric analysis showed that the awareness of social sustainability aspects was still comparatively low, while the 

knowledge of aspects related to technology and environment were still highly dominant in smart city research (Social 

sustainability smart cities Global South study, 2025). The structural, economic and governance barriers have been 

cited as still affecting progress towards SDG 11, in particular in the context of global south, suggesting for example the 

need to be more creative in governance reform at the local level, rather than attempting direct implementation of  
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high-income derived smart city models (Oguntona et al., cited in Social sustainability smart cities Global South study, 

2025). A systematic review of Citizens Engagement barriers in the field of smart city governance organized these 

barriers into four categories, namely: technologic barriers, access and inclusivity barriers, information and awareness 

gaps, bureaucratic and policy barriers, stating that the need to overcome these barriers is a prerequisite for smart city 

investment to have a tangible impact on inclusivity and responsiveness of smart city governance (Rethinking the 

smart city review, 2025). 

Specifically for the Global South, the scale of the equity challenge shines through: By 2025, estimates by the 

United Nations suggest that almost 1.1 billion people lived in slum or informal settlements, a number that is expected 

to grow to 2 billion over the next 30 years, with the vast majority concentrated in the developing world. (United 

Nations - Smart Governance and the Equity Imperative in South Asia study, 2026) However, much of the growth 

happening is not in these ‘big urban center’s as demonstrated by the majority of the literature in smart city discourses, 

but rather in small and intermediate cities and towns, where critical scholars posit governance capacity is weak and 

smart infrastructure investment has not yet taken place, which while undoubtedly contributing to a growing urban 

population, do so while worsening urban poverty and inequality (Smart Governance and the Equity Imperative in 

South Asia study, 2026). Evidence collected through case research in intermediate cities in Ecuador also reflects how 

poor inter-sectoral coordination, disconnected planning responsibilities and limited citizen engagement hinder 

effective outcomes for implementation of good municipal policies, and how low-level participation of planners, urban 

practitioners and citizens helps fuel skepticism of smart city initiatives in African cities (Rethinking urban governance 

in the global South study, 2025; Smart cities in Africa systematic review, 2026). A related critical literature describes 

an “AI urban exclusion cycle” in the implementation of smart cities in the Global South, in which data-driven 

government and grounded surveillance-based infrastructures are introduced into cities characterized by informality 

and colonial urban planning history norms, which, instead of alleviating spatial and social inequality, can exacerbate 

it (The AI Urban Exclusion Cycle study, 2026). 

Meanwhile, AI for good governance research is on an optimistic trajectory, providing examples of genuine 

innovations with participatory digital tools: smart city algorithm registers in Barcelona and Helsinki for instance, 

which allow to audit automated municipal decision making processes; Vienna's digital-rights charter; Seoul's data-

release protocols that address 'differential-privacy'; or the algorithmic accountability regime for cities in New York 

City (AI-Driven data governance for smart cities study, 2025). The general picture that emerges from governance  

literature is one of a high degree of variation: “smart governance” can be a strong enabler of inclusive, sustainable 

urban development but can only be achieved if it is clearly designed to promote citizens' participation and 

institutional capacity building, not if it is only predetermined by smart technology deployments. 

4.10 Data Privacy, Cyber security, and Artificial Intelligence Ethics 

The same sensor networks, data platforms, AI systems capable of smart and efficient urban services that also raise 

major privacy, security and ethics concerns, are a growing topic in recent literature. A systematic review of 145 

scientific sources on AI, data privacy and ethics in smart cities revealed that the body of evidence was geographically 

biased, with case studies being under-represented in Central Asia, Africa and Latin America and making it difficult to 

generalize the governance recommendations originating mainly from North America, Europe and East Asia, based on 

the available evidence (Data Privacy and Ethical Governance in AI-Enabled Smart Cities review, 2025). A systematic 

literature review on data privacy and security in smart cities was performed implementing PRISMA methodology, 

revealing that the main problems presented are scalability, interoperability, regulatory issues, and the complexity of 

the implementation of real-time threat detection, where, although many of the techniques implemented are based on 

encryption and access control, their flexibility isn't sufficient for the dynamic and decentralized data architectures in 

smart cities (synthetic literature review on data privacy and security in smart cities, 2025). 

Some technology areas provide clear examples of such risk vectors: AI-supported public-safety surveillance 

systems are subject to potential hacking attacks that could trigger privacy violations and misuse of captured data; the 

Internet-of-Thing-enabled energy systems has its own unique "attack surfaces" (A thorough examination of smart city 

applications study, 2023). Themes of common risks there found across the literature are the digital divide, the lack of  
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inclusiveness in the design of digital services, the presence of such deep discrepancies in public acceptance of the 

practices of data collection that it is impossible to know which is which, the general worry about privacy and 

cybersecurity risks, and an overall critique of technocratic forms of governance which are designed as services and 

data providers for citizens (Social smart city research review, 2025). These worries are compounded by the emerging 

areas of interest in connections beyond smart city deployments, increased sensing density and algorithmic decision-

making that pose new privacy, equity and governance concerns for next generation 6G-enabled smart cities 

infrastructure as examined in a study commissioned by the AIOE entitled Navigating Ethical Challenges in 6G-Enabled 

Smart Cities study (2025). 

To tackle these threats, policy regimes have started to create and formalize ethical and privacy-protective 

recommendations tailor-made for the urban realm, such as the European Commission's Ethics Guidelines for 

Trustworthy Artificial Intelligence, the International Electrotechnical Commission's smart city privacy and security 

best-practice guidelines, or UN-Habitat's human-centric approach to digital urban governance (AI-Driven data 

governance for smart cities study, 2025; Impact of Data Security and Privacy Concerns study, 2024). However, 

provision of such frameworks is deemed to be effective strongly relying on local adoption and enforcement capacity, 

with significant differences in regional and municipal institutional maturity (Impact of Data Security and Privacy 

Concerns study 2024). 

4.11 Disaster Risk Reduction and Urban Resilience 

Energy systems in cities represent one of the most important fields for sustainable development (Smart Grids in the 

Context of Smart Cities review, 2025): they are estimated to be responsible for 75-80 percent of world energy 

consumption and the very same is expected for energy consumption-related greenhouse gas emissions. According to 

a more in-depth bibliometric study of over 9,300 publications on smart cities and urban energy planning, the research 

has tended to focus on the five themes of building-scale energy use, integration of smart cities and urban design in 

planning, smart transportation infrastructure and mobility, smart power network modernization, and smart policy 

and regulation (Smart Cities and Urban Energy Planning: An Advanced Review, 2024), with progress in the first four 

themes consistently outpacing the development in the fifth. This asymmetric has been a key and consistent theme in 

all the smart and sustainable cities literature that can be reiterated in the water, waste, mobility, and digital twin fields 

mentioned below. 

Advances in the integration of distributed renewable energy at the technology level have been demonstrated, 

particularly in the context of PV, wind, and, in some cases, geothermal and biofuels (Sustainable Urban Energy: 

Integrating Smart Grids into Smart Cities, 2020; Gill et al., 2024). Electric vehicles are now increasingly presented not 

just as a decarbonisation weapon, but a weapon that can help balance the grid: vehicle-to-grid approaches enable the 

use of 'Idle' EVs to 'catch', store, then 'return' to the grid electricity generated from renewables at peak periods, when 

consumption exceeds supply (Gill et al., 2024). While various potential solutions for smart grid in cities had been 

identified, a full list of sixteen solutions was identified, as well as a list of eleven that could be generalized as persistent 

implementation gaps that would span interoperability standards, financing models and workforce capacity (Smart 

Grids in the Context of Smart Cities review, 2025). More recent architecture-first reviews take this one step further 

and adopt a broader view of the new generation of AI-powered, decentralized urban electrical grids, suggesting that 

legacy power systems, built for a single-time, single-actor grid and passive response, are ill-equipped to address the 

new challenges of multi-actor coordination needed for an AI-powered, decentralized grid (Electrical Grid 

Architectures for Smart Cities review, 2026). 

Positive energy districts, neighbourhoods or districts (which meaning an annual cycle to produce as much or 

more renewable energy as consumed) has become widely cited as a critical implementation unit between the building 

and the city scales of energy transition actions whilst some of the key scaling challenges emanate from policy and 

regulatory, financing and social acceptance difficulties that have been noted in some systematic reviews of the subject 

(Urban energy transition in smart cities review, 2025). Strandjberg and Aarhus have served as case examples for 

Europe in the operationalization of energy/cluster of cities-energy-climate planning at the municipal and/or district 

level (Smart Renewable Energy System integration study, 2025), aiming to demonstrate that while technical  
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modelling and simulation skills are important, they are not the determining drivers for success in energy-climate 

planning and transitions on the local level. 

4.12 Measuring Progress: SDG 11 and Urban Sustainability Indicators 

Good measurement is a prerequisite for good accountability for sustainable urban development, as Sustainable 

Development Goal 11 contains the most comprehensive global framework for monitoring city-level SDG 11 

development under ten targets and sixteen indicators that cover issues of housing, access to transport, land use, 

participatory planning, protection of cultural and natural heritage, disaster resilience, access to air quality, and public 

space (The Sustainable Development Goal tracker of SDG 11, data from Our World in Data, 2023). The latest official 

monitoring figures show a true mixed picture. On the bright side, Europe and Northern America (in addition to 

Australia and New Zealand) have collection coverage above 98 per cent, while Eastern and South-Eastern Asia and 

sub-Saharan Africa considerably lag behind at 65 and 63 per cent respectively, with the need for more coordinated 

investments in collection infrastructure and the support of policy closing the basic service gaps (UN Statistics Division 

SDG 11 report 2025). The proportion of the urban population which has easy access to open public spaces has actually 

decreased from 48.0 per cent to 45.9 per cent in the timeframe between 2020 and 2025, pointing towards worsening 

conditions on this less encouraging sign of urban quality of life, according to a dataset of 414 cities across 126 

countries (UN DESA Goal 11 report, 2026). 

There are still recurring issues in methodological work linking global indicators to policy-relevant guidance 

for local implementation in SDG 11 measurement. A study developed an SDG 11 local implementation framework for 

municipalities in Japan applied principal component analysis and structural equation modelling to examine the roles 

played by a set of indicators, such as associations between higher degrees of urbanisation and better quality of life 

and better fiscal capacity of municipalities, which supports government decision making for investing on which areas 

to focus, but may not be applicable to regions with less developed fiscal institutions (Study to develop an SDG 11 local 

implementation framework for municipalities, Japan, 2022). The Research provided by the municipalities using 

alternative, established, indicator frameworks (such as the Mapping and Assessment of Ecosystems and their Services 

scheme, and the Knowledge and Learning Mechanism on Biodiversity and Ecosystem Services framework, and the 

Smart City Performance Measurement Framework, CITY keys) showed that these indicators do not consistently map 

onto all of the SDG 11 sub-objectives, and that municipalities should carefully consider which indicators to use or 

 perhaps opt for a mix of indicators, intentionally selecting those that represent the sub-goals that are most relevant 

to their specific city. (Public-pages Frontiers SDG 11 alignment study, 2018) 

A more widely used cross-national benchmarking tool is the Sustainable Development Report series, which 

has been released by the Sustainable Development Solutions Network every year, and which rates country-level 

performance on SDG 11 alongside other SDGs and provides a basis for comparison of the financial gaps that need to 

be addressed to achieve SDG 2030 targets (Sachs et al., 2025). The underlying nuance is provided in regional 

monitoring reports: "Although Asia-Pacific fares well overall, SDG 11 reporting illustrates where some indicators have 

seen backsliding since 2000, such as increases in absolute numbers in slums, progress on slum upgrading and 

decreasing exposure to disasters, reflecting the fact that aggregate regional urbanization and economic development 

does not automatically correspond to better sustainability outcomes at the indicator level (SDG11 Sustainable Cities 

and Communities Asia pacific report, 2025). 

5. Cross-Cutting Challenges 

Many of the issues discussed in the above twelve thematic domains appear repeatedly in the different domains, 

indicating that they are not a set of sectoral problems but a set of structural issues in the field of smart and sustainable 

urban development. First, as far as energy planning goes, technological innovation consistently outpaces regulatory 

and policy development, as mentioned by Smart Cities and Urban Energy Planning: An Advanced Review (2024); for 

digital twins, the technical but not open-ended capabilities are lagging behind regulations and policy, with What Have 

Urban Digital Twins Contributed? study (2025); and waste management engagements reveal that although technical 

capacity is winning a race, it is not yet able to keep up with city-wide operational deployment, as mentioned by IoT-

Enabled Waste Management in Smart Cities: review (2025). It suggests that in addition to ongoing technological  
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research and development, long-term financial investment should be continued in the field of building institutional 

capacity and expanding and strengthening the skills of municipal personnel to close implementation gaps. 

Secondly, interoperability is a special and recurring technical challenge. Interoperability is recognized as one 

of the eleven persistent challenges for smart grid deployment (Smart Grid review of Smart Grids in the Context of 

Smart Cities, 2025); data-integration and system-interoperability as central obstacles to the achievement of smart 

city-wide benefits (IoT, Data, AI, and Digital Twins in smart cities systematic review, 2025); and interoperability as a 

factor that harms the effectiveness of otherwise solid security measures (systematic review on the requirements for 

data privacy and security within smart cities, 2025). But since most domain-specific digital infrastructure is acquired 

independently (sector-by-sector, as a rule from several suppliers adhering to different sets of data standards), failures 

of interoperability add up, and in practice, fully-integrated, cross-sectoral smart city governance is difficult. 

Third, the very basis of the research is geographically biased, which hampers the generalizability of many 

smart and sustainable cities findings. Even some of those that are related to urban areas in Africa explicitly mention 

the lack of case studies in the region that will be experiencing the highest growth in urban populations over the next 

decades (e.g. Data Privacy and Ethical Governance in AI-Enabled Smart Cities review, 2025; Nor Shahrudin et al., 

2025). This poses a risk of applying governance mechanisms, technical standards and best practice recommendations 

geared predominantly to Northern American, European and East Asian experience to Southern, Global South cities 

that have institutional, informal-settlement and socio-spatial contexts very different from those in which those 

mechanisms and standards were developed (Smart Governance and the Equity Imperative in South Asia study, 2026; 

The AI Urban Exclusion Cycle study, 2026). 

Fourth, there was a lack of equity or distributional research in most of the areas examined, relative to 

technical and environmental research. The underlying focus of the literature on governance of smart cities has been 

confirmed by bibliometric analysis: the literature is predominantly dominated by technical and environmental issues, 

with limited attention paid to social equity issues (Social sustainability smart cities Global South study, 2025), a trend 

which is also reflected in studies on urban heat, for which social vulnerability studies, not dealing with urban heat per 

se, and focusing on social equity are only now gaining weight in the literature, and in the mobility literature, where it 

is still a topic of controversy how to introduce and sustain social equity aspects related to EV subsidies. (Urban heat 

vulnerability and mitigation in U.S. cities review, 2026) (Stefaniec et al., 2025). 

Fifth, sustainability accounting for the digital infrastructure, embodied carbon, e-waste and energy use is not included 

in the assessment of smart city technologies that are predominantly promoted based on their services’ operational 

efficiency. This is specifically mentioned by life-cycle assessment (LCA) research on smart water meters, which 

identifies the environmental costs of digitalization as part of the business case of smart water meters (How 

sustainable is digitalization in urban water infrastructure study, 2025), a detail that is often overlooked from the 

business case of smart city technology. This is a huge gap in the existing sustainability assessment practice when 

specific sensor, communication or computing infrastructure imagine digital twins, smart grid and AI-driven 

governance systems. 

6. Future Research Directions 

Based on the cross cutting challenges outlined above, there are specific research priorities that are particularly 

pressing. Evaluation evidence from almost all of the domains evaluated depicts primarily pilot-project reporting, or 

technical studies on feasibility, rather than any long term evaluation of the outcomes of smart city interventions and 

their impact on sustainability, as embodied in emissions reductions, resource saving or equity impacts over multi-

year periods. Second, the lack of research explicitly designed with a focus on Global South urban contexts, dealing 

with informality, resource-constrained institutional capacity and rapid population growth in small and intermediate 

sized cities, rather than megacities, is considered a priority gap as the majority of urban population growth will likely 

take place in these contexts in the future (Smart Governance and the Equity Imperative in South Asia study, 2026). 

Third, there is a need for dedicated research into integrated, cross-sectoral architectures of digital twins and data 

governance, explicitly linking energy, water, waste, mobility and green infrastructure data systems that has been 

proposed within the digital twin literature for the socio-technical research agenda "Augmented Urban Planning"  
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(What Have Urban Digital Twins Contributed study 2025). Fourth, there is a need to develop sustainability life cycle 

accounting frameworks specifically for urban digital infra, which will account for the "embodied environmental costs" 

of sensor, communication infrastructure and computing units to enable decisions for adoptions of smart city tech to 

be made based on operational efficiency or ‘real’ net environmental costs. Finally, comparative institutional research 

that explores the mechanism behind cities that are able to turn smart governance tools into real participatory and 

equity-oriented results (like Medellín) into what leads others (like much of the Global South’s smart city cases) to 

technocratic, exclusionary ones (as reported in critical scholarship on Global South smart urbanism) would yield and 

disseminate institutional design principles that go beyond mere 'technical best practices'. 

7. Policy Implications 

The evidence compiled in this review suggests some implications for urban planners and urban policy makers. The 

use of “smart” and “sustainable” should not be synonymous and planning and procurement choices for smart city 

investments should be based only if such an investment will bring social equity and environmental integrity as an 

explicit measurable benefit rather than an operational efficiency. In other contexts, there is a consistent finding that 

as technology implementation gets traction faster than institutional and/or regulatory development, it would seem 

that municipal governments should build institutional capacity, such as interoperable data governance standards, 

train staff and build engagement infrastructure not after, but while ongoing technology procurement. Interoperability 

failures cascade through sectors, and should be a central part of cities and national governments' digital infrastructure 

planning and investment priorities from the start of smart city initiatives, not after investment in and implementation 

of sector-specific digital infrastructures has taken place. To achieve sustainability without amplifying the benefits for 

already privileged urban populations, policy instruments can target specific population-specific equity challenges, 

such as introducing means-tested EV subsidies, an electric vehicle reversing charging framework, heat-vulnerability-

based green infrastructure placement, and participatory budgeting mechanisms for smart governance platforms. To 

conclude, with increased Africa, Latin American and some Asian underrepresentation in current evidence base, 

despite these regions as vital in current and future urban growth, international development finance institutions and 

research funders must focus on context-specific pilot programmes and research in these areas instead of continued 

funding of Global North smart city adaptation models for the Global South. 

8. Conclusion 

In the last 10 years, the combination of smart digital technologies and sustainability concerns has produced a reactive 

scope and vision of urban innovation that is truly transformative, first with renewable-integrated smart grids, AI-

optimized water networks, and nature-based climate adaptation and, more recently, ever-growing and complex urban 

digital twins. But, there is an important and consistent message in the recent literature reviewed here: technologically 

sophisticated does not equal to sustainable, equitable, or resilient urban outcomes. The same is true for the energy 

system, mobility system, smart and green infrastructure, water management, waste management, the built 

environment, digital twin solutions, governance, privacy, and resilience? In all of these fields, new technologies are 

advancing faster than the institutional capacity, interoperability standards, equity protection, and evidence base 

needed from the Global South to lead the way in their deployment and management in ways that bring better 

sustainability benefits for all city dwellers? In the next few decades, as over two thirds of humanity moves to cities 

and the city's institutional framework lacks sufficient preparation to meet the vital needs of these growing 

populations, the question for the rest of the century will be whether this change in urban life will be a story of truly 

sustainable development or of growing inequality and technologically mediated development. Smartness needs to be 

recognized as one of the tools needed to enable a transition in the direction of truly inclusive, safe, resilient, and 

sustainable cities, the whole larger purpose for which Sustainable Development Goal 11 was conceived. 
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