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Abstract

:

Recognizing the interdisciplinary debate about the digital devices and infrastructure needed to support the emergence and viability of smart cities, the latter can be considered one of the most challenging topics within recent decades due to its relevant role in supporting and enhancing citizens’ participation in public management. Using a deductive approach, in this paper, we propose a sustainability-based conceptual framework to support both policymakers and managers in better understanding at which level to act to improve citizens’ engagement as a way to ensure sustainable development in smart cities. The purpose of this paper is to explore how citizens’ involvement in smart cities can be steered toward positive attitudes and behaviors within the context of sustainable development. Drawing on a managerial perspective, we aim to provide preliminary reflections about the key role that digital technologies on which smart cities are based can play in promoting effective sustainable development for all.
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1. Preliminary Reflections


In recent decades, multiple research strands have been proposed with the goal of proposing theories [1], models [2], and tools [3] that can support both academics and practitioners in the development of new approaches for dealing with the digital dimension of the ongoing transition. Managerial and social studies have underlined the key role of digital transformation issues in influencing social and economic behaviors with respect to inclusive and sustainable development [4,5,6,7]. Reflecting upon consolidated managerial studies, it is possible to note how digital transition is usually approached as something not directly related to sustainable development [8].



With the aim of further investigating the relationship between digital transformation and sustainable development, in this paper, we adopt the interpretative lens provided by sustainability science [9,10,11] to depict a possible interpretative framework in which digital technologies and sustainability challenges are closely linked. In such a vein, the intriguing domain of smart cities (SCs) [12,13,14,15], a conceptual and theoretical field in which citizens are strongly committed to common goals and in which they play a key role in defining and supporting public management, is used to outline possible levers that can be used to engage actors in sustainability-based pathways and strategies [16].



Proposed reflections are used to extend the conceptual pillars upon which the Cities Circular Economy (CCE) suggested by Caputo et al. [17] is based, with the aim of highlighting main actions and plans through which policymakers, researchers, and practitioners can have the opportunity to capture and stimulate the multiple existing connections between digital technologies and sustainable development. In such a direction, we propose a conceptual framework that identifies and classifies six levels that can influence the ability of city management to engage citizens in sustainability paths thanks to the contributions provided by technology with the aim of supporting both policy makers and researchers to link sustainability and technology development in the domain of city management.



In accordance with the conceptual flow summarized above, the remainder of this paper is organized as follows. Section 2 provides a synthesis of the theoretical framework underpinning the suggested reflections to explain how the meaning of sustainable development is changing as a result of digital transformation and to detail how citizens’ involvement in SCs can facilitate the formulation of patterns to promote an inclusive digital and green transition. Section 3 describes and extends the CCE conceptual model to illustrate the key role that digital technologies can play in ensuring more effective sustainable development. Finally, Section 4 provides preliminary conclusions, implications, and possible new directions for inspiring research.




2. The Theoretical Framework


2.1. Depicting the Transformation of Sustainable Development in the Digital Era


The pervasive dissemination of new technologies is totally reshaping all consolidated managerial and social models [18,19]. The emergent Society 5.0 is a challenging domain that “involves a human-centric community which is capable of striking a balance between the economic proliferation and resolving societal liabilities by the core combination of cyber and physical space” [20] (p. 1). The main aim of Society 5.0 is to exploit “the role of the relationship between people and technology in improving the quality of life of every person by means of a super-intelligent society” [18], calling for a profound change in the methods and perspectives with which markets and societal relations are approached and managed [21].



Society 5.0 aims to build a sustainable society and to support people’s security and well-being on the basis of a specific cyberphysical system [22,23]. Society 5.0 describes a system of systems within which different systems (such as energy and highway transport systems, for example) are interconnected via the Internet to alleviate both locally and globally relevant social problems (such as the minimization of carbon emissions).



The concept of Society 5.0 seeks to solve social problems through a new approach. In this modern era, several aspects are interrelated, and technologies come together in a superintelligent society through the full blending of big data, the Internet of Things (IoT) and artificial intelligence (AI), to simplify digital and physical infrastructure for humans.The objective is to create social contexts in which people may generate value anytime and anywhere in a natural and protected context, without restrictions, such as those currently in place.



Therefore, a sustainable society is committed to and deals with its present while not undermining future possibilities, thereby arranging itself to enhance its citizens’ quality of life. Sustainability is considered to be a comprehensive approach that considers several domains, among which societal issues are an essential element [24].



The technologies associated with Society 5.0, shaping future smart cities, may provide a link connecting citizens and key policy makers to broaden the participation of other stakeholders and ultimately to impact sustainability decision making [25].



As a result, the idea is that every country would be more sustainable by means of better social policies, honest labor, inclusion and equality, offering consistency of policy to embrace the issues in a more cross-cutting way.



Regarding economic sustainability, emergent digital technologies have the potential to guide the transformation towards a more sustainable circular economy, the digital sharing economy, and determine a sustainable design of production and infrastructure.All economic sectors are demonstrating a growing interest in the opportunities made available by big data technologies and analytics [26] to better understand the market’s expectations and needs, with the aim of discovering new routes to meet market demands in a more sustainable manner [27].



Emerging digital technologies have changed how companies and citizens conduct their daily life and business activities, resulting in a digital transition. The concept of digital transition describes the transition from analog to digital processes, enabling digital tools to shape processes and operations, thereby making improvements in performance and productivity. Additionally, the digital transition has enhanced the ability to create and implement sustainable solutions.



While manufacturing practices are linked with the improvement of human well-being, they have also been associated with today’s environmental and industrial threats. Consequently, scholars and practitioners have recognized digital technologies as pragmatic means for the transition of production processes towards sustainability [28].



Digital technologies have the potential to support industrial sustainability in several ways, including by determining the changes needed at the corporate level to improve organizational performance towards sustainability, optimizing organizational planning processes to forecast demand and identify opportunities presented by sustainability, and enabling companies to experiment with new, efficient business models [29].



Therefore, relying on the ability to collect, organize, and utilize data in wide-ranging processes, new tendencies for the creation of value are arising [30], and new paths for sustainable development are appearing [31].



As one of the cornerstones of Society 5.0, technological innovation may exploit the main characteristics, such as digital alignment, reduced costs of information and reporting, and the rise of cross-border networks, with a resulting effect on sustainability [32]. In short, digital transformation is driving the emergence of a new key path for value creation in business–market relations: the use of information to ensure sustainable development [33]. The current relevance of information undoubtedly thanks to the power provided by the ongoing digital transition [34].



However, information still appears to be undervalued in the sense of a “domain” for value creation and sustainable development through the definition of innovative and widely diffused knowledge management practices [35]. In such a vein, several studies have underlined how the challenging aim of sustainable development can be achieved only if all players are oriented toward shared goals and are able to exchange data and information to attain those goals. [36]. According to this perspective, current managerial literature has identified the key elements of digital technologies that ensure the required alignment in purpose among actors and related information sharing [37]. Unfortunately, the digital transition alone seems to be unable to ensure the required change in perspective due to several cognitive phenomena, such as knowledge hiding [38], knowledge speculation [26], and knowledge brokerage [39].



Reflecting upon the possible reasons why digital transformation and (consequentially) digital technologies are not enough to ensure the expected alignment in actors’ purposes and approach to information sharing required to ensure sustainable development for all, a possible motivation can be identified in the challenging concept of cognitive distance, which refers to the different ways in which subjects build their personal representations of the world and of all the processes in which they are involved [40].



This “distance” affects the way in which actors deal with information flows, reducing their willingness and orientation toward information sharing every time they perceive the possibility of obtaining a personal advantage from the exclusive use of owned information [41]. In such a vein, increasing attention on sustainability and sustainable development can offer a possible solution because they can be considered the consequence of the necessary fundamental reassessment of perspectives through which several actors and interests could agree on shared purposes toward which they should direct their forces and resources [42]. Actors sensitized to sustainability challenges and sustainable development are more inclined to share personal information and data [43]. Sustainable development, therefore, provides the possibility to ‘see and touch’ steps and processes through which a more inclusive society can be built, providing chances to overcome individual reluctance with respect to knowledge and information sharing, which are needed to guarantee the success of the journey [44]. In this regard, some of the several contributions of significant role of multistakeholder collaboration are ensuring the success of the sustainability-based model [45] and the necessity of a multidisciplinary and transdisciplinary setting capable of ensuring the combination of various (and sometimes diverging) perspectives are mentioned [46].



Pomponi and Moncaster [47] focused on the circular economy and recognized “six pillars” required in a holistic approach to ensure sustainable development: (1) the governmental dimension, (2) the economic dimension. (3) the environmental dimension, (4) the behavioral dimension, (5) the social dimension, and (6) the technological dimension.



In the authors’ opinion, to promote an efficient model for sustainable development, such as the circular economy, it is necessary to define a governmental approach capable of addressing the behavior of individuals by defining precise and strict rules; reimagining economical dimensions to overcome the simplistic view of ‘profit’; encouraging alternative and more efficient ways of using energy and raw materials; promoting responsible behavior by providing more information on products and brand life cycles; ensuring a collaborative, inclusive, and participation-based use of available resources within the social dimensions; and facilitating access to and equal use of technologies. Through these pillars, it is possible to highlight that the logic of the circular economy and (more generally) sustainable development is strongly based on cooperation between multiple actors who—guided by a shared goal—may transcend their individuality to ensure collectivity and an inclusive development.




2.2. Sustainable and Inclusive Development through Citizens’ Engagement in Smart Cities


As briefly summarized in the previous section, due to the sudden spread of new digital technologies, there has been a growing focus on the digital domain, which has produced multiple effects in various socioeconomic domains [48]. Governance over towns and municipalities appears to be a challenging task as a result of the growing popularity of the ‘smart city’ concept in the scientific and professional communities [49].



Although the smart city notion was formulated more than 20 years ago [50], it has long been perceived as an area of interest only for computer scientists, for whom it constituted an ‘empirical field’ in which to test the application and viability of new digital technologies and devices [51].



In more recent times, the subject has captured the attention of social and management scientists, who are intrigued by its potential employability as a pathway for the promotion of e-public government and citizens’ involvement in policymakers’ decisions and projects [52]. Concerning this point, the authors of [53] argue that when focusing on “smartness”, “Integration is a key dimension that characterizes smartness in the system of the government. Communication, responsiveness, coordination, and service deliveries for citizens can be improved through integration and inter-organizational information sharing in government agencies, making government smarter”, opening a considerable debate to which several researchers and practitioners have contributed, proposing tools [54] and practical experiences [55] to support the integration of citizens in new models of city governance [56].



Testoni and Boeri [57] suggested that the management of smart city dynamics necessitates a fresh governance model and robust local government coordination to sustain the handling of complex cooperation procedures with a multitude of actors, particularly citizens. Such a scenario would require redesigning the functions of governments, citizens, and other societal players, as well as the exploration of emerging information technologies to provide a novel form of governance that includes new relationships, new processes, and new governance structures [58].



More specifically, the awareness of diverse stakeholders is significant because sustainability issues are likely to have unforeseeable and simultaneous economic, social, and ecological impacts. Therefore, each individual player has relevant information pertaining to how their own community is being impacted and by which problems, as well as different approaches necessary to understand such problems and, therefore, to deal with them appropriately [59].



Consequently, key success factors of smart city initiatives include the “reorganization of administrative structures and processes between multiple agencies and departments of local government” and the “involvement of stakeholders in governance” [60] (p. 2953). The creation of smart governance frameworks for urban policies is a method of refining decision-making processes and increasing the standard of public service delivery [61]. The significance of the transformation of the government–citizen relationship and collaborative governance as the core aspect of smart governance introduces the concept of participatory governance, which is strongly linked to the new model of governance (as a method) in fostering communication, interaction, collaboration, involvement in decision making, and direct democracy. The growing demands and expectations citizens in favor of practices that are more democratic and more involved in affairs of the government, along with advancements and investments in ICTs and the subsequent improvement of interaction and dialogue between government and citizens, influence e-government strategies. As a result, these strategies increasingly emphasize the citizen-centered component. Such a component concentrates on the relevance and function of citizens, both as ‘clients’ to create customer-oriented services by employing a less technocentric approach [62,63] and as partners in the coproduction of government services.



A successful process of engaging citizens must integrate everyone’s voices and requirements and expand their understanding of a public issue, then encourage them to put this awareness into practice to contribute to improving their standard of living and the community [64,65]. Providing opportunities for citizen involvement and ensuring that these chances are regular and ongoing can contribute to the long-term success of these initiatives. As anticipated in the previous subsections, emerging technologies and digital transformation have an essential function in citizens’ involvement and active participation in processes aimed at long-term sustainability, contributing to the reshaping of social relationships and the empowerment of citizens, connecting individuals and smoothing the interchange of knowledge across increasingly broad specificities [66]. Therefore, several engagement tools, mainly of technological origin, have been developed to involve people in their physical communities and allow for participation [64].



Concerning the general usability of ICT-based engagement practices for social issues, the authors of [67] conducted a comprehensive review of 32 case studies aimed at examining citizen involvement in city water management. By exploring crowdsourcing and platform-based solutions, including social media, opensource software, blogs, and e-learning platforms, the authors noted advances in the effectiveness and efficiency of urban water management [68].



Greater focus on citizens enables them to intensify their engagement, which is focused on cooperation, participation, and community empowerment [69,70,71] and can result in enhanced government transparency [72] and augmented citizen trust and satisfaction [72]. High satisfaction levels lead to increased use of digital government and an enhancement of its future development. More significant roles of citizens and their closer cooperation with the government bring about a smart government model in which the relationship transcends the improvement and the provision of services and extends to the fields of policy making, broader social concerns, and more extensive stakeholder networks.



Pursuing the theoretical flow outlined in [53] and recapitulating the extensive management literature provided in recent years on smart city models [73], and their contribution in fostering and securing citizens’ participation [74], it is possible to individuate in the studies conducted by Anttiroiko et al. [75] on the validity of smartness support to visualize the six levels on which SCs act to ensure citizens’ participation: (1) governmental, (2) sociocultural, (3) logistical, (4) productive, (5) ecological, and (6) semantic levels.



On a very specific level, the proposed framework allows for the assertion that the involvement of citizens in SC operations and planning is facilitated by the establishment of governmental frameworks concerned with ensuring equitable sociocultural participation, wherein logistical infrastructures are designed and run to support production activities guided by a shared ecological vision and made available through a comprehensive and clear communication flow.





3. The Conceptual Model


Recognizing the validity of the suggested theoretical framework, the digital transition and sustainable development are not to be treated as separate and unrelated domains but are to be treated as interrelated components, both of which are necessary to ensure an effective, inclusive, and adequate development for everyone [8].



In such a direction, Caputo et al. [17] hypothesized that the digital and green dimensions can be merged to build a relevant theoretical model that would assist policy makers, researchers, and practitioners in driving the engagement of actors in sustainability-based pathways inside strongly interrelated domains and proposed and applied the conceptual model named Cities Circular Economy (CCE) in the context of a smart city because of the large amount of relationships it relies on, the manifold stakeholders’ perspectives by which it is governed, and the central role that citizens’ engagement plays in influencing its functioning and existence through time. The concept of the Cities Circular Economy (CCE) was designed to represent the layers in which sustainability pathways are promoted in each type of ecosystem on the basis of the relationships between different and divergent outlooks. According to the authors, the city can evolve as a socioeconomical organization toward a ‘sustainability’ pattern when the six dimensions suggested in [47] are handled by means of a comprehensive approach, while this pattern ‘evolves’ into a ‘circular’ composition when the dimensions are addressed and administered through the identification of the various levels of action listed in [75], each of which is aimed at achieving a specific goal.



Following the conceptual logic upon which the Cities Circular Economy (CCE) is based, thanks to the adoption of a deductive approach [76], it is possible to identify six levels able to influence the ability of city management to engage citizens in sustainability paths thanks to the contributions provided by the technology. The six levels are as follow:




	-

	
The ecological level only considers the environmental dimension because of its crucial role in guaranteeing the survival of socioeconomic organizations through time;




	-

	
The sociocultural level, in which the environmental dimension is enhanced by the social dimension to explain how stakeholders relate to and exploit available resources;




	-

	
The semantic level, in which the technological dimension is added to explain how actors are interconnected and exchange information within socioeconomic organizations to utilize available resources;




	-

	
The productive level, in which the economic dimension is incorporated to explain the benefits achieved by interrelated actors within the city ecosystem;




	-

	
The logistic level, in which the behavioral dimension is seen to explain how the relationships between actors within the city ecosystem may be effectively implemented by means of a structural arrangement of available resources;




	-

	
The governmental level, in which the governmental dimension is included to explain rules, logics, and holistic outlooks that are supposed to drive and direct the behavior and decisions of the actors within the city ecosystem.









Reflecting upon the ways in which these six levels can support citizens’ engagement and sustainable development in smart cities thanks to the support provided by digital technologies, the conceptual representation shown in Figure 1 can be hypothesized.



As summarized in Figure 1, sustainable development orientation and the citizen engagement level can be considered as correlated dimensions, and six configurations can be derived from their combination in which digital technologies can play a relevant role, as detailed in the following sections. According to this point, it is possible to note how the sociocultural level, productive level, and logistic level are associated with a low level of sustainable development orientation because they typically represent the results of an individualistic approach through which actors prefix personal aims despite collective interests. These three scenarios are associated with three different citizen engagement levels because the sociocultural level strictly refers to the individualistic representation of reality (each actor does not recognize the whole and is not engaged in it), the productive level requires recognition of the existence of the actors involved in specific processes (each actor recognizes only a part of the whole and is only engaged in it), and the logistic level requires recognition of the complex of processes through which a system is organized (each actor recognizes the whole and is engaged in it).



From a different viewpoint, the ecological level, semantic level, and governmental level are associated with a high level of sustainable development orientation because they typically represent the results of a collective approach through which actors prefix collective interests despite personal aims. These three scenarios are also associated with three citizen engagement levels because the ecological level is typically affected by an individualistic and subjective representation of natural resources (each actor does not recognize the whole and is not engaged in it), the semantic level requires paths and approaches be built to ensure communication and information sharing inside defined processes (each actor recognizes only a part of the whole and is only engaged in it), and the governmental approach requires that all actors’ needs and expectations be considered and jointly approached in sharable, organized processes (each actor recognizes the whole and is engaged in it).



3.1. Digital Technologies and Citizens’ Engagement in Smart Cities


According to the conceptual model presented in Figure 1, the whole domain related to actors’ interests and orientations toward sustainability and sustainable development is simplified in two dyadic representations: low and high sustainable development orientation. Specifically, these two levels aim to decode the existence of an effective interest of socioeconomic actors in sustainability and sustainable development challenges as a first step in supporting practitioners and scientists in addressing the development and use of technological devices in a more effective way. According to this representation, when socioeconomic configurations show a low level of sustainable development orientation, it is possible to identify three different fields of action acting on a different approach to citizen engagement.



The first configuration, the ‘sociocultural level’, shows a low level of citizen engagement and is usually characterized by low levels of attention of socioeconomic actors in the topics of sustainability and sustainable development. This configuration, in the domain of smart cities, requires activating technologies that can be easily used by citizens and policy makers to collect information about the structure and infrastructure within which they develop their activity. Possible examples that can be improved by smart cities to stimulate citizens toward sustainable development in such a configuration include the use of QR codes to provide more information about food tracking and environmental impacts and applications for digital reservation of public services (transportation, meeting in a public office, hospital services, etc.).



The importance of supply chain integration to improve the coordination of smart cities was discussed by Yan et al. [77]. Adequate data exchange and agile creation properties must be matched in smart cities, which require supply chain integration to improve responsiveness.



For example, Regattieri et al. [78] proposed a framework for food traceability that includes product data, routing, traceability devices, and product identification. Several technologies were discussed by the authors, such as radio frequency identification (RFID), barcodes, and alphanumeric codes. In addition, Kelepouris et al. [79] debated the ‘practical circumstances of using RFID in food chain tracking’.



However, efforts remain far from adequate, as safety and quality problems such as counterfeits, excessive and unhealthy additions, and expired and spoiled food continue to occur frequently. Effective traceability of prepacked food along the entire supply chain is expected to be an important tool to overcome such issues and is being widely acknowledged and tested in the food industry [80,81,82]. The explosion of Internet of Things (IoT) technologies means that many real-time tracking and tracing (RT3 S) systems have been deployed in the food supply chain to ensure food security [83]. RT3 S allows for the detection of potential security threats and rapid response to emergencies [84]. In addition, it may also raise customers’ trust in buying these foods [85].



QR (quick response) codes, which consist of two-dimensional images that, when scanned by a smartphone camera or scanner, cause the smartphone to open a web page or display an image, video, or text, have become prominent in the food supply chain thanks to their rapid legibility, high storage capacity, and comparatively reasonable cost in full implementations. For example, Qiao et al. [86] proposed a vegetable supply chain traceability model incorporating two-dimensional barcode technology and web services technology. To realize traceability and retraceability in the agri-product supply chain, Gao [87] investigated the application of QR-code technology in the tracking system and the development of a traceable logistics information system based on QR codes, applying QR-code technology in the information transfer process of the vegetable supply chain, encompassing the planting, processing/packaging, and distribution/retail stages. Tavares et al. [88] developed a solution for traceability and retraceability in procurement chains using a QR code for tag generation, image capture and preprocessing, product inventory, and traceability. Additionally, it is worth noting that the implementation of smart parking technologies, such as online parking reservation applications, has the potential to help operators gather and analyze accurate parking data to improve customer satisfaction, enhance the parking experience, and make parking and actual revenue as efficient as possible.



In terms of environmental protection, the reliance on printed tickets is eliminated, since the ticket would be a QR code on the application.



Paper-based ticketing systems are time-consuming and labor-intensive, resulting in increased costs and longer processing times.



By using QR codes in smart car parks, people can pick any empty parking space of their choice via the application. The user only has to scan the QR code on the QR scanner first before parking and dispatching the vehicle. The user’s operation is then recorded in the facility’s database. The suggested system reduces the time needed to find a free parking space, thereby reducing fuel consumption and user frustration [89].



The second configuration, named the ‘productive level’, refers to actors’ perception about the advantages that they can obtain from collaboration inside a defined ecosystem. In such a configuration, smart city managers should promote technologies able to emphasize in which ways citizens can collaborate to support and facilitate the achievement of sustainable development goals. Possible examples of contributions that digital technologies can provide in such a configuration include the development of a digital app to stimulating the sharing economy (e.g., car sharing, bike sharing, office sharing, etc.) and to the implementation of platforms in which citizens can easily interact to identify collaborative actions and programs (e.g., city gardens, shuttles to take children to school, thematic events, etc.).



One of the primary foundations of the smart city idea is smart mobility, which is centered on improving urban transportation [90]. By implementing cutting-edge solutions for residents via information and communication technology, mobility may be optimized [91]. ICT is a key component of smart mobility (SM), which is used in both backward and forward applications to support traffic flow optimization, enable the multiplication of solutions, and improve user-friendliness [92,93]. Social media is also used to gather citizen feedback on the usefulness and quality of these services.



SM provides a number of alternatives to traditional public transportation options, including mobility sharing, mobility as a service (MaaS), mobility on demand, and autonomous transportation systems. The primary objectives of SM are to reduce pollution and traffic congestion, increase people’s safety, decrease noise pollution, improve transfer speed, and reduce transfer costs [92].



It is possible to lessen the negative environmental consequences of automobile use by improving urban transportation services [94]. Despite bold initiatives to promote sustainable mobility, these adverse environmental effects are especially significant given the sector’s growing percentage of total final energy consumption in the EU [95]. For an urban transportation system to be efficient and successful, both personal mobility and connection of public transportation must be taken into account [96].



The term “sharing mobility” describes the shared use of vehicles such as motorcycles, scooters, bicycles, and electric micromobility. One of the most cutting-edge transportation methods that enables individuals to quickly access means of transportation in accordance with their demands is sharing mobility. One-way services (by bicycle or car) that can be returned to another place and round-trip services (by bicycle or car) that may be returned to the starting point or anywhere within a defined geographic area are both examples of shared mobility [97].



The usage of conventional and private modes of transportation must be drastically reduced in favor of effective modes such as electric public transportation, walking, bicycling, and car sharing [98].



The third configuration, named the ‘logistic level’, requires a high level of actor engagement because it refers to the definition of stable configurations through which actors can interact over time to exchange resources. With a specific domain of a smart city, the logistic level refers to the ability to code processes that are useful in supporting citizens in their daily activities. With reference to this configuration, digital devices can provide multiple contributions by optimizing the use of energy for public and private buildings (e.g., smart grid, home automation, remote control, etc.) and/or supporting citizens in selecting sustainable alternatives in light of the city’s state at a specific time (e.g., choice of better food suppliers, table reservation in a restaurant, choice among alternative transportation services, etc.). To offer sustainable, dependable, safe, and high-quality energy to all users, smart grid technologies are specifically described as self-sufficient systems that can swiftly repair issues in an existing system while reducing the need for human labor [99].



Smart electricity grids provide the possibility of monitoring distributed energy production through remote reading tools and of reducing the load in case of emergencies [100]. Additionally, historical data on energy output and consumption are used to estimate demand, guaranteeing an exact balance between energy supply and load demand [101,102].



The concept of the smart grid can be defined in different ways, but the shared aspect is the two-way or bidirectional communication, together with the flow of energy between the two involved entities, i.e., the consumer and the grid. The flow of energy has been present for a long time, but the incorporation of communication technologies has made the two-way communication aspect possible. The main features of smart grids or intelligent grids concern monitoring, protection, automation, optimization, integration, and security of the energy flow from utility generators to end-user devices. This leads to energy storage and efficient energy utilization for both power and infrastructure applications.



Communication technologies have played an important role in the concrete implementation of the core characteristics of smart grids. Advances in wired and wireless communication and the widespread accessibility of low-cost interworking devices have led to the emergence of many smart grid applications [103].



In addition, the smart grid must perform very efficiently, with considerable reliability and improved power quality. This key feature provides many advantages and future perspectives in the electricity sector. Customers will be more in charge of and accountable for their energy use. Long disruptions will not happen, owing to the self-healing function. Because smart grids facilitate the integration of renewable energy sources, they would be more efficient and affordable than the current energy system [104].



Carbon emissions may be decreased by prioritizing renewable energy sources. Energy storage prioritization of renewable energy sources can achieve the grid’s goal of maintaining a balance between supply and demand. In order to provide a regulated stream of energy through distribution networks, the grid must have a dynamic structure [105].



Smart grids enable applications in terms of distribution, transmission, and management and prioritize renewable energy sources for energy continuity [106].



The many types of applications developed to support citizens’ choices include mobile applications for searching and/or booking restaurants (MARSR). A MARSR application is a free program created to run on mobile devices that enables users to perform informational searches; choose and reserve restaurants; and, more specifically, locate restaurants (53%), browse menus (49%), research new restaurants (37%), and place orders for pick-up or delivery (35%) [107].



MARSR provides users with information about restaurant capacity, how busy restaurants are in real time, and when tables will be available, as for other tourist services [108].



This removes uncertainty about schedules and avoids customer waiting times and overcrowding, which are usually linked to environmental damage [109]. This type of app can be understood as a process of the customer service experience [110], i.e., it is part of the tourist experience process when consuming food services.



According to a study by Palau-Saumell et al. [107], mobile apps have evolved into a crucial strategic component in the hospitality industry, especially for restaurants. The customer’s job is made easier for restaurants that use mobile apps to take online reservations at specific times and on specific days. Additionally, restaurants may target direct marketing campaigns to anyone they want and whenever they want by doing away with mobile apps for bookings because they have access to the data of their past reservation-making consumers [111].



Customers’ habits, perceived legitimacy, hedonic incentive, performance expectations, effort expectations, savings orientation, social influence, and enabling conditions are the key factors that affect how often they utilize mobile apps to make restaurant reservations [107].




3.2. Digital Technologies for Sustainable Development in Smart Cities


Following the conceptual flow proposed in the previous subsection and shifting the attention from a configuration characterized by a low level of sustainable development orientation to a configuration influenced by a high level of sustainable development orientation, it is possible to define scenarios in which a different approach is required in the management of digital devices within smart city configurations. Specifically, the three configurations related to a high level of sustainable development orientation, as shown in Figure 1, require identification of which ways digital technologies can be used to provide an effective response to ‘sustainability-based’ needs and expectations that are clear and well understood by citizens. Focusing attention on these three configurations, it is possible to note the radical changes required in the approach of smart city management with respect to digital devices and technologies.



The first configuration, named the ‘ecological level’, is basically related to the availability and accessibility of resources required to satisfy actors’ needs. In the smart city configuration, such a level refers to the opportunity to support citizens in easily knowing, understanding, and selecting services and opportunities provided by the smart city. In such a configuration, the digital device should support citizens by analyzing their expectations to propose personalized (cultural, work, and recreative) programs to stimulate sustainability-based behaviors by ensuring personal satisfaction and gratification. With reference to this configuration, a key contribution can be provided by artificial intelligence (AI) and by big data analytics technologies.



The capacity of computers to solve issues and accomplish objectives is referred to as artificial intelligence (AI). Three categories can be made distinguished among these abilities: (1) learning and comprehending from external data [112]; (2) AI systems attempting to mimic human cognitive processes, such as vision and language [113]; and (3) AI systems dealing with the complicated ways in which people think and feel [114].



The ability of robots to “learn from experience, adapt to new inputs, and perform human-like tasks” [115] (p. 63) is one of the potential applications of artificial intelligence (AI). Three key benefits are offered by AI technologies. First, AI enables the automation of pertinent but time-consuming and repetitive operations, freeing up human focus for higher-value work. Second, AI reveals information that would otherwise be hidden in vast amounts of unstructured data that previously needed to be handled and analyzed by humans, such as information derived from videos, images, written reports, business documents, social media posts, or email messages. Thirdly, AI can use countless computers and other resources to tackle even the most challenging problems. Therefore, it is important to use AI’s capabilities to identify solutions for the environmental dilemma.



Additionally, knowledge asymmetries and human emotional biases, two issues that hinder the development of solutions for environmental sustainability, may be solved by AI [116].



Humans now have the ability to consider, plan, and implement comprehensive solutions to environmental disasters and climate change, free from reductionist thinking and the narrow interests of individuals and small groups. Although humans design the initial architecture of AI systems, as computers consume and learn from massive volumes of data, the decisions they make will differ from those made by skilled humans, since they are based on objective data and free from cognitive and emotional biases. AI also provides chances for sophisticated extraction methods (such as mining in space) and management of extremely volatile materials (such as nuclear waste) without endangering human health. These places and situations are considered to be high-risk.



In other contexts, artificial intelligence can identify the variables that have a positive or negative impact on environmental performance. Aside from managing increasingly frequent and severe natural disasters, artificial intelligence can help uncover ways to reduce emissions, water footprints, biodiversity concerns, and other environmental impacts [117]. A smart city’s governance, culture, and metabolism can also be supported by AI analysis of big data produced by the Internet of Things (IoT) [118].



Finally, Nishant et al. [117] assert that environmental psychology and sociology viewpoints should be incorporated into AI for sustainability, since effective long-term solutions depend on an understanding of the psychological and sociological foundations of human reaction.



The second configuration, named the ‘semantic level’, refers to the opportunity to define a common and sharable language among the actors engaged in the defined configuration to stimulate and facilitate their interaction and resource exchange. With specific reference to the smart city domain, the semantic level refers to the opportunity to build locally based interexchange platforms that support local (public and private) actors in easily accessing all the information needed to evaluate citizens’ services and activities and in terms of sustainability impact. The contributions that digital technologies can provide with reference to this field are multiple, and they are well-summarized by the multiple challenging applications that are available thanks to augmented reality (AR).



A concurrent mix of the real environment and virtual things that can interact in real time and have a three-dimensional recording of the virtual items is known as an augmented reality (AR) system [119,120].



According to Azuma [121], augmented reality (AR) systems combine the real and virtual worlds, are real-time interactive, and are registered in three dimensions. This allows other technologies, such as mobile devices, monitor-based interfaces, and monocular systems, to superimpose virtual objects on top of the real world.



Human environmental perception has been changed thanks to modern technology. In this regard, AR is the most important technology, adding virtual information to real environments, with effects on user cognition [122,123].



AR increases intangible virtual information in the tangible world. Through AR technology, an intuitive, contextual, and immersive way to represent and overlay various data in the urban context is created.



Overlaying information on the real environment may be a considerable advantage in smart cities. The main goal of smart cities is to link everything together and to people. Therefore, AR technology can help citizens to connect instantly and immersively with everything around them [124]. Additionally, augmented reality (AR) can enhance interactions between people and computers in intelligent surroundings in a fun and exciting way that also has advantages for sustainability. Grande [125] noted that by lowering costs and emissions brought on by logistics, AR is a technology that promotes the triple bottom line (TBL). Additionally, SDG 4 and AR can work together to advance sustainable development [126].



The literature has frequently referenced AR technologies as those that can lower facility, manufacturing, engineering, and educational expenses while also resulting in more environmentally friendly outcomes for the physical environment [127,128,129].



Because it allows users to experience nature without affecting it, AR is the perfect tool for preserving the environment.



The third configuration, named the ‘governmental level’, is related to opportunities to identify efficient ways in which to address actors’ decisions and behaviors with respect to higher ethical and sustainable standards. With specific reference to the smart city domain, this level requires rethinking of the processes through which new rules are introduced and new laws are applied, with the aim of promoting a more democratic logic and extensive participation. Useful contributions to this domain can be provided by digital technologies thanks to so-called virtual reality (VR), through which it is possible to simulate citizens’ reactions and perceptions with respect to new rules and guidelines.



The physical environment is completely replaced by a virtual environment in virtual reality (VR), and everything is produced by a visual device [130].



Immersive virtual reality (VR) provides a life-like first-person experience in a three-dimensional virtual environment augmented by multisensory feedback using a head-mounted display, hand controllers, stereoscopic sound, and haptic feedback.



Virtual experiences have become more engaging thanks to technological developments that increased the sensory information supplied, enabling users to feel more connected to virtual experiences. Bailenson [131] argued that VR is most appropriate when simulating otherwise dangerous, impossible, counterproductive, or expensive experiences. In the domains of understanding, emotions, and behavior, along with communication and planning to handle environmental issues, VR has shown encouraging outcomes.



As an alternative, users can learn fundamental concepts about climate change and coastal risks through interactive and secure learning environments provided by virtual reality (VR) simulations. This idea is in line with research that has argued for the necessity of creating a collection of engaging “management flight simulators” for the general public and policy makers to enhance the risk communication process [132]. Virtual reality (VR) experiences can simulate some impending effects of climate change, such as coastal flooding, which cannot be taught through a real (as opposed to virtual) experience without placing people in danger. In order to overcome some of these difficulties, users can learn crucial concepts regarding climate change and coastal threats in an immersive, participatory, and secure learning environment through virtual reality (VR) simulations [133].



It has been argued that focusing on a personal connection, relevance, and learner agency is more effective [134,135], as direct experience of an environmental issue is stronger than second-hand information [136]. The provision of information by itself is not sufficient to trigger behavioral or attitudinal change [137,138]. Not only experience but also behavioral responses influence the ways individuals learn and perceive risks. The ‘Experience-Perception Link’ field of research [139] explores how the experience of the causes of environmental problems (such as extreme weather phenomena) influences individuals’ attitudes and behavior towards these problems.



The capability of virtual reality to swiftly visualize and modify environments in response to user feedback enables a greater understanding of design aspects for a specific context and/or user spatial perception [140]. Virtual reality has been used predominantly in the context of urban development to submit proposals in an intuitive and interactive manner. Allowing everyone involved, such as policymakers, local communities, and urban planners, to participate in and better understand the anticipated changes in an environment prior to the implementation of a development improves information sharing and consensus building during the planning process [141,142].



Diverse research studies have demonstrated that the ability to experience VR scenarios from multiple perspectives has a profound influence on how users perceive problems. For instance, a study on 3D replicas of press events revealed that virtual reality (VR) scenarios foster empathy and have the potential to significantly influence and even alter public opinion on current issues [143]. VR can establish an emotional connection between the audience and the subject, and this emotional connection motivates users to pursue additional information to contextualize what they experienced in the VR scenario.



Participatory approaches involving multiple stakeholders are essential for intelligent and widely accepted urban development. However, only a few cities have established a connection between citizen participation and urban planning. Innovative virtual reality (VR) enters into play here. The technological advancements in VR now permit individuals to be virtually integrated into the future. Using gamification techniques, it is possible to construct educational instruments with lasting effects. Untapped potential must be uncovered, and it must be investigated how serious gaming in a high-level VR environment can increase citizen participation in a smart city. In addition, VR systems have recently emerged as a powerful instrument for interactive and three-dimensional visualization. Citizens are immersed in an emergent future through a high-end VR environment, where they learn how to use new technologies in innovative ways and exploit their potential.



It is anticipated that through VR activities, users will recognize the experience and, in a broader sense, utilize a web-based innovation platforms to develop the potential of smart cities even further [144].





4. Conclusions, Implications, and Future Directions for the Research


Over a long period of time, digital technologies and sustainability issues have been considered linked but not complementary domains. Specifically, digital technologies have been approached using an ‘instrumental’ view, according to which technologies are only efficient tools to use in the race toward sustainability balance. Nowadays, both researchers and practitioners have discussed and demonstrated that technologies are not only instruments due to their ability to create new ‘environments’ in which new rules, behaviors, aims, and needs are emerging. According to this perspective, in this paper, we showed how it is possible to link citizen engagement and sustainable development thanks to the challenging role that technologies can play. Using the definitions of six alternative scenarios, in this paper, we explained how technologies can orient citizens toward sustainability-based behaviors.



Based on the reflections presented herein, several implications can be derived both from theoretical and practical viewpoints. This paper enriches the theoretical debate about the role of technologies in influencing actors’ behaviors in socioeconomic configurations, calling attention to the multiple interpretative domains that can be built thanks to the ‘interpretative role’ that technologies are acquiring. This paper also offers practitioners and policymakers with a preliminary dashboard for understanding the ways in which to approach both citizen engagement and sustainable development using technologies.



According to these implications, this paper should be considered a first step in a longer research path interested in explaining the ways in which the six proposed scenarios impact companies’ strategies and survival.
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Figure 1. Sustainable development orientation and citizen engagement levels in smart cities. 
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