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Recently, the evolution of emerging information and communication technologies (e-ICTs) has opened the road for developing and implementing new integrated and dynamic city logistics solutions and subsequently for identifying new frontiers of intelligent transport systems (ITSs). The study evolves pointing out the different city logistics groups of actors and their reciprocal interactions in relation to the considered new technologies (i.e., internet of things, block chain, big data, and artificial intelligence), which allow actors to increase their utility exploiting the advancement of current intelligent transport systems. The changes in the generalized path costs supported by each stakeholder are explored, and the modifications guided by e-ICTs are analyzed. The learning process due to the update for within-day and day-to-day dynamics is detailed and formalized. In this way, the current formulation of the classical transport problem (vehicle routing and scheduling) and the new one (pushed from the growth of ecommerce, i.e., courier routing) are explored under the light of the new knowledge derived from the use of e-ICTs. Novelty of the study mainly comprises the analysis of each emerging ICT group and of the formalization, in the classical transport system models (TSM), of the new knowledge for each actor group.
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INTRODUCTION
Recently, the evolution of emerging information and communication (e-ICT)–based technologies has opened the road for developing and implementing new integrated and dynamic city logistics solutions (Atzori et al., 2010; Taniguchi et al., 2018; Schroten et al., 2020; Russo and Comi, 2021). The e-ICTs optimized to develop transport systems are, in fact, the real advanced intelligent transport systems (ITSs), which are useful for establishing a new generation of city logistics systems for supporting goods operations. Then, these new technologies allow different actors (as discussed in Section 2) to participate directly in city logistics:
1. to optimize, at a very high level, their own operations (e.g., delivery time);
2. to integrate different platforms used for managing and controlling urban freight transport systems, aiming to optimize and integrate dynamically the operations of all involved actors.
As largely investigated (Russo and Comi, 2020), city logistics issues in terms of sustainability cross problems between
• environment/society and economy (sustainable development, as pointed out by Sustainable Development Goal 11—make cities and human settlements inclusive, safe, resilient, and sustainable; UN, 2015) and
• static solution today and main next steps to introduce/integrate dynamics (smart development; Ang et al., 2022).
Therefore, the possibility given by the e-ICTs can move from fleet tracing (Comi and Polimeni, 2021), which allow companies to monitor and find out the gaps in statutory and regulatory requirements as well as to process real-time information on weather conditions, roadblocks, traffic congestion, or to plan a fuel-saving route. Therefore, ITSs, and more in general ICTs, include opportunity for each private (i.e., transport and logistics operators, retailers, and end consumers) or public actor (i.e., public administrations) to increase their own utility.
It should be noted that the considered emerging technologies, in the ICT field, have been developed and used, in the last 10 years, in many sectors. These technologies are then mature; however, they could be considered emerging, or more appropriately as new, just for city logistics due to their current limited use (He and Haasis, 2019). Thus, the emerging ICTs belong to the ITSs. In addition, it has to be stated that there is an increase, in the last 10 years, with an exponential increase in the new technologies in many industrial areas. In the study, the use of new or emerging technologies is, as discussed as follows, strictly related to the field of city logistics, while the technologies that mainly refer to the characteristics of vehicles, such as electric propulsion and automation (e.g., warehouse management), are out of the scope of this study. However, these technologies are particularly important for increasing safety (e.g., crash sensors) and reducing environmental (e.g., diesel particulate filter) impacts, considering that the vehicle stands alone.
It should be noted that there is a large number of e-ICTs (Schroten et al., 2020). Therefore, below macro-aggregation of them will be considered, and four groups of technologies are identified because they are useful for establishing smart city logistics (Nikitas et al., 2020; Russo and Comi, 2021).
These emerging technologies (e-ICTs) include the following: internet of things (IoT), block chain (BC), big data (BD), and artificial intelligence (AI). They are directly inserted in the owners’ platform of each stakeholder to increase the performance and more, in general as said, to increase their specific utility. These technologies are, at today, mature and are ICT, but the current evolution toward the transportation system produce, or will produce, a significant advancement in the specific area of ITS.
As it can be seen, in the following, each technology can be considered stand-alone and can be used by single actor, and the impact on the city logistics could be valid. However, today, telematics is evolving offering to city logistics actors the opportunity to use them jointly. Thus, a new level of results germinates both from the viewpoint of transport and logistics operators, retailers and couriers (e.g., operation cost reduction), and collectivity (e.g., reduction of externalities).
In addition, these emerging technologies can make a significant advancement to city logistics in all cities within all countries. They give win-win results when the same device systems are used in a cooperative glance among different stakeholders. Their function includes, for example, collecting data, storing data, and analyzing data for improving existing urban freight transport systems. Subsequently, the open questions to which the study contribute are the following:
• How to aggregate actors and how to identify and aggregate/integrate the emerging ICTs? (Section 2)
• Given the main generalized path problems, where does the emerging technologies impact on classical problem formulation? (Section 3)
Therefore, the study aimed to give macro answers to questions relative to the improvement of city logistics actors’ utilities through the dynamic integration of different parts of the owners’ platforms (for each actor) and different actors’ platforms of the same group (e.g., set of transport and logistics operators) or of different groups of actors (e.g., set of transport and logistics operators vs. set of retailers). Subsequently, the first objective of the study is to investigate and formalize the different city logistics groups of actors to explore their interactions (Section 2). Below, actors/stakeholders will be used as synonymous, but, in general, actor is preferred when, inside the process, all the groups have the same decisional power, otherwise the stakeholder is chosen when the group of public administrations makes the rule without an explicit sharing with the other involved groups.
In addition, nowadays, collaboration in city logistics operations can play a key role for every actor’s process because it can contribute to improve the sustainable development of the city (Gómez-Marín et al., 2020). Therefore, another objective of the research is to study the opportunity for city logistics to integrate the different actors through the definition of new functionalities supplied by new technologies, while fostering collaboration among practitioners and scholars. It will be considered in detail, for the strong impacts on the city sustainable development, the first two-actor class: enterprise (namely, freight transport and logistics operators) and public administration. Then, recalling studies carried out by Russo and Comi (2021) and Russo and Comi (2022) in integrating opportunities offered by e-ICTs into urban freight transport modeling, the study evolves pointing out the different technologies able to support enterprise freight management. For each class, then, the stand-alone use is considered, and the integrated dynamic use is pointed out. Then, the study proposes a unified formulation, within the theory of transport system modeling (TSM), of the problems related to transport management systems, with the use of e-ICT for the doubly dynamic learning process of path costs.
The study is structured as follows. Section 2 deals with respect to the first objective by reviewing city logistics actors’ aims and needs, pointing out their relations and identifying which functions should be foreseen in order to improve/support their activities presenting the useful e-ICTs. In Section 3, the problems relative to main on-road operations are recalled, and the emerging technologies used by enterprise implemented mainly in own account are collected and presented, linking each theoretical problem with the specific emerging technology. Finally, conclusions and the road ahead are drawn in Section 4, pointing out the benefits deriving for planners (in optimizing urban space and times for meeting the city users’ needs) and researchers (in developing tools able to increase the utility of each actor involved in urban goods movements).
AGGREGATE ACTORS AND EMERGING TECHNOLOGIES INVOLVED IN CITY LOGISTICS
City Logistics Actors
The emerging ICTs, and more in general ITSs (consolidated and advanced), include opportunity for each private or public actor of city logistics to increase the own utility. The single actors, even if a small town is considered, are in hundreds. It is possible to consider some aggregations deriving from the homogeneous use of the emerging technologies, and subsequently four classes with similar potential use can be identified:
• transport and logistics operators (transport enterprises) could optimize their choice including vehicle load, routing, and scheduling, as well as the delivery travel time in terms of last mile operations, i.e., at-customer deliveries, and their part of reverse logistics (Kin et al., 2017; Ruiz-Meza et al., 2021);
• public administration, in its different levels and branches, could optimize the sustainability/liveability of the city in terms of better use of urban public space (both those destined to drive and those destined to park) with respect to all the different demand components (i.e., passengers and freight) using different mode-services (Calabrò et al., 2019; Hadavi et al., 2019; Trecozzi et al., 2022); it can be noted that the role of public administration is twofold, and from one side, it has the commitment to organize public spaces for freight vehicles driving and parking (in a strategic view and then in an off-line design); on the other side, it can have the role of supply information on park and path in real time and to manage reservation (in operational view and then in on-line management and control); therefore, the main role of emerging ICTs is linked to the dynamic real-time connection and all the new options coming from there;
• retailers could optimize their restocking process and integrate the freight receiving operations within their selling activity, considering also the payments; they could also optimize their part of reverse logistics reducing their estate costs and minimizing (or nulling) the inventory cost (Gonzalez-Feliu and Peris-Pla, 2017; Rai et al., 2019);
• end consumers which can benefit, from one side, as citizens for the reduction of traffic due to city logistics optimizations and for the increase of liveability due to the improvement of the safety and the reduction of pollution emissions; on the other hand, as consumers, for the availability of new delivery services (e.g., instant deliveries; Dablanc et al., 2017).
Each actor class uses the ICTs and mainly the emerging ones, obtaining a reduction of own cost and then a modification of cost at fixed flow. Then, there is a first great earning for each actor just improving the utility for a single actor inside its class (i.e., individual utility) and subsequentially for all the actors belonging to each class (i.e., shared utility).
Today, and even more tomorrow, the opportunity offered by the emerging ICTs allows among the other to collect, store, and share data and then to use advanced real-time or off-line procedures to analyze data for improving existing urban freight transport systems. In this way, a new generation of utility is born. The utility derives from use of the interaction between the different classes of technologies. Some interactions at a very rough level are tested today in some city, but the new technology will explain its potentiality in the next years. The main earning will be, at a first time, the static integration of the platforms and at the highest level with the dynamic integration of the platforms.
Just to introduce the great opportunity that derives from the dynamic integration of platforms, it is possible to consider that:
• transport and logistics operators (enterprises) optimize their operations using real-time routing and scheduling actualized by information coming from public management and private retailer; they optimize the travel time according to the given time windows and loading/unloading times using area for freight operations (delivery bays) and the at-receiver (e.g., retailer) actualized information, e.g., info on their availability to receive goods;
• public administrations optimize freight vehicle paths and parks. On the time other than in the space, shared services for supporting integrated dynamic platform to manage and control city logistics system are provided; they can introduce local or global intelligence as it will be recalled as follows;
• retailers optimize their daily schedule for restocking, avoiding interferences between selling and freight receiving activities; they optimize their part of reverse logistics considering the dynamic actualization of loading space availability;
• end consumers who can benefit, as consumers (freight receivers), of the optimization of at-home deliveries and can have real-time information about the home delivery.
Nowadays, the opportunity offered by telematics in fostering collaboration in logistics is becoming a key factor to every business process. It allows competitiveness of firms in the global markets (Banco Mundial, 2008) to be increased. In city logistics, this is not an exception, and the tendency to use electronic collaboration is increasing day by day. Therefore, the future research directions should be devoted toward the development of an integrated platform for innovative city logistics, creating unified space for all the stakeholders with the emerging technologies like the ones built in the port communities with the Port Community System (PCS; Moros-Daza et al., 2020; Russo and Musolino, 2021). The city logistics community system could be defined as an interorganizational system used for enabling commercial services and providing information exchange between the freight receivers (e.g., end consumers and retailers) and a variety of actors, such as transport and logistics operators (e.g., carriers and couriers), among others, under the rules defined by public administrations. Therefore, such a system could become a reference in developing city logistics and contributes to consolidate the innovation coming from logistics as a service (LaaS) as happened in the passenger mobility with the introduction of mobility as service (MaaS). For example, transport and logistics operators to accomplish the requirements coming from receivers (e.g., retailers) when delivering, such as preferred time for picking up and delivering, can benefit from the emerging technologies in planning their arrivals at customers. On the other hand, also the relationship by such enterprises with end consumers can benefit. For examples, the growing share of e-commerce cause (Campisi et al., 2021) relevant problems with home deliveries, which can be mitigated by the introduction of tracing and tracking applications as well as by lockers/parcel points (Dablanc et al., 2017; Mommens et al., 2021).
Emerging Technologies Impacting on City Logistics
The application field of the emerging technologies becomes every day larger and more popular. It is needed to define the edges with respect to the studied topics of city logistics. It is also needed to identify some classes of new technologies that present homogeneity with respect to the investigated topics.
In this way, the investigation of the technologies that involve the transport, but that refer to the characteristics of vehicles is out of the scope of this study, as briefly discussed earlier. In this field, there are many considerable new technologies on active and passive safety. For example, safety passive devices are the airbag systems, or the adaptive braking systems (ABS), traction control system (TCS), and electronic stability control (ESP). All these devices impact directly on transport safety and only indirectly on city logistics, as shown in Russo and Comi (2017). In the same way, it is possible to consider the new technologies that involve only logistics. In this field, there are different technologies that support the management of warehouses toward the full automation, e.g., in the warehouse, the augmented-reality that can be used in different forms with different devices. In this case, the direct impacts of these devices are only on logistics and only indirectly on city logistics (Cirulis and Ginters, 2013).
Restricting the field to the technologies that impact directly on city transport and logistics, there are still a large number of elements. It is possible to consider aggregation of elements that define homogeneous class of ICTs useful for city logistics. Just considering the emerging technologies, which, although existing, are currently under further development for city logistics, they are used as stand-alone or crossing other technologies, generating hybrid tools, sometimes mix of software and hardware.
Finally, the automotive industry is pushing to develop autonomous vehicles for urban freight transport. In fact, autonomous vehicles can guide the definition of new delivery services to city inhabitants (Nuzzolo et al., 2019), as shown by some tests performed by autonomous trucks or autonomous robots for urban deliveries (Haas and Friedrich, 2017; Baum et al., 2019; Bakach et al., 2022). They would allow us to reduce delivering costs and to mitigate the negative impacts by transport. Although they will be the future evolution of last-mile operations, at today, they are prototypes, and subsequently, they are not further pointed out in this study (Kim et al., 2020; Vermesan et al., 2021; Büyüközkan and Ilıcak, 2022).
With all these warnings and analyzing the scientific and technological literature, it is possible to identify four main classes of technologies that impact directly on city logistics toward a smart city logistics. These emerging technologies considered below include internet of things (IoT), block chain (BC), big data (BD), and artificial intelligence (AI). These technologies can contribute to develop an integrated platform for managing dynamically freight transport systems in urban areas.
In the consolidated approach, each emerging technology can be considered stand-alone, and the research develops each technology specifically for each class of actors. From a general point of view, it can be considered that the basis is IoT, when data refer to “value” that is immaterial it passes to block chain (or Internet of Value—IoV). IoT and BC, every day, generate a large amount of data (BD) that consolidated algorithms cannot treat, and then the opportunity offered by BD is derived. If from data (normal or big), a set of decision will derive, with the hierarchization from the best to the worst sub different criteria, the AI can be used.
Internet of Things
The internet of things (IoT) describes the set of two meta-elements: physical objects—“things”—that are embedded with sensors, software, and other technologies for the purpose of exchanging data, and a telematics network qualified to link these objectives with other devices and systems.
For IoT, it is difficult to find a shared definition, but it is possible to mark the emerging and realized systems. First, let the last-mile deliveries be considered. It is highly dependent on labor, and as consumer demand becomes more sophisticated and delivery points continue to multiply, logistics providers face new challenges (Atzori et al., 2010; DHL, 2015). They need to find new solutions for this important stage in the supply chain, e.g., cost-effective solutions that provide value for the end customer and operational efficiency for the logistics provider. In the last mile, IoT connects the enterprises with receivers (e.g., end consumers and retailers) supporting the dynamic implementation of new business models (e.g., the same principle could be applied to the parcel box, to accommodate the e-commerce purchases). In addition, automatic restocking or anticipatory shipping solutions can be developed: retailer’s stock is detected when it is low, and automatically the restocking process places at the nearest distribution center. It allows lead time to be optimized as well as stock-outs (subsequent possible missed sales) to be avoided.
Further cases of IoT derive from the spreading of smart device and home products: flexible delivery address, monetization, and optimization of return trips. Currently, receivers are asked to provide the delivery address, but parcels equipped with IoT-enabled solutions can provide real time info and allow to know when delivery is approaching or change of address is required because, for example, at work and not at home. On the other hand, innovative start-ups such as Shyp (DHL, 2015) are proposing new shipping solutions, with the opportunity to add further services through tagging. In fact, the single products can be monitored through near-field communication (NFC) smart label that incorporates sensors to monitor temperature and humidity (e.g., radio frequency identification—RFID—or other sensory tags). If such a detailed piece of information becomes available for each parcel and for each product, enterprises could obtain more transparency on the contents of parcels and receivers’ acceptance (e.g., possibility to know if the temperature was maintained within the suggested thresholds or if the contents are particularly fragile). Of course, the complexity of delivering raises; however, the enterprises have the opportunity to increase the services offered. Not as the least, the diffusion of traffic sensors and vehicle detection sensors allows to update real time traffic conditions and to produce information for users.
Block Chain
The e-ICT for the exchange of values is referred to block chain. Many times, the value refers to sensible data, i.e., both personal or/and commercial ones. Block chain technology has been viewed as a disruptive technology for its strong impacts on different economic fields, such as healthcare, manufacturing, logistics, transport, and data management (DHL, 2018a; Tan et al., 2020). It can be defined as a chain of blocks, in which each block contains value data that are shared and validated. It belongs to the larger class of distributed ledger and can be also recalled Internet of Value. Several projects are implementing block chain for improving transparency as well as for monitoring supply chains. For example, it allows to manage data on how goods are made, where they come from, and how they are managed. The data become permanent and easily shared, giving supply chain providers more comprehensive track-and-trace capabilities. Companies can use this information to provide proof of legitimacy or authenticity, and consumers can benefit knowing whether a product has been ethically sourced, is an original item, and it was preserved in the correct conditions. In addition, very relevant is the contribution on contracts. Smart contracts in block chain are an important function that is designed to automatically facilitate, verify, and enforce the negotiation. Therefore, the implementation of digital contracts without central authorities can be performed. Furthermore, block chain is adopted to support the implementation of the IoT (Buccafurri et al., 2017). In fact, although the IoT can connect smart devices to collect data for real-time decision-making, IoT technology is being impeded by some issues, such as data privacy and security issues (Panarello et al., 2018; Lax et al., 2021). A direct connection between buyers and sellers eliminates many intermediaries like brokers involved in these processes. Through block chain, this is possible because there are no more trust and reputation problems.
Big Data
It is difficult to find a shared definition of big data or a predefined size from which it can refer as big data. In general, it is possible to speak on big data when the data set is so large and complex that it requires the definition of new tools and methodologies to extrapolate, manage, and process information within a reasonable time. The set of data and the new tools are defined big data (Zhu et al., 2019). A different specification, properly, BD refer to a big set of data, and data mining refers to the engine for searching finalized data (e.g. by specific queries). It can be considered that BD is “what” and data mining is “how.” With the integration of tools for subsequent data extrapolation, the repository is defined data warehouse. In this study, BD includes all the aforementioned elements.
Precise data of the movements of freight vehicles and goods using new technologies (e.g., vehicles sensors) can be collected in a very large amount. For example, GPS (global position systems) historical data can be saved creating a very large data set, tendentially big (Antoniou et al., 2018; Comi and Polimeni, 2021; Nigro et al., 2022). Mehmood et al. (2017) demonstrated how big data can be used to improve transport efficiency and lower externalities. One of the important points of big data applications in city logistics is the collaborative operation of urban freight transport in sharing the capacity of vehicles, distribution centers and information systems in the sharing economy. However, the capacity of data is usually owned by private companies which miss to share for privacy and competitiveness matters. But their integration, at least, with the public ones (e.g., traffic and infrastructure data) should be favored for enhancing the operations of urban freight transport. Cleophas et al. (2019) discussed collaborative urban freight systems, identifying two key types of collaboration, vertical and horizontal. Comi et al. (2020) pointed out the contributions offered by these big data in supporting urban freight transport planning.
Artificial Intelligence
The expression artificial intelligence synthetically indicates the algorithms, which analyze a set of (normal or big) data, take (or address) a decision. For example, the algorithms can support, in the choice of path for going from warehouse to customers, the definition of possible/feasible paths among which to choose the best ones or to identify the set of first best ones as well as the worst ones to avoid driving. In the literature, a large and diversified classification of AI exists. It can be recalled the one that classifies the decisional method on the basis of the previous information deriving from a single field of observation reproducing logical decision or the other one that, on the basis of information coming from different fields, produces divergent decision. Advancing the current definition, the former can be considered “machine learning” while the latter as “deep learning” (Veres and Moussa, 2020).
Online shopping experiences have much AI in the background (DHL, 2018b; Abduljabbar et al., 2020; Bakach et al., 2022). In an increasingly complex and competitive business world, companies that operate global supply chains are under unprecedented pressure to deliver higher service levels at flat or even lower costs. At the same time, internal functions of global corporations such as accounting, finance, human resources, legal, and information technology are plagued by large amounts of detail-oriented, repetitive tasks. Here, AI presents a significant opportunity to save time, reduce costs, and increase productivity and accuracy with cognitive automation. In addition, AI can assist address management for operators, ensuring successful delivery, or in predicting spikes in demand for specific goods.
FREIGHT TRANSPORT MANAGEMENT SYSTEMS
Shared Formulation
In this section, the freight transport management systems are analyzed. The main objective is to identify all components of urban freight transport, seeking to link user needs and features of the tools. The issue of modification of knowledge for the user is considered, analyzing the learning process for the generic user (belonging to the enterprise) with the new information that can arrive from his/her experience, from previous and actual information given by public administration. Then, path choice, vehicle routing, scheduling, and courier routes are investigated. For each problem, the known formulation is recalled (problem definition), pointing out the elements that can be modified by the emerging technologies (the role of emerging technologies).
It should be noted that the utility/disutility of each class of actors can evolve through a within-day or day-to-day dynamics according to the use of different knowledge of the attributes, which in turn depend on the used technologies. In the following, the learning processes as modified by the new technologies are pointed out, and the main classical problems are updated at the light of the emerging technologies earlier recalled.
In the following part of the article, referring to the shared notation used in the literature, the path is defined as a sequence of links between two nodes relevant for freight management (i.e., origin node and destination node), while a tour/trip chain is a sequence of more than one path using the same mode (e.g., road or walking) with last destination coinciding with the first origin. If different modes are used within a tour, the route is born. In addition, for sake of notations, the ownership of the technology will be recalled only in Section 4, when all the involved stages are discussed.
Problem Definition
As said, the focus as follows is on vehicle paths, vehicle routing and scheduling, and on courier routes. Subsequently, the models developed for providing three levels of integration are analyzed:
• proactive and tailored-user path advices (smart routing–navigation systems),
• support in defining tour/trip chain for sustainable urban delivery (computerized vehicle routing and scheduling),
• support to couriers in defining routes within inner areas.
Therefore, the main innovation consists on the learning process of path costs enhanced by e-ICTs which allows to integrate it within the literature formulations, where
[image: image]
The aforementioned modeling tasks are solved in the literature using the deterministic or stochastic models (Daganzo, 1991; Ghiani et al., 2004). However, they do not consider explicitly the evolution and perception (i.e., learning process) of travel costs that can be obtained by experimenting with different network configurations. Thus, there is a need to consider explicitly the learning process of path costs. Therefore, this section deals with the problem of using the e-ICTs within the path choices, traveling salesman problem (TSP), and couriers’ routing, which allows more knowledge on the real past and current evolutions of the network to be acquired. In fact, e-ICTs can modify various elements of the real system, with the information that derives from them, and this study deals with the modifications that must be included in the simulation models for considering the presence of the different e-ICTs in the real system.
Within the framework defined by each of the recalled research tasks (path, traveling salesman problem, and couriers’ route), the e-ICTs intervene in the knowledge of the generalized travel cost of the network link which, for this intervention, modifies the nature, evolving from static to dynamic. The modifications are many in relation to the multiplicity of devices (e.g., minute by minute, hour by hour, and day by day) of the various types of e-ICTs available on the market. The various e-ICTs are then recalled in the aggregate form in relation to the functions in which they intervene. Therefore, the modifications concern the transformation of the generalized travel cost from static to dynamic.
In the dynamic area, the main changes concern
• within-day changes that are achieved with the use of IoT;
• day-to-day changes that are obtained with the use of BD.
Role of Emerging Technologies
Given the geographical area, containing the transport system where the vehicle drives, it may be expressed by means of a graph G = (N, L), where N is the set of nodes and L the set of pairs of nodes belonging to N, called links. Then, a transport network is obtained assigning to each graph link (or one or more nodes) a quantity expressed by a numerical value, which in the case of transport network, is represented by generalized transport cost (disutility or “utility”).
Let cij be the generalized travel link cost on the link identified by the ordered node pair (i, j) and c the link cost vector of dimension (nL × 1).
Let C be the vector of path costs for users of O-D pair od, consisting of elements Ck, k ∈ Kod (path choice set on O-D pair od), while X be the vector of path attributes for users of O-D pair od, consisting of elements Xk (e.g., travel time on minimum path k on O-D pair od, monetary cost on minimum path k on O-D pair od), and k ∈ Kod (path choice set on O-D pair od).
Path costs on time τ of day t, C[τ, t] can be expressed as a function of path attributes depending on time τ of day t:
[image: image]
where X[τ, t] indicates path cost attributes relative to all paths k on time τ of day t. Such attributes can be estimated by users according to a learning process. The formulation can be extended to freight vehicles choice just for the possibilities given by the emerging technologies, leaving from the private/transit models (Cantarella, 2013; Cascetta, 2013).
Users can estimate such attributes according to a learning process synthesized in Figure 1 (Russo and Comi, 2021). Generally, learning points out both the evolution of τ and the evolution of t (Cascetta, 2013). In addition, for some attributes, the value experienced (tested) in previous periods X[t-1], X[t-2] and for other attributes, the value updated by the user at each time τ in day t, can be considered through the availability of real-time information.
[image: Figure 1]FIGURE 1 | Learning process of path attributes enhanced by emerging technologies, IoT and BD (Russo and Comi, 2021).
Pointing out the role of emerging technologies (i.e., IoT for obtaining real-time configuration of the network–intra-period evolution, and BD for highlighting the inter-period evolution) in forecasting path attributes, Eq. 3.1 can be updated as follows:
[image: image]
where
• [image: image] are the costs of paths for travelling on path k on time τ of day t;
• [image: image] are path cost attributes of all paths for travelling on path k at time τ of day t, computed through IoT;
• [image: image] are path cost attributes of all paths for travelling on path k at time τ of day t, computed using past data available through the BD.
Navigation Systems
In this subsection, a definition of the problem and the innovation coming from the use of e-ICTs are pointed out. Therefore, the modeling advancement is formalized.
Problem Definition
Navigation systems were developed to provide specific route guidance exploiting the information about traffic regulations (e.g., road works and lane directions). Navigation systems are able to determine the best paths among destinations (customers to serve) according to the average configuration of the road network (e.g., average link travel time according to time of days (DfT, 2010; De Moraes Ramos et al., 2020; Kessler et al., 2021).
The aforementioned tools exploit the potentiality offered by minimum path algorithm on a network. In fact, given a road network, the most used algorithms for the search of the minimum cost paths (or of the ordered list of the shortest paths) among all the pairs of nodes of the network allow us to calculate the minimum cost trees (or the ordered cost trees) rooted in each origin (or destination). From these, it is possible to derive the minimum path (or the ordered list of shortest paths) that connects each destination node to the root node. In the following, the subgraph “tree of least cost with root the node o” is indicated with T*(o) and any other tree with the same root with T(o). For more details on ordered cost tree, refer to Russo and Vitetta (2006).
All the algorithms for the computation of T*(o) are iterative type, i.e., at each iteration there is a tree T(o) which is modified until it “coincides” with T*(o). The theoretical basis of these algorithms is Bellmann’s theorem; it demonstrates that called Co,i, and Co,j the costs necessary to reach the nodes i and j from the root or with the only path allowed by a generic root tree o, a necessary and sufficient condition for a tree T(o) to be the least cost tree, i.e., T(o) ≡ T*(o), is that for each pair of nodes i, j connected by a link belonging to the examined graph; the triangular condition occurs as follows:
[image: image]
The shortest path problem has been intensively investigated over years due to its extensive applications in graph theory, computer network, and design of transportation systems. The classic Dijkstra’s algorithm (Dijkstra, 1959) was designed to solve the single-source shortest path problem for a static graph. Then, guided by the needs to find the shortest path in the stochastic and congested network, several advancements were performed (Zhan and Noon, 1998; Cascetta et al., 2002; Zhang et al., 2010; Bast et al., 2015).
The real network of a city can be better simulated by means of a stochastic network, i.e., the actual link travel times may differ from historical or forecasted one. Therefore, in a stochastic network, an optimal path from node i (origin) to node j (destination), found at the origin (a priori routing) on the basis of historical or forecasted times and suggested to a user, may include a link that could prove to be non-optimal when the user arrives at those links caused, as earlier introduced, by within-day and day-to-day dynamics.
Because of stochasticity, the outcome of any decision depends partly on the user’s decisions and partly on randomness. Therefore, currently, the new and more advanced navigation systems provide not a complete single origin–destination (O-D) path, but they suggest rather one optimal travel strategy based on the learning process of the user augmented by the emerging technologies at disposal, adopting the optimal strategy as suggested for transit services (Spiess and Florian, 1989; Nuzzolo and Comi, 2018).
For example, referring to a simple network, where the user is asked to go from point A (i.e., depot/warehouse) to B (i.e., customer 1), different paths can be available and some changes could occur according to the within-day or day-to-day dynamic. Then, the use of the past stored information on the network working can suggest the best path, allowing time savings and operational cost reduction, and on the other hand to reduce the vehicle-kilometers with benefit for city sustainability and liveability.
Role of Emerging Technologies
The complete specification of the systemic costs, by which users consider their choice at time τ of period/day t, requires explicit treatment of the learning mechanism of path cost (disutility or “utility”) attributes (X) or, in other words, how experience and information about attributes of path costs on previous days influence the forecast of the current ones (Nuzzolo et al., 2001, 2003).
Therefore, actualizing Eq. 3.2 for path advices (Russo and Comi, 2021), it should be noted that the learning occurs both with the evolution of τ and the evolution of t. In addition, it can be considered, for some attributes, the value experienced (tested) in previous periods X[t-1], X[t-2] and for other attributes updating which users perform for each time τ in day t. Therefore, as summarized in Figure 1, by means of algorithms that support decision (AI) which allow past (BD) and real-time info (IoT) to be merged, the value of attribute Xhk at time τ of the current day [image: image] can be determined, as follows:
[image: image]
where
• [image: image] is the value of the attribute h of the path k forecasted (computed) at time τ of current day [image: image], which can be determined exploiting the knowledge coming from BD as follows:
[image: image]
 with
 o [image: image] is the value of the attribute h of path k experienced/tested by day [image: image];
 o [image: image] is the value of the attribute h of path k forecasted/computed thanks BD knowledge acquired by day [image: image];
 o [image: image] is the weight given to the experienced/tested value;
• [image: image] is the value of attribute Xhk realized at time τ-1 of the current day [image: image]; such an info is available by means of the IoT that allows to reveal the current evolution of the network performance; for example, the travel time (Xhk) that vehicles were experimenting at the current day [image: image] in travelling before τ on the same path k;
• [image: image] is the weight given to the forecasted value without real-time info given by IoT at time τ of current day [image: image].
Advanced Navigation Systems
The new opportunity offered by research on optimal path finder can be applied to better use the new technologies, specifically in the most advanced situation: the IoT updates current information, BD provide day-to-day advices, and AI allows decision on better choice based on attribute evolution and forecasting to be taken. The new challenge is the generation of a set of paths more than the shortest one, i.e., not only the first best, but also the second best, …, the g best until to obtain a set of specific paths (Russo and Vitetta, 2006). This class of models has been, at today, used only to define the path choice set for the user in a static approach. User’s choice can be updated modifying the path costs as described below. For example, when a path k is chosen, and during the travel, the user is informed that another path can become more attractive both for events which are endogenous to traffic and for events that are exogenous (e.g., along the path k there is a road accident or a specific event and the traffic is delayed), the user can reconsider in an intelligent en route way to continue on path k if the cost of path k is given by
[image: image]
which is less than the cost of each path k’ belonging to his/her choice set; K[τ, t], which is obtained by new information, is given by
[image: image]
that is
[image: image]
As said, the value of Ck [τ, t] depends, in general, on IoT and BD:
[image: image]
where [image: image] are the vector attributes of path k depending on the e-ICTs, ct.
Therefore, the costs of paths evolve during time τ of the current day [image: image]. Then, given an origin and a destination, indeed of to calculate the shortest path, a set of paths can be generated. Of course, there are two different ways: a number of g paths can be obtained, or given the shortest path, it is required to calculate all paths that have an increase in cost more than a fixed and predefined α percentage of the shortest one.
Computerized Vehicle Routing and Scheduling
Problem Definition
Freight distribution concerns the pickup and delivery of freight using a fleet of trucks. As a rule, vehicles are based on a single depot (warehouse), and the vehicle tours are performed in a single work shift and may include several pickup and delivery points. The optimization process of assigning customers (pickup and delivery points) to trucks and determining the visiting order of customers and routes refer to vehicle routing and scheduling problems (Taniguchi et al., 2001; Ghiani et al., 2003; Russo et al., 2010; Thompson and Zhang, 2018; Danchuk et al., 2019). The basic information needed for the vehicle routing problem (VRP) is the location of customers, road network conditions, travel times, traffic regulations, etc. In addition to this basic information, other specific information for each customer (including the daily request for carrying out goods, the designed time windows, the identified driver) is given to identify the optimal visiting order and the route for each vehicle.
Travelling salesman problems (TSPs) are the basic problem for VRP, which can be described as follows (Lawyer et al., 1992; Musolino et al., 2016; Cattaruzza et al., 2017). There are n customers and the cost Cij to travel from customer i to customer j is given. A salesman (vehicle) starts from the depot (warehouse) to visit each customer exactly once and return to the depot. The problem is to find the optimal route (visiting order of customers) that has the minimum total travel cost. TSP is hence formulated as follows:
[image: image]
subject to
• [image: image], which indicates that there is only a single route from customer i to the other customers (N); (3.10)
• [image: image], which indicates that there is only a single route to customer j; (3.11)
• [image: image] (3.12)
• [image: image], which indicates that the route should visit each customer exactly once and continuously (i.e., non-sub-tours are allowed). (3.13)
The problem formulated has different variants. In its basic version, it has been shown to be NP hard. Removing constraints 3.13, it can be obtained a good lower-bound to start the optimal solution.
Starting from the presented formulation, the main variants are descriptively (given that it is out of the main scope of the study) recalled, sending to the literature for the formulation of specific constraints that must be added to the equations before reported (Ghiani et al., 2004; Farahani et al., 2011):
• the symmetric travelling salesman problem, where each edge (road link) has the same cost in the two directions.
• the node routing problem with capacity and length constraints (DC-VRP), then, considering a capacity dimension for the vehicle and a maximum operating time (e.g., electric vehicles).
• the node routing and scheduling problem with time windows (VRP-TW), it happens when one or more customers need to be served in specific temporal windows.
• the edge routing problems, commonly known as the Chinese postman problem, where it needs to travel along all edges and all nodes of a defined list.
• the multiple vehicles for routing problem, where the formulation (3.10) and (3.13) can be evolved to include the number of identical vehicles at disposal.
• the vehicle routing problem with reverse for backhaul (VRP-B), when some customers require to pick up parcels to backhaul to the depot.
• the vehicle routing problem with pickup and delivery (VRP-PD), as in the previous one, but each customer can ask for delivery and pickups in the same time.
Other variants of VRP exist with similar basic formulation and heuristic solutions (Ghiani et al., 2004; Farahani et al., 2011; Kim et al., 2015).
Role of Emerging Technologies
The emerging technologies modify the considered approach both for daily dynamic and weekly planning. In the planning, there is the possibility to use BD in the off-line analytics and decision-making, regarding the main variables to be forecasted in a given temporal period. In the daily dynamics, the use of IoT becomes crucial to update the model, again following the learning process of the generalized path costs introduced in previous section (Eq. 3.2):
As introduced earlier, some attributes can depend on the values experimented (tested) in the previous days, which can be computed as Eq. 3.4 describes. Therefore, merging past (BD) and real-time information (IoT), the value of attribute Xhk at time τ of the current day [image: image] can be determined as reported in Figure 1.
Then, the model of Eq. 3.9 can be updated. Also on this case, the support of AI can optimize the results, giving the better solution for each time of each day.
Figure 2 briefly plots the process of support provided by such a system. In the example, a user has to serve five customers (destinations) and different tours (sequence of customers to be served) are available with different costs:
• T1: Origin – Destination 1 – Destination 2 – Destination 3 – Destination 4 – Destination 5 – Depot;
• T2: Origin – Destination 1 – Destination 4 – Destination 3 – Destination 2 – Destination 5 – Depot;
• T3: Origin – Destination 1 – Destination 2 – Destination 5 – Destination 4 – Destination 3 – Depot;
• T4: Origin – Destination 5 – Destination 4 – Destination 3 – Destination 2 – Destination 1 – Depot.
[image: Figure 2]FIGURE 2 | Routing problem exemplification.
The routing system allows user to select the best tour (i.e., T3) for performing delivery service taking into account all information that can be obtained from the network (e.g., travel time forecasts) and can benefit from the integration with navigation systems (see the earlier section). On the other hand, if each customer also provides some time constraints, as well as time spent for serving at destination, the routing and scheduling system allows such needs (included load factor), as represented in Figure 3, to be considered.
[image: Figure 3]FIGURE 3 | Routing/scheduling problem exemplification.
For each customer (destination), different times (BD) could be required for serving (vertical continuous line in Figure 3) as well as time slice availability (vertical dotted line in Figure 3) could be differently distributed during the working day. In this respect, the system can help user in defining the optimal sequence of customer to serve providing time savings as well as cost reduction. In the reported example (Figure 3), a possible solution is to serve as the first customer 3, then customer 5, customer 1, customer 2, and finally customer 4.
Advanced Vehicle Routing and Scheduling
Vehicle routing and scheduling have attracted considerable attention (see, for example, Eksioglu, 2009; Erdoĝan and Miller-Hooks, 2012; Dullaerta and Zamparini, 2013; Musolino et al., 2016; Kim et al., 2016; Cattaruzza et al., 2017; and references quoted therein), but only recently the research moved forward to include in the problem definition the possibility of allowing info on real-time network status (Sánchez-Díaz et al., 2015). Such models are usually described as the rich vehicle routing problem (RVRP; Hoff et al., 2010). Recent studies often involve routing whereby real-time data are included. In these cases, vehicle routes are built in an on-going fashion as vehicle locations, travel times and customer requests are revealed over the planning horizon (Ghiani et al., 2003; Ruand et al., 2012). Even if RVRP and the real-time vehicle routing problem (RTVRP) are better at describing real distribution processes, they need to consider many constraints and objectives, and often cannot be optimally solved or are NP-hard. Thus, feasible solutions often need to be found for real world application. Recalling the formulation given by Eq. 3.9, following Ghiani et al. (2004), the real-time vehicle routing and dispatching can be formulated and solved with stand-alone or parallel hardware. This process is performed by computerized vehicle routing and scheduling (CVRS) systems (DfT, 2007). CVRS are thus used to generate and optimize routes and schedules for transport operations and journeys (AI). In general, these tools allow users to hold information concerning a digital map of the road network integrated with further info, such as
• customer locations, delivery, and collection windows,
• quantities and types of goods to be delivered or collected,
• vehicle availability and capacities, and
• driver shift patterns.
Customer orders and time constraints are input into the system, which then generates the optimum set of routes that meets the delivery need. The subsequent advancement is linked to the subsequent insertion of IoT for real-time data providing, of BD for data saving and analysis, of AI for taking decisions.
Systems can be used for dynamic daily or weekly planning, as well as for strategic analysis. The powerful capabilities of the model include the ability to
• reduce operational costs by minimizing resource requirements, i.e., the number of vehicles and drivers for a given workload;
• determine the most appropriate depot from which to schedule specific calls/services;
• observe all customer access constraints e.g. closed days, vehicle size and type restrictions, delivery time windows, and pre-booked times;
• reduce loaded and empty mileage;
• accommodate collections and deliveries en route without exceeding payload tonnes, available load space or drivers’ hours limits.
Courier Route Problem
Problem Definition
Couriers, often, when delivering goods to customers in central business districts (CBDs), have difficulty in finding suitable locations for delivering goods. Searching for available on-street delivery bays can cause a significant amount of additional time as well as can increase traffic impacts (e.g., congestion and pollutant emission). The e-ICTs can help to book delivery bays. Therefore, the new challenges for couriers is to have tools that allow them to identify the best delivery bay (in the inner areas) which minimizes the delivery route (generalized travel costs), taking into consideration that couriers often serve multiple customers (e.g. retailers and end consumers–home deliveries) from the same delivery bays. Thus, optimizing CBD distribution routes needs to incorporate both vehicle/truck and walking tours (Thompson and Zhang, 2018).
Following Thompson and Zhang (2018), problem can be formulated and solved as a multi-objective two-layer programming optimization model. In the upper layer, the choice and order of delivery zones to be used are produced, and at the lower layer, the pedestrian paths are generated. The objective function consists of the distances traveled by the vehicle and walking combined with their relative weights. Constraints relating to maximum parking durations are also incorporated. To solve the model, a genetic algorithm—based search method or other heuristics can be used.
For exemplificative scope, without losing of generality, the problem to minimize sum of driving and walking time (cost) can be formulated according to Thompson and Zhang (2018) and foreseen its evolution in order to introduce constraints on parcels, where the first part of equation recalls the previously introduced VRP problem:
[image: image]
subject to
• [image: image], which ensures the conservation at nodes; (3.15)
• [image: image], which ensures that there is not more than 1 path from each delivery bay b or entrance/exit points e; (3.16)
• [image: image], which ensures that there is a unique entrance/exit point; in combination with 3.16 indicates that the driving path is closed;(3.17)
• [image: image], to eliminate sub-tours in driving route; (3.18)
• [image: image] (3.19)
• [image: image], which ensures that each customer is visited once; (3.20)
• [image: image]; which indicates that each customer is served along walking route and delivery bay is visited along driving route; (3.21)
• [image: image], which indicates that one path exists or incomes from/to each delivery bay; (3.22)
• [image: image], which ensures that the walking path from/to ends at the delivery bay; (3.23)
• [image: image], which indicates that incoming and outcoming paths from/to delivery bays and customers are the same; (3.24)
• [image: image], to eliminate sub-tours in walking route;(3.25)
• [image: image] (3.26)
where
• α is the weight parameter of walking with respect to driving;
• B is the set of delivery bays (b), while S is the set of customer s;
• E is the set of entrance/exit point e of the CBD;
• Cij is the travel cost from i to j points (i.e., delivery bays or customer or entrance/exit);
• D and W are the driving route as well as the walking route;
• xij and z′ij are binary variables equal to 1 if path from i to j is part of D or W, respectively, 0 otherwise.
Role of Emerging Technologies
The e-ICTs modify the considered approach both for daily dynamics and weekly planning. In the planning, as happens in CVRS, BD offers opportunity to forecast the path costs and to identify preferred delivery bays and subsequently the best path to reach customers from the chosen delivery bay. In daily dynamics, IoT plays a key role in updating the model as specified through Eq. 3.4. Furthermore, the BC could allow us to manage exchanges of values. Therefore Eq. 3.14 can be computed updating the path costs, according to Eq. 3.2, where the path attributes are forecasted through Eq. 3.4 (Figure 1).
Advanced Courier Routing
The model formulated at Eq. 3.14 can benefit from the e-ICTs offering the enterprise the opportunity to identify the set of preferred delivery zones (IoT provides info on their availability), as well as to estimate route costs (disutility/utility; BD), and to identify the optimal driving and walking route to the customers using estimates and forecasts of the route costs. Therefore, the e-ICTs becomes crucial for designing advanced guidance advisors for couriers integrated with delivery bay systems (Comi et al., 2018a; Comi et al., 2018b). In addition, the optimization problem can be extended incorporating a further stage for locating delivery bays within CBD to reduce the operations costs by couriers according to the demand forecasted through info obtained from BD. Such a formulation can benefit from the research results coming from two or multiple echelon problem (Lan et al., 2020).
DISCUSSION AND CONCLUSIONS
To gain insight into the opportunities offered by emerging ICT, or advanced ITS, and its impact on generalized path costs analyzed in the earlier sections, a synthesis is proposed in Table 1.
TABLE 1 | Synoptic overview on technologies and freight transport management systems.
[image: Table 1]As discussed, the navigation systems can benefit from GPS (global positioning systems) and other telecommunication technologies which allow us to obtain location data of freight vehicles and goods at every instant. In addition, the sensors or other mobile devices (IoT) available on the infrastructure (IoTPA, i.e., owned by public administration) allow data on traffic to be collected (big data, BDPA). If dynamic reorganization of the traffic lights is operative then the machine learning techniques (AITLO, i.e., owned by enterprise) can be useful to foresee the network configuration. Then, path searching formulation (Section 3.1) can be modified including the opportunity to consider time and then to provide more effective suggestions on path to follow for reaching destination. In this way, a considerable time saving can be obtained with a subsequent cost decrease.
Routing and scheduling (TSP) can benefit from the aforementioned recalled technologies, i.e., IoT for daily decision making and BD for weekly decision making. As carried out by WalMart for food delivering, smart devices (IoTTLO) can be securely tied to or embedded in the physical product to autonomously record and transmit data about item condition including temperature variation, to ensure product integrity, as well as any evidence of product damage (BCTLO). Of course, big data (BDPA and BDTLO) on the transport network and on the service provided allow operators to identify eventually critical stages in their services with classical methods or through advanced machine learning techniques and to optimize their services (AITLO). Then, the costs for moving from costumer i to j (Eq. 3.1) can be significantly reduced, owing to these technologies.
Using BC, transport and logistics operators can share data on their business with PA (BCPA). In addition, block chain allows to manage the contracts and to monitor the service provided in terms of delivery time, and the goods have been preserved in the correct conditions (BCTLO). In the classical way, BC gives the possibility to make a transaction in the value between the retailer (BCRE) and enterprise (BCTLO), as well as between the retailer (BCRE) and end consumer (BCEC). Similarly, this happens for the in-cab communication system which thanks BC company planners and drivers could exchange information (BCTLO), as well as sensors (IoTTLO) to have permanent control on the vehicle status as well as to assist drivers in decision making (AITLO).
Courier routing problem exploiting the emerging technologies allows optimizing the costs supported for driving as well as for walking efficiently using the data (BDPA and BDTLO) acquired by sensors (IoTPA and IoTTLO) choosing the best generalized path (AITLO).
Concluding, it can be summarized how this study focuses on the opportunity offered by e-ICTs for improving city logistics as well as on the identification of their application field in relation to city logistics. Therefore, the different city logistics groups of actors and their interactions were pointed out in relation to internet of things, block chain, big data and artificial intelligence, considering explicitly who is the owner of each emerging technologies.
In particular, the evolution in relation to the impacts of these emerging technologies on generalized path costs have been pointed out showing how the current structure of costs can be in depth modified by the technology. Then, the learning process due to the updating for within-day and day-to-day dynamics were formalized. At an advanced level, the opportunity to design a multilevel delivery path (tour) providing nodes (points) where walking for reaching the final customers (e.g., retailers or end consumers’ homes) were discussed.
It has been pointed out that the classical algorithms interest the freight operators, the collaboration with the public administration evolves the information on specific attributes defining the advanced model. It is the public administration, owner of the intelligent objects, that can organize a IoTPA with operators in collecting the data and can load with a BCPA process. As said before, if there are modifications in the network in terms of daily traffic lights or delivery bay windows, AITLO can reorganize decisions. The presence of change on values can else be considered if the stakeholders are only public and private operators. The presence of transaction on values (BCTLO, BCRE, BCEC) becomes important, if in the process, participate the retailers. Finally, if the end consumers are directly involved all the new technologies are involved.
Novelty of the study mainly consists of the analysis of each emerging ICT regarding city logistics and of the formalization, in the transport system models of the new knowledge for each group of actors. Based on a set of concrete evolution to implement, a broad set of advancements of current ITSs was focused, and a global view on dynamic freight management in city logistics was given. The impacts of new technologies on city logistics and the relevant knowledge of ITS were, thus, presented. In particular, the framework of conducting evolution in current ITS was discussed showing that the new technologies could have profound impacts on the design of advanced intelligent transportation system, and make it safer, more efficient, and profitable. However, the presented research does not point out the modifications on user’s choice mechanism and how updating/learning of users’ utility can be included in such a modeling task. Then, the further opened research questions are related to revise the choice models also looking at sequential choice formulation (Manski and Sherman, 1980), updating model of the choice.
From the analysis of the opportunities offered by emerging technologies used in city logistics for improving the utility and the subsequent modifications caused in the structure of path costs, the new challenges emerge, i.e., the changes that could occur in the generalized loads through the implementations of new freight nodes where transshipment can be performed in terms of modification of vehicles and/or quantities. In addition, the active role of public administrations has become so relevant due to the opportunity to plan and govern the freight network with its loads. Therefore, the advancement of this study will be mainly addressed to investigate the generalized load similarly as performed for the generalized path, as well as to explore how the administrations can govern the evolution of city logistics where the new technologies can play a key role to design a multilevel supply network in terms of single and multi-echelon allowing load and vehicles to be adapted to the current area requirements (e.g., small vehicles, trolley).
From the synoptic overview, it emerges the role of the shared emerging technologies. The further scientific works and the technical advancement must address the possibility to implement a unified platform to share some of technologies looking at building the logistics community system–LCS. A further advancement regards the possibility to organize an integrated software and hardware system, digital twin (Marcucci et al., 2020), where the methods for planning and those for assessing the general product as a service business models will be tested for city logistics. The digital twin will be the virtual twin of the real LCS. The first level of real and virtual environments can be carried out by sharing IoT among EC, RE, TLO and PA. Then, a further level could allow data between customer (i.e., EC and RE) and TLO to be shared (retailer or end consumer, BCR and BCEC; i.e., owned by retailer or end consumer, respectively). Thus, the supplied service can be promptly adapted and operated. BD can evolve saving the historical IoT and again each actor can use her AI to operate. BC could support the exchanges in value and the monitoring/control of parcel features. In addition, how happened in ports with the introduction of port community system (PCS), similarly city logistics could be impacted by an inter-organizational system (logistics community system–LCS) used for enabling commercial services and providing information exchange between the transport and logistics operators (enterprises)/retailers and their customers, and/or a variety of actors, such as end consumers, local administrations, among the others. The concepts encompass joint delivery systems with shared use of pickup and delivery trucks, urban consolidation centers, and transhipment points based on big data analytics. These systems could involve public-private partnerships among shippers, freight carriers, UCC (urban consolidation center) operators, municipalities, and regional planning organizations since the location of UCC and TP (transhipment points) are highly related to urban land use plans and infrastructure provision as well as urban traffic management. ICT based communication systems for actors could thus also become essential for the efficient management of integrated platforms for both real-time and long-term operations. Integrated platforms could provide benefits such as improving the efficiency of urban deliveries increasing safety and reducing CO2 footprints. Therefore, each of the recalled actors has their own specific objectives and tend to behave in a different manner. LCSs need to recognize these factors and the subsequent relationships. For example, freight transport and logistics operators are enterprises which use urban spaces on the time and then interact with the public administration which manages and governs these spaces. Therefore, telematics systems such as freight transport management systems (e.g., fleet management systems and tracking and tracing systems) or (freight) traffic control and info systems (e.g., access control systems, traffic and information systems) or city logistics support for management and planning can help them optimize their costs and to maximize their level of service. Therefore, the road ahead could meet, more in depth, the needs of the different actors/stakeholders and to favor the transit toward more sustainable, liveable, and smart cities, as promoted by the EU directives.
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