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1. Motivation and context 
 
Emerging disruptive technologies have helped reshape the city logistics research landscape, i.e., data- 
or digital twin- driven planning and decision-making, the so-called intelligent or smart logistics. An 
example for this are the promising technologies and concepts discussed in Taniguchi et al. (2020), 
such as IoT/ICT, big data, electric autonomous vehicles, parcel lockers, or crowd-shipping. The 
increasing application of these technologies heralds a new era of digitization in city logistics. In the 
ASAP project, we pay specific attention to the most relevant technologies, which could be of good 
potential to act as triggers to stimulate and mobilize the existing sleeping assets for sustainable urban 
freight, e.g., neglected routes, underused resources and idle infrastructure. 
 
To mobilize the sleeping assets for urban freight, a number of issues should be studied. In WP2 of 
the project, a task is devoted to establishing a Sleeping Assets Catalogue which provides an overview 
of all Sleeping Assets related to the project and at the best of our knowledge. At the same time, we 
have identified a number of barriers which prevent end-uses from using the existing sleeping assets, 
such as systemic (or infrastructural), legal/ political, financial barriers, as well as barriers related to 
stakeholder acceptance, barriers related to potential user resistance and situational barriers. Among 
them, the technological barriers are directly connected to this deliverable. 
 
As part of WP5, this deliverable has two main goals. First, it presents a study that gives and overview 
of the SoTA technology-driven solutions (e.g., new techniques, technologies, concepts, paradigms, 
or practices) identified in recent studies related to logistics, Smart Cities or ITS, for example. The 
study will give us a comprehensive and panoramic vision on the most relevant, promising solutions 
that could be of potential in the project. Secondly, it will investigate whether these solutions can be 
efficient and effective in mobilizing dormant resources on the one hand, and on the other hand, how 
they can contribute to the design of a future technology-driven smart city logistics scenario aiming at 
better coordination and use of resources. The latter will help us describe the innovation pathways 
from the current testbeds towards the future possible scenarios that are more digitalized and smarter, 
and more sustainable. It is expected that the result will contribute to the discussions on the solutions 
for the technological barriers relating to Task 2.1 in WP2, and the simulation of future smart city 
logistics scenario in Task 5.5 in WP5. 
 
To achieve these goals, a multi-stage desk research was conducted. First, a systematic literature 
review is conducted to gain the first insights on technology-related keywords used the selected 
research papers. The results will help us focus on the most relevant and promising solutions and 
technologies. Second, an observation of the current or past well-known real applications or projects 
of the identified technologies is performed. This step will examine how the technologies, which are 
well studied in the literature are practically applied in real cases. The advantages or disadvantages, 
or drivers or barriers in application should be further discussed. Thirdly, a potential analysis is 
conducted to qualitatively discuss the perspectives of the technologies in future smart city logistics. 
Figure 1 presents the overall methodology of this deliverable. 
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Figure 1. Methodology of surveying new technologies 

2. Systematic literature review and results 
 
Systematic literature review (SLR) is a review method widely applied in many research fields 
including management sciences and engineering, aiming at creating an evidence base for specific 
research questions or problems (Dolati Neghabadi et al., 2019; Tranfield et al., 2003). It is said to be 
systematic because a SLR should rely on comprehensive, transparent search on reliable and public 
databases, so that the results can be replicated and reproduced by other researchers. Another notable 
advantage of the method is that it could provide a comprehensive vision to the focused research 
problem from the selected sources, e.g., academic, or grey literature (non-academic publications such 
as government reports, technical reports, patterns). 
 
As mentioned earlier, the SLR in the deliverable refers only academic literature to identify the most 
studied and relevant technologies, regardless of the technology readiness level (TRL) in the first step. 

2.1 SLR steps 
 
SLR is commonly applied as a stepwise approach. This deliverable follows the six-step approach 
proposed in Durach et al. (2017) and Pan et al. (2021). The first four steps aimed at constructing the 
dataset are presented in this section. Then, steps 5 and 6 of results reporting and insight analysis of 
keywords are presented in the following sections, respectively, Section 2.2 and 2.3. 
 
Step 1. Defining the research questions (RQ) and Sub-RQs 

In order to broadly cover the existing research works and answer the questions that are raised in other 
WPs, we set the main RQ and sub-RQs as follows: 

• RQ: How innovative technologies can assist in awakening sleeping assets for sustainable city 
logistics? 
• Sub-RQ1: What are the recent technologies mostly studied in city logistics? 

Technology Perspectives for Sustainable and Smart City Logistics

SoTA 
Technologies 

Analysis
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Applications
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• Sub-RQ2: What are the technologies of interest, and how they could be used to awaken 
the sleeping assets identified for the current practices? 

• Sub-RQ3: How the technology can drive to a future scenario of smart and sustainable city 
logistics? 

 
The research questions were defined based on our expertise and knowledge on the research and 
applications of technologies in city logistics. As stated, they specifically target the latest most 
promising technologies and are broad enough to cover all most studied ones in the literature. 
 
With the defined questions, a list of keywords can be proposed for the query. The keywords used are 
composed of two groups. The first group contains only one word “technology”, to broadly cover the 
paper relating to technology research. The second group concerns “city logistics” and the synonyms 
such as “last mile”, “urban logistics”, “urban freight”, etc. The initial list of keywords, i.e., Group 1 
AND Group 2, is to be tested and completed during the paper querying in the next steps. 
 
Step 2. Determining the required characteristics of primary studies 
This step consists of defining the inclusion / exclusion criteria for data searching. The following main 
criteria have been taken into account for the study. 
 

Criteria Value and reason 
Publication 
date range 

From 2010 to October 2022 (as of the date of this work). The reason is to 
concentrate on the up-to-date studies published over the past decades 

Source type All academic publications indexed in reliable databases are counted, such as 
journal papers, conference proceedings, editorials, books or chapters. This is 
to focus on high quality transdisciplinary publications. The criterion might be 
over large for some exercises of review (e.g., critical review). But it is 
pertinent to the review of keyword and analysis which is the case in this 
deliverable, according to Pan et al. (2021) 

Language Only papers written in English are considered because it is dominant language 
in the research area. 

Topic Only paper investigating technologies for city logistics will be included, 
according to the research questions. 
Table 1. Inclusion and exclusion criteria for searching data 

Step 3. Retrieving a sample of potentially relevant literature 
This step is used to apply the pre-defined keywords and criteria to query on appropriate databases of 
scientific documents, and to refine the settings as needed. The first attempt was running on Google 
Scholar. It turns out that the database is too large for the topic, returning more than 17 000 documents 
indexed (published after 2010). We then have decided to focus on the scientific publications. Two 
databases are commonly used for a such purpose, Thomson Reuters’ Web of Science (WoS) and 
Elsevier’s Scopus. Only the latter is selected for the study, according to the argument provided in 
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Mongeon and Paul-Hus (2016) who have compared the two databases for different fields. For the 
search in Scopus, the following search string was used. 
 
TITLE-ABS-KEY ( "technolog*"  AND  "last mile logistics" OR "last mile delivery” OR "city 
logistics” OR "urban logistics” OR "urban freight"  OR  "urban distribution" )  AND PUBYEAR > 
2009  AND PUBYEAR  <  2022  AND  ( LIMIT TO (LANGUAGE ,  "English" ) ) 
 
In which: TITLE-ABS-KEY means the pre-defined keywords are searched within the title, abstract 
and keywords of the papers; the asterisk is applied to broaden the search, to cover other words 
starting with the same letters. 
 
As of the day of searching (October 2021), the query string returned 446 documents, including all 
types of documents indexed in Scopus. The raw dataset is therefore constructed for the next steps. 
 
Step 4. Selecting the relevant literature  
 
This step aims to refine the raw data set by selecting relevant literature. Two sub-steps were carried 
out: First, the publications with incomplete or incorrect metadata or the duplicate ones were removed; 
second, the publications irrelevant to the research questions were removed by checking the title and 
abstract of the publication. Finally, 375 scientific publications are included into the final dataset for 
further analysis. Considering that the dataset will be used for a keyword analysis review, the number 
of publications is appropriate to capture the most relevant ones. A further step of forward-backward 
snowballing is therefore not necessary. 

2.2 First result reporting 
 
Based on the dataset of 375 scientific publications, some statistical results can be reported to gain the 
first insights on the research landscape. 
 
Figure 2 shows the trend of research interest on technologies for city logistics, in terms of the number 
of publications per year in the period of 2010-2021. The chart is exclusive of 2 papers online 
published in 2022, in order to properly analyze the trend (the grey line). As we can see, overall the 
number of papers is yearly increasing in an exponential way, especially after 2015. The first analysis 
confirms that the research interest on technology for city logistics has been attracting more and more 
attention recently, providing the keywords analysis with a rich and solid basis of literature. 
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Figure 2. Number of publications per year in the period of 2010-2021 (as of October 2021, 
exclusive of 2 papers online published in 2022) 

The second interesting findings is the documents analysis by their respective subject area. Figure 3 
which is directly given by Scopus analysis (based on the raw data of 446 documents) displays the 
interdisciplinary research landscape of the problem. Because of the technology-driven research 
landscape, it is no surprise that Engineering and Computer Sciences are the two most contributing 
areas. However, Social Sciences and Business Management together has contributed 24.5% of the 
papers, which implies that management science is an important contributing area to the problem. The 
results affirm that interdisciplinary research is critical to advance the research on technology for city 
logistics. 

 
Figure 3. Documents by subject area from Scopus (based on the raw data with 446 documents)  

A third interesting observation is related to the contributing countries and areas, in terms of 
publication number in the dataset. As shown Figure 4 presenting the density visualization based on 
documents numbers in the dataset, China (providing 55 papers), U.S. (42), Germany (39), and Italy 
(38) are the countries with the highest publications. Moreover, China and Germany apparently have 
a close collaboration in the field, as the two clusters are bordering as the figure shows. Besides, it can 
also be observed that Europe, Asia, and North America are the areas providing the most contributions. 
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Figure 4. Countries and areas with the highest publications in the dataset selected (from 

VOSviewer) 

The above statistical and bibliometric results provide the first insights on the research field. More 
importantly, the consistency of the results that correspond to our expertise in the field may confirm 
the appropriateness of the dataset for a further keyword analysis. 

2.3 Keyword analysis 
One key output of this deliverable is to identify the most studied, representative, and emerging 
technologies in the field of city logistics. To this end, we conducted a taxonomy study of technologies 
and the applications based on the keywords from the selected papers. 
 
The software tool VOSviewer of bibliometric analysis was used in this study. Interested readers may 
refer to the website 1  or other research papers (van Eck and Waltman, 2014, 2010) for further 
information about the software. The above dataset of 375 documents was considered as input data to 
VOSviewer for keyword analysis. 
 
Figure 5 illustrates the 60 most frequent keywords of the dataset (with minimum 8 occurrences) and 
the inter-connection. The color represents the trend of keywords over time, the size of rectangle 
weighted by the occurrence frequency, the arcs and width for the connection and the strength. We 
can observe that the most recent technological keywords are, for example, vehicle technology 
(including robots, unmanned or autonomous vehicle, drones), IoT and antennas, algorithm and 
decision making, crowdsourcing, and smart cities. Besides, transportation (in a broad sense covering 
all transportation-related rectangles in the figure) is the most studied topic. 

 
 
1 https://www.vosviewer.com 
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Figure 5. Top 60 keywords indexed in the selected papers over time (minimum 8 occurrences) 

We have also conducted a keyword categorization analysis by using VOSviewer with the pre-defined 
clustering algorithm and parameter setting. However, after testing a number of parameter 
configurations, the clustering results given by the tool are not clearly suggesting significant and 
intuitive conclusions or insights. We thus decided to carry out an in-depth taxonomy analysis of the 
technology-related keywords.  
 
To achieve this and to focus on the most studied, the technology-related keywords that occur more 
than 5 times in the dataset are considered in the analysis. Then, the pre-selected keywords are 
examined individually. The (quasi-)synonyms are summarized as one keyword. Finally, 29 
technology-related keywords are identified, shown in Figure 6, and ranked according to the number 
of occurrences in the dataset. 
 

 
Figure 6. Technology-related keywords with occurrences and categorization 

Keywords Group 1 # Keywords Group 2 # Keywords Group 3 # Keywords Group 4 #
ict 18 vrp 34 electric vehicles 23 smart cities 29
antennas 12 optimization 19 drones 20 crowdsourcing 8
iot 11 algorithm 18 unmanned vehicle 17 intelligent systems 8
information technology 8 decision making 18 autonomous vehicles 16 intelligent vehicle highway systems8
information use 6 integer programming 11 robots 10 delivery systems 5

artificial intelligence 6 automation 7 its 5
big data 6 vehicle technology 6
cloud computing 6 autonomous agents 5
data mining 6 secondary batteries 5

IoT technology
ICT technology

Optimization
Data analytics

Electric vehicles
Autonomous vehicles

ITS
Crowdsourcing platform

Categorization of the most studied technologies

IoT/ICT Analytics and planning Vehicle technology Infrastructure and system
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Figure 6 shows the two-step categorization of the most frequently studied keywords. In the first step, 
the 29 technology-related keywords are categorized into groups according to their relevance and 
applications for city logistics activities. The results (upper part of the figure) show that all keywords 
can be categorized into 4 groups. In the second step, each group is further analyzed in order to find 
out the common points such as fundamental technologies or applications. It turns out that the four 
groups can be summarized as follows: 
 

Group 1 - IoT/ICT: This group consists of two main technology types, that is, IoT (e.g., 
sensors and devices) and ICT (e.g., antennas, 5G, LoRa). They commonly interplay in smart systems 
for the twofold objective: the generation and collection of measurement data (information receiving), 
and the interconnection and communication of data (information transmitting) into data platform or 
information system for analysis (information storing like clouds). 
 

Group 2 - Analytics and planning: This group refers to the technologies that have been 
used for data analytics, planning and decision making. Once the data and information from different 
sources are collected and consolidated, they could be processed and exploited to generate useful 
information for decision making. Data analytics will provide critical information for planning 
decision making, including descriptive, predictive, and prescriptive analytics. The key technologies 
are, for example, clouding computing, algorithms of data mining or machine learning, or data 
visualization. 
 

Group 3 - Vehicle technology: This category concerns the technologies that are applied 
to transportation means used for city logistics. It includes autonomous (unmanned) vehicles such as 
robots or drones, or electric vehicles (including technologies for battery). The literature shows 
adequate interest on both algorithm or solution development and use case study. 
 

Group 4 - Infrastructure and system control: This category refers to system-wide 
technologies for controlling the objects in city logistics and transport systems. Objects used here 
broadly include assets (e.g., vehicles, logistics supports), resources (e.g., workforces, decision 
systems), and infrastructures (e.g., roads, rails, parking). Good examples in the literature are 
Intelligent transport system (ITS), Smart cities. Some well-known technologies that are not listed in 
the table also belong to this category, like digital twin and cyber-physical system (CPS), which are 
sometimes considered and discussed as key component of ITS or other smart systems. It is worth 
noting that crowdsourcing is an emerging practice being increasingly studied by academies and 
practitioners. It could belong to group 2 or 4. But from our point of view, crowdsourcing as a concept 
or paradigm aims at controlling the crowd-based solution system, rather than carrying out the supply-
demand matching or planning solely. 
 
Apparently, the four groups of categorizations together cover the technological barriers and drivers 
that should be considered for the project (for awakening the sleeping assets). The categorization will 
serve as an analysis framework for the recent most relevant projects which aims to study or apply the 
technologies identified in city logistics. 
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3. The state-of-the-arts and actual applications 
Based on the results of the literature review presented in the previous section, this section presents 
the results of the project research to illustrate the application of the respective technologies in practice. 
For this purpose, we use the categorization framework from section 2 for the analysis and discussion. 
Since there are a large number of interesting projects worldwide and it does not seem reasonable to 
investigate all of them, we decided to focus on the projects in Europe, especially those related to the 
consortium, in order to get a deeper and clearer insight into them. 

3.1 IoT & ICT  

3.1.1 Current wireless technologies 
To briefly discuss the current SoTA solutions of interest to ASAP, we refer to a recent comprehensive 
study of wireless technologies for Smart City in Garcia et al. (2018). This section provides general 
information on their performance in terms of speed and maximum range. Interested readers may refer 
to the study for more technological details. 
 

 
Figure 7. Bitrates of wireless technologies (Garcia et al., 2018) 

As shown in the figure above, Bluetooth and ZigBee (IEEE 802.15.4) are suitable for transmitting 
small amounts of data because their power consumption is relatively low. WIFI (IEEE 802.11 
standards) has higher speed, especially the recent standards (generations). The emerging 5G 
technology is dominant, but also with higher power consumption. Currently, Bluetooth, ZigBee and 
WIFI are more applied to smart cities, for traffic management, smart parking, or smart lighting, etc.  



 

www.smarturbanlogistics.eu     15 / 27 Deliverable 5.1 
 

      
Figure 8. Maximum distance of short to medium (on the left, in meter) and long (on the right, in 

KM) ranged technologies 

In terms of maximum range, the technologies can be further divided into indoor or outdoor usage. 
For indoor usage, short to medium range IoT technologies can cover several meters to hundreds of 
meters. Noting that the technologies for very short distance are not discussed in the report, for 
example NFC covering several centimeters or less. Meanwhile, for the long-distance communication 
over several to hundreds of KM, more likely for outdoor usage, mobile technologies are more 
appropriate. For example, LoRa is one of the most used technologies for the communication up to 
five KMs in urban areas, and up to 15 KMs or more in rural areas, according to the information from 
their website2. The figures also explain why Bluetooth, ZigBee and WIFI are the technologies mostly 
used in transport related activities in smart cities, especially parking management. In the next section, 
several use cases will be discussed. 

3.1.2 Technologies for smart loading zone 
Parkunload (www.parkunload.com) is a parking management platform based on Apps and Bluetooth, 
involving free-of-charge and time-limited parking zones such as commercial vehicle or curbside 
parking. The platform was developed as part of an EU project3 now based in Barcelona. The key 
technological solution is that users can book a loading zone in advance via an APP, and use in-car or 
smart phone-based Bluetooth device to confirm the booking upon arrival on the zone via 
communicating with the IoT device in place. This allows law enforcement officers to control 
problems of illegal or over-long parking through the platform. The platform is being piloted in some 
European cities such as Paris and Barcelona. 

 
 
2 https://lora-developers.semtech.com/documentation/tech-papers-and-guides/lora-and-
lorawan/#:~:text=The%20name%2C%20LoRa%2C%20is%20a,areas%20(line%20of%20sight). 
3 https://cordis.europa.eu/project/id/886990/reporting 
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        a. photo from the website of Parkunload  b. photo provided by SmaLa 

Figure 9. Examples of smart loading zone projects in Europe 

Smala4 is another smart loading zone project launched in Hamburg in 2020 and is planned to run until 
the end of 2023. Slightly different to Packunload, the information of the current and next bookings 
(vehicle ID and time slot) is displayed directly on an electronic sign next to the parking space, so that 
law enforcement officers can easily identify parking space abuse. 
 

3.2 Analytics and planning 
Traditional approaches to decision making processes (operations and resource planning) rely heavily 
on OR/OM (operations research/operations management), including optimization or simulation 
modeling, and algorithmic development for decision making. With the rise of information and data 
technology, data analytics and artificial intelligence have become extremely popular topics that enrich 
the OR/OM research landscape. 
 
According to INFORMS5, data analytics technologies can support traditional decision-making at 
three levels: descriptive analysis to gain insights from the past (events or data), predictive analysis to 
provide insights on future scenarios, and prescriptive analysis to support decision making by 
providing advice based on the previous analysis. The analytics results serve as input information for 
decision making and acting, such as resource planning for the future time horizons, strategic decisions 
for companies or policymakers, etc. 
 
Research and practices in city logistics also follow this trend. As found from the literature, researchers 
are paying increasingly attention to the use of ground data to enhance the decision making, the so-
called data-driven optimization approach (Anand et al., 2012). A salient characteristic of such a 
research approach is that data from the ground or field must be actual to provide meaningful value 
and insights, with the support of data science (data mining, machine learning, etc.). Thus OR/OM 

 
 
4 https://www.hamburg.de/bwi/smala-english/ 
5 https://www.informs.org/Explore/Operations-Research-Analytics 
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becomes an interdisciplinary research area, and fosters further applied research, especially in city 
logistics. 
 
Some SoTA applications in research projects are of great interest for the ASAP project, especially 
the related technologies that could have potential. For example, some of the urban logistics projects 
featured on the CIVITAS 6  platform. SENATOR is an ongoing EU project focusing on the 
coordination of multi-modal urban freight transport, including HDV (trucks), drones, bike, etc. The 
idea is to create a real-time digital platform for supply and demand matching and real-time resource 
allocation, real-time routing, fleet management and real-time infrastructure diagnostics, as shown in 
Figure 10. The goal of such a platform is to make the most of the existing resources, especially the 
clean assets, to improve the sustainability, resilience, and efficiency of city logistics. To achieve this, 
the availability and quality of real-time baseline data and information (demands, resources, and 
infrastructures) for the whole system is crucial. 

`  
Figure 10. Mock-up example of SENATOR digital platform (image from www.senatorproject.eu) 

Some similar initiatives are also coming from the ASAP project partners. For example, the testbed of 
Logistics Hotspots in Stockholm city, via mining the mobile data generated by the freight vehicles 
running inside the city. Similar ideas also exist in other EU countries. Figure 11 showcases the results 
of an ongoing research project in France coordinated by Orange. The figures show the heatmaps 
(national and Paris region) of freight vehicle movements based on vehicle-related mobile data 
collected over time. All these data-driven research will provide new insights into the freight transport 
domain, such as behavior of freight flows and service providers, diagnostics on the infrastructures, 
which will be of great value for decision making. 
 

 
 
6 https://civitas.eu/projects 
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Figure 11. Illustration of trucks origins/destinations in France (left) and heatmap around Paris 

(right) (powered by Orange) 

3.3 Vehicle technology 
Recent research in vehicle technology has put a clear emphasis on autonomous vehicles for last mile 
delivery, which could have different types, for example, autonomous vans, AGV or AMR, or drones. 
Figure 12 illustrates examples in Japan and in Europe, respectively, autonomous vans by Yamato and 
AMR by Starship (in Hamburg). Other similar examples can be found in the projects or startups 
working on robotics in city logistics, for example those featured by the POLIS network7, or the survey 
of autonomous vehicles in city logistics given by Buldeo Rai et al. (2022). It shows that safety and 
real-time routing optimization are the most critical issues.  
 

        
a. Autonomous vans by Yamato in Japan8  b. Starship in Hamburg9 

Figure 12. Autonomous vehicles for last mile delivery 

Some recent research also looks at combining autonomous vehicles and public transport for last mile 
delivery, for example the work of  Mourad et al. (2020). Although such prospective research has not 

 
 
7 https://www.polisnetwork.eu/what-we-do/eu-projects/?fwp_eu_projects_topics=15771 
8 https://hal.archives-ouvertes.fr/hal-03313187/document 
9 www.starship.xyz 
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yet been applied in practice or in pilot studies, primarily due to safety and regulation issues, the results 
encourage further research. 
 
Another critical research trend concerns electric vehicles (EV). As the EU project EUFAL 
(www.eufal-project.eu) states, “the market for electric vans suited for last mile logistics is far from 
matured yet”. Increasing effort from automobile manufacturers, energy companies or startups, as well 
as researchers has been put into the topic, in order to improve the performance and environmental 
footprint (e.g., circular economy) of electric vehicle, so as to expand the application and deployment. 
Meanwhile, other critical issues are also being explored, such as regulation and policy, and urban 
infrastructures for EV (reliable charging stations, safety, etc.). See the case study of EV driving range 
for parcel delivery in Iwan et al. (2021). EUFAL project is a noticeable example relating to this 
research topic. As shown in Figure 13, the scope of the project is to establish a platform of exchange 
for multi-stakeholders in the EV ecosystems, to advance the development and application of EV, 
especially for city logistics. This is similar to another EU project FREVUE (frevue.eu). 

 
Figure 13. The scope of EUFAL (photo from www.eufal-project.eu) 

3.4 Infrastructure and system control 
This branch of research focuses on the interconnection and control of logistics objects (e.g., systems, 
infrastructures, resources, assets), to integrate them all into an overall system with the common goals 
of systematic efficiency and reliability. It embraces some of the technologies discussed above, 
especially IoT/ICT, real-time data-driven optimization, and smart objects (e.g., vehicles). The most 
well-known application examples include (but not limited to) ITS, CPS and digital twins in smart 
cities, Physical Internet, or crowdsourcing. 
 
ITS has been initially promoted for mobility solutions in city, aimed at using advanced technologies 
to enhance mobility services, like integrated multimodal mobility, traffic management, infrastructure, 
and network reliability. Urban freight transport is considered as important pilar and extension of ITS, 
for example, the so-called Freight ITS in Crainic et al. (2009). The vehicle technology concentrates 
on the vehicle’s self-decision and self-acting, whereas ITS is more about the connection of vehicle to 
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other objects, namely V2X where X representing infrastructures (traffic light, road, etc.), other 
vehicles, persons, etc. Cooperative ITS is another extension that refers to the cooperation between 
two or more ITS. ITS is also relevant to the paradigms of CPS and digital twins, which are often seen 
as approaches to achieve ITS. It is clear that ITS for freight and ITS for mobility are basically very 
similar, as they face almost the same technological issues and scientific challenges (although less in 
terms of legal aspects). To date, there are only a few projects that exclusively study ITS for freight, 
as they are mostly studied as part of ITS in cities. Some projects propose Crowd-shipping as good 
practice to combine mobility and freight transport from an ITS perspective.  
  
Crowd-shipping is a growing practice for sustainable last mile delivery. This includes the examples 
like the FoodTech platforms that are built on the part time riders, Flex Amazon in the U.S. recruiting 
part time drivers for parcel deliveries (Alnaggar et al., 2021). Against the backdrop of COVID-related 
lockdowns and skill shortages, researchers are also considering the practice of improving the 
resilience of city logistics service (Ghaderi et al., 2022). More recently, the EU project LEAD 
(www.leadproject.eu) investigates how the CPS and digital twins technologies can help manage on-
demand city logistics operations. In particular, the Living Lab in The Hague is investigating crowd-
shipping platforms with electric cargo bikes for last-meter delivery.  
 
In addition, Physical Internet (PI) is another innovative logistics paradigm that aims to improve 
cooperation and interoperability between independent logistics actors as well as the services (Ballot 
et al., 2021). The inspiration of PI comes from the digital internet which interconnects worldwide 
heterogeneous and independent digital networks for data transmissions, based on worldwide 
standards (such as TCP/IP IPv6). PI aims to apply the same principles to logistics. The goal is to share 
and coordinate resources to improve the efficiency and sustainability, as well as resilience. It is 
compound of physical part (standardized means like PI-containers, trucks, hubs, etc.) and digital part 
(the digital twins to manage the physical parts). In the EU, PI has been increasingly explored for city 
logistics towards net zero emissions, thanks to the promotion of the European Technology Platform 
ALICE (www.etp-logistics.eu). The ALICE website has some related EU projects, e.g. the LEAD 
project. 

4. Perspectives on sustainable city logistics 
This section discusses the perspectives of the SoTA technologies for the project ASAP. The project 
is concerned with emerging technologies to investigate two main questions: how innovative 
technologies can assist in awakening and boosting the currently sleeping assets of potential for 
sustainable city logistics, and how will they contribute to a conceptual scenario of future smart city 
logistics. 

4.1 Technologies to awaken the sleeping assets 
In WP2, several groups of sleeping assets have been identified, of which each has different or 
common technology barriers to practicability. It is foreseeable that the technologies examined above 
will have great potential to overcome or mitigate the barriers. Table 2 illustrates examples of how 
they could contribute to overcoming the technology barriers to meet the requirements. 
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 Track & Trace Asset Management Supply-Demand Matching Reliability 
IoT/ICT *** ** * ** 
Analytics & planning NA ** *** ** 
Vehicle Technology ** *** * *** 
Infrastructure & control * ** ** *** 
Table 2. Illustration of potential of new technologies to awaken sleeping assets (the number of 

asterisks stands for the potential level from low to high) 

We assume that at least four requirements must be met for the use of sleeping assets. The first is the 
tracking and tracing of freight when using the assets. Crowd-shipping is one good example. If a 
passenger vehicle is considered for freight delivery, good freight traceability is required to monitor 
the process as well as to identify the responsibility for problems. This issue is of particular importance 
in the context of GDPR. Obviously, IoT/ICT have the most important role to play here.  
 
The second issue relates to asset management, which generally involves infrastructures (e.g., parking 
spots) and resources (e.g., vehicles, workers). This requirement will make it possible to identify the 
appropriate service providers and the status of their assets that could be used, so that the resource 
planning could be done for the next rolling horizon. IoT/ICT technology could be applied to obtain 
the real-time status information of infrastructures, and vehicle technology (especially autonomous 
vehicles) for the transportation asset. Moreover, the contribution of data-driven analytics and 
planning is also obvious to resource planning. 
 
Thirdly, efficient and effective matching of (service) demand and supply is crucial to the mobilization 
of sleeping assets. One outstanding example is UCC (Urban consolidation center). According to Allen 
et al. (2012), UCC success stories are still scarce, because of the financial issues or insufficient added-
services to offset additional costs induced by UCC. The economic viability of the practice could be 
improved by the new technologies for (data) analytics and planning, for example, more accurate 
demand forecasting, higher knowledge granularity on the demand and supply characteristics for better 
matching and planning. 
 
The final example of requirement relates to the reliability of services and systems, i.e., how reliable 
both assets and logistics services can be. Technologies such as digital twins for system control are of 
great potential for this requirement, as they enable a real-time system-wide monitoring and control 
on the processes and objects. In addition, vehicle technology is another important contributing group 
to the requirement, especially considering electric vehicle technology. 
 
It is worth noting that only some important requirements are discussed for illustration purpose. 
Further, in-depth investigation should be carried out for each specific type of sleeping assets as well 
as the testbeds in the project. 

4.2 Future smart city logistics based on digital twins and smart cities 
One of the tasks in WP5 is the conception and simulation a future smart city logistics driven by new 
technologies. Among many other topics, digital twins and smart cities should be further discussed 
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here as the hottest research topics at the moment. The technologies can be discussed from two aspects, 
data-driven or digital twin-driven. The first is concerned with how to use the data generated by smart 
cities for operations management, while the second is about exploiting the real-time status of the 
things in the system, as well as the connections between the objects, for real-time description of 
knowledge and control of objects or systems. Orange, as project partner, provides a digital twin 
platform for the task. The discussion here will focus on the platform to give more details. 
 

a. Thing’in the Future - digital twin platform from Orange  

The Thing’in the Future (hereinafter Thing’in) platform provides a universal, multi and even cross-
verticals, multi-actors digital twin platform for Internet of Things (IoT) applications (e.g., in Smart 
Building, City, Industry, Transports and Logistics, Agriculture…) and complex cyber-physical 
systems at large (e.g. telecommunication infrastructures). 
 
Looking at the historical evolution of the concept of digital twin, essentially in an industrial context 
greatly associated to the emergence of the IoT, it is noticeable that most digital twins today are 
constructed in an ad-hoc fashion, or thanks to specialized products on vertical markets such as 
manufacturing (e.g. airplanes, automotive, shipbuilding), building construction and technical 
management (e.g. nuclear reactor design, energy management), city and territories (e.g. transports, 
gas, water and electrical networks), logistics, health and life science. The risk of a growing 
fragmentation of the digital twin technology can curb its general adoption in the long run. This issue 
of supporting various business interactions between actors inside a vertical domain and between 
different vertical domains with a single platform, which specialized vertical digital twin platforms 
cannot support, is at the core of the experimentations with the Thing’in platform.  
 
Orange vision of the future of the Internet of Things goes far beyond the mere extension of the current 
Internet to so-called connected objects (sensors, actuators) but designates a much deeper fusion of 
the digital world and physical world into an ambient intelligence, a world of digital services deployed 
all around us in the physical world, interacting with the physical world and humans in their daily 
activities at home, at work, in transports, in the city and the countryside, etc. Digital twins are a pillar, 
a cornerstone of this vision, they represent a bridge between the physical and the digital world. They 
allow for a digital description of the physical environment in which sensors and actuators are 
deployed. They provide context and semantics to raw data coming from sensors. The initial 
development of Thing’in was seen as a way to experiment new technologies, use cases, and possibly 
business models related to digital twins and the IoT.  
 
Thing'in is an online platform (portal and APIs) that exposes a graph of digital twins of objects in the 
physical world, where the graph itself constitutes a higher-level digital twin. Users can create and 
manipulate these digital twins and associated information (function, properties, state, location, shape, 
behavior, etc.), as well as access the physical objects they represent through sensors and actuators). 
Above all, the graph captures structural between these objects and the systems they make up, at 
multiple levels, together with the corresponding semantic relationships. Thing'in provides the 
information base which describes in a homogeneous way the physical world (buildings, cities ...) in 
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which sensors and connected objects are deployed. The platform also offers an extensible catalog of 
tools for service developers (e.g., loading of data from other platforms, 2D and 3D visualization, 
projection on OpenStreetMap and other cartographic supports, reasoning, learning and inference of 
new information) in order to help them build new vertical services above the platform that will 
improve the efficiency of the processes and systems considered (e.g. buildings, factories, cities, 
logistics chains, urban mobility). 
 

b. A multi-actor and cross-domain platform 

An analysis10 of the market for the new wave of digital twins dedicated to the smart city vertical, 
reveals that the positioning of providers of digital twin technologies correlates strongly with their 
original business area11: digital twins are seen as a natural extension of their activities. Actors coming 
from industry (manufacturing) are typically centered around 3D models of products, machines, 
components and systems and Product Lifecyle Management technologies. Actors coming from the 
building domain are centered around Building Information Models (BIM) which are basically digital 
plans of buildings. Actors coming from Geographic Information Systems tend naturally to build 
digital twins above cartographic representations, i.e., maps of the physical world. Actors coming from 
the utilities domain (water, gas, electricity) base their digital twins on infrastructure planification 
tools, often based again on 2D or 3D modelling.  
 
The current market for digital twins is very different from the more mature IoT market where the 
need for generic IoT platforms that can manage connected devices and raw sensor data independently 
from the types of devices, data, and protocols, and finally from the applicative/vertical domain 
concerned (industry, building, city, etc.), has become obvious over time, leading to almost only 
generic IoT platforms on the market today. 
 
When testing use cases of digital twins in multiple vertical domains in parallel with the Thing’in 
platform, the need for sharing a common description format for digital twins, and actually exchanging 
digital twins themselves between actors (e.g., different professions in a building or during different 
phases in the construction and management, maintenance of a building), emerges as a pivotal 
requirement in these many apparently different use cases. This observation that has guided the 
development of the platform towards a generic/universal platform that can target and link different 
vertical domains (e.g., building and city, building and industry, industry and transport/logistics, etc.), 
and that can enable multiple actors to interact within, or between, vertical ecosystems to share digital 
twins (and associated data). 

c. Graph model 
Considering classical digital twins, graphs might not seem like an obvious modelling choice. Yet they 
have a storied and multifarious record, extending over almost three centuries, as structural models 
for all kinds of systems, across many branches of science and engineering. More recent developments, 

 
 
10 IDATE DigiWorld. Digital Twin Cities, January 2020 
11 At the exception of IT actors such as Microsoft with its Azure Digital Twins platform. We come to that hereafter. 
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of far-reaching import, have been their use as models for complex systems, spawning the new 
transdisciplinary field of network science, and as bases for learning with Graph Neural Networks. 
Their use for capturing multi-level structural models of systems of systems, viewed as the engineering 
counterparts of complex systems, is a key target of the approach proposed here. 
 
Based on this broad view of graph models, they are the common denominator model of choice for 
digital twins, assuming the emphasis on open systems and cross-silo information sharing. For this we 
need to draw upon a wide-ranging and long-established lore of graph-modeling know-how, in order 
to represent and match directly the structure of physical systems as multi-level digital twins. These 
cyber-physical graphs capturing system structure make up the core of the graph and the Thing’in 
platform. 
 
These requirements set out the framework for choosing the best graph model for capturing digital 
twins in the sense we propose. 

1) Knowledge graphs  

Given the huge spectrum of applications addressed by graph models, it is somewhat baffling that their 
most recent and narrow derivatives used for knowledge representation may have come to acquire 
such a disproportionate pregnancy across information technology. RDF graphs have emerged as the 
de facto common-denominator model for this, especially through their recommended use for linked 
open data datasets, the “web of data”. 
 
It should be clear, however, that RDF graphs do not model physical systems, as a digital twin should: 
instead, they just store weakly structured information about these systems, as sets of logical predicates. 
 
As such, RDF graphs cannot form the core of a digital twin graph, yet they may and should be 
associated to DT graphs as a “semantic overlay”. Coming from either basic IoT or lowly physical 
models side, data semanticization is a “low-hanging fruit” for information interoperability, which 
should already be taken for granted. This means that, at the very least, all devices, things and systems 
being represented must be categorized by reference to classes formally defined in shared ontologies, 
not with ad hoc types or labels. This two-level overlay amounts, to the association of generic non-
contingent knowledge (about classes/concepts as defined in a “Terminology box”/Tbox) to 
contingent information (about the association of individuals/instances to these classes, as laid out in 
an “Assertion box”/Abox).  
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Figure 14. Description of a building as self-contained system, with two-level nesting of subsystems 

	

2) NGSI-LD for digital-twin graphs 
The NGSI-LD information model, standardized by the ETSI CIM (Context Information Management) 
group, provides a formalized basis for “Property Graphs”, the existing informal common denominator 
of graph databases, with a few extensions on the customary use of the PG model by most existing 
graph databases. 
 
In our view, it brings the best of three worlds: a “structural skeleton” inherited from entity-
relationship models, key-value properties attached to both entities and relationships and, crucially, a 
semantic web grounding that makes it possible to overlay an NGSI-LD graph with an RDF knowledge 
graph. An NGSI-LD graph supports properties of relationships and properties of properties, which 
do not exist in RDF. It may be converted into an RDF graph, serialized and exported as a linked-data 
dataset, after applying reification. Blank-nodes-based reification has been chosen as default 
reification mode in NGSI-LD, because (among other reasons) it yields a low-overhead serialization 
in JSON-LD. NGSI-LD graphs are the best common denominator for DT graphs as envisioned here. 
 
More details about the functional design and application or use cases of Thing’in platform will be 
presented in the deliverable of WP5.4. 

Conclusion 
A key question of the project is how innovative technologies can assist in awakening and boosting 
sleeping assets for sustainable city logistics. To address the question, this deliverable focused on the 
emerging and promising technologies that could be of great potential for the project. Two major tasks 
have been carried out. The first was a systematic literature review on the most relevant publications 
to outline the research landscape to develop an analysis framework. The second task was to apply the 
framework to survey current best-practices and EU projects related to the application of the 
technologies. Insights on the application perspectives for the project were gained and discussed.  
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The results have outlined the research landscape of Smart City Logistics, which is technology-driven 
but interdisciplinary. Recent research foci can be summarized into four groups, i.e., IoT/ICT, 
Analytics and planning, Vehicle technology, and Infrastructure and system control. Growing interest 
had been paid to the research and development, whilst technology maturity for real-life applications 
are not fully aligned with the requirements. This generated important contributions for other WPs, 
for example the technology barriers to mobilize sleeping assets discussed in WP2, and the 
conceptualization and simulation of future smart city scenario in WP5.4. 
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