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Abstract: This paper aims to construct a theoretical research framework for sustainable urban freight
transport (SUFT) from the perspectives of future urban development and distribution innovations,
and appropriate research methods are discussed, as well. Urban freight transport plays a critical role
in the promotion of sustainable and livable cities. According to the literature review, considerable
research on SUFT has focused on resolving some specific problems with a short-term perspective.
The existence of an urban freight transport strategy is noted, which should be embedded in an
overall sustainable development strategy with a long-term perspective (approximately 20-30 years).
Nevertheless, considerable research has paid scant attention to the long-term planning of SUFT.
Given this, this paper contributes to the closure of this gap. First, this paper presents a systematic
literature review (SLR) to highlight published papers involving foresight research within the past
16 years (2003—-2018). This step contributes to the understanding of research methods that can be
used in foresight research. Subsequently, this paper discusses the impacts of both urban development
and distribution innovations on future SUFT, and these effects are used to select the appropriate
methods to construct the theoretical research framework. Finally, the theoretical research framework
of long-term planning for SUFT is developed on the basis of two future perspectives: the trends
of urban development and the application of urban distribution innovations. This framework is
intended to provide an approach to designing sustainable urban logistics, taking into account urban
development and distribution innovations.

Keywords: sustainable urban freight transport; sustainable city logistics; sustainability;
foresight research; theoretical research framework; future perspective; urban development;
distribution innovations

1. Introduction

Economic growth necessitates flexible transportation to ease access to resources and trade
markets [1]. Transportation is the main concept for promoting social intelligence approaches and
economic development [2]. Urban freight transport (UFT) has been defined as a process and a system
to collect, transport, and distribute goods within urban areas. Although urban freight activities
have continually contributed to the economic growth of cities, they have caused the majority of
environmental externalities within urban areas. These negative externalities primarily consist of air
pollution, congestion, noise, etc. [3,4]. Therefore, considerable research has focused on promoting
sustainable urban freight transport (SUFT), which is commonly based on the conventional urban freight
network. The dimensions of sustainability primarily include economic (e.g., economic performance),
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environmental (e.g., emissions, transport), and social aspects (e.g., public policy, customer privacy) [5].
A conventional urban freight network generally consists of two types: single-tier and two-tier
(as depicted by Figure 1). The former system is commonly used in small or medium-sized cities, and the
two-tier system is more suitable for large/megacities [6,7]. However, city development has brought
challenges to the conventional network structure of UFT, particularly for large/megacities around the
world. For example, urban population growth has increased the commodity demands and freight
flows, and urban sprawl has increased the delivery range. It is noted that considerable research has
paid little attention to the connections between freight transport and urban development [8]. This result
reveals that the research on SUFT lacks systematic consideration of city development from a long-term
view. Indeed, an urban freight transport strategy should be embedded in an overall sustainable
development strategy with a long-term perspective (approximately 20-30 years) [9]. Therefore, it is
critical to the comprehensive consideration of city development and sustainable urban freight planning
from a long-term view.

Product suppliers City Logistics Center Consumers Product suppliers City Logistics Center Terminal/Depot Consumers
1
1
0
Hinterland Transport Hinterland transport
Last-mile delivery Transshipment
transportation Last-mile delivery
Outside of City Inside of City Outside of City Inside of City
Commodity Demands Predication Commodity Demands Predication

Figure 1. Single tier and two tiers of the urban freight system (Based on [7,10]).

In recent years, the concept of the “smart city” has increasingly become a popular topic in the
academic field. This concept has arisen as a solution for improving the sustainability and livability
of cities through the effective urban management of governance, energy, and transportation [11,12].
Since 2018, some research has focused on the topic of sustainable transport for smart cities, which
primarily surround smart mobility. For example, Al-Thani et al. (2018) [13] adopted the Delphi
approach to investigate the influences of both advanced transport and communication technologies
on the future sustainability of the city of Doha and its neighborhoods. Freudendal-Pedersen et al.
(2019) [14] discussed the impacts of mobility on smart cities, particularly on the aspects of automation
and sustainability. Tobey et al. (2019) [15] demonstrated a conceptual framework for planning
smart communities to take account of sustainable transport, which employed an iterative three-phase
development loop. Hammad et al. (2019) [11] proposed a mathematical optimization framework
to optimize zoning, land-use allocation, the location of novel constructions, and investment
decision-making related to infrastructure projects in smart cities. This framework is able to connect
to other platforms in a city setting. Bamwesigye and Hlavackova (2019) [2] discussed the global
heterogeneous characteristics of both sustainable transport and smart cities. Behrendt (2019) [16]
indicated that the vast majority of European policy discussions on the topic of smart cities revolve
around cars (including autonomous cars and smart vehicles), while cycling is rarely considered. From
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this result, he made policy suggestions for addressing these issues and for future research. These works
have widely discussed the application of innovative sustainable transport modes in future smart cities.
However, much less research has paid attention to the impacts of these innovative transport modes
on future sustainable urban freight transport. Additionally, these papers specifically focused on the
notion of smart cities based on information and communications technology (ICT) or the internet
of things (IoT), whereas the physical urban perspective was barely considered. For example, urban
population growth causes urban sprawl to increase the distribution range and delivery frequency.
Although the application of these innovative transport modes can reduce the negative environmental
impacts of freight movements, this gap restricts the sustainability of future SUFT in economic and social
aspects. Given that, this paper specifically focuses on the physical perspective of urban development
and the distribution innovations for smart cities.

The trends of urban development are exogenous trends that have exacerbated the challenges of the
urban freight system. To respond to these challenges, urban logistics providers have devoted efforts
to finding appropriate endogenous solutions to promote sustainability, effectiveness, and security.
The usage of emerging transport modes is an efficient solution for logistics providers. An example
is the utilization of electric vehicles (EVs) to deliver goods to customers within urban areas, which
can reduce air pollution. Notwithstanding this, various distribution innovations operate together
as a system that radically influences the conventional urban freight network [17]. For example,
using urban freight trams requires the building of several transit stations and the integration of
the passenger and freight. Although considerable research has paid more attention to the usage of
one or two distribution innovations in the urban freight system, they have focused on short-term
planning (approximately 5-10 years). This observation implies that comprehensive consideration of
the integration of urban distribution innovations and their impacts on the conventional urban freight
network is lacking. Additionally, several technology companies have launched projects involving
future urban freight vehicles. An example is the concept of “Future urban freight mobility” proposed by
Volkswagen (Germany) in 2018; this vehicle integrates the mobile depot, robotic vehicle, and delivery
robots. From sustainable transition perspectives, these projects are “new technologies typically link
to the old technology in the form of an auxiliary add-on, often to improve its functioning” [18].
From the view of futurology, this finding implies that using urban distribution innovations in the
conventional urban freight system is a possible barrier to the flexibility and sustainability of UFT.
Therefore, foresight research that combines urban distribution innovations and urban freight network
planning is also necessary.

In sum, both exogenous (city development) and endogenous (distribution innovations) trends
of UFT have exacerbated the challenges of the conventional urban freight network from a long-term
perspective. Therefore, foresight research on SUFT contributes to the sustainable transition of city
logistics, thereby promoting sustainable and livable cities in the future. Reviewing published papers
on city logistics indicates that considerable research has focused on addressing specific problems
in the short-term. This finding reveals that much research has hardly employed foresight methods
to investigate future sustainable urban freight transport. Applying foresight research methods is
an efficient solution for researching sustainable urban logistics from exogenous and endogenous
tendencies. To this end, the SLR of foresight research contributes to the understanding of the
state-of-the-art in foresight research and the selection of appropriate methods for future sustainable
urban freight transport. To fill these gaps, we adopted the SLR approach to find articles on foresight
research that have been published in the past sixteen years (2003-2018). From the findings in the
previous step, the overview approach was used to assess the impacts of urban development and
distribution innovations on the future sustainable urban freight system, and these effects were
used to select the appropriate methods of foresight research to construct a theoretical framework.
Meanwhile, we followed the general framework of foresight research to improve the theoretical
framework that is proposed in this paper.
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2. Research Questions and Methodology

From the previous discussion, we determined that the long-term planning of sustainable urban
freight transport or relevant foresight research is lacking. Additionally, the research on urban freight
network design has paid scant attention to the trends of both urban development and the integrated
application of distribution innovations. This result highlights the fact that considerable research has
paid little attention to the long-term planning of sustainable urban logistics, as well as the impacts
of these two trends for the UFT. At present, to the best of our knowledge, such studies are absent.
Unmistakably, the comprehensive consideration of these two trends in the design of the urban freight
network can further promote the sustainability and flexibility of the future urban freight system. To this
end, this paper aims to develop a theoretical framework of foresight research on SUFT to resolve this
gap. Consequently, the research questions (RQ) of this paper are presented as follows:

RQ1. What is the state-of-the-art in foresight research, and which methods are suitable for
researching future sustainable urban freight transport?

RQ 2. What are the exogenous and endogenous trends of SUFT?

RQ3. How can appropriate methods be selected for the long-term planning of SUFT?

RQ4. How should the long-term planning of sustainable urban freight transport be conducted from
future perspectives?

To answer the above research questions, we followed the research methodology design depicted in
Figure 2. First, we used the SLR approach to determine articles involving foresight research published
in the period of 2003-1018 on Scopus. The intention of this step was to understand the state-of-the-art of
foresight research and determine the research methods used in the articles. Subsequently, the impacts
of both urban development and distribution innovations on urban freight transport were assessed.
Following this analysis, we selected the appropriate research methods for the long-term planning of
SUFT. Finally, the theoretical research framework was proposed on the basis of the previous steps.
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Figure 2. Research methodology (Source: Authors’ own elaboration).
3. Literature Review of Foresight Research

To respond to RQ 1, we employed a systematic literature review (SLR) to find research articles
that have been published in the past sixteen years (2003-2018). As presented in Table 1, the keyword is
only one term: foresight research. The purpose was to understand which academic field has used the
approach of foresight research as well as to determine the applied methods in these articles. Ultimately,
58 papers matched this objective.
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Table 1. Paper selection.

Items Description
Main Keywords Foresight research
Language English
Document types Journal Articles, Conference Papers, Book Chapters
Source Scopus
Time interval 2003-2018

3.1. Descriptive Analysis of Papers

As presented in Figure 3, the peak in the number of papers was in 2017 when 14 articles covered
foresight research on the distinct academic field. Despite the fluctuation in 2018, it is possible to
appreciate the stable increase in the contributions related to foresight research in the last sixteen years.
Of these 58 articles, eleven papers were published in the journal Foresight.

16

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Figure 3. Number of academic publications on foresight research.

To meet the purpose of the literature review, as mentioned previously, we classified this corpus
by the subject area of these 58 papers. This study employed Scopus’s analysis system of the search
results. The literature has mainly covered 11 subject areas. Of these subject areas, Others consist of
Biochemistry, Genetics & Molecular Biology, Earth & Planetary Sciences, Environmental Science, as well as
Materials Science.

As presented in Figure 4, the subject area of Business, Management and Accounting accounted
for 26.7% of the article corpus. There were 28 papers in this field. The subjects Engineering,
Economics, Econometrics and Finance, and Social Science accounted for 10.5% each. This finding highlights
that foresight research has received more attention in these subject areas, particularly in Business,
Management and Accounting.
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Figure 4. Subject areas of academic publications on foresight research.
3.2. Analysis of Papers on Foresight Research

Following the classification of subject areas, the keywords of the article corpus were determined
and analyzed. As indicated in Table 2, the topic “Technological innovations” covered ten subject areas.
An example is the research paper of Shostak et al. (2017) [19], which covered six subject areas. This high
rate of coverage implies that this topic is a popular field in foresight research. This finding also reveals
that distribution innovations need to be systematically estimated in foresight research on SUFT.
Additionally, there were 22 articles related to the topic “Technological innovations”. Nevertheless, only
three articles were involved in the topic “Transport & Supply chains”. In these three research papers,
Fiorini and Lin (2015) [20] analyzed the application of foresight studies in the transport sector, and their
aim was to present good practices and the potential benefits of using foresight studies in the transport
sector. Furthermore, the research of Strzelczak (2015) [21] discussed possible novel ontology-aided
solutions for managing manufacturing and logistics operations as a result of foresight research on
industries. Strzelczak (2017) [22] investigated feasible functional arrangements of production internet
by reflecting on the state-of-the-art, supplemented by foresight research. This finding reveals that, thus
far, foresight research on urban freight planning is lacking, as this analysis did not find evidence of
literature reviews regarding foresight research on urban logistics.

Given that urban development and distribution innovations radically exacerbate the challenges
of urban logistics, long-term planning of urban freight transport is capable of further promoting
sustainable and livable cities. Before the discussion of critical factors in future urban logistics planning,
foresight research methods need to be determined. Given this requirement, the applied methods in the
article corpus were determined and analyzed.
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Table 2. Topics of the groups of papers on foresight research and their subject areas.
Subject Area
Topic Description Papers
Business, Economics, Social Computer Decision Arts & Agricultural
Management &  Engineering Econometrics & . P -cist Psychology L Mathematics & Biological Other
. . Sciences Science Sciences Humanities .
Accounting Finance Sciences
Technological Foresight research on emerging technologies
. 8 (e.g., information and communications technology, [19,23-43] v Vv Vv v Vv v Vv Vv v v
innovations [N L .
digitalization) and their impact analysis
Company Foresight research on company development i aa
development and applied framework [44-48] v v 4 v
Uncertainty Integrating the concept of uncertainty into foresight = _
analysis research 49,501 v v v v
Strategic/ Using the theory of foresight research to develop -
Policy-making future strategies/policy [51-56] v v v v v
Management Using the theory of foresight research to develop [57-59] . Y, N N
innovation innovative measures of management —
Methodological . .
research Developing foresight research methods [60,61] Vv Vv Vv Vv
Energy Foresight research on energy (marketing) [62,63] Vv N Vv
Transport & Supply ~ Foresight research in the field of transport, logistics, [20-22] v J
chains and supply chain management -
Financial systems Foresight research on the financial and economic [64] v J
system
Marketing Foresight research on marketing management in -
management different sizes of enterprises [65,06] v v v
Psychological Foresight research on psychology knowledge and
Science practice (67,681 4 v v v
Demographic Foresight research on demographic change [69] Vv Vv
change
It includes social network analysis, methods of
Others foresight research, agriculture, and knowledge [70-75] v v Vv

management
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3.3. Main Research Method Applied in the Article Corpus

After reading the full papers, the main applied methods in the article corpus
were identified. These research approaches consisted of literature review/overview,
survey/interview, roadmapping/technology roadmapping, Delphi, scenario, trend exploration,
workshops/brainstorming, bibliometrics, and SWOT (strengths, weaknesses, opportunities and
threats). The definition of these nine methods are presented as follows:

e Literature review/Overview is a general method. The papers are commonly structured around
related topics and use a discursive writing style.

e  Survey/Interview refers to the investigation of specific groups of people using pre-set questions.
The purpose is to gather the knowledge of interviewees.

¢ Roadmapping/Technology roadmapping is a method that outlines the future field and generates
a timeline. Related factors include technologies, regulatory aspects, and market structures.

o Delphi is “a method that involves repeated polling of the same individuals, feeding back
(occasionally) anonymized responses from earlier rounds of polling, with the idea that this
will allow for better judgments to be made without undue influence from forceful or high-status
advocates” [76].

e  Scenario involves constructing a systematic and internally consistent vision associated with the
future.

e  Trend exploration is a method of forecasting future trends under the assumption that the future
is a continuation of the past.

o  Workshops/Brainstorming is “A creative and interactive method used in face-to-face and online
group working sessions to generate new ideas around a specific area of interest” [76].
Bibliometrics is a method based on a quantitative and statistical analysis of publications.
SWOT is “a method which first identifies factors internal to the organization or geopolitical unit
in question and classifies them in terms of strengths and weaknesses. It similarly examines and
classifies external factors (broader socio-economic and environmental changes, for example, or the
behavior of competitors, neighboring regions, etc.) and presents them in terms of opportunities
and threats” [76].

The resulting classification of the article corpus is reported in Figure 5, where each paper can
employ more than one research method. As expected, the literature review /overview is the primary
applied methodology in the article corpus. Only one paper adopted a SWOT analysis. In these papers,
the maximum number of methods per paper is two. For example, the research of Fiorini and Lin
(2015) [20] employed the literature review /overview and scenario approaches; Lee et al. (2008) [74]
adopted the methods of literature review /overview and trend exploration. This finding implies that a
mixture of methods is used as a general approach in foresight research. Thus, the applied methods in
the article corpus need to be further classified and analyzed.

Table 3 presents the results of connecting the research methods with the topics covered in each
paper. The literature review/overview approach was widely used in the methods mix. Although most
papers did not mention the literature review/overview method, this method was commonly used
for fundamental descriptions (e.g., [29,32,40]). In addition, other methods mix were also applied
in the article corpus. An example is Mendoncca et al. (2009) [50], who adopted the Delphi and
scenario analysis methods. This finding reveals that the methods mix is an efficient solution for
foresight research. Hence, foresight research on sustainable urban freight transport also needs to
comprehensively consider the feasibility of the distinct methods mix.
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Figure 5. Types of research methods in the corpus.

According to the preliminary discussion, these nine methods are unable to develop a foresight
research framework for future sustainable urban freight transport on the basis of the dimensions of
urban development and distribution innovations. Although the literature review and trend exploration
approaches seem to be suitable methods, there is a lack of methods to develop an operational strategy
and network structure for future sustainable urban freight transport. Given this gap, it essential to
integrate the other methods of foresight research into further analysis. Besides the above nine methods
that can be used in foresight research, 25 methods are commonly employed in this field. The research
of Popper (2018) [76] systematically discussed method selection for foresight research. In order to
select the appropriate methods for developing the foresight research framework of sustainable urban
freight transport, it is essential to systematically discuss the critical impact-factors of future sustainable
urban freight transport. The first step is to understand the applied frequency of these 25 foresight
methods, as well as the feasibility of their combination.
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Table 3. Topics and applied methods in the corpus.
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4. Exogenous and Endogenous Trends of SUFT

Section 3 demonstrates that considerable research has paid less attention to the long-term planning
of sustainable urban freight transport. To respond to RQ 2, it is essential to understand the future
trends of sustainable urban freight transport. As mentioned previously, the city and freight maintain
a set of core relations [77]. However, a considerable body of research has paid scant attention to the
links between urban development and city logistics planning [8]. Therefore, the future trends of urban
development are an external factor of sustainable urban freight transport, and they are defined as
exogenous trends of SUFT. Exogenous trends have exacerbated the challenges of sustainable city
logistics. For example, urban population growth has motivated logistics providers to increase their
delivery frequency within urban areas, which has caused traffic congestion and exacerbated land-use
conflicts. To this end, urban logistics providers have employed or launched emerging transport
modes to decrease environmental externalities to promote the sustainability of urban logistics; such
modes include electric vehicles, delivery drones, and parcel lockers. This observation highlights that
conventional urban freight transport has increasingly transformed into a brand-new system of urban
freight transport based on urban distribution innovations. From the view of physical distribution,
urban distribution innovations can be defined as endogenous trends of sustainable urban freight
transport. On the basis of the above discussion, this paper employs the literature overview approach
to discuss the exogenous and endogenous trends of sustainable urban freight transport.

4.1. Exogenous Trends: Urban Development

Urban population growth is a critical element in the generation of urban issues. Figure 6 shows
the world’s urban population and the average annual rate of change in the period of 1995-2018, and
it includes predictions until the year 2030. By 2030, the world’s urban population will reach more
than 5 billion, and 68% of the world’s population is projected to be living in the city by 2050 [78].
This growth implies that cities need to construct lots of new residential areas and commercial areas.
Housing accounts for more than 70% of land use in most cities and determines urban forms and
densities, and one billion new homes are needed worldwide by 2025 [79]. The urban sprawl leads
to increases in the numbers of large and megacities around the world. By 2015, there were 44 large
cities and 29 megacities [79]. By 2030, the world is projected to have 43 megacities with more than 10
million inhabitants [78] and approximately 67 large cities. From a long-term perspective, the urban
range growth has motivated logistics providers to employ two solutions: the usage of infrastructure
expansion to increase the delivery range and freight capacity, or the use of more freight fleets to increase
the delivery frequency within urban areas. These two solutions exacerbate the conflicts between cities
and freights from future perspectives. Infrastructure expansion worsens land-use conflicts and requires
logistics providers to increase the cost of construction, operation, and labor. In cities, the locations
of new buildings create a traffic demand in the existing network structure [80]. This causes external
traffic loadings on the existing network, and it leads to major transportation delays for network users
if planning is not optimal [11]. In consequence, this solution restricts the sustainability of urban
freight transport in the aspects of economic and social dimensions. As another response solution,
although increasing freight fleets can enhance the efficiency of urban logistics, the degree of the increase
exacerbates congestion and parking land conflicts within urban areas. Although logistics providers
can employ clean-energy mobility approaches (e.g., cargo-bikes and EVs) to reduce emissions, this
solution is a barrier to sustainability in the social and environmental dimensions.
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Figure 6. Change in the world’s urban population (adapted from [78]).

Additionally, urban demographic expansion and disorganized growth have generated persistent
issues and emerging urban challenges [79]. Of these challenges, climate change due to urban emissions
has become a core issue for sustainable development. Cities are responsible for more than 70% of
global carbon dioxide emissions [79], and almost 5.5% of the total annual greenhouse gas emissions
are generated by the logistics and transport sectors, around 57% of which are caused by road freight
transport [81]. However, a wide range of research has shown that transportation systems in most cities
and urban areas are unsustainable [2]. Although some research on sustainable transport for smart cities
has discussed transport emission reduction in future urban planning agendas (e.g., [14,16]), urban
freight is still not specifically integrated into the future sustainable urban planning system. Because
urban planning is focused principally on passenger transport, sustainable development measures
mainly focus on passenger transport [82]. This has resulted in freight transport issues at the city level
that are still not well understood or quantified, and there is no methodology aimed explicitly at the
analysis and planning of freight movements [82,83]. In recent years, the sustainable urban planning
system has integrated transport emission reduction into the future planning agenda. This trend implies
that logistics providers need to connect sustainable urban freight strategies to the other modules of
the future urban planning agenda, which is at the city level. Although the application of clean-energy
freight mobility is an efficient solution for promoting sustainability, sustainable urban freight strategies
need to comprehensively consider the whole urban planning schemes at the city level.

As mentioned previously, technological development has motivated the formulation of smart
cities. Although this concept is based on the development of information and communications
technology (ICT) and the internet of things (IoT), it also influences the physical perspective of urban
development, such as zones, infrastructure allocations, and urban transport networks [11,15]. It is
noted that universal agreement on a specific definition of a “smart city” is still lacking at present,
and its primary field is in the usage of ICT and IoT in the sectors of infrastructure, buildings,
and energy [84]. This finding highlights that academia has no consensus about the physical
changes in urban development due to the smart city trend. However, it is vital to systematically
consider the impacts of the smart city concept on urban development and overall arrangement from
physical perspectives.

Besides these factors, changes in the age of the urban population also challenge future sustainable
urban logistics. Globally, the fastest-growing population is aged 60 or over at 3.26% per year; by
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2050, 25% of the population in all regions except Africa will be aged 60 or over [85]. Compared with
this demographic, the youth population (aged 15 to 24) accounts for a further 17% [86]. The high
proportion of these two groups could cause commodity demand polarization. Owing to the physical
condition of the aged population, their focus is on health care, medication, daily necessities, and the
convenience of pick-up goods, which is provided by urban logistics. In contrast, young people pay
more attention to digital products, clothes, delivery security, transport duration, etc. This finding
highlights that urban logistics providers need to balance commodity demand polarization to provide
differentiated delivery services within future urban areas.

Moreover, suburbanization plays a critical role in the exogenous trends of SUFT. Both economic
factors and quality of life have contributed to the movement of urban residents outside congested
urban core areas. The reason for this is that land and housing in the suburbs are cheaper than those in
city core areas, with low-density living, often resulting in a better quality of life and improved access to
amenities [79]. It is noted that the ensuing pattern of urban development consists of the displacement
of population, movement of industries and services from the city center to the periphery, and the
creation of new centers with their own economic and social dynamics [79]. This finding implies that
the distribution change in urban areas aggravates the negative environmental externalities caused by
delivery frequency growth and freight range extension.

In sum, exogenous trends have radically influenced the conventional urban freight system.
Although the usage of clean-energy mobility contributes to a decrease in emissions and thereby
promotes the sustainability of urban freight transport, both urban development trends and urban
population growth can restrict the other components of sustainability dimensions (i.e., Social and
Economic). For example, traffic congestion caused by delivery frequency rises, and infrastructure
expansion exacerbates land-use conflicts. Therefore, the long-term planning of sustainable urban
freight transport needs to systematically consider these exogenous trends. The objective is to design a
flexible and sustainable urban freight system to respond to the future challenges of urban development.
To answer RQ 3, this paper further discusses appropriate methods, which can be used to analyze these
exogenous trends and connect them to research on the long-term planning of SUFT.

4.2. Endogenous Trends: Urban Distribution Innovations

As mentioned previously, the notion of smart cities has motivated the application of innovative
transport mobility in the urban transport system. An example is autonomous vehicles [14]. The use of
urban distribution innovations is an efficient solution for promoting sustainable urban freight transport.
The definition of urban distribution innovations is the application of emerging transport modes to
reduce the negative impacts of urban freight movements, thereby promoting the sustainability of
city logistics [17]. According to the literature review, there are eleven urban distribution innovations:
electric vehicles (EVs), public transit logistics, taxi logistics, cargo-bikes, parcel lockers, delivery drones,
robotic vehicles, delivery robots, modular vehicles, mobile depots, and urban freight ships.

Table 4 defines these eleven distribution innovations and the applicative implementation process
in urban freight transport. By retrieving and filtering the literature, we determined that considerable
research has paid scant attention to the integration of urban distribution innovations that operate
together as a system. At present, there is very little research work and few systematically prepared
findings in this area. The integration of urban distribution innovations is an efficient solution for
further promoting sustainable urban freight transport [17]. Lots of logistics providers and technology
companies have indeed launched similar concepts for future SUFT. For example, DHL Express (2017)
piloted the City Hub concept in Frankfurt, Germany, and Utrecht, Netherlands; the vehicles are
combined with a customized trailer carrying up to four small containers, and they then use DHL
Cubicycles (a cargo-bike that is able to carry a container) to complete last-mile delivery [87]; Workhorse
Group developed the HorseFly UAV Delivery system, which is fully integrated with electric/hybrid
delivery trucks, while UPS has tested residential delivery with drones launched from atop a package
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car [88]. These projects demonstrated that the operational integration of different urban distribution
innovations is an irreversible trend for future sustainable urban freight transport.

Additionally, some research has examined operational integration based on partial distribution
innovations. For example, Kikuta et al. (2012) [89] mentioned that Yamato Transport Co. (Tokyo, Japan)
has been adopting a tram system for transshipping goods to Arashiyama in Kyoto and then using
cargo-bikes to conduct last-mile delivery within urban areas. He and Haasis (2019) [17] proposed
the concept of sustainable inner-urban intermodal transportation, which integrates these eleven
distribution innovations with small standardized containers. Nevertheless, much less research has
focused on systematically selecting these different innovations to construct delivery strategies for
future sustainable urban freight transport. It is noted that a systematic selection method prompts
logistics providers to construct efficient, sustainable freight strategies for future cities. This finding
also highlights that systematic consideration of the operational integration of distribution innovations
is necessary for future SUFT.

Table 4. Distribution of the eleven topics in distribution innovations (adapted from [17]).

Tovic Describin Transshipment Last-Mile
P 8 Transportation Delivery
Electric vehicles Applied E-vehicles to transport goods in « «

urban areas

A special type of vehicle is used to deliver
Modular E-vehicles the goods to consumers by carrying one or X
multiple cabin modules

Integrated passenger and freight activities

Public transit logistics (Le., tram, subway, bus) X X
. . Utilized a ship to transfer goods to transit
Urban freight ships points by the inland waterway of the city % %
Taxi logistics Apphed' taxis to trans.port goqu; the »
purpose is to reduce traffic congestion
Cargo-bike Use of a cargo-bike for freight distribution y

in city centers

. . Use of autonomous (robotic) vehicles for
Robotic vehicles . AR X
freight distribution in city areas

Use of drones for freight delivery in city

Delivery drones
areas

Use of small robots to deliver goods to the

Delivery robots destination

The implementation of parcel lockers aims to
Parcel lockers reduce traffic congestion in residential areas X
and enhance the efficiency of delivery

A mobile depot is a trailer fitted with a
Mobile depot loading dock, warehousing facilities, and an X
office

In sum, both exogenous and endogenous trends have radically influenced the short-term planning
of sustainable urban freight transport. The result in Section 3 indicates that, thus far, there is very little
research and few systematically prepared findings for the long-term planning of SUFT. The previous
analysis demonstrates that the long-term planning of SUFT needs to systematically discuss and
integrate the consideration of these two trends. Therefore, the selection of the appropriate research
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methods plays a critical role in developing a theoretical framework of future sustainable urban freight
transport. Furthermore, exogenous and endogenous trends maintain a set of relations that influence
each other. The operational integration of distribution innovations needs to consider the future trends
of urban development. Meanwhile, sustainable strategies of urban planning have to integrate urban
freight transport into the urban development agenda. Because exogenous and endogenous trends
have interlocking and complex components in urban freight planning, selecting appropriate research
methods is a critical step for constructing a framework. In view of this, this paper discusses foresight
research methods that are suitable for investigating both exogenous and endogenous trends.

5. Appropriate Methodology Selection

Despite the fact that the nine approaches were employed in the article corpus, these methods
are not enough to construct a feasible framework for future sustainable urban freight transport.
Concurrently, the feasibility of a distinct methods mix must also be further discussed after determining
the appropriate methods. Therefore, this section analyzes the impacts of urban development and
distribution innovations on future urban freight transport. Furthermore, this paper follows the general
framework of foresight research to systematically discuss method selection and the feasibility of
methods mix.

5.1. Fundamental Elements of Foresight Research Framework

In academic discourse, the term Foresight is used to delineate forecasting and emphasize the
explorative nature of the processes involved [90], while it is also the capacity to systematically think
toward the future to inform decision-making today [91]. Furthermore, a considerable number of
scholars suggest that foresight research is future-oriented, which needs a long-term (the next 10 to 25
years or more) view (i.e., [92-94]). Therefore, the approach of foresight (future) research is “the tools,
methods and thinking styles used to build an organizational foresight capacity, usually interdisciplinary
and inclusive rather than restricted to a particular philosophy, discipline or method” [91]. Additionally,
the approaches use a longer-term (10 to 20 or more years) timeframe to facilitate thinking that moves
beyond the boundaries of convention and the status quo [91].

Following the understanding of the relevant concept of foresight research, its general framework
needs to be discussed further. Popper (2008) [76] demonstrated the general framework of foresight
research, as depicted in Figure 7. His research demonstrated that foresight research is a systematic
process with five interconnected and complementary phases: (1) Pre-foresight phase, (2) Recruitment
phase, (3) Generation phase, (4) Action phase, and (5) Renewal phase. In the general framework
of the foresight process, the “methods mix” refers to the combination of foresight methods, with
25 approaches used in 886 cases [76]. In the article by Popper, these sets of data are cited from the
European Foresight Monitoring Network (EFMN) (EFMN, https:/ /www.efmn.eu) and Strategic Euro-Latin
Foresight Research and University Learning Exchange (SELF-RULE) (SELF-RULE, www.self-rule.org).
Figure 8 depicts these 25 approaches, as well as their frequency of use in the 886 cases. The usage of
the literature review (LR) accounts for almost 54%, which makes it the most extensively used method
in these cases. Besides the LR, foresight methods also include the future workshop, key technologies,
interviews, technology road mapping, cross-impact/structural analysis, and morphological analysis.
Because there are 25 foresight research methods, selecting the appropriate method is a critical success
element for the long-term planning of sustainable urban freight transport.
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Figure 7. General framework of foresight research (Adapted from [76]).

Selecting the appropriate foresight research methods plays a critical role in the response to
RQ 4. Of these 25 methods, the qualitative methods are more widely used than quantitative and
semi-quantitative ones [76], such as the LR, expert panels, trend extrapolation/megatrends, and
morphological analysis. This result is probably attributable to the fact that “the study of the future
is inevitably informed by opinions and judgments based on subjective and creative interpretations
of the changes (or lack of changes) creating or shaping the future” [76]. To answer RQ 3, this paper
discusses and selects the appropriate foresight research methods and follows the general framework
of foresight research.
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Figure 8. Frequency of use for 25 foresight research methods (Adapted from [76], which is based on EMFN and

SELF-RULE).
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5.2. Method Selection of Foresight Research on Future Sustainable Urban Logistics

From the previous discussion, there are 25 methods that can be used in foresight research.
To answer RQ 3, this paper selects and discusses the appropriate research approaches, as well as the
issues of city logistics. The details are presented below.

(1) The method of trend extrapolation/megatrends

This method has been described as being “Among the longest-established tools of forecasting;
They provide a rough idea of how past and present developments may look like in the future-assuming,
to some extent, that the future is a continuation of the past” [76]. City logistics is a complex
system that involves stakeholders, environmental externalities, benefit—cost balance, and other issues.
The sustainable urban freight system is a popular topic in this field because it will play a crucial role in
sustainable and livable cities in the future. Nevertheless, considerable research has paid scant attention
to the links between urban freight planning and the trends of city development [8]. Concurrently, city
development is an exogenous trend that has radically influenced the urban freight system. For example,
urbanization has increased the delivery range of city logistics; the urban population growth has
exacerbated both the congestion and emissions created by increased freight demands.

To respond to these trends, urban logistics providers aim to find appropriate endogenous solutions
to promote the sustainability of urban freight. In fact, many issues of city logistics surround transport
modes. An example is the environmental externalities created by freight activities, which include
emissions, congestion, and noise [3,4]. In consequence, the majority of technology enterprises have
launched/produced projects on emerging transport modes for urban freight transport. An example is
the Velove Armadillo cargo-bike produced by the Swedish company Velove [95]. Moreover, the logistics
provider has developed emerging operational strategies based on urban distribution innovations.
For instance, DHL Express piloted the City Hub concept (2017) in which vehicles are combined with a
customized trailer carrying up to four containers and then use DHL Cubicycles (a cargo-bike able to
carry a container) to complete last-mile delivery [87]. Therefore, the use of distribution innovations,
such as the implementation of electric vehicles to reduce the emissions created by freight activities, is
an efficient solution for the future urban freight system [17].

To this end, understanding the future trends of both urban development and city logistics plays
a critical role in foresight research on sustainable urban freight planning. Furthermore, it is critical
to analyze both the interactions between them and their impacts on each other. The next problem is
understanding the future trends of cities and freights. On the basis of the frequency of the foresight
method used, we selected the LR method to discuss the specific content of both trends.

(2) The literature review method.

The LR method is an environmental scanning process that is constructed around the themes
and related theories of relevant articles [76]. The systematic literature review (SLR), as a specific
method, is extensively used. As mentioned previously, foresight research on sustainable urban freight
planning needs to understand the exogenous and endogenous trends of urban freight transport, namely,
the trends of urban development and the trends of urban distribution innovations. The LR method is a
suitable approach to understanding both trends in response to these problems. It is noted that, from the
view of future urban freight planning, the application of emerging transport mobility has changed the
conventional urban freight network [17]. For example, the urban freight tram/metro system uses the
integrated transit station, which changes the freight network structure into a multi-tier (three/four tiers)
structure (e.g., [96-98]). It is foreseeable that various distribution innovations will operate together
as a system in the future. The collaboration and integration of distinct distribution innovations have
increasingly become future trends of sustainable urban logistics. From the view of long-term planning,
this finding implies that the application of various distribution innovations in the future could possibly
exacerbate the inflexibility of the conventional urban freight network. To this end, the first question of
LR is the research status regarding urban freight network design and urban distribution innovations,
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which need to be analyzed and discussed further. Meanwhile, the interaction and impacts of both
topics also have to be further analyzed and discussed from a futurology perspective.

In recent decades, urban development has exacerbated the challenges of city logistics. Urban
population growth is the primary element that has caused persistent issues and emerging urban
challenges [79]. Finally, the impacts of these issues and challenges on the urban freight system require
an in-depth discussion and further analysis. The usage of the literature review contributes to an
understanding of the specific content of future trends in urban development. Therefore, we determined
that the LR method is an efficient and appropriate approach for understanding the future trends of
both city development and urban distribution innovations. Additionally, the dimensions of designing
future sustainable urban freight systems include the urban freight network structure and emerging
operation strategies. The objective of the future sustainable urban freight system design further
promotes sustainability from the perspectives of environmental, social, and economic dimensions. It
aims to increase the flexibility of the conventional urban freight network structure. The next step is to
select an appropriate foresight method to design the future urban freight system.

(3) The morphological analysis method.

The morphological analysis method entails systematically structuring and comprehensively
studying the total set of relationships contained in multi-dimensional, non-quantifiable
problem complexes [99,100]. This method enables us to systematically predict possible future
technologies and feasible solutions. As mentioned previously, foresight research on city logistics
needs to comprehensively consider three dimensions: the trends of city development, the application
of urban distribution innovations, as well as the network structure of the urban freight system.
Meanwhile, the interactions between each dimension and their impacts on each other need to be
further studied from a multi-dimensional view.

Moreover, future trends of applied urban distribution innovations use an integrated approach
to compose emerging operational strategies [17], such as the concept of “sustainable inner-urban
intermodal transportation” [17] and the “city logistics hubs” launched by DHL (Germany). Given
that multiple distribution innovations will presumably be used in the future urban freight system,
the selection of these innovations and their combination is also an investigated topic in the foresight
research on urban logistics. It is noted that this topic is also a multi-dimensional and non-quantifiable
issue. Besides the operational integration of urban distribution innovations, considerable technology
enterprises have launched several specific projects to develop emerging transport mobility. An
example is the ZF Friedrichshafen AG (Germany) proposal of the Autonomous Depot, which is a
robotic vehicle equipped with parcel lockers (as depicted in Figure 9). From the view of technology
companies, integrated technologies of various distribution innovations are able to develop brand-new
transport modes for future city logistics. Forecasting the possible future transport modes is also a
crucial component for the long-term planning of sustainable urban freight transport. Because the
application of different transport modes has influenced the freight network structure, the prediction
of future technologies contributes to the design of a flexible network structure from a long-term
view, which thereby further promotes sustainability. These findings, as discussed previously,
highlight that the morphological analysis method is an efficient solution for foresight research on
future urban logistics.
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Figure 9. Autonomous depot proposed by ZF Friedrichshafen AG (Photo by Authors, Hannover Messe
2019, Germany).

After determining possible future distribution models in city logistics, the next step is to design
a flexible and sustainable urban freight network structure. Indeed, considerable research on city
logistics planning has been mainly based on the conventional urban freight network structure,
namely, a single-tier or two-tier system. The research perspective of these articles is also from the
view of short-term planning. As mentioned previously, foresight research focuses on long-term
planning. The morphological analysis method contributes to an understanding of future urban
logistics. Morphological analysis contributes to the design of a flexible urban freight network structure
because it is a qualitative methodology for the systematic consideration of all external factors. This
finding reveals that the usage of morphological analysis is a suitable method to design the future
urban freight system, particularly after understanding the megatrends of cities and freights.

5.3. The Feasibility of Methods Mix

On the basis of the previous discussion, this paper identifies appropriate methods for
foresight research on the future sustainable urban freight system. These methods consist of trend
extrapolation/megatrends, literature review, and morphological analysis. Following the general
framework of foresight research (Figure 7), the next step is to further analyze the feasibility of the
methods mix. This process aims to understand the relationships among methods and their influences
on each other by creating a methods combination matrix (MCM). The process of constructing an
MCM was previously described by Popper: “this matrix involved crossing the variable methods
against itself (originally producing a symmetric matrix) and dividing each row by the respective value
in the diagonal, which indicates the total number of times a method was used in a sample of 886
cases” [76]. Given this, this paper further discusses the feasibility of the method mix that consists of
trend extrapolation/megatrends, literature review, and morphological analysis.

Table 5 demonstrates that the method combination of LR and trend extrapolation/megatrends
is a “high combination” that accounts for almost 40-59% of the 886 cases. Furthermore, the method
combination of LR and morphological analysis is a “very high combination” that accounts for more
than approximately 60%. Finally, the method combination of trend extrapolation/megatrends and
morphological analysis is also a “high combination”. This finding reveals that combinations of these
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three methods have been widely used in foresight research. In the previous section, the suitabilities of
these three methods were separately discussed for foresight research on city logistics. Combined with
the feasibility of the methods mix, these three identified methods were ultimately used to develop the
theoretical framework of foresight research on sustainable urban freight transport.

Table 5. Frequency of using the methods mix (Adapted from [76], which is based on EMFN and

SELF-RULE).
Trend Literature Morphological
Extrapolation/Megatrends Review Analysis
Trend Extrapolation/Megatrends - Very high High
Literature Review Very high - Very high
Morphological Analysis High Very high -

6. Theoretical Research Framework of Future SUFT

To answer RQ 4, we define the research method as the vertical dimension of the framework and
the research elements as its horizontal dimension. The three selected methods of foresight research
are trend extrapolation/megatrends, literature review, and morphological analysis. Following the
general framework of foresight research, the research elements include three dimensions: urban
development, distribution innovations, and the urban network structure. Moreover, the urban freight
network is primarily composed of transport fleets, infrastructures, and destination locations from
the view of physical transport. It is noted that, besides the vertical and horizontal dimensions of
the framework, sustainable transition also has a critical role in city logistics. On the basis of these
discussions, the components of the framework are identified.

Although logistics providers and technology enterprises have promoted innovative transport
modes to achieve sustainability, currently, these emerging strategies are unable to entirely replace
the original system. This is because relevant companies need to comprehensively consider the
cost of emerging transport strategies, as well as the urban land-use conflict of constructing new
infrastructure. Therefore, logistics providers have commonly used a transition perspective to develop
appropriate operation measures. According to the literature review, the transition perspective can be
understood as being based on the co-evolution of different actors on different levels [101], and a
significant component of innovation is the new combination of existing elements [102]. In fact, both
logistics providers and technology enterprises have promoted a sustainable transition process as
being involved in the combination of existing and emerging elements. This combination includes
infrastructure, transport modes, as well as strategy/policy. The sustainable transition process is
a nonlinear, complex, and long-term process that results from the interplay of development [18].
In consequence, from the view of long-term planning, logistics providers have commonly used
new technologies/infrastructures/strategies to connect to old technologies in the form of an auxiliary
add-on, thereby improving its functioning [18]. This process is likewise used for new infrastructure that
supports the application of emerging transport modes. Moreover, sustainable transition can promote
the sustainability of the urban freight system from the perspectives of saving costs and decreasing
environmental externalities, among other benefits.

Figure 10 shows the theoretical research framework of future sustainable urban freight transport.
This framework provides a research model with which urban logistics providers can make the
transition to a flexible and sustainable system of urban freight. It also helps logistics providers to better
accommodate the exogenous and endogenous trends of urban freight transport from a long-term view.
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First, the methods mix that consists of trend extrapolation/megatrends and literature review is used to
discuss the exogenous and endogenous trends of sustainable urban logistics. After that, the impacts of
urban distribution innovations on the conventional urban freight network need to be further analyzed
while detecting the research gaps between these two topics on the basis of the systematic literature
review. Following the previous discussions, the next step is to use the morphological analysis method
to study the future strategy of urban freight distribution. Subsequently, analyzing the implication of
exogenous trends for the conventional urban freight network is necessary. Finally, the previous two
steps are integrated to discuss the future urban freight network structure, thereby further promoting
its sustainability and flexibility.

Input Trends Pre-foresight Impact Analysis Output

Trends of urban development

Conventional urban
freight network

1

Trends of urban distribution innovations

Conventional urban freight system

‘Future sustainable urban freight system

Literature Review

! - Trend Extrapolation/Megatrends

e Time dimension: a long-term planning (next 10 to 25 years or more) e Stakeholders e Operation management
e Research perspectives: urban development, distribution innovations, and freight network structure e Policymaking e Security & Efficiency
e Objectives of foresight research: sustainability and flexibility of urban freight system e Risk Control o Benefit-cost

Figure 10. Theoretical research framework of future sustainable urban freight transport (Source: Authors’
own elaboration).

Figure 11 demonstrates more details related to this research framework. First, the methods
mix that consists of literature review and trend extrapolation is used to understand the exogenous
and endogenous trends of future sustainable urban freight transport. Furthermore, cross-impact
analysis is intended to determine the impact factors of both trends on sustainable urban freight
transport; these impacts are the parameters in the morphological matrix. After that, the morphological
analysis approach is employed to construct the appropriate strategies for sustainable urban freight
transport with a long-term perspective. Finally, the network structure of the future sustainable urban
freight transport needs further discussion based on innovative sustainable urban freight strategies.
The evaluation and assessment system consists of sustainability, flexibility, and external criteria.
Sustainability includes three dimensions: environment, economy, and society. The flexibility evaluation
is based on three aspects: the passive expansion of logistics infrastructure, the passive increase of
freight fleets, and the determination of whether to address short-term issues or not. Besides these,
there are three external criteria: benefit-cost analysis, efficiency assessment, and security evaluation.
From a long-term view, endogenous trends potentially change the stakeholders. An example
is the usage of public transit logistics, which integrates the passenger and freight within urban
areas. Additionally, the research on future sustainable urban freight transport needs to consider
decision support and the formulation of urban freight policy. Moreover, the application of distribution
innovations has to be supported by information and communications technology (e.g., the control
platform for delivery robots and drones). Although the current urban planning agenda focuses
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on the passenger, integrating sustainable freight into the urban planning agenda contributes to the
formulation of long-term sustainable strategies for cities. Furthermore, consumers’ behaviors change,
and technological innovations (e.g., 3D printer) are critical components of the long-term planning
of SUFT. Meanwhile, replacement strategies of freight vehicles need to be further discussed from a
transition perspective.
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. o | [+ umandeiveryrange {"+ Urban geograph 3 ("« Network structure 3
. aigzglzs?::nm ——>§ + Urban delivery frequency . Urbangea%he': Y ?__’i « Covered range assessment !
« Distribution changed of urban areas i+ Urban freight capacity | |+ Public transit network ! i+ Land-use !
Exogenous « Populatonaged | | TTTTTTTTTTTTmmmmTmmmmmet e Distribution of urban areas i i« Environmental externalities i
trends « Climate changed i+ Customer classification ! i+ Cost-benefit evaluation !
« Challenges in providing urban service \_+ Original facility location i \ ;

« Traffic congestions
« Zero emissions
« Customization

« Operational integration of
distribution innovations
Forecasting of emerging
:\ transport mobility

« The urban delivery strategies of
integrating distribution innovations

« Forecasting the possible new
urban freight mobilities

« Infrastructure locations
« Operation strategies
« Decision support

+ Transition schemes

/"« Electric vehicles \
« Modular E-vehicles
« Public transit logistics
« Delivery drones

Endogenous « Robotic vehicles . Re a + Standardization
trends « Taxi logistics « Risk analysis )
« Delivery robots « Management analysis

« Urban freight ships -
« Parcel lockers

« Cargo-bikes
« Mobile depot
Method mix Literature review + Trend extrapolation/megatrend » Trend extr lation/megatrend + Morphol y
Evaluation & Assessment External factors
Sustainability Flexibility External criterions Stakeholders changed ~ * Consumers’ behavior

.

Envi tal di i « Decision support . Replacemen_t strategies
: Eg::gfr;‘r;le:ir:er:;?j:sxon « Future urban freight policy * Technology innovations
.
.

« Social dimension

« Passive expansion of i Ire
« Passive increase freight fleets
« Addressing short-term issues

« Benefit-cost analysis
« Efficiency assessment
« Security evaluate

ICT & loT support
Urban planning

Figure 11. Description of the theoretical research framework of future sustainable urban freight transport (Source:
Authors’ own elaboration).

This framework aims to handle the challenges of city logistics created by the exogenous and
endogenous trends of urban freight. In addition to these issues, some external factors also need to
be considered systematically. Indeed, research on the urban freight system needs to systematically
consider many elements because city logistics is a complex system that involves multiple dimensions
(e.g., stakeholders, infrastructures, and policy-making). Foresight research on sustainable city logistics
also needs to consider these dimensions. The interplay among stakeholders is a critical factor in the
policy-making of city logistics. This sustainable transition process can possibly change the relations
among stakeholders. It is noted that the application of emerging transport modes also needs the
support of urban freight policy for certain aspects, such as constructing tram transit stations that
integrate the passenger and freight and using delivery drones within urban areas. Hence, both urban
freight policy-making and stakeholders’ impacts are critical components of research on the future
urban freight system in long-term planning.

Additionally, logistics providers are primarily concerned with risk evaluation and operation
management under this sustainable transition. The possible risks include laws, costs, as well as
the security and effectiveness of urban delivery. Because each city contains gaps in real situations,
risk evaluation contributes to the logistics providers’ ability to better achieve the goals of transition,
namely, sustainability and flexibility. From the view of operations management, the integration
of various distribution innovations that operate together as a system is an emerging challenge for
logistics providers. Likewise, these challenges exacerbate the possible risks, which also need to be
predicted and controlled through foresight research. In conclusion, future research directions need to
comprehensively consider these elements through foresight research on the urban freight system.
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7. The Sustainability of Future SUFT

The definition of sustainable development is “a development that meets the needs of the
present without compromising the ability of future generations to meet their own needs” [103].
The principles of sustainable urban transport include three dimensions: social equity, economic growth,
and environmental protection. As demonstrated by Behrends et al. (2008) [82], a SUFT system needs
to fulfill all the following objectives:

to ensure the accessibility offered by the transport system to all categories of freight transport;

e toreduce air pollution, greenhouse gas emissions, waste, and noise to levels that do not have
negative impacts on the health of citizens or nature;

e to improve the resource- and energy-efficiency and cost-effectiveness of the transportation of
goods, taking into account external costs; and

e to contribute to the enhancement of the attractiveness and quality of the urban environment
by avoiding accidents and minimizing the use of land without compromising the mobility
of citizens.

According to the previous discussion, it is vital to systematically consider exogenous and
endogenous trends to design future sustainable urban freight transport. Admittedly, applying
distribution innovations is performed to a degree that reduces negative environmental externalities,
which can promote sustainability from the dimension of environmental protection. Nevertheless,
the fragmented application of distribution innovations increases the total costs for logistics providers,
exacerbates urban space conflicts, and challenges the capacity of existing transport networks. From the
economic and social dimensions, it restricts the further promotion of sustainability. The sustainability
of future SUFT needs to balance these three dimensions simultaneously. It aims to find an optimal
solution, which is not the best solution for one dimension.

Although most cities have formulated a sustainable development agenda, thus far,
the transportation systems in most cities and urban areas are unsustainable. The main reason is
that it is hard to generate a systematic agenda of sustainable urban planning with a long-term view
under ineffective and fragmented urban governance [79]. Meanwhile, the urban planning system is
focused principally on passenger transport [82]. This has caused urban freight to remain marginalized
in sustainable urban planning. This finding reveals that the future SUFT needs to comprehensively
consider urban development to formulate sustainable strategies that connect with sustainable urban
development strategies at the city level. Additionally, the notion of smart cities has changed the
original sustainable urban planning agenda. Although a universal agreement on the definition is
lacking, academia has agreed that it radically influences building allocation and urban transport.
The development of ICT and IoT is also an emerging challenge for the information security of urban
freight customers and logistics providers. Therefore, future SUFT also needs to reduce the risks of
information security as much as possible, thereby promoting sustainability in the social dimension.

8. Conclusions

This paper presents a theoretical research framework of future sustainable urban freight transport
while discussing appropriate methods. At present, to the best of our knowledge, long-term planning of
SUFT is lacking. Accompanied by the urban development and application of distribution innovations,
this gap could possibly restrict the further sustainability of UFT in future cities. City development
has exacerbated the challenges of city logistics, particularly in large/megacities around the world.
The trends of city development, as exogenous trends of urban freight, have motivated logistics
providers to find endogenous solutions to cope with these challenges. From a short-term view, usage
of urban distribution innovations is an efficient solution to promote the sustainable urban freight
system. Nevertheless, considerable research has paid scant attention to the impacts of both urban
development and distribution innovations in the conventional urban freight system. As a response
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to this gap, the application of foresight methods is an efficient solution for researching the long-term
planning of SUFT in these two aspects.

Given this situation, we employed the SLR to find literature on foresight research published
within the past sixteen years (2003-2018). Subsequently, we systematically analyzed the impacts of
exogenous and endogenous trends on future SUFT. This step enabled the selection of appropriate
research methods to construct the theoretical framework. In order to ensure the feasibility of the
theoretical framework, we integrated it with the theory of transition perspective. A combination of
existing and emerging elements is a critical component of the current urban freight system, which will
transition to the future system. This combination has involved infrastructures, transport modes,
policies, etc. Because urban freight transport is a complex system, multiple dimensions need to be
comprehensively considered in research on city logistics. On the basis of the theoretical framework,
the dimensions of stakeholders, policy, risk evaluation, and management have also been discussed.

The limitations of this paper include the followed aspects. First, urban development is also
influenced by the decisions of the local government. The authorities adjust to the model of urban
development on the basis of the investment environment, economic positioning, and geopolitics.
This framework does not further expand on this point. Additionally, this framework does not further
address the impacts of external technologies on sustainable urban logistics, such as the 3D printer.
Hence, future studies will include these limitations to strengthen and test the framework. We believe
that this paper can assist practitioners and researchers to better orient their efforts toward promoting
sustainable city logistics in the future.
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