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ABSTRACT

Urban freight transport is currently of vital importance for the cities economic growth, but at the same time, it is one of the most
representative sources of pollutant emissions. Although numerous models and approaches have been proposed that aim to
improve the eco-efficiency of urban distribution, few have classified the available information by combining bibliometric and
systematic analysis. The objective of this paper is to present a comprehensive science mapping analysis using a bibliometric
analysis from 2004 to 2021 and a systematic review of the literature of the most relevant papers based on the identification
of the attributes of the main investigations. In the systematic review, a search protocol was used to classify and index using a
computer tool for the selection of keywords in the title and the abstract. The results showed that the first five most academica-
Ily productive countries are attributed 50% of the world’s academic production, in the same way, the five most cited countries
concentrate 52% of the citations. The systematic review allowed us to identify: the lack of studies with validation with real field
data, the trend of use of historical and real-time traffic records, and the prevalence of research towards optimizing operational
logistics costs.

Keywords: Urban transportation, urban planning, optimization, energy consumption, air pollution.

RESUMEN

El transporte urbano de mercancias es de vital importancia para el crecimiento econémico de las ciudades, pero al mismo
tiempo, es una de las mayore fuentes de gases contaminantes. Aunque se han propuesto numerosos modelos y enfoques
que tienen como objetivo mejorar la ecoeficiencia de la distribucién urbana, pocos han clasificado la informacion disponible
combinando analisis bibliométrico y sistematico. El objetivo de este articulo es presentar un andlisis exhaustivo del mapeo
cientifico mediante un anélisis bibliométrico de 2004 a 2021 y una revision sistematica de la literatura de los articulos mas
relevantes a partir de la identificacion de los atributos de investigacion principales. En la revision sistematica se utilizé un
protocolo de busqueda de las palabras clave en el titulo y el resumen. Los resultados mostraron que a los cinco primeros
paises mas productivos académicamente tienen el 50% de la produccion académica mundial, de igual forma, los cinco
paises mas citados concentran el 52% de las citas. La revision sistematica permitié identificar: la falta de estudios con va-
lidacion con datos de campo reales, la tendencia de uso de registros de tréfico histéricos y en tiempo real, y el predominio
de la investigacion hacia la optimizacion de los costos logisticos operativos.

Palabras clave: Transporte urbano, planificacion urbana, optimizacion, consumo de energia, contaminacion atmosféric.
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INTRODUCTION

The logistics of urban freight transport (UFT) is one of the
challenges for modern cities planning. Although freight
transportation is aligned with economic development and
well-being of cities, its impact over mobility, road safety,
and especially over environment because is considered
an one of the most energy consumption and most environ-
mental pollution on the logistic chain (Pede, et al., 2006;
Xiao, et al., 2012; Lang, et al., 2014; Ehmke, et al., 2018)
such as PM, are considered. City logistics is mostly orga-
nised on a private basis and each logistics operator has its
own clients, vehicles and storage areas. No cooperation
exists among operators to rationalise the distribution trips.
Urban penetration of freight by rail is scarce and inner-city
rail-road terminals, wherever there were any, are being
dismissed, because the increasing cost of inner city land
is making more convenient to sell land inside the cities
and to make new terminals outside of them. Consequently
urban freight distribution by heavy duty vehicles is beco-
ming more and more common. In this framework a joint
research team of ENEA (the ltalian national energy and
environmental research agency.

In this context, freight distribution companies are interes-
ted in reducing the cost of their deliveries (by improving
routing efficiency. This improvement can be beneficial for
society by reducing the impacts generated by the exter-
nalities of UFT, such as congestion, pollution, noise, acci-
dents, and damage to the pavements due to the increase
in the volume of freight vehicles, which have caused that
some of the actors in society have become against this
activity (Holguin-Veras, et al., 2020).

Lots of research have been carried out to develop tools
to improve the distribution efficiency and reduce externa-
lities. On the one hand, some authors have tried to quan-
tify the costs of externalities such as congestion (Vickrey,
1969; Betanzo-Quezada, et al., 2013; Alho, et al., 2018;
Moufad & Jawab, 2019; Verhoef, 2020), accident pollution
and noise (Parry & Small, 2005; Teo, et al., 2012). Other
researchers have focused to minimize operational costs
(Soysal, et al., 2015).

The costs of the fuel consumption represent over 50% of
the total operating costs in UFT (Lang, et al., 2014). Some
authors calculate this consumption according to load, dis-
tance, and speed, and time dependent (Franceschetti, et
al., 2013). Usually, avoiding considerer the slope is inclu-
ded in this function assume it as zero (Bektas & Laporte,
2011).

There are in specialized literature several approaches, so-
lution methods or algorithms, and tools used to optimize
transportation costs Because it is needed classify to pro-
vide an overview of research efforts. This paper presents
an overview of the research UFT and the city logistics and
pollution problem and time dependence using two analy-
zes, one bibliometric and a systematic literature review.

MATERIALS AND METHODS

This section describes the method for bibliometric analy-
sis and systematic literature review. A bibliometric analysis
was carried out to quantitatively visualize some parame-
ters such as the investigations by the countries, the beha-
vior of the annual scientific production, the main authors,
and research centers (Sanchez, et al., 2016; Cardenas, et
al., 2018).

To map the results, the R bibliometrics tool was used
through the biblioshiny application (Aria & Cuccurullo,
2017), this tool produces results similar to those of Histcite
since they use measures such as Local Citation Score
(LCS) Global Citation Score (GCS), however, the latter is
no longer in active development or has official support.
The bibliometric analysis of the scientific publications was
carried out using the keywords UFT and / City Logistics /
Pollution / Time-dependent in the Scopus database. With
this search protocol, the metadata of 4,760 publications
was mined from 2004 to 2021. From this total, a filter was
made considering only published, conference papers,
conference review, obtaining a total of 4321 publications.
Of these, 3,267 are papers, 793 conference papers, 7
conference review, and 253 review.

Were used two databases: the first one was one of the
largest databases of indexed journals: Scopus. The se-
cond one was the TRID (Transportation research ID) da-
tabase, which combines records from the information
services of the TRB (Transportation Research Board)
and the database of transport research documents from
the Organization for Cooperation Research Center and
Economic Development (OECD). TRID provides access
to more than 1.25 million records of transportation-related
research around the world.

To query the databases was used the following search
protocol: “Urban Freight Transport * and / City Logistics
/ Pollution Problem / Time-dependent”. The results of the
publications with each of the attributes and metadata are
stored to be systematized later. Table 1 shows the results
of the search carried out. In summary, 10,036 results were
found, being Scopus the database that yielded most
records.
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Table 1. Number of records for each search in the selec-
ted databases.

Transportation
Search Protocol Scopus Research ID
urban freight transport* | 4814 789
and city logistics
urban freight transport* | 2748 799
and pollution problem
urban freight transport* | 856 30
and time-dependent
Total 8418 1618

To speed up the analysis of over 10,036 published arti-
cles, the systematization was carried out with an algorithm
developed in the R program that performs a recognition
within the title and abstract, using more specific words
of interest to the research (“eco-efficiency “,” time-depen-

dent “,” last mile “,” city logistics “,” pollution “,” cost “).

The algorithm attributes a score according to the number
of times the keywords appear in the title and abstract. As
follow is creates a new database with encoding and order
according to the frequency in which the words appear.
The algorithm can quickly rank the papers that will be
most relevant to the research. The procedure will reduce
the number of items from 10,036 to 2,343.

From the ranking of the 2,343 articles, the first 100 were
selected, and reading taking as eligibility criteria the co-
rrespondence with the topic discussed: eco-efficiency
in UFT. From this selection, references to projects in pro-
gress, references that could not be accessed, and refe-
rences whose reading indicates a different research to-
pic were excluded. At the end of the process, the top 40
best ranked were selected and classified according to
the most outstanding attributes. This procedure can be
seen more clearly in the flow diagram (Moher, et al., 2009)
shown in Figure 1.

Records identified through Scopus
database
(n=8418)

Records identified through TRID
database
(n=1618)

oo |

Records after duplicates removed
(n=12341)

Screening

Records excluded
(n= 2241)

Records
=

screened
100)

) |

Full-text articles assessed
for eligibility
(n=40)

Full-text articles excluded,
with reasons
(n=60)

Eligibility

[

]

Studies included in
qualitative synthesis
(n=40)

Included

Figure 1. Report of preferences for systematic literature reviews.

RESULTS AND DISCUSSION

This bibliometric review presented the results and analysis
of relevant scientific production aspects, such as annual
scientific production, scientific production by country,
number of citations by countries, list of country authors
and keywords, most relevant sources, main authors,
contribution of institutions, and collaboration between
countries.

Figure 2 shows the number of papers related to UFT, lo-
gistics cities and the pollution and time dependence in the
last 16 years. The figure shows a pronounced increase in
the publications from 2018. Figure 2 also shows the total
number of citations per year, which has an average of ap-
proximately 12 by year. It can be observed high citations
by paper 59 and 51 in 2012 and 2014 years, respectively.
There is also a peak in the total number of citations by
year (6 and 7 citations) in these two years.

Volumen 13 | Nimero 4 | julio - agosto, 2021

51



UNIVERSIDAD Y SOCIEDAD | Revista Cientifica de la Universidad de Cienfuegos | ISSN: 2218-3620

1600

1400

1200

1000

Number of papers
Mean of total citations

2006 2009 2012

Year

2015 2018 2021

—{0— TotalPapesbyYear # - - MeanTCperYear — & — MeanTCperPaper
Figure 2. Annual scientific production related to urban freight

transport.

Figure 3 shows the geographical distribution of papers
production about UFT, city logistic, pollution problems,
and time-dependence. Table 2 shows the top 20 coun-
tries according to the total number of publications. China
is the first country with 2,255 publications, followed by the
United States and Italy with 998 and 576. In the fourth po-
sition the UK and Germany in the fifth position.

Country Scientific Production

Figure 3. Geographical distribution of the number of papers by
country.

From Table 2 is concluded that the first five countries con-
centrate 50% of paper production. It is worth to observe
that within the first 20 countries with the highest number of
papers there are no African countries and only two South
American countries (Brazil and Colombia) with 220 and
126 publications respectively.

Table 2. Top 20 of the countries with the highest number
of publications.

Country Number of publications
China 2255
Usa 998
[taly 576

Uk 421
Germany 361
Canada 298
Spain 286
France 266
Netherlands 264
Australia 252
India 249
Poland 229
Brazil 220
Iran 163
Sweden 154
Turkey 144
South Korea 140
Colombia 126
Belgium 121

Figure 4 present the number of citations by country. It's
worth noting that China again has the highest number of
citations, and only five countries (China, the United States,
UK, Holland, and Italy) concentrate about 52% of the 20
countries most cited worldwide.

Most Cited Countries

CHINA
UsA
UNITED KINGDOM
NETHERLANDS
ITALY
CANADA
GERMANY
HONG KONG
FRANCE
AUSTRALIA
INDIA
GREECE
JAPAN
SPAIN

Countries

BELGIUM
SWEDEN
POLAND
KOREA

LITHUANIA
TURKEY

2000 4000

N. of Citations

6000

Figure 4. Number of citations by countries on the topic ur-
ban freight transport and city logistics and the pollution and
time-dependent.

A Sankey diagram was used to visualize the relation-
ship between the main items of three fields (e.g. coun-
try, authors, and keyword) and how these fields are related
to each other Figure 5. In this diagram, the width of the li-
nes connecting each field is proportional to the amount of
flow. Figure 5 shows that the top 10 authors are mostly re-
lated to China, the United States, Spain, Canada, and the
United Kingdom. Considering the top 10 of the keywords,
the words sustainability, city logistics, and transportation
presents the highest number of occurrences among the
top 10 authors.
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Figure 5. Sankey diagram with the relationship among Countries,
Top authors, and Top keywords.

Figure 6 shown the top 20 journals that host scientific
production related to UFT, city logistics, pollution and
time-dependent. Sustainability magazine (Switzerland),
Transportation Research Procedure, Journal of Cleaner
Production and Transportation Research by E and D.
stand out as the most important.

Most Relevant Sources

SUSTAINABILITY (SWITZERLAND)
TRANSPORTATION RESEARCH PROCEDIA
JOURNAL OF CLEANER PRODUCTION
TRANSPORTATION RESEARCH PART E: LOGISTICS AND TRAN
TRANSPORTATION RESEARCH PART D: TRANSPORT AND ENVI
EUROPEAN JOURNAL OF OPERATIONAL RESEARCH
JOURNAL OF TRANSPORT GEOGRAPHY
TRANSPORTATION RESEARCH PART B: METHODOLOGICAL
TRANSPORTATION RESEARCH PART A: POLICY AND PRACTIC
TRANSPORTATION RESEARCH RECORD
TRANSPORTATION RESEARCH PART C: EMERGING TECHNOLOG
TRANSPORT POLICY
IEEE ACCESS
PROCEDIA - SOCIAL AND BEHAVIORAL SCIENCES
INTERNATIONAL JOURNAL OF PRODUCTION RESEARCH
JOURNAL OF ADVANCED TRANSPORTATION
ADVANCES IN INTELLIGENT SYSTEMS AND COMPUTING
RESEARCH IN TRANSPORTATION ECONOMICS

Sources

COMPUTERS AND INDUSTRIAL ENGINEERING
COMPUTERS AND OPERATIONS RESEARCH

200
N. of Documents

g

Figure 6. Main journals in UFT, city logistics, pollution problem
and time-dependent topics.

Several indices attempt to assess the productivity of re-
searchers and their impact. The H index is a number h ar-
ticles that have been cited at least h times and measures
both the quantity and the quality of the publications. The
m index is the H index divided by the number of years sin-
ce the scientist’s first published article. The G-Index mea-
sures the overall citation performance of a set of papers.
The G-index is where the top G articles have collectively
received G citations, the G-index is the largest (single)
number so that the top g papers received (together) at
least g2 citations.

Table 3 presents the results of the three indexes of the ten
most relevant authors in urban freight transport and city

ogistics and pollution problem and time-dependent. The

three indexes reflect similar characteristics of the authors;
however, the M index shows Wang X as the third-best
author according to this indicator.

Table 3. Top 10 of the countries with the highest number
of publications.

pers
Laporte 22 33 2.00 3002 33 2011
Bekta 19 28 1.73 2688 28 2011
Wang 13 21 0.81 548 57 2006
Ehmke 12 23 1.50 553 25 2014
Liu 11 18 0.79 345 38 2008
Wang 11 18 0.85 335 34 2009
Zhang 10 16 0.83 294 48 2010
Chen 10 13 0.77 214 31 2009
Zhang 9 13 0.60 221 39 2007
Wang 9 26 0.90 676 34 2012

Figure 7 shows the top 20 institutions with more publi-
cations related to UFT, city logistics, pollution and time-
dependent. The Chinese University of Beijing have the
largest number of publications. In second place is the
University of Delf and in third place the University of
Southeast China. In this order, most institutions are geo-
graphically located in Asia, only 2 in America, and 5 in
Europe.

Most Relevant Affiliations

BELING JAOTONG UNIVERSITY

DELFT UNIVERSITY OF TECHNOLOGY
SOUTHEAST UNIVERSITY

SOUTHWEST JIAOTONG UNIVERSITY
UNIVERSITY OF WASHINGTON

TONGJI UNIVERSITY

UNIVERSITY OF SOUTHAMPTON
MARITIME UNIVERSITY OF SZCZECIN
CHALMERS UNIVERSITY OF TECHNOLOGY
UNIVERSITY OF CALIFORNIA
POLITECNICO DI TORINO

SHANGHAI MARITIME UNIVERSITY
TSINGHUA UNIVERSITY

DALIAN MARITIME UNIVERSITY
UNIVERSITY OF CATANIA

EINDHOVEN UNIVERSITY OF TECHNOLOGY
KYOTO UNIVERSITY

ZHEJIANG UNIVERSITY OF TECHNOLOGY
THE UNIVERSITY OF HONG KONG
SHANGHAI JIAO TONG UNIVERSITY

Affiliations

g
g

N. of Documents

Figure 7. Top 20 institutions with more publications.

Figure 8 shows the flow of collaboration between coun-
tries showing an intense collaboration between the United
States, Canada, Europe, and China, and a low collabora-
tion between South American countries, the United States,
and Europe.
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Country Collaboration Map

Longitude

Latitude

Figure 8. Country collaboration map.

After the previous selection of papers were identified attributes related to eco-efficiency and city logistics, and pollution
problem. The main attributes observed more frequently in the papers analyzed are the following:

Variable to minimize: This attribute classifies the papers according to the variable to be optimized. In case that reaches
the minimum value

Network: relates if the network on which the study is carried out. Can be is real, zones based on real geometries
(Based), hypothetical meshes, simple route, or city center.

Software or tool: In this attribute several free-use or commercial tools can be used to solve the problem.
Traffic: This attribute is related to the approach to considering traffic or congestion levels.
Approach or model: Corresponds to the approaches proposed to represent mathematically the routing problem.

Solution method or algorithm: The various approaches or models use different mathematical solutions or algorithms to
find the best solution.

Case study: This attribute considers the place of data collection and the place of model application. Concerning the
variable to be minimized, there is a prevalence of studies (12) focused effort on minimizing the costs. Some of them
combine the variables number of vehicles, fuel consumption, time, and emissions (7). The variable time occupies the
second place in the order of frequency (6) and is also associated in some studies with the number of vehicles, distance,
cost, and emissions (4), see Figure 9a. On the other hand, there is an expressive number of studies considering real
networks (14) or based on real streets (10). Some works were carried out on a simple route scheme Figure 9b.

There is a wide variety of programs and tools to implement optimization solutions among them the most used are:
CPLEX (8) under different programming languages such as Java, C ++, Matlab, micro and macro simulation programs
such as AISUM (4) and EMME (1), VISUM (1). Other mathematical simulation programs used are GAMS (2), MATSIim
(1), and AMPL (1). The graphical results can be seen in more detail in Figure 9c.

Most of the studies (30) involve traffic analysis in some of their research; only ten do not consider this variable in their
analysis. The most common approaches in considering traffic are data-based map traffic allocation, counts, determi-
nistic and stochastic allocation (11). Other approaches have been considered in studies such as Micro and macro
simulations (6) and dynamic traffic simulations (4). Few studies have used historical speed data (3), and congestion
levels by area and period of the day (3). These results can be seen more clearly in Figure 9d.
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Figure 9. Radial graphs of the frequency of the attributes of the revision.

Among the most frequent solution methods or algorithms are the exact algorithms based on mixed-integer linear pro-
gramming and, secondly, approximate algorithms based on heuristics and metaheuristics. Regarding the approach
used in the investigations, 19 include time windows within the routing problem, of these investigations 15 involve time
dependence. The rest of the investigations include demand problems, Dynamic management, Optimization of maxi-
mum coverage, Zone-dependent with a mixed fleet, and simulation of microscopic traffic. Of the forty papers analyzed
only 29 present case studies. From these, 9 correspond to case studies in Asia, 7 in the United States and Canada, 10
in Europe and the United Kingdom, 2 in South America, and 1 in Australia.

CONCLUSIONS

In this research, a bibliometric and systematic literature review on the scientific production on the eco-efficiency of ur-
ban freight transport was presented, leading to the following conclusions.

World scientific production shows significant increase in research related to the eco-efficiency of urban freight transport
from 2018. However, this production has been concentrated in a few countries and has been very little in emerging
countries. It shows a deep inequality in terms of scientific research and puts developing countries at an even greater
disadvantage in the face of externalities and the effects on climate change generated by an inefficient urban load
distribution. The analyzes also show the need for greater cooperation between emerging countries and the developed
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countries to contribute to global development in terms of
efficiency in urban freight transport.

It is evident the trend of the research objective in urban
freight transport focused on minimizing costs, however,
even though the reduction of urban transport costs is po-
sitively related to the pollution reduction in cities, it is ne-
cessary to change the focus towards eco-efficiency where
the primary objective is the minimization of externalities.

Because urban freight transport is a problem intertwined
with the other traffic actors in cities, it was possible to ob-
serve a pronounced trend in the use of traffic simulation
programs for routing. However, recently some studies
have shown the trend towards the use of platforms that
present historical and real-time data of flow, speed, and
levels of congestion on the urban network roads.

Within the investigations, the most relevant approaches for
the vehicle routing problem include time-dependent and
time windows. Regarding solution methods, the most com-
mon are exact algorithms based on linear programming.

Most of the studies, even though they include analyzes
based on real networks, have not been validated with real
field measurements. This can be explained by the diffi-
culty of obtaining collaborative data since the interests of
companies and municipal administrations in most cases
diverge. Future research can be directed towards testing
these models in scenarios that allow the validation of the
proposed models.
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