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ABSTRACT

This paper systematically analyzes the extent to which prior research addressed sus-
tainability principles—environmental, social and economic—in road freight transporta-
tion (RFT), using the R-based Biblioshiny app and VOSviewer® for thematic analysis.
First, we categorize the factors contributing to transportation sustainability under
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each principle. Second, we classify existing studies into two perspectives: the adoption
of (P1) optimization methods and (P2) Industry 4.0 (14.0) technologies to examine how
both perspectives contribute to RFT sustainability—an area where prior research par-
tially addressed this goal. Our analysis finds 208 articles from P1 and 198 from P2
over the last decade (2014-2023). This study identifies three factors—carbon emis-

Optimization models;
sustainability principles; 14.0
technologies; road freight
transportation; transporta-
tion sustainability

sions, public health and well-being and cost-effectiveness—that have been the most
explored in the existing literature. But other factors, such as the utilization of alterna-
tive energies (biofuels, compressed natural gas and hydrogen), intermodal transporta-
tion, fleet modernization, weight limits or space utilization, vehicle-driver efficiency,
community impact, business competitiveness, supply chain performance and regula-
tory compliance, remain underexplored. Therefore, our findings open numerous possi-
bilities within these less-explored factors, along with highlighting key areas for future
studies. Finally, this study contributes to the existing literature by providing an over-
view of how adopting both perspectives can enhance RFT sustainability.

SUBJECTS

Sustainable Transport
Engineering; Environmental;
Transportation Engineering

1. Introduction

With a heightened focus on transportation sustainability, researchers are becoming interested in both
goods and public transportation. This is primarily driven by environmental concerns, particularly those
related to the substantial carbon emissions prevalent in the contemporary era. Muley et al. (2023) con-
ducted a study exploring the determinants influencing sustainable mode choices among school students
in Qatar, focusing on walking or using school buses for transportation. Their quantitative analysis utilized
data from 2639 students in public schools. Similarly, Alramadhan et al. (2022) addressed the optimal
vehicle selection for Kuwait, considering environmental, economic and social aspects of sustainability in
the context of the Gulf Cooperation Council. Additionally, Rosi and Obrecht (2023) integrated sustainabil-
ity considerations into supply chain and logistics practices tailored for Middle East countries.
Furthermore, Li et al. (2021) investigated the advancement and environmental impacts of green logistics
within the One Belt and Road Initiative (OBRI) countries spanning 2007-2019. Their findings showed that
green logistics positively impact the economic growth of OBRI, Europe and the Middle East and North
Africa (MENA) regions. However, it was observed that green logistics prevents environmental pollution
and exacerbates the economies of the OBRI, Central Asia and MENA countries. This highlights the
increasing importance of transportation sustainability on a global scale, extending beyond the Middle
East and European nations.
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From the P1 perspective, optimization methods play a crucial role in enhancing environmental sus-
tainability within the supply chain. This involves the application of advanced algorithms to optimize
routes and loads, utilizing eco-friendly modes of transport and embracing energy-efficient technologies
(Borjesson et al.,, 2021; Chavhan et al., 2022; Du et al., 2021; Nti et al., 2022; Rahman et al., 2024a; Rohith
et al, 2023; Saha et al.,, 2023). This encompasses various initiatives to promote greener transport and
reduce emissions. This includes encouraging modal shifts, implementing eco-driving practices and
adopting green supply chain strategies. Strategic planning, coordination and optimization of goods
transportation involve some important activities such as carrier selection, route planning and overall
logistics operations (Ellram & Murfield, 2017; Ge & Jin, 2023; Kumar et al., 2019; Lebedevas et al., 2016; Li
& Zhang, 2020). Optimization methods are instrumental in reducing travel distances and fuel consump-
tion, thereby maximizing cargo space usage and minimizing the number of trips (Rahman et al., 2023;
2024a). These algorithms significantly enhance transportation efficiency, leading to reduced emissions
and resource utilization (Demir et al., 2019; Ellram & Muirfield, 2017). Furthermore, optimization methods
contribute to overall resource efficiency by maximizing asset utilization, optimizing warehouse opera-
tions and minimizing transportation costs (Agbo & Zhang, 2017; Mohd Salleh et al, 2023; Ramirez-
Villamil et al., 2023).

From the P2 perspective, transportation sustainability is influenced by a range of 14.0 technologies
(Kassaj & Peracek, 2024) that together contribute to enhanced efficiency and lower environmental
impact. The application of Internet of Things (IoT) devices enables real-time tracking, providing greater
visibility and control over the supply chain (Ding et al., 2021; Funta, 2021; Kumar et al., 2023; Singh
et al, 2022; Tannad & Andry, 2023). Telematics systems further contribute by monitoring vehicle per-
formance, offering insights for route optimization and fuel efficiency (Huertas et al, 2022; Huk &
Kurowski, 2021; Kuru & Khan, 2021). Blockchain technology (BT) ensures transparency, fostering collab-
orative efforts with stakeholders and adherence to government regulations and incentives (Rahman
et al., 2024b), all contributing to the overall goal of achieving enhanced logistics sustainability
(Almugren et al,, 2023; Kumar et al,, 2023; Subramanian & Thampy, 2021; Tannad & Andry, 2023; Zhang
et al., 2022). The collective impact of these technologies, as well as the electrification of vehicles, results
in improved decision-making, increased operational efficiency and a notable reduction in the environ-
mental footprint of freight transportation (Gillstrom et al., 2024; Gonzalez Palencia et al., 2020;
Goodchild & Toy, 2018; Kumar et al., 2019; Lebedevas et al.,, 2016; Li & Zhang, 2020; Lu et al.,, 2023;
Meng et al.,, 2023; Munoz-Villamizar et al., 2019). Moreover, artificial intelligence (Al) and machine learn-
ing (ML) algorithms have appeared as essential components of smart technologies, or 14.0 technologies,
in freight transportation. These algorithms, especially ML algorithms, are applied to both historical and
real-time data, enhancing efficiency across various logistics aspects, including route planning and inven-
tory management (Cai et al., 2022; Klumpp, 2018; Lin et al., 2023). In the long term, adopting this com-
prehensive approach enhances the resilience and environmental sustainability of logistics (Sun et al,
2022). The integration of technology-driven solutions not only enhances the economic viability of freight
transportation but also plays a significant role in reducing the industry’s ecological footprint (Liu et al.,
2024; Sun et al., 2024).

The above details emphasize a clear need for extensive research in RFT sustainability, as previous
studies have typically considered only a fraction of the key sustainability factors. To address this gap, it's
essential to explore the full range of environmental, social and economic factors within RFT. Many exist-
ing studies explored sustainability contributions from either the P1 or P2 perspective, yet no studies
incorporated all the sustainability factors under environmental, social and economic principles. While
there is substantial research on the impact of P1, the influence of P2 remains largely underexplored,
highlighting a significant gap. Our study aims to address this by examining both P1 and P2 perspectives,
with a focus on the full spectrum of factors across all three principles, hypothesizing that each contrib-
utes to enhancing RFT sustainability. Additionally, we aggregate key factors critical for reducing carbon
emissions, opening potential avenues for further research and spotlighting essential areas yet to be ana-
lyzed. Ultimately, our goal is to provide a clear overview of sustainability factors addressed in RFT litera-
ture while highlighting areas in need of further analysis. To guide this study, we propose two research
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Figure 1. Conceptual model of the study.

questions (RQs), illustrated in the conceptual model in Figure 1. This model connects both RQs to per-
spectives P1 and P2, aligning each with sustainability factors and highlighting the focus areas of each
question.

RQ1: To what extent have optimization methods (P1) and Industry 4.0 technologies (P2) been applied to
improve sustainability in road freight transportation (RFT)?

RQ2: Which sustainability factors remain unexplored or underexplored in previous studies, and how can these
factors contribute to enhancing RFT sustainability?

In this study, we categorize sustainability factors under each principle, using EN, SO and EC as abbre-
viations for environmental, social and economic factors, respectively. We identify six factors (EN1-EN6)
under the environmental principle, two (SO1-SO2) under social, and four (EC1-EC4) under economic. To
assess the extent to which these factors have been addressed or overlooked in prior studies, we employ
a systematic methodology (PRISMA) along with bibliometric analysis. For the P1 perspective, we analyze
208 articles, noting that the most frequently explored factors are EN1 (emission reduction), SO1 (health
and well-being) and EC1 (cost-effectiveness), representing 33.71%, 31.19% and 20.75%, respectively. This
indicates that prior research has strongly focused on emission reduction, health and well-being and
cost-effectiveness through optimization models. However, factors like EN2 (usages of alternative ener-
gies), EN3 (intermodal transportation), EN4 (fleet modernization), EN5 (weight limit or space utilization),
EN6 (vehicle-driver efficiency standards), SO2 (community impact), EC2 (business competitiveness), EC3
(promoting supply chain performance) and EC4 (regulatory compliance) have seen limited focus, each
showing less than 10% representation. Similarly, for the P2 perspective, we review 198 articles and find
extensive exploration of EN1, SO1, EC1 and EC3, with representations of 40.37%, 12.22%, 22.96% and
11.48%, respectively, suggesting a broad adoption of 14.0 technologies in supporting emission reduction,
health and well-being, cost-effectiveness and supply chain performance, while the remaining factors con-
tinue to receive minimal attention.

To address the research questions (RQ1 and RQ2), this paper is structured as follows: Section 2 sum-
marizes the research background and consolidates the factors under each sustainability principle.
Section 3 outlines the comprehensive methodology employed in this study. Literature analysis and find-
ings are described in Section 4. Section 5 highlights research gaps and offers directions for future
research. Finally, Section 6 concludes by summarizing our study’s findings and suggesting some man-
agerial implications.

2. Background study and sustainability principles’ factors aggregation
2.1. Background study

To compare our study area with previous research, we conducted background studies and provided an
overview of prior scientific literature, emphasizing a comprehensive review of RFT sustainability, as sum-
marized in Table 1. Within the P1 perspective, we explore optimization methods focusing on environ-
mental regulations, social considerations and economic factors. Similarly, within the P2 perspective, we
evaluate the influence of 14.0 technologies, such as BT, loT, Al and cloud computing, on transportation
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Table 1. Overview of previous studies on sustainability perspectives in RFT.

P1/P2 considerations

Factors
Author(s) Focus areas Time span P1/P2 Partial/full considerations
Murphy and Poist Sustainability perspectives and practices Until 2003 P1 Partial EN1, SO1-SO2, EC1
(2003) in logistics
Centobelli et al. Environmental sustainability in 1960-2014 P1, P2 Partial EN1, EN5, SO1, EC1
(2017) transportation and logistics
Ellram and Murfield Environmental sustainability in freight 1990-2015 P1 Partial EN1-EN2, EN4
(2017) transportation
Bao et al. (2023) Social sustainability in transportation 1993-2021 P1, P2 Partial EN1-EN2, EN4-EN5,
SO1-S02, EC1, EC3
Qaiser et al. (2017) Towards logistics sustainability using 1994-2015 P1 Partial EN1, SO1, EC1
decision support systems
Wang et al. (2023) Optimization methods in logistics and 1994-2019 P1 Partial EN1, SO1-S02,
supply chain sustainability EC1-EC4
Ren et al. (2019) Cleaner and sustainable logistics 1999-2019 P1 Partial EN1, EN4, SO1, EC1
Mahecha et al. Eco-efficiency in urban freight 2004-2021 P1 Partial EN1, SO1-S02, EC1
(2021) transportation
Meyer (2020) Carbon emissions minimization in road 2006-2019 P1 Partial EN1, SO1, EC1
freight transportation
Miah et al. (2021) Energy savings approaches in electric 2010-2018 P2 Partial EN1, EN4, SO1-
vehicle applications S02, EC1
Ferreira et al. (2020) Optimization methods for green road 2012-2018 P1 Partial EN1, SO1, EC1
transportation
Sun et al. (2021) Usage of 14.0 technologies in logistics 2012-2020 P2 Partial EN1, SO1-502,
sustainability EC1-EC3
Our study Optimization methods and 14.0 2014-2023 P1, P2 Full EN1-EN6, SO1-502,
technologies in freight transportation EC1-EC4

sustainability

sustainability. Table 1 summarizes recent studies from both perspectives, highlighting the sustainability
factors that have been explored and those that remain unexplored. Between 2003 and 2023, most
review articles focused on factors EN1, SO1 and EC1, with some addressing EN2, EN4, EN5, SO2 and
EC2-EC4. Despite analyzing the impacts of optimization methods and 14.0 technologies on RFT sustain-
ability, variations exist in the studied time spans. Notably, two recent articles—Centobelli et al. (2017)
and Bao et al. (2023)—examined P1 and P2, respectively, but did not encompass all factors.

Studies that consider all sustainability factors are labeled as ‘P1/P2 full,’ whereas those addressing
only some factors are labeled as ‘P1/P2 partial.” Table 1 provides an overview of prior studies, identifying
those that partially or fully considered P1 or P2. In contrast, our approach applies both perspectives
comprehensively.

2.2. Sustainability principles’ factors aggregation

To provide a comprehensive overview of the sustainability factors that enhance RFT sustainability, organ-
izing them under each principle is essential. We have aggregated those from literature, aligning with
specific principles to facilitate a deeper understanding of their roles in RFT sustainability, as summarized
in Table 2. For instance, our study identified two key factors contributing to the social principle of trans-
portation sustainability: SO1 and SO2. These findings are supported by the works of Litman and Burwell
(2006), Solomon et al. (2019), Stefaniec et al. (2021). Likewise, we identified the factors contributing to
environmental and economic principles, as detailed in Table 2.

Table 2 presents a concise categorization of factors, providing a clear overview of their distribution
across the three principles. This organization enhances our understanding of the prevalence of these fac-
tors in existing literature.

3. Methodology

This section explores the essential methodological choices, providing a detailed discussion of each. The
first stage involved conducting a literature review to understand the topic and identify gaps in the exist-
ing body of research. As Seuring et al. (2005) emphasized, a literature review forms the foundation of
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Table 2. Factors under each sustainability principle.

Factors Factors description References

Environmental (EN)

EN1: Emission reduction Reducing greenhouse gases, nitrogen Fulzele and Shankar (2022); Ahmad et al.
oxides, particulate matter and other (2022); Protic et al. (2019); McKinnon
pollutants emitted by freight vehicles et al. (2015); Litman and Burwell (2006)

EN2: Usages of alternative energies Usage of renewable energies such as

biofuels, compressed natural gas and
hydrogen fuels

EN3: Intermodal transportation Utilizing multiple modes of transportation,
such as combining truck, rail and sea, to
shorten the overall transportation route

EN4: Fleet modernization Adoption of newer technologies and more
fuel-efficient vehicles
EN5: Weight limit or space utilization Packaging optimization by utilizing spaces,

maintaining weight limits, choosing
lighter packages, etc.

EN6: Vehicle-driver efficiency standards Maintaining standards for fuel efficiency,
vehicle size and driving duration
enhances, leading to lower fuel
consumption and reduced emissions

Social (SO)

SO1: Health and well-being Ensuring the health and well-being of the Litman and Burwell (2006); Solomon et al.
public in terms of air quality (2019); Stefaniec et al. (2021)

S02: Community impact Mitigating noise pollution, traffic congestion

and disruptions to daily life
Economic (EC)

EC1: Cost-effectiveness Minimizing costs by optimizing routes, Litman and Burwell (2006); Li et al. (2023);
improving fuel efficiency and utilizing Aksamovic and Simunovic (2022)
technology

EC2: Business competitiveness Enhancing business competitiveness by

reducing transit times and minimizing
transportation costs

EC3: Promoting supply chain performance Promoting supply chain collaboration and
integration by reducing lead times and
minimizing inventory costs

EC4: Regulatory compliance Minimizing fines and avoiding transportation
disruptions to optimize cost performance.

any research. It contributes to theoretical development and helps establish the conceptual framework of
the research field.

3.1. Research process

This section provides a comprehensive breakdown of the various stages involved in the research pro-
cess, offering detailed insight into their execution. The objective of a systematic review is to establish a
comprehensive understanding of management criteria within the logistics sustainability domain while
also identifying gaps in the existing body of literature. To find the elements of each criterion, a system-
atic literature review (SLR) was conducted. The SLR approach adopted in this study aligns with Denyer
and Pilbeam (2013) methodology for addressing research inquiries. They delineated eight sequential
stages for executing an SLR, as visualized in Figure 2.

3.1.1. Step 1: Pre-planned methods

Before starting the review, a group of experts consisting of the authors, each well-known in both meth-
odology and theory, was formed. The literature overview began with an exploratory phase to compre-
hend the current literary landscape and map out the domain. During this phase, various terms included
in each principle were employed as keywords to find out the related terms of freight transportation
sustainability.

This initial search was conducted on the Scopus online bibliographic database, and we did not find
any relevant articles related to our topic. Access to this database was facilitated through the online
library of Hamad Bin Khalifa University. Subsequently, these gathered articles were utilized to extract
fresh keywords and key phrases, enabling the formulation of a more targeted and specific search for
relevant research. An SLR is encompassed within a comprehensive review and evaluation method that
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Figure 2. 8key steps for conducting SLR- source: adapted from Denyer and Pilbeam (2013).
Table 3. The search strings were used in the scopus database for the time span 2014-2023.
Search string TITLE-ABS-KEY (P1) (transport* or ‘road transport™ or ‘freight transport™® or ‘rail transport™ or ‘truck-freight’ or ‘rail-

freight’ or ‘cargo ship*' or sustain* or ‘environmental regulations’ or ‘economic perspectives’ or ‘social consideration’
or ‘sustainable transport*’ or ‘energy efficient’ and logistics and sustain* or green or cleaner or eco-friendly or
‘sustainable decision’ or ‘carbon abatement’ or ‘reduction of CO2’ or ‘reduction of carbon dioxide’ or ‘carbon footprint’
or ‘decarbonization’ or ‘reduction of GHG' or ‘greenhouse gases’)

TITLE-ABS-KEY (P2) (‘smart fleet’ or ‘blockchain technology’ or ‘big data’ or ‘internet of things’ or loT or ‘artificial
intelligence’ or Al or Al-loT or ‘intelligent freight-transport*’ or ‘cloud computing’ or ‘automated vehicle’ or
electrification or ‘electric vehicles’ or drone or ‘unmanned ariel vehicle’ or UAV or ‘last-mile solutions’ or optimi* or
‘route optimi*’ or model* or ‘fleet manag*’ or manag* and optimi* or ‘transportation optimi*’ and logistics and
sustain® or green or cleaner or eco-friendly or ‘sustainable decision’ or ‘carbon abatement’ or ‘reduction of CO2' or
‘reduction of carbon dioxide’ or ‘carbon footprint’ or ‘decarbonization’ or ‘reduction of GHG' or ‘greenhouse gases’)

encompasses the standards for including and excluding studies during the comprehensive analysis of
full-text documents. However, the purpose of using this method is to establish a framework where the
reviews are more secure (Tranfield et al., 2003).

3.1.2. Step 2: Comprehensive search

The systematic search starts with identifying keywords for the purpose of reviewing. A keyword search
follows, yielding articles meeting inclusion and exclusion criteria for the review (Tranfield et al., 2003). To
establish search terms, a brainstorming session was conducted to generate extensive keywords concern-
ing the sustainability criteria of RFT. Two keywords linked by the Boolean operator ‘AND’ find the pres-
ence of both keywords. The keywords linked by the logical operator ‘OR’ find the presence of at least
one keyword. We used synonymous words for each keyword, such as green logistics or cleaner logistics,
for sustainable logistics, to find out their presence in the article’s abstract, keywords or title. To encom-
pass plural and alternate keywords, the ** symbol was applied. For instance, the keyword
‘transportation’ was modified to ‘transport™, which accumulated articles matching the keywords trans-
port, transportation, transporting and others. The list of search strings (keywords) used in searching in
the Scopus database for both perspectives has been shown in Table 3.
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The exploration of literature was exclusively performed within the Scopus database (https://www.sco-
pus.com), a repository rich in articles that offers enhanced chronological search capabilities for research-
ers (Govindan et al., 2022). The study was limited to formal literature types, including two categories of
articles: research and review, while excluding informal sources such as books. The Scopus search was
conducted on November 27, 2023, yielding a total of 18,376 results for P1 and 2,751 for P2.

3.1.3. Step 3: Title and abstract screening

The SLR process employed a predefined searching method, as detailed in step 2. During this process,
1748 papers for P1 and 1465 for P2 were evaluated using their title, abstract and keywords. Throughout
this evaluation, papers that did not align with the search strings or the study’s scope were dropped out.
Consequently, this evaluation procedure yielded 208 papers for P1 and 198 for P2, deemed suitable for
comprehensive analysis.

3.1.4. Step 4: Explicit selection criteria

A comprehensive assessment of the 406 articles was carried out through a precious examination of each
article, employing the inclusion and exclusion criteria. Articles were included if they addressed key
aspects of our research topic—specifically, optimization methods, Industry 4.0 technologies, and eco-
nomic, social and environmental sustainability. Additionally, the criteria required studies to be empirical
research, review articles, case studies or meta-analyses, published within the last 10years and available
in English. Exclusions applied to articles outside our research scope, with limited design (such as editori-
als, letters or non-empirical works), outside the specified timeframe, duplicated or lacking accessible full
text (abstract-only). This process led to the identification of 406 articles that meet the criteria for inclu-
sion. However, the total evaluation procedure guided by Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) is shown in Figure 3.

.§ Number of identified papers through a search
E of the database (P; = 18376, P, =2751)
=
Y
Number of papers subjected to Number of excluded

duplicate papers (n; = 0, ny = 0)

AL

screening (P = 1748, P, = 1465)

Y
Number of screened papers by searching title, Number of dropped out
abstract, and keyword (P; = 1748, P, = 1465) irrelevant papers (n; = 1540, n, = 1267)

Y

Number of papers evaluated
for eligibility (P| =208, P, =198)

Eligibility

Screening/filtering

Legend:

P = Optimization and sustainability perspectives

\ 4 P, = Smart technologies perspectives

Number of papers included in literature
review (P} =208, P, =198)

Included

Figure 3. Screening literature by the PRISMA method.
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3.1.5. Step 5: Evaluation

In the SLR, only peer-reviewed articles were considered for inclusion. To ensure a high standard of cred-
ibility in the sources analyzed, this careful selection criterion was applied. However, the assessment of
article quality, conducted as part of the review process, did not identify any articles that needed to be
excluded based on their quality.

The origins of the articles are detailed in Table 4, revealing that the majority were sourced from well-
regarded journals. For example, in the case of P1, 52 articles were gathered from the Journal of Cleaner
Production, 35 from Sustainability (Switzerland), 21 from Computers & Industrial Engineering, among
others. Similarly, for the case of P2, 31 articles were collected from IEEE Access, 20 from the
International Journal of Production Research, 19 from Transportation Research Part E: Logistics and
Transportation Review and others.

3.1.6. Step 6: Extraction and synthesis

A synthesis of the research papers is achieved through an analysis known as ‘thematic analysis.” The syn-
thesized findings are carefully presented, offering a comprehensive overview of the emergent themes,
trends and valuable insights extracted from the literature. The outcomes of this analysis are subse-
quently detailed in Section 4.

3.1.7. Step 7: Reporting
The outcomes of the SLR, including both the explorations and the elements that were not explored,
were summarized and presented within the conclusion section.

3.1.8. Step 8: Utilization
The potential applications of the findings in future contexts are explained, followed by the formulation
of novel inquiries suitable for empirical investigation or subsequent reviews.

Table 4. Name of journals and number of publications for both perspectives.

P1: Name of journals and number of productions P2: Name of journals and number of productions
Journal of Cleaner Production 52 IEEE Access 31
Sustainability (Switzerland) 35 International Journal of Production 20
Research
Computers & Industrial Engineering 21 Transportation Research Part E: 19
Logistics and Transportation Review
Transportation Research Part D: 20 Computers & Industrial Engineering 15
Transport and Environment
International Journal of Production 12 Expert Systems with Applications 14
Economics
International Journal of Production 12 Sensors 13
Research
Transportation Research Part E: 12 Journal of Intelligent and Fuzzy 10
Logistics and Transportation Review Systems
Expert Systems with Applications 9 Wireless Communications and Mobile 8
Computing
|IEEE Access 8 Applied Sciences (Switzerland) 7
International Journal of Logistics: 8 IEEE TITS 7
Research & Applications
Journal of Industrial Engineering and 5 International Journal of Production 7
Management Economics
European Journal of Operational 4 Sustainability (Switzerland) 7
Research
Journal of Advanced Transportation 4 Transportation Research Part C: 7
Emerging Technologies
Cleaner Logistics and Supply Chain 3 Electronics (Switzerland) 5
Transportation Research Record 3 Others (13 Journals) 28

Total 208 Total 198
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4. Thematic analysis and findings
4.1. The most used keywords and trend topics in RFT sustainability

This section is structured to identify the most commonly used keywords associated with the logistics
sustainability of freight transportation. Initially, we identified the most frequently used keywords in 2023.
Subsequently, we analyzed their frequency fluctuations over the period from 2014 to 2023. Finally, we
identified the emerging topics within this time span.

4.1.1. The most used keywords in 2023

Table 5 consolidates the most frequently used words for both perspectives, P1 and P2. This was accom-
plished by utilizing the (.bib) file obtained from the Scopus database and uploading it into the R-based
Biblioshiny app. A range of keywords and their frequencies for 2023 was listed. The frequency was calcu-
lated based on the number of occurrences of a word in the titles, abstracts or keywords of the articles.
For the P1 perspective, there were 98 frequencies for logistics, 64 for sustainable development, 40 for
carbon and others. Again, for the P2 perspective, frequencies included 45 for logistics, 43 for the
Internet of Things, 31 for drones and so on.

4.1.2. The fluctuation of keyword frequencies over time, 2014-2023

Figure 4a illustrates the fluctuation of the keyword frequencies for the time span of 2014 to 2023. It
reveals that the important terms within the context of P1 are optimization, carbon, emission control, sus-
tainable development and logistics, which implies that various optimization methods are continuously
contributing to logistics sustainability. For example, in 2014, the frequencies of the keywords
‘optimization’ and ‘logistics’ were 1 and 4. But by 2023, both had increased to 34 and 98, respectively,
reflecting an exponential increase in research each year. In a similar way, the fluctuation of the keyword
frequencies within the context of P2 has been shown in Figure 4b, which indicates an increased
emphasis on logistics sustainability, particularly through the integration of smart technologies in RFT.
For instance, in 2014, the frequencies of the keywords ‘ML’" and ‘logistics’ were 0 and 3, respectively. But
by 2023, both had increased to 21 and 45, respectively, indicating an exponential increase in research
annually.

4.1.3. Trend topics over time, 2014-2023

The Biblioshiny app facilitated identifying the emerging topics for the last decade, as depicted in Figure
5. For the P1 perspective, it exhibited a heightened emphasis on reducing carbon emissions and traffic
congestion in 2022, as shown in Figure 5a. It also exhibited an increasing attention to sustainability

Table 5. The most used words in the previous articles.

P1 perspective P2 perspective

Words Freq. Words Freq.
Logistics 98 Logistics 45
Sustainable development 64 Internet of things 43
Carbon 40 Drones 31
Sustainability 35 Blockchain 28
Integer programming 31 Artificial intelligence 23
Carbon dioxide 27 Machine learning 21
Carbon emissions 22 Antennas 20
Greenhouse gases 19 Big data 17
Carbon emission 18 Unmanned aerial vehicles (uav) 16
Environmental impact 18 Block-chain 15
Carbon footprint 15 Learning systems 15
Green logistics 14 Technology adoption 10
Multiobjective optimization 12 Data analytics 9
Traffic congestion 12 Environmental impact 9
Last mile 1 Internet of things (iot) 9
Environmental sustainability 10 Aerial vehicle 8
Vehicle routing problems 10 Unmanned aerial vehicle 6
Particle swarm optimization (pso) 8 Economic and social effects 5
Fleet operations 7 Internet of things technologies 5
Nonlinear programming 7 Machine-learning 5
Robust optimization 5 Reinforcement learning 5
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Figure 5. Trend topics within the perspectives of (a) P1 and (b) P2.

issues in 2020. Moreover, there has been substantial research attention given to the reduction of carbon,
carbon dioxide, carbon footprint and other greenhouse gases, spanning from 2015 to the present.
Similarly, Figure 5b reveals contemporary trends from the P2 perspective, highlighting topics like deep
learning, blockchain technology, machine learning, artificial intelligence and more. It shows that deep
learning and UAVs have attracted more attention in logistics sustainability in 2023. Besides, the usage of
drones and blockchain technology have been emerging topics in logistics sustainability since 2022.
There are also other topics that contribute to logistics sustainability spanning from 2015 to the present,

as shown in Figure 5b.

4.1.4. Keyword co-occurrence network analysis

A co-occurrence network indicates relationships and patterns among terms or concepts that frequently
appear together, helping to identify key associations and themes within the analyzed content. Using
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VOSviewer®, in this section, we examined the co-occurrence networks (Figures 6 and 7) to ascertain the
connections between optimization methods, Industry 4.0 technologies and RFT sustainability. In Figure
6, we have illustrated how the importance and influence of keywords in transportation sustainability are
determined by their occurrences and links. The significance of a keyword increases with the number of
occurrences and links associated with it. We identified 935 keywords (occurrences >1) from 406 articles,
selecting those most relevant to sustainability perspectives out of a total of 2663. Keywords unrelated to
transportation sustainability, such as life cycle, pricing, accessibility, prediction and value decrease, were
excluded. Among the chosen keywords, ‘sustainability’ and ‘sustainable development’ emerged with the
highest occurrences, numbering 27 and 18, respectively. Additionally, these keywords exhibited the
highest number of links, with 694 and 597, respectively. This pattern suggests that the remaining key-
words are either directly or indirectly linked to transportation sustainability. Notably, ‘emission control’
also exhibited significant occurrences (14) and linkages (448), indicating a prevalent focus on research
articles related to emission control or emissions minimization.

Figure 6 further reveals the connectivity of other keywords like multi-objective optimization, fuel cells,
fossil fuels, carbonization, decarbonization, artificial intelligence and genetic algorithms. This suggests
that various optimization methods, including 14.0 technologies, play a substantial role in contributing to
transportation sustainability. The exploration extends to environmental, social and economic aspects of
sustainable development, as depicted in Figure 7. In Figure 7a, the keyword ‘environmental impact’ is
linked to air quality, urban transport, emission control, sustainability and economic effects. Figure 7b
illustrates that the keyword ‘economic and social effects’ is interconnected with supply chain, logistics,
operating costs and sustainability. These linkages highlight the contribution of optimization methods
and 14.0 technologies to economic, social and environmental sustainability within the realm of RFT.

Table 6 presents the keywords grouped under each cluster. By setting a minimum keyword occur-
rence of 4, we identified a total of 56 keywords. VOSviewer® revealed a higher number of clusters for
lower keyword occurrences; for instance, it indicated 24 clusters when the keyword occurrence was 1.
However, to streamline the analysis, we opted for a minimum occurrence of 4, resulting in fewer clus-
ters. The first cluster predominantly encompasses keywords associated with fuel energy, fuel economy
and emissions. The second cluster relates to energy types, public health and environmental sustainabil-
ity, while the third cluster focuses on keywords associated with supply chain, cost-benefit analysis and
economic and social sustainability.
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Figure 6. Keyword co-occurrence network (935 keywords, 1850 occurrences, 23381 links and 24687 link strength).
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Figure 7. Keyword co-occurrence with (a) economic and social effects and (b) environmental effects.

Table 6. The list of keywords in each cluster (occurrences > 4).

Cluster-1 20 keywords: carbon dioxide, carbon footprint, climate change, decision making, environmental manager, fossil fuels, fuel
cell, fuel economy, gas emissions, greenhouse gas, greenhouse gases, hydrogen, life cycle, life cycle analysis, life cycle
assessment, roads and streets, traffic congestion, transportation policy, transportation system, urban transport.

The most frequent keyword: greenhouse gas, occurrences 14, total links 124

Cluster-2 20 keywords: air pollution, air quality, article, atmospheric pollution, carbon, China, electric vehicle, electric vehicles, fleet
operations, freight transport, freight transportation, human, humans, public health, renewable energies, renewable
energy, traffic emission, transportation planning, trucks, urban transportation
The most frequent keyword: air quality, occurrences 9, total links 101

Cluster-3 16 keywords: carbon emissions, cost-benefit analysis, costs, economic and social effect, emission control, environmental
impact, integer programming, logistics, optimization, recycling, sensitivity analysis, supply chain management, supply
chains, sustainability, sustainable development, transportation
The most frequent keyword: sustainability, occurrences 27, total links 179

4.1.5. Countries’ collaboration throughout the world

Research on both perspectives is being conducted collaboratively worldwide, as illustrated in Table 7
and Figure 8. Within the social structure of the Biblioshiny App, over 60 countries are engaged in collab-
orative research on both perspectives, with China, the USA, the UK, Hong Kong, India, Australia, Canada
and Singapore leading in terms of research output. Notably, certain collaborations are highlighted in
Table 7, revealing, for instance, that China has published nine articles through collaborative efforts with
the UK, nine with the USA and six with Hong Kong, among others, from a P1 perspective. Similarly,
China has published 13 articles in collaboration with Hong Kong, 6 with the USA and 5 with the UK,
among others, from a P2 perspective. This global collaboration indicates that research on these perspec-
tives exceeds geographical boundaries. Simultaneously, over 60 countries are exploring both perspec-
tives to advance sustainability in RFT.

4.2. The keywords focused on sustainability factors in the existing body of literature

This section identifies the list of keywords used in analyzing the sustainability factors within the litera-
ture of the last decade. The list of keywords associated with each factor for the P1 perspective is pre-
sented in Table 8, while for the P2 perspective, it is provided in Table 9. The cumulative frequency of a
factor indicates the total frequency of its individual keywords. For instance, the cumulative frequency of
8 for the factor EN3 indicates the sum of the frequencies of its individual keywords: 2 for multimodal
transport, 2 for multimodal transportation and 4 for intermodal transportation. Some keywords were
relevant to multiple factors, such as ‘emission control’, which was associated with both EN1 and SO1.
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Table 7. Collaboration among the countries throughout the world.

P1: Countries’ collaboration and number of publications P2: Countries’ collaboration and number of publications

China UK 9 China Hong Kong 13
China USA 9 China USA 6
China Hong Kong 6 China UK 5
UK India 6 China Australia 4
China Singapore 5 Hong Kong UK 4
China Korea 5 UK Australia 3
China Australia 4 USA Korea 3
China Canada 3 China Korea 3
China Denmark 3 China France 3
China India 3 China Saudi Arabia 2
Indonesia Japan 3 China Sweden 2
Korea Denmark 3 Italy Canada 2
UK Hong Kong 3 Korea Denmark 2
France Brazil 1 India Bangladesh 1
Iran Ireland 1 Uruguay Argentina 1
Malaysia Nigeria 1 Sweden Finland 1
Turkey Kuwait 1 Poland Ukraine 1
UK Ireland 1 Italy Portugal 1
UK Korea 1 USA Bangladesh 1
USA Australia 1 China Bangladesh 1

Canada
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Ghana L Malaysia
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Figure 8. Countries’ collaboration world map.

Table 8. Keyword frequency of each factor for the P1 perspective.

Keywords Freq. Fac.

Route optimization, optimization, multi-objective optimization, emission control, carbon emissions, greenhouse 268 EN1
gases, carbon emission, carbon footprint, energy utilization, green logistics, environmental sustainability,
environmental management, low carbon, environmental protection, low carbon logistics, traffic emission, carbon
dioxide emissions, emission reduction, nitrogen oxides, low carbon economy, social and environmental, carbon
emissions reductions, carbon footprint reductions

Renewable energy resources, energy efficiency, renewable energy source, alternative fuels, biofuel, bioenergy, 27 EN2
alternative transportation fuel and technology, fossil fuels, fossil fuel energy

Multimodal transport, multimodal transportation, intermodal transportation 8 EN3

Electric vehicle, electric vehicles, battery-electric truck, electric engines, electric truck, electric vehicle routing 12 EN4

Green packaging, packaging, packaging materials, weighted sum method 4 EN5

Driving distance, driving range, emission standard, global CO2 emission standard, global standards 5 EN6

Emission control, carbon emissions, greenhouse gases, carbon emission, carbon footprint, energy utilization, green 248 SO1

logistics, economic and social effects, environmental sustainability, low carbon, renewable energy resources, low
carbon logistics, traffic emission, carbon dioxide emissions, emission reduction, green economy, low carbon
economy, nhitrogen oxides, economic and social development, social and environmental, carbon emissions
reductions, carbon footprint reductions, air pollution
Traffic congestion, freight traffic, road traffic, traffic controllers, traffic diversion, traffic management, social impact 18 S02
Route optimization, optimization models, robust optimization, optimization modelling, combinatorial optimization, 165 EC1
economic and social effects, environmental economics, low carbon logistics, green economy, low carbon
economy, economic and social development, transportation economics, economics, economic development,
economic and environmental performance, economic impact, economic production, economic sustainability,
environmental and economic impacts, cost reduction, cost effectiveness, cost minimization, truckload utilization,
energy utilization
Business, business development, budget control, competitiveness 7 EC2
Supply chain management, logistics and supply chain management, supply demand matching, supply chain design, 31 EC3
supply chain network, supply chain planning
Regulatory interventions, transportation deregulation 2 EC4
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Table 9. Keyword frequency of each factor for P2 perspective.

Keywords Freq. Fac.

Route optimization, optimization, combinatorial optimization, constrained optimization, multi-objective optimization, 109 EN1
optimization modeling, routing optimization, dynamic optimization, optimization approach, optimization method,
robust optimization, emission control, carbon dioxide emissions, gas emissions, last-mile emission, vehicle
emissions, low carbon, low carbon logistics, carbon, carbon footprint, low carbon economy, carbon dioxide,
carbon neutrals, energy utilization, energy efficiency, energy-consumption, green logistics, environmental
sustainability, logistics sustainability, sustainability, economic and social effects

Renewable energy resources, energy conservation, fuel conservation 4 EN2
Multi-modal, multimodal transport, multimodal logistics 4 EN3
Electric power utilization 1 EN4
Package delivery, packaging materials 3 EN5
Emission standard 1 EN6
Emission control, carbon dioxide emissions, gas emissions, greenhouse gas emissions, last-mile emission, vehicle 33 SO1
emissions, logistics control, carbon footprint, green logistics, energy utilization, environmental sustainability, low
carbon, renewable energy resources, low carbon logistics, economic and social effects, low carbon economy
Traffic congestion, traffic and transport, traffic jams 10 S02
Route optimization, multiobjective optimization, combinatorial optimization, multi-objective optimization models, 62 EC1
optimization modeling, routing optimization, dynamic optimization, optimization approach, robust optimization,
economic and social effects, transportation economics, economics, economic development, economic
management, costs, cost effectiveness, cost benefit analysis, cost reduction, cost/benefit, cost-benefit analysis,
cost-function, cost functions, time cost, transportation cost, low carbon logistics, low carbon economy, energy
utilization
E-commerce business, business activities, business analytics, business expansion, business modeling, business 10 EC2
models, business operation, business process model, new business models
Supply chain management, logistics and supply chain management, digital supply chain, global supply chain, 31 EC3
logistics service supply chain, supply chain 4 0, supply chain digitization, supply chain management system,
sustainable supply chain, sustainable supply chains
Service disruptions, disruptive technology 2 EC4

The factors EN1, SO1 and EC1 have been studied the maximum times: 268, 248 and 165, respectively,
for P1. These three factors have also been studied for the maximum for P2. But there are many factors,
such as EN2, EN3, EN4, EN5, EN6, SO2, EC2, EC3 and EC4, that have been studied very few times from
both perspectives. However, the total sum of all keywords amounted to 795 for P1 and 270 for P2.

5. Literature gaps and future research directions
5.1. Exploring gaps in the existing literature

Figures 9a and b show the percentages of the factors for both perspectives P1 and P2, respectively, that
utilized the cumulative sum of keyword frequencies from Tables 8 and 9. For the P1 perspective, the
most extensively explored factors are EN1, SO1 and EC1, constituting 33.71%, 31.19% and 20.75%,
respectively. This suggests that prior literature has extensively developed optimization models and cov-
ered emission reduction, health and well-being and cost effectiveness. But other factors, namely EN2,
EN3, EN4, EN5, EN6, SO2, EC2, EC3 and EC4, have received limited attention because of their lower per-
centages (below 10%). This implies that the usage of alternative energies, intermodal transportation,
fleet modernization, packaging optimization, vehicle-driver efficiency standards, and others have rarely
been explored. Figure 9a indicates that, though various optimization methods are being used in RFT sus-
tainability, these specific factors are still underexplored.

For the P2 perspective, the factors that have extensively been explored are EN1, SO1, EC1 and EC3,
representing 40.37%, 12.22%, 22.96% and 11.48%, respectively. This suggests that prior literature has
widely adopted 14.0 technologies in favor of emission reduction, health and well-being, cost-effective-
ness and supply chain performance. On the other hand, factors like EN2, EN3, EN4, EN5, EN6, SO2, EC2
and EC4 have received limited attention because they show a lower percentage (below 10%). This indi-
cates topics such as the utilization of alternative energies, intermodal transportation, fleet modernization,
weight limit or space utilization and others have rarely been analyzed. Figure 9b indicates that, despite
an increasing focus on EN1, SO1, EC1 and EC3, other factors are still underexplored.

From Figure 9, eight factors, except EN1, SO1, EC1 and EC3, are underexplored from both perspec-
tives. Hence, this article claims that there are many research areas that can be extended in the future,
such as (1) the usage of biofuels, compressed natural gas and hydrogen, (2) the combination of multiple
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Figure 9. Frequencies (%) of the factors studied in the literature over the past decade for (a) P1 and (b) P2.

modes of transportation such as air and truck, ship and truck, rail and truck, (3) the adoption of electric
vehicles or battery-driven vehicles, (4) space utilization, limiting weights, using lighter packages, (5)
maintaining fuel economy, choosing appropriate vehicles based on their sizes and following driving
durations, (6) mitigating noise pollution, traffic congestion and disruption, (7) reducing transit times and
minimizing transportation costs and (8) avoiding fines and disruptions, to reduce emissions in RFT.

5.2. Future research directions

From Figure 9, it becomes evident that eight factors within each perspective, important for RFT sustain-
ability, have not received adequate analysis in the existing literature. Understanding the importance of
these factors, we conducted a thorough examination of articles to date. Our analysis, coupled with the
insights of very recent publications, informed us of gaps and limitations, which we deemed essential for
extending existing research. Table 10 presents the gaps in the literature and shows specific future
research directions. Given that these aspects have been underexplored, with less than 10% of instances
in the literature, our aim is to provide guidance for future researchers interested in extending more into
these areas.

6. Conclusion and limitations

This article aimed to assess the extent to which previous literature conducted research from both per-
spectives: P1 and P2. Our findings reveal that a significant focus in prior studies was on EN1, SO1 and
EC1, with percentages of 34%, 31% and 21%, respectively. These percentages indicate that approxi-
mately one-third of previous articles on the sustainability aspects of RFT include at least one of these
three factors in their analysis. In contrast, the remaining nine factors have received very little attention.
However, the percentage related to EC3 is on the rise, indicating increased consideration by contempor-
ary researchers. This upward trend is particularly notable within the context of the P2 perspective, where
it was considered in approximately 11.48% of cases. Section 4 presents a detailed analysis of sustainabil-
ity factors from both perspectives, showing that only EN1, SO1 and EC1 have received substantial atten-
tion, with a growing emphasis on EC3. This analysis addresses RQ1, highlighting areas where research
has been more concentrated (see Figure 9).

Another objective of this study was to identify less-explored factors in the literature and propose
directions for future research. A detailed analysis revealed that the factors EN2, EN3, EN4, EN5, EN6, SO2,
EC2, EC3 and EC4 have been largely overlooked within the P1 perspective. These factors collectively
received less than 10% attention, accounting for only 79 out of 790 instances analyzed, thereby
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Table 10. A summary of future research directions for the following factors.

EN2: Usages of alternative energies Du et al. (2021) suggested sorting buses and trucks based on vehicle sizes and consumer
preferences; Cabukoglu et al. (2019) recommended focusing on hybrid powertrains and natural
gas engines; Gonzalez Palencia et al. (2020) advised considering other measures along with
powertrain electrification in future research to minimize emissions.

EN3: Intermodal transportation Shoukat and Xiaogiang (2024) suggested evaluating their results by examining and comparing
transit, delivery and waiting durations at each stage of freight movement; Liu (2023)
recommended focusing on train and water transport schedules along with multistage material
dynamic distribution; Demir et al. (2019) advised including transportation time, transportation
costs and emissions; and Rossi et al. (2021) suggested including a higher number of different
transport routes and product mixes in future research.

EN4: Fleet modernization Lu et al. (2023) recommended incorporating various charging modes, marginal emission factors
and delivery constraints; Guerrero de la Pena et al. (2020) suggested introducing economic
incentives, carbon tax and powertrain performance; Song et al. (2024) advised considering the
impact of electric vehicle load on energy consumption; Fan et al. (2023) suggested focusing on
front-end forward logistics, closed-loop logistics networks, large stochastic mixed-integer
planning and metaheuristic algorithms in future research.

ENS5: Weight limit or space utilization Palander (2016) evaluated the environmental impact of larger and heavier vehicles (76 t) by
comparing three weight limits (60, 64 and 68 t) in Finnish wood procurement systems. He
recommended adopting transportation systems, traffic levels and road haulage costs to assess
the advantages of these vehicles. Wang et al. (2020) suggested considering the dynamic change
of eco-package, establishing a cooperation mechanism and investigating the manners of
location strategies.

ENG6: Vehicle-driver efficiency standards  Pizzol (2019) compiled ferry inventories from both primary and secondary data but suggested
applying them directly to future studies on sea freight transport; Wong et al. (2018)
recommended exploring pallet loading operations and exception rules; Gonzélez Palencia et al.
(2020) advised considering other measures along with powertrain electrification; and Sun et al.
(2021) proposed revising data concerning increased truck demands, fuel efficiency, fuel prices
and others in future research.

S02: Community impact Ge and Jin (2023) suggested applying some intra-route or inter-route node exchange/relocation
operators without significantly changing computation time; Xiao and Konak (2017)
recommended incorporating exact dynamic programming into other metaheuristics, considering
more real-world information such as road network, real-time traffic, driving time, etc. and
developing a multi-objective framework including fuel cost, carbon tax, carbon trade, driver
wage, etc.

EC2: Business competitiveness Miguel et al. (2019) recommended incorporating fuzzy logic or neural networks; Wong et al. (2018)
suggested exploring pallet loading operations and exception rules; Ahmed and Roorda (2022)
advised including some attributes such as shipment size, weight or volume; Budak and Sarvari
(2021) suggested including hyperparameter tuning and tweaking for XGBoost in future research.

EC4: Regulatory compliance Ahmed et al. (2024) suggested including some operational characteristics such as multiple product
types, split deliveries and others; Zandieh et al. (2023) recommended including charging
stations; Rabia and Bellabdaoui (2023) suggested considering the interactions between expert
judgments and ensuring criteria to minimize freight transportation disruptions as an extension
of their research.

addressing RQ2. Similarly, the P2 perspective shows even lower focus on these factors, with less than
10% attention allocated to EN2, EN3, EN4, EN5, EN6, SO2, EC2 and EC4, representing only 27 out of 270
instances. This limited focus highlights substantial opportunities for further exploration in areas such as
the utilization of biofuels, hydrogen or electricity in transportation; intermodal or multimodal transport;
fleet modernization; weight limits; space optimization; and business performance (see Table 10). The
consideration of these factors will contribute to reducing environmental impacts while promoting long-
term energy security and economic viability. Additionally, these factors could drive innovation and con-
tribute to a more competitive logistics sector.

The limited analysis of certain factors presents additional opportunities for future research. Key areas
include exploring alternative energy sources, intermodal and multimodal transportation systems, emerg-
ing technologies and enhancing business competitiveness. These areas could be connected to both per-
spectives, which hold the potential to revolutionize logistics and freight transportation. The lack of
substantial focus on these factors from both P1 and P2 perspectives highlights the need for targeted
investigations to bridge existing research gaps. To assist researchers in addressing these gaps, specific
recommendations have been outlined (see Table 10). These recommendations are derived from a thor-
ough review of recent articles and aim to provide actionable insights for advancing research in underex-
plored areas. By compiling identified limitations, the recommendations serve as a practical guide for
quickly pinpointing promising research opportunities. The emphasis on these areas not only aligns with
sustainability goals but also supports innovation and efficiency in freight transportation. Addressing
these gaps could lead to significant advancements in alternative energy adoption, optimized
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transportation systems and improved competitiveness in the logistics sector. Researchers are encouraged
to leverage these insights to contribute to the evolving field of sustainable RFT.

The paper has several limitations related to the filters applied during sample selection, which include
only journal articles published in English using specific keywords. Considering the global research focus
of optimization methods (P1) and 14.0 technologies (P2) on sustainable road freight transportation,
important publications may also be available in other languages. Additionally, as both perspectives con-
tinue to gain momentum, relevant studies may appear in various formats, such as book chapters, indus-
try reports, magazines or as pre-prints still under peer review. Consequently, the results in this paper are
not exhaustive, and future studies would benefit from a broader selection to present a more compre-
hensive analysis.
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