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Introduction

The increase in the world’s population is driving 
greater rates of food and product consumption related 
to waste production, which has an impact on the 
environment and may endanger a sustainable future [1]. 
Therefore, many climate agreements are internationally 
agreed upon as a source of sustainable development  
to the strategies of developed and developing countries, 
where greenhouse gas emissions are considered  

the main cause of environmental degradation today [2]. 
The increase in world population can exert significant 
pressure on local governments because of increased 
waste generation [3, 4]. Solid waste management can 
be divided into two parts: collection and processing 
[5]. The transportation stage contributes to GHG 
emissions, which vary according to the collection type 
and transportation system (pneumatic or conventional 
systems using trucks), as well as the most expensive 
aspect due to the large number of trucks used  
[6-9]. The fuel used by garbage collection vehicles 
significantly influences their CF and urban air 
quality. CNG fuel-powered vehicles, hydraulic hybrid  
trucks, electric trucks, and others can be a solution  
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Abstract

The transportation stage contributes to greenhouse gas (GHG) emissions, which vary according to 
collection type and transportation system. The aim of this research is to identify the environmental 
impact of waste transportation vehicles using various fuels by reviewing the literature in various 
countries. This study also examines striking research trends and themes, critical elements, and evolution 
to provide future study direction. The Bibliometric method uses research trends and in-depth content 
analysis to identify the relevant and most influential articles. This study compares waste transportation 
using diesel fuel, compressed natural gas, biomethane, and pneumatic collection, finding that vehicles 
using diesel fuel had the highest environmental impact compared to others. Replacing diesel fueled 
vehicles with CNG fueled vehicles can minimize GHG emissions. Meanwhile, seen from a renewable 
electricity perspective, stationary pneumatic collection is a positive step towards more sustainable  
and environmentally friendly transportation and waste management.

Keywords: life cycle assessment, waste collection vehicles, vehicles emission inventory, carbon emission
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to reduce environmental impacts and operational costs 
[10]. 

Waste transportation is a high-cost waste 
management process and one aspect that influences 
waste collection and processing effectiveness [11]. Waste 
transportation activities have a significant impact on 
urban air quality [12-14]. The type of vehicle used for 
transporting waste exhibits ecological characteristics. 
If the environmental burden released during  
the transportation process is high without proper 
treatment, it will cause serious environmental problems. 
A quantitative vehicle environmental impact assessment 
must consider several factors, namely, internal 
combustion engine operating conditions, pollutant 
emissions [15, 16], GHG emissions [17, 18], and vehicle 
service life after it has been decommissioned [11]. 
Based on the agreement, GHGs are the main cause of 
environmental degradation today [2, 19].

A general approach to calculating urban fleet 
emissions with a life cycle assessment (LCA) was 
conducted to understand the carbon emissions 
generated during waste transportation [20]. Holistic 
or comprehensive calculations must be considered in 
evaluating and assessing environmental impact, vehicle 
fuel economic effects, and valid vehicle technology 
use, which makes it possible to obtain a more complete 
and accurate picture [21]. LCA measures the potential 
impact of a process or product on the environment by 
considering its entire life cycle, including the production, 
distribution, use, and eventual disposal stages [11]. LCA 
can be used to analyze the potential environmental 
impacts of cradle-to-grave, cradle-to-gate, raw power-
to-plant and gate-to-gate levels [22]. Recently, various 
fuel energy sources have been discussed using LCA 
[23-26], including conventional diesel [27, 28], CNG 
[29, 30], renewable bioenergy [31, 32], and electricity 
[33]. Currently, there is a need for more effective 
legislation to promote waste transportation applications, 
despite overwhelming evidence that alternative energy 
sources are beneficial for reducing carbon emissions 
[34]. Therefore, it is crucial to explore mechanisms to 
incentivize governments and stakeholders regulating 
MSW disposal to consider waste collection with 
minimal environmental impact.

This article reviews the environmental impacts 
in the form of GHG emissions from the use of fuel 
in waste transportation vehicles as well as its trends, 
prominent research themes, critical elements, evolution, 
and in-depth study content. Bibliometric analysis is 
a combination of statistical methods and quantitative 
techniques used to identify a large number of scientific 
studies and focuses on metrics, including trends 
and citations [35]. Bibliometric analysis provides 
information on the status of knowledge development 
and research trends in the exploration field by analyzing 
academic literature and can provide a clear picture of 
the relationships among indicators through different 
network nodes, allowing access to the importance of 

each existing node [36]. To the best of our knowledge, 
only a few comprehensive studies have discussed the 
environmental impact of waste transportation using 
a combination of bibliometric and content analyses. 
Therefore, this research contributes to revealing hotspot 
identification using co-words, patterns, and structures, 
as well as in-depth content analysis of relevant and 
influential articles.

Materials and Methods

This study uses bibliometric analysis combined 
with an in-depth content analysis of several influential 
articles to determine scientific development, map  
the contribution and focus of research, and assist in 
mapping the best practices and analyses that have been 
published [37]. Pizzi S. [38] stated that bibliometric 
combination with a literature review enables the 
researcher to gain a comprehensive understanding of 
scientific knowledge evolution in a field while providing 
in-depth topical analysis through a qualitative systematic 
review. Content analysis can be used to identify current 
hotspots through keyword concurrent characteristics, 
which differs from citation analysis. Network analysis 
can be conducted using images and relationship 
visualization to elucidate the relationships between units 
[36]. The analysis process as represented in Fig.1.

Data Collection and Networking Process

The Scopus database developed by Elsevier 
was used for data collection. Scopus was chosen 
because it has broad coverage, provides objective and 
representative insight into research development, helps 
reduce analysis bias and omission risks, and supports 
the reliability and validation of the findings [38]. Data 
collection focused on articles published over the last 
10 years, namely, 2023-2013. The query combination 
explores article titles, abstracts, and keywords. Before 
a combination query was performed, exclusion criteria 
were applied and discussed. First, “TITLE-ABS-
KEY (life cycle assessment)”: only documents of the 
type “article” and published in “2013-2023” are used, 
and 28,660 articles are selected. Second, “TITLE-
ABS-KEY (waste transport)”: only documents of the 
type “article” and published in “2013-2023” are used, 
and 323 articles are selected. Third, “TITLE-ABS-
KEY (life cycle assessment AND waste transport)”:  
only documents of the type “article” and published  
in “2013-2023” are used, and 48 articles are selected.  
A total of 27 sample articles were represented by several 
types of bibliographic information, such as keywords, 
citations, and abstracts, from the Scopus database using 
the comma-separated value format. Data cleansing is 
a basic step in advanced bibliometrics and text mining 
analysis. The obtained data was cleaned using Excel to 
overcome inconsistencies and errors.
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Data Analysis

Bibliometric Analysis

Bibliometric analysis has been increasingly used 
in various studies, such as end-of-life vehicle reverse 
logistics [36], the bioethanol life cycle [39], and trends 
in carbon emissions in the transportation sector [40]. 
Bibliometric analysis allows researchers to analyze 
datasets larger than general reviews and construct 
structural reviews for specific fields [41-43]. In addition, 
bibliometric analysis provides inclusive relationship 
visualization between critical elements in future 
research [37, 44]. After Excel cleaning, the next step 
was bibliometric analysis using VOSviewer 1.6.17. 
VOSviewer is software developed to visualize and 
explore scientific maps by considering keywords [37]. 
The primary advantage of this software is that it focuses 
on graphical map representation with a network of links 
between authors, journals, countries, institutions, and 
keywords. These graphical maps work when visualizing 
large maps, are easy to interpret, and are primarily used 
as maps based on network data.

Content and Co-Occurrence Analysis

Text mining is a method for extracting meaningful 
information from text in a document collection, which 
helps simplify and accelerate the process of identifying 
patterns and valuable findings in the literature [45]. 
In its widespread application, text mining has been 
used in many studies to measure text data size, 
determine ideas through text, and overcome semi- and 
unstructured data problems [46]. Text mining provides 
deep insight into the semantic structure and phrase 

patterns that characterize text in large document sets, 
which aid in content understanding, identifying trends, 
and supporting more informed decision-making. [47]. 
Content analysis is a flexible approach that allows 
researchers to plunge deeply into texts and gain in-depth 
insights from the literature or qualitative data [48]. 
Qualitative content analysis was then performed for 
each cluster’s 5 most influential and relevant articles to 
investigate the theoretical orientation [47].

Results and Discussion

Bibliometric Mapping Process Analysis

This section presents the indicators used in the 
analysis (Fig. 2) to provide a direct overview of this 
study.

Descriptive Publication Evolution Analysis

Based on publication development analysis, waste 
transportation environmental impact disclosure has 
been stable over the last 10 years. Fig. 2 shows the 
trend in research publications related to waste carrier 
environmental impact from 2013–2023. There was 
a decline between 2013–2017. In 2018, there was an 
increase; however, by 2023, there was no significant 
increase. The number of publications over the last six 
years was 55.5% of the total publications, indicating 
that the waste transportation environmental impact 
disclosure topic will grow in future research. Although 
the number of publications in 2023 is the same as that 
in 2022, this trend is still increasing, judging by annual 
developments. Studies related to this topic will develop 

Fig. 1. Analysis process and literature review.
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and become opportunities for increased research in 
the coming period, with an increase in environmental 
impact problems, especially in the transportation sector, 
and an increase in the number of studies over the 
previous year.

Fig. 2 shows the 10 most prolific journals disclosing 
environmental waste transportation impacts. The most 
prominent journal is Elsevier Ltd., which published 
25.9% of the articles. This journal discusses topics 
related to LCA and transportation waste management. 
The other two that stand out are Elsevier B.V. (14.81%), 
which emphasizes research on garbage-collection 
vehicle CF analysis. Springer Science and Business 

Media Deutschland GmbH (11.11%) discussed the 
carbon waste transportation business.

Hotspot Identification Analysis with Co-Words

Keyword analysis can pinpoint the most critical 
past and current research hotspots [37]. All keywords 
were included in the 27 selected publications. Four 
hundred and fifty-six keywords were identified, 101 
of which reached the minimum two-occurrence limit. 
Normalization was performed on several keywords 
with the same meaning to avoid duplication and provide  
a more accurate representation of the research topic. 

Fig. 2. The number of annual publications between 2013-2023 and the most productive journals on the environmental impact of waste 
transport disclosure.

Fig. 3. Keyword co-occurence based on clusters.
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RCVs with CNG RCVs, there are significant reductions 
in GHG emissions of up to 24% CO2 eq. In addition, 
CNG-powered RCVs are more cost-effective for CO2 
reduction. Therefore, CNG-powered RCVs have less 
impact on climate change and provide significant cost 
savings compared to diesel-powered RCVs. Rose L. 
[21] and Perez J. [49] compared diesel-fueled waste 
transportation vehicles with those using CNG. However, 
this study included the fuel life cycle (FLC) and vehicle 
life cycle (VLC). GHG emissions from CNG-fueled 
vehicles were 18.5% lower than in the diesel scenario, 
and the CF for the diesel scenario was 29.7 kg CO2 eq/
tMSW. This study showed the same results as those 
of Rose L. [21]. The third study that compared CNG, 
diesel, and 30% biodiesel-fueled vehicles was by Lopez 
J.M. [50]. CNG-fueled vehicles produced the lowest 
GHG emissions in the TtW analysis and emitted the 
lowest CO2 in the well-to-wheel analysis. Peng H. 
[34] compared electric- and diesel-powered garbage 
collection vehicles. The results showed a 94.40% carbon 
emission reduction (CO2 equivalent) for electric fleets 
compared to that of diesel fleets and achieved 63.13% 
cost savings when carbon trading offsets were used. 

Chàfer M. [51] stated that a key factor in achieving 
cleaner production and reducing GHG and other 
pollutant emissions into the environment is the cleaner 
energy guarantee. The results showed that energy 
sources significantly affected LCA results, with up 
to 80% variation. The use of diesel trucks should be 

Fig. 3 shows the relationship between the keywords 
and events related to waste carrier LCAs. The main 
subcategories included waste transport, life cycle 
assessment, life cycle analysis, waste management, and 
life cycle. Waste transportation and management were 
the most researched areas, and waste transportation 
was the most common topic. The keywords greenhouse 
effect, ozone depletion, global warming, and 
eutrophication dominated the environmental impact 
subcategory. Among the transportation modes, trucks, 
transportation routes, traffic, and transport were the most 
common subtopics. Considering LCA, its relationship to 
waste transportation was generally used to analyze and 
measure GHG emissions.

Top Article In-Depth Analysis

Table 1 shows the five relevant and most-cited 
publication results. The authors compared fuel 
effectiveness in engines to determine which fuel had the 
least environmental impact. 

The publications compared fuel in waste 
transportation, three of which compared diesel-fueled 
transportation vehicles with CNG vehicles. In article 1, 
Rose L. [21] compared diesel-powered refuse collection 
vehicles (RCVs) with CNG vehicles [21]. It was found 
that there were no net energy savings from converting 
diesel-powered RCVs to CNG-powered RCVs. Although 
there are no net energy savings from replacing diesel 

Table 1. Top journal in-depth analysis.

No Reference/
Journal Aim Of The Study Methods Conclusion

1 [21] /Energy 
Policy

Life cycle analysis of CNG use 
and diesel-powered RCVs.

GHGenius and 
GREET

GHG emissions and air pollution (GAC) values 
decreased significantly by around 24%, and 

there were cost savings in using CNG vehicles. 
Therefore, the use of CNG RCVs is beneficial in 

reducing the impact of climate change and is cost-
effective compared to diesel RCVs.

2
[49]/ 

Transportation 
Research Part D

Estimating the CF of a waste 
collection fleet considering life 

cycle stages.

ISO 14040/14044, 
ISO/TS 14067, 
carbon footprint 

standards

Aramad’s CF value is 92% from FLC and 85% 
from VLC. FLC CF comes from TtW, and 14% 
comes from WtT. The CNG scenario produces 

18.5% lower emissions than the diesel scenario.

3
[34]/ 

Transportation 
Research Part D

Use of the cap-and-trade system 
in making strategic decisions 

on carbon use in the carbon cost 
life cycle.

GHGenius 
Vehicles

Overall vehicle value is lower by 63.13% compared 
to diesel and diesel-CNG hybrid fleets.

4 [50]/ Applied 
Energy

Comparing two types of engines 
with three different fuels based 

on energy consumption and 
the impact of GHG emissions 

produced during waste 
transportation.

Well to Wheel 
Analysis

CNG-powered waste collection vehicles emit 
the lowest CO2 and have the lowest GWP 

environmental impact. The VTT study compared 
European CNG buses with average CO2 emissions 
of 1,224 g/km for diesel buses and 1,077 g/km for 

CNG buses.

5
[51]/ Journal 
of Cleaner 
Production

Analyze the sensitivity of 
municipal solid waste collection 

systems with five different 
scenarios based on energy 

sources.

Ecoinvent v.3.0

The energy source has a big influence on the 
analysis results, up to 80%. Truck collection has 
the lowest environmental impact due to lower 
electricity usage. Stationary pneumatic system 
waste collection shows the best performance.
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reconsidered because they have the greatest impact on 
the environment. In comparison, the lowest emissions 
were from trucks using CNG fuel. Renewable electricity 
use in pneumatic waste collection systems is a positive 
step toward more sustainable and environmentally 
friendly waste transportation and management.

In previous research, diesel fueled waste transport 
vehicles were often compared with CNG and pneumatic 
waste transport vehicles. Based on the ten articles that 
were analyzed in depth, the majority of articles stated 
that diesel fueled waste transport vehicles contributed 
the most to the environmental impact, especially CO2, 
which is a contributor to GHG. Several studies show that 
CNG fueled vehicles are one of the vehicles that have the 
lowest contribution to environmental impacts. Quiros 
D.C. [29] states that a net GHG emission reduction of 
10-20% can be achieved by CNG vehicles compared to 
diesel technology. Graham L.A. [52] stated that heavy 
vehicles fueled by natural gas, whether compressed, 
liquefied, or mixed with hydrogen, can reduce GHG 
emissions compared to diesel fuel.

In-Depth Analysis of Waste Transport  
Technology

Some of the studies analyzed regarding the 
environmental impact of waste transport did not publish 
them in a format that allows comparison of results on 
a per ton (MSW) basis. Table 2 lists and explains the 
energy involved in the process or segment. The life 
cycle process in vehicles is divided into three segments, 
as shown in Fig. 4 [50], namely:
(a) Well-to-Tank (WTT), which takes into account 

energy use and GHG emissions resulting from the 
resource recovery process and the delivery of usable 
fuel to the vehicle tank.

(b) Tank-to-Wheel (TTW), which takes into account 
energy use and GHG emissions resulting from fuel 
use in vehicles.

(c) Global Well-to-Wheel (WTW) analysis, which takes 
into account the energy use of GHG emissions from 
the resource recovery process to the use of fuel in 
vehicles.
The scenario analyzed in this research uses the TTW 

segment, which takes into account GHG emissions 
produced in the process of using fuel in waste transport 
vehicles. The environmental impacts compared are 
based on an analysis of CO2 emissions, which are 
the main contributors to GHG emissions and global 
warming (GWP).

Table 2 shows the comparison results of GHG 
(CO2) emissions in the TTW process in several 
articles analyzed. The results of several studies show 
that the GHG emission values of diesel-fueled waste 
transportation vehicles have the highest environmental 
impact [6, 33, 49]. GHG emissions in CNG are 18.9% 
lower compared to the diesel scenario [49]. However, 
emissions from waste collection and transportation 
are influenced by system boundary conditions and 
initial assumptions established in a study, as well as 
local, regional, and national conditions [53-55]. The 
CNG waste collector has the lowest value of 17.5136 
kgCO2eq/km during use, which means the global 
environmental impact (greenhouse effect) is lower [50]. 
Meanwhile, in Iriarte’s research, Iriarte A. [56] showed 
that the mobile pneumatic collection system had the 
largest environmental impact in several categories, 
one of which was global warming, with a value of 13.1 
kgCO2eq.100 years/FU. And door-to-door systems using 
diesel vehicles have 38% higher energy requirements 
than pneumatic mobile systems, but provide higher 
waste recovery rates. The analysis proves that replacing 

Fig. 4. System boundaries and LC of vehicle technology.
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diesel vehicles with CNG fueled vehicles can contribute 
to reducing GHG emissions, this is in line with other 
research, such as [21, 50, 57].

Conclusion

An integrated study based on a bibliometric review 
was conducted to gain research interest in evaluating 
the environmental impact of waste transportation using 
LCA. This study was conducted to obtain a baseline 
for waste transportation vehicle environmental impact 
using different fuel types. Based on a comprehensive 
systematic literature review (2013-2023), 46 articles 
were published in journals on waste transportation 
environmental impact from different fuels using LCA 
studies. Based on the keywords, the most common 
research themes in waste transportation environmental 
impact analysis disclosure from 2013-2023 were 
related to LCA, waste transport, industrial transport, 
waste management, municipal solid waste, economic 
assessment, waste-to-energy, and environmental impact. 
This trend could be used as a reference for future 
research.

Several findings were found based on the content 
analysis results, such as: (1) Transportation contributes 
to various GHG emissions. Reducing GHG emissions 
and pollutants is an energy guarantee and the primary 
factor in clean production. (2) Based on seven 
studies comparing waste transportation using diesel, 
compressed natural gas, biomethane, and pneumatic 
fuel, it shows that vehicles using diesel fuel produce 
the highest environmental impact compared to others, 
especially on CO2, which is a contributor to GHG 
emissions. Several studies show that CNG fueled 
vehicles are one of the vehicles that have the lowest 
contribution to environmental impact. (3) Transportation 
environmental impact is derived from a combination of 

distance traveled and amount transported. Replacing 
diesel fueled vehicles with alternatives such as CNG 
fueled vehicles can minimize the environmental 
impact. Meanwhile, seen from a renewable electricity 
perspective, stationary pneumatic collection is a positive 
step towards more sustainable and environmentally 
friendly transportation and waste management. There 
are some limitations to this study. First, consider only 
databases sourced from Scopus. Using data from 
multiple databases can provide more information for 
future bibliometric analyses. Second, query or keyword 
combinations can limit search results because of sample 
differences, so further investigation is required to select 
appropriate queries/keywords.
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