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A B S T R A C T   

To improve energy efficiency of ships, initiatives have been taken by the international and regional regulatory 
bodies, ship owners, shipping lines, and other involved stakeholders. While existing literature has investigated 
ship energy efficiency from different perspectives, a comprehensive review on measures, practices, policies, 
feasibility, and alternatives remains absent. This study presents a retrospective review of ship energy efficiency 
literature by utilizing a hybrid review method that combines bibliometric and content analysis approaches. For 
bibliometric analysis, the bibliometrix package in the R software was used in combination with the VOSviewer 
software. The outcomes of bibliometric analysis are the most ranked articles, journals, authors, and institutions 
related to ship energy efficiency research. The bibliographic coupling analysis identified five research clusters: 
(1) decarbonization and emission reduction measures, (2) speed management, (3) policy and regulations, (4) 
economic and organizational factors, and (5) alternative energy sources. Future research directions are proposed 
for each cluster.   

1. Introduction 

The maritime transportation industry is the driving engine of the 
global economy. Despite being one of the most eco-friendly mode of 
transportation, the Fourth IMO GHG Study 2020 reported “the share of 
shipping emissions in global GHG emissions to be 2.89% in 2018” (IMO, 
2020, pg 5), leaving much room for improvement and decarbonization 
of the industry. Over the last decade, the International Maritime Orga
nization (IMO) has adopted several resolutions with a strategy of 
reducing GHG emissions from ships. The most recent strategy was 
established in April 2018, with the intend to reduce total GHG emissions 
from international maritime transport by 50 percent by 2050 compared 
to 2008 GHG levels (MEPC72, 2018). Along the same efforts, in 2013 the 
IMO mandated the Ship Energy Efficiency Management Plan (SEEMP), 
which stipulated that “all vessels of 400 gross tonnage and above 
monitor, review and consider operational practices and technology 
upgrades to optimize the energy efficiency performance of a ship” (IMO, 
2012, p 4.). Under the same resolution, The Energy Efficiency Design 
Index (EEDI) was also introduced, encouraging the adoption of 
energy-saving equipment and engines in new ships (IMO, 2011b). 

This resolution has imposed regulatory and monetary constraints to 
maritime shipping to cut down its energy consumption and 

environmental impact. This has led academics and practitioners alike to 
study different pathways to increase the energy efficiency of vessels, 
thus contributing to using less fuel and ultimately leading to less harmful 
emissions to the environment and decarbonization of the industry. 

The central motivations for the present study have been to map the 
development of research on energy efficiency and decarbonization in the 
maritime domain, as well as the research efforts to tackle IMO 2050 
strategy. To date, numerous studies have demonstrated potential for 
development in energy efficiency, attained over incorporation of recent 
technologies and adaptation of present operational practices. The extant 
literature provides a rich number of studies on mitigation measures for 
decarbonization in shipping. Eide et al. (2011) and Hoffmann et al. 
(2012) studied the effectiveness of 25 mitigation measures and their 
success in cost performance vs. CO2 emission abatement. Heitmann and 
Peterson (2014) and Lindstad et al. (2015) also assessed these measures 
and their potential contribution to the global total GHG emissions, while 
Bouman et al. (2017) presented a study on mitigation strategies. 

Reducing emissions in the maritime domain can be achieved in 
various ways. To the best of the authors’ knowledge, there are several 
review studies on emission reduction, some with a focus on the usage of 
alternative energy (Al-Enazi et al., 2021), and others with a focus on 
various decarbonization measures (Xing et al., 2020). This study 
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provides a comprehensive review of the overall energy efficiency and 
emission reduction literature instead of focusing on only one approach; 
thus, establishes a solid background on ship energy efficiency and 
emission reduction research. For example, Ampah et al. (2021) and 
Kołakowski et al. (2021) presented a bibliometric literature review on 
alternative marine fuels, leaving aside other methods that have potential 
to reduce ships’ emissions. Moreover, Xing et al. (2020) focused on 
reviewing various technical and operational measures to decarbonize 
the shipping industry. 

In contrast to the mentioned studies, this study follows a systematic 
approach to literature selection process, and covers a wider range of 
approaches to energy efficiency and emission reduction in shipping. 
Hence, this study undertakes the following research objectives: (1) to 
determine key publication outlets, articles, institutions and authors 
within the research realm of energy efficiency and emission reduction, 
(2) to classify the existing literature in energy efficiency and emission 
reduction in research clusters and to explore these clusters by con
ducting an in-depth content analysis, and (3) to derive pathways for 
future research. The findings of this research have various implications 
for industry stakeholders and scholars. 

The remainder of this paper is structured as follows: Section 2 de
scribes the methodology, Section 3 provides the bibliometric analysis 
and its results, Section 4 presents the research clusters, Section 5 illus
trates future directions, and Section 6 presents conclusions. 

2. Research methodology 

The purpose of carrying out a bibliometric review of the published 
literature is to map and evaluate the existing literature on a specific 
topic, thereby identifying gaps and highlighting the limits of knowledge 
(Tranfield et al., 2003). A bibliometric analysis uses statistical tools to 
evaluate published academic work and provides several descriptive 
statistics data providing an overview of keywords, authors’ network, 
journals, universities, and countries based on the number of citations 
and frequency of appearance. 

In this study, the following process was adopted as illustrated in 
Fig. 1: 

Step 1- Systematic Literature Search: data collected by means of a 
systematic literature search; the end result was 336 studies extracted 
from Scopus database. 
Step 2 – Bibliometric Citation Analysis: based on the bibliography data 
of the 336 studies, the authors conducted a citation-based analysis to 
determine the yearly publications, ranking of journals, institutions 
and authors by number of publications and ranking of articles and 
countries; this bibliometric analysis was carried out using the open 
source bibliometrix package in the R software (Aria and Cuccurullo, 
2017). 
Step 3 – Bibliographic Coupling: the 336 studies previously extracted in 
step 1 were analyzed using the VOSviewer software. VOSviewer is an 
interactive software used for building and illustrating bibliometric 
maps (Van Eck and Waltman, 2010). The results revealed 119 
bibliographic coupled studies and identified research clusters (see 
Appendix A). 
Step 4 – Content Analysis: the 40 most relevant publications were 
identified by combining the total citation and total link strength, two 
bibliographic properties in VOSviewer. Based on these 40 most 
relevant studies, content analysis was carried out using structured 
literature review matrix method. The matrix method is “a structure 
and a process for reviewing the literature; the review matrix is a 
spreadsheet or table with columns and rows used to abstract selected 
information about each journal article, book chapter, and other 
materials included in the review of the literature” (Garrard, 2020; pg 
31–32). 
Step 5 – Future Research Outlook: based on synthesis of articles in each 
cluster, the potential research areas for future investigations were 
identified. 

The bibliographic data collected and used as input was extracted 
from the notable academic database Scopus. To compile relevant aca
demic literature, the authors executed a keyword search in February 
2021 following Boolean search expression, as exhibited in Table 1. 

The criteria to select the keywords used as input for literature search 
is based on the aim to scrutinize the extant studies within the energy 
efficiency of ships (see Table 1). Energy efficiency in shipping can be 
defined as reducing energy consumption and GHG emissions per unit 

Fig. 1. Bibliometric review methodology diagram.  
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transport work (Jia et al., 2017). As part of greenhouse gas (GHG) 
emission reduction strategy, mandatory measures have been initiated by 
IMO. Such measures include four main indexes: the Energy Efficiency 
Design Index (EEDI), the Ship Energy Efficiency Management Plan 
(SEEMP), the Energy Efficiency Operational Indicator (EEOI), and the 
Energy Efficiency eXisting ship Index (EEXI) (IMO, 2022). EEXI was 
initially included in our keyword search, but did not reveal any relevant 
studies as it was adapted by IMO in June 2021 (IMO, 2021) and the 
search was conducted in February 2021. Hence, the three measures were 
included in the keyword search. 

Furthermore, as energy efficiency is based on the amount of energy 
consumed, its efficiency is derived from the energy strategy applied. 
Thus, the concepts of fuel efficiency, fuel consumption, energy management, 
energy usage, decarbonization, emission control, and emission reduction 
were added to the keyword search. Finally, as the authors are primarily 
interested in energy efficiency developments for ships and vessels, these 
two words were added to the keyword search. Maritime was added as a 
final keyword to ensure all findings are related to ships/vessels within 
maritime transportation, avoiding results from other transportation 
modes, such as land- and air-based transportation. 

The final keyword comprises two parts. The first part (“energy effi
cien*” OR “fuel efficien*” OR “fuel consumption” OR “energy manage
ment” OR “energy usage” OR “decarboni*” OR “emission control” OR 
“emission reduction”) OR (“EEDI” OR “SEEMP” OR “EEOI”) captures 
articles related to energy efficiency and decarbonization, while the 
second part (“ship*” OR “vessel*“) AND “maritime”) covers energy ef
ficiency and decarbonization in the maritime domain. After refining the 
search to include only articles written in English, 666 articles were left. 
As a final step, the authors manually screened these 666 articles for 
relevance to further analysis, excluding articles that met the following 
criteria: (1) Limited to ports and no consideration to effects in ships (2) 
studies purely related to autonomous shipping; (3) decarbonization 
measures before bunkering -Well-to-Tank (WTT); (4) emission reduction 

effects on society; (5) decarbonization policies mandated by country- 
level; and (6) general transportation studies that not maritime related. 
The resulting 336 papers were chosen to conduct the bibliometric 
analysis. 

3. Bibliometric analysis and findings 

This study analyzed energy efficiency and decarbonization research 
in the maritime industry published between 2006 and 2021. The authors 
reviewed 336 studies published in 138 publication avenues written by 
918 authors, with an average citation of 2.46 citations per document. 
Most of the studies were written by multi-authored with 889 authors, 
while only 29 documents were single-authored. This section presents an 
overview of the yearly publications, ranking of journals, institutions and 
authors by number of publications, ranking of articles and countries by 
citation and a three-fields plot connecting publication outlets, keywords, 
and countries. 

3.1. Yearly publication 

The number of publications over the years indicate trends in a 
research topic, see Fig. 2. Publications on energy efficiency and emission 
reduction in the maritime domain has seen an exponential growth since 
2016. The number of publications from 2006 to 2015 was 76, while from 
the last six years (2016–2021) the number of publications was 260, 
indicating a substantial interest in energy efficiency and decarbon
ization in the maritime industry. 

3.2. Ranking of journals by number of publications 

The 336 studies selected for this study were published in 138 aca
demic channels. Approximately one-third of these papers (123 articles) 
were published in 10 outlets, all of them journals (see Table 2). Trans
portation Research Part D: Transport And Environment and Ocean Engi
neering were the leading two publication outlets, with 30 and 26 papers 
published, respectively. Interestingly, even though Sustainability only 
started publishing recently (2018), it is already on the top three publi
cation outlets, with 15 studies. Other important journals that published 
studies on energy efficiency and decarbonization include Journal of 
Cleaner Production (10 articles), Maritime Policy and Management (eight), 
and Proceedings of The Institution of Mechanical Engineers Part M: Journal 
of Engineering for the Maritime Environment (eight). 

3.3. Ranking of articles by citation 

One of the most important factors to determine the overall impact of 
a specific study is establishing its number of citations. Table 3 showcases 
this ranking based on local citation (LC) and global citation (GC). The 
objective of reporting LC and GC is to identify the most cited papers 
within and outside the sample of 336 studies. Psaraftis and Kontovas 
(2013) with a LC/year of six and GC/year of 32 is the leading publica
tion in energy efficiency and decarbonization within the maritime in
dustry. Based upon LC/year, other important studies include Fagerholt 
et al. (2015), Lindstad et al. (2017), Lindstad et al. (2011), and Norstad 
et al. (2011). The top 10 studies are grouped according to five themes 
that are later revealed using bibliographic coupling (see Section 4). 

3.4. Ranking of institutions by number of publications 

Another important factor to consider is the institutions leading in 
research on the topics of energy efficiency and decarbonization in the 
maritime domain. Table 4 reports the ranking of institutions publishing 
their research on these topics. These 10 institutions produce more than 
one-third (123) of the total sample (336). The first, second, and fifth 
institutions are located in the Nordic countries and count for 52 studies. 
The ranking of the top five are as follows: Technical University of 

Table 1 
Keyword search in Scopus.  

Step Keyword Search No of 
Articles 

1 “energy efficien*” 226,492 
2 (“energy efficien*” AND “ship*“) 1802 
3 (“energy efficien*” AND (“ship*” OR “vessel*“)) 2809 
4 (“energy efficien*” AND (“ship*” OR “vessel*“) AND 

“maritime”) 
409 

5 ((“energy efficien*” OR “fuel consumption”) AND (“ship*” 
OR “vessel*“) AND “maritime”) 

678 

6 ((“energy efficien*” OR “fuel consumption” OR “energy 
management” OR “decarboni*“) AND (“ship*” OR “vessel*“) 
AND “maritime”) 

732 

7 ((“energy efficien*” OR “fuel consumption” OR “energy 
management” OR “decarboni*” OR “emission control” OR 
“emission reduction”) OR (“EEDI” OR “SEEMP” OR “EEOI”) 
AND (“ship*” OR “vessel*“) AND “maritime”) 

1091 

8 ((“energy efficien*” OR “fuel efficien*” OR “fuel 
consumption” OR “energy management” OR “energy usage” 
OR “decarboni*” OR “emission control” OR “emission 
reduction”) OR (“EEDI” OR “SEEMP” OR “EEOI”)) AND 
(“ship*” OR “vessel*“) AND “maritime” 

1127 

9 ((“energy efficien*” OR “fuel efficien*” OR “fuel 
consumption” OR “energy management” OR “energy usage” 
OR “decarboni*” OR “emission control” OR “emission 
reduction”) OR (“EEDI” OR “SEEMP” OR “EEOI”) AND 
(“ship*” OR “vessel*“) AND “maritime”) DOCUMENT TYPES: 
(ARTICLES) AND LANGUAGES: (ENGLISH) 

666 

10 ((“energy efficien*” OR “fuel efficien*” OR “fuel 
consumption” OR “energy management” OR “energy usage” 
OR “decarboni*” OR “emission control” OR “emission 
reduction”) OR (“EEDI” OR “SEEMP” OR “EEOI”) AND 
(“ship*” OR “vessel*“) AND “maritime”) DOCUMENT TYPES: 
(ARTICLES) AND LANGUAGES: (ENGLISH) Manually screened 
by relevance 

336  
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Denmark (DTU) with 20 publications, Chalmers University of Technol
ogy (Chalmers) with 19, Istanbul Technical University (ITU) and 
Shanghai Maritime University (SMU), both with 14, and Norwegian 
University of Science and Technology (NTNU) with 13. Several of the 
most citied studies are authored by scholars from the most relevant in
stitutions. For instance, Psaraftis from DTU; Lindstad and Norstad, 
formerly from NTNU; and Deniz and Zincir, from ITU. 

3.5. Ranking of authors by number of publications 

Bibliometric measures are useful to identify the authors that 

Fig. 2. Number of publications per year in energy efficiency and emission reduction in the maritime domain.  

Table 2 
Ranking of publication outlets.  

No. Publication Outlet NP TC TC per 
NP 

h 
index 

g 
index 

m 
index 

PY 
start 

1 Transportation Research Part D: Transport And Environment 30 632 21 14 25 1.4 2012 
2 Ocean Engineering 26 378 15 12 19 1.5 2014 
3 Sustainability (Switzerland) 15 65 4 4 7 1.0 2018 
4 Journal of Cleaner Production 10 133 13 6 10 1.0 2016 
5 Maritime Policy and Management 8 222 28 7 8 0.6 2010 
6 Proceedings of the Institution of Mechanical Engineers Part M: Journal of Engineering for The Maritime 

Environment 
8 43 5 5 6 0.5 2011 

7 Marine Policy 7 52 7 4 7 0.7 2016 
8 WMU Journal of Maritime Affairs 7 102 15 3 7 0.3 2012 
9 Applied Energy 6 141 24 5 6 1.0 2017 
10 Energy Policy 6 291 49 5 6 0.5 2011 

TC (times cited). 
NP (number publications). 
PY (publication year). 

Table 3 
Ranking of articles by local and global citation.  

No. Document Theme LC LC 
per 
year 

GC GC 
per 
year 

1 Psaraftis and 
Kontovas 
(2013) 

Speed management 48 6 258 32 

2 Lindstad et al. 
(2011) 

Decarbonization and 
emission reduction; 
Cost 

22 2 162 16 

3 Fagerholt et al. 
(2015) 

Cost 20 3 109 18 

4 Norstad et al. 
(2011) 

Speed management 19 2 186 19 

5 Yang et al. 
(2012) 

Policies and regulations 17 2 98 11 

6 Psaraftis 
(2012) 

Policies and regulations 14 2 76 8 

7 Zis et al. 
(2014) 

Speed management 12 2 71 10 

8 Endresen et al. 
(2007) 

Decarbonization and 
emission reduction 

12 1 160 11 

9 Lindstad et al. 
(2017) 

Decarbonization and 
emission reduction 

11 3 41 10 

10 Deniz and 
Zincir (2016) 

Alternative energy 
sources 

10 2 55 11  

Table 4 
Ranking of institutions by number of publications.  

No. Institution Articles 

1 Technical University of Denmark 20 
2 Chalmers University of Technology 19 
3 Istanbul Technical University 14 
4 Shanghai Maritime University 14 
5 Norwegian University of Science and Technology 13 
6 Wuhan University of Technology 11 
7 Alexandria University 8 
8 King Abdulaziz University 8 
9 National University of Singapore 8 
10 University of Strathclyde 8  
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contributed most to a field or topic. Table 5 illustrates the leading au
thors in the field of energy efficiency and decarbonization by number of 
publications. Harilaos N. Psaraftis, Ibrahim S. Seddiek, and Elizabeth 
Lindstad. Are the three leading authors, contributing to 28 publications. 
The most influential authors, with the highest number of citations per 
publication are Elizabeth Lindstad (82), Kjetil Fagerholt (65), and Har
ilaos N. Psaraftis (45). Two of the most impactful authors are affiliated to 
Norwegian institutions. Other ranked authors, with more than five 
publications are Helong Wang and Ivica Ancic. With an average of five 
publications each, are Cengiz Deniz, Gunnar S. Eskeland, Kjetil Fager
holt, and Thalis Zis. The h-index indicates the maximum number of 
studies of an author with the same or higher number of citations. For 
example, Psaraftis HN has at least six studies related to energy efficiency 
that has six or more citations. The g-index indicates the number of 
studies by an author with their squared of the number of citations. For 
example, Psaraftis HN has 11 studies within the sample of this study 
with a total of 121 citations or more. 

3.6. Ranking of countries by citation 

The leading countries associated with authors (Table 6) indicates the 
geographical location of researchers. The countries are ranked by the 
total citations received by the studies from the corresponding author. 
Norway is top of the list, with 27 papers published and 1008 total ci
tations. United Kingdom and Greece come in second and third places, 
respectively, both with the highest average article citation, of 52. The 
remaining countries are located in Europe, apart from China and South 
Korea. In terms of Single Country publication (SCP), Norway ranks first, 
followed by Sweden and Turkey. For Multiple Country publication 
(MCP), China ranks first, followed by Denmark. 

3.7. Three-fields plot 

In the context of bibliometrics, the three-field plot is useful for 
illustrating associations among three different credentials, such as 
journals, keywords, and countries. This study depicts the relations 
among corresponding author’s country (country is linked to the location 
of the affiliated institution), leading journals within energy efficiency, 
and the most relevant keywords. Fig. 3 exhibits the connections between 
keywords (center) indicating to the left the publication outlets, and to 
the right countries within the energy efficiency and decarbonization 
research in the maritime domain. Some key observations here denote 
the topic of energy efficiency to be a theme in most publication outlets, 
especially in Transportation Research Part D, while most countries 
seemed to be contributing towards this research topic. Fuel consumption 
research is mainly published in Ocean Engineering and Journal of Cleaner 
Production, with China, United Kingdom and Turkey being the main 
contributors. Speed optimization research is circulated in Ocean Engi
neering, Transportation Research Part D and Sustainability with China, 
Norway, United Kingdom and Denmark as the countries with most 

studies. 

4. Research clusters 

Research in energy efficiency and emission reduction has several 
areas of focus. Bibliographic coupling analysis is a network analysis 
metric that can reveal underlying research clusters within a field or topic 
based on citation pattens of documents. Two or more publications are 
bibliographically coupled if they cite the same document(s) (Kessler, 
1963). Thus, the larger the number of citations two documents have in 
common, the stronger will be their bibliographic coupling relationship. 

The 336 sample studies were analyzed through the VOSviewer 
software to perform the bibliographic coupling analysis. The results 
showed 119 bibliographic coupled documents spread over five domi
nant research clusters (see Appendix B); the rest of the records did not 
have a coupling relationship among them. For the five clusters, the most 
relevant publications were identified by combining two bibliographic 
properties of the record; namely, total citation and total link strength. 
For the combination, equal weighted average of both properties were 
used. Using this approach, 40 studies were selected for in-depth content 
analysis, eight articles per cluster as exhibited in Table 7. 

Based on the content analysis, several sub-clusters were identified, as 
illustrated in Fig. 4. 

4.1. Cluster 1: decarbonization and emission reduction measures 

Predominantly, this first cluster is categorized as decarbonization 
measures in the maritime domain. Following the content analysis for the 
elected studies, the results showed three inter-connected sub-clusters. 
The following section briefly explains the themes covered within each 
sub-cluster. 

4.1.1. Sub-cluster 1: motivation and external drivers 
This sub-cluster focuses on reviewing the market-based, technical, 

and operational measures as viable methods of reducing GHG emissions. 
As pointed out by Kosmas and Acciaro (2017) and established by IMO in 
(2011), the aim of market-based measures (MBMs) serves two main 
purposes:  

● To give shipping companies financial incentives to invest in greener 
technologies and increase operational efficiency.  

● To provide a system to counterbalance GHG from the shipping 
industry. 

Christodoulou et al. (2019) presented an exploratory review of the 
various initiatives developed and implemented to minimize GHG 
emissions in the maritime sector. The findings of their study revealed 
that economic incentives are the most widely used initiative to 

Table 5 
Ranking of authors by number of publications.  

No. Author NP TC TC per NP h 
index 

g 
index 

PY start 

1 Psaraftis HN 11 498 45 6 11 2012 
2 Seddiek IS 9 136 15 7 9 2013 
3 Lindstad E. 8 326 82 7 8 2011 
4 Wang H 7 33 5 2 5 2014 
5 Ancic I 6 73 12 5 6 2015 
6 Deniz C 5 76 15 3 5 2016 
7 Eskeland GS 5 131 26 4 5 2015 
8 Fagerholt K 5 327 65 4 5 2011 
9 Zis T 5 118 24 4 5 2014 
10 Ammar NR 4 61 15 3 4 2017 

NP: Number of Publications; TC: Times Cited; PY: Publication Year. 

Table 6 
Ranking of countries by citation.  

No. Country Total 
Citations 

Average 
Article 
Citations 

Articles SCP MCP MCP 
Ratio 

1 Norway 1008 37 27 19 8 0.3 
2 United 

kingdom 
983 52 19 11 8 0.4 

3 Greece 467 52 9 7 2 0.2 
4 China 210 6 33 15 18 0.5 
5 Sweden 207 10 21 18 3 0.1 
6 Germany 187 23 8 5 3 0.4 
7 Denmark 169 9 18 8 10 0.6 
8 Turkey 166 9 19 16 3 0.2 
9 South 

Korea 
129 10 13 11 2 0.2 

10 Italy 70 6 11 7 4 0.4 

SCP: Single country publication; MCP: Multiple country publication. 
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encourage stakeholders to adopt more environmentally friendly prac
tices, followed by infrastructural investments and educational 
initiatives. 

Following the same line of economic stimulus, Kosmas and Acciaro 
(2017) presented the economic and environmental ramifications of two 
forms of bunker fuel charge on shipping: a unit-tax scheme and 
ad-valorem tax. They used an analytical model based on the cobweb 
theorem to prove that the speed reduction caused by a tax is contrary to 

the tax’s size, regardless of the type of tax. The main difference between 
the two types of taxes is that the speed change using a unit-tax scheme 
will also depend on fuel prices. The results showed that both levy 
schemes ultimately end in higher costs, which are compounded by fuel 
prices; even though speed optimization would lead to speed reduction 
and thus compensate some of the profit losses, such a strategy is limited 
because speed can only be reduced to a certain limit. 

4.1.2. Sub-cluster 2: ship management 
Halim et al. (2018) provided an evaluation of operational measures, 

showing slow steaming as a key measure for CO2 emission reductions. 
These reductions could be achieved even further if the design of ship 
speed was also brought down. Their research proposed four potential 
decarbonization pathways: (1) maximum intervention, (2) zero-carbon 
technology, (3) ultra-slow operation, and (4) low-carbon technology. 
All of these pathways require different degrees of alternative fuels such 
as sustainable biofuels, ammonia, fuel cells, electric ships, hydrogen and 
wind assistance, technological measures such as sleeker design, friction 
reduction and waste-heat recovery, and operational measures including 
lower sailing speeds, ship size and changes in ship–port interaction. 

Cariou et al. (2019) presented key contributing criteria that affect the 
variation of CO2 emissions derived from container shipping. Using a 
dataset on liner service characteristics from 2007 to 2016, the study 
calculated the CO2 emissions per trade lane using three main factors: (1) 
fuel efficiency, (2) capacity deployed, and (3) network design. The re
sults illustrate that those policies that aim to grant incentives for tech
nological changes to the industry have had the largest impact in 
decreasing global emissions. Furthermore, managers and operators play 
an important role in emission reduction from vessels, as decreasing time 
spent in port has a direct impact on sailing speed. 

To complete this sub-cluster, Lindstad et al. (2017) focused on 
comparing the abatement cost on existing fleet operating with heavy 
fuel oil (HFO) depending on the size, type, and operational pattern of the 
ship. From 2006 to 2016, the model calculated fuel usage, expenses, and 
emissions based on the abatement choice and crude oil prices. The 
findings of their study revealed that using on-board exhaust gas scrub
bing and HFO for ships with higher fuel consumption provided the 
lowest cost. However, if crude oil prices are below $50 per barrel, diesel 

Fig. 3. Three-fields plot connecting publication outlets, keywords, and countries.  

Table 7 
Selected studies for comprehensive content analysis classified by cluster.  

Cluster 1: 
Decarbonization 
and emission 
reduction 
measures 

Cluster 2: 
Speed 
Management 

Cluster 3: 
Policy and 
regulations 

Cluster 4: 
Economic and 
organizational 
factors 

Cluster 5: 
Alternative 
Fuels 

Zheng et al. 
(2019) 

Beşikçi et al. 
(2016) 

Coello 
et al. 
(2015) 

Ammar (2018) Endresen 
et al. 
(2007) 

Cariou et al. 
(2019) 

Zis et al. 
(2014) 

Jia et al. 
(2017) 

Schinas and 
Butler (2016) 

Abadie 
et al. 
(2017) 

Lindstad et al. 
(2017) 

Dere and 
Deniz (2019) 

Lindstad 
and 
Eskeland 
(2016) 

Olaniyi et al. 
(2018) 

Ammar 
(2019) 

Lindstad and Bø 
(2018) 

De et al. 
(2019) 

Johansson 
et al. 
(2017) 

Fagerholt et al. 
(2015) 

Ammar and 
Seddiek 
(2017) 

Halim et al. 
(2018) 

Aydin et al. 
(2017) 

Chu Van 
et al. 
(2019) 

Schøyen and 
Bråthen (2015) 

Seddiek 
and 
Elgohary 
(2014) 

Kosmas and 
Acciaro (2017) 

He et al. 
(2017) 

Rahim 
et al. 
(2016) 

Wang et al. 
(2015) 

Sys et al. 
(2016) 

Wong et al. 
(2015) 

Psaraftis 
(2019) 

Pettit et al. 
(2018) 

Chambers et al. 
(2006) 

Elgohary 
et al. 
(2015) 

Christodoulou 
et al. (2019) 

Psaraftis and 
Kontovas 
(2013) 

Johansson 
et al. 
(2013) 

Woo and Moon 
(2014) 

Mondejar 
et al. 
(2017)  
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becomes an attractive abatement option for smaller ships operating with 
HFO. Finally, desulfurized HFO (Low Sulfur HFO <0.5 percent S), which 
comes at a production cost, is also an abatement option for smaller ships 
operating with HFO. 

4.1.3. Sub-cluster 3: general decarbonization and emission reduction 
measures 

The studies in this sub-cluster investigate the parameters that influ
ence CO2 emissions, as summarized in Table 8. Zheng et al. (2019) 
developed a model of artificial neural network to predict the relation
ship between energy usage and cruise ship operation parameters while 
at sea. Lindstad and Bø (2018) investigated alternative energy setups, 
fuels, and hull designs, concentrating on EEDI requirements providing 
an overview of cost increases and reductions in GHG emissions as a 
result of EEDI standards. Their study showed that slim hull combined 
with conventional engine and hybrid energy setups mixed with slim hull 
designs are the most cost-efficient solutions for 2020 and 2025 EEDI 

requirements, respectively. 
Wong et al. (2015) also proposed a model for calculating the best 

operational sailing speed while maximizing the environmental and 
economic performance measures. They proposed a decision support 
model with several input factors including bunker costs, weather con
ditions, engine power, CO2 emissions during trip, shipment delay etc. to 
determine whether the ship operator should slow steam considering 
operational costs, GHG emissions and service level. Wong et al. (2015) 
found that the vessel’s ideal operating speed so that environmental and 
economic performance metrics in terms of utility are maximized. 

4.2. Cluster 2: speed management 

4.2.1. Sub-cluster 1: speed optimization 
The concept of “speed optimization” can be interpreted in different 

ways, creating confusion when such measure is considered. The first 
definition is produced by the IMO in the framework of SEEMP as “op
timum speed means the speed at which the fuel used per tonne mile is at 
a minimum level for that voyage. It does not mean minimum speed; in 
fact, sailing at less than optimum speed will consume more fuel rather 
than less …” (IMO, 2012, p 7.). Such definition ignores the fact that very 
low speeds are connected with increased fuel consumption, and it does 
not take into account that speed decisions are impacted by a variety of 
technical and commercial variables, as well as weather-related issues. 

Psaraftis (2019) proposed a definition of speed optimization that 
avoids these flaws. “Speed optimization can be defined as the selection 
of an appropriate speed profile for the ship so as to optimize a specific 
objective while meeting various requirements (or constraints) on the 
ship’s operation” (Psaraftis, 2019, p. 528). These constraints and 
optimal speeds depend on whom is responsible for fuel costs (shipowner, 
charterer, etc.). However, if the goal is to reduce fuel consumption/cost, 
such a method would come close to a response in reducing GHG 
emissions. 

Beşikçi et al. (2016) examined the operational measures within the 
framework of SEEMP, a guide adopted by IMO and used by operating 
shipping companies and shipowners while establishing operational 
measures in ships using current technology. Their study applied the 
Analytic Hierarchy Process (Fuzzy-AHP), a multi-criteria decision 
making (MCDM) technique for ranking the importance of each metric. 
The highest was voyage performance management (VPM), followed by 

Fig. 4. Clusters and sub-clusters in energy efficiency and decarbonization in maritime transportation.  

Table 8 
Parameters used to calculate decarbonization scenarios.  

Input Parameters Output Parameters Article 

1. Ports available and their 
location 
2. Each port’s arrival time 
range and docking time 
3. Voyage’s sailing period 
4. Prior voyage’s changes in 
speed and load 

1. Speed and load distribution 
2. Sailing speed expected 
between each pair of ports 
3. Total amount of fuel 
consumed 

Zheng et al. 
(2019) 

1. Hull shape (slender vs. 
conventional) 
2. Propulsion system (hybrid 
vs. conventional) 
3. Fuel (LNG vs HFO) 
4. Speed 

1. Fuel consumption 
2. Fullfill EEDI 2015 
3. Fullfill EEDI 2020 
4. Fullfill EEDI 2025 

Lindstad and 
Bø (2018) 

1. Bunker cost 
2. Engine power 
3. Carbon emission 
4. Weather conditions 
5. Loaded cargo 
6. Shipment delay 
7. Port time 
8. Tidal stream 

1. Engines’ fuel consumption 
2. CO2 emission 
3. Satisfaction level 

Wong et al. 
(2015)  
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engine maintenance onboard (EMO) and hull and propeller condition man
agement (HPCM). 

Psaraftis and Kontovas (2013) presented a review of speed models in 
maritime transportation. Later, Psaraftis (2019) also investigated the 
difference between “speed optimization and speed reduction”, particu
larly evaluating whether implementing a speed restriction was a better 
alternative than applying a bunker charge for decreasing speed. The 
findings showed that imposing a speed limit as a tool to minimize GHG 
emissions had a fair amount of deficiencies compared to the bunker levy 
option. Based on Psaraftis (2019), some of these main deficiencies 
include the following.  

• As there are different types of ships, a common bunker levy would 
produce various optimal speeds, as a levy would need to be uniform 
if it is to reflect the external costs of GHG emissions, meaning it 
would be independent of the emissions’ source.  

• Another deficiency is based on the fact that a common speed limit 
could be superfluous for some vessel types; in addition, depending on 
the market status, in a depressed market, a speed limit would be 
redundant, while in an expanding market, a speed limit would force 
some ships to sail slower and others would not.  

• Furthermore, a short-term consequence of a speed limit is that it 
would reduce the vessel’s supply curve, forcing freight rates up. 
However, the difference with a levy is that shipowners would benefit 
from higher freight rates without bearing the levy costs. 

Moving on towards speed optimization in relation to ports, Aydin 
et al. (2017) developed a model to optimize sailing speed for container 
shipping and stochastic port times. Their model proposed sailing speed 
decision as a function of not just fuel consumption cost, but also on the 
penalty paid for being late to port. When the delay penalty is low, it is 
more cost-effective to arrive late to the port than to sail at high speed. 
The results indicated that ports should determine a delay penalty in light 
of the fluctuation in fuel costs. Nonetheless, the uncertainties in ports 
cause ships to choose sailing at higher speeds to avoid late arrivals, or 
sail at slow speed to avoid reaching early to following ports. 

De et al. (2019) conducted similar research, but included the con
sequences of carbon emissions, as well as ship draft limits in certain 
ports. The mathematical model showed the potential of using a 
multi-objective optimization approach when planning the routing and 
scheduling of vessels, while providing ship managers with a better un
derstanding of how to reduce carbon emissions by applying a slow 
steaming policy. Dere and Deniz (2019) conducted a computational 
study that explored the potential energy savings related to engine load. 
Their results displayed the main engine and auxiliary cooling loads as 
the main parameters for optimization; the authors concluded that the 
application of supplementary technical solutions while maintaining 
efficient speed operations could lead to decreased fuel consumption and 
GHG emissions. 

Despite the benefits that speed optimization poses for the ships’ 
energy efficiency, there are some downfalls presented throughout the 
papers in this cluster. One of the main concerns regarding speed 
reduction is probable changes to other transportation modes, as carriers 
that are required to sail slower may prefer to use land-based means, thus 
leading to an increase in total GHG emissions. 

4.2.2. Sub-cluster 2: speed limit 
He et al. (2017) focused on establishing the best speed for each leg of 

a route, based on reducing the total distance traveled. In their algorithm, 
they considered two main constraints: (1) time window for arrival, and 
(2) the speed per leg should satisfy speed limits. The results provide 
insights for planning a route with different scenarios of service time 
windows and the optimal speed profile, thus gaining a better balance 
between operating cost and service. Zis et al. (2014) investigated speed 
reduction through policy interventions in various ports. They illustrated 
a methodology for estimating GHG emissions from ships near ports, as 

well as the potential for emissions reduction through various port pol
icies The findings revealed that the unique attributes of each port play a 
significant effect in the policies’ performance. Complete compliance of 
ships applying a speed reduction framework could result to reductions in 
CO2, SOx, and NOx to a maximum of 20, 40, and 17 percent, respectively. 

A speed limit is unlikely to serve as an economic incentive or 
enhance the vessel’s energy efficiency. When comparing two vessels of 
same characteristics – one newly built and energy-efficient and the other 
old and energy-inefficient – sailing with equally slow speed would be an 
unfair advantage to the older vessel, deceiving the competition between 
both ships. Ultimately, a speed reduction would not encourage the 
advancement of energy-efficient solutions. 

4.3. Cluster 3: policy and regulations 

Concerns about sustainability in shipping from a policy perspective 
lead to the theme of Cluster 3. The lack of regulatory tools and tech
nological advances adds to the environmental stressors in the industry, 
and given the economic scale of shipping, unless volume constraints are 
enforced, meaningful GHG emission reductions is unlikely to be ach
ieved. Pettit et al. (2018) investigated the historic growth of CO2 
emissions from bunkers and tankers and the effect of increased ship size 
and speed on emissions. They argued that, despite the development of 
technology and more efficient fuel usage, the question remains as to 
whether newly built eco-ships can address the increased annual ship 
emissions. Their findings suggest that, until now, the growth of these 
types of ships had over the last decade appears to have substantially 
increased emissions in comparison to any efficiency gains originating 
from eco-ships. 

4.3.1. Sub-cluster 1: emission reduction regulations 
Johansson et al. (2013) evaluated the emissions derived from mari

time transportation in Emission Control Areas (ECA) between 2009 and 
2011 by applying the Ship Traffic Emission Assessment Model (STEAM) 
in different scenarios with various regulations regarding fuel sulfur 
limits, speed reductions, and the use of sulfur scrubbers. Later, Chu Van 
et al. (2019) presented an overview of the regulations imposed by IMO 
in the refinement of marine fuel oil and its global impact in the future of 
marine fuel mix and GHG emissions. These regulations estipulate that 
marine fuel must be limited to 0.1 percent sulfur in Sulfur Emission 
Control Areas (SECAs) and Nitrogen Oxide Emission Control Areas 
(NECAs), while 0.5 percent sulfur globally adapted by 2015 and 2020, 
respectively. 

4.3.2. Sub-cluster 2: emission regulation and implementation impact 
As regulations are implemented at the organizational level, Rahim 

et al. (2016) assessed the accountability practices and regulations car
ried out by 10 major shipping companies in their efforts to reduce their 
GHG emissions. The analysis illustrated that most of these organizations 
have no obligation to report on their sustainability performance to 
interested parties and their annual reports present little to no informa
tion regarding their GHG emission reduction activities. This leads to the 
argument that the current regulatory framework that helps shipping 
organizations address the issues of GHG emission reduction is 
completely inadequate. Rahim et al. (2016) proposed further research to 
establish appropriate industry codes of conduct, standardization of 
practices, and incentives that can effectively motivate organizations to 
report their sustainability performance, ethical conduct and environ
mental impact. Given the intricacies of marine commerce and the 
inherent problems of regulating the industry, a complete and widely 
adopted regulatory scheme within the context of corporate social re
sponsibility (CSR) to decrease GHG emissions is unlikely to be achieved 
in the near future. 

The latest global regulation approved and adopted by IMO is the 
mandate of sulfur limit must be below 0.5 percent in ships’ fuel oil. This 
rule entered into force in January 2020 applicable globally under IMO’s 
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MARPOL treaty (IMO, 2019). Lindstad and Eskeland (2016) focused on 
how operators planned to comply with this global policy. The authors 
first determined the costs of various abatement compliance scenarios 
from 2020; second, they assessed the most cost-effective abatement 
solutions in terms of cost and climate impact compared to the time the 
research was carried out; and third, they compared the advantages and 
costs of various environmental policy approaches. The end result 
showed that installing scrubbers was the best option for compliance of 
the Sulfur 2020 regulation. Even though scrubbers were shown to be the 
best and most adequate solution, the pitfall of such a solution is that it 
risks redirecting attention away from the importance of developing 
cleaner fuels and alternative solutions to emissions. 

To conclude this cluster, Jia et al. (2017) empirically assessed the 
possible reductions of fuel consumption and emissions by implementing 
a global Virtual Arrival (VA) policy using ship position data-based AIS 
data. VA is defined as “an operational process that involves an agree
ment to reduce a vessel’s speed on a voyage to meet a Required Time of 
Arrival when there is a known delay at the discharge port” (INTER
TANKO, 2011). The study evaluated 5066 voyages carried out by 483 
very large crude carriers (VLCCs) between 44 countries for the period 
2013–2015 and calculated the capacity for fuel savings if futile time at 
destination ports was changed to a reduced sailing speed. The results 
showed that simply reducing 50 percent of estimated waiting time in 
port and, as having a slower sailing speed as a result, could lead to 
savings of almost 430 tonnes of CO2 and 7 tonnes of SOx, emissions per 
voyage; moreover, the savings of fuel ranging from 7 percent to 19 
percent. 

4.3.3. Sub-cluster 3: emission monitoring and measurement 
In 2004, IMO adopted a new requirement as part of its International 

Convention for the Safety of Life at Sea (SOLAS) regulation on carriage 
requirements for shipborne navigational systems and equipment for all 
ships of 300 gross tonnage and upwards “to carry automatic identifi
cation systems (AISs) capable of providing information about the ship to 
other ships and to coastal authorities automatically” (IMO, 2000). The 
AIS system is meant to increase the safety of maritime traffic by trans
ferring the ship’s identity, type, position, course, speed, navigational 
status, and safety-related information. This sub-cluster discusses the 
monitoring and measurement of GHG emissions. Coello et al. (2015) 
presented an inventory of all the United Kingdom’s fishing vessels and 
determined their emissions using an AIS activity-based technique. Their 
method employed a sample approach by calculating the emissions for 
entire fleets using a group of fishing ships using AIS technology. 

Johansson et al. (2017) presented an inventory of global shipping 
emissions for 2015. They employed the STEAM model with input data 
from AIS and vessel specification database. That study contributes by 
improving the emission model, as previous studies lacked accurate data 
regarding technical specifications of ships, resulting in inaccurate cal
culations of global shipping emissions. By applying data assimilation 
techniques, the authors devised a mechanism for gathering and 
analyzing technical data for 300,000 ships. The developed model is able 
to assess emissions from vessels not registered in IMO and refine their 
routes if there is geographical and momentary gap between AIS 
consecutive messages. This confirms that as AIS data becomes more 
available, this enhances the likelihood of more accurate shipping 
emissions projections. 

4.4. Cluster 4: economic and organizational factors 

As discussed in the previous cluster, the motivation for achieving 
energy efficiency is derived from environmental regulations dictating 
the maritime industry to reduce the pollution and GHG emissions; 
nonetheless, as fuel consumption constitutes approximately 50–60 
percent of the operational cost, becoming more energy-efficient would 
also impact the fuel consumption and ultimately lead to a reduction of 
the overall voyage costs. Thus, this cluster focuses on cost-efficiency and 

the managerial barriers related to such implementations. 

4.4.1. Sub-cluster 1: cost-efficiency 
In line with the technical measures imposed by IMO, namely EEDI 

and EEOI, Ammar (2018) calculated the cost-effectiveness of reducing 
CO2 emissions using slow steaming based on the EEDI. Their results 
showed vast potential from the cost-effectiveness perspective; this was 
achieved by reducing speed 40 percent from its design value, leading to 
78 percent CO2 reduction and fuel saving of 3270 ton/year and US$6.8 
million saving during the ship life cycle. 

Olaniyi et al. (2018) focused on investment risks and payback time 
related to scrubbers; the main factors associated with ship owners’ de
cisions for selecting a compliance method to fulfill 2020 sulfur limit 
included: (a) fuel cost, (b) the area where the ship generally operates 
and the rules to which it is subject, (c) the total number of days spent at 
sea, and (d) the ship’s lifetime (Abadie et al., 2017). By applying 
different budgeting methods, the authors found investment in scrubbers 
to have potential for positive returns. However, the decline in fuel prices 
up until 2017 showed a low number of scrubbers installed (Olaniyi et al., 
2018). 

Rather than focusing on pollution control devices, Fagerholt et al. 
(2015) created an optimization model for calculating sailing routes 
speed aimed at minimizing operating cost. Their research showed a 
strong correlation between marine gas oil (MGO) and HFO prices and 
the decision made by ship operators to sail longer distances avoiding or 
reducing the time spent within ECAs, or sailing speed based on whether 
the ship within or outside ECA, to ensure the cheapest fuel is used as 
much as possible. Moreover, a noteworthy suggestion of that study is 
that no general conclusion can be drawn from ECA effectiveness, as ship 
owners can chose to operate in ways that could limit ECA’s efficacy. 

The studies discussed above have suggested that speed is a major 
factor in improving the overall operating cost and reducing CO2 emis
sions. However, Woo and Moon (2014) studied the basic question, “Is it 
true that as voyage speed reduces, the operating costs and CO2 emis
sions can be reduced at the same time?” While slow steaming is useful 
for reducing GHG emissions, it is not as convenient when it comes to 
decreasing operational costs. The authors introduced the Cost-Energy 
Efficiency Indicator (CEEI), a concept described as the yearly ration of 
CO2 emissions net reductions against the net operating costs; a high CEEI 
indicates a maximization of CO2 reduction and a minimization of the 
operating costs. After running simulation models on three strategic 
voyage speeds, the study arrived at an example for linear shipping of 
17.4 knots as an optimal speed for liners to maximize the reduction of 
CO2 emissions while operating at the lowest cost. The optimal speed 
highlighted in the paper is not the absolute optimal speed for all vessels, 
but rather the ideal speed based on the constraint added in the simula
tion models; that is, to operate at lowest cost. 

Wang et al. (2015) studied the monetary consequences of two 
schemes for emission trading, namely the open Emission Trading 
Scheme (ETS) and the maritime-only scheme (METS). The results sug
gest that both schemes would lead to a reduction of vessel speed, carrier 
outputs, and fuel utilization, yet the two schemes have one major dif
ference. Under an open ETS shipowners can exchange their licenses with 
other industries, hence the emission reduction objective becomes a 
non-binding constraint. On the other hand, under a METS, an emission 
reduction target is more likely to be achieved, as trading is permitted 
only with players within the industry. 

Lastly, Schinas and Butler (2016) presented the commercial factors 
and likelihood of vessels operated with an liquefied natural gas (LNG) 
bunker. The study applied statistical analysis to calculate the energy 
price relationship, concluding that the premium paid to acquire LNG 
fueled vessels is compensated by the energy-price discount. 

4.4.2. Sub-cluster 2: managerial barriers 
Schøyen and Bråthen (2015) analyzed the operational activity-based 

method to quantify energy efficiency and examined the connection 
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among supply chain players and their effect on energy efficiency. The 
study was conducted using two cases in short sea shipping – feeders – 
indicating that the main impediment to energy-efficient operations 
planning lays in the mindset of maritime logistic actors. Moreover, crew 
on-board the vessel lack sufficient real-time data and motivation to 
organize ahead for sailing on fuel conservation mode. The authors 
conclude that the aforementioned behavior is due to ship managers’ lack 
of accountability, indicating their responsibility to provide sufficient 
incentives to both ship and shore-based staff, for them to take better and 
more energy-efficient decisions. 

4.5. Cluster 5: alternative energy sources 

This cluster started with Endresen et al. (2007), whose study 
modeled the shipping activity based on data from 1970 to 2000 with fuel 
consumption as input data. The results compared to those reported in 
previous studies, showing no major discrepancies. In addition, the 
model indicated the main factors to be ship size, degree of fleet utili
zation, and shift to diesel engines. Sys et al. (2016) and Abadie et al. 
(2017) presented investigations related to new emissions regulations, 
and the two main techniques to fulfill the updated legislation; namely, 
the installation of scrubbers or the use of marine diesels. While such 
options are important and remain a viable option for most ship owners, 
both studies confirmed the need for further studies to achieve future 
regulations, but also alternative methods for ships with a longer life-time 
span, leading to the topic of this cluster: alternative fuels. 

Seddiek and Elgohary (2014) presented a study with various strate
gies for decreasing emissions. Although scrubbers are the best reduction 
technology to have onboard, using cleaner fuels like natural gas appears 
to be the best method from the environmental perspective. This is sup
ported by later studies from Elgohary et al. (2015) and Ammar and 
Seddiek (2017), who analyzed the environmental and economic effects 
of such strategies, concluding that LNG is the best option for GHG 
emissions, with an approximate reduction of SOx, NOx, CO2, and PM 
pollutants of roughly 98 percent, 86 percent, 11 percent, and 96 percent, 
respectively, and thus a solution that should be tackled by newly built 
ships. Ammar (2019) proposed the adoption of methanol as a substitute 
fuel by presenting a cost-benefit analysis of applying a dual engine of 
methanol and diesel onboard. Even though methanol is by far a better 
fuel option, as it accomplishes the established IMO limits, the fuel price 
of diesel engine remains a substantially cheaper option. 

5. Future research outlook 

According to the findings in the five clusters and sub-clusters, this 
section proposes possible future research directions following the same 
cluster order – Cluster 1: Decarbonization and emission reduction measures, 
Cluster 2: Speed Management, Cluster 3: Policy and regulations, Cluster 4: 
Economic and organizational factors, and Cluster 5: Alternative energy 
sources – as the most promising themes and research domains for future 
studies. 

5.1. Future research on decarbonization and emission reduction measures 

Market-Based Measures (MBMs) are a set of measurements described 
in the initial IMO strategy as mid-term measurements, forcing ship 
owners to compensate for their pollution by means of internalizing the 
external environmental cost through various means such as environ
mental taxes and economic incentives. Initial measures such as EEDI and 
SEEMP were conceived of as measurements for newly built and existing 
ships that considered the introduction of energy-efficient equipment in 
ship machinery and operational techniques such as optimization and 
weather routing to improve performance during sailing periods. None
theless, these measures come with some restrictions as they cannot be 
applied to all fleets, thus significantly reducing the emissions initially 
expected. Shi et al.’s (2018) study on sustainable shipping provides a 

classification of these measures based on a technical, operational, or 
market-based nature, concluding that future research should be focused 
on zero-carbon technologies and alternative fuels, as this is the 
long-term path towards greener shipping. 

Moreover, new technologies such as sensors and big data analytics, 
already widely applied in other industries, are becoming increasingly 
important in the shipping domain, given that a boost in technological 
sophistication a better operational efficiency and improved performance 
of the vessel. Ships already create huge amounts of data originated from 
multiple sensors’ systems, and such an amount of data has become a 
pressing issue for the industry. However, the application of big data 
analytics could aid in monitoring emissions, predicting a ship’s perfor
mance, and help optimize its fuel consumption. There are currently few 
studies that focus on investigating the potential of big data analytics and 
their potential to help reduce GHG emissions from ships (Munim et al., 
2020), making this a topic worthy of future research, but also one with 
far-reaching benefits. 

5.2. Future research on speed management 

The debate regarding a speed limit vs. optimal speed is ongoing in 
IMO as, apart from the difficulty of enforcing a speed limit, deciding 
what should be the speed limit while considering constraints such as 
ship type and size has not made it possible to reach a consensus 
regarding what this speed limit should be. Many studies have been 
conducted on slow steaming the positive effects on fuel consumption 
and reduction of emissions, but it is important to clarify that slow 
steaming is nothing less than a voluntary response to constantly 
changing market conditions. Nevertheless, imposing a speed limit could 
not be reflected in the design speed of the global fleet, so if this speed 
limit is superior to the optimal speed, then the measure would be su
perfluous, as sailing above ship design speed is likely to burn more fuel. 
If the speed limit is lower than the design speed, this could cause market 
abruptions, contacting the fleet supply, increasing transit times and 
possibly causing a short-term increase in freight rates. Some of these 
issues are discussed in Devanney (2011), but there are no sufficient and 
thorough examinations of potential market consequences of a speed 
limit, while there are also no well-known studies with a complete 
overview for arriving at optimal speeds models that could be applied to 
the world fleet; as such, the possibilities for further research could serve 
practitioners, regulators, and scholars alike. 

5.3. Future research on policy and regulations 

As the international regulator of shipping, IMO establishes mandates 
and rules to be enforced by the member countries. According to the 
research findings by Rahim et al. (2016), ship owners have limited 
accountability in their reporting systems, providing in the best scenarios 
limited information regarding their efforts towards energy efficiency 
practices. To the best of the authors’ knowledge, no research exists on 
standardization practices and incentives that could be effective in 
motivating players in the industry to report their decarbonization stra
tegies, leading to a very much needed further research endeavor. 

Meanwhile, as we face upcoming stricter regulations to significantly 
reduce emissions from the entire industry. Research to achieve the 
policies should be prioritized towards novel approaches to develop and 
implement relevant technologies such as carbon capture (Feenstra et al., 
2019). Some readily available approaches could be to implement big 
data analytics for energy efficiency of ships (Öztürk and Başar, 2022). 

5.4. Future research on economic and organizational factors 

Ships are operated by crews, therefore they liable for the operational 
decisions that affect the consumption of fuel. As Schøyen and Bråthen 
(2015) suggested, the application of energy efficiency measures is sus
ceptible to crew members’ cooperation and motivation to carry out such 
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measures. Thus, increasing operational energy efficiency may only be 
accomplished if new technologies and strategies are successfully 
implemented and incorporated with daily operations by staff on-board 
the vessel. Insufficient research has been dedicated to investigating 
the challenges and barriers that organizations and work systems face 
when adopting new technologies on-board the vessel, and also its im
plications for management and supporting staff on-shore, thus revealing 
a crucial research direction for scholars to undertake. 

5.5. Future research on alternative energy sources 

There are many research possibilities with regard to alternative fuels. 
As presented in this cluster, most research efforts have been directed 
towards investigating LNG and methanol as substitute fuels, exhibiting 
environmental and economic analysis and the benefits of using these 
fuels. However, there is limited research concerning other types of fuel 
such as ammonia and hydrogen. Xing et al. (2021) provided a techno
logical review of alternative fuels, proposing hydrogen and ammonia as 
key fuels in short-sea transport, but confirming the need for future 
studies regarding their commercial feasibility. 

Moreover, as the maritime industry would most likely transition to 
operate vessels using environmentally clean fuels to achieve the IMO’s 
2050 strategy, there is still a possibility for some vessels to not be 
running entirely on alternative fuels. As such, Xing et al. (2021) pro
poses hybrid propulsion system combining combustion engines, fuel 
cells, and an additionally energy storage system (ESS) (that is, a battery). 
According to Jelić et al. (2021), a hybrid propulsion system is a prom
ising solution, as retrofitting existing vessels operating with diesel and 
electrical propulsion would only require the installation of fuel cells and 
ESS. 

6. Conclusion 

Energy efficiency and emission reduction in the maritime domain is a 
prevailing topic in the agenda for industry, practitioners, and scholars 
alike. The present study provides a comprehensive review of the most 
relevant studies extracted from the Scopus database, following a struc
tured Boolean keyword search. Initially, 336 articles were found rele
vant and used for citation-based bibliometric analysis. The three most 
relevant journals are Transportation Research Part D, Ocean Engineering, 
and Sustainability. The top cited articles are Psaraftis and Kontovas 
(2013), Lindstad et al. (2011), and Fagerholt et al. (2015). The three 
most relevant institutions are Technical University of Denmark, 
Chalmers University of Technology, and Istanbul Technical University. 
The most impactful authors are Harilaos N. Psaraftis, Ibrahim S. Sed
diek, and Elizabeth Lindstad. The authors with highest number of 

citations are based in Norway, United Kingdom, and Greece. Based on 
the network-based bibliometric analysis, particularly the bibliographic 
coupling of 119 studies that has a connective relation among them, five 
research clusters were identified: (1) decarbonization and emission 
reduction measures, (2) speed management, (3) policy and regulations, 
(4) economic and organizational factors, and (5) alternative energy 
sources. Those clusters were analyzed in detail using qualitative content 
analysis approach, and future research outlooks were derived based on 
observed research gaps during content analysis. 

Future research on energy efficiency and emission reduction offers 
ample possibilities. Application of big data analytics and machine 
learning has gained increasing attention in recent years as it could 
potentially assist reduction of shipping emissions. Speed management 
requires further investigation in terms of optimal speed for energy ef
ficiency, particularly when it comes to real efficiency from speed 
reduction. Moreover, reporting energy efficiency practices by shipping 
companies improves transparency and accountability, and ultimately 
contributes to energy efficiency efforts. Organizational and managerial 
barriers such as higher capital requirements, resistance to new tech
nologies from company management and crew require more research. 
Despite the existence of studies on economic and technological feasi
bility of several alternative energy sources for shipping, a global 
consensus is missing. 
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Fig. B. Clusters illustrated by studies - bibliographic coupling executed using Voxviewer.  
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Kołakowski, P., Gil, M., Wróbel, K., Ho, Y.-S., 2021. State of play in technology and legal 
framework of alternative marine fuels and renewable energy systems: a bibliometric 
analysis. Marit. Pol. Manag. vols. 1–25. 

Kosmas, V., Acciaro, M., 2017. Bunker levy schemes for greenhouse gas (GHG) emission 
reduction in international shipping. Transport. Res. Transport Environ. 57, 195–206. 
https://doi.org/10.1016/j.trd.2017.09.010. 

Lindstad, E., Bø, T.I., 2018. Potential power setups, fuels and hull designs capable of 
satisfying future EEDI requirements. Transport. Res. Transport Environ. 63, 
276–290. https://doi.org/10.1016/j.trd.2018.06.001. 

Lindstad, H., Asbjørnslett, B.E., Strømman, A.H., 2011. Reductions in greenhouse gas 
emissions and cost by shipping at lower speeds. Energy Pol. 39 (6), 3456–3464. 
https://doi.org/10.1016/j.enpol.2011.03.044. 

Lindstad, H.E., Eskeland, G.S., 2016. Environmental regulations in shipping: policies 
leaning towards globalization of scrubbers deserve scrutiny. Transport. Res. 
Transport Environ. 47, 67–76. https://doi.org/10.1016/j.trd.2016.05.004. 

Lindstad, H.E., Rehn, C.F., Eskeland, G.S., 2017. Sulphur abatement globally in maritime 
shipping. Transport. Res. Transport Environ. 57, 303–313. https://doi.org/10.1016/ 
j.trd.2017.09.028. 

Lindstad, H., Sandaas, I., Strømman, A.H., 2015. Assessment of cost as a function of 
abatement options in maritime emission control areas. Transport. Res. Transport 
Environ. 38, 41–48. 

MEPC72, I., 2018. Resolution MEPC. Initial IMO Strategy on Reduction of GHG 
Emissions from Ships 304 (72). 

Munim, Z.H., Dushenko, M., Jimenez, V.J., Shakil, M.H., Imset, M., 2020. Big data and 
artificial intelligence in the maritime industry: a bibliometric review and future 
research directions. Marit. Pol. Manag. 47 (5), 577–597. 

Norstad, I., Fagerholt, K., Laporte, G., 2011. Tramp ship routing and scheduling with 
speed optimization. Transport. Res. C Emerg. Technol. 19 (5), 853–865. 

Olaniyi, E.O., Atari, S., Prause, G., 2018. Maritime energy contracting for clean shipping. 
Transport. Telecommun. J. 19 (1), 31–44. https://doi.org/10.2478/ttj-2018-0004. 
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