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ABSTRACT

Improving energy efficiency practices on ships is crucial for both economic and environmental 
purposes. Both technical and operational applications are made to increase energy efficiency on 
ships. The success of energy efficiency applications on ships depends on the effective work of 
seafarers. Therefore, awareness and knowledge about the energy efficiency of seafarers should be 
enough. The aim of the study is to determine the awareness and knowledge level of seafarers on 
energy efficiency on ships and to evaluate energy efficiency practices in maritime transportation 
companies from the perception of seafarers. In the study, the survey method was used. As a result 
of the survey, it was found that the knowledge level of the seafarers on ship energy efficiency was 
low, almost half of them did not receive energy efficiency training but they were informed about the 
importance of the issue. At the end of the study, it was evaluated that the awareness and knowledge 
level of officers should be increased in order to improve energy efficiency on ships and suggestions 
on this issue were determined.

1	 Introduction
Maritime transportation provides safe, reliable, and 

cheap transportation that connects consumers with sup-
pliers and raw materials worldwide. About 11 billion tons 
of cargo, which constitutes three-quarters of the goods of 
the world trade, is transported by sea and the number of 
vessels of 100 gross tons and above used in world mari-
time trade to carry this huge cargo is 98,140 (UNCTAD, 
2020). Millions of tons of fuel consumed by the vessels 
cause both economic and environmental problems. Fuel, 
accounting for 50-70% of a ship’s total operating cost 
(Rehmatulla & Smith, 2015), is the most significant cost 
element of international transportation. Considering that 
the estimated fuel consumed annually in the 2007-2012 
period is 201-272 million tons (International Maritime 
Organization [IMO], 2015), it is estimated that the money 
spent by the international maritime transportation on 
fuel increases by the US $ 80 billion every year (Adland et 
al., 2018). In accordance with the “Third IMO GHG Study 
2014”, emissions generated by the fuel used in maritime 

transportation reached 938 million tons of carbon dioxide 
in 2012, which constitutes 2.6 percent of global emissions 
and if no action is taken, it is estimated that emissions 
will increase by 50 to 250 percent by 2050 (Li, Sun, Guo, 
Du, & Li, 2020). According to the report of the European 
Environment Agency (2013), emissions from maritime 
transportation must be monitored as it causes air pollu-
tion and climate change.

In order to fulfill the responsibility of the maritime sec-
tor in reducing greenhouse gas emissions, IMO has initi-
ated studies on reducing the amount of carbon dioxide 
emitted from ships and made resolutions on a series of 
technical and operational measures from 2011. The en-
ergy-efficient use of ships was the focus of these technical 
and operational measures. Because IMO argued that if en-
ergy is used efficiently on ships, carbon emissions can be 
reduced (Banks, Turan, Incecik, Lazakis, & Lu, 2012). The 
Energy Efficiency Design Index (EEDI) was made manda-
tory for new ships with an amendment to the International 
Convention for the Prevention of Pollution from Ships 
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(MARPOL) Annex VI and entered into force on 01 January 
2013. EEDI focuses on technical measures to ensure less 
fuel consumption and less carbon dioxide emissions. For 
this purpose, it requires the use of more energy-efficient 
equipment and machinery in new ships to be built. Ship 
Energy Efficiency Management Plan (SEEMP), which is 
made mandatory on ships, is a mandatory operational 
measure. SEEMP is a plan for a ship to use the ship in the 
most energy-efficient way with the least fuel consump-
tion. IMO has also developed a guideline to assist in the 
preparation of this plan. In addition, SEEMP recommends 
using the Energy Efficiency Operational Indicator (EEOI). 
Through EEOI, maritime transportation companies can 
monitor the efficiency of their ships and fleets and take 
corrective measures, and the results of the actions taken 
to increase energy efficiency can be easily determined. 
In addition to these, IMO has made a fuel data collection 
system mandatory on ships. In this system, the distance 
traveled by ship, the time taken to cover this distance, and 
the amount of fuel consumed are recorded. (IMO, 2020a) 
In 2018, IMO adopted the initial IMO strategy on reduc-
tion of GHG emissions from ships. The aim of the strategy 
is to determine the actions and measures that will support 
the reduction of greenhouse gas emissions to be imple-
mented by international maritime transportation. (IMO, 
2018) As for IMO trainings, The International Convention 
on Standard of Training Certification and Watchkeeping 
for Seafarers (STCW) 1978, was updated in 2010, and 
“Marine Environmental Awareness Training” was added 
to each chapter (Banks et al., 2012). Additionally, in 2013, 
IMO developed a model course on Trainer’s Training in 
ship energy efficiency with the World Maritime University 
(WMU) and in 2015, the course was updated and it was 
ensured that it also covers the latest developments in this 
field (IMO, 2020b).

The energy efficiency concept that IMO has brought to 
the maritime sector has made it necessary to make some 
regulations at both the company and the ship level. With 
these regulations, both technical and operational energy 
efficiency practices have been initiated on ships. Based on 
the IMO energy efficiency concept, practices are primarily 
handled and planned within the scope of a company pol-
icy. Both technical and operational practices require hu-
man involvement in selecting and implementing the best 
measures (Kitada & Ölçer, 2015b). No matter how well the 
company plans the energy efficiency applications, if the 
seafarers who are responsible for implementing them and 
making operational decisions (Viktorelius & Lundh, 2019) 
cannot implement this planning well enough, the estab-
lished system cannot work efficiently and the desired 
results cannot be achieved. In other words, the human ele-
ment (Kitada & Ölçer, 2015a) is the focal point of ship en-
ergy efficiency applications.

Certainly, there are many internal and external stake-
holders that directly or indirectly affect ship operations. 
For example, the cargo owner or the charterer can affect 
the navigation of the ship with clauses specified in the 

charter party. The company or ship operator to which the 
ship is affiliated can decide the ship’s schedule and voyage 
plan by evaluating many factors such as maintenance, port 
of the next voyage. In addition, technical support provid-
ers who direct the ship to pass the storm zone to ensure 
safe navigation can be counted among these stakeholders. 
These and similar stakeholders directly or indirectly af-
fect ship energy efficiency practices. (Banks et al., 2012) 
In addition, the human element contains many factors and 
behaviors such as fatigue, stress, health, non-technical 
skills, situation awareness, decision making and cognitive 
demands, communication, language and cultural diver-
sity, and teamwork (Kitada & Ölçer, 2015a). These guide 
the daily behavior of humans. It is inevitable that these 
factors and behaviors also affect the efficiency of the prac-
tices in ship energy efficiency applications, which are in-
cluded in the daily working period of the seafarers. In the 
study, among these factors and behaviors, “awareness and 
knowledge” were selected and evaluated within the scope 
of ship energy efficiency practices of seafarers.

Effective implementation of energy efficiency practices 
onboard depends on the awareness and knowledge of sea-
farers who are in the position of executives in energy ef-
ficiency applications on ships (Banks et al., 2012; Kitada 
& Ölçer, 2015a). Without awareness, knowledge, and skills 
cannot be utilized, because the focus is required to use 
learned knowledge, and focus can be achieved through 
awareness (Banks, Lazakis, Turan, & Incecik, 2011). In ad-
dition, knowledge and motivation are built on awareness 
(Banks et al., 2012). As a result, knowledge and awareness 
are two inseparable concepts. The higher the awareness 
and knowledge of seafarers, the more successful energy 
efficiency practices will be. If the seafarers have received 
adequate training in energy efficiency, have understood 
the importance of the issue, and have become aware of 
it, they will always pay attention to energy efficiency in 
their daily work on the ship and will be able to follow the 
company’s planning to the letter. If these conditions are 
not met, there will be a difference between planning and 
implementation. Jaffe & Stavins (1994) defined this differ-
ence as the “energy efficiency gap”. The reason why plan-
ning cannot be implemented as desired is due to various 
“barriers” (Backlund, Thollander, Palm, & Ottosson, 2012). 
“The concept of barrier can be used to explain the differ-
ence between a hypothetical potential and what is actually 
observed” (Johnson & Andersson, 2016).

Eight years have passed since the enactment of IMO’s 
ship energy efficiency regulations. During this time, the 
maritime sector has worked with all its stakeholders to 
comply with these regulations. In the early years of regula-
tions, many shipping companies encountered various bar-
riers when implementing these regulations. One of these 
barriers has been the lack of awareness and knowledge of 
seafarers about energy efficiency practices (Banks et al., 
2012; Jensen et al., 2018; Dewan, Yaakob, & Suzana, 2018). 
In the studies conducted on the awareness and knowledge 
of seafarers in the early years of energy efficiency applica-
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tions, it was stated that the awareness and knowledge of 
seafarers on energy efficiency on ships were not at the de-
sired level and this level could be increased with training 
(Banks et al., 2012).

This elapsed eight-year period provided a time for the 
system to mature. Has this period been beneficial for sea-
farers to increase their awareness and knowledge about 
energy efficiency? It is considered that determining the 
current awareness and knowledge levels of seafarers on 
energy efficiency will be beneficial for maritime trans-
portation companies. In addition, it is considered impor-
tant to evaluate the company’s energy efficiency practices 
from the perception of seafarers. Because companies will 
have the opportunity to evaluate their energy efficiency 
practices from the perception of seafarers. The evalua-
tion can be useful in the studies that companies will carry 
out regarding the awareness and knowledge of seafarers. 
Considering these issues, determining the awareness and 
knowledge levels of seafarers on energy efficiency on 
ships and evaluating energy efficiency practices in mari-
time transportation companies from the perception of 
seafarers was chosen as the aim of the study. The study 
will provide information about awareness and knowledge 
of the energy efficiency of seafarers and from the percep-
tion of seafarers the energy efficiency practices of com-
panies. It will thus help fill the gap in research examining 
energy efficiency practices in ships and companies.

The study is structured as follows: Chapter 2: Literature 
review, Chapter 3: Material and Methods, Chapter 4: Results, 
Chapter 5: Discussion and Further Research, Chapter 6: 
Conclusion.

2	 Literature Review

IMO initiatives that entered into force in 2013 have 
aimed to reduce greenhouse gases, especially carbon diox-
ide, which is the most abundant in the atmosphere and its 
amount varies with human activities (Banks et al., 2012). 
In this past eight-year period, the maritime transportation 
sector has worked on a company basis to adapt to new ini-
tiatives and to increase energy efficiency on ships. It has 
been aimed to reduce the amount of carbon dioxide emit-
ted into the atmosphere by reducing the fuel consumption 
of the ships with the measures that can be divided into 
two as technical and operational.

Energy efficiency practices on ships are carried out by 
seafarers. Achieving the desired benefit from energy effi-
ciency depends on the efforts of seafarers. For this reason, 
in the years when IMO initiatives for energy efficiency on 
ships were launched, studies were conducted by some au-
thors to examine seafarers within the scope of energy ef-
ficiency on ships. For example, investigating seafarers on 
operations related to energy efficiency on ships, Banks et 
al. conducted a survey on seafarers as part of their 2012 
study. The aim of the survey was identified as learning the 
awareness, knowledge, motivation, and opinions of sea-
farers about carbon emissions and operational changes 

in ships to reduce carbon emissions, as well as identify-
ing training needs on this issue. At the end of the study, 
it was determined that most of the seafarers acquired 
their awareness and knowledge about carbon emissions 
through newspaper news and television programs, and 
those who stated that they obtained this information by 
participating in the training constitute 20 percent. It has 
been observed that even those who attended the training 
could not define the course required to focus on this topic. 
In this context, it has been argued that it is necessary to 
provide awareness, knowledge, and technical knowledge 
about best practices for energy efficiency operations and 
how to apply them to all seafarers through courses. (Banks 
et al., 2012)

The success of ship energy efficiency applications can 
be achieved by including the human factor in the process 
(Kitada & Ölçer, 2015b). Ships cannot be operated energy-
efficiently without skilled and knowledgeable seafarers 
(Johnson, Johansson, & Andersson, 2014). Knowledgeable 
and experienced seafarers make the greatest contribu-
tion to energy efficiency and emissions reduction on ships 
(Baldauf et al., 2013). The implementation of ship energy 
efficiency measures as planned can be achieved by having 
the awareness and knowledge of seafarers (Viktorelius 
& Lundh, 2019; Rasmussen, Lützen, & Jensen, 2018). 
Because, no matter how well planned in the company, the 
insufficient awareness and knowledge of the seafarers 
may cause the applications on the ship not to be perfor-
med as desired. In processes of ship energy efficiency 
where seafarers are so important, some deficiencies of 
seafarers can create some barriers to energy efficiency 
practices. The elimination of barriers will greatly contrib-
ute to improving energy efficiency on ships. The lack of 
knowledge, awareness, and competence of seafarers is a 
barrier to energy efficiency practices in ships (Jafarzadeh 
& Utne, 2014; Dewan et al., 2018).

The elimination of this barrier can be achieved by 
training seafarers (Dewan et al., 2018). Jafarzadeh & Utne 
(2014) stated that in order to overcome barriers, it is nec-
essary to measure the competence of seafarers, train them, 
repeat the training to maintain the level of education, and 
update the training with new technological information. 
Banks et al. (2011) suggested a model course on energy 
efficiency, stating that the new regulations on energy effi-
ciency on ships will directly affect the working patterns of 
seafarers and that training should be given in this regard. 
Rasmussen et al. (2018) argued that seafarers should be 
trained to gain more energy efficiency skills, as they are 
the most important link in the system. In their study on 
energy efficiency with the bridge simulator, Jensen et al. 
(2018) stated that seafarers can focus on energy efficien-
cy issues by installing technical equipment and raising 
their awareness. In this way, it has been reported that a 
fuel saving of 10 percent is achieved in the simulator en-
vironment and that the personnel of maritime companies 
can be trained with the recommended system on energy 
efficiency.
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It has also been argued in the studies that new technol-
ogies such as smart systems that are being used on ships 
can have a positive effect on awareness and knowledge of 
energy efficiency by increasing information sharing and 
cooperation among seafarers. Man et al. (2018) exam-
ined the contribution of technology to knowledge shar-
ing among seafarers in his work on the relationships and 
cooperation between the deck and engine compartments 
on energy efficiency. At the end of the study, the authors 
argued that the smart technologies available to the mari-
time industry on energy efficiency provide a basis for un-
derstanding the potential values ​​in collaborative learning, 
knowledge sharing, and organizational decision-making 
processes. The authors also stated that the ground created 
by smart systems, whose use has increased with digitali-
zation, may lead to changes in socio-cultural dimensions 
among seafarers and these issues should be examined in 
the future. Technological developments and smart sys-
tems installed on ships require seafarers to work in har-
mony. The success of energy efficiency applications on 
ships relies on the cooperation of the seafarers (Lützen, 
Mikkelsen, Jensen, & Rasmussen, 2017). For this reason, 
all shipboards must have a high level of awareness and 
knowledge. It is also essential that seafarers have a com-
mon understanding of common critical missions (Kataria, 
Holder, Praetorius, Baldauf, & Schróder-Hinrichs, 2015). 

In the study, it has been also assessed the knowledge 
level of seafarers on operational energy efficiency mea-
sures. In this context, studies on operational energy effi-
ciency have been examined. Fagerholt et al. (2010) argued 
that by optimizing the speed of each leg in a voyage plan-
ning, fuel consumption and emissions can be reduced, 
and significant savings can be achieved and proposed a 
method. Chang & Chang (2013) established a relation-
ship among ship speed, fuel consumed, and emitted car-
bon dioxide, and stated that speed reduction reduced fuel 
consumption and carbon dioxide emissions to a greater 
extent. Psaraftis & Kontovas (2013) conducted a study on 
speed in maritime transportation. In this study, they ex-
amined speed models in which speed is among the deci-
sion variables and created a taxonomy. At the end of the 
study, it was determined that ship speed is the most im-
portant determinant of economic and environmental sus-
tainability. In their studies in 2014, they developed models 
that optimize ship speed and made suggestions that could 
provide a balance for economic and environmental solu-
tions (Psaraftis & Kontovas, 2014). Chang & Wang (2014) 
examined the effects of speed reduction to reduce ship-
ping costs and carbon dioxide emissions and stated that 
optimum speed reduction is a dynamic process largely 
dependent on chartering fees and fuel prices. Magirou et 
al. (2015) conducted a study on the economic speed of 
ships and produced a model that uses dynamic program-
ming equations different from static Markovian decision 
processes. Beşikçi et al. (2016a) developed an Artificial 
Neural Network based decision support system that uses 
the fuel forecast model to estimate ship fuel consumption. 

Thus, it is aimed to estimate ship fuel consumption under 
various operational conditions. Beşikçi et al. (2016b) con-
ducted a study on operational energy efficiency applica-
tions within the scope of SEEMP on ships and prioritized 
each measure with the Analytic Hierarchy Process. Wang 
et al. (2018) proposed a dynamic optimization method 
to optimize ship energy efficiency calculation in line with 
changing environmental factors and it is predicted that 
fuel consumption and carbon dioxide emission can be 
reduced with the proposed method. Adland et al. (2018) 
stated in their study that periodic hull cleaning provides 
a considerable reduction in fuel consumption. The stud-
ies show that there is great potential for improvements in 
energy performance, which can be achieved by installing 
new technologies or changing existing operational appli-
cations.When the subject of ship energy efficiency is ex-
amined in the literature, it is seen that there are limited 
studies on the awareness and knowledge of seafarers on 
energy efficiency, and these studies were carried out in the 
years when energy efficiency applications in ships began. 
Since this study determines the current level of awareness 
and knowledge of seafarers on energy efficiency, it is con-
sidered that the study will fill this gap in the literature.

3	 Material and Methods

3.1	 Data Collection 

Seafarers are responsible to operate the ship, gener-
ally distant from shore offices, and are therefore essential 
to the successful operation of energy efficiency measures 
affecting fuel consumption. The involvement of seafarers 
is needed for adapting many operational measures such 
as the decision for speed optimization or weather routing 
for energy efficiency (Kitada & Ölçer, 2015a; Rasmussen 
et al., 2018; Banks et al., 2012). Due to the critical role of 
seafarers in daily operational practices, enhancing their 
energy efficiency awareness and knowledge is important 
to increase energy efficiency and achieve energy savings 
onboard a ship. In this study, the survey method was used 
for data collection. One of the reasons for using a survey is 
that respondents may feel more comfortable because their 
individual responses are anonymous and treated as con-
fidential (Transportation Research Board of the National 
Academies, 2015).

3.1.1 Survey Objective and Application 

The objectives of the survey were to investigate to de-
termine the level of awareness and knowledge of Turkish 
ship officers on energy efficiency, to reveal the deficien-
cies, and to examine energy efficiency practices in their 
ships and companies. The target group for this question-
naire was Turkish ship officers. Nine large-scale and cor-
porate shipping companies from different fields (tanker, 
container, bulk cargo, etc.) operating in Turkey were se-
lected to carry out the survey. The study to be done was 
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explained by contacting the management of the compa-
nies and their assistance was requested in this regard. The 
internet-based survey link was sent to the officers work-
ing on the ships via e-mail by the companies. The send-
ing of the survey by the companies created a corporate 
perception in the application of the survey and increased 
participation. The survey was applied to 170 Turkish ship 
officers and data was collected over an eight-week period 
from February 02 to April 01, 2017.

3.1.2 Survey Design

The survey consists of three parts. Part 1: Personal 
Information, Part 2: Energy Efficiency Awareness Scale in 
Ships, Part 3: Marking the levels of the items within the 
scope of SEEMP. In the survey, firstly, the subject is brief-
ly explained under a title. The names of the participants 
were not requested in order to answer the questions more 
sincerely and healthily. Part 1 consists of eight questions 
aiming to determine the gender, age, education level, the 
type of ship he/she worked, the department, position 
on the ship, working time, and whether he/she received 
training on energy efficiency or not. In Part 2, it is aimed 
to determine the awareness level of officers about energy 
efficiency. With a total of 14 questions in this part, it aims 
to evaluate the knowledge of officers about SEEMP, EEDI, 
EEOI and to investigate the level of knowledge about the 
company’s policies on ships. The first five questions aim 
to measure the level of knowledge, while the remain-
ing nine are questions with multiple answers, where the 
views of officers are taken, and their awareness levels 
are highlighted. In Part 3, the level of applications of en-
ergy efficiency measures and elements within the scope of 
SEEMP is detected to identify energy efficiency differences 
between work as imagined and work as done onboard. In 
this part, triple Likert Scales were used. 

The Likert Scale is a psychometric scale used to meas-
ure people’s opinions in survey studies. The respondents 
state whether they agree with an opinion asked to them. 
They may indicate their state of agreeing or disagreeing 
fully, as well as partially agreeing with the opinion. The de-
grees of partially agreeing can be determined by the scale 
to be formed. (Likert, 1932) Likert Scales were preferred 
because they are easy to use by the survey participants 
and prevent confusion arising from misunderstandings.

3.2	 Measures and Statistical Analysis

Analysis of the obtained survey data was done using 
the statistics program SPSS 15.0 software and tables were 
produced in Microsoft Excel. Descriptive statistics were 
used to present responses of the participants to survey 
items in order to reveal frequencies, percentages, aver-
ages (means) and standard deviations of the survey ques-
tions about ship energy efficiency. Because Descriptive 
Statistics is very useful for defining basically what the data 
is and what it shows, namely the basic features of the data 
(Trochim, 2007). In addition, since comparisons of more 

than one group can be made with it (Stata & Park, 2005), 
the One-Way ANOVA test was carried out to find if there 
were any significant differences between demographic 
characteristics and knowledge level scores of officers. 
Since significant results were seen between the groups 
by ANOVA test, LSD post hoc test (Williams & Abdi, 2010) 
was applied in order to make a comparison and determine 
the two groups from which the difference arises. A p-value 
less than 0.05 as a significance level is referred for statisti-
cal analyses.

4	 Results

In total, 170 participants (Turkish ship officers) took 
part in the survey. As seen in Table 1, while 84.7% of the 
officers in the study (N = 170) are male and 15.3% are fe-
male. 34.7% of the officers are 20-25 years old, 33.5% are 
26-30 years old, 20% are 31-35 years old, 11.8% are 36 
years old and above. 92.4% of the officers graduated with 
an associate degree and 7.6% with a bachelor’s degree. 
54.1% of the officers work in tankers, 14.7% in container 
ships, 22.9% in dry bulk cargo ships, and 8.2% in other 
ships (Ro-Ro, etc.). 65.6% of the officers work in the deck 
and 34.4% in the engine department. 9.4% of the officers 
are master, 19.4% of the officers are the first officer, 34.7% 
of the officers are the 2nd or 3rd officer, 8.8% of the of-
ficers are the chief engineer, 6.5% of the officers are the 
second engineer, and 21.2% of the officers are 3rd or 4th 
engineers. The total working time of 22.4% of the offic-
ers in the maritime profession is less than 1 year, 24.1% 
of them are 1-3 years, 22.4% of them are 4-6 years and 
31.2% of them are more than 6 years. 57.6% of the offic-
ers received energy efficiency training in the maritime 
industry.

Table 2 shows the answers to the five questions, aim-
ing to determine the basic knowledge levels of officers on 
energy efficiency. Most officers have enough information 
about the place where energy efficiency regulations are 
defined (70.6% true), the purpose of SEEMP (71.2% true), 
the requirements for having SEEMP on ships (54.7% true), 
and EEDI mandatory status (58.8% true). Only the level 
of knowledge that EEOI is optional was found to be low 
(39.4% true). The mean knowledge level of the officers on 
energy efficiency was found to be 2.95 ± 1.52. According 
to the total score obtained, it can be said that the level of 
knowledge of the officers about energy efficiency is me-
dium. The survey results showed that the level of knowl-
edge of the participants regarding energy efficiency was 
lower than expected. In the first question, officers were ex-
pected to know that the Regulations for energy efficiency 
by the IMO are included in MARPOL Annex 6, Chapter 4. 
However, close to 30% of the participants answered this 
question false, which should be known as basic informa-
tion. Again, although most participants know the purpose 
SEEMP (71.2%) and the date of entry into force (54.75%), 
those who do not have knowledge on these issues are too 
much to be underestimated. It was observed that partici-
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Table 2 Descriptive statistics of officers’ knowledge about energy efficiency

Knowledge about energy efficiency
False True

Mean Standard 
Deviation (SD)n % n %

Where are the regulations on energy efficiency defined by the 
International Maritime Organization? 50 29.4 120 70.6 0.70 0.46

The purpose of SEEMP is to ensure energy efficiency in ship 
operations for the company and the ship. 49 28.8 121 71.2 0.71 0.45

As of January 1, 2013, SEEMP has become a must for all ships with 
more than 400 gross tonnage and international voyages. 77 45.3 93 54.7 0.55 0.50

EEDI has become a must for new ships. 70 41.2 100 58.8 0.59 0.49
EEOI is optionally used to improve operational performance for 
existing ships. 103 60.6 67 39.4 0.39 0.49

Min. Max. Mean SD Skewness Kurtosis
TOTAL 0 5 2.95 1.52 -0.40 -0.92

Source: Authors

Table 1 Distribution of the participants according to their 
socio-demographic characteristics

Characteristics Group n %

Gender
Male 144 84.7

Female 26 15.3

Age

20-25 59 34.7
26-30 57 33.5
31-35 34 20.0

36 and over 20 11.8

Educational level
Associate degree 157 92.4
Bachelor’s degree 13 7.6

Ship type

Tanker 92 54.1
Container 25 14.7
Dry bulk 39 22.9

Other 14 8.2

Department
Deck 108 65.6

Engine 62 34.4

Position onboard

Master 16 9.4
First officer 33 19.4

2nd and 3rd officer 59 34.7
Chief engineer 15 8.8

Second engineer 11 6.5
3rd and 4th 

engineer 36 21.2

Total working time 
in the maritime 

profession

Less than one year 38 22.4
1-3 years 41 24.1
4-6 years 38 22.4

More than six year 53 31.2
Energy efficiency 

training in the 
maritime industry

Yes 98 57.6

No 72 42.4

Source: Authors

pants were less aware of the EEDI and the EEOI for new 
ships. Unfortunately, almost half of the participants were 
not aware of the EEDI and more than half of the partici-
pants were not informed about the EEOI.

Table 3 shows the comparison of the level of knowledge 
about the energy efficiency of officers by demographic 
characteristics. In accordance with Table 3, it was deter-
mined that total scores of knowledge level about energy 
efficiency did not differ significantly according to gender, 
ship type and department served (p > 0.05). Accordingly, 
it was observed that the level of knowledge of the officers 
varied significantly depending on their age, and age affects 
the knowledge level positively. It has been determined that 
the total scores of knowledge level about energy efficiency 
differ according to age groups (F = 6.88; p < 0.05). The 
level of knowledge about the energy efficiency of officers 
31-35 years old and 36 years old and older is significantly 
higher than that of the officers 20-25 years old and 26-30 
years old. It was determined that the total scores of knowl-
edge level about energy efficiency differed according to 
the educational level. (t = -2.84; p < 0.05). The knowledge 
level about the energy efficiency of the officers who gradu-
ated with the bachelor’s degree is significantly higher than 
the knowledge level of the officers who graduated with 
the associate degree. It is seen that officers studying for 
a four-year bachelor’s degree have a higher knowledge of 
energy efficiency than officers with a two-year associate 
degree education. It was determined that the total scores 
of knowledge level about energy efficiency differed signifi-
cantly from the position onboard (F = 3.95; p < 0.05). The 
level of knowledge of the officers in the master and 1st 
officer position is significantly higher than that of the of-
ficers in the 2nd and 3rd officer positions. The knowledge 
level of the officers in the position of chief engineer and 
2nd engineer is significantly higher than that of officers 
in the position of 3rd and 4th engineer. It was determined 
that the total scores of knowledge level about energy ef-
ficiency differed according to the total working time in the 
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maritime profession (F = 7.71; p < 0.05). The knowledge 
level of the officers about the energy efficiency, whose to-
tal working time in the maritime sector is 4-6 years and 
more than 6 years, is significantly higher than the knowl-
edge level of the officers whose total working time in the 
maritime industry is less than 1 year and 1-3 years. It has 
been determined that the total scores of knowledge level 
about energy efficiency differ significantly according to 
the status of receiving energy efficiency education in the 
maritime sector (t = 3.60; p < 0.05). The knowledge level 
of the officers who received energy efficiency training in 
the maritime sector is significantly higher than the knowl-
edge level of the officers who did not receive energy effi-
ciency training.

In addition, most of the officers (78.8%) acknowledge 
that ship energy efficiency practices are an extremely im-
portant and fundamental issue. Those who think the prac-
tices are not important make up only 12% of the officers.

Considering the distribution of the opinions regarding 
the purpose of the company in the development of SEEMP, it 

is seen that the aims are perceived as reducing gas emissions 
(22.7%), providing economic savings (22%) and complying 
with international rules (15.3%), respectively. (Table 4) 

Table 4 Distribution of opinions about the purpose of the 
company in the development of SEEMP

The purpose of the company in the 
development of SEEMP (N=640) f %

To reduce gas emissions 145 22.7
Economic savings 141 22.0
To comply with the international rules 98 15.3
Ensuring transparency of energy expenditure 79 12.3
Being innovative and pioneering 63 9.8
Increasing trade flexibility (ECA compliance) 62 9.7
Strengthening the company’s position/brand in 
the market 52 8.1

Source: Authors

Table 3 Comparison of knowledge level scores about energy efficiency by demographic characteristics

Characteristics Group n Mean SD t Significant 
difference

Gender
Male 144 2.91 1.54 -0.75

Female 26 3.15 1.46

Age

20-25 (A) 59 2.37 1.63  6.88*1 C, D > A, B
26-30 (B) 57 2.91 1.41
31-35 (C) 34 3.59 1.21

36 and over (D) 20 3.65 1.39

Educational level
Associate degree 157 2.85 1.49 -2.84*
Bachelor’s degree 13 4.08 1.50

Ship type

Tanker 92 3.02 1.44 0.54
Container 25 2.60 1.76
Dry bulk 39 2.95 1.52

Other 14 3.07 1.69

Department
Deck 108 3.00 1.49 -0.72

Machinery 62 2.83 1.58

Position onboard

Master (A) 16 3.56 1.59 3.95*1 A, B > C
First officer (B) 33 3.48 1.23 D, E > F

2nd and 3rd officer (C) 59 2.63 1.47
Chief engineer (D) 15 3.40 1.45

Second engineer (E) 11 3.55 1.29
3rd and 4th engineer (F) 36 2.33 1.62

Total working time in the 
maritime profession

Less than one year (A) 38 2.45 1.66 7.71*1 C, D > A, B
1-3 years (B) 41 2.34 1.51
4-6 years (C) 38 3.24 1.46

More than six year (D) 53 3.57 1.18

Energy efficiency training in 
the maritime industry

Yes 98 3.30 1.37 3.60*
No 72 2.47 1.60

* p<0.05; 1 ANOVA test, F statistics; 2 LSD post hoc

Source: Authors
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Table 5 shows the responsible person(s)/department 
for ship energy efficiency. When the responses are evalu-
ated, the rate of respondents as all inspectors in the com-
pany is 25.9%, the rate of those who responded as the 
masters/chief engineer of the ships is 25.3%, and the rate 
of those who responded as the company’s energy depart-
ment manager/officers is 21.2%. It is understood that 
most of the maritime companies do not allocate a special 
department/designated person(s) for energy efficiency 
management, and energy efficiency management practic-
es are mostly carried out by the companies’ all inspectors 
and shipmaster/chief engineers.

Table 5 Distribution of opinions on who has responsibility for 
energy management

Energy management responsibility n  %

All inspectors 44 25.9

Ship master/Chief engineer 43 25.3

Energy department manager/Officers 36 21.2

Some selected inspectors 34 20.0

Other 9 5.3

Unanswered 4 2.4

Source: Authors

Considering the distribution of opinions on how en-
ergy management data is transferred to the decision unit, 
43.5% of the officers stated that the data related to en-
ergy management is transferred to the decision unit by 
e-mail prepared manually, 24.7% of the officers stated 
that the data is transferred automatically in a system and 
15.9% of the officers stated that the data is transferred via 
e-mail created by the system. It is understood that ener-
gy management data is transferred to the company with 
hand-drawn reports. This step is mostly accomplished by 
sending a noon/voyage report, which is prepared manu-
ally, from the ship to the company via email.

As seen in Table 6, the most common problems when 
implementing energy management/SEEMP are stated as 
lack of trained/expert personnel (20%), incompatibility 
with existing procedures/processes (15.1%), and lack of 
administrative support (13.0%). This result highlights 
the need to focus on training to raise energy efficiency 
awareness.

Considering the distribution of opinions regarding the 
involvement of the seafarers in determining energy-saving 
measures, energy saving-measures are mostly determined 
with the participation of the ship’s personnel. 47.6% of the 
officers stated that the seafarers were fully involved in the 
determination of energy-saving measures, 37.6% stated 
that the seafarers were asked to give their opinions and 
12.9% stated that they were never included. 

In addition, considering the distribution of opinions 
on how to measure the amount of energy spent for ship 

activities in the enterprise, measuring the amount of en-
ergy spent on ships by sounding is a general method of 
application. 58.2% of the officers stated that the sounder 
was used to measure the fuel in the ship operations in the 
enterprise, 35.3% stated that the fuel meter was used and 
4.7% stated that the energy could not be measured. 

Table 7 shows that most of the officers are provided 
with energy efficiency training from time to time by their 
companies. However, the rate of officers who have never 
received training is also high. 34.7% of the officers stated 
that awareness-raising training on energy saving was giv-
en to the employees from time to time, 30% of the offic-
ers stated that were given periodically, 8.2% of the officers 
stated that were given once a year, and 25.9% of the offic-
ers stated that were not provided.

Table 7 Distribution of opinions on providing awareness training 
on energy-saving to employees

Providing awareness training to employees 
on energy-saving n %

Periodically 51 30.0

From time to time 59 34.7

Once a year 14 8.2

Not provided 44 25.9

Unanswered 2 1.2

Source: Authors

Considering the distribution of opinions about what 
kind of incentives are given to the seafarers about en-
ergy saving, 4.7% of the officers stated that ship person-
nel were given a financial reward for energy saving, 10% 
of the officers stated that were given a moral reward and 
84.1% of the officers stated that personnel were not en-
couraged. It is understood that most companies do not 
have a reward system for energy efficiency.

Table 6 Distribution of views on problems encountered while 
implementing energy management /SEEMP

Problems when applying energy 
management or SEEMP (N=621) f  %

Lack of trained/expert staff 124 20.0
Failure to comply with existing procedures/
processes 94 15.1

Lack of administrative support 81 13.0
Lack of time for its implementation 72 11.6
Resistance to changes 62 10.0
Other issues of higher importance 61 9.8
Insufficient financial resources 59 9.5
Implementation guidelines not clear and 
understandable 46 7.4

Other 22 3.5

Source: Authors
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As seen in Table 8, according to the perception of the 
officers, the most frequently applied measures of the 
SEEMP are the main machinery performance optimization 
and tuning (1.73 ± 0.49) on ships; main engine optimiza-
tion (1.70 ± 0.54), and fuel type (1.65 ± 0.53). The over-
all application level of the measures within the scope of 
SEEMP was found to be 26.82 ± 6.50. The obtained value 
shows that the measures within the scope of SEEMP are 
implemented at a medium level. Applications cannot be 
applied in real life at the level they are written in theory. 
This shows that there is still a significant difference be-
tween what is taught on energy efficiency and what is 
applied on ships. This result supports the prediction that 
there are differences between real practices and theory, 
which is one of the main objectives of the study.

5	 Discussion and Further Research

Fuel costs and increases in greenhouse gas emissions 
have raised the importance of energy efficiency issues in 
shipping. Energy efficiency regulations have been intro-
duced by IMO under the headings of SEEMP, EEDI, and 
EEOI. Within the scope of these regulations, it is aimed to 
provide energy efficiency by determining a specific man-
agement plan for each ship, building more suitable struc-
tures by examining the design contents, and examining the 
results under an operational indicator.

There are many options that can be applied to increase 
energy efficiency in ships. Even though these options 
are determined and published internationally and made 
compulsory to be applied onboard by companies, they 
are not always effectively implemented due to the lack of 
knowledge and awareness of personnel onboard or in the 
company, causing energy efficiency barriers. Despite tech-
nological innovation and strict policies in energy efficien-
cy in shipping, there still remains a human element gap 
between the maritime energy efficiency expectation and 
implementation. It is therefore important to discuss and 
analyze and the role of the human element within energy 
management implementations in the interest of efficient 
and environmental shipping. For this reason, awareness, 
qualifications and features of the seafarers are the critical 
parameters to implement ship operations in energy-effi-
cient ways. 

For the reasons stated above, the aim of the study is to 
determine the awareness and knowledge levels of seafar-
ers on energy efficiency on ships and to evaluate energy 
efficiency practices in maritime transportation companies 
from the perception of the seafarers. A survey was con-
ducted to obtain this information.

Knowledge management literature in energy efficiency 
highlighted the importance of awareness, knowledge, moti-
vation and ideas of the seafarer in practices and implemen-
tations (Banks et al., 2012). Energy efficiency awareness 

Table 8 Distribution of views on the application levels of the measures within the SEEMP

Measures within the scope of SEEMP
Application levels

Mean SD Every time  Partially  Never
 n % n %  n %

Main engine performance optimization and tuning 123 72.4 39 22.9 3 1.8 1.73 0.49
Main engine optimization 120 70.6 38 22.4 6 3.5 1.70 0.54
Fuel type 112 65.9 49 28.8 4 2.4 1.65 0.53
Optimizing the voyage plan 110 64.7 48 28.2 8 4.7 1.61 0.58
Planned maintenance attitude 108 63.5 54 31.8 4 2.4 1.63 0.53
Auxiliary engine optimization 103 60.6 57 33.5 4 2.4 1.60 0.54
Decreasing ship speed/economic speed 102 60.0 60 35.3 5 2.9 1.58 0.55
Improving equipment for energy efficiency 99 58.2 56 32.9 12 7.1 1.52 0.63
Trim and draft optimization 97 57.1 64 37.6 4 2.4 1.56 0.54
Ballast optimization 96 56.5 64 37.6 5 2.9 1.55 0.56
Propeller cleaning 92 54.1 65 38.2 9 5.3 1.50 0.60
Frequency of use of fans and pumps 89 52.4 72 42.4 5 2.9 1.51 0.56
Hull cleaning 88 51.8 67 39.4 8 4.7 1.49 0.59
Weather routing 81 47.6 73 42.9 8 4.7 1.45 0.59
Incentive activities and trainings to raise awareness 81 47.6 62 36.5 21 12.4 1.37 0.70
Reduction of working times at ports 73 42.9 82 48.2 12 7.1 1.37 0.61
Application of boat coating on ships 72 42.4 72 42.4 19 11.2 1.33 0.67
Autopilot updates 66 38.8 88 51.8 8 4.7 1.36 0.58
TOTAL  26.82  6.50

Source: Authors
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and knowledge includes not only the energy management 
standards, such as SEEMP, but also covers management 
practices and knowledge transfer within the organization 
in the context of energy efficiency onboard ships (Parent, 
Roy, & St-Jacques, 2007). Man et al. (2018) applied research 
to seafarers (ship engineers and navigational officers) in 
order to investigate gaps in the energy efficiency practices 
and recognized that knowledge transfer for a mutual under-
standing onboard ships is important for saving fuel.

Our study has a limitation to the survey in terms of de-
tecting awareness and knowledge of seafarers which need 
to be improved in the future. In the survey, the knowl-
edge assessment for seafarers is based on solely the in-
ternationally compulsory standards published by IMO, 
but it also includes questions about practice and engage-
ment level of knowledge such as daily ship operations 
and knowledge sharing- interaction between and within 
the seafarers how to save fuel consumption. In the survey, 
the knowledge of seafarers was investigated in general 
regardless of their department served but not considered 
the tailored points to understand their knowledge status 
in practice depending on the department served. However, 
the engine and deck departments come with various abili-
ties, responsibilities, and roles (Man et al., 2018) While 
deck officers are in charge of safe and efficient sailing, 
engines and other mechanical systems are in control of 
engineers (Dokkum, 2013). Therefore, it is meaningful to 
explore the knowledge level by taking into consideration 
of their operation areas onboard a ship and the design of 
the survey needs further improvement in related scope in 
the future. Lastly, the analysis and methods used in this 
study could also be expanded, particularly using more ad-
vanced statistical techniques and methods. In this study, 
mainly descriptive analysis was applied to reveal the level 
of awareness and knowledge of the seafarers on energy 
efficiency and to identify the attitudes, behavior, and poli-
cies of companies towards the implementation of energy 
efficiency measures. In addition, it was also used some ad-
vanced statistical methods such as the ANOVA test to as-
sess the relationship between knowledge level scores and 
demographic characteristics. However, the context and 
design of the survey could be modified to enable more ad-
vanced analysis in the future.

Our main focuses in this paper are on measuring the 
awareness and knowledge level of seafarers and the per-
ceptions of the seafarers on energy efficiency applications 
of their shipping companies. Our survey questions were 
organized according to basic energy management stand-
ards, company implementation procedures as well as at-
titudes towards a list of operational fuel-saving measures 
identified from the Ship Energy Efficiency Management 
Plan (SEEMP).

The study revealed that energy-saving applications are 
perceived as important by seafarers, even if they do not 
have enough knowledge and training on energy efficiency. 
The research highlighted that there is a lack of enough 
theoretical knowledge on IMO standards. Seafarers need 

to be equipped with satisfactory knowledge for not only 
standard-based information but also practical knowledge 
on the selected technologies or measures. For instance, 
for trim optimization, the seafarers must be familiar with 
weight distributions with exact precision as well as the 
optimization tool (Kitada & Ölçer, 2015a). Some studies 
also showed that seafarers have insufficient knowledge 
(Banks et al., 2012; Viktorelius & Lundh, 2019) which re-
sult in a communication issue relating to fuel-saving activ-
ities (Dewan et al., 2018; Rasmussen et al., 2018; Johnson 
et al., 2014) defined as a barrier to ship energy efficiency 
(Johnson et al., 2014). 

Our study also focused on training issues. According to 
our research, one of the major problems with SEEMP en-
ergy efficiency applications relates to the education and 
training of seafarers. This result is in line with the results 
of the study of Banks et al. (2012). Their study also re-
vealed the gaps in existing seafarer education and training 
systems in terms of energy efficiency. Johnson et al. (2014) 
and Poulsen & Johnson, (2016) stated in their studies that 
increased awareness and knowledge of individuals is pos-
sible through training on energy efficiency. According to 
Endsley (1995), training is one of the most important ele-
ments in the decision-making process, and lack of knowl-
edge resulting from lack of training can lead to the failure 
of decisions to respond to problems (Hansen, Rasmussen, 
& Lützen, 2020). The lack of training negatively af-
fects the effects of practices such as monitoring systems 
(Viktorelius & Lundh, 2016) and is mentioned as a barrier 
in a number of other researches (DNV GL, 2015; Faber et 
al., 2011; Jensen et al., 2018; Poulsen, 2012) Increasing 
awareness and providing the seafarers with the required 
training are critical components. Both seafarers and shore 
staff must be trained in order to save fuel. Shipping com-
panies should provide additional training related to ener-
gy efficiency especially cover how to use SEEMP and daily 
fuel-saving operations for seafarers. 

The attitudes of shipping companies towards energy 
efficiency are likely to be insufficient even shore staffs 
have an important role in analyzing data, operational 
decision making, and evaluating fuel-saving measures. 
Because, maritime companies do not allocate a special 
department/designated person(s) for energy efficiency 
management, and energy efficiency management practic-
es are mostly carried out by all inspectors and shipmas-
ters/chief engineers of the companies. Clear dedication 
of responsibility with a person/department employed 
especially with energy management is of great impor-
tance to oversee implementation of measures for sus-
taining results over time.

The shipping company/organization has an impact 
on the seafarers by promoting and sharing the vision and 
strategies of companies for energy saving (Kitada & Ölçer, 
2015b). This study shows that energy-saving measures are 
mostly determined with the involvement of the ship’s per-
sonnel which is the desired outcome. To make the SEEMP 
useful as a dynamic and practical tool which is also in-
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tended by IMO, participation of the seafarers in identifying 
and meeting goals and objectives influencing the decision-
making process has great importance in energy-saving 
activities (Hansen et al., 2020). Participation of shore per-
sonnel and the seafarers is critical in order to achieve the 
goals. The goals are to raise awareness and dedication to 
specific measures, emphasizing the importance of involv-
ing the seafarers as well as shore staff. When implement-
ing the SEEMP, the IMO suggests engaging personnel on 
land and at sea.

There is a still lack of investment in automation for en-
ergy efficiency practices such as transferring energy-relat-
ed data to the decision units and measuring the amount 
of energy spent on ships by manual sounding. Seafarers 
are already overworked, both while at sea and ashore, and 
should not be burdened with the task of collecting energy 
data and delivering it to the companies at noon. In addi-
tion, manual applications may involve errors (Pedersen & 
Larsen, 2009; Safaei et al., 2018). The mistake made in this 
regard also deflects the follow-up evaluation of the results 
of energy efficiency applications. Some of the data that 
make up the noon/voyage report consist of average values 
such as the average ship speed recorded since the previ-
ous noon report, while others consisted of observations 
during the report, such as instantaneous wind speed. This 
makes it difficult to analyze the relationship between aver-
age and instantaneous data. For this reason, ship compa-
nies should ensure to install an energy-monitoring system 
with auto logging and an automatic information system 
(i.e., ship cloud) which does not necessitate any action on 
the part of the sender (Poulsen & Sornn-Friese, 2015).

Shipping companies should also consider award sys-
tems for energy efficiency. There are some small liner 
shipping companies that already have adapted energy sav-
ing award competitions, where the best-performing sea-
farers are honored (Poulsen & Sornn-Friese, 2015). The 
award has positive consequences for the perception and 
performance of employees. The effectiveness of human 
resources management in companies increases the pro-
ductivity of employees and leads to better financial results 
(Delaney & Huselid, 1996; Huselid, Jackson, & Schuler, 
1997) and also contributes to maintaining competitive 
advantage (Pfeffer, 1995). Nowadays, the personnel of 
the ships that perform best in energy saving should be 
awarded by maritime companies (Mitroussi & Notteboom, 
2015). One of the important outputs of this study is the 
identification of the differences between planned SEEMP 
applications and those implemented onboard. The study 
demonstrates that there are differences between the 
planned measures and their real practice achievement 
onboard. This gap might be a result of a lack of under-
standing of operational practice, which was observed by 
Viktorelius & Lundh (2019) and Hansen et al. (2020). The 
energy efficiency gap has been defined by Jaffe & Stavins 
(1994) as a difference between the calculated optimum 
energy use and how much it is actually used. Mitroussi 
& Notteboom (2015) also mentioned that there is a gap 

between work as imagined in SEEMP and work as done 
onboard. To ensure the transformation of theory put into 
practice and use the SEEMP as a practical tool, all stake-
holders including the energy managers/inspectors in the 
shipping company, the charterer, and port officers should 
be included in determining specific energy efficiency goals 
of SEEMP with effective communication. In this way, this 
would aid ship-specific management of conflicting objec-
tives such as weather routing, trim optimization, etc. more 
effectively and make it simpler for the seafarer to be aware 
of how to behave in difficult conditions. In addition, the 
seafarers exemplify shipboard operations so the company 
must pay attention to involve seafarers and use their feed-
back in developing the content of the SEEMP for a particu-
lar ship. This would give the shipping company valuable 
insight into day-to-day operations and ensure it set more 
meaningful objectives (Hansen et al. (2020).

6	 Conclusion

Today, due to economic and environmental problems, 
reducing the fuel consumption of ships by establishing en-
ergy efficiency management has become a fundamental 
requirement. Energy efficiency in ships can be achieved 
through operational issues stipulated by regulations and 
enforcement. But for these operational implementations 
to be carried out in an ideal way, the awareness, knowl-
edge skills, and motivation factors should be considered. 
In this study, the awareness and knowledge level of sea-
farers on energy efficiency was evaluated by using a sur-
vey method. This study aims to determine the awareness 
and knowledge levels of seafarers on energy efficiency on 
ships and to evaluate energy efficiency practices in mari-
time transportation companies from the perception of the 
seafarers.

According to the results of the study, seafarers do not 
receive adequate training on energy efficiency, but they 
think the issue is important, even if they do not have 
enough knowledge on the subject. Based on this, it can 
be said that company awareness about energy efficiency 
is not mature enough. In addition, it was observed that 
the basic knowledge levels of the seafarers regarding en-
ergy efficiency were lower than expected. The distribu-
tion of knowledge level scores of seafarers according to 
demographic characteristics shows that the older seafar-
ers, those with higher working time onboard, higher rank 
within the hierarchical structure of the ship, those work-
ing in the management position onboard, and/or those 
who have bachelor’s degree education have advanced level 
of knowledge on energy saving. This situation is thought 
to arise due to the increase in the working time of the ship 
due to the increase in the age of the seafarers and in rela-
tion to this, the increase in the work experience and the 
in-service training they receive. In addition, it is evaluated 
that management level courses at Maritime Faculties have 
a great contribution to the awareness and knowledge of 
seafarers positively.
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This study shows that many shipping companies nei-
ther have separate energy management departments 
nor specially designated persons on the implementation 
of energy-saving measures. Considering the importance 
of the energy efficiency issue, it would be beneficial for 
companies to manage this system with a separate depart-
ment and designated person(s). In addition, this study rec-
ommends establishing a system that can transfer energy 
management information from ships to the decision-mak-
ing units automatically without human intervention as 
manual data includes variations and errors. 

It seems that there is still a significant gap between 
theoretical planning on energy efficiency and what is ap-
plied onboard. In order to close this gap, it is considered 
that the awareness and knowledge levels of seafarers 
should be increased through energy efficiency training. 
The study showed that there is a need to support seafar-
ers to have training on energy efficiency. Within the scope 
of in-house training, it will be beneficial to provide energy 
efficiency courses to seafarers within the company. In ad-
dition, practices such as involving seafarers in ship energy 
efficiency decision processes and supporting the imple-
mentation process with a reward system are defined as 
the use of SEEMP as a dynamic tool. Using SEEMP as a dy-
namic tool will increase the awareness, knowledge, sense 
of responsibility, and motivation of the seafarers.

Ship energy efficiency is a complex issue and does not 
only depend on the applications of the seafarers. It re-
quires the participation of all parties including the author-
ities, ship owners and charters, etc. For this reason, there 
is a need for further research by collecting data from these 
parties to understand the whole ship’s energy manage-
ment system by collecting data from these parties. In fu-
ture research, it may be interesting to identify examples of 
good practices in energy efficiency and to investigate what 
factors are required for success in ship energy efficiency. 
Another interesting issue may be to explore how energy 
efficiency culture can be improved. In addition, with the 
acceleration of digital transformation in recent years, the 
increasingly used smart systems on ships have begun to 
shape the way seafarers work on the ship in many issues. 
In the process up to the autonomous ships that will be 
used soon, the systems currently used on ships will also 
become more digital. This wave of digitization will inevi-
tably lead to changes in the awareness and knowledge of 
seafarers. In future research, it is beneficial to examine the 
impact of digital transformation on seafarers in ship en-
ergy efficiency applications.
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