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Making shipping more carbon-friendly? Exploring Ship Energy Efficiency 

Management plans in legislation and practice 

 

Abstract 

In recent years, there has been an increasing focus on energy-efficient operation of vessels. The 

International Maritime Organization has launched several initiatives for reducing emissions from 

ships. One of these is the ‘Ship Energy Efficiency Management Plan’, SEEMP. This paper focuses on 

the operational level of the SEEMP and how the SEEMP can efficiently support the crew in 

performing energy efficient operations. The study is based on analyses of two vessels employed in 

the oil & gas and wind industry and uses qualitative methods based on 30 semi-structured 

interviews with seafarers and office employees, combined with document analysis of IMO’s 

guidelines for development of the SEEMP along with the vessels’ SEEMPs. The study shows that 

operation of these vessels is very irregular and is influenced by many actors. The officers on board 

find that many goals or demands conflict with energy-efficient operations. To make the SEEMP 

useful as a dynamic tool, it is therefore of great importance to involve stakeholders and crew in 

defining unambiguous goals and making the entire system around the ship cooperate in meeting 

these goals. 

 

Keywords: Shipping, energy efficiency, SEEMP, situation awareness, human factor 

1 Introduction 
Environmental issues and pollution prevention are high on the international agenda. Even though 

maritime shipping is the world’s most carbon-efficient form of transporting goods, the industry’s 

impact on the environment may still be mitigated.  

 

The increasing focus on climate change problems has resulted in international debate. As a recent 

initiative from the International Maritime Organization (IMO), the Marine Environment Protection 

Committee (MEPC) has put forward a series of measures aimed at reducing the total amount of 

greenhouse gas (GHG) emissions from ships in line with the Paris Agreement under the UNFCC and 

the United Nations 2030 Agenda for Sustainable Development. In April 2018, IMO adopted an 

initial strategy aimed at reducing the total annual GHG emissions by at least 50% by 2050 

compared to the 2008 level [1]. 

 

Since the first edition of the International Convention for the Prevention of Pollution from Ships 

(MARPOL) [2] was adopted by IMO in 1973, the Marine Environment Protection Committee 

(MEPC) has launched a series of initiatives with the aim of reducing GHG emissions from the 

world's merchant fleet. One of these initiatives is the introduction of guidelines for calculating 

energy efficiency. The regulation applies to vessels exceeding 400 gross tonnages and came into 
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force in January 2013 with the adoption of amendments to MARPOL Annex VI - adding a new 

chapter on regulation concerning the energy efficiency of ships [2]. Guidelines were introduced for 

both the design and operational phases through the Energy Efficiency Design Index (EEDI) [3], the 

Energy Efficiency Operational Indicator (EEOI) [4], and the Ship Energy Efficiency Management 

Plan (SEEMP) [5]. The EEDI aims to achieve reduction in fuel consumption through technical and 

design-based measures focused on new ships built after January 2013. The EEOI is a voluntary 

guidance tool which enables the operator to evaluate the fuel efficiency of a ship in operation and 

to gauge the effect of any changes in operation. 

 

The purpose of the SEEMP, which is mandatory for new and existing vessels, is to establish a 

mechanism for a company to improve the energy efficiency of the ship’s operation. An SEEMP 

must be developed by the company and seek to improve the ship’s energy efficiency through four 

steps: planning, implementation, monitoring and self-evaluation. The SEEMP is intended by IMO 

to be a dynamic ship-specific document, which must be kept on board and used actively in the 

continuous effort to increase energy efficiency of daily operations on board. The regulation, 

however, only requires the presence of an energy efficiency plan on board and does not specify 

requirements as to the content of the plan. This is left entirely up to the ship owner. The content 

of the SEEMP is formulated by the shipping company and targeted at the specific vessel. IMO 

guidelines give advice on best practice. However, it is up to the shipping company to decide the 

measures to be implemented. The latest edition of the IMO Guidelines for development of a 

SEEMP is given in Resolution MEPC.282(70) [6]. The SEEMP guidelines suggest goals such as 

weather routing, just-in-time arrival, optimal trim and waste heat recovery, but acknowledges that 

some goals are not suitable for all types of vessels. The guidelines emphasise the need for 

coordination between different stakeholders with regard to energy efficiency. Another element is 

the focus on human resources. Raising awareness and providing the necessary training for the 

crew are very important elements. The last element is goal settings, which serve as guidelines for 

involving people and creating an incentive for proper implementation as well as increasing 

commitment to energy efficiency operation. The SEEMP Guidelines are an example of a goal-based 

regulation, where the authorities demand certain results without giving description of how to 

reach them, thus leaving room for interpretation, in this case by the ship owners. 

 

A number of studies have been conducted and several methods for improving the energy 

efficiency and thus closing the energy-efficiency gap in the maritime industry have been identified. 

The energy-efficiency gap was described by Jaffe and Stavins [7] as the gap between actual and 

optimal energy use. Stakeholders in the maritime industry have identified several methods of 

improving the energy efficiency of ships, see, for example, DNV GL Energy management studies 

from 2014 to 2015 [8,9], focusing on energy efficiency on board ships from a management and 

operational perspective. A study of greenhouse gas emissions from ships can be seen in the third 

GHG studies performed on behalf of IMO [10]. Some studies still point at barriers to optimal 

energy use such as lack of investment, charterer’s interests and lack of transparency regarding 
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costs and data. One issue is the lack of willingness by ship owners to invest in energy-efficient 

equipment and systems and the benefits of these. The incentives for ship owners and crews may 

be limited [11] and the lack of control and financial benefits have made it difficult to convince ship 

owners to engage in the project by means of investing in new technology [12,13]. Another issue 

explored by researchers is charterers’ interest in energy efficiency. According to von Knorring [14] 

charterers are mainly interested in low consumption costs and are not particularly interested in 

environmental issues. Lützen et al. [15] analysed the barrier problem, and concluded that one of 

the main barriers to focus on energy efficiency on board vessels is the lack of transparency with 

regard to energy consumption, best practices, procedures and regulations.  

 

Apart from financial and technical solutions to improve energy efficiency, several studies focus on 

involvement of ship crews in energy-efficient operations. These studies focus on skills and training, 

trust and safety. Banks et al. [16] investigated the awareness, need for skills and attitude of 

seafarers regarding energy efficiency awareness and knowledge of best practice, and found, that 

training is still needed. Sampson et al. [17] looked into the lack of trust between sea and shore and 

how this affects decision-making on board, and Knudsen [18] has conducted a study on the impact 

of written rules on the perceived professionalism of seafarers. Viktorelius and Lundh [19] have 

studied how the introduction of regulation and consumption monitoring systems has had little 

impact on energy-efficient operation due to lack of training. Rasmussen et al. [20] find that the 

primary focus on board the vessels is on safety issues and optimising the time available for 

performing work offshore. Johnson et al. [21] investigated barriers to improving energy efficiency 

in short sea shipping in their article and found that communication and cooperation between 

stakeholders could be better. These studies point at factors impeding the involvement of ships 

crews. 

 

Many studies on the SEEMP focus on strengths and weaknesses of the legislation, and it has been 

questioned [22] whether the SEEMP could provide the intended results compared to the 

International Safety Management Code, ISM Code [23]. The effect of energy audits has been 

investigated by von Knorring [14] and the results were found to be limited.  

 

To sum up, the ship owners’ perspective and the technical solutions have been investigated, and 

to some extend so have crew attitudes towards the issue of energy efficiency. However not many 

studies focus on the implementation of regulations such as the SEEMP. In this study, attention has 

been given to how the guidelines are used for development of the SEEMP and how it can 

efficiently support the crew ‘at the sharp end’ in performing energy efficient operations. This 

study will contribute knowledge about how regulation is used in practice and explore the 

possibilities and challenges in implementing legislation.  The research question is: What are the 

challenges associated with the translation of IMO’s energy efficiency regulation into practice in the 

context of ship operations?   
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This study is part of a larger project aimed at creating a system for energy-efficient operation of 

working vessels with irregular working patterns [24,15]. This is a part of the maritime industry that 

is often ignored in energy efficiency research due to operational complexity. Optimising the 

energy efficiency of working vessels can be very difficult as the vessels are involved in many 

different tasks and therefore have an irregular operation profile which is difficult to evaluate, see 

e.g. Lützen et al. [15].  

 

The paper is structured as follows: Section 2 presents the theoretical approach used for the 

analysis. Section 3 describes the setting – the vessels and the companies that are part of the study. 

Section 4 presents the method and the analysis is shown in Section 5. Section 6 contains a 

discussion and Section 7 provides conclusions. 

 

2 Theoretical Approach 
The theoretical approach used in the study consists of two theories: Work-as-Imagined/Work-as-

Done (WAI/WAD) and Situation Awareness (SA).  The reason for using these approaches is to 

explore the research question from two different perspectives. The two theories are mostly used 

within safety research. In their book “Human factors and ergonomics in practice: Improving system 

performance and human well-being in the real world” [25] Shorrock and Williams have several 

chapters, which illustrate the use of WAI/WAD in different areas. The theoretical approach has 

often been used within the areas of aviation, health care and in the oil & gas industry to 

understand how work is performed in everyday working practice and to identify the gap between 

procedures and working practice. The situation awareness model is used in the military and 

aviation industry and within health care [26,27]. In energy efficiency research the model has been 

used by Rasmussen el al. [20] to understand why seafarers do not always operate a ship 

efficiently.  

 
The research question focuses on the challenges associated with the translation of IMO’s energy 

efficiency regulation into practice, which can be explored by Work-as-Imagined/Work-as-done, 

while the Situation Awareness model illustrates mechanisms influencing the decision-making 

process, which is an important element when legislation is “translated” into practice.  These two 

theories will be briefly outlined in the following sections. 

 

2.1 Work as Imagined (WAI) – Work as Done (WAD) 

According to Hollnagel [28] WAI ‘refers to the various assumptions, explicit or implicit, that people 

have about how work should be done. WAD refers to (descriptions of) how something is actually 

done, either in a specific case or routinely’. The concept highlights how rules and regulations 

produced by people who are not involved in the actual performance of the job are sometimes 

drawn up in a way that makes it difficult for the people at ‘the sharp end’ to meet demands and 

deliver on targets, as the objectives may be ambiguous or in conflict with operational practice. 
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Legislation and procedures are considered results of WAI, while employees attempting to comply 

with regulations in their everyday work is seen as WAD. According to Hollnagel, there is a 

discrepancy between WAI and WAD, as it is not the employees at ‘the sharp end’ who are involved 

in writing procedures and people writing procedures are not necessarily familiar with exactly how 

the work is actually done. Employees must try to adjust procedures to reality which usually results 

in success, but sometimes in failure. Hollnagel describes the conflict between WAI and WAD as 

similar to discussions about standards. According to Brunsson and Jacobsson [29] ‘the standards 

reflected ideals and popular ideas rather than any actual practice. They were derived from an 

imagined general case rather than from a specific one (p.127)’, which reflects WAI. Standards can 

be followed in two ways: changing practice so it fits standards or changing the description of the 

practice in accordance with standards [29]. However, the difference between the two theoretical 

approaches is that standards are voluntary and cannot be enforced the same way as legislation. 

The WAI concept refers to a broader understanding which may include standards, procedures and 

legislation. In this study, this theoretical approach will be used to explore whether there is a gap 

between WAI (the SEEMP) and WAD (the reality on board the ship) and how this gap may be 

bridged.  

 

2.2 Situation Awareness 

Most people do what they believe will serve them best or what helps them reach their goals. A 

rational decision consists of a choice between alternatives based on consideration of the 

consequences of possible actions. Instrumental rationality as described by Weber [30] implies that 

a rational agent does what it takes to obtain the desired outcome. In the words of John Broome: 

‘It brings us to intend the means to an end [….]’ [31]. Human actions may not always seem rational, 

because choices or decisions may be based on inadequate information or lack of knowledge of 

consequences. This is also known as ‘bounded rationality’. However, when individuals act, they 

believe that they are making a rational choice. Their decision is based on their knowledge, the data 

or information available and their goal or intended outcome.  

 

Endsley’s Situation Awareness model [32] illustrates, among other things, the interconnectedness 

of goals and available information. According to Endsley, ‘situation awareness is the perception of 

the elements in the environment within a volume of time and space, the comprehension of their 

meaning, and the projection of their status in the near future’ [32].  
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Figure 1. Model of SA in dynamic decision-making [32]. 

Situation Awareness (SA) theory attempts to explain human behaviour and the decision-making 

process in complex systems. Figure 1 shows Endsley’s Situation Awareness model [32], which 

illustrates the mechanisms and factors influencing situation awareness and decision-making. 

 

This study focuses on the decision-making process, not on the cognitive process, which means that 

the focus will be on external factors i.e. tasks/systems (top input for SA) and individual factors 

(bottom input for SA), factors that influence the decision process and not the situation awareness 

itself.  

 

In her model, shown in Figure 1, Endsley points to two elements that directly affect decision-

making, namely goals and task and system factors as well as a third element that indirectly affects 

decision-making, namely training. System factors contain elements such as system capability, 

interface design and automation, while task factors include stress, workload and complexity. Task 

and system factors create the outer framework within which an operation or task is conducted. 

The system factors play an important role in delivering information, as data availability influences 

the decision-making process. The operator interprets the given information and recognises 

elements of significance. Individual factors such as training are crucial in this process. 

Furthermore, the three task-factors – complexity, workload and stress – influence how decisions 

are made on board the vessel. The individual factors include abilities, experience and training, as 

well as information-processing mechanisms and goals and objectives.  

 

Goals and objectives are important factors that influence both situation awareness and the 

decision-making process, as the desired outcome forms the basis for decisions. When exploring 

the goals and objectives in this study, the focus is not on the seafarer as an individual or on his/her 

personal goals and objectives, but on the seafarer as an agent working to fulfil the goals and 

objectives of the shipping company. Goals and objectives are subject to regulation by legislation or 

company procedures as well as customer demands.  
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The nature of the goals and objectives is important for the agent when making a rational choice, 

as is the availability of data and time to assess the alternatives. The three parts of Endsley’s model 

can be influenced by external forces, individual factors such as training, goals and objectives, and 

the task/system factors i.e. access to information.  

 

2.3 Framework for Analysis 

The operationalisation of the WAI/WAD framework is presented in figure 2. The figure illustrates 

the pre-understanding of the situation and the system used for the analysis in this study. The pre-

understanding is that IMO is the “regulatory” body which creates general regulations. The 

Guidelines for the Development of a Ship Energy Efficiency Management Plan, Resolution 

MEPC.282(70) [6] are therefore an instance of WAI, because the guidelines are drawn up by the 

IMO, who do not directly participate in the work they regulate. The shipping companies engage in 

both WAI and WAD. Companies perform WAI because they are obligated to translate legislation 

into procedure and because it is shore personnel who formulate most of the SEEMP content, but it 

is also connected to WAD, because the company must use input from the seafarers to formulate 

the practical and operational content of the SEEMP. The crew on board the vessel represents 

WAD. 

 

Ensley’s SA model is used to describe the complexity of the work and operation on board these 

vessels, helping to understand WAD and how goals, data availability and training have an impact 

on decision-making.   

 
 

 
 Figure 2. Framework for WAD and WAI in connection with the SEEMP. 

 
 

In summary, the aforementioned theories provide different perspectives on decision-making that 

may be employed in conjunction with one another. While Endsley shows how data availability, 

workload, goals and training influence the decision, WAI/WAD shows how goals set by someone 

other than the performing agent may be difficult to execute as they conflict with practice. 
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3 Settings 
The vessels in this study are working vessels supporting offshore installations within the oil and 

gas or wind sectors. Their activities are normally limited to the continental shelf relatively near the 

coast, and sea passages will therefore be of limited length. Their primary purpose is the work they 

perform at sea, in contrast to merchant vessels carrying goods from point A to point B. These 

working vessels can be deployed for towing and anchor handling, cable laying, carrying supplies as 

platform supply vessels, transferring crew, performing maintenance and as standby vessels 

equipped with safety and fire-fighting equipment. 

 

The number of offshore vessels in 2018 accounted for 4.1% of the total world fleet [33] and the 

number of offshore vessels is increasing. The OECD [34] concludes that between 2014 and 2025, 

there will be a growing demand for energy, which will have an effect on the offshore shipping 

market. They expect that the demand in offshore support vessels engaged as installation supply 

vessels will grow by 50%. 

 

The vessels’ working pattern is often very irregular without a fixed schedule and a vessel can be 

deployed for many different tasks during a single trip. The many different tasks may be carried out 

depending on different actors and the vessels’ crew must meet contractual demands from brokers 

and charterers as well as collaborate with personnel on rigs and in harbours. The vessels 

participating in this study operate on a time-charter basis, which means that the owner of the 

vessel bears the operational costs, whereas the charterer covers the cost of the voyage, including 

the cost of fuel. The two vessels differ in size and working practices, which influences the 

development of their respective SEEMPs.  

 

Company A operates within the offshore oil, gas and wind industries, where the vessels provide 

the daily safety, supply and standby functions. The company’s fleet consists of more than 40 

vessels and specialises in a variety of operations, including vessel support for offshore wind farms, 

emergency response rescue, oil spill recovery, firefighting, towing, supply and anchor 

management. The vessel chosen for this study is a multi-purpose vessel; the vessel is mainly 

employed for supply and standby tasks. The vessel, which is relatively old and equipped with old 

technology, has a permanent crew of 10-12 people.  

 

Company B operates in the offshore wind industry. The company owns three vessels, which are 

specialised in the transportation, installation and maintenance of offshore wind turbines. The 

vessel chosen for this study is a modern installation vessel with new and updated technology, 

meaning that energy consumption is monitored. The vessel has a crew of 25-30 people depending 

on the work to be performed.  
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4 Methods 

4.1 Methodology 

The study uses qualitative methods to answer the research question. Qualitative data provides the 

opportunity to explore possibilities and challenges seen from the respondents’ point of view, as 

the respondents decide the answer instead of a questionnaire with closed-ended questions where 

answer options are pre-defined. To discover the compliance with legislation in practice, it is 

important to understand the user’s perspective and ask “why” and “how”. The data gathered in 

this study contains 30 semi-structured interviews conducted on board the two working vessels and 

document analysis of the 2016 Guidelines for Development of a Ship Energy Efficiency 

Management Plan, IMO Resolution MEPC.282(70) [6], the vessels’ SEEMPs along with the annual 

review report of Company A. 

 

4.2 The Interviews 

Data for the analysis was collected in the period from September 2015 until April 2016. The study 

includes 30 interviews with officers on board the ships and office employees in the two 

companies. The crew interviews were conducted on board the vessels and the interviews with 

onshore employees at the office. The interviews varied from 20 to 90 minutes in length and 

covered issues such as knowledge of the company’s environmental policy and the SEEMP, working 

practices, attitudes towards energy optimisation and protection of the environment. A more 

detailed description of the interview guide can be seen in the work by Rasmussen et al. [20]. All 

except two interviews were conducted as individual interviews.  

 

In Company A 

• Office: 3 interviews with representatives from both technical and HSQE departments 

• Ship: 10 interviews with the officers (6 navigators, 4 marine engineers) 

In Company A, almost all seafarers connected to the vessel were interviewed, except for a few 

recently employed officers. The interviews were conducted in the office and on board the ship 

while the ship was in harbour or during a field trip. All interviews were conducted in Danish. 

 

In Company B 

• Office: 4 interviews with representatives from both technical and HSQE departments 

• Ship: 13 interviews with the officers (8 navigators, 5 marine engineers) 

Not all officers related to the vessel were interviewed, as the vessel had only a few harbour visits 

due to contract work on an offshore wind farm during the period. The interviews were conducted 

on board while the vessel was in harbour. The interviews were conducted in both English and 

Danish, depending on the nationality of the seafarers.  
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4.3 Data Analysis 

The analysis has been performed in three steps. In the first step, the Resolution was coded using 
methods for qualitative analysis in order to determine overall codes and themes. This step 
represents ‘Work as Imagined’. In the second step, the SEEMP from the two vessels, the annual 
review report and the interviews conducted with office staff onshore were coded, thematised and 
analysed. This represents the overlap between ‘Work as Imagined’ and ‘Work as Done’. Finally, in 
step three, energy efficiency in daily operations was examined by analysing the crew interviews, 
representing ‘Work as Done’. 
 

The interviews conducted were transcribed and later analysed using Nvivo11 software for 

qualitative analysis [35]. The program is designed to organise and find insights in data such as 

interviews. All quotes used in this paper are translated from Danish to English by the authors. 

5 Analysis 

5.1 The IMO Resolution, SEEMP – Work as Imagined 

The Resolution MEPC.282(70) [6] presents the IMO’s guidelines for the development of a ship-

specific energy management plan and is intended to provide examples for how the legislation may 

be operationalised. The guidelines provide suggestions to the shipping companies as to how the 

legislation representing WAI may be transferred to practice level, i.e. WAD. The plan should be 

developed by the company, be ship-specific and reflect efforts to improve the ship’s energy 

efficiency through four steps: planning, implementation, monitoring and self-evaluation and 

improvement. This cycle plays a critical role in the continuous effort to improve the vessel’s 

energy-efficiency. While the resolution is mandatory, paragraph 3.7 does note that finding feasible 

measures for optimising energy efficiency of e.g. supply vessels or other work-specific vessels may 

be challenging because the complex operating profile makes it difficult to compare and evaluate 

the effect of different actions taken on board. Acknowledging this, the resolution suggests that the 

owners of such vessels should attempt to find measures that are suitable for their working 

patterns. Paragraph 3.7 thus presents a recognition of the fact that IMO does not have the 

competence to define WAD for a specific vessel, and that WAD should be considered by the 

shipping companies when designing their SEEMPs. The IMO guidelines consist of 8 sections. The 

first section is the introduction followed by section 2 with definitions. Part I of the guidelines, 

sections 3-5, provides a possible approach for monitoring ship and fleet efficiency performance 

over time, and options to be considered when seeking to optimize the performance of the ship.  

Part II of the guidelines provides the methods ships should use to collect data and to report. 

 

This analysis relates to section 3 to 5 in the Resolution, which describes part I of the SEEMP, ‘Ship 

management plan to improve energy efficiency’. Part II, which describes the fuel oil consumption 

plan, is not considered in this study.  

 

The first step of analysis of the resolution resulted in the codes presented in table 1.   
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Involving stakeholders  

Involving personnel 

Raising awareness 

Providing training 

Assigning responsibility 

Identifying measurable goals 

Monitoring performance quantitatively 

Providing monitoring tools 

Evaluating the ship’s performance 

Providing meaningful feedback 

                                            Table 1. Codes from the resolution analysis. 

 

The codes represent possible issues based on the IMO’s assumptions, i.e. WAI, which may be 

taken into account when the managers of the operational department in the shipping company 

write the vessel’s SEEMP. Meanwhile, some of the codes overlap and hence, in the second step, 

the issues are narrowed down to three overall themes, namely: ‘Stakeholders’, ‘Measures and 

Evaluation’ and ‘Personnel Involvement’. These themes will be described in detail below. 

 

Stakeholders 

The resolution repeatedly notes that there are many stakeholders involved and that everyone is 

obliged to contribute to energy-efficient ship operation. The company should manage the 

coordination among stakeholders such as charters, operators and cargo owners, each of whom 

should consider energy efficiency measures in their operations. This is also defined by IMO in the 

guidelines [6] “All involved parties should consider the inclusion of efficiency measures in their 

operation [...]” [6]. 

 

Measures and Evaluation 

The SEEMP should reflect the company’s ambition to improve the energy efficiency of the specific 

ship in the actual trade. The guidelines take into account the differences in working patterns of 

different vessels, noting that working vessels may have difficulty defining measures due to 

complex working patterns. The identification of potential energy-saving measures is dependent on 

monitoring the ship’s operation on relevant parameters, which in turn requires data collection as a 

basis for identifying possible measures. Methods or equipment should be available on board for 

monitoring and documenting the ship’s performance and the effect of energy savings. The ship 

owner should ensure that the required equipment is installed. The data collected is used to 

evaluate the effectiveness of the planned measures and their implementation, and subsequently 

forms the basis for future measures. The guidelines list possible measures that shipping companies 

may consider. The measures are initiated and managed at different levels of the organisation – 

some are managerial and depend on investment in new technology, while others, such as fixing of 

voyages and negotiating a possible charter party, are managed by shore-based personnel. The 
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resolution also suggests measures that depend on the crew's actions, such as adjusting trim and 

ballast conditions, speed optimisation and autopilot settings.  

 

Personnel Involvement 

The crew's active participation and involvement is important for improving energy efficiency i.e. 

operating and taking advantage of new technological equipment as well as day-to-day operational 

measures. The SEEMP is intended to be a dynamic tool to help the crew on board optimise the 

energy efficiency of ship operation. The guidelines emphasise the importance of charging 

designated individuals with the responsibility for implementing the defined measures. Raising 

awareness and providing information and training are considered to be of the utmost importance 

and human resource development is encouraged. The resolution addresses the company, given 

that the company is responsible for the development of the plan, but by mentioning and 

highlighting the human factor, the resolution also makes it clear that involvement of office staff 

and the ship’s crew is vital in order to meet the goals. The goals are meant to create awareness of 

selected measures and increase commitment, underlining the need to involve the ship’s crew and 

shore personnel.  

 

To summarise the results: the three themes show IMO’s general perspective on the system and 

task factors as well as individual factors of the SA model which characterise WAI.  

 

5.2 The Company, SEEMP – Work as Imagined/Work as Done 

The companies participating in this study have drawn inspiration from the IMO’s guidelines when 

formulating their own SEEMPs – an instance of WAI combined with WAD as the shipping 

companies apply the IMO’s suggestions to the specific field of work relevant to their own fleet, 

which is also illustrated in table 2. 

 

The SEEMPs the companies have developed include specific measures for improving energy 

efficiency. Both SEEMPs include measures related to head office considerations, but their primary 

focus is on awareness of energy efficiency in daily operations i.e. running the equipment in the 

best and most energy-efficient way. 

In Company A, the measures to improve energy efficiency are divided into five main areas: 

- Fuel efficiency  

- Ship handling 

- Hull and propeller optimisation 

- Machinery and equipment optimisation 

- Energy conservation and awareness 

Measures for hull and propeller optimisation and installation of a flow meter are activities initiated 

by the head office. Because the focus of this analysis is on decision-making by the crew, these 

measures are not included. The rest of the measures mentioned are crew-related. For each area, 
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clearly defined goals have been set, with a brief description of implementation and monitoring 

and designation of the person responsible for the specific measure.  

  

In Company B, energy consumption is divided into four main areas: 

- Propulsion and DP operations (dynamic positioning) 

- Jacking operations 

- Crane operations  

- Electrical load 

Jacking operations, in which legs are jacked down to the seabed and the vessel is raised above the 

water level or lowered again, are not considered part of the SEEMP. ‘… Since they [jacking 

operations] are a normal part of the vessel’s operation they cannot be either changed or made 

more efficient without compromising safety’ (Company B’s SEEMP). This quote illustrates how the 

shipping company attempts to translate the guidelines (WAI) into operation on board (WAD) and 

that this is not possible under all circumstances. The measures to improve energy efficiency 

therefore focus on the other three areas. Specific goals are defined for each area, described with a 

few words on implementation and the person appointed to be responsible. The content of the 

SEEMP indicates that this is a working vessel because the crane work performed during wind 

turbine installation is extensive. Awareness of the amount and load of running equipment is also 

included, along with attention to optimal voyage performance. The last section of the SEEMP 

outlines the company’s considerations regarding monitoring, measurable goals and evaluation. 

The company notes the difficulties of setting clear measurable goals for the vessel. The vessel’s 

working pattern prevents the use of general monitoring tools as operations are seldom 

comparable.  

 

Table 2 presents the goals for improving energy efficiency and the designated crew member 

responsible for each specific goal. This represents operationalisation of the legislation into 

practice. The table content reflects some of the themes from the analysis of the IMO resolution.  

 

Company A Company B 

Fuel efficiency - Optimised autopilot settings 

(master) 

Crane operations (lifting supervisor chief 

officer) 

Ship handling – Optimum trim (master) Electric power consumption for lighting and 

stand-by power (all crew) 

Machinery and equipment - Optimised load on 

air compressors (chief engineer) 

Load to generator, heating and cooling (chief 

engineer, duty engineer) 

Energy conservation and awareness – 

Accommodation (all, chief engineer) 

Ship operation (ballast, route, speed, 

thrusters) (bridge team)  

 Optimise engine, pump and compressor 

usage (chief engineer) 

Table 2. Goals for improving Energy Efficiency – Crew actions (from the SEEMPs). 
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The following describes the development of the SEEMP and daily work with SEEMP issues from the 

perspective of shipping office personnel structured as three themes: stakeholders, measures and 

evaluation, and personnel involvement.   

 

Stakeholders 

In the interviews, respondents from the office at Company A mention that SEEMP content is 

interesting to customers because an energy action plan can influence fuel economy. The company 

also mentions that the SEEMP is on the agenda when information about operations and contract 

requirements are discussed with customers. This attracts the attention of customers when they 

understand the consequences of e.g. speed requirements. The customer may then reconsider 

their requirements. If data is registered about waiting time spent within the offshore safety zone 

where redundant equipment is required, this may be used as proof of excessive energy 

consumption. The first annual review of the SEEMP in Company A resulted in a decision to ‘[...] 

continuously discuss fuel consumption and work patterns with our customers’ (Office staff). This 

quote shows that the company has realised the importance or need for involving stakeholders in 

their future development of the SEEMP. 

 

Neither of the companies has involved stakeholders in the development of their SEEMPs and 

issues involving stakeholders are not included in the SEEMP, but they intend to do so in the future.  

 

Measures and Evaluation 

The officers on board the vessels in Company A are obliged to conduct reviews of their vessel’s 

SEEMP in which all defined goals are analysed and evaluated. Based on this vessel survey, the 

company makes an annual SEEMP review. The respondents refer to the work performed by the 

crew during these reviews ‘[...] they [the vessel’s crew] must review it [the SEEMP manual] 

annually and propose suggestions [...]’ (Office staff). The latest review revealed that although the 

SEEMP is generally well-known, some crew members remain unaware of it. Subsequently, the 

company’s management department decided to raise awareness of the SEEMP through phone 

meetings and to assign a special KPI for captains’ use of the SEEMP (annual review of SEEMP 

Company A). The company also specifies in the SEEMP that the designated crew members must 

attend a training course. 

 

Company B invites the crew to suggest measures for the year to come, but evaluation and re-

planning are also a problem. One respondent emphasises the need for continuity in the company’s 

work with the SEEMP, noting that ‘I think the SEEMP is a good tool for bringing into focus the areas 

where one could make an effort, but it requires that you work with it continuously […]. But, when I 

look at it, the challenge has been the shifting operational pattern’ (Office staff).  

 

Personnel Involvement 
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In the interviews conducted in this study, the respondents from both companies noted that 

SEEMPs were largely written by the office, but that input from senior officers, was also used which 

represents WAD.  

 

In Company A, the SEEMP concept and the issue of increasing the energy efficiency of vessels was 

raised at a seminar at which officers had the opportunity to discuss content and offer input. The 

aim of these meetings was to draw up specific measures and realistic timeframes. One of the 

respondents emphasises that an SEEMP can be used to show people what systems are like and the 

intent behind them. ‘It is an excellent tool for informing people how things are performed in our 

company’ (Office staff). 

 

An office employee from Company B said during the interview that the crew’s involvement in the 

SEEMP is relatively low, but he also acknowledged that this may be due to lack of knowledge and 

training: ‘I think we need to educate and train our employees in what we want them to do, and if 

we haven’t trained them, of course they don’t do it’ (Office staff). Respondents from both 

companies’ state that the SEEMP has helped raise awareness about energy consumption and that 

the crew has generally become more aware of energy efficiency. 

 

To summarise the results: the companies try to develop SEEMPs in accordance with the IMO’s 

guidelines, translating the overall themes to the SEEMP for a specific vessel, balancing WAI and 

WAD. The companies are also adjusting their SEEMP to the characteristics of their vessels as also 

stated in section 3.5 of the guidelines. SEEMPs are therefore designed for specific vessels and the 

operations they perform.  

 

 

5.3 Work as Done – Energy Efficiency in Daily Operations 

The analysis of the crew interviews shows that, on the one hand, energy efficiency is important to 

seafarers, but on the other hand, their good intentions are complicated by customer demands and 

safety issues, which may stand in the way of energy-efficient operations.  

 

Stakeholders 

Offshore vessels in both the oil and gas and wind sectors are often operated on a time-charter 

basis. The charter contract creates the framework for working conditions such as time and 

objectives, which forms the basis for decision-making, and the vessels must adjust to these 

conditions. Vessels are allocated tasks by the charterer, and they work in close collaboration with 

the rigs they serve. The general view of many crew members is that on many occasions, time and 

fuel could be saved if contract jobs were better coordinated, and several crew members report 

instances of time wasted due to rig or harbour personnel not being prepared when the vessel is 
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required to be ready at a certain position. These examples show how a lack of understanding 

about how work is done complicates decision-making on board. 

 

Collaboration between vessels and charterers is of varying quality. The officers in Company B are 

very seldom involved in planning, whereas the officers in Company A feel that they do have a say 

to some extent in the way their work is to be executed, and that the charterer is willing to engage 

in dialogue with the crew. The officers are able to make changes to the scheduling of routine 

tasks, for example, the departure time may be postponed due to bad weather, and it is 

understood that the vessel should not start work on-site under conditions such as strong winds. 

Fuel may be saved if the weather forecast is taken into consideration when planning operations. 

The crew in Company A also reports occasionally being consulted regarding the planning of some 

operations. The crew’s professional knowledge and suggestions are particularly welcomed by the 

charterer. Charter contracts often stipulate a certain speed at which vessels must be operated, 

which may not always be the most energy-efficient choice, given that higher speeds result in 

higher fuel consumption. The contract under which Company B’s vessel works states how fast they 

are required to sail to and from the wind farm: ‘We are bound by the contract to spend 12 hours 

on a return trip, so we need to do 10 knots going back and 8 knots going out’ (Navigator). 

 

Measures and Evaluation 

Monitoring and evaluating the energy efficiency on board is only possible if the necessary 

equipment is available. Access to performance data is part of the system factors which, as shown 

in Endsley’s SA model, influence decision-making. However, the irregular working pattern of the 

vessels makes it difficult to compare performance data. 

 

At the beginning of the study period, the Company A vessel did not have a fuel meter installed on 

the bridge, and the officers were unable to monitor daily fuel consumption. Experience from other 

vessels in Company A shows that the presence of a fuel meter increases awareness and has a 

positive effect on energy efficiency. ‘Almost all other ships have a fuel meter on the bridge where 

they can see how many litres they use per hour. […] It has also been discussed at the seminar 

[officer’s seminar] that seeing how far we can bring it down has become a sport’ (Navigator). Later 

in the project period, a fuel meter was installed on the vessel’s bridge, and the officers reported 

that they were testing out different options for energy-efficient sailing and evaluating various 

alternatives in order to adjust their sailing patterns to best practice.  

 

Company B’s vessel has a fuel meter and the officers on board are able to monitor fuel 

consumption. However, the officers (Navigator and engineer) mention that the data is not actively 

used to optimise operations. General data on fuel consumption is sent daily to the head office to 

prove that speed demands are met. Speed optimisation is one of the initiatives repeatedly 

mentioned by officers at both companies in the interviews.  
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Most of the senior officers in Company A are aware of the content in their SEEMP, even though 

many find that most of the measures described are already implemented on board. The SEEMP in 

the Company A vessel contains measures such as autopilot settings and energy conservation in 

accommodation. These factors are also some of the items mentioned by the crew. The officers of 

Company B are not aware of specific measures they should meet. This could indicate a lack of 

training, which is one of the individual factors mentioned by Endsley in her SA model. Most of the 

interviewees, however, state that they do think about energy efficiency and that the issue is 

discussed on board among the officers. Company A has encouraged senior officers to identify 

objectives and set realistic timeframes for the achievement of goals as a supplement to ongoing 

efforts to reduce fuel consumption. 

 

Personnel Involvement 

Company A has chosen to participate in a programme/project with the aim of increasing the 

energy efficiency of operations. This includes installing fuel-monitoring equipment on board and 

inviting the crew to participate in a course on energy awareness. Not all officers have been invited 

as this is not a normal procedure. An SEEMP is on board on all vessels, but in some cases the crew 

requests more information and training in how to use it during daily operations. The SEEMP is 

known, but more attention is given to safety and ISO 14001-related issues. These factors are 

acknowledged by the company, which has planned a follow-up on the use of their SEEMP. The 

prioritisation required by the officers on board between the SEEMP and other objectives calls for 

inclusion of their knowledge of practice in the design of the SEEMP. In other words, the inclusion 

of WAD in WAI. 

 

Although some officers do not show any interest in the SEEMP, most officers in both companies 

agree that they aim to operate their vessels as economically and energy-efficiently as possible. 

This is a common ambition, and the experience gathered is shared with new crew members. 

During the interviews, they presented several initiatives, ranging from very simple and elementary 

things such as general awareness of energy and switching off lights in their cabins to more 

complex initiatives such as voyage planning and speed optimisation. The general impression is that 

the interviewees are aware of energy efficiency. Many explained that their interest in energy 

efficiency is rooted in environmental concerns and a desire to leave the earth ‘in good shape’ for 

future generations. 

 

Safety 

During the analysis of crew interviews, a fourth theme was identified, namely safety. During the 

interviews, all officers said that safety has the highest priority – it is more important to focus on 

safety than on fuel consumption. Even though navigators are aware of energy-efficient operations 

and make an effort to sail in an energy-efficient way, they are very much focused on safety. For 

the supply vessel in Company A, safety is also a very important factor when operating near 

offshore installations. Offshore sites claim a distance of 500 m as a ‘safety zone’, and vessels 
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entering this zone must meet certain safety standards: ‘We have everything up and running [...] we 

must be sure [...] that we have enough power to get away’ (Navigator).  

 

The installation vessel in Company B is jacked up when performing crane work, both in harbour 

when loading wind turbine parts, and on-site. The jacking operation is energy-consuming, but the 

operation is necessary so as not to compromise the stability and thereby safety of the vessel.  

 

To summarise the results: collaboration with stakeholders is an important factor for the crew 

during daily work. The challenge is in different goals for different actors involved in the operation. 

In practice (WAD), safety dominates decision-making in contrast to WAI, IMO guidelines and the 

SEEMP, where safety is only briefly mentioned. Safety plays an important role in WAD and may 

overrule energy efficiency during daily operations. 

 

6 Discussion 
The aim of this study is to explore the challenges associated with translation of IMO’s energy 

efficiency regulation into practice in the context of ship operations.  The study has focused on how 

regulation is transformed into procedures used in practice and the challenges in implementing 

legislation.  

 

The IMO recommends that stakeholders be included in the effort to improve energy efficiency, but 

the companies in this study did not include stakeholders in the development of their SEEMPs. 

Meanwhile, the crews of the vessels note that stakeholders do have a significant impact on the 

work performed and decisions made on board. The inclusion of stakeholders could provide a 

knowledge of practice, i.e. WAD and contribute to clarification of the different goals and 

objectives. The IMO recommends that measures and goals be clearly defined. The companies 

define clear goals in the SEEMP, but the officers on board find that the goals of the SEEMP are 

often in conflict with other demands they must meet during their daily work on board – WAI 

differs from WAD. The IMO recommends involving personnel onshore and at sea when developing 

the SEEMP. The companies have involved the crew to some extent in defining and evaluating 

goals, but many crew members state that they have not been involved and hardly introduced to 

the SEEMP, and many have not received training in its use. According to Endsley, training is an 

important element in the decision-making process, and lack of training as well as lack of 

knowledge of goals may lead to less qualified decisions. Safety is considered by the companies 

during the development of the SEEMP, and safety is of the highest priority to the crew. 

 

Endsley’s Situation Awareness model was used to explain elements influencing the energy 

efficiency of working vessels with complex operational profiles. Endsley’s SA model shows that 

there are many factors that must be considered when deciding upon an action. The framework 

within which the crew acts is defined by system factors such as data availability, e.g. monitoring 
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fuel consumption and equipment use, and task factors such as workload, time, weather and 

navigational complexity are parameters that influence decision-making. Factors that indirectly 

affect decision-making are individual factors such as the individual officer’s abilities, experience 

and training. The need for training that focuses on energy efficiency and the use of the SEEMP is 

mentioned at all levels – the IMO, shipping company and crew. When the officers on board make 

decisions, they base them on goals defined by several stakeholders, including the managers of the 

operational department in the shipping company, charterer and rig or harbour personnel. These 

goals relate to matters such as safety, economy, efficiency and environmental issues. The crew 

must balance the time available, time spent on decisions and actions taken, and in many cases 

such decisions involve making a choice between conflicting goals.  

 

An SEEMP may state clearly defined goals, but stakeholders other than the company may have 

different objectives. The analysis also shows that contractual conditions and safe navigation often 

trump energy efficiency, which is also noted by Faber et al. [12]. Commercial issues as e.g. speed 

requirements from the charterer, may result in excessive energy consumption. Poulsen and 

Sampson [36] point out that for tankers arrival within a pre-defined period of time is required. 

Vessels in the offshore industry also operate within a certain window of time due to weather 

conditions. In both cases higher fuel consumption is accepted at the cost of energy efficiency. Lack 

of information and lack of knowledge reveal a communication problem in relation to energy 

efficient operations [13,20,21]. The lack of training is particularly highlighted as a barrier in several 

other studies [9,12,16,20,37,38]. The lack of trust in ship-shore relations is analysed by Sampson et 

al. [17]. The importance of improving mutual understanding is emphasised. Better understanding 

may lead to better communication and acknowledgement of the work performed on board the 

vessels. These findings are supported by Johnson et al. [21]. 

The guidelines for an SEEMP are based on the IMO’s assumptions regarding how energy efficiency 

can be achieved on board. The analysis shows a lack of understanding of operational practice, 

which is also observed by Viktorelius and Lundh [19]. To the crew, the SEEMP is just another set of 

objectives or demands that they must take into consideration during daily operations. The 

complexity of the work on board, the cooperation between stakeholders and communication, as 

well as regulations and procedures defined by the shipping company and legislation, are not 

reduced by the introduction of the SEEMP nor by monitoring systems [19]. Factors such as energy 

efficiency, economy and environmental issues are all taken into consideration during daily 

operations on board, according to the officers of the vessels in this study. However, an SEEMP is 

not used as the tool it is intended to be because many of its goals are also included in other 

programmes or its goals cannot be met because they are overtaken by or in conflict with other 

goals. The conflict between different goals is also noted by Viktorelius [39] who, in his study, finds 

that: ‘Tension between the goals of energy efficiency, safety, commercial objectives, profitability, 

punctuality and customer service permeated everyday practice and could not easily be resolved 

without a more radical re-mediation of the instrumentality (tools, rules and division of labour) of 
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the activity system.’ The conflicting objectives cannot be eliminated, but they should be dealt with 

onshore and not left to the officers on board. 

 

The SEEMP could be a useful tool if all stakeholders were involved in defining the goals regarding 

energy efficiency and if the communication between stakeholders were improved. This would help 

prioritise conflicting goals and make it easier for the crew to know how to act in specific situations. 

The SEEMP might also be a tool for ship brokers. Von Knorring [14] found that SEEMPs are often 

checked during charter discussions nowadays, but the broker would always pick the vessel with 

the lowest fuel consumption. The SEEMP might help show which vessel to select. Furthermore, 

involving the crew in the development of the SEEMP for their specific vessel would provide the 

shipping company with valuable knowledge of daily operations and allow for the development of 

more meaningful goals.  

 

The discussion has shown that lack of understanding of operational practice, conflicting objectives 

and involvement of stakeholders are crucial factors for the development of a useful SEEMP. 

Stricter regulation will not accommodate this, but communication, mutual understanding and 

collaboration could be the solution. It is the responsibility of the shipping company to consider 

these factors and to involve all relevant actors when developing the SEEMP. 

7 Conclusion 
Based on interviews and document analysis in two shipping companies, this study has explored 

how energy efficiency legislation can be transferred into practice – how the SEEMP is developed 

and how it is accepted and used by the crew on board during their daily operations. 

 

The study showed that decisions made by the officers on board are based on goals defined by 

many stakeholders, including the managers of the operational department in the shipping 

company, the charterer and rig or harbour personnel. The officers will often find that these 

demands or goals are in conflict with goals regarding energy efficiency defined in the SEEMP. To 

achieve a successful translation of legislation into practice, it is therefore of great importance that 

all stakeholders are involved and their influence on daily operations taken into account when 

setting out the goals of the SEEMP. The study also showed that the crew and shipping office must 

cooperate when developing the SEEMP in order to ensure that its content is adjusted to fit the 

particular vessel, the working pattern and contractual conditions, and that the goals defined are 

meaningful to the crew on board. Strengthening regulations will not have any impact on 

cooperation and communication. 

 

The work on board these working vessels is very complex, and it is necessary for the crew to 

reconcile many different priorities, energy efficiency being just one of them. The study showed 

that there is a need to support seafarers by involving and training crews in energy-efficient 

operation of the ship, as well as active use of the SEEMP as a dynamic tool. 
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Although the study was performed on two specific working vessels, most of the findings will be of 

value and relevance for working vessels in general. Some of the issues may also be relevant for 

conventional shipping, but the problems raised are probably more pronounced in working vessels 

due to the many stakeholders involved and the complexity of their working patterns. The study 

shows, that implementation of legislation can be challenging and there is a need for more 

research on this topic. Implementation of the SEEMP legislation is to some degree challenging, 

because there are several actors influencing the ship‘s operation, who all need to collaborate and 

have the same priority of energy efficiency. Creating an “energy efficiency culture” is needed as 

the safety culture which has dominated for many years. In future research it could be interesting 

to describe good examples of implementation and explore, which factors are needed for success 

in implementation. Another very interesting subject could be to explore how an “energy efficiency 

culture” can be developed.    
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