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ABSTRACT

Global warming and climate change have already activated the alarm for industrial sectors and
global assemblies try to raise awareness about this matter at the social level. Although shipping
has been excluded from Paris Agreement, IMO as always tries to be a pioneer in contribution
to confronting with global issues. Along with the targets of the Paris Agreement, IMO during
the Marine Environment Protection Committee (MEPC) 72 on 2018, set an ambitious target to
reduce the shipping emission by 50% up to 2050.
To alleviate the amount of emission, the first and most logical solution that could be
implemented in all industrial sectors is energy efficiency policy. In this regard, from first
January 2013, Annex VI revised by adding chapter 4 and enforcing EEDI for new ships and
SEEMP for all ships. While work on EEDI formula still is in progress, the SEEMP and energy
management seem to be purely compliance driven initiatives for many companies and its
ineffectiveness could be confirmed by statistical data and comments by shipping experts.
There are many works of literature on barriers against energy efficiency in shipping and
meanwhile some solutions presented as well. The author of this dissertation also has scrutinized
the barriers and presented the possible solution. The author believes in management
modification by adopting ISO 50001 concept, enacting more regulation in operation phase,
energy rating and providing incentives in the result of that and finally at last stage application
of market based measure scheme.
The author mainly has focused on the introduction of ISO 50001 and new regulations in the
operation of shipping and he believes that the self-assessment method could be a practical way
to introduce them. In this direction, the author by inspiring from TMSA in safety management
system and PERS/SDM in environmental management system has decided to propose Ship
energy management self-assessment (SEMSA) for improving energy efficiency in shipping.
The nature of SEMSA is as a guideline, self-assessment, and of course voluntary, but when a
company can get a high level in SEMSA, it becomes highlighted as an energy efficient shipping
line, then the other companies also try to apply in SEMSA automatically ( same has happened
in TMSA). In this way, the voluntary aspect of SEMSA could be changed to obligatory aspect
by the time and all concerns related to the reluctance in effective implementation of SEEMP
will be diminished gradually.
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Chapter 1
Introduction

1.1

Background

With continuous economic growth, particularly after the industrial revolution, the
emission problem always has been the area of concerns for environmentalists. Global
warming and climate change have already activated the alarm for industrial sectors
and global assemblies try to raise awareness about this matter at the social level. Kyoto
protocol in 1997 was the turning point to emphasize the importance of confronting
with emission and mitigating the global warming.
Efforts for prevention of air pollution from ships initiated by International Maritime
Organization (IMO) in the 1980s. In the context of the ozone layer hole, the first
regulation was laid down on the prohibition of Ozone Depleting Substances (ODS).
The legal framework then concentrated on volatile organic compounds (VOCs) from
oil cargo, and subsequently nitrogen oxides and sulfur oxides from the ship's exhaust.
MARPOL Annex VI adopted in 1997 and entered into force on 19 May 2005 to deal
with these air pollutants from shipping. With recent concerns about climate change
and global warming, IMO as head of the maritime shipping sector tries to measure and
estimate the amount of greenhouse gas (GHG) emitted from shipping under GHG
study and enact rules and regulation to abate it.
According to the IMO Third Greenhouse Gas (GHG) Study in 2014, Shipping
contributes about 2.7% of GHG emission in the World (IMO, 2015a). Although
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shipping has been excluded from Paris Agreement, IMO as always tries to be a pioneer
in contribution to confronting with global issues. Along with the targets of the Paris
Agreement, IMO during the Marine Environment Protection Committee (MEPC) 72
on 2018, set an ambitious target to reduce the shipping emission by 50% up to 2050.
To alleviate the amount of emission, the first and most logical solution that could be
implemented in all industrial sectors is energy efficiency policy. In the shipping
industry, energy efficiency policies could be applied in ship design and ship operation.
The results of the second GHG study shows that there is high potential to reduce energy
consumption in both ship design and operation mode and base on this concept it
became the main driver to introduce the regulations for ship design and operation
(IMO, 2009a). Amendments pertinent to ship energy efficiency adopted to MARPOL
Annex VI on July 2011. Finally, from first January 2013, Annex VI revised by adding
chapter 4 and enforcing Energy Efficiency Design Index (EEDI) for new ship design
and Ship Energy Efficiency Management Plan (SEEMP) for all ships.
Following the adoption of EEDI and SEEMP, IMO initiated a study to estimate the
amount of CO2 emission reductions associated with the mandatory technical and
operational measures. This study which was conducted by Lloyd's Register and DNV
and completed in October 2011 (UNFCCC, 2014), specifies that the adoption of EEDI
and SEEMP for all ships from 2013 and onwards will lead to significant emission
reductions and also a remarkable cost saving for the shipping industry. They stated
that by 2020, about 150 million tonnes and by 2030, about 330 million tonnes of annual
CO2 reductions are estimated. This can be translated to the annual fuel cost saving
average figure of US$50 billion by 2020, and even more surprising US$200 billion by
2030 (Zabi Bazari & Longva, 2011).
Emission in shipping, generally speaking, covers pollutant such as Sox, Nox, PM, and
GHG such as co2. Technical solutions for emission abatement is divided into two
categories: technologies for reduction in fuel consumption and Co2 emission like hull
coating, mewis duct, etc. and technologies for pure emission reduction to mitigate the
Sox, Nox and PM impacts like scrubber, SCR, etc. (Stevens, Sys, Vanelslander, & van
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Hassel, 2015). In this dissertation, the author discusses the first category related to Co2
emission and SEEMP effectiveness.
By the now after more than 5 years from enforcement of EEDI and SEEMP, the EEDI
formula still is under discussion and modification and SEEMP seems to be in place for
compliance rather than the reduction in energy consumption and emission. In last five
years, nothing practical has been done to improve the SEEMP effectiveness and
instead of root cause analysis in this regard and apply the fundamental modification in
SEEMP structure, the shipping experts have constructed the MRV and DCS program,
which is an introduction towards Market Based Measure (MBM). The author of this
dissertation believes that the MBM must be kept as the last solution and the SEEMP
has a high-unfolded capacity for energy efficiency, which must be exploited, and this
will be practicable with introducing more regulations, standards, and guidelines in ship
operation mode. Establishment of ISO 19030 for hull performance measurement is a
very good example and appreciable effort in this regard.
It must be considered that the reduction of fuel consumption and reduction of emission
are two translations of energy efficiency. This means that the energy efficiency
policies are in favor of shipping companies' economic. Shipping companies have to
spend their capital to comply with environmental regulations with no apparent profit.
In contrast to environmental regulations, energy efficiency policies force the
companies to have saved in their fuel consumption and this is translated to a better
economic situation and higher competitiveness power. However, the fact is that the
shipping companies are reluctant to invest in energy-saving measures. This
phenomenon has been referred to as the ‘energy paradox' or the ‘energy efficiency gap'
(Balland, Girard, Erikstad, & Fagerholt, 2015).
First, the energy efficiency gap must be recognized and then by root cause analysis of
this gap, the possible and practical solution can be delivered. In this process, the
operation mode of vessels and SEEMP is the main area to discover the failures. In
chapter three, the reasons for the ineffectiveness of SEEMP and some aspects of the
energy efficiency gap will be discussed in detail and the possible solution will be
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presented in chapter four. Enacting more regulations in operation phase is one of these
solutions recommended by the author. Different Self-assessment experiences for
example Tanker Management and Self-Assessment (TMSA) or Port Environmental
Review System (PERS)-Self Diagnosis Method (SDM) show that the self-assessment
is an effective approach to introduce new regulation into an industry. Firstly, it works
as a guideline and then when the companies become familiar, assess themselves, and
try to cope with the highest level of assessment, then the pertinent regulation can be
implemented.

1.2

Literature Review

The energy efficiency regulations in shipping just enforced since 1st January 2013 and
the number of literature discussing the SEEMP and its effect on energy efficiency is
limited (IMO, 2016b). In this section tried to review the literature in three parts: the
creation of energy efficiency policies, implementation of them and barriers in this path.
Creation of energy efficiency policies
Although the shipping is excluded from Paris agreement, IMO has tried not to be
lagging from other industrial sectors in emission reduction. Without taking any
reduction measure, the share of shipping emission out of total world emission will be
increased drastically not only due to growth in world trade and shipping activities but
also due to the reduction of emission in other sectors. On average, in the time span
between 2007 and 2012, the share of the shipping industry was estimated at 3.1% of
global CO2 emission. If no reduction measures are taken, this amount of emission is
projected to rise from the 2012 levels by 50–250% by 2050 (IMO, 2015a). Therefore,
the need for fundamental changes to meet global targets to reduce the emission led to
enacting energy efficiency regulations (Jordan et al., 2013). Development and
enforcement of SEEMP and EEDI by the IMO was in response to Kyoto Protocol alert.
Armstrong and Banks state that the tendency toward energy efficiency has three
drivers: economics, compliance, and customer requirements (Armstrong & Banks,
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2015). Economic drivers refer to market volatility including fluctuation in charter rate,
shipping demand and bunker price (UNCTAD, 2014) and the objective is to
minimizing the operating cost and maximizing the profit. Compliance with current
regulations such as SEEMP and EEDI is the second driver toward energy efficiency.
In addition to mandatory regulations, some companies adopted standard structure
pertinent to energy such as ISO 50001 and this could be considered as a stimulator for
efficient shipping as well. The third driver, customer requirement, refers to the
corporate social responsibility of cargo owners. They ask the ship owners to carry their
cargo in a most efficient manner with minimum emission (Armstrong & Banks, 2015).

Implementation of technical and operational emission reduction measures
Some literature concentrates on the status of implementation of technical measures,
some of them focus on operational measures and some discusses on both aspects of
emission reduction technologies. Rehmatulla et al., try to scale the implementation of
over 30 technical measures and concluded that among diverse available technologies,
only some specific measures of each category implemented in a sufficient level and
secondly the technologies with resulting in less or marginal emission reduction
deployed more than technologies with high potential for Co2 reduction (Rehmatulla,
Calleya, & Smith, 2017).
Dewan, Yaakob, and Suzana through their research specify the influence of different
Stakeholders on the implementation of different operational measures (Dewan,
Yaakob, & Suzana, 2018). Bouman et al. have reviewed around 150 studies to provide
a comprehensive overview of the CO2 emissions reduction potentials and measures
published in the literature. They recognized six groups of measures with the highest
potential in fuel saving including hull design; the economy of scale; power and
propulsion (including energy saving devices); speed; fuels and alternative energy
sources; weather routing and scheduling. Meanwhile, they concluded that no single
measure is sufficient by itself to reach considerable emission reduction. Furthermore,
they believe that a significant emission reduction of over 75% is achievable by the
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combination of a large number of individual measures. However, it necessitates highquality studies addressing the multiple effects due to the interaction of different
measures put in service simultaneously (Bouman, Lindstad, Rialland, & Strømman,
2017).
Stevens et al. in their article ask questions:" how ship owners will react to the new
legislation on energy efficiency. More specifically: are ship-owners going to
implement new innovative technologies in either their new building projects or are
they going to retrofit their existing ships due to this new legislation?"
To answer these questions, they listed the technological-operational solutions and
classified them into five main categories. Meanwhile, they mentioned that part of these
technologies is to reduce fuel consumption and Co2 emission and the other part are
the technologies to reduce the pollutant emission like Nox, Sox, and PM. These five
categories are as follows: 1. Hull, 2. Propulsion, 3. Machinery, 4. Alternative energy
sources, 5. Operation/maintenance. Finally, they developed a framework to link the
energy efficiency policies with the new maritime technologies and tried to quantify the
observed impacts of applying these technologies (Stevens et al., 2015). Bazari and
Longva believe that enforcement of the EEDI and SEEMP alone cannot be able to
reduce the emission to the extent required, however, their role to raise awareness and
promoting energy efficiency is undeniable (Bazari & Longva, 2011).

Barriers
By reviewing different literature, it could be understood there are different approaches
toward identifying and classification of barriers. Jafarzadeh and Utne with presenting
an identifying and mitigating tools for barriers, try to classify the barriers based on
their priorities to seven groups: (i) Information barriers, (ii) Economic barriers, (iii)
Intra-organizational barriers, (iv) Inter-organizational barriers, (v) Technological
barriers, (vi) Policy barriers, and (vii) Geographical barriers (Jafarzadeh & Utne,
2014). Dewan, Yaakob, and Suzana through their research about barriers against
operational measures specify that for execution of all zero cost operational measures,
there are some barriers such as lack of information of the measure, lack of awareness
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and competence of ship crews and operational difficulties. Furthermore, for those other
operational measures which need investment for execution, the barriers are financial
issue and owner's interest. Meanwhile, They quantify the effect of different barriers in
the implementation of different operational measures (Dewan et al., 2018).
Olcer and Ballini with focus on decision-making in selecting the best emission
reduction measure, interpret it as a challenge in the way of energy efficiency (Olcer &
Ballini, 2015). Rehmatulla and Smith with defining the energy paradox and gap,
discuss non-market failures and market failures in the context of shipping. They
believe that Non-market failures include: heterogeneity, risk, hidden costs and access
to capital and market failures includes: Information problems, Split incentives,
Bounded rationality, Inertia, values, Credibility and trust, and finally problem
statement (Rehmatulla & Smith, 2015).
Kitada and Olcer believe that the barriers could be categorized as follows: safety and
reliability, technical uncertainty, behavioral barriers, market constraints, financial and
economic constraints and finally complexity. In addition, they interpret the difficulties
for managers in supervising the work done by the subsidiary or outsourced firms as a
barrier (Kitada, Olcer, 2016).
1.3

Aim and objectives

In this dissertation, the author tries to answer the following questions:
-

How was the SEEMP created and now after 5 years, what is the present status
of the SEEMP and its effect on energy efficiency?

-

What could be the reasons for the ineffectiveness of the SEEMP (barriers)?

-

What could be the possible solution to improve energy efficiency?

-

What could be the new set of regulation in operation phase that can be enforced
and in which way it can be introduced?

The author tries to reach the following objectives that are somehow the answer to the
aforementioned questions:


Specifying the effect of SEEMP implementation on energy efficiency
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Identification of barriers against effective implementation of SEEMP



Recommending possible solutions to improve efficiency in particular in
operation phase



Introduction of ship energy management self-assessment to improve energy
efficiency and SEEMP effectiveness



Recommending a new set of regulation in operation phase

Different operational reduction measures will be discussed and finally, a collection of
practical and matured techniques will be selected, which is recommended to be
enforced. The author by presenting the ship energy management and self-assessment
(SEMSA) tries to offer a helpful guideline to shipping companies to assess themselves
in energy efficiency and familiarize with the latest energy efficiency measures.
Author tries just to focus on energy efficiency measures in the operation phase
and by this way in this dissertation there will not be any discussion about EEDI,
alternative fuels (e.g. Biofuel, LNG, low carbon fuel, etc.), alternative energy
sources (e.g. solar, wind, etc.), or emission reduction technologies like SCR.
Main aim: By evaluating the SEEMP effectiveness and reviewing barriers and
solutions, the author aims to introduce the SEMSA, and reach to a new set of regulation
in ship operation phase to revive SEEMP and improve energy efficiency.
1.4

Methodology

The research methodology of “Applied and problem solving” will be utilized in this
dissertation. Applied research is intended to resolve the practical complications of the
modern world such as improving energy efficiency in different industrial sectors
(Wikibook, 2017). Dissertation starts by familiarization with the SEEMP and its
implementation status, then the barriers and solutions discussed and finally SEMSA
presented and the operational matured measures will be recommended for
enforcement.
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1.5

Structure of the dissertation

Dissertation in chapter one starts with background about the energy policies in
shipping and then author presents relatively voluminous literature review in creation
and implementation of SEEEMP and the barriers against it. At the end of chapter one
the dissertation questions, objectives and methodology pointed out. In chapter two,
after background about the creation and function of SEEMP, the status of SEEMP
implementation five years after enforcement discussed. In chapter three, barriers
enumerated and in chapter four possible solution presented. Chapter five includes
explanation about self-assessment method and the author presents the SEMSA. All
SEMSA elements explained in chapter six and finally, discussion and conclusion are
brought in the last chapter. An attached appendix includes SEMSA matrices of
different elements.
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Chapter 2

2.1

Creation of SEEMP

Shipping industry with 90% share in world trade (UNEP, 2016), possess 2.7% share
in the world GHG emission (IMO, 2015a). IMO established the Marine Environmental
Protection Committee (MEPC) in 1973 to mitigate the impacts related to marine
pollution. Furthermore, and based on the same logic, the International Convention for
the Prevention of Pollution from Ship (MARPOL) adopted in 1973. MARPOL
convention commenced dealing with different kind of marine pollutant and in result
first five annexes formed by pertinent regulations.
To respond to the worldwide activities regarding GHG emission reduction, IMO and
other maritime authorities have introduced emission control policies. MARPOL
Annex VI, first adopted in 1997, limits the main air pollutants contained in ships
exhaust gas, including sulfur oxides (SOx) and nitrous oxides (NOx), and regulates
ozone depleting substances (ODS), shipboard incineration, and the emissions of
volatile organic compounds (VOC) from tankers. Annex VI entered into force on 19
May 2005 (IMO, 2016). With recent concerns about global warming and raising
awareness regarding GHG emission, IMO focused on energy efficiency in shipping
industry because energy efficiency is the result of less fuel consumption and can be
translated to emission reduction. In this direction, chapter 4 was added to Annex VI
and maritime energy efficiency policies adopted on July 2011 and entered into force
on first January 2013. These regulations including Energy Efficiency Design Index
(EEDI) for new ship design and Ship Energy Efficiency Management Plan (SEEMP)
for all ships in operation.
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2.2

SEEMP function

The finality for introducing the SEEMP in shipping is to have a mechanism in place
to improve ship energy efficiency by monitoring the performance over a certain period
and using the EEOI (Energy Efficiency Operational Indicator) as a benchmark level.
The SEEMP as an obligatory instrument encourages the ship owners and operators to
improve vessel operational conditions and deploy more energy efficient technologies
(Perera & Mo, 2016). The SEEMP like ISO and any other management system has
been established based on PDCA cycle (Plan- Do- Check- Act).
Planning stage consists of:


Firstly, have an energy review including the study of the current condition of
the company and specific vessels in term of fuel consumption and also
investigating what efficiency measures are being utilized currently.



Feasibility and in detail study to specify which of the best practices are
compatible and practicable to specific vessel considering ship type, operation
modality, and cargo type.



Predicting the functionality of utilized measures in different working
condition.



Goal setting (optional)



Designing a training matrix



Specifying the Monitoring and data collection method



Specifying the Measurement plan and verification methods



Finalizing an action plan including all above-mentioned items

Implementation stage consists of:


Implementing the action plan prepared in the planning stage



Data collection



Documentation



Implementing the training matrix

Monitoring stage consists of:


Analysis of collected data and EEOI calculation



Conducting energy audit

21



Monitoring the documentation related to the energy efficiency



Monitoring the fuel properties

Self-evaluation stage consists of:


Evaluation of the successfulness of SEEMP to reach objectives and targets



Taking corrective/preventive action in responding to non-conformities



Providing feedback for proper modification of SEEMP

The SEEMP implementation can be advantageous in the following aspects:


It can be a Management tool in the hand of managers.



It can be effective in fuel saving and in result reduction of fuel cost in favor
of stakeholders responsible for fuel cost.



The operational energy efficiency saving plans could be paid back in shortterm, whereas the EEDI offers longer-term savings.



Most of saving plans in the SEEMP could be performed by zero or minimal
cost or in other word exploiting of "low hanging fruits".

Insufficiencies of SEEMP


Goal setting is not mandatory; energy audit and SEEMP review are not
emphasized.



EEOI, the only recognized performance indicator of SEEMP is involved with
high uncertainties such as weather condition, hull roughness, etc.



With the above-mentioned unrestricted circumstances, the effective
implementation of SEEMP is highly dependent on the commitment of SEEMP
developers and operators.



There is no legal supervision on SEEMP content (no need to be confirmed by
flag state).



Energy efficiency measures are listed in SEEMP but there is no guideline to
instruct how to achieve these measures.



Complexity in monitoring and performance evaluation.
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2.3

Current status of the SEEMP

SEEMP as a tool in hand of shipping managers and operators can be very effective in
energy efficiency and in result in the economics of shipping companies. SEEMP
enforced in 2013 and now on 2018, to assess the effectiveness of the SEEMP after
more than five years of implementation, the basic requirement is the availability of
accredited statistic information. IMO GHG studies are a high standard and accredited
information, however, the results of the forth GHG study will be released next year in
2019. Availability of GHG study can specify the effect of SEEMP on emission
reduction by comparing the amount of GHG emission between 2014 and 2019. To
overcome this vacuum of information and to assess the effectiveness of SEEMP, the
author refers to data delivered by International Council of Clean Transportation
(ICCT) which including in detail statistics regarding emission between years 2013 to
2015, the first three years of SEEMP implementation. In ICCT study, they have used
a bottom-up approach by utilizing three main datasets: (1) terrestrial and satellite
Automatic Identification System (AIS) data from exact Earth; (2) ship characteristics
data from the Information Handling Services (IHS) database; and (3) ship
characteristics data from Global Fishing Watch (GFW) (Olmer, Comer, Roy, Mao, &
Rutherford, 2017).
In the third GHG study both bottom-up and top-down approach is utilized and mostly
the figures extracted by bottom-up approach are greater than the top-down approach
probably due to more accuracy. To assess the effectiveness of SEEMP, it is required
to access data before and after 2013. There is no data from ICCT dated before 2013
and on the other hand, data from the GHG study dated after 2013 will be released in
2019. Therefore, there is data from the third GHG study dated before 2013 and data
after 2013 belongs to ICCT. In this condition to make closer the two data set to each
other, the author uses the data from the bottom-up approach of GHG study, because
the ICCT study also uses the bottom-up approach. However, there may be
heterogeneity to some extent between these two sets of data that ignored in this
dissertation.
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Figure 1: Bottom-up CO2 emissions from international shipping by ship type (year 2012)
Source: 3rd GHG study (IMO, 2015a).

Table 1 is the combination of the amount of Co2 emission for the year 2012 from the
third GHG study and for the years 2013 to 2015 from ICCT, which is related to three
types of the ship including container, bulk carrier, and oil tanker ships.
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Table 1: Greenhouse gas emissions from global shipping, 2012–2015
Source: ICCT report (Olmer et al., 2017); third GHG study (IMO, 2015a)

As it is visible, no considerable Co2 reduction could be concluded by the
implementation of the SEEMP after 2013. Furthermore, as it can be observed in Figure
2, the results of the International Energy Agency (IEA) study also corresponding no
considerable fuel saving after 2013.

Figure 2: Total shipping fuel consumption estimates from IEA, IMO, and ICCT, 2007–2015
Source: ICCT report (Olmer et al., 2017).
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Other conclusion notes from ICCT study also confirming the ineffectiveness of the
SEEMP. These are as follows:
1. Shipping Co2 emission has been increased despite the reduction in
Co2 emission intensity (measured as emissions per unit of transport
supply).
This means that the reduction in Co2 emission intensity is such marginal that cannot
compensate for the increase in absolute Co2 emission due to growths in shipping
demand and in the result, the absolute emission has been increased. According to
Figure 3, for instance, although the CO2 intensity of general cargo ships decreased by
5%, CO2 emissions increased by 9%. Even if we consider the Co2 emission intensity,
it is much lower than predicted figures in studies performed by IMO.

Figure 3: Change in CO2 emissions and CO2 intensity for key ship classes
Source: ICCT report (Olmer et al., 2017).

It can be interpreted “current improvements in energy efficiency are unlikely to yield
substantial reductions in CO2 emissions from ships.” (Olmer et al., 2017).
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2. Six flag states account for most co2 emissions
This can be due to the weakness of these flag states in follow up the effective
implementation of energy efficiency policies onboard vessels under their flag.

Figure 4: Share of CO2 emissions by flag state, 2013–2015
Source: ICCT report (Olmer et al., 2017).

3. The biggest ships are speeding up and polluting more
According to ICCT report "whereas average ship cruising speeds remained largely
unchanged between 2013 and 2015, the largest oil tankers (>200,000 dwt) and the
largest container ships (>14,500 TEU) sped up”.
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Figure 5: Changes in speed over the ground for the largest oil tankers and container ships vs the
international shipping average, 2013–2015
Source: ICCT report (Olmer et al., 2017).

Indeed, this is the breach of the slow steaming plan, one of the most effective and most
practical strategies in SEEMP.
DNV-GL conducted a web-based survey in 2015. In the results of this survey, it can
be observed, "SEEMP and energy management seem to be purely compliance driven
initiatives for about at least 40% of participants". This study showed that only a few
participant companies had set and achieved ambitious targets for energy efficiency
(DNV GL, 2015).
Overall, considering the available data containing information regarding fuel
consumption and Co2 emission in the shipping sector, the ineffectiveness of SEEMP
could be unfolded. Indeed, the SEEMP has become a piece of paper in master or chief
engineer office to comply with regulation and issuance of IEEC certificate.
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Chapter 3
Root cause analysis of SEEMP ineffectiveness
As mentioned in the literature review, regarding barriers against energy efficiency,
SEEMP specifically, there are some categories created by well-known experts in this
field. The author of this dissertation believes that the SEEMP ineffectiveness could be
the result of the following barriers:

Figure 6: Identified barriers
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1.

Managerial barriers

1.1

Lack of obligatory nature- comparison between SEEMP and ISM
code

During recent years, different management system has been introduced to shipping
organization such as safety management system (ISM code), quality management
system (ISO 9001), environmental management system (ISO 14001) and new
burgeoning one energy management system (ISO 50001). Among these management
systems, the ISM code has been the most successful as the statistical information
shows the considerable reduction in accidents and incidents (IMO, 2005). In the belief
of the author, the reasons for the effectiveness of ISM code are as follows:
-

Effective and proper structured management system in the shore-based
organization. Creation of supportive positions ashore such as Designated
Person Ashore (DPA), Quality Ashore Representative (QAR), Fleet Safety
Officer (FSO) and ISM auditors were the historical steps toward ISM success.
Likewise, in energy efficiency also such a robust, comprehensive and effective
managerial structure needed.

-

The obligatory essence of ISM code. The precedence of implementation of
voluntary guidelines and compare it with compulsory regulations shows that
seafarers always have a negative perception regarding introducing of new
regulation and take it as an extra paperwork. Therefore, there is a very faint
tendency toward effective implementation of voluntary guidelines. This
deficiency may be resolved by enforcing them as obligatory rules, of course by
carefully evaluating the circumstances, capacities, and importance of the
subject. It must be accepted that today's emission problem has become a critical
matter as vital as the safety at sea. It is the time to enact more regulation in ship
operation phase.

-

High quality and in detail training for personnel onboard and ashore for
familiarization with ISM code. At the introduction stage of ISM code, the
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training and raising awareness were emphasized and all stakeholders took it
seriously and STCW requirements modified by safety concerns. The same
pattern can also be utilized in term of energy efficiency and STCW certification
of seafarers could be revised by adding special course pertinent to ship energy
efficiency.
-

Comprehensive audit scheme. Whereas the audit process is the core of ISM
code, in SEEMP it is not emphasized. A management system without an
effective auditing process cannot be reviewed and evaluated for performance.
In SEEMP, it must be tried for logic goalsetting and developing a
comprehensive audit scheme performed by well-trained energy auditors
(Johnson, Johansson, Andersson, & Södahl, 2013).

1.2

Management structure- Gap between SEEMP and ISO 50001

Although both SEEMP and ISO 50001 have been established based on PDCA cycle,
there are some differences between them that lead to the ineffectiveness of SEEMP in
ship operation. These structural and operational gaps could be listed as the following:
i.

Difference between the management system and management plan
Generally, there is a wrong perception in comparison of SEEMP and ISO
50001. While the ISO is a management system, SEEMP is a management plan.
The management plan is a subsidiary of a management system; therefore, in
fact, the ISO 50001 must be compared with the company's energy management
system rather than SEEMP. With this view, we can realize that many shipping
companies provide SEEMP for their vessels to comply with regulations but
they do not establish an energy management system at the company level. In
this situation, the structure of energy management ashore is so brittle, energy
management department has limited power, and there is no guarantee for
effective implementation of SEEMP onboard.
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ii.

Energy review, goals and indicators
In contrast to ISO 50001, which states specific requirements for an energy
review, the SEEMP contains no requirements on what should be the outcome
of such an activity. Further, while ISO 50001 emphasizes goal setting, the
SEEMP specifically states that it is voluntary (Johnson et al., 2013).

iii.

Energy audit
As the nature of energy review and goal setting in SEEMP is voluntary, the
role of energy audit become attenuated. In contrast, in ISO 50001, the energy
audit is the core of the monitoring and check stage.

iv.

Plan stage
SEEMP no need to be confirmed by any legal authority like flag state and there
is no supervision on its contents and its source of origin. In contrast, energy
management plan under ISO 50001 must be reviewed and confirmed by the
certification body.

v.

Independence of energy management department
In ISO 50001, it is emphasized that the energy management department must
be independent and under the direct supervision of top management. In
shipping companies, normally, the energy management department as a
supervisor of SEEMP execution consists of marine engineers who left the work
onboard and joined office. In this manner, the energy management department
may become the subgroup of the technical department and its independence
affected. This organizational structure is not correct because one department
cannot evaluate its own performance, however, the independence of auditors
must be preserved.
In the results of energy study conducted by DNV-GL at 2015, the following
note is very meaningful: “The responsibility for energy management appears
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unclear in many shipping companies. Not even a third of all companies have a
dedicated energy manager or team. Most companies have assigned the task to
“everybody”, which often actually means “nobody” ”(DNV GL, 2015).
vi.

Lack of accountability due to frequent turnover of personnel
Onboard vessels, in some circumstances and due to crew change, when
personnel is asked about energy efficiency and procedures in SEEMP, they
might blame previous staff for any shortage or failure. Although this failure
might happen even with ISO 50001 implementation, the ISO structure is more
respondent to this matter and has a special emphasis on accountability. This is
the area needs more investigation in case of implementation of ISO 50001
concept in shipping,

vii.

Role of stakeholders
Generally, there is an ambiguity about the role of stakeholders in energy
efficiency in different industry sectors and it is hard to address their effects in
the energy management system of ISO 50001. This ambiguity and uncertainty
are much more in SEEMP. For instance, port as a stakeholder can affect the
energy efficiency. "In port time" can be reduced by efficient port activities and
therefore the sailing time could be increased and the slow steaming option can
be deployed. However, addressing such effect of stakeholder in SEEMP is
more complicated in comparison to ISO 50001. In ISO 50001, there is special
emphasis on stakeholders and their interests. Generally, In ISO structure, the
stakeholders and their interest must be identified and documented by
cooperation and brainstorming of different departments of the company and
there is a specific form in this regard.

viii.

Contractual arrangement and outsourcing

Under the umbrella of ISO 50001, outsourcing can be managed in two ways;
outsourcing firms either treated as stakeholders or treated as service sellers.
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ISO 50001 contains requirements regarding the procurement. Outsourcing is
some kind of procurement because shipping companies purchase the services.
Outsourcing firms are more identified under ISO 50001, and contractual
arrangement is carried out in a more organized manner in comparison to
SEEMP. In the maritime sector with international nature, the outsourcing firms
are from different nationalities and cultures, that is why it is difficult to identify
and organize them in SEEMP.
ix.

The rigidity of the management system
All ISO management systems have enough rigidity and not going to be altered
by changes in circumstances. However, SEEMP is not rigid enough against the
changes like ISO structure. In the market fluctuation for instance, when the
shipping trade is thriving or when the oil price is falling, the ship's speed will
be increased and the concept of slow steaming and emission abatement will be
forgotten.

1.3

Management of human resource

The human element is a key factor in both ship design and ship operation phase.
Onboard vessel, there are lots of technologies and energy efficiency measure. Specify
the priority of these measures and ability for effective handling of them are important
at the decision-making phase. The shipping companies investing high capital in their
research, development plans and feasibility studies to find the best energy efficiency
measures compatible with their vessels. Furthermore, they invest to purchase and
install these technologies including hardware and software. However, the question is
that who will operate and control these measures. The success and effectiveness of
energy efficiency technologies are at stake of abilities of their operators. Here the
importance of human element in energy efficiency unfolded. The management of
human resources might be more important than the role of human resources itself. The
manager diagnoses the required skills and likewise required training. The manager

34

should know the way to motivate the personnel under his supervision and create a
proper channel to hear the voice of employees consistently.
Considering the fact that staffing expense represents a large part of the operational
cost, maintaining the efficiency of manning is related to cost and energy saving. The
management of shipping companies is responsible for this matter for the sake of
sustainable competitive advantage.
2.

Economic
2.1

Cost and uncertainties

In the operation phase, to utilize the efficiency measures which need to invest, the
shipping companies due to high Capex, training requirement and uncertainties for
payback may become reluctant (Dewan et al., 2018). For instance, to purchase specific
software for trim optimization, the company first must make sure for the maturity of
the utilized method and the payback period for this investment and then should make
sure that the personnel attains the required competence to work with the software.
In another view, concerns related to uncertainties could be attributed to limited
technology supply chain in some states, lack of trust in the ability to reduce emission
by that measure, as well as operational and hidden costs (Winkel, Bos, & Weddige,
2015).
2.2

Fuel price

The cash flow is one of the most ascertaining factors in cost-benefit analysis for a
project. In the cost-benefit analysis of energy efficiency technologies, the cash flow is
highly dependent on fuel price as major part of operating cost and with fluctuations in
bunker market, the cost-benefit analysis will be involved with high hesitancies. On the
other hand, when fuel price dropped, the shipping companies become reluctant to
deploy energy efficiency measures. With the rise in shipping demand and dropped fuel
price, there is no time for slow steaming or installing fuel saving devices in the dock.
The low fuel price has been one of the main reasons for the ineffectiveness of the
SEEMP after 2013.
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3. Uncertainties in EEOI
In shipping, ship staff are responsible for implementing SEEMP and shore staff are
responsible for planning and monitoring. In monitoring and check stage, there is a very
serious challenge. Energy auditors are limited in the definition of Energy Performance
Indicators (EnPI) and there is just EEOI working as a performance indicator. The
problem is that the EEOI is involved with the high level of uncertainties such as
weather condition, hull roughness, etc. The uncertainties in ship operation due to
differences in working circumstances make obliged the energy consumption observers
to use the rolling average technique to dampen the high fluctuation in EEOI calculated
figures. Due to these uncertainties, the EEOI is not proper PI for technical judgment
and top managers might use it periodically for commercial evaluation. Still, no
appropriate alternative has found to EEOI to formulate ship operation. The SEEMP
that is constructed based on PDCA cycle must be evaluated against a rigid formulated
PI, however, due to lack of this rigidity in EEOI, the SEEMP evaluation weakened
severely and in the result, an escape route for few irresponsible ship operators will be
created.
4. Split incentives
This kind of barrier is well known against energy efficiency in all industrial sectors.
“Split incentive means that the risk or cost of implementing beneficial measures does
not fall on the same party that gets the benefits” (Rialland, Nesheim, Norbeck, &
Rødseth, 2014). The example of tenant, landlord and electricity bill payment is pointed
out in many works of literature to a better interpretation of this barrier. In this case, if
the tenant is supposed to pay for the energy bill and the property owner invests in
energy efficiency, then the reduction in energy bill is in favor of tenant while the
landlord has invested without any increase in rental rate. In opposite, if the landlord is
to pay the bill but the tenant investing in energy reduction, then the landlord has benefit
while the tenant has invested without any reduction in rent rate (Kontovas & Psaraftis,
2016). Translation of the tenant-landlord example is the case of time charter contracts
in maritime. In time charter contracts, the cargo owner is responsible for fuel cost and
in this condition the ship owner has no economic motivation to utilize the energy

36

efficiency measures and this point could be interpreted as a barrier. Furthermore, the
Split incentive is a strong barrier against the implementation of cost-effective
measures, such as Just in Time or virtual arrival (Rehmatulla et al., 2017).
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Chapter 4
4.1

Co2 emission abatement strategies

It has been usual to categorize the variety of measures to reduce maritime emissions
into three major classes: Technological measures, logistic-based (tactical and
operational) measures and market-based measures (MBM) (Psaraftis, 2016). Apart
from these strategies, for the sake of this dissertation, the author with a focus on
operational measures and SEEMP tries to touch the other aspects such as management,
energy rating, economic incentives and regulations to improve energy efficiency.
4.2

Possible solutions to revive the SEEMP

The author believes the following solutions, shown in Figure 7, can revive the SEEMP
and thrive energy efficiency in ship operation phase:

Figure 7: Possible solutions
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4.2.1

Implementing the ISO 50001 concept

In SEEMP and ISO50001 gap analysis, it was mentioned that the SEEMP is a
management plan and to guarantee for effective implementation it must be backed up
by energy management system ashore and this means that the concept of ISO 50001
must be implemented.
Most of the shipping companies have combined the different management systems
(HSEQ: Health, Safety, Environment, and Quality) using the Integrated Management
System (IMS). It could be a correct approach to integrate the energy management
system into IMS and make it HSEEQ (Health, Safety, Environment, Energy, and
Quality). The following combination and hierarchy which is already practiced in some
companies, recommended:

Figure 8: HSEEQ structure
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Integration of different management systems in IMS is beneficial in the harmonization
of the high-level structure of management systems, easier specification of company
policy, more effective planning phase and consistent implementation of IMS
(Kauppila, Härkönen, & Väyrynen, 2015).
Implementing the concepts of ISO 50001, in particular, at operation phase can mitigate
the impacts of SEEMP insufficiencies. For this reason, first, the management structure
must be modified. Creation of independent energy management department in big
companies either under the direct supervision of top management or subsidiary of
HSEEQ department, could be the first step. Defining authorities, responsibilities, the
line of report and communication with other departments are the next steps. Energy
management system at company level and energy management plan (SEEMP) for
onboard application need to be designed. Execution of energy management system
including defining vision and energy policy, performing energy review, designing an
action plan, implementation of the action plan, monitoring, evaluation, and
management review will be performed based in ISO PDCA cycle. Hope that, with this
approach, some insufficiencies in SEEMP such as lack of goal setting and management
review to be diminished and well-designed energy audit scheme and ultimately enough
rigidity to be induced to energy management system.

4.2.2

Ship energy rating

Rating of the ships in term of energy consumption, particularly in operation mode, can
motivate shipping companies to improve their energy efficiency by effective
implementation of SEEMP. While the vessels with higher energy rating could be the
target of charterers, furthermore, shipping companies might receive some financial
incentives from ports, in the result, their operating cost will be reduced and high esteem
will be the outcome for them. With this perception, the competition will be induced in
shipping companies to be more efficient.
Today, all industries are trying to take effective steps towards clean production and
services from the environmental aspect. Of course, this is not a new approach, and
many manufacturers have been pioneering this trend. For example, it can be referred
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to the automotive industry or the electrical equipment manufacturers. Once the
products are finalized, they will be tested for energy consumption, and eventually, they
will be dedicated energy rating labels (ERL).
To achieve a realistic energy rating in shipping there are some complications as follow:


Selection of Key Performance Indicators (KPIs)



Calculation of reference values



Correction to relate the test condition with the reference condition



New ships and existing ships

IMO’s MEPC at its 53rd session in July 2005 adopted the “interim guidelines for
voluntary ship CO2 emissions indexing for use in trials” (Z. Bazari, 2007). Ship energy
rating is not as easy as a car or electrical home appliances; however, the operational
aspects in shipping are highly influencing energy consumption. Ship's hull fouling,
route selection, the human element, and many other factors are substantially effective
in energy consumption.
With considering all of these aspects, the energy rating or benchmarking in shipping
can be divided into two categories (Figure 9):

Figure 9: Ship energy rating category
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1- Benchmarking based on technical aspects, by the focus on sea trial data or
based on EEDI value for new ships.
For new vessels, the benchmarking can simply be done during sea trial or by utilizing
bed test information or in other option by utilizing the EEDI value. For existing
vessels, however, it could be challenging as some margins and corrections factors must
be considered due to the aging of the vessel, hull roughness, etc.
"Right ship" in Australia, has introduced the "Existing Vessel Design Index (EVDI)"
which uses the same concept and formula utilized in EEDI for existing vessels
(Rightship, 2018).
2- Benchmarking based on operational aspects, with the focus on the
consumption during the ship's operation (EEOI).
Benchmarking in operation mode is complicated and to the belief of many experts is
not accurate. The main shipping operation efficiency indicator is EEOI. During recent
years, some indexing criteria like "Clean Shipping Index (CSI)" and "Environmental
Shipping Index (ESI)" have been introduced to shipping for rating vessels in term of
pollutant control and energy efficiency to motivate the shipping companies by offering
monetary incentives such as the discount for port dues or charges. Now, the question
is that whether these indicators such as CSI and ESI can be a fair base for energy rating
of vessels in operation mode.
To answer this question, many experts have debated as opponents and proponents of
these plans. As a step toward improving energy efficiency in shipping, these activities
by private sectors are valuable, however, amongst these criteria, only the EEOI has
been recognized by IMO. In this section, each of these criteria concept and their
drawbacks as a base of benchmarking will be discussed.
4.2.2.1

EEOI

Energy Efficiency Operation Indicator with following formula gives the amount of co2
in gram produced due to the transfer of one ton of cargo for one mile.
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Where:
• j is the fuel type;
• i is the voyage number;
• FCi j is the mass of consumed fuel j at voyage i;
• CFj is the fuel mass to CO2 mass conversion factor for fuel j;
• m cargo is cargo carried (tonnes) or work done (number of TEU or passengers) or
gross tonnes for passenger ships; and
• D is the distance in nautical miles corresponding to the cargo carried or work done
(IMO MEPC.1/Circ.684 & 17 August 2009).
“The EEOI Guidelines are considered to be suitable for implementation within a
company environmental management system” (IMO MEPC.1/Circ.684 & 17 August
2009). This means that EEOI will assist ship owners, ship operators and parties
concerned in the evaluation of the performance of their fleet with regard to CO2
emissions.
EEOI is voluntary in nature and due to the high variability of this figure; technical
interpretation could be inaccurate and unvalued. It can provide a commercial overview
of fleet performance for evaluation used by top managers (IMO, 2016b). The reasons
for the high variability of EEOI can be listed as follows (IMO, 2016b):


Ship size/type
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Cargo level (load)



Ship speed



Length of ballast voyages



Idle and waiting times



Weather and current



Measurement errors

Due to the high variability of EEOI, normally it is calculated by rolling average
technique to smoothen the fluctuations in trend and make it logical and acceptable. For
instance, the value of EEOI for a vessel running in the North Sea during winter could
not be compared even with her sister vessel sailing in the calm sea in a bay. Meanwhile,
nothing in the EEOI formula predicted for fuel quality. Vessel consumption when
consuming fuel with higher LCV is much lower than when consuming fuel with lower
LCV. Furthermore, the hull roughness is a variable that changes continually and its
adverse consequence on fuel consumption is most obvious. Another challenge, for
instance, is the uncertain amount of cargo in the metric ton in container ships.
Considering all these uncertainties, the EEOI cannot be the concept of energy
efficiency benchmarking.
4.2.2.2

ESI

Environmental Ship Index (ESI) is other criteria for energy rating of vessels. ESI is a
program of International Association of Ports and Harbors (IAPH). Founded in 1955,
IAPH is a global alliance of ports, representing today some 180 ports and 140 portrelated organizations/companies in about 90 countries. The member ports together
handle well over 60% of the world's sea-borne trade and nearly 70% of the world
container traffic. It is a non-profit-making and non-governmental organization (NGO)
headquartered in Tokyo, Japan.
Since July 1, 2017, ESI started evaluating performance in the field of CO2. Until then,
only the environmental performance of ships on emissions of the air pollutant (NOx
and SOx) were assessed (environmentalshipindex, 2018).
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ESI SCORE = ESI NOX + ESI SOX + ESI CO2 + OPS (max. 100)
ESI NOx

=

x

2 x NOX sub-points- ranging between 0 and 100 - divided by 3;

ESI SOX

=

y

SOX sub-points- ranging between 0 and 100 - divided by 3;

ESI CO2

=

5

for reporting (every half year) of fuel and distance;
efficiency increase in % is added as points;
total capped at 15;

OPS

= 10

If On-shore Power Supply (OPS) installation is fitted.

ESI CO2
The ESI working procedure in term of energy efficiency is based on historical data
already included in the index. The ESI compares the fuel consumption and the nautical
miles traveled in the past three years (e.g. 2013, 2014, and 2015) to that of the
following year (2016). The ESI Team has selected the principles used in establishing
the Ship EEOI. If relatively, less fuel has been consumed or in other words, if sailing
was more efficient then less CO2 has been emitted and a higher score will be dedicated
to the vessel. Reporting during the 3 year baseline period and an increase in efficiency
in the following year(s) compared to the baseline period, adds to the ESI score as
shown above (environmentalshipindex, 2018).
4.2.2.3

CSI

The Clean Shipping Index (CSI) is a tool to evaluate the environmental performance
of a ship focusing on environmental impact by materials discharged to air and sea and
process onboard ships to abate it with the result of scoring. It was developed by the
Clean Shipping Project, a non-profit making organization in Sweden, to enhance air
and marine pollution from ships, and has now been operated by the Clean Shipping
Network Association consisting of cargo owners.
As the Corporate Social Responsibility (CSR) has considerable growth in different
industries, likewise, the cargo owners select shipping companies with the high score
in the CSI Database, and in the result, shipping companies are increasingly paying
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their attention to improving the scoring of their ships and improve their efficiency
(cleanshippingindex, 2018).
At the request of shipping companies, ClassNK acts as a verifier, according to the
Clean Shipping Index verification Guidelines. The ship owner performs a selfassessment of the ship's environmental performance and then uploads this data into the
Clean Shipping Index Database. Upon the owner's application receipt, the Society
verifies the performance according to the Verification Guidelines and if full
compliance were proven, the Society will then upload the verification result into the
Database and a Certificate of Verification is generated by CSI (classnk, 2018).
Verification
The objective is to verify the environmental performance of ten different types of
ship, by evaluating the environmental impact of the ship's operation in five areas.
(Ship Type)


General Cargo Ships



Oil Tankers



Refrigerated Cargo Ships



Chemical Tankers



Bulk Carriers



Container Carriers



Product Tankers



RoRo+9 Cargo Ships



LPG Carriers



Car Carriers

(Areas)


SOx and Particulate Matter (PM)



NOx



CO2
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Chemicals (Antifouling agents, Stern tube oils, External hydraulic fluids, Gear
oils for thrusters and/or controllable pitch (CP) propellers, Boiler/cooling water
treatments, Cleaning agents, Refrigerants)



Water and wastes (Ballast water, Sewage/black water, Garbage, Sludge oils,
Bilge water)

CO2
CO2 emission is calculated according to the ship type by following either the EEOI
Calculation Guidelines or the CCWG (Clean Cargo Working Group) Guidelines, and
then this data is evaluated. The EEOI is applicable to all types of ships whereas CCWG
Guidelines apply to container ships only (Cleanshippingindex, 2018).
Problem with ESI and CSI
CSI and ESI program has been very successful scheme in the reduction of pollutant
such as SOX and NOX in ports by the great contribution of port authorities as incentive
providers and participating of shipping companies, however, in the belief of the author,
there is some doubt in adopting EEOI as indexing criteria in Co2 part. As the base of
CSI and ESI in the calculation of CO2 emission is on EEOI, and due to the
uncertainties, which discussed in detail at EEOI section before, this figure cannot be a
fair reference for the rating of the vessels. Another withdraw might be referred to
concerns related to the confidentiality of information as shipping companies are
releasing their vessel's operating data. The author at last chapter will recommend an
alternative criterion for Co2 rating.

4.2.3

Market base measure (MBM)

IMO has accepted the MBM as an operative GHG emission abatement scheme. They
follow two aims by MBM in action:
● To encourage shipping companies economically to invest in technologies that are
more efficient and to increase operational efficiency (in sector)
● To propose a scheme to offset emissions out of the shipping industry (out of sector)
(IMO, 2016).
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Considering increasing trend in human population and world trade, the maritime
experts through second GHG study announced that technical and operational measures
deployed for energy efficiency are not enough alone and the combination of MBM
could be unavoidable, however, it is still unpredictable when the MBM will be
enforced and in what procedure and form. Seeking advice from other industrial sectors
having MBM in action or lesson learned from implementation of existing measures
for non-GHG emission like Sox could be very helpful to introduce the MBM in the
shipping industry for Co2 emission abatement (Nikolakaki, 2013).
The slow steaming option can be a good example to see the role of MBM in more
efficient shipping. With the focus on the operational aspect, it could be realized that
with higher fuel price due to imposed charge on fuel, the shipping companies are more
interested in slow steaming. Likewise, at the strategic level, the shipping companies
might order ships, more efficient and with lower speed. In both cases, the role of MBM
is undeniable and the fuel cost saving in this way is kept inside the shipping sector
which is known as "in sector" reduction. In opposite case, the money gained by MBM
could be spent in an outside sector for Co2 reduction what is called "out of sector"
reduction. This is the way to offset emissions out of the shipping industry (Psaraftis,
2016).
Establishment of Monitoring, Reporting, and Verification (MRV) is the first step
toward implementation of MBM. It is clear that an MRV by itself may not lower
emissions, but has a key role for next abatement measures. As the EU MRV and IMO
data collection system (DCS) will be commenced on 2018 and 2019 respectively,
discussion about MBM postponed for the time after stabilization of MRV and DCS
(Psaraftis, 2016).
4.2.4

More regulations and standards in operation phase

After enforcement of energy policies since 2013, the EEDI formula is under
modification and still discussion about that is in progress. In shipbuilding, all experts
collaborating with focus on EEDI figures to reduce it by the high level of research and
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experiments. However, this is not the case for the SEEMP. Since 2013, no
improvement or modification led to more effective SEEMP can be observed. In the
graph shown in Figure 10, from UNFCCC, it could be seen that the maritime experts
have not granted high potential for SEEMP in emission reduction as EEDI potential
(UNFCCC, 2014).

Figure 10: World fleet CO2 level projections
Source: (UNFCCC, 2014).

However, the author believes that by constructive changes in management structure
and by emerging of more regulations in operation phase, the role of SEEMP can be
strengthened in near future. Already the real-time monitoring technology has been
introduced to the shipping and with accompanying by AIS data, it can be the starting
point for application of operational optimization software such as speed optimization,
hull performance measurement, weather routing, trim optimization, etc. ISO 19030
published at end of 2016, was a valuable step toward hull performance measurement.
Just with more maturity of this software package, their application in ship handling
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could be enforced as ship handling software package. Already some well-known
research centers and consultancy companies such as NAPA, CETENA, RINA, and
DNV-GL providing such software package. There is room for discussion about this
software package by shipping experts to unify its content and specify how it can be
applied to new and existing vessels.
In the next chapter, the author recommends a practical way to introduce the new
regulations like the above-mentioned software package for shipping in operation
phase.
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Chapter 5
Self-assessment, a Practical approach for introducing new regulations
Always introducing new regulations to any management system has been
accompanied with different challenges and probably shocks at the starting point. Either
the managers or the operators may not be ready to embrace and implement the new
regulations. Always the idea behind the creation of standards and enactment of the
regulations may not be obvious and clear for everybody at all working levels.
Self-assessment approach can deal with these challenges and introduce the new
regulations to the industries. Self-assessment with its voluntary nature presents
guidelines for managers and operators to assess themselves and diagnose their position
in comparison with the latest improvement in that industry. For more clarification, two
successful application of self-assessment is discussed. Tanker Management SelfAssessment (TMSA) in safety management system and Port Environmental Review
System (PERS)-Self Diagnosis Method (SDM) in environmental management system
have been positive experiences in shipping and port management.
Although the TMSA has remained as a guideline, however, it is a very successful
experience in improving safety in all aspects in tankers and while all oil major
companies were on behind of this approach, it became as a very high-value reference
in tanker safety management. On the other case, the PERS/SDM has become a
requirement for the ports want to be certified by ISO 14001. This means, port
authorities, first become familiar with latest requirements and best practices through
self-diagnosis and try to cope with them, then they will be certified by PERS and can
apply for the ISO14001 certificate (Darbra, Ronza, Casal, Stojanovic, & Wooldridge,
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2004). The author by inspiring from TMSA in safety management system and
PERS/SDM in environmental management system has decided to propose Ship energy
management self-assessment (SEMSA) for improving energy efficiency in shipping.
Ship energy management self-assessment (SEMSA)
The idea of SEMSA has been derived from the TMSA working procedure. Different
aspects of energy efficiency have been considered in eight elements and performance
indicators and best practices have been provided at different levels. The following
objectives could be pursued by SEMSA creation:
-

Review on the managerial structure of ISO50001 and introduce it to shipping

-

Creating awareness and review on requirements regarding human resources

-

Review of legal requirements

-

Review of the latest energy efficiency measures and best practices

-

Inducing fair competition between shipping companies toward energy efficient
shipping

-

As an objective, SEMSA could be utilized by energy rating firms like CSI and
ESI (triple levels in SEMSA elements can be the criteria for energy rating
instead of EEOI)

-

Introduction of the latest technology in the monitoring system

-

Introduction of the new regulation for the operation phase.

The other aspect of SEMSA (Inducing competition in shipping market)
Shipping companies can evaluate themselves by SEMSA and if find themselves in
compliance with its requirements then they can claim the highest level of SEMSA and
effective implementation of SEEMP. This claim can be assessed by external energy
audits and evaluation of energy consumption by EU MRV and IMO DCS programs,
in near future. If their claim proved to be correct, then that company will be the target
of charterers. This stimulates the other companies to improve their energy management
to stand out against market competition. Exactly, same scenario is happening in the
tanker market. Tanker companies claim a high level of TMSA and this claim is
assessed during vetting conducted by oil majors. If the claimed level confirmed in the
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result of vetting inspection then cargo owners (oil majors) will charter the company’s
vessel easily.
The nature of SEMSA is as a guideline, self-assessment, and of course voluntary, but
when a company can get the high level in SEMSA, it becomes highlighted as an energy
efficient shipping line, then the other companies also try to apply in SEMSA
automatically ( same has happened in TMSA). In this way, the voluntary aspect of
SEMSA could be changed to obligatory aspect by the time and all concerns related to
the reluctance in effective implementation of SEEMP will be diminished gradually.
SEMSA is not to reject the MRV or DCS, but it emphasizes on them as evaluating
tools against the implementation of SEEMP. In fact, SEMSA can be called as a lost
link between SEEMP and MRV-DCS.
SEMSA function
SEMSA has been designed in eight ELEMENTS and each element is constructed
based on three levels. In each element and level, related KPIs have been defined and,
the best practices have been presented as well. As shown in Figure 11, a company will
review the requirements and KPIs of level 1 and if found that can meet all of them then
the same procedure will be repeated for level 2 and 3 and if can afford all requirements
and KPIs of Level 3 then that element is completed. The same procedure will be
repeated for the other elements and a company and vessel at the third level of each
element could be interpreted as energy efficient ship.

53

Figure 11: SEMSA working mechanism
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SEMSA ELEMENTS
SEMSA elements cover all aspects of the shipping, where there is the opportunity to
work actively on energy efficiency. These elements are divided into the following
category:
ELEMENT 1: MANAGEMENT
ELEMENT 2: HUMAN RESOURCE
ELEMENT 3: REGULATION COMPLIANCE
ELEMENT 4: MONITORING & PERFORMANCE MANAGEMENT
ELEMENT 5: SHIP HANDLING
ELEMENT 6: HULL & PROPELLER
ELEMENT 7: MACHINERY
ELEMENT 8: ENERGY AUDIT
Each element includes three levels with different requirements, commensurate to the
vessels and companies in the different level of energy efficiency. Level 1 includes the
minimum requirements and level 3 is the highest standard.
Generally, there are two categories of reduction measures in energy efficiency:
operational and technical measures. Author could achieve to a comprehensive category
of measures, which is the result of reviewing of different references as follows:
(Stevens et al., 2015), (Rehmatulla et al., 2017), (Bouman et al., 2017), (Hooijmans,
Holtrop, Windt, Bosschers, & Zondervan, 2010), (IMO, 2016a) and more. DNV.GL
through a study on behalf of IMO categorizes the energy efficiency measures and
specify the uncertainty level in percentage for each measure and also their reduction
potential and implementation costs (IMO, 2016a).
Figure 12 includes a summary of SEMSA ELEMENTS and its content. As it can be
observed, the author has categorized the energy efficiency measures in ELEMENTS
4, 5, 6, and 7.
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Figure 12: Summary of SEMSA elements
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Differences between SEEMP and SEMSA

-

SEMSA includes managerial aspects in particular for shore management and
tries to integrate the ISO 50001 concept in energy management to create a
comprehensive ship-shore energy management, while the SEEMP is just about
shipboard energy plan.

-

While the SEEMP is for an individual ship, SEMSA is general self-assessment
and guideline for all ships and companies.

-

While the SEEMP is a flat guideline, SEMSA has been designed in three levels
so that the companies and vessels can find their current level, realize the next
step for improvement and motivated to achieve the highest level.

-

While the SEEMP includes straightforward guideline about reduction methods
without instruction to achieve them, SEMSA somehow can present tips to
achieve the reduction measures and methods.

-

In contrast to the SEEMP, SEMSA has a special emphasis on energy audit and
presents the process to conduct the energy audit.

-

New improvements, innovative reduction methods and techniques can be added
at the third level of SEMSA in related ELEMENT and in this way become
highlighted, as new requirement needs to be achieved by vessels and companies.
Adding some point to the SEEMP for each vessel could be difficult and may be
ignored simply.

-

SEMSA is able to induce the competition between shipping companies to
achieve the highest level of efficiency and can be a fair criterion for vessel
rating. In contrast, the SEEMP is a piece of paper that all vessels have it without
much motivation for improvement.
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Chapter 6
SEMSA ELEMENTS
In this chapter, SEMSA elements are introduced and explained and each element
matrix is given in the appendix.
ELEMENT 1: MANAGEMENT

ELEMENT 1- MANAGEMENT
1A – Energy management structure
Includes guidelines about company organizational structure to comply with ISO
50001. This necessitates the formation of energy management department and
further the research and development group if practicable. Meanwhile, the relation
and connectivity between this department and other parts of the company are
emphasized.
Objective
To reach a robust organizational structure with respect to energy management.
1B- Energy management execution
Includes guidelines regarding the execution of energy management system at the
company level and SEEMP onboard vessels.
Objective
To make sure that the company energy management system and SEEMP for ships
established, implemented, maintained and improved consistently.
1C- Management of changes
Includes guidelines to confront possible changes in the company. These changes
could be in equipment, personnel, operating condition, procedures in EnMS and
SEEMP, regulations related to energy and finally outsourcing the management
(change of management).
Objective
To make sure that preset procedures are in place in each case of change and
organization can pass the transient period securely and with minimum cost.
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The necessity of energy management system (EnMS)
Nowadays, the shipping companies are managed by the combination of management
systems including health, safety, environmental and quality management systems
(HSEQ) which forming Integrated Management System (IMS). After enforcement of
SEEMP in 2013, all the attention was paid to the SEEMP; however, over time it could
be realized that it has not been effective as expected. Therefore, it feels the need for
creation of company EnMS so that can be integrated by shipboard SEEMP to construct
a comprehensive ship-shore energy management and improve the energy efficiency.
In this way, some insufficiencies in SEEMP such as lack of goal setting and
management review will be diminished and well-designed energy audit scheme and
ultimately enough rigidity will be induced to energy management system. The best
option could be the integrating of EnMS in IMS and make it HSEEQ.
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ISO 50001
To create EnMS at the company level, the ISO 50001 could be the best choice.
Establishment of ISO 50001 EnMS in a shipping company to a high extent could
bridge the gaps between SEEMP and ISM code and gaps between SEEMP and ISO
50001. These gaps have been analyzed in detail in chapter 3. Therefore, all
requirements for constructing an ISO structure must be provided. All the steps and
requirements needed for implementation of ISO 50001 are given through the
ELEMENT1 matrices in the appendix.
ELEMENT 2: HUMAN RESOURCE

ELEMENT 2- HUMAN RESOURCE
2A – shore staff
Includes guidelines about management of personnel at the office with considering
the condition of recruitment, training, verification, and encouragement.
Objective
To make sure that all shore base employees have the necessary competencies and
are aware of company energy policy, committed and encouraged to move toward
implementation and improvement of EnMS.
2B- seafarers
Includes guidelines regarding management of seafarers with considering
competencies, MLC requirements, training, and verification.
Objective
To make sure that ship staff is competent, familiar with SEEMP, and committed to
implement and improve it.

Human resource importance
The human element has an undeniable role in energy efficiency. The footprint of the
human element in all steps of energy management on the ship and ashore could be
observed. Designing of efficiency measures and its feasibility studies by R&D
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department, monitoring, and management of fuel consumption by energy team ashore
and operation of energy consumers and efficiency measures onboard, all showing the
importance of human element in energy management. The manager should identify
the required skills and likewise required training for different ranks onboard ships and
ashore. Meanwhile, a manager should know the way to motivate the personnel under
his supervision and create a proper channel to hear the voice of employees consistently.
The matrices of this element about shore staff and seafarers are given in appendix.
ELEMENT 3: REGULATION COMPLIANCE & VOLUNTARY
PARTICIPATION

ELEMENT 3- REGULATION COMPLIANCE- VOLUNTARY
PARTICIPATION
This element includes information about current regulatory framework regarding
energy efficiency and available optional energy indexing, rating and standard.
Objective

To provide energy efficiency regulation and document inventory.

Energy efficiency Regulation and document inventory


International Energy Efficiency Certificate (IEEC) (MARPOL Annex VI,
regulation 6)



Bunker Delivery Note (BDN) and Representative Sample (MARPOL Annex
VI, regulations 18.6 and 18.8.1)



EEDI Technical File for ships falling into one or more of the categories in
MARPOL Annex VI, regulations 2.25 to 2.35.(for ships keel laid on or after 1st
January 2013) (MARPOL Annex VI, regulation 20)



Ship Energy Efficiency Management Plan (SEEMP) for ships of 400 gross
tonnages and above (MARPOL Annex VI, regulation 22; MEPC.1/Circ.795)



Record Book of Engine Parameters



EU MRV MONITORING PLAN

61



SEEMP PART II to comply with IMO Data Collection System (DCS)

(IMO, 2017)
Voluntary indexing, rating, and standards


Environmental Shipping Index (ESI)



Clean Shipping Index (CSI)



Rightship (EVDI)



Green award



ISO 50001

This element matrix is given in appendix.
ELEMENT 4: MONITORING & PERFORMANCE MANAGEMENT

ELEMENT 4- MONITORING & PERFORMANCE MANAGEMENT
This element includes guidelines about performance monitoring system, its
requirements, and maintenance.
Objective

To reach a comprehensive monitoring system, which could be the base of fuel
consumption and Co2 emission calculation and the base for the function of
operational efficiency measures (software).

It could be said that efficiency enhancement in each system is the synonym to
performance monitoring; in other word improvements in efficiency without an
enhanced monitoring system, accompanying with accredited data is something
impossible. The increasing rate of advancement in communication and information
technology, encourage different industrial sectors to exploit this potential and utilized
it in their efficiency improvement track. In this way, Maritime transportation also must
deploy these technologies to compete with advancement in other transportation sectors
like aviation. IMO, through MEPC 69 in April 2016 approved obligatory requirements
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for ships to report their fuel consumption, which is the first of the three-phase approach
to derive a standardized measure for energy efficiency tracking of marine vessels
(IMO, 2016; Chi, Pedrielli, Ng, Kister, & Bressan, 2018). IMO through the Data
Collection System (DCS), emphasizes verification of the collected fuel consumption
data toward energy efficiency improvement (Chi et al., 2018).
One of the greatest achievement in maritime performance monitoring could be the
utilization of a real-time monitoring system. Real-time monitoring might be called the
base for maritime digitalization, and most operational efficiency measures like speed
optimization software, hull performance measurement software are working based on
data obtained by this system. Wang, Yan, Yuan, and Li, during their research,
proposed the application of real-time monitoring data for speed optimization by
utilizing wavelet neural network for prediction of navigation environmental factors
(Wang, Yan, Yuan, & Li, 2016).
Data from the Automated Identification System (AIS) has a complementary role for
real-time monitoring data. The AIS data has been used for bottom-up and top-down
approaches in IMO GHG studies. Chi et al. highlighted the advantages of real-time
monitoring as follows:
-

Improvement in the reduction of uncertainties involved with EEOI and make
it Real Time-EEOI (RT-EEOI).

-

lessen onboard data collection and monitoring

-

shipping companies can use it to benchmark the energy consumption and
efficiency of their fleet in real time

-

it can be a tool in hand of port authorities to detect in real time inefficient
behaviors and take proper action

-

globally, it can highlight efficient routes in real time

(Chi et al., 2018).

Performance monitoring may consist of following systems and equipment:
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Table 2: monitoring and performance management system and equipment

This element matrix is given in appendix.
ELEMENT 5: SHIP HANDLING

ELEMENT 5- SHIP HANDLING
5A- SHIP HANDLING
This element includes operational measures and techniques for more efficient shipping.
Objective
Familiarization with practical efficiency measures to improve efficiency in the
operation phase.
5B- SLOW STEAMING
Includes guideline for preparation to implement slow steaming onboard company’s
vessels.
Objective
Identifying the effect of slow steaming as an operational measure in energy efficiency
and company economy.
5C- HULL CLEANING & PROPELLER POLISHING
Includes information about hull performance monitoring and hull cleaning.
Objective
Identifying the effect of hull and propeller cleaning as an operational measure of energy
efficiency.
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Operational energy efficiency measures can be listed as follows:

Table 3: Ship-handling measures

Some of these measures like weather routing, trim optimization, and speed
optimization may need to deploy special software onboard in collaboration with
navigation equipment and monitoring system. However, the other measures like slow
steaming, just in time and reducing the ballast leg referred to company strategy and
the ability of operation and chartering departments in collaboration with other
stakeholders like ports and charterers to implement them. The result of studies shows
that the most efficient operational measures are slow steaming, weather routing and
periodical cleaning of hull and propeller (Jensen et al., 2018).

Weather routing
There are many works of literature containing different algorithms for application of
weather routing. Weather routing means offering the best route for a ship based on the
existing weather forecasts, minimum fuel consumption, and special ship requirement.
The offered route is the safest and most economical route to pass a specific area. Ship
routing is a dynamic, multi-objective and non-linear optimization with its own
constraints (Veneti, Makrygiorgos, Konstantopoulos, Pantziou, & Vetsikas, 2017).
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Ship routing is a part of modern electronic chart display and information systems
(ECDIS) under integrated bridge systems (IBS) and that help to achieve weather
forecasts from various commercial providers (Anschütz, 2009). "The NavTex message
system is also an integrated part of IBSs and transmits urgent marine safety
information (i.e. weather forecasts, weather-related navigation warnings, search and
rescue notices, etc.) among ships and shore-based authorities" (Perera & Soares, 2017).
Cost of implementation and reduction potential
The cost for employing the weather routing system is estimated in average 15000 US$
per ship with 3000US$ annual operational cost for software update and provision of
the weather forecast. A potential for fuel consumption reduction between 0-5 percent
could be expected (IMO, 2016a).

Trim optimization

Trim optimization is one of the easiest and cheapest operational measures to improve
efficiency. FORCE Technology is a leading consultant in the trim optimization.
According to them, only three parameters are necessary to make optimum trim
suggestions. These parameters are Draught forward and aft (typically taken from the
ship loading computer) and the planned speed based on route planning (Reichel,
Minchev, & Larsen, 2014). DNV also has provided this software (ECO-Assistant).
Positive effects of trim optimization on ship resistance and propulsion system are as
follows (Marifuture, 2017):


Reduction in wave resistance



Reduction in wetted surfaces and thereby the frictional resistance.



Reduction in form resistance due to transom submergence



Improvement in various propulsion coefficients including i) Resistance
coefficients ii) Thrust deduction iii) Wake fraction



Improvement in propulsive efficiencies including i) Relative rotative
efficiency. ii) Propeller efficiency
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Cost of implementation and reduction potential
Cost of software with providing required training for operators can be estimated
15000-75000US$ depending on trimming system complication. The fuel consumption
reduction has been estimated 0.5 to 3 % and may be up to 5 % for vessels with partial
loadings like container and Ro-Ro ships (IMO, 2016a).

Speed optimization
The importance of optimal speed could be more recognized with referring to the cubic
rule that the bunker consumption is proportional to the cube of the speed. There are
considerable literature and methods containing various algorithms in speed
optimization. For instance, Wang, Yan, Yuan, and Li, have designed the speed
optimization algorithm based on real-time energy efficiency model by using wavelet
neural network (WNN) (Wang, Yan, Yuan, & Li, 2016). Psaraftis and Kontovas have
investigated available models that define the vessel speed as a decision-making
variable and showed the potential for improvement in ship energy efficiency by speed
optimization (Psaraftis & Kontovas, 2013). “The tests of speed strategies conducted
on the Statoil instances show savings of up to 25% in fuel consumption without fleet
size increase” (Norlund & Gribkovskaia, 2013).

Slow steaming
Following factors may lead to thriving the slow steaming scheme: 1) oversupply of
shipping capacity, 2) rise in fuel price and 3) environmental concerns. On the other
hand, the negative aspect of slow steaming referred to more operation cost excluding
main engine fuel costs, such as crew wage, auxiliary engine fuel consumption, supply
and fresh water (Yin, Fan, Yang, & Li, 2017). Meanwhile, to adopt the main engine
for slow steaming in very low speed the following modification in engine and
economizer may be needed: Retrofitting of slide valves and alpha lubricators, sonic
cleaning devices (for economizer), supply of slow steaming nozzles and auxiliary
blower motors (Armstrong, 2013). The committed companies may try to allocate a part
of their fleet capacity for slow steaming. In this case, they order new ship with lower
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design speed to be permanent just for slow steaming voyages or retrofit the existing
vessels by abovementioned modifications and in addition retrofit in the bulbous bow
and changing the propeller as well.
The slow steaming not always reducing the operation cost, however, the solution can
be the speed optimization, which is a trade-off between Co2 emission (main engine
fuel cost) reduction and operation cost other than main engine fuel cost.

operation cost
excluding main
engine fuel cost

main engine
fuel cost

Figure 13: Slow steaming trade-off

As the gap between SEEMP and ISO50001 analyzed in chapter 2, the lack of
restriction in SEEMP may lead to operational efficiency measures like slow steaming
to be forgotten when shipping demand increased or fuel price dropped. In this
situation, the lack of regulation related to shipping speed could be realized. This
conclusion from the author is supported by the report from CE Delft: “In order to
effectively reducing emissions, speed regulations have to be mandatory and there has
to be an enforcement system that deters ships from not complying” (Faber, Huigen, &
Nelissen, 2017).
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Hull cleaning- propeller polishing

Hull cleaning in two aspects is an essential efficiency measure: first due to its high
potential for emission reduction and second due to high emphasis that shipping
companies put on this measure. The rate of hull fouling depends on ship speed,
anchorage period and water temperature (Adland, Cariou, Jia, & Wolff, 2018). The
result of studies shows that periodic hull cleaning leads to fuel consumption reduction
by 9% and hull cleaning in the dry dock has much more effect on fuel consumption
reduction by 17%. Another finding is that the effect of hull cleaning is more obvious
in laden passages. Yearly energy loss due to hull fouling has been estimated at about
9% on average according to the third IMO GHG study (Adland et al., 2018).
Hull performance monitoring is one of the main challenges. Recently, valuable studies
conducted to measure the hull performance and these efforts finally led to the creation
of ISO 19030 at end of 2016. This ISO structure offers methods for measurement of
hull performance. For accurate results, sensors must measure a set of variables
(Hagestuen, Lund, & Gonzalez, 2016). These variables are listed in the following
table:

Table 4: Recommended sensor requirements
Source: (Hagestuen et al., 2016)
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ISO 19030 defines four performance indicators (Søyland & Oftedahl, 2016):


In-service performance: refers to the gradual drop in hull and propeller
performance during interval period to next docking in comparison with the
performance over the first year following the recent docking.



Drydocking performance: By comparison of hull and propeller performance
before and after of recent docking with the results from the previous docking,
the effectiveness of the docking will be discovered.



Maintenance trigger: Hull and propeller performance immediately after drydocking assumed as the baseline and the performance at a point in time in the
interval to next docking will be compared to this baseline. In this manner, the
operator understands the time when hull and propeller maintenance (cleaning)
is needed.



Maintenance effect: To compare the hull and propeller performance before and
after the maintenance event to unfold the effectiveness of maintenance
(cleaning).

The matrices related to this element is given in appendix.

ELEMENT 6: HULL & PROPELLER

ELEMENT 6- HULL & PROPELLER
HULL & PROPELLER
This element includes a review of technical measures applicable for hull and
propeller by either installation or modification.
Objective
Familiarization with the possible technical method to improve energy efficiency.

The technical efficiency measures related to the hull and propeller can be listed as
follows:
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Table 5: Hull and propeller technical measures

Proposing these measures for installation on hull and propeller or related modification
jobs, necessitate high experimental studies and model test or CFD simulation. In
contrast to operational measures with no or minimum cost, the technical measure
projects impose the cost on ship owners, that is why the financial feasibility study is
crucial. Results of different studies shows that employing of single measure from
above list is not sufficient for considerable reduction, however finding the successful
combination of reduction measures is challenging and need to in detail studies to make
sure adaptation of these measures and avoid counteracting of them (Bouman, Lindstad,
Rialland, & Strømman, 2017). The statistical review of technical measures shows that
a few of them are deployed by the high proportion of companies. In view of ship
design, the bulbous bow has the highest implementation and in term of hydrodynamic,
the pre/post swirl devices are the measure with the highest deployment. Another
finding is that the measures with the highest implementation have the low reduction
potential (Rehmatulla, Calleya, & Smith, 2017). “Hull design measures focus
primarily on utilizing economies of scale and reducing resistance during operation”
(Bouman et al., 2017).
This element matrix is given in appendix.
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ELEMENT 7: MACHINERY

ELEMENT 7- MACHINERY
MACHINERY
This element includes the list of machinery need to energy efficiency consideration.
Objective
Familiarization with machinery with high potential for energy consumption
reduction and related managerial consideration.

The technical efficiency measures related to the machinery can be listed as follows:

Table 6: Machinery technical measures

In most of the machinery in above list, the application of efficiency measures and
modification will not lead to a very different feature of that machinery, However, for
instance by de-rating an engine, it becomes another engine with different features, less
power, and less design speed. In economic aspect, implementation of these measures
imposes the cost on ship owners. On the other hand, while the implementation of some
measures will lead to guaranteed payback, in some cases there may be some
uncertainties. Considering all these factors, the shipping company must follow specific
energy efficiency strategy accompanying with in detail financial and technical
feasibility studies.
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Most of these measures refer to the design of machinery, which is complicated, and
necessitate high technical and scientific skills what is normally out of company
employee's expertise. Here, the role of Provider Companies becomes highlighted. In
machinery like engine and boiler, which are the significant energy users (SEU)
onboard, the makers always have energy efficiency objectives in their policy and the
efficiency improvement can be seen in the new generation of their products. That is
why they are the best option to modify their old products.
This element matrix is given in appendix.
ELEMENT 8: ENERGY AUDIT

ELEMENT 8- ENERGY AUDIT
8A- INTERNAL ENERGY AUDIT
Includes guideline about planning and implementing the internal energy audit, areas
to be audited, audit reporting and management review.
Objective
Familiarization with internal energy audit scheme.
8B- EXTERNAL ENERGY AUDIT
Includes guideline regarding the ISO 50001 external energy audit scope,
requirements and procedures.
Objective
Familiarization with ISO 50001 certification procedure.

One of the main reasons led to the ineffectiveness of the SEEMP is the absence of a
standardized energy audit system (Johnson, Johansson, Andersson, & Södahl, 2013).
The energy audit process for a shipping company could be divided into two part:
1- External audit (head office and EnMS) by ISO 50001 auditor for company
certification (every 3 years). Depend on certification body, they may ask
energy review (energy audit) onboard of individual ships from a fleet.
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2- Internal audit (Onboard vessel and SEEMP) by company energy auditor for
implementation of audit plan (based on audit schedule). Internal energy auditor
implements onboard audit in harmonized and pre-planned intervals.
Internal energy audit
With considering the company energy policy regarding the time interval between
audits of a vessel, the audit plan is prepared and according to the time schedule
implemented. Based on the audit schedule and number of vessels, energy management
department employs enough number of energy auditors. Internal energy auditors,
which are normally experienced marine engineers, are recommended to pass ISO
19011, ISO 50001 and management courses. They should possess positive personal
attributes and realize audit ethics, principals, and methods, along with extended
experience through conducting audits.
An onboard energy audit can be designed against the SEEMP manual contents. The
company must prepare an energy audit checklist for each class of fleet vessels. The
checklist can be about the following subject:


Cargo handling



Hull & propeller



Machinery & equipment



Operational measures



Accommodation



Human resource & training

The following system of machinery could be audited:


The main engine control system





Fuel oil/diesel oil system

including



HVAC system

water/condensate system



Lighting system
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Boiler/EGB

and



Cooling system



Compressed air system

accessories
steam/feed

External energy audit
Objective: Accreditation of shipping company energy management systems (EnMS)
against the recognized international standard for an EnMS (ISO 50001).
A shipping company may apply for ISO 50001 due to the following benefits:


Improved management of energy



Reduced emission



Legal compliance



Improved company economy due to the reduction in operation cost



Improved competition capacity in chartering market



High esteem and positive image for the company



Engages stakeholders and can attract ethical investment



Improve corporate social responsibility and promote sustainability

A shipping company must make a sure effective establishment of "Energy
Management System" prior to request external energy audit to achieve ISO 50001
certificate. The ISO 50001 auditor may request the managers to demonstrate the
following items:


Energy policy



Appointment of personnel for EnMS (Energy Management Department)



Energy review



Identification of Significant Energy Users (SEUs)



Legal compliance



Identification of compliance requirements



Set of objectives and targets



The prepared action plan to achieve objectives and targets



Training matrix and the strategy to implement it



List of interested parties (stakeholders) and their interests



Purchasing policy and list of vendors and outsourcing firms



Monitoring and measurement plan and list of KPIs
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Periodical reports including evaluation of results by KPIs and deviation outcomes



Internal audit reports including NCs, corrective actions, and root cause analysis



A review of the Energy Management System

A pre-assessment audit, which is optional, could be recommended for companies to
identify weak points and gaps in their energy management system. This can be done
by an auditor from an accredited certification body or by consultancy firms.
Furthermore, developing an ISO 50001 checklist can be very helpful to guide
employees and highlight the essential areas.
The matrices related to this element is given in appendix.
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Chapter 7

Conclusion
Today, for managing, launching and expanding all industries, the global
warming, climate change crisis, and its implications are definitely considered,
and shipping is no exception. Although shipping has been exempted from the
emission deterrent protocols and agreements, IMO has taken relatively
effective steps in this regard. IMO's approvals for energy efficiency since 2013
are SEEMP and EEDI.
This dissertation has been designed to focus on the energy efficiency of the
ship in operation, to identify the insufficiencies in the SEEMP, and to devise
solutions; in the result, the issues such as EEDI, alternative fuels, and
renewable energy sources are out of the discussion. SEEMP executive
barriers were scrutinized and it is unfolded that the barriers mostly are rooted
in managerial failure and lack of rigidity and obligation in operation phase.
Corresponding to the barriers, the following solutions presented: management
modification, enacting more regulation for ship operation, vessels energy
rating, and MBM. The first two solutions are the base for fundamental changes
in energy efficiency and this is achievable by adopting ISO 50001 in
management structure and the emergence of new rules in operation phase.
Ships energy rating and MBM program, with incentive and deterrent approach,
can follow these fundamental changes.
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The author presents SEMSA to introduce ISO 50001 in management structure
and to put emphasis on energy audit and operational reduction measures to
high light the necessity of more regulations in operation. At the end a regulation
package covering the managerial and operational aspects recommended by
the author.
Discussion
Barriers against effective implementation of SEEMP discussed in chapter 3, and
possible solutions presented in chapter 4. These solutions include management
modification, ship energy rating, market based measures and enacting more
regulations in the operation phase. Now, the question is that, among these solutions,
how the priority could be defined.
1- The author believes that constructive changes in management structure and
implementing the ISO 50001 concept could be at first priority. This can be due
to the least cost and most outcome.
2- The second priority could be dedicated to the regulation of ship operation.
Lack of obligatory aspect in SEEMP has led to a reluctant movement toward
taking energy efficiency measures by companies. This unrestricted
atmosphere must be compensated by emerging operational rules.
3- If the energy indexing firms can find suitable criteria instead of EEOI for
rating, then the ship energy rating can be very stimulating scheme to
encourage the shipping companies toward energy efficiency. The author
believes that the SEMSA structure presented in this dissertation could be an
effective criterion and good alternative for EEOI for energy rating. This means
the indexing firms like CSI and ESI, verify the vessel and company whether
they have ISO 50001 certificate, slow steaming consideration, real-time
monitoring system and ship handling software package with evidence to use
them continuously, then recognize the specific vessel in the highest level of
energy efficiency.
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4- The author believes that the MBM must be applied at the last stage. The
recommended operational regulations must be enacted in advance relative to
MBM.

Figure 14: Priority of recommended solutions

Recommendations

The main aim of this dissertation is to recommend a set of regulation to create more
obligation in SEEMP and improve energy efficiency. All discussion about barriers,
solutions, and introduction of SEMSA was in direction of concluding such a set of
regulation. The recommended set of regulation could be included as follows:
Managerial and strategic level
•

Enforcement of ISO50001 for shipping companies

•

Speed regulation in direction of slow steaming considerations

Software package
•

Real time monitoring system and software

•

Hull performance measurement software

•

Weather routing software

•

Trim optimization software

•

Speed optimization software

All of above recommended measures are at level 3 of SEMSA elements.
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The author recommends to IMO for enforcing the aforementioned set of regulations,
which is not something new for shipping, but considering the 2050 strategy for 50%
reduction in shipping emission, it is the time to take it seriously. There has been some
proposal about speed regulation and ISO 50001 in shipping and many vessels already
utilizing software such as weather routing, real-time monitoring, etc. Meanwhile, IMO
can allocate incentive set for vessels and companies comply with these new
regulations.
In addition, following recommendation presented:
Field

Recommendation


Recommended to IMO to oblige the flag states to supervise and
confirm the contents of the SEEMP.

SEEMP



Intertanko has provided Tanker Energy Efficiency Management
Plan (TEEMP) as a guideline to provide SEEMP for tankers. Other
types of vessels like bulk carriers and container ships can perform
the same practice.



Recommended to IMO to create a database of seafarers resume,
records, qualifications, and certificates, in access of member states.



Recommended to IMO to create a database of manning agencies.



Recommended to IMO for strict supervision on training centers and

Human
resource

certification authorities. Energy efficiency subject to be added to all
ranks training courses.


Recommended to IMO to include energy efficiency subject into
compulsory STCW courses.

Recommended to indexing firms like CSI and ESI to change the Co2
(fuel consumption) rating criteria from EEOI to the recommended set of
Energy
rating

regulations or SEMSA levels. Meanwhile, this can be a way to escape
from EEOI calculations and data reporting complications. They have to
make sure that vessels equipped with the ship handling software
package, utilize them actively and continuously.
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APPENDIX A

Ship Energy Management Self-Assessment

All assessment matrices related to SEMSA ELEMENTS are gathered in this appendix. These
matrices are designed in three level and normally it is started at first level by minimum
requirements and managerial fundamental like policy and vision and gradually changes to the
ability of companies in management, feasibility study, communication, implementation and
review. The highest standards, desired values and new recommended requirements are located
at third level.
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ENERGY MANAGEMENT STRUCTURE
1A

STAGE

AIM: Top management establishes the company structure taking into account the requirements
of ISO 50001.

KEY PERFORMANCE INDICATOR

BEST PRACTICE

Company energy policy has been developed
and top management commitment to energy
efficiency can be observed clearly in energy
policy and mission of the company.

Energy policy contains medium and longterm goals, which can be achieved by
continuous improvement through ISO
approach.

1
All managers onboard and onshore fully Managers give clear direction by
understand and support the concepts of communicating with shipboard and onshore
energy management system.
personnel, to promote the energy
management system.
Top management implements the concept of Company energy management system and
ISO 50001.
SEEMP for all individual vessels are prepared.
Energy management department has been Top management has assigned the
established.
management representative as head of
energy management department. Other
employees in this department such as
auditors, secretary, and IT experts have been
selected commensurate with fleet vessels
number and their responsibilities and
authorities have been assigned to them.
2
Energy management department is an Energy management department either is
independent unit under direct supervision of fully independent or can be part of HSEEQ
top management.
department, but in both case is independent
of any other department and under the direct
supervision of the top manager.
Enough resources (human resource (auditors
and IT experts), financial and training) has
been allocated to energy management
department.
Either R&D department is in place or same
energy management department has extra
activities and studies to fulfill the R&D
requirements related to energy efficiency.
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Feasibility study for incoming energy
efficiency projects is carried out precisely.
Company potential to deploy new innovative
plans is evaluated and identified.

Energy management system has been The HSEEQ has been established and the
integrated in Integrated Management System energy manager is under the direct
(IMS).
supervision of the top manager through
HSEEQ director.
Energy management department is held Energy manager reports the results to top
accountable for achieving energy-related management and is able to justify and
objectives.
interpret the trends.

3
Energy management department under the
direct supervision of top management
conducts an effective interaction with
shipboard
management
and
other
departments such as technical, human
resource, and operation.
The company has been certified by ISO 50001.
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Energy department auditors are in contact
with masters and chief engineers in one hand
and with technical superintendents and
operation department on the other hand.

ENERGY MANAGEMENT EXECUTION
1B

STAGE

AIM: Company has reached to a comprehensive ship-shore energy management based on ISO
50001.

KEY PERFORMANCE INDICATOR

BEST PRACTICE

Energy policy is part of company Energy policy is documented and contains objectives and
policy.
targets.

1

2

Top management is committed to
establish and implement company
energy management system based
on ISO 50001.

All senior managers in head office are familiar with their
duties, authorities, and accountabilities regarding EnMS
and furthermore, a line of communication between
different departments has been defined.

Individual SEEMP manual has been SEEMP has been integrated with EnMS and all ship crew;
prepared for all vessels.
in particular, key personnel is familiar with their ship's
SEEMP.
Company EnMS and SEEMP
Plan (designing an action plan):
onboard vessels are operational
 energy review including the study of the current
based on PDCA cycle and ISO
condition of the company and specific vessels in term
50001.
of fuel consumption and also investigating what
efficiency measures are being utilized currently.
 Training requirements related to Energy efficiency
for seafarers and shore base employees identified
and training matrix has been prepared.
 Communication policy including communication
between departments at head office, ship-shore
communication, the line of the report and
emergency line of communication has been defined.
 Monitoring and data collection method have been
identified.
 Energy audit plan has been prepared.
 Responsibilities and authorities of all personnel
onboard and at the office have been specified.
 Measurement plan and verification methods during
conducting audit have been specified.
 Procurement policy is in place.
 Energy performance indicators (EnPI) are set and
documented.
 Comments from last SEEMP and company EnMS
review and corrective actions are documented and
are considered in planning.
 Results of R&D studies and feasibility studies are
documented and considered.
Do (implementation):
 The prepared action plan is implemented
consistently.
 Energy efficiency awareness is promoted onboard
and ashore.
 Documentation is carried out precisely.
84





Data collection is carried out base on a
predetermined method (noon report or real-time
monitoring).
Research and development studies for new energy
efficiency projects are in progress.
the proper action is taken regarding fuel treatment
considering the fuel analysis report released by the
laboratory.

Check (monitoring):
 Analysis of collected data is in progress consistently.
 The audit plan is implemented precisely.
 SEEMP meet the ISO 50001 requirements.
 Root cause analysis for any non-conformity is carried
out and related corrective/preventive action is taken
and documented.
 All documents related to energy are under
continuous monitoring.
 Fuel analysis report is available and the fuel
properties are monitored continuously.
Act (management review):
 Top management reviews company EnMS and
energy management department review SEEMPs.
 EnPIs revision and modification are carried out if
necessary.
 The effectiveness of EnMS and SEEMP to reach
objectives and targets is evaluated.
 The effectiveness of corrective/preventive actions is
evaluated.
 Necessary changes to allocate resources like human
resource and financial resources are applied. For
instance, more budget for R&D studies or more
energy auditors for the energy management
department is dedicated.
Top
management
integrated All personnel onboard and ashore understand and
corporate social responsibility (CSR) strongly support the concept of energy efficiency to
in company management system.
reduce the social impacts.

3

The result of the accurate Transparency is at a high level in the company and all
implementation of EnMS in the EnMS and SEEMP procedures are in place effectively.
company and SEEMP onboard can
be observed in the company's
economy and credit. The company
is the target of charterers.
Top management has a specific Energy management department has a special emphasis
mechanism
to
verify
the on monitoring, data collection, and analysis, reporting,
effectiveness of key elements in and documentation.
EnMS and SEEMP.
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MANAGEMENT OF CHANGES
1C

STAGE

AIM: Company can stand in the track of energy efficiency in case of significant changes

KEY PERFORMANCE INDICATOR

BEST PRACTICE

Energy management department has a Energy management system includes procedures
process for management of changes.
regarding outsourcing of management. These
procedures emphasize terms and conditions
related to energy which must be available in the
contract.

1

Energy management department conducts
in detail feasibility study and risk
assessment before introducing any
changes.

The interaction between new E.E. devices with
other components is investigated. For instance, if
the company intend to derate the engine in favor
of slow steaming, then they have to change the
design of the bulbous bow and propeller because
the design speed has been changed.

The reason for any change and its The authority who has raised the reason for the
implications have been studied and change and the one who has conducted the
documented.
preliminary studies and the one who has
approved the final decision are identified and all
related documents are archived for later
investigation and reference.

Required training to adapt to new changes The company conducts courses and
has been identified.
communicate with involved personnel to raise
awareness and facilitate the adoption of new
changes.
The company has specific procedures for Ship's key personnel have a briefing session with
change of crew and personnel onboard and superintendent and energy management
ashore.
department before joining the ship. Procedure
for crew handing over is in place.

2

After any significant change in technical Instruction manuals, drawings, procedures and
equipment, related documents are updated technical data sheets are updated and approved
and modified.
by class after any significant change and the class
survey report is attached.

Company investigates the results and Energy management department refers to best
consequences of similar changes in other practices and communicates with other
companies.
companies to seek their experiences.
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The company has an annual review of the Internal energy audits and superintendents
impacts of changes.
reports with the focus on changes, provide a
general view of the impacts of changes on crew
performance and their role and responsibilities.
The company has special attention to the Energy management department by monitoring
economic aspect of utilizing energy the daily consumption and analyzing the
efficiency measures.
effectiveness of energy efficiency measures can
provide the cash flow data for economic analysis
and calculating the payback period.

3

The outsourcing management company is The contract of management outsourcing
well aware of energy policy and is includes clear terms and conditions related to
committed to implementing it.
energy efficiency and fuel consumption.
Outsourcing
management
firm
with
acknowledgment of energy policy and EnMS
gives required guarantees to comply with the
condition of the contract.
With the ISO approach, the company has
procurement policy for purchasing the
services related to energy efficiency.
Service providers give necessary guarantees
regarding the performance and other
aspects of their services.
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The company is intelligent in respect of terms
and conditions of the contract with providers of
fuel saving devices. The providers of these
technologies must give practical guarantees for
fuel saving percentage. Meanwhile, required
training, software back up services, spare parts
and providing specialist could be part of the
agreement.

HUMAN RESOURCE- SHORE STAFF
2A

STAGE

1

AIM: The fleet is managed by competent staff at shore who are well familiar with energy
efficiency concept and promote CSR at their work.

KEY PERFORMANCE INDICATOR

BEST PRACTICE

There is a preliminary process before
recruitment. In this process, the applicant is
evaluated to have the required qualifications
and experiences. Furthermore, the validity of
these qualifications is investigated.

The company ensures that the candidates have
appropriate qualifications by evaluating the
submitted documents such as CV, resume, and
certificates. The credit of these documents
could be investigated by contact with their
former employers or certificate issuing
authority.

A recognized procedure of recruitment for This refers to a written procedure and plan
shore staff is in place.
containing the required training and
qualifications
for
taking
over
the
responsibilities of the specific position.

The key staff in the office, who are involved In company policy, the key staff job retention
with energy management, are retained in could be defined for a specific percentage of
their position for a logic time span.
key staff over a specific time.

There is enough personnel for proper energy
management, accurate monitoring of daily
energy
consumption
and
effective
implementation of the energy audit plan.

2

The company ensures that there are enough
superintendent engineers in the technical
department so that the energy management for
individual ships is not affected.
Furthermore, there are enough energy auditors
to monitor the execution of EnMS and SEEMP
and to implement the audit plan effectively.

The required training for staff engaged with The required training related to energy
energy management is identified and management is identified by energy
provided.
management department in cooperation with
the technical department and submitted to the
training department for further action.

List
of
qualifications,
skills,
and
competencies, which must be possessed by
staff involved in energy management, is
prepared and updated.
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This list is prepared by the energy management
department in cooperation with the technical
department and submitted to human resource
recruitment section.

Energy management department conducts
Informational briefings about energy
management with participating concern units
like human resource, training, commercial,
technical and operation departments.

Energy management auditors
required competencies and skills.

3

These informative sessions are conducted for
more clarification and communication between
energy management department and other
sectors. In this manner, the objectives of EnMS
is promoted at the company level and
achievement of these goals are facilitated.

possess The energy auditors have passed the
management system courses like ISO 9001 and
ISO 50001 and auditing the management
system ISO 19011. Furthermore, they are
familiar with pertinent soft wares utilized in
energy management department.
In most cases, the energy auditors are highly
experienced marine engineers.

The Company encourages the shore staff to Since the human element is the company asset,
attempt for higher education.
in this manner they increase the value of
company asset.
Shore key staff are encouraged to participate in
follow up training courses, seminars, and
conferences.
All personnel can submit their constructive
comments and they can criticize in a proper
manner.
High-performance employees are identified
and encouraged and in this manner, the spirit
of cooperation and commitment is promoted
in the company.
Energy management department and R&D Naval architects perform the feasibility study of
department is enriched by the presence of fuel saving devices and further evaluation after
naval architects.
installation.
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HUMAN RESOURCE- SEAFARERS
2B

STAGE

AIM: The fleet is operated by competent and committed seafarers who are well familiar with
energy efficiency potentials at operation mode.

KEY PERFORMANCE
INDICATOR

BEST PRACTICE

There is an appraisal process for selection An appraisal report will be issued for every
of seafarers.
seafarer at the end of his contract. This could be
the base for promotion decision.
A documented procedure defined by Company policy regarding recruitment of
management is in place for recruitment seafarers contains issues regarding their health
and promotion.
condition, required documents, and qualifications
and the procedure of promotion.
1

The company tries to provide an The MLC requirements have complied.
acceptable level of well-being for
seafarers onboard and at least comply with
basic requirements of MLC.
Working hours for seafarers is monitored The MLC requirement regarding minimum rest
and documented and minimum rest hours hours has complied.
are considered.
The company works with accredited Human resource department investigates the
manning agencies.
background of manning agencies and their
documents and meanwhile, the quality of seafarers
introduced by them are reviewed.
There is in detail assessment for ship’s key This assessment for the key position could be
staff.
including psychology, management, and language
test. At the promotion committee session,
representatives of different company departments
would interview the seafarer. The promotion
committee contains special questions about energy
efficiency.
There is a documented disciplinary
process.

2

The company provides computer based The CBT program and other training materials are
training (CBT) related to energy provided and uploaded on ship’s computers in
efficiency for all ship staff.
access of all seafarers.
Key officers are encouraged to participate
in follow up training courses and seminars
related to energy efficiency.
The company conducts an annual audit of
manning agencies.
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Part of the onboard energy audit is Energy auditors share their experiences regarding
allocated to communicate with the crew energy efficiency with crew and officers and
and raising energy efficiency awareness. emphasis on the role of the human element in the
implementation of efficiency measures.
Constructional recommendations of These recommendations could be an innovative
seafarers regarding energy efficiency method or change in current operational
could be reflected via proper channel.
procedures to reduce the energy consumption. The
company has created a special form for this reason.
3

Training
matrix
designed
and
implemented by the training department
includes energy efficiency refreshing
courses for officers.
Company introduces the green ship and
premier seafarers in the field of energy
efficiency every month and every year.
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Energy efficiency course is conducted for officers
and engineers. This course contains issues
regarding operational and technical measures for
reduction of fuel consumption.

REGULATION COMPLIANCE- VOLUNTARY PARTICIPATION
3

STAGE

AIM: compliance with the latest energy efficiency regulations and encouragement for
voluntary activities.

KEY PERFORMANCE
INDICATOR

BEST PRACTICE

IEEC certificate and EEDI technical file, which are
All fleet vessels comply with all vessel lifetime documents, are maintained onboard.
regulations listed in the inventory.
SEEMP part I, SEEMP part II and EU MRV
Monitoring plan are maintained and updated
continuously.
1

Vessel flag state has approved SEEMP part II.
EMSA accredited verifier has approved EU MRV
Monitoring plan.
The company makes sure for the availability of bunker
BDN, sample, and analysis report from the laboratory.
The company makes sure for availability and content of
engine logbook and oil record book part I.

2

3

The company has integrated the energy management
The company has been certified by system in Integrated Management System.
ISO50001.
HSEEQ department under IMS Directorate has been
established.
Energy management system at the company level and
SEEMP for the onboard vessel has been established.
In direction of improvement in SEEPM effectiveness,
The company has participated in the which is mentioned in company energy policy, the
indexing system.
company tries to collaborate in the indexing scheme. In
this regard, they report the detail of energy
consumption to these firms. Meanwhile, it can be an
exercise for data transparency and preparation to deal
with EU MRV and IMO DCS.
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MONITORING & PERFORMANCE MANAGEMENT
4

STAGE

AIM: reach to a robust system for monitoring, data collection, and data analysis

KEY PERFORMANCE
INDICATOR

BEST PRACTICE

Methodology
deployed
for Considering ISO50001 concepts, Monitoring plan and
performance monitoring and required method are considered in the planning stage and in
equipment, clearly have been designing the action plan.
mentioned in energy management
manual and SEEMP.
The vessel is equipped with AIS According to the SOLAS Convention, the vessel is
transceivers.
equipped with "Class A" type AIS transceiver.

1

Jobs
related
to
performance This PMS jobs could include test, maintenance, and
monitoring system equipment and calibration of measurement equipment and sensors.
responsible person have been
specified in a planned maintenance
scheme.
The onboard monitoring system is The internal network including sensors, transmitters,
operational.
receivers, displays, etc. working consistently. These
monitoring systems could include:
- Engine monitoring and management system (like
the auto chief and DGU)
- Electrical load monitoring and management system
- Steam production monitoring and management
system (BMS)
- Bridge monitoring system
Fuel analysis report, bunker BDN,
and bunker MSDS are available
onboard. Fuel treatment system is
operational.

Fuel treatment is carried out based on an analysis report
from the laboratory. Fuel oil purifiers, auto filters,
heaters, and viscometers are operational.
Fuel test kit is available onboard.

Daily noon report is sent to head Noon reports sent from the vessel, are collected in the
office.
data collection system ashore manually or
automatically, and shore staff uses pertinent software
for verification and analysis of data.
2
High accuracy torque meter, The new generation of flowmeters, able to send the
flowmeters, and tank gauging information directly to the monitoring system is
equipment are in operation onboard.
deployed.
Monthly performance test for specific Main and auxiliary engines performance results are
machinery is carried out and results analyzed and proper action taken regarding any
reported and documented.
abnormality.
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Real-time monitoring is operational Data collection system ashore on auto or semi-auto
mode receives data from the vessel and after analysis,
onboard.
advises accordingly.
The accredited company provides Provider guarantees for the supply of spare parts,
real-time monitoring system with delivery of training courses, back up and after sale
reliable sensors and equipment.
services and delivery of all drawing and instruction
manuals.
The real-time monitoring system has In case of failure in any sensor operation, its reading
been designed in two modes: figures can be entered and transferred manually.
automatic and semi-automatic.
3

Ship’s class approves the monitoring The real-time monitoring system not compromising the
system.
ship's safety and has no interfere with navigation
equipment or engine management system function.
Hull
performance
monitoring This software is based on appropriate method offered
software, working based on data from by ISO 19030.
real-time
monitoring,
informs
regarding hull-fouling condition.
There is no postponed job in PMS
related to performance monitoring
system.
Performance monitoring equipment is Auditors must inspect performance monitoring system
inspected during the energy audit.
as one of the basic requirements of ISO 50001.
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5A

STAGE

SHIP HANDLING
AIM: Emission reduction in the operation phase

KEY PERFORMANCE
INDICATOR

BEST PRACTICE

Energy management system has been Energy management department is in place and
established.
monitors in detail the latest status of operational
measures.
Research and development department actively
investigate the feasibility of operational measures.
Top management has emphasized the Top management encourages the energy management
deployment of operational measures and R&D department to investigate, find and advise the
in company energy policy.
best operational practices and update the SEEMP.
1
Top management has emphasized Operation department in cooperation with other
operational strategies in company company departments like chartering and technical and
energy policy.
in collaboration with other stakeholders like port
authorities, agents, and charterers, tries to minimize the
ballast legs and in port time and moreover adjust the
ETA considering the "just in time" concept and deploy
the slow steaming depends on the situation.

Technical assessment:
Documented feasibility study before
purchasing and installation of any
software related to operational
measures, is available.

2

A feasibility study is carried out either by the R&D
department or by accredited consultancy firms.
All required information about the new measure is
gathered. This information is delivered by provider
company and by business partners that have employed
the measure before and now reflecting the results.

Financial assessment:
The financial study is carried out either by company
Financial studies in detail including financial department or by accredited consultancy
ROI and payback period are firms.
documented and available.
The necessary guarantees have been The provider company:
taken from the provider.
 Provides required training for operators
 Provides after-sale service, analysis, and
consultancy
 Provides Side accessories hardware and software
The installed software in case of "Failsafe" has been designed for the software and in
failure exits the service consistently. case of failure, the ship monitoring system and
navigation equipment can continue to work
consistently and safely.
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The
operational
measures Provider individually installs the software and is
implemented on the first vessel of the present in commissioning.
company as the pilot.
Operational Measure (software) Monitoring includes:
function and its results are monitored  The effects and interaction of different measures
and logged.
(for instance trim optimization and speed
optimization software)
 The effects on ship operation and the amount of
fuel saving
3

The vessel’s class has approved the
operational measure and installed
software.

Fleet vessels are equipped with
following software and systems:







Real time monitoring system
and software
Hull performance
measurement software
Weather routing software
Trim optimization software
Speed optimization software
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5B

STAGE

SHIP HANDLING- SLOW STEAMING
AIM: Emission reduction in operation phase by reduction in speed

KEY PERFORMANCE
INDICATOR

BEST PRACTICE

There is special emphasis on slow Top management has committed to integrating the CSR
steaming in company energy policy.
concept in the company management and in this
direction attempt to any activity led to emission
reduction.
1

The slow steaming feasibility study R&D and technical departments discuss the possibility
has been performed and documented. of slow steaming with engine manufacturers and naval
architecture consultancy firms.
There is close cooperation between
operation and technical departments
to perform slow steaming on a
specific vessel.

Technical department with considering the engine
characteristics and consulting with the engine
manufacturer can advise the minimum safe engine
speed to the operation department.

The company has a strategic plan to Considering all financial and technical feasibility
allocate part of fleet capacity just for studies and in response to company environmental
slow steaming voyages.
commitment, they decided to have permanent slow
steaming vessels.

2

All retrofit and modifications, As the ship’s design speed will be reduced considerably
required for slow steaming have been new design of bulbous bow and new propeller needed.
planned.
The modification of the main engine and its accessories
could be included as follows:
 Engine De-rating
 Turbocharger cut-out design
 Slide injection valves
 Effective soot blowing system for EGB
 Heavy duty auxiliary blowers motor
 Alpha lubricator
The company has ordered new ships All above-mentioned factors are considered for new
with low design speed.
vessels.
Vessel’s class has approved all
retrofit and modification jobs.
The company has a slow steaming New low speed and existing retrofitted vessels have
fleet apart from the main fleet.
been proven suitable for slow steaming
implementation.

3

The company is ready to deal with The company at the strategic level and in operational
probable incoming speed regulations phase is prepared to face incoming speed regulations.
from IMO.
PMS jobs are planned according to Main engine and its accessories PMS jobs are planned
the new engine characteristics.
according to manufacturer comments.
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5C

STAGE

SHIP HANDLING- HULL CLEANING/ PROPELLER POLISHING
AIM: Emission reduction in operation phase by reduction in hull resistance

KEY PERFORMANCE
INDICATOR

BEST PRACTICE

The company has a restricted policy The company is committed to reducing Co2 emission
regarding hull cleaning and propeller by effective operational measures and hull cleaning and
polishing.
propeller polishing is one of the most effective
methods.
The company has a clear policy Noon report format is comprehensive and contains all
related to monitoring.
required operation data. Data collection system in auto
or semi-auto mode is in place at the head office.
1
The company has in-house software This software is the result of the cooperation of the
to evaluate hull performance.
technical department, energy management department
and R&D department.
SEEMP has clear instruction and
guidelines regarding hull cleaning
and propeller polishing.
Right time and place are dedicated for The operation, chartering and technical departments
hull cleaning.
with close cooperation have decided for date and
position of hull cleaning. Considering the vessel trade,
the urgency of hull cleaning, time window and loading
condition of the vessel, the right time and place will be
decided.
The possibility of merging the hull cleaning with next
dry-docking or merging with in-water survey could be
practical with elaborative planning and in special
circumstances.

2

Company relegates the hull cleaning The technical department investigates the career of the
and propeller polishing to the hull cleaning companies and about their capacity,
accredited companies.
equipment, working method, performance, and
commitment.
Vessel's superintendent engineer or
energy auditors in head office monitor
the trend of hull and propeller
performance continuously.

Monitoring is consists of reviewing daily noon reports
or real-time monitoring by considering the time
duration spent in Anchorage, trade in tropical areas and
vessel speed.

There is strict supervision on quality Master or marine superintendent supervise the works
of hull cleaning either in water or in on hull and propeller. At in-water cleaning, the special
dry dock.
emphasis put in place to protect the coating system not
to be damaged by scrapers and cleaning tools.
Coating and paint provider is a well- The coating and paint provider is requested to give the
known and accredited company.
necessary guarantees.
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The company has utilized the Based on ISO 19030 all required sensors and
software for hull performance measuring equipment are in place and related
monitoring based on ISO 19030.
maintenance jobs have been defined in PMS.

3

The record of hull cleaning and The hull cleaning company has a standard format for
propeller polishing is available reporting. The report contains all details accompanying
onboard.
with high resolution colored photos from different
areas of hull and propeller before and after cleaning.
Based on owner request they may deliver movies from
hull body.
The effectiveness of in-water hull The results of performance monitoring after dock is the
cleaning or dry-docking is assessed baseline for performance assessment for the time
by monitoring the hull and propeller interval ahead to the next hull cleaning.
performance, before and after
cleaning. The results are documented.
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HULL & PROPELLER
6

STAGE

AIM: Improvement in energy efficiency by the employment of technical measures for hull and
propeller

KEY PERFORMANCE
INDICATOR

BEST PRACTICE

Maintaining and improvement of hull The company is committed to deploying the
and propeller efficiency have been technical measures related to hull and propeller for
emphasized in company energy policy.
new and existing vessels.

1

Company strategy regarding the
exchange of technology, knowledge, and
experience with universities and research
centers, has been emphasized in energy
policy.

As the feasibility study of technical measures
required the model test or CFD simulation, these
activities can be relegated to universities and
research centers for high standard study.

R&D
and
energy
management
department are updated with latest
commercialized available technical
measures.

R&D experts and energy auditors must be
encouraged for higher education and moreover
participation in technical seminars to be familiar
with the latest technologies and innovations.

Technical feasibility study to select the The technical feasibility study by either R&D
appropriate combination of measures has department or naval architecture consultancy firms
been conducted and documented.
is conducted in detail. The results of the model test
or CFD simulation is delivered to the company.
Financial studies including ROI and Due to high Capex in the implementation of
payback period has been performed and technical measures, the financial studies is very
documented.
crucial. List of different providers and their
quotations for implementation in different dry
docks has been prepared for decision-making.
2

The selected measure(s) are well matured Through feasibility studies or by observation of
and not compromising the ship operation. practical implementation on the other vessels, it has
been proven that the selected technical measure not
compromising the vessel safety, stability,
propulsion, and maneuverability.

The accredited provider is involved for R&D and technical department investigate about
technical measure implementation.
the career of providers and try to find some
examples of their previous work done on the other
vessels.
The technical measure first implemented
on the pilot vessel.
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Drawings, diagrams and instruction The provider is committed to delivering all relating
manual
related
to
implemented technical documents to the shipowner.
modification is available onboard.
Implemented technical measures related Class approval documents are kept onboard and in
to hull and propeller, have been approved head office.
by the vessel's class.

3

R&D
and
energy
management
department monitor the results of energy
saving
devices
and
applied
modifications.

Monitoring of the results of modifications can
include the amount of fuel consumption, vibration
level and stability. Energy management department
with a focus on fuel consumption reports, focus on
fuel-saving device performance to evaluate its
potential for fuel reduction.

The company has requested the Generally, the providers can present the fuel
necessary guarantees from providers.
reduction potential of their devices in percentage. In
addition to this, other guarantees in term of safety
and maneuverability must be mentioned in the
contract.
Vibration analyzing test conducted and Some fuel saving devices like mewis duct are
its report is available onboard.
claimed to be effective in improving the vibration
level. The vibration test can evaluate the vibration
level after installation of like these devices.
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MACHINERY
7

STAGE

1

AIM: Improvement in energy efficiency by the employment of efficient machinery.

KEY PERFORMANCE
INDICATOR

BEST PRACTICE

There is a special emphasis in company
energy policy related to maintaining and
improvement of efficiency in ship's
machinery.

Machinery as energy converters (e.g. chemical
energy in fuel to the mechanical or electrical power)
are the main sources of energy lost. Minimizing the
energy lost in machinery is the main objective in
energy policy.

R&D
and
energy
management
department are updated with latest
commercialized available technical
measures.

R&D experts and energy auditors must be
encouraged for higher education and moreover
participation in technical seminars to be familiar
with the latest technologies and innovations.

The company has a training program
onboard (CBT) and ashore to improve
the employee's skill in machinery
operation.
Company’s long-term strategy related to
energy efficiency has led to machinery
modification.

In training programs provided by the company for
employees, the energy efficiency aspect is
emphasized.
The company considering the long-term strategy
decided to allocate part of fleet capacity for slow
steaming. In this regard, one option is the engine derating of existing ships.

Ship owner clarifies the objective of The owner specifies the machinery characteristics
modification and orders new working after modification or at the time of ordering new
parameters for machinery.
machinery for new ships (e.g. engine power and
speed).
Technical feasibility study for machinery Consultancy firm or same machinery makers have
modification has been performed and carried out the technical feasibility study. In detail
documented.
report delivered to the shipping company.
Financial feasibility study for machinery Company financial department in cooperation with
modification has been performed and the technical department prepares the list of
documented.
providers with their quotations in the different
repair yard for the final decision.
2

ROI and payback period analysis is carried out and
documented.
Accredited manufacturers are selected R&D and technical department investigate about
for cooperation.
the manufacturer’s work experience and
background regarding machinery modification.
The company has received the necessary The manufacturer has guaranteed for energy
guarantees from the service provider.
consumption level, new working parameters, after
sail services, supply spare parts, and required
training.
The modification has been carried out The results are investigated and if the performance
first on the pilot vessel.
is satisfactory then modification will be ordered for
the other vessels.
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Drawings, diagrams and instruction The provider is committed to delivering all relating
manual
related
to
implemented technical documents to the shipowner.
modification is available onboard.
PMS has been revised by new jobs The new jobs title and job description has been
related to the machinery with recent designed according to the instruction manual and
feature after modification.
comments delivered by the manufacturer.
Vessel’s Class has approved entire Documents regarding approval of modification
modification work.
work by vessel's class are available in office and
onboard.
3
Onboard staff monitored the results of New working parameters of modified machinery
modification and related report sent to are monitored and logged. Required test and
the technical department.
measurement are performed. The fuel or electrical
power consumption after modification monitored.
Machinery keeps their performance after Ordinary pumps and fans are modified to two speed
modification with no change in their or frequency control pumps and fans, however, their
working capacity.
working capacities that are the vessel’s particulars
are kept same as before. (e.g. electrical ballast
pumps, steering hydraulic pumps, engine room fans,
etc.)
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INTERNAL ENERGY AUDIT
8A

STAGE

AIM: establishment and implementation of a comprehensive audit scheme

KEY PERFORMANCE INDICATOR
BEST PRACTICE
In company energy policy there is special Based on the PDCA cycle in ISO 50001 and
emphasis on energy audit.
SEEMP, audit scheme as the core of check and
monitoring stage has an essential role in the
evaluation of the system.
Energy management department under the
direct supervision of top management or
subsidiary of HSEEQ department is in place
and working independently.

1

Based on ISO 50001 the energy management
department must be independent so that energy
auditors can audit vessels without the influence
of any person or department.

The energy audit checklist has been The checklist has been prepared against the
prepared.
content of the latest revision of SEEMP
Audit plan with time schedule has been According to the energy policy that specifies the
prepared.
time interval between audits of a vessel, the audit
plan with the time schedule is prepared. The
number of auditors must be enough to implement
the audit plan.
Energy auditors are well trained and The energy auditors are experienced, marine
competent.
engineers. They have passed the ISO 19011, ISO
9001 and ISO 50001 courses. It is an advantage
for them to pass the fuel management course.
Before attending a specific vessel for audit, With the review of the previous audit results, the
the results of the previous audit has been auditor will understand that whether the Nonreviewed.
Conformities are closed properly and
furthermore can observe the corrective actions.
Meanwhile, the auditor can observe whether the
SEEMP has been reviewed and the reason for
possible revision.

2

During the onboard audit, based on checklist Following documents will be checked:
different documents and equipment are  IEEC certificate, SEEMP part I, II, EEDI
checked.
technical file (if applicable), MRV
monitoring plan
 Latest hull cleaning report
 Bunker BDN and sample
 Bunker analysis report
 Engine room logbook to compare the figures
in logbook and figures sent to the office
 Oil record book part I
Following items will be checked:
 PMS Jobs (e.g. engine tuning, EGB or boiler
furnace water washing, etc.)
 EEOI calculation
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Energy
efficiency
conducted onboard.

training

Comparison between reported consumption
figures and recommended consumption
figures by machinery makers.
Monitoring equipment
Bridge ship handling software (weather
routing,
trim
optimization,
speed
optimization)
Autopilot working condition
Main switchboard and electrical load
management
Direct attend by the auditor to measure the
ROB and compare it with reported ROB
Engine room round to check machinery

session Energy auditor shares his experiences with crew
and officers in direction of raising energy
efficiency awareness.

All minor and major non-conformities The corrective action regarding these NCs is
clarified in closing meeting onboard.
documented for future reference.
The monitored and calculated figures in each Deviation from baseline in percentage is
KPIs is compared with the baseline figures. calculated and if it is higher than defined limits,
then the root cause analysis will be carried out
and corrective action will be taken.
The finalized report sent to concern parties.
3

Superintendent engineer is informed regarding
NCs through energy audit report and will take
proper action accordingly.

Energy
management
and
technical
departments decide for SEEMP review and
revision based on audit results.
Results of energy audit from different fleet In case if some common failure is observed in
vessels has led to the revision in company different vessels and it is reflected in their energy
energy management system.
audit report, then in addition to revision in
SEEMP of vessels, the company EnMS need to
be reviewed and revised.
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EXTERNAL ENERGY AUDIT
8B

STAGE

AIM: To be certified by ISO 50001, with the ultimate goal of implementation of one
comprehensive energy management system.

KEY PERFORMANCE INDICATOR
BEST PRACTICE
Company energy management system has Top management is committed
been established.
establishment,
implementation,
development of EnMS.
Company energy policy
established and documented.

has

the
and

been Energy policy is part of company policy.
Company vision regarding energy management
has been defined in energy policy.

Company EnMS scope has been identified.
1

to

Company EnMS scope has been specified in
company energy policy.

Energy management team including the Enough human and financial resources are
manager (top management representative) dedicated to establishing an energy management
and auditors have been appointed.
team.
According to ISO 50001, the energy Energy management team works under the direct
management team works independently.
supervision of top management or as part of
HSEEQ department.
The scope of responsibilities and authorities Based on the organizational chart, the relation
has been specified.
and
communications
between
energy
management department and other departments
are specified.
Energy review carried out and its results are Energy review is carried out which is including
documented.
the following items:
 Establishing the energy baseline
 Define and formulating energy KPIs
 Setting the targets and objectives
 Identification of SEUs and opportunities
for energy efficiency measure

2

An action plan has been provided and Based on energy review and company energy
documented.
policy, an action plan is designed commensurate
to company features to achieve targets and
objectives.
Monitoring and measurement plan and data Monitoring and measurement plan include
collection system have been provided and parameters to be monitored and measured, the
documented.
methodology for monitoring and measurement
and equipment required for this reason.
It can be part of the action plan.
Internal audit plan has been provided and Internal audit reports must be ready for
documented.
presentation to the external auditor. NCs and
corrective actions must be documented and
available.
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The certification body is accredited by ISO.
Before audit, the company has provided the Sometimes certification body sends a
required documents by the certification questionnaire to the company wants to be
body.
audited. The company fills up the questionnaire
and send it back to the certification body.
3

Primary agreement between company and After dealing with the financial term, they will
certification body has been achieved.
agree on the scope of the audit, time duration,
date and more details.
After completing the audit, the company has Deadline for closing the raised NCs and date for
been informed about non-conformities and follow up audit determined.
observations.
Root cause analysis and corrective actions are
taken and documented.
The final report has been sent to concern The audit report is documented for further
departments.
reference in management review.
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