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Foreword

The World Maritime University and Maritime Energy
Management

Humanity is currently experiencing an era of unprecedented climate change, calling
for urgent and coordinated action in order to ensure a sustainable future. Within
academia and the international scientific community, it is widely accepted that
greenhouse gases (GHGs) are the main drivers of climate change, contributing to
the increase of global temperatures. The earth will continue to experience sea level
rise, droughts, floods, increased heat, intense storms, and hurricanes (as experienced
in 2017) despite our best efforts to significantly reduce GHG emissions. We all have
an important responsibility in relation to future generations and our home planet to
allocate sufficient resources and dedication to minimize the negative effects of
climate change.

The shipping industry plays an essential role in the facilitation of world trade,
being the most fuel-efficient mode of mass cargo transport. However, the expected
growth of world trade represents a challenge to meet future emission targets that are
required to achieve stabilization of global temperatures. According to the Interna-
tional Maritime Organization’s (IMO) Third GHG study (2014),' the total annual
amount of CO, emitted from international shipping is reported as 2.7% of the total
CO, emissions produced worldwide. Without changes, the negative externalities of
shipping will increase. This study predicts that CO2 emissions will increase by
between 50% and 250% by 2050, depending on future economic and energy
developments. Under a business-as-usual scenario, and if other sectors of the
economy reduce emissions to keep global temperature increase below 2 °C, shipping
could by 2050 represent 10% of global GHG emissions. Therefore, measures have to
be taken to secure a sustainable future for mankind and ensure a competitive

"IMO. (2014). Third IMO Greenhouse Gas Study. London: International Maritime Organization.
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maritime transport industry. Given the importance of international rules and regula-
tions for ensuring sustainable shipping on clean oceans, as well as the importance for
the maritime industry to remain competitive, the question arises as to how the
maritime industry can best move forward to ensure a low carbon and energy efficient
future.

On a global level, IMO is addressing air pollution through the International
Convention for the Prevention of Pollution from Ships (MARPOL), particularly its
Annex VI which limits emissions from ships, including sulfur oxides, nitrogen
oxides, ozone-depleting substances, and volatile organic compounds. Measures are
also in place for more energy efficient future ships as outlined in MARPOL Annex
VI Chapter 4, including the Ship Energy Efficiency Management Plan (SEEMP) and
Energy Efficiency Design Index (EEDI) which entered into force on 1st January
2013. The European Union (EU) has also adopted a regulation on monitoring,
reporting, and verification (MRV) of CO, emissions, which will enter into force in
January 2018. These regulatory measures will increase costs related to shipping
operations, providing an important incentive toward energy efficient solutions. In
recognition of this shift, the industry must work closely with researchers and
innovators who can deliver cutting-edge solutions needed to comply with the new
legal requirements. Those who do will be ahead of the competition.

Low carbon shipping provides three interrelated routes that can reduce GHG
emissions:

* Increasing the energy efficiency level of ships

* Employing renewable energy on-board ships to propel fully (or, at least partially)
a commercially sized merchant ship, and

¢ Using cleaner fuels or emission abatement technologies on-board ships such as
LNG or scrubbers, respectively.

For the shipping industry, energy management is thus a key priority for energy
efficient and environmentally friendly shipping that enhances profitability while
operating within a tightening regulatory framework. It is very clear that significant
action, including market-based measures, needs to be taken by the maritime industry
in order to be able to reach a fossil fuel free industry by the end of this century.

The global importance of energy management was recognized at the 2015 COP
21 Climate Change Conference in Paris, where the IMO presented a report on its
extensive efforts to address GHG emissions from shipping. The world will benefit
from reduced GHG emissions with IMO’s adoption of the only global, legally
binding energy efficiency measures that will require ships built as of 2025 to be
30% more energy efficient than they are today. Energy management is also essential
for the achievement of UN Sustainable Development Goals (UNSDGs), and in
particular Goal 7: ensure access to affordable, reliable, sustainable, and modern
energy for all; Goal 12: ensure sustainable consumption and production patterns;
Goal 13: take urgent action to combat climate change and its impacts; and Goal 14:
conservation and sustainable use of the oceans, seas, and marine resources for
sustainable development.
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The World Maritime University (WMU) has a strong commitment to the
UNSDGs and works to support the achievement of a sustainable and energy efficient
maritime and ocean industry. WMU was founded in 1983 by IMO. The fundamental
objective of the university is to provide the international maritime community, and in
particular developing countries, with a center for advanced maritime and ocean
education, research, scholarship, and capacity building and an effective means for
the sharing and transfer of technology from developed to developing maritime
countries, with a view to promoting the achievement, globally, of the highest
practicable standards in matters concerning maritime safety and security, efficiency
of international shipping, the prevention and control of marine pollution, including
air pollution from ships, and other marine and related ocean issues.

WMU aims to build knowledge, skills, and competences to enhance shipping
efficiency, maritime safety and security, and the prevention of marine pollution.
Since 1983, WMU has grown substantially, today offering seven specializations
within the Malmo-based MSc program, two MSc programs in China, and a fast
growing PhD program. In 2016, the new well-received specialization in Maritime
Energy Management was launched. In line with UNSDG 7, the key pillars of the
specialization are energy efficiency, renewable and clean energy, research, technol-
ogy, and innovation. The programme provides a comprehensive understanding
across the spectrum of maritime energy management, from on-board ships to
onshore facilities such as ports and shipyards; it covers theoretical and practical
aspects of maritime energy management as well as the relevant regulatory frame-
work. Through cutting-edge research and dissemination of insights into the profit-
able management of alternative forms of marine and ocean energy, WMU
contributes significantly to the objective of affordable, reliable, and sustainable
modern energy for all.

It is clear that the demands for the shipping industry to become more energy
efficient will have a broad effect across the maritime and oceans fields. The above-
mentioned high-level initiatives demonstrate that a significant interest has developed
in energy efficiency, renewable energy, and alternative fuels, creating an upward
momentum across the shipping industry with a wide range of technical, operational,
and commercial measures already implemented or under development. These
demands concern actors from the private and public sectors as much as stakeholders
of international organizations, NGOs, and academia. WMU is a committed partner
and go-to place for informed discussion, capacity building, exchange of ideas, and
applied research.

Iinvite you to read the chapters of this book which contains insights and analysis
on how the maritime and ocean industry can achieve an energy efficient and low
carbon future. Please visit our website (www.wmu.se) to get more acquainted with
the World Maritime University and what it offers.

World Maritime University Cleopatra Doumbia-Henry
Malmo, Sweden
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Introduction to Maritime Energy ®)
Management s

Aykut L. Olcer

1 Environmental Protection

Considering that the seas and oceans of our planet are associated with the most fuel-
efficient method of dealing with humanity’s transport needs, it is a rather self-evident
fact that international shipping is crucial to world trade and the normal operation of
the global economy. However, seaborne transportation is also responsible for pro-
duction of greenhouse gas (GHG) emissions (like all other modes of transportation)
along with the emissions of various air pollutants such as sulphur oxides (SOy),
nitrogen oxides (NOy) and particulate matters (PMs). Hence, the maritime transport
industry’s environmental footprint -especially in regard to air pollution, including
both GHGs and air pollutants- is not seen as very positive. Although less than 3% of
the total global CO, emissions are associated with international shipping, shipping
emissions could continue to increase by 50-250% by 2050, if everything follows the
so-called “Business As Usual” scenario (IMO 2014).

It is also true that GHGs are produced by both natural procedures and man-made
activities. However, an important dimension of the problem is that anthropogenic
(man-made) GHGs are the main cause of global warming and temperature rise,
responsible for climate change, which has been resulting in weather pattern changes,
increased sea-level rise, and more frequent floods (IEA 2015). According to the
latest report published by WMO (2017), CO, concentration in the atmosphere
reached 403.3 parts per million (ppm) in 2016, which is the highest amount in the
last 800,000 years. It should be noted that the figure was 400.00 ppm in 2015.

A. L Olger (5<)
World Maritime University, Malmo, Sweden
e-mail: aio@wmu.se

© Springer International Publishing AG, part of Springer Nature 2018 1
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Within the maritime energy management context, there is no technology that can
entirely remove GHGs resulting from the operations of the maritime industry.
Medium to large-scale ships will indisputably continue to burn fossil fuels, including
“cleaner” ones (like LNG) in the foreseeable future. Therefore, the vast majority of
efforts in the maritime industry have been directed towards decreasing GHGs rather
than eliminating them completely. Energy management, also referred to in the
literature as energy efficiency or energy conservation, is accepted at IMO and within
the wider maritime community to be the main mechanism to serve the purpose of
reducing GHGs. Regardless of what it is called, managing energy in an optimal way
or increasing the energy efficiency of a ship generally constitutes the reduction of its
fuel consumption.

Concepts such as “how to reduce fuel consumption” or “how to become more
energy efficient” can be dealt with during ship design, but also during regular ship
operation. The biggest potential lies in the design phase, whereas ship operation also
has room for improvement. It is indicative that an optimised hull form or a good
coating decided during design reduces total ship resistance. The same ship can
further reduce its resistance with effective hull maintenance (operational measure).
Selection of the best propeller and/or propulsion system during design will lead to
having more thrust available with the same input (or the same thrust with less input).
Similarly, propeller cleaning (operational measure) might contribute further to
increasing the propeller’s efficiency. Numerous other examples can be included in
the same equation; according to IMO, the combined CO, reduction potential of ship
design and operation is between 50 and 75% (IMO 2009).

2 IMO Response and Drivers

In order to fully explore the above-mentioned potential, IMO came up with two
measures (technical and operational) within Chap. 4 of the International Convention
for the Prevention of Pollution from Ships (MARPOL) Annex VI, which entered
into force on 1 January 2013. The one to be complied with during new ship design is
an index called Energy Efficiency Design Index (EEDI); the one requiring a plan for
ship operations, namely Ship Energy Efficiency Management Plan (SEEMP), is to
be kept on-board existing ships. This only applies to certain ship types of certain
gross tonnage. Chap. 4 of the MARPOL Annex VI is the only international binding
regulation covering both design and operation of ships for GHGs resulting from
international shipping.

It should be noted here that emission control areas (ECAs) introduced in Chap. 3 of
MARPOL Annex VI contribute to reduction of air pollutants such as SO, and NO,
emissions while contributing to GHG reduction. For Sulphur-ECAs, this is accom-
plished by the use of alternative fuels such as LNG/methanol, as well as using low
sulphur fuel or emission abatement technologies.
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In addition to the above-mentioned compulsory measures, measures of an eco-
nomic nature, called market based measures (MBM), were also discussed, but have
not yet come into force. Market based measures is a proposed mechanism based on
the principle of “polluter pays”. Prior to the future implementation of this mecha-
nism, the European Union (EU) and IMO took an initiative on a scheme called MRV
(Monitoring, Reporting and Verification) of ships’ CO2 emissions; that regulation
entered into force on 1 January 2018 by EU and will be in force on 1 January 2019
by IMO, with a different name, Data Collection System (DCS).

Over and above mitigating the negative impacts of GHGs, energy management
can also be driven by numerous economic and business drivers. Volatility of fuel oil
price, rising energy demand and high prices, scarcity of the fossil fuel trio (gas, coal,
oil) are considered to be a few of those economic drivers. Potential benefits resulting
from applying energy management, such as decreasing energy costs, and thereby
operational costs, and increasing profits or reducing waste, are considered business
drivers (Oung 2013).

The United Nations (UN) released its 2030 agenda, called UN2030 agenda, to
promote sustainable development in the world while focusing on a set of actions for
the 3Ps (People, Planet and Prosperity). The agenda has 17 sustainable development
goals (SDGs), each of which has a number of targets, totaling 169 targets for 17 the
SDGs. The SDGs have become drivers for the maritime industry to become more
environmentally friendly and energy efficient in order to be able to meet the targets
set under each SDG, in particular SDGs 7 (affordable and clean energy), 12 (respon-
sible consumption and production) and 13 (climate action) (UN 2015). Needless to
mention, the world population, which can be considered as the main driver of all
these initiatives, continues to expand and to push the planet’s boundaries (UN DESA
2015).

Those above-mentioned legislative and non-legislative motivational factors
(or drivers) are the bases for energy management or energy efficiency. All these
drivers have led the maritime industry to become (more) energy efficient in the way
ships are designed, as well as in the way seagoing vessels are operated/maintained;
producing energy for maritime transport and managing its consumption in an
optimal way is simply called maritime energy management (Olcer and Ballini
2018). This includes employing renewable energy, increasing energy efficiency
through optimal design and application of “good” operation/maintenance practices,
installing and using energy efficient machines and equipment as well as new
innovative technologies, creating awareness for on/shore personnel, setting an
energy management strategy and its objectives/targets, having top management
commitment, and a combination thereof. Non-legislative drivers and compulsory
technical and operational measures accompanied by the UN2030 Agenda are sche-
matically presented in Fig. 1.
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Fig. 1 Legislative and non-legislative drivers of maritime energy management
3 Technical and Operational Measures

A ship can operate with the execution of its functions, including cargo loading,
power generation, manoeuvring, providing hotel facilities for people on-board and
many more, which require the transformation of energy sources (chemical, renew-
able, nuclear etc.), shown in Fig. 2, into various different forms of energy such as
electricity, heat or mechanical energy to be used by energy consumers (like pumps or
cargo handling equipment) (Woud and Stapersma 2002). Surely this transformation
will have losses since there is no 100% efficient technology or system. The effi-
ciency of a main propulsion engine will be around 40% while the rest (around 50%)
is lost as heat and exhaust (Fig. 3), which can be recovered by using technologies
like WHR (Waste Heat Recovery) (IMO 2009). The power released to shaft (Pg) and

|

>
>
>
>

Wind Energy Solar Energy

Fig. 2 Main energy sources onboard a ship
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Fig. 4 Descending power from Pg to Pt

then propeller (Pp) will have further losses including mechanical losses and those
resulting from propeller-hull interaction. Power losses from engine to propeller are
in descending order of Pg > Pg > Pp > Pt as shown in Fig. 4 where

Pg: Break power of main engine
Ps: Shaft power

Pp: Delivered power

Pr: Thrust power.

Every improvement in this chain in terms of decreased losses will contribute to
increasing the ship’s overall energy efficiency. Technical and operational measures
are meant to be the means serving that goal.

Technical measures primarily target improvements in ship resistance and propul-
sion areas during the ship design phase. In very simple terms, less ship resistance or
increased propulsion efficiency generally constitute less required engine power and,
thereby, less fuel consumption (see Eq. 1 Molland et al. 2011):

Pp =Pe/(np X Nr) = (Rt x Vs)/(Np X Npg) (1)

where
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Pg: Effective power

Rr: Total ship resistance

Vs: Ship service speed

Np: Quasi propulsive coefficient (Pr/Pp)
Ntr: Transmission efficiency

Reduction of total ship resistance (Rr) relies on the efforts of two major resistance
components: (a) wave-making resistance; and (b) viscous resistance. Wave-making
resistance is generally reduced through hull form optimization, whereas the potential
for viscous resistance decrease is on minimisation of wetted surface area (such as air
cavity or air film) or modification of the boundary layer (such as riblets or compliant
surfaces) (Gokcay et al. 2004; Yang 2009). It is obvious from the above-relation
Eq. (1) that lower speed is another important contributor to the reduction of fuel
consumption. Speed optimization in ship design and slow steaming in ship operation
are the two main methods of speed reduction.

As stated above, increased propulsion efficiency will also contribute to engine
power reduction (see Eq. (1)). Quasi propulsive coefficient is the function of open-
water propeller efficiency, hull efficiency and relative rotative efficiency as shown in
the Eq. (2) (Molland et al. 2011). Obviously, increase in each efficiency element in
the Eq. (2) will contribute to increased np and so propulsion efficiency.

Mp = Mo X Ny X MR (2)
Where

No: Open-water propeller efficiency
nu: Hull efficiency
nr: Relative rotative efficiency

In this regard, energy efficient ship propulsion starts with the selection of an
efficient propeller, which is referred to as open-water propeller efficiency. Open-
water propeller efficiency is used to assess propeller performance without the
presence of a hull. Torque and thrust characteristics of a propeller are measured
and plotted against advance coefficient (J), hence K1-Ko-J diagrams are produced,
which are then used to select the best propeller giving the highest efficiency (o).
Here K is thrust coefficient and Kq is torque coefficient. Contributing parameters to
this efficiency are propeller characteristics such rake, skew, pitch, number of blades,
diameter, profile sections and so on.

A propeller with the presence of a hull meaning “a propeller operating behind a
hull” has different efficiency and hydrodynamic characteristics than an open-water
propeller. This is an outcome of the wake gain, thrust deduction, and relative rotative
efficiency, which is also referred to as propeller-hull interaction in the literature. The
hull efficiency (ny) is the function of wake fraction (w) and thrust deduction
(t) factors, and expressed as in the Eq. (3) (Molland et al. 2011).
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My = (1-0)/(1-w) (3)

Many propulsion improvement devices have been developed to increase hull
efficiency. A few indicative examples are thrust augmentation devices, wake equal-
izing and flow separation alleviating devices, pre-swirl devices, post-swirl devices,
and propeller bos cap fins (Prins et al. 2016).

Some of these technical measures are more mature than others; similarly, some
are more (or less) costly to apply, or more (or less) environmentally friendly to
consider. Hull form optimization is a mature and traditional design tool, whereas air
lubrication or sharkskin mimicked coating is a new technology, which requires more
research in order to become a commercially viable option in the market.

It should be emphasized here that even the most energy efficient ship design has
potential for improvement during the operational life of the vessel. Fuel consump-
tion during ship operation can be reduced through three main ways (Olger and
Ballini 2018): Optimal handling of ships; Voyage optimisation or fuel-efficient
journey; Good hull, engine (main and auxiliary engines) and propeller maintenance.

There are many operational measures that can be employed during a ship’s
journey. Here, a few samples are provided in order to familiarise the reader with
their nature and wide spectrum. For example, to reduce stresses (safety) and/or to
reduce fuel consumption through trim change (energy efficiency), ships are required
to deal with ballast exchange processes, which have potential for fuel saving and
hence need to be handled in an optimal way. If a ship uses a controllable pitch
propeller, having the optimal combination of pitch and rpm reduces fuel consump-
tion marginally. Environmental conditions of the route that a ship takes might have
significant impact on its fuel consumption. Therefore, the Captain’s role in this case
is to find the best route, which will cause the least fuel consumption. There are
already algorithms and on-board software developed for weather routing, which
takes weather and sea conditions into consideration prior to the journey. Another
measure is just in time arrival (or virtual arrival), which is based on effective com-
munication between ship and port of call; this can achieve significant fuel saving and
decrease off-hire time. Roughness formed due to fouling (marine organism growth)
over the years can increase fuel consumption significantly, up to 30% (or more) in
severe cases. Advanced paints and periodic dry-docking as an operational measure
can help reduce the roughness of a hull surface.

As highlighted before, the list is long. Nevertheless, it is necessary to bear in mind
that safety should never be compromised while trying to increase energy efficiency
of ships during both design and operation phases. Since energy efficiency of ships is
all about reducing GHGs, every little (from pitch optimisation to slow-steaming)
measure can help. Last but not least, it is important to highlight that every technical
or operational measure has a different impact that varies from one ship type to
another.
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4 Barriers and Trade-Off

Despite the fact that there is a wide variety of technical and operational measures
available and with different maturity levels, certain barriers exist that prevent their
effective implementation. These barriers can be categorised into individual,
behavioural barriers created by people, and organizational, barriers at the company
level. In addition, financial and technological barriers can hinder implementation of
those measures. The important thing is to eliminate all the barriers to be able to
benefit from implemented measures (Kitada and Olger 2015; Thollander and Palm
2012).

Up to now, the GHG reduction mitigation measures applicable to ships have been
explained only from an environmental point of view. However, each technical and
operational measure will also create a socio-economic impact (Ballini et al. 2017).
Without taking these dimensions (socio-economic and environmental) into consid-
eration, simultaneously, it will be very difficult to make rational multiple-criteria
decisions; for example externality cost versus payback time versus GHG reduction
of an LNG fuelled ship retrofitted with a dual fuel engine. Therefore, the economic
and social dimensions of maritime energy management must be included in the
selection and implementation of technical and operational measures, in addition to
the environmental dimension. However, making an evaluation in a three-
dimensional domain is an analysis under a trade-off environment, where each
dimension’s aspects are conflicting with each other (Olcer and Ballini 2015).

The trade-off analysis or impact assessment requires operational research meth-
odologies to be applied, spanning from multiple criteria decision making, to monte-
carlo simulation, to payback calculation, to life-cycle cost evaluation, to externality
modeling and simulation, to multiple objective optimization and so on. In order to be
able to increase efficiency, called maximization of efficiency in the optimization
terminology, an optimization algorithm needs to be selected and employed. Some-
times, a decision has to be taken under conflicting requirements, which entails a
multiple attribute decision-making methodology to be applied. Or, fuel consumption
prediction will be a probabilistic estimation due to the uncertainties associated with
ship and environment related parameters. Therefore, theoretical ground is inherent to
maritime energy management.

The previous sections dealt with energy efficiency of ships. From here, the topics
of energy efficient port operations and Marine Renewable Energy (MRE) are
touched upon, which are also within the coverage of the maritime energy manage-
ment field as well as this book. MRE is about producing electricity by using marine
resources such as offshore wind, waves or ocean currents to be used in homes,
buildings and land industry. Once electricity is produced, it can be transferred to
shore grids with the use of appropriate transformers. The family of MRE is rather
expanded and includes offshore wind energy and ocean energy. Ocean energy
involves employing advanced technologies that convert wave energy, current
energy, tidal energy, ocean thermal and salinity gradient into electricity. Among
renewable energy technologies, ocean energy is the least mature one apart from tidal
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energy, which follows a similar development cycle to hydropower. Nevertheless, it
is a relatively young and growing renewable energy sector and has great potential to
decarbonise electricity production.

Energy efficient port operations use similar principles to energy efficient ship
operations. Energy efficiency at ports can be achieved through using energy efficient
equipment, having good operational practices, lean management and improved port
processes, employing renewable energy options to produce electricity, setting port
energy management strategy and its objectives/targets, having top management
commitment and a combination thereof (Olger et al. 2017).

5 Motivation and Layout of the Book

In addition to some of the above-mentioned challenges, it is important to appreciate
and foresee trends in the maritime energy management field. Technology is not the
applications and equipment/systems that humanity relied upon one century, or even
two decades ago. Those technologies have been changing at an exponential rate
since the beginning of the industrial revolution. New and advanced innovative
technologies solve problems or overcome challenges that humankind was not
capable of easily resolving in the past. Renewable energy options started to find
applications both onboard ships and at ports. The challenge as of today for renewable
energy is that its capacity is not able to propel a commercially sized merchant ship.
However, renewable energy, batteries, fuel cells, or their combination, depending on
their technological developments, without traditional powering can be options to
propel merchant ships in the future. The potential synergy between autonomous
ships and the disciplines of energy efficiency and safety is not yet entirely known.
Other important questions are the following: is it correct that maritime industry
devotes effort toward autonomous ships rather than overcoming the huge GHG
emissions related challenges? Shouldn’t a zero emission ship be better than an
autonomous ship emitting pollution? In the near future, should our focus be placed
on carbon capture and treatment on-board a ship in addition to all the effort placed on
the developed GHG emission mitigating measures? These answers are definitely not
straightforward or easy to find.

The Editors hope that this book can help to identify answers to the questions
previously asked, or of a similar nature, and can serve the purpose of familiarizing
the reader with trends in the maritime energy management field as well as finding
solutions to overcome the related challenges. That is the main motivation behind this
book. As of today, there is no book in the literature of the maritime academic
community with similar content, or even one with a title including “maritime energy
management”. This book will position itself as a pioneering work in the field of
maritime energy management where the focus is given to trends and challenges. The
layout of the book comprises six parts, whose descriptions are given below:
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Part 1 (Regulations: Challenges and Opportunities) broadly discusses the regulatory
framework of maritime energy management. The starting point is the identifica-
tion of the “appropriate” way forward in relation to GHG reduction. Examination
and evaluation of the impact of rather recent IMO initiatives, such as the EEDI
and the SEEMP, also takes place. Additionally, the EU’s MRV system of CO,
emissions is discussed, as it is part of the same equation. Finally, under a forward-
looking approach, challenges and appropriate responses to ensure energy efficient
and optimized performance for the wider maritime industry are put forward.

Part 2 (Energy Efficient Ship Design) focuses purely on naval architecture and
marine engineering related energy efficiency improvement areas from the ship
design point of view. This part starts with numerical studies conducted during the
ship design phase as well as studies on integration of emission abatement
technologies into design. Computational Fluid Dynamics (CFD) results are
demonstrated for computationally expensive processes such as (added) resistance
assessment. Model tests as the most commonly used traditional validation tool are
presented to substantiate the numerical results of a particular energy efficiency
measure. Decision support systems, which are necessary to make rational deci-
sions, after the settlement of numerical assessments along with their validation,
are also presented for a real case study in this part.

Part 3 (Energy Efficient Ship and Port Operation) offers an analysis of energy
efficiency in shipping and port operation focusing on the energy impact of
those operations while complying with relevant regulations. It begins with studies
related to the operational aspects of ship energy efficiency such as the
minimisation of fuel consumption and risk analysis of ship performance. Several
case studies are discussed and analysed with a focus on ship navigation and
optimisation under particular weather conditions. Ship-port interface and micro-
grids approach to energy management in ports as well as the role of the Energy
Manager in ports are also covered in this part.

Part 4 (Economics and Social Dimensions of Maritime Energy Management) begins
with economic and environmental implications of fuel consumption and savings
from a life-cycle perspective. A case study in the Baltic Sea Region examines the
impact of a particular regulation on Sulphur Emission Control Area (SECA).
Human and social dimensions of energy efficient ship operation offer a good
introduction to this aspect of study. Capacity building efforts to support maritime
energy management in Myanmar is discussed. Gender implications of maritime
transport and energy to support rural women entrepreneurs are also touched upon
for Pacific Island States.

Part 5 (Alternative Fuels and Wind-Assisted Ship Propulsion) examines alternative
fuels, with a special focus on their environmental benefits as well as an outlook
for wind-assisted ship propulsion. Discussion of LNG and Methanol, two very
promising future alternative fuels, along with brief examination of their appli-
cation to ships and ports is also taking place.

Part 6 (Marine Renewable Energy) deals with renewable energy applications in the
marine industry including offshore wind farms. MRE is discussed in detail, in
particular Ocean Energy applications from wave energy converters to tidal
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energy. Besides, legal framework in EU countries with regards to MRE as well as
the States’ rights of exploitation and marine biodiversity conservation are
discussed.
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1 Introduction

This chapter analyses legal aspects pertaining to ship energy efficiency measures
adopted as part of the International Convention for the Prevention of Pollution from
Ships 1973, as amended by the Protocols of 1978 and 1997 thereto (MARPOL)
(UNTS 1983; UK 1999). The measures discussed in this work consist of the Energy
Efficiency Design Index (EEDI) and the Ship Energy Efficiency Management Plan
(SEEMP). These two measures were introduced pursuant to the International Mari-
time Organization’s (IMO) Resolution MEPC.203(62), adopted on July 15, 2011, as
part of a new Chapter 4 titled “Regulations on Energy Efficiency for Ships” within
MARPOL’s Annex VI (IMO 2011a). The latter Annex deals with air pollution from
ships. The new Chapter came into force on January 1, 2013.

The chapter presents a historical recount of the development of MARPOL leading
up to the adoption of the energy efficiency standards in Annex VI. EEDI and
SEEMP are then described and dissected as regards their scope, legal nature,
effectiveness and enforceability. A discussion of the relevance of EEDI and
SEEMP in ship chartering, sale and building contracts ensues.
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2 Historical Background

MARPOL is a living instrument that has evolved over the years. The original Inter-
national Convention for the Prevention of Marine Pollution from Ships, 1973, as
modified by the Protocol of 1978 relating thereto, contained five Annexes numbered
I to V and covering pollution by oil, noxious liquid substances in bulk, harmful
substances carried in packaged form, sewage and garbage.

In the late 1980s, scientific studies verifired that ships were a source of air pollu-
tion even though the effects of ships’ exhaust gases on human health and ecosystems
were not immediately visible and surfaced over a long term (IMO 1998). With the
aim of reducing ships’ emissions and their contribution to global air pollution,
IMO’s Marine Environment Protection Committee (MEPC) was invited to urgently
develop legally binding measures (IMO 1991).

In 1997, at an international conference of Parties to MARPOL, a new Annex VI
entitled “Regulations for the Prevention of Air Pollution from Ships” was added to
the Convention (IMO 1997a). The new Annex entered into force on May 19, 2005.
As of November 7, 2017, 88 States representing 96.16% of world tonnage were
party to the new Annex (IMO 2017).

The 1997 international conference adopted Resolution 8 entitled “CO, Emissions
from Ships” inviting MEPC to identify and develop greenhouse gas emission
strategies (IMO 1997b). In 2000, an IMO Study on Greenhouse Gas Emissions
from Ships showed that 1.8% of the world’s total CO, emissions were caused by
ships IMO 2000). Although it was highlighted that shipping was the most energy-
efficient mode of cargo transport, the Study suggested that further measures could be
taken to reduce CO, emissions (IMO 2000). The Study recommended resort to
operational measures, such as optimal utilisation, and technical measures, including
improved hull shape or propeller design, as potential solutions for the reduction of
emissions.

MEPC was later urged to identify and develop measures to limit or reduce green-
house gas emissions from ships (IMO 2003a). In 2009, MEPC developed technical
and operational measures consisting of EEDI and SEEMP (IMO 2009a). In 2011,
those measures were adopted and incorporated as a separate Chapter 4 in Annex VI
of MARPOL (IMO 201 1a). The Regulations on Energy Efficiency for Ships entered
into force on January 1, 2013.



