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ABSTRACT

ABSTRACT

The aim of this research was to contribute towards energy efficiency in the shipping
industry through improved operational practices that reduce fuel consumption, hence
exhaust emissions and the amount of carbon dioxide released into the atmosphere.
This is in line with meeting global emission reduction targets and the mitigation of

Climate Change.

A critical review is presented that was undertaken to understand Climate Change as a
driver towards energy efficiency within the maritime industry. The regulations are
reviewed along with existing operational practices and the enablers and barriers
towards improvements. Several field studies that were undertaken to further examine
current practices and barriers are described, including a questionnaire identifying the
opinions and perceptions of seafarers. Based on conclusions from the review and
field studies, a Framework for improving the energy efficiency of ship operations is

presented.

The proposed Framework identifies that for practical solutions in the industry,
human factors must be addressed in parallel with technical advances. The following
features of the Framework to enable improvements are identified to be: a) Ship
Operational Performance Monitoring for performance feedback distribution and
supporting operational strategic decisions and b) updates to existing Operating
Procedures. However, it is proposed that these features cannot be achieved on a wide
scale without first the development of the following elements: a) Maritime Education
and Training on energy efficiency; b) Analysis of ship Operational Profiles; ¢) A
Ship Operational Performance Prediction (SOPP) Model. These three elements were

developed and are described in this thesis.

The developments described in this thesis were enabled by the collection of

operational datasets (namely Ship Reports, also commonly known as Noon Reports)



ABSTRACT

and information for 21 case study ships; including tanker, container and bulk carrier

ships. The collection of this data was enabled by field study visits.

Regarding the development of Maritime Education and Training on energy
efficiency, three course curriculums are proposed. The training material developed

for the Energy Resource Management course is then described.

The results from the analysis of Operating Profiles for the 21 case study ships are
presented. Typical operating practices are identified along with the opportunities for

energy efficiency improvements.

The Ship Operational Performance Prediction Model was developed using the Ship
Report dataset for a case study tanker ship. The model predicts the ship’s main
engine brake power and fuel consumption with adequate accuracy and allows for
assessment of the impacts due to different operating conditions. Specifically, a
function to account for time dependent performance changes is developed so that the

hull and propeller surface degradation and fouling are taken into consideration.

Finally, the utilisation of the developed elements within the proposed Framework to
improve energy efficiency is discussed, so that the importance of methods utilising

Ship Report operational datasets becomes evident.
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Abbreviation Description

AF Anti Fouling

AHR Average Hull Roughness

ANN Artificial Neural
Network

BSRA British Ship Research
Association

BRM Bridge Resource
Management

CBT Competency Based
Training

CCWG Clean Cargo Working
Group

CFD Computational Fluid
dynamics

CM Continuous Monitoring

COP Conference Of Parties

CPM Continuous Performance
Monitoring
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CRM Crew Resource
Management

CS Case Study

CSI Clean Shipping Index
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EMSA European Maritime
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Design Index
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Operational Indicator
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ERM Energy Resource
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FC Fuel Consumption

FFR Fuel Flow Rate

GHG’s Greenhouse Gases

GMM Gaussian Mixture Model

GP Gaussian Process

GPD Generalised Power
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Abbreviation Description

IEE International Energy
Efficiency Certificate

IMO International Maritime
Organisation

IPCC International Panel on
Climate Change

ITTC International Towing
Tank Conference

KPI Key Performance
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LBP Length between
perpendiculars

LCA Life Cycle Analysis

LOA Length overall

MACC Marginal Abatement
Cost Curves

MARPOL International Convention
for the Prevention of
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MCR Maximum Continuous
Rating

ME Main Engine

MEPC Maritime Environmental
Protection Committee

MET Maritime Education &
Training

MRM Maritime Resource
Management

MRP Mean Referred Pressure
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and Reporting

OoW Officer on Watch

ORC Organic Rankine Cycle

PBCF Propeller Boss Cap Fin

PV Predictor Variable

RF Radiative Forcing

SEEMP Ship Energy Efficiency
Management Plan

SOG Speed Over Ground

SOPM Ship Operational
Performance Monitoring

SOPP Ship Operational
Performance Prediction

SPC Selft Polishing

Copolymer
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STCW

STW

TBT

TDNN
TMSA

UNCLOS

Ship Reports
(commonly known as
Noon Reports)
Standards of Training,
Certification and
Watchkeeping

Speed Through Water

Tributyltin

100

Tanker Management Self
Assessment

The United Nations
Convention on the Law
of the Sea

\Y%

UNCTAD

UNEP

UNFCCC

VIF

WHR
WMU

ABBREVIATIONS

United Nations
Conference on Trade and
Development

United Nations
Environment Programme

United Nations
Framework Convention
on Climate Change
Variation Inflation
Factor

Waste Heat Recovery
World Maritime
University
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Symbol Description Units
Upper Case
A | AC Admiralty Coefficient
Agr Transverse sectional area of the bulb at the position where the still-water m?
surface intersects the stern
Ag Propeller, Expanded area m’
A, Propeller, Disc area m’
B |B Breadth m
BN Beaufort Number
CcC |C A coefficient of resistance
Cg Block coefficient
Ck Coefficient of frictional resistance
ACg The change in the coefficient of frictional resistance
Cum Midship coefficient
Cp Prismatic coefficient
Cqtern Coefficient representing the aft body form
Cr Coefficient of total resistance
Cw Waterline coefficient
CO, Carbon Dioxide
CS Case Study
D | D Propeller diameter m
F | FC Fuel consumption
FC..i0 Fuel consumption ratio
FFR Fuel Flow Rate T/24 hrs
Fn Froude Number
J J Advance coefficient
K | Ko Torque coefficient
Kt Thrust coefficient
L |L Length m
LCB Longitudinal centre of buoyancy m, %
LCF Longitudinal centre of flotation m, %
N | N RPM
N Sample Number
P |p Propeller pitch m
Py Power, Brake HP, kW
Pg Power, Effective HP, kW
Pp Power, Propeller HP, kW
Q Torque
QPC Quasi Propulsive Coefficient
R Resistance kN
Rn Propeller, Reynolds number
Ry Resistance, Total kN
S |S Wetted surface area m’
Sa Apparent slip
SFOC Specific fuel oil consumption g/kWhr
Sr Real slip
T |T Average draft at midship m
T Thrust kN
V|V Ship speed Knots,
ms’
Va Apparent speed
W | WD Wind Direction
7 | Z Propeller, Number of blades
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Lower Case
G |¢g Acceleration due to gravity ms~
H | hy Position of the centre of transverse area m
N | n RPM
Suffixes
A | A Aft
B | Bal Ballast condition
BPP Between perpendiculars
C | Calc. Calculated variable via the Data Elaboration Process (Section 9.2)
Cali. Calibration
Corr. Correction factor/value
Corr.recX Correction factor/value corresponding to the variable X recorded in the SR
dataset
F |F Fore
L | Lad. Laden condition
N | Norm. Normalised to the Normalisation Baseline defined
NBase Normalisation Baseline
M | MCR Maximum continuous rating
0O | OA Overall
P | Pred. Predicted by the regression analysis equations (Section 9.3)
Pred.rec Predicted corresponding to recorded input data
Pred. XBase Predicted for the X specified baseline (i.e. input data)
R | Rec. Recorded variable in the SR dataset
S | SOG Speed over ground
STBase Sea Trial Baseline
STW Speed trough water
SW Sea water
T | TD Time dependent
W | WL Waterline
Greek
T Thrust deduction factor
Ner Efficiency, Total propulsion system
MR Efficiency, Propeller relative rotative
No Efficiency, Propeller open water
b Efficiency, Propulsive
Ns Efficiency, Shaft
Ns Efficiency, Propeller behind hull
n Efficiency
p Density kg m”
v Kinematic viscosity m’s”
A Mass Displacement tonnes
v Volume Displacement m’
@ Wake fraction
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INTRODUCTION

1. INTRODUCTION

1.1  Background Scenario and Motivation for Research

Around 80 percent of global trade by volume and over 70 percent by value is carried
by sea (UNCTAD 2012) and this makes the shipping industry a vital part of the
world economy. The characteristics of shipping trade are defined by supply and
demand, which in turn are influenced by world events, economics, population and oil
price. Stopford disuses how the shipping industry is influenced by each of these
factors, and thus experiences more prosperous and harder times occurring in a cyclic
nature (Stopford 2007). It has been observed that during periods of low demand,
linked closely with a combination of low economic growth, the oversupply of ships
and high oil prices, the shipping industry tends to respond by reducing the new build
rate, increasing the scrapping rate and implementing measures to reduce fuel
consumption. Such measures include operational decisions such as reducing ship
speed to ‘slow steaming’. Once the market picks up again these actions become less
significant or reverse, and focus turns back to meeting the high and competitive

demand.

Since the last significant downturn in the market following the 2007 economic crisis,
the shipping industry has again been faced with an oversupply of vessels',
historically low freight rates, and high bunker prices (Yao et al. 2012) (UNCTAD
2012). The bunker price alone was estimated to account for 35% of the operating
cost for a tanker in 2012 (UNCTAD 2012) and up to 75% for a containership in 2010
(Ronen 2010). Therefore there has been a great incentive to improve the energy
efficiency of ship operations and hence reduce fuel consumption. However, during
emergence from past downturns in the market, no significant design changes to

conserve or improve upon ship energy efficiency can be marked, nor the continuation

! Indicated by the recovered oil price compared to pre-crisis levels yet no strong recovery in the
shipping market (UNCTAD 2012)
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of energy efficient operational practices such as slow steaming. On the whole, in the
past, concern regarding energy efficiency appears to diminish. However, during
emergence from this current downturn there are significant factors that will influence
and encourage the continuation and increase of energy efficient ship design and

operation.

Supporting the move towards energy efficiency, there is concern about the future
availability of oil resources (Fang et al. 2013). It is also predicted by many sources
that the global population will continue to increase significantly, along with the
number of developing countries that will have increased purchasing power. This will
increase the demand for maritime transportation of raw material, manufactured goods
and commodities. To meet this demand an increased number of ships in the world
fleet will consume a larger total amount of bunker fuel (Fang et al. 2013), (UNCTAD
2012), (Buhaug et al. 2009) and (Bazari & Longva 2011); where the amount of
bunker fuel consumed by a ship is proportional to the amount of exhaust emissions
emit into the atmosphere. The type and amount of anthropogenic® exhaust emissions
emit into the atmosphere has become an increasing environmental concern as the
emissions typically contain Greenhouse Gases (GHG’s) such as carbon dioxide;
where anthropogenic Carbon dioxide has been shown to contributed towards
detrimental Climate Change (Treut et al. 2007) and (Alexander et al. 2013). Climate
Change has received International attention with the United Nations coming together
to discuss how the problem should be tackled throughout all industries worldwide.
Particularly over the past decade there has been increased pressure for actions. As a
result, environmental concerns within the shipping industry has expanded from
predominantly oil pollution to also include air emission pollution (Svensson &
Andersson 2011). Nevertheless, focus on energy efficient shipping beyond the basic
principles for economic operation still remains a relatively new and largely

unimplemented concept. One of the first efforts to address this issue has been the

? Pollution or pollutants originating from human activities; such as shipping
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mandate of the first maritime regulations on energy efficiency that entered into force
on the 1* January 2013. For these reasons, when the shipping market sees better

times once more it is expected that energy efficiency will remain important.

The need to improve energy efficiency within the shipping industry has sparked
discussions, developments and innovation in many design and operational areas.
Stakeholders that have been involved include, but are not limited to: international
regulatory bodies; national governments; classification societies; ports; ship
operators and owners; charters; machinery and technologies suppliers; academic and
research institutes. The somewhat good news is that there are several short and long
term technological and operational measures that could provide significant
reductions in the carbon emissions emit by the shipping industry (Buhaug et al.
2009). However, this is providing implementation occurs, and continues, along with

the continual development and maturity of energy efficient technologies.

An important consideration with the installation and implementation of new designs,
technologies and operations, is the requirement of human intervention at many
different levels; from decision making to physical implementation. Similarly,
changes and improvements in ship operating procedures require effective
communication and co-operation between many stakeholders. This gives rise to
several consideration areas related to human factors, to effectively achieve fully
integrated energy efficient ship operations, whilst maintaining safety and completing

job role objectives.

1.2  Research Focus

The research presented in this thesis examines the responsibilities of different
stakeholders for achieving energy efficient shipping by exploring the communication
and decision making networks. The practical barriers and enablers to implementing

energy efficient operational improvements are identified. The considered gaps in
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existing practices and research and are addressed within a framework constructed to
support the improvement of energy efficient ship operations. The aspects of the
framework developed in this research are considered to be the foundations for
practical solutions attainable on an industry wide basis. The key focuses of the

framework include:

» Increasing awareness, knowledge skills and motivation towards energy
efficiency by ensuring the availability of maritime education and training

addressing both technical and human factor topics.

» Identifying a method that provides understanding and quantification of ship
performance to the different stakeholders directly related to ship operation:
where the method includes the analysis of existing operating profiles, and the

development a ship operational performance model.

1.3  Structure of the Thesis
The research presented in this thesis is organised into Chapters 1 to 11, each

addressing the following content:

Chapter 1 provides a board overview and the scope of this research work.

Chapter 2 reports a critical review addressing the following: Climate Change as a
driver towards energy efficiency within the maritime industry; maritime energy
efficiency regulations, options for compliance, and additional industry initiatives to
encourage the implementation of energy efficient shipping; the barriers and enablers
for improving ship operational energy efficiency; ship performance prediction and

monitoring methods.

Chapter 3 states the aim and objectives of the research.

Page 2
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Chapter 4 describes the method used to address and accomplish the research aim

and objectives.

Chapter 5 presents the construction of an operational framework to improve ship
energy efficiency, supported by completion of the following: field studies carried out
by the author to gain knowledge, practical understanding and data resources;
configuration of the network of internal and external stakeholders that have direct
and indirect influence over ship operation; a field study questionnaire distributed to

317 seafarers to identify their opinions related to energy efficient ship operation.

Chapter 6 reports the development of Maritime Education and Training (MET)
courses on energy efficiency. It includes the presentation of three course structures

and the development of the training material for one of the courses.

Chapter 7 describes the procedures used for collecting and processing the
operational dataset (used for the analyses in chapters 8, 9 and 10) and the dataset

variables.

Chapter 8 presents an analysis of the case study ships’ operating profiles. The case
study ships are grouped by ship type (i.e. tanker, container, bulk carrier), and size
classifications (e.g. Suezmax, Aframax). The following profiles are examined:
passage type, speed, cargo load, trim, and dry docking and hull and propeller

maintenance patterns.

Chapter 9 focuses on the development of the Ship Operational Performance
Prediction model. The model development steps include: a data elaboration process
using hydrodynamic and propulsion relationships to calculate ship resistance for each
record in the operational dataset; a regression analysis; a data normalisation; a time
dependent performance changes analysis, i.e. changes due to hull and propeller

surface degradation and fouling.
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Chapter 10 describes a series of case studies identifying how the research
developments can be used in the Framework to address the research aim and

objectives.

Chapter 11 presents the discussion of the research achievements, major
contributions and novelties and suggestions for future work. The conclusions of the

research are also stated.

[\
W
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2. CRITICAL REVIEW

CHAPTER INTRODUCTION

The aim of this chapter is to provide an overview to why energy efficiency is
important within the shipping industry and why there is a need for the research
presented in this thesis. Focus is placed on existing ship operational practices,
identified best practices, and on research in the same field of study,; thus the
opportunities to improve ship operational practices are highlighted. This chapter has

been constructed in four sections as follows:

Section

2.1: Climate Change as a Driver Towards Energy Efficiency

2.2: Energy Efficiency In The Maritime Industry

2.3: Operational Structures And Practices

2.4: Ship Operational Performance Prediction and Monitoring
Chapter Summary
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2.1 Climate Change as a Driver Towards Energy Efficiency

Climate Change is the driver behind international and multi-industry commitments
and regulations to reduce global anthropogenic® carbon emissions: including within
the shipping industry. However, as a general perspective, there is little awareness
regarding Climate Change and thus little motivation towards making low carbon
lifestyle and industry practice changes; other than those enforced by regulations.
Understanding the background to Climate Change science and the regulatory

framework developed to mitigate Climate Change is therefore important.

2.1.1 Climate Change

There is a comprehensive collection of literature reporting Climate Change science.
In particular, the Intergovernmental Panel on Climate Change (IPCC) has produced
extensive reports detailing the state-of-the-art, as well as summary reports developed
for wider public dissemination: (Alexander et al. 2013), (Bernstein, et al. 2007),
(Solomon et al. 2007), (Scholes et al. 2007), (Treut et al. 2007).

Climate Change has already caused observable and measureable effects on a local,
regional and global scale. The number and severity of effects are expected to
increase further with increasing of Climate Change. The current and future effects

include, but are not limited to:

» Seasonal changes; such as more frequent hot days and nights, and increased

precipitation in some areas whilst the opposite in others.

. 4 .
» The increased frequency of severe weather events'; such as storms, tropical

cyclones, flooding, fires, freezes, heat waves.

» Ocean acidification; due to absorption of the additional carbon dioxide in the

atmosphere into the oceans.

3
Man-made
* this is not to say that extreme events have not happened in the past, just not as often
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Ocean temperature increase (to the depth of at least 3000m); as the oceans
have absorbed around 80% of the additional heat due to Climate Change
(Alexander et al. 2013)

It should be noted that Climate Change will impact differently in different

geographical regions. Often the harshest impacts are experienced in undeveloped and

developing countries that do not have the resources or infrastructure to adapt to the

changes. As the causes of Climate Change can predominantly be attributed to

industrialised, developed and developing countries, differentiated responsibility

forms part of International concern (discussed in the next sub-section).

The impacts related to the effects of Climate Change can be positive or negative. A

small example list of current and future positive impacts are given here, focusing on

a few related to shipping:

>

Improved crop harvest in an area and therefore improved food and trading

resources.
Improved water resources with changes in precipitation patterns.

Improved habitats for ocean and land based plants, insects and animals, with

the opportunity for species to migrate to new areas.
Less heat or cold related deaths.

The warmer oceans have been melting ice. This could open up new shipping

routes in the future (Fang et al. 2013).

Both the temperature and salinity of water (which is reducing as fresh water
ice melts into the ocean) change water density. This will impact on a ships

frictional resistance performance.

(Treut et al. 2007) and (Alexander et al. 2013)
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A few examples of negative impacts include:

» Poor crop harvest condition in an area, therefore loss of food and trade

resources.

» Changing habitats for ocean and land based plants, insects and animals, has
and could lead to: extinction of a species that it is unable to adapt or migrate
the changed habitat or compete with an invading species; loss of a species
due to migration to a different area; the migration of disease spreading

species in areas with no natural immunity.

» More extreme heat or cold related deaths: including increased UV exposure

resulting in an increased number of skin cancer cases.

» Increased risk of deaths and environmental, industrial and domestic damage

due to extreme weather: e.g. flooding, forest fires, extreme winds.

» The warmer oceans have been melting fresh water ice creating a sea level rise

and flooding land permanently and periodically.

(Treut et al. 2007) and (Alexander et al. 2013)

Some future impacts are unknown, for example; changes in ocean density and
weather patterns has the potential to change deep ocean currents as we know them
today; which will impact on ship route planning and voyage execution. It is also a
concern that Climate Change could result to a sequence of extreme events that, once
started, could contribute to unstoppable further effects and impacts: once such
extreme event is a methane release (Buffett & Archer 2004). It should be noted here
that the concern related to Climate Change is not the existence of the Earth,

moreover the detrimental impacts that it will have on human life.

A change in climate is experienced due to natural and external influences, where
external influences include those due to human activities. Radiative Forcing is used

to quantify the changes in climate by depicting the energy balance between the
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radiation energy received, absorbed and reemit by the Earth, its ocean, atmosphere
and biosphere. (Solomon et al. 2007), (Treut et al. 2007), (Bernstein et al., 2007),
(Loaiciga et al., 1996) and (Gaddy & Wieme 1940) discuss the different forcing
drivers (influences) and their impact on a change in climate, along with climate
feedback mechanisms. Importantly, it is composition of gas particles in the
atmosphere that is the forcing driver that has contributed most significantly to net
positive radiative forcing (Alexander et al. 2013), i.e. an increase in heat energy and

hence climate temperature, namely Climate Change.

The group of gases and particles responsible for Climate Change are known as Green
House Gases, GHG’s. Amongst other properties of GHG’s, their high absorption’ of
radiation essential ‘traps’ heat energy between the GHG layer and the Earth’s

surface: known as the Green House Gas Effect.

Chlorofluorocarbons and Hydrofluorocarbons are man-made GHG’s (T.J. Blasing
2013) that have already been phased out of use by International regulations to reduce
ozone-depleting substances (United Nations 1999). Water vapour has the largest
volume in the atmosphere (T.J. Blasing 2013) and has the strongest detrimental GHG
properties. However, it is not directly possible to control the amount of water vapour
in the atmosphere as it is governed by the hydrological cycle (Loaiciga et al., 1996),
which in turn depends on the climate at that time. Thus the concern is that water
vapour will amplify the effect of Climate Change caused by other forcing drivers
(Alexander et al. 2013). Methane has strong detrimental GHG properties®, however
its quantity in the atmosphere is small (T.J. Blasing 2013). Therefore, whilst it should
not be ignored, at present methane is not considered the highest concern related to
Climate Change. The highest concern is with Carbon Dioxide, (CO,). CO; is a

naturally occurring gas, it has the second largest volume in the atmosphere (T.J.

’ High absorption of predominantly infrared radiation (thermal energy), which is typically re-emitted
by the Earth’s surface after solar radiation has been absorbed.

% The GHG properties of methane are almost 20 times more detrimental than CO,; but quantity in the
atmosphere much less than carbon dioxide (x109 compared to 106) (T.J. Blasing 2013).
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Blasing 2013), and it is regulated by the carbon cycle (Gaddy & Wieme 1940):
(Solomon et al. 2007). However, since the industrial revolution, starting around the
1970’s an additional amount of CO, has been released into the atmosphere due to
man-made processes: anthropogenic CO, emissions. The additional amount of
anthropogenic CO, in the atmosphere, above the naturally occurring amount, is
significant (Alexander et al. 2013). (Thompson 2000), (Sherwood 1988) and (Liithi
et al. 2008) present findings from ice core drilling in Greenland and Antarctica,
correlating the change in air composition (i.e. the increase in CO,) with the increase
climate temperature, dating back 800,000 years. The industrial revolution can be
linked with the dramatic increase in CO; and temperature; much greater than the

natural variations identified for the previous 800,000 years.

The primary man-made processes contributing to anthropogenic CO, emissions can
be attributed to the combustion of raw materials to produce other forms of energy;
required for the sustainability of industry and present life styles, predominantly in
developing and developed countries. The amount of CO; released during combustion
depends on the type of fuel used, the machinery installed and the associated
efficiencies. More specifically, the amount of CO; released for the combustion of 1
kilogram of fuel depends on the carbon content of the fuel and fuel composition: the
calculation of CO, emissions from fuel consumed can be found in (Theotokatos &
Tzelepis 2015) and (Woud & Stapersma 2012). However, most often in the shipping
industry, the composition of a fuel is not known on a day to day basis and therefore
this calculation cannot be made. For this reason, generalised, non-dimensional, fuel
consumption to CO, conversion factors (C¢) have been defined for the primary fuel
types used within the shipping industry, shown in Table 1. The C; value is multiplied

to the amount of fuel consumed to calculate the carbon emissions emit.
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Table 1: Carbon conversion factors given by the IMO (IMO 2014)

Type of fuel Reference S:rr::r: (t-COj;Fuel)

1 DieseliGas Oil i 0.8744 3.206
2 Light Fuel Qil (LFO) Eh?DSZﬂ Grades RMA through 0.8594 3.151
3 Heavy Fuel Oil 1SO 8217 Grades RME through

(HFO) RMK | 0.8493 3.114
4 Liquefied Petroleum |Propane 0.8182 3.000

Gas (LPG) Butane 0.8264 3.030
5 Liquefied Natural

Gas (LNG) 0.7500 2.750
6 Methanol 0.3750 1.375
7 Ethanol 0.5217 1.913

In conclusion of the above point, the amount of anthropogenic CO, emissions emit
within and outwith the shipping industry can be mitigated by reducing the amount of
fuel consumed and by using fuels with a lower carbon content. However to achieve
either of these solutions changes need to be made in human activities; requiring the

motivation and knowledge to do so.

2.1.2 Public Attitudes Towards Climate Change

There is a large amount of public scepticism regarding the occurrence of Climate
Change. (Cobb & Carolan 2011) identifies that attitudes towards Climate Change
vary due to many variables that are weighted differently by individuals, including:
demographics; perceived responsibility; voluntary or involuntary risks; trust in the
organisations responsible for protection from the risks. (Gibson et al. 2015) identify
that despite ‘every Intergovernmental Panel on Climate Change report, the predicted
consequences of global warming become increasingly dire. Yet public engagement
on the issue, particularly in the United States, lags far behind what is required for

collective action.” Therefore there are many challenges towards addressing this issue.

‘The challenges begin with the issue itself; as a story, climate change violates almost
all of the traditional definitions of newsworthiness. Climate change is global, not
local. It is chronic and slow-moving, not episodic or event-driven. As an issue, it is
neither dramatic nor does it have an immediately obvious ‘human interface’.’

(Gibson et al. 2015)
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Additional factors associated with Climate Change scepticism are the uncertainty
surrounding the science and how it is portrayed by the media (Cobb & Carolan
2011), (Hmielowski et al. 2014), (Zehr 2000), (Gibson et al. 2015). This was
particularly evident in the early years of Climate Change science when uncertainty
was higher. However many people remain unaware of the developments and reduced
uncertainty levels in climate change quantification and modelling: (Solomon et al.
2007), (Treut et al. 2007), (Bernstein et al., 2007) (Alexander et al. 2013).
(Leiserowitz et al. 2010) presents the results of a survey carried out in 2008 and 2010
comparing the awareness and perceptions of 1001 American adults. Mixed positive
and negative were demonstrated. For example, the largest proportion of participants
(51% in 2008 and 47% in 2010) believed that ‘humans could reduce global warming,
but it’s unclear at this point whether we will do what’s needed’. An increasing
proportion of participant believed that ‘global warming isn’t happening (5% in 2008
and 13% in 2010).

2.1.3 The International Response to Climate Change

1989 saw the first International regulations regarding concern for the climate with
the enforcement of the Montreal Protocol on Substances that Deplete the Ozone
Layer (United Nations 1999); based on the framework presented at the 1988 Vienna
Convention for the Protection of the Ozone Layer (United Nations 1985). In 1992 the
governments of the United Nations came together in Rio, and, with the support of the
United Nations Environment Program (UNEP), they created the United Nations
Framework Convention on Climate Change (UNFCCC) Treaty: also known as the
Earth Summit. The objective of the treaty is:

‘stabilization of greenhouse gas concentrations in the atmosphere at a level that
would prevent dangerous anthropogenic interference with the climate system. Such a

level should be achieved within a time-frame sufficient.” (United Nations 1992)

%)
(O8]
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The governments signed to the treaty meet annually at the Conference of Parties
(COP) to make decisions on Climate Change actions to meet the UNFCCC’s
objective. Expert and scientific advice is sort by the COP, specifically looking to
their advisory bodies; including the IPCC, and the Subsidiary Body for Scientific and
Technological Advice. At COP3 held in Kyoto, Japan, 11" December 1997, the
Kyoto Protocol was agreed upon, committing 186 participating industrialised
countries to meet specified targets for Climate Change mitigation via the reduction of
the GHG’s; specifically anthropogenic carbon emissions (United Nations 1998). The
Kyoto Protocol recognised the inherent differences of the shipping and aviation
industries in comparison to land based industries; i.e. where operation is between
nations and thus the apportionment of emissions to one nation is not easily defined.
The International Maritime Organisation (IMO) was therefore recognised as the
correct body to implement actions within the shipping industry (United Nations
1998). However, should sufficient actions not be implemented by the IMO, then the
COP to the UNFCCC will seek other means to bring about implementation within
the shipping industry. The Copenhagen Accord (COP 15) recognised that global
emissions should be reduced to a level that will limit a global temperature increase to

2 degrees Celsius (United Nations 2010): based on the 2007 reports of the IPCC.

In addition to the international response to Climate Change, many national carbon

emission reduction targets have been identified. For example:

‘The 2008 Climate Change Act established the world’s first legally binding climate

change target. We aim to reduce the UK’s greenhouse gas emissions by at least 80%

(from the 1990 baseline) by 2050’ (UK 2008)

‘For 2020, the EU has made a unilateral commitment to reduce overall greenhouse
gas emissions from its 28 Member States by 20% compared to 1990

levels.’(European Commission 2013)
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2.1.4 The Shipping Industry’s Response to Carbon Emission Reductions

Environmental concern within shipping was first recognised in 1956 under The
United Nations Convention on the Law of the Sea (UNCLOS) Part XII, Protection
and Perseveration of the Marine Environment (United Nations 1960). The
International Convention for the Prevention of Pollution from Ships (MARPOL) was
then adopted in 1973 with subsequent updates. With increasing environmental
concern and International pressure to make improvements in the shipping industry,
the IMO established a subsidiary body known as the Marine Environmental
Protection Committee (MEPC) to assist with the development, adoption and
amendment of conventions and regulations, along with measures to ensure their

enforcement.

Annex VI Prevention of Air Pollution from Ships was amended to MARPOL, and
entered into force in 2005: addressing the emissions of sulphur oxide, nitrogen oxide,
ozone depleting substances and particulate matter, primarily in response to the
Montreal Protocol. However, at this point MARPOL did not address carbon

emissions as a GHG.

With the agreements made in under the UNFCCC treaty and the commitments under
the Kyoto Protocol, the IMO, through the MEPC, initiated research and actions
towards the reduction of GHG emissions from ships. The first comprehensive study
on GHG emissions, specifically CO, emissions, from shipping was published in 2009
called The Second IMO GHG Study (Buhaug et al. 2009). In 2014 a Third IMO GHG
Study was published (Smith et al. 2014).

Key figures from the second study demonstrate that shipping is the most efficient
means of transporting cargo when considering efficiency as the tonnes of CO, emit
per tonne of cargo transported per nautical mile. However, it was estimated that in
2007 shipping was responsible for 3.3% of total global CO, emission, with 2.7%
from International shipping alone (Buhaug et al. 2009): Figure 1. The third study
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published that in 2012 total shipping emissions were approximately 949 million
tonnes of CO,, accounting for 2.7% of global CO, emission, and 796 million tonnes

and 2.2% for international shipping alone (Smith et al. 2014).

| International Aviation International
19 % Shipping
2.7 %
mDomestic Shipping and
Fishing
0.6 %

Rail
0.5 %

mOther Transport
(Road)
213 %

Electricity and Heat
Production
35.0%

Manufacturing
Industries and m Other

Construction 15.3 %
her E
18.2 % Other Energy

Industries
4.6 %

Figure 1: Emissions of CO, from shipping compared with global total emissions (Buhaug et al. 2009)

Again, achieving reductions in the amount of CO, emit by shipping becomes
increasingly more important when considering the predicted growth of the shipping
industry (linked closely with the growing population (UNCTAD 2012)). The Second
IMO GHG Study 2009 concludes that:

‘Mid-range emissions scenarios show that by 2050, in the absence of policies,
carbon dioxide emissions from international shipping may grow by a factor of 2 to 3
(compared to the emissions in 2007) as a result of the growth in shipping’ (Buhaug
et al. 2009)

Furthermore,
‘If a climate is to be stabilized at no more than 2°C warming over pre-industrial

levels by 2100 and emissions from shipping continue as projected in the scenarios

that are given in this report, then they would constitute between 12% and 18% of the
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global total CO2 emissions in 2050 that would be required to achieve stabilization

(by 2100) with a 50% probability of success’ (Buhaug et al. 2009)

The discussed clearly demonstrates the need for energy efficiency to be implemented
within the shipping industry, to reduce the consumption of fuel with a high carbon
content, and hence CO, emissions. Furthermore, in summary of this section, CO,
emission reduction levels are required to be in line with international and national
commitments and targets, sufficient to contribute towards the mitigation of Climate
Change, and in line with the shipping industries responsibilities. This is to prevent
future detrimental effects and impacts of Climate Change as much as possible: where
quantified effects and impacts are already being observed on a local, regional and
global scale. These quantifications and future predictions are supported by state-of-
the-art Climate Change science. However, despite all of the above requirements and
actions, there is a vast amount of public scepticism and lack of awareness regarding
Climate Change, international regulations and the need to implement changes. Often,
where positive perceptions are observed, a lack of motivation towards the
implementation of changes in life styles and practices remains. Thus the provision of
awareness and motivation, by providing knowledge to all those who are required to

make changes, is required.
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2.2  Energy Efficiency in the Maritime Industry

2.2.1 Energy Efficiency Measures

In the Second IMO GHG Study a number of measures for increasing ship energy
efficiency were identified (Buhaug et al. 2009). These measures fall into two
categories: technological (design) measures concerned with the design of ships and
their systems, and operational measures concerned with ship operation. Table 2
identifies groups of measures for each category and the carbon emission reductions
that could be realised: potentially equating to a 25 -75% reduction in CO, emission,

compared to the level referenced at the time.

Table 2: Assessment of potential reduction of CO, emissions from shipping by using known technology and
practices (Buhaug et al. 2009)

DESIGN (New ships) Saving (%) of CO,/tonne-mile Combined Combined
Concept, speed and capability 2-50*

Hull and superstructure 2-20

Power and propulsion systems 515 10502+

Low-carbon fuels 5-15+

Renewable energy 1-10

Exhaust gas CO, reduction 0 25-75%!
OPERATION (All ships)

Fleet management, logistics and incentives 5-50*

Voyage optimization 1-10 105004+

Energy management 1-10

* CO, equivalent based on the use of LNG.
* Reductions at this level would require reductions of speed.

Design improvements are considered to offer some of the largest step changes in
future CO, emission reductions. It is therefore necessary that the continual design
and development of low carbon ship designs and technologies starts now, to ensure
availability for implementation as soon as possible. However, the drawbacks of
design measures include: many can only be applied to new build ships; retrofits tend
to have an investment cost and require docking time (loss of revenue); there is often
uncertainty associated with the performance attributes of new technologies, systems
and retrofit devices (including reliability in terms of safety, realisation of stated
savings, and savings when installed in conjunction with other technologies and

devices).
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In comparison to design measures, most operational measures can be implemented
readily by changes in operational procedures. They can be implemented for existing
and new ships and can often provide reduction benefits at little or no investment cost:
only some operational measures require the installation of hardware, software and or
retrofits. One of the largest barriers to implementing operational measures is the lack
of commitment towards making changes by each stakeholder who can influence the

ship’s operation.

Marginal Abatement Cost Curves (MACC) have been popular for demonstrating the
reduction potential of different design and operational measures in terms of the cost
per tonne of CO, that the measure could help advert, in millions of tonnes per year.
An example is presented in Figure 2 (DNV 2010), but other MACC’s can also be
found in (IMO 2009b) and (Faber et al. 2011). The operational measures tend to be
seen on the left due to the low or no investment and operational costs, whilst the

design measures tend to be seen on the right.
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Figure 2: Average marginal CO, reduction cost per option — world shipping fleet in 2030 (DNV 2010)
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To incentivise the implementation of both design and operational measures the IMO
regulated the first maritime Energy Efficiency Regulations that entered into force on
1* January 2013. The regulations include, the Energy Efficiency Design Index
(EEDI]) focusing on design measures, and the Ship Energy Efficiency Management
Plan (SEEMP) promoting energy efficient ship operation.

2.2.2 Maritime Energy Efficiency Regulations

The energy efficiency regulations were amended to The International Convention for
the Prevention of Pollution from Ships, MARPOL, Annex VI, with the addition of a
new Chapter 4. Compliance with the regulations is recognised by the certification
and issue of an International Energy Efficiency (IEE) Certificate, provided by an
authorised organisation or authority. The regulation amendments are summarised in

Table 3 and full details can be found in (IMO 2012a).

Table 3: Summary of the Chapter 4 amended to MARPOL Annex VI

Chapter 4 is added to the end of Annex VI, including:

Regulation 19 Application (which ships must comply with the energy efficiency regulations)
Regulation 20 Attained Energy Efficiency Design Index (Attained (EEDI)
Regulation 21 Required EEDI
Regulation 22 Ship Energy Efficiency Management Plan (SEEMP)
Regulation 23 Promotion of technical co-operation and transfer of technologies relating the
other improvement of energy efficiency of ships

APPENDIX VIII Form of International Energy Efficiency (IEE) Certificate

Regulation 25 Supplement to the International Energy Efficiency Certificate (IEE Certificate)

The regulations are applicable to all ships above 400 gross tonnage: although at
present there are some ship types and propulsion types exempt from compliance, and

there is the potential for a waiver to be agreed (IMO 2012a).

* The Energy Efficiency Design Index (EEDI)

The EEDI is a tool that can be used to calculate the amount of CO, emissions that a

ship is expected to emit based on its’ design and installed machinery and
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technologies. The latest guidelines for the calculation of the EEDI can be found in
(IMO 2014) with previous references and amendments in (IMO 2013c) and (IMO
2012b). The EEDI calculation is carried out before the ship goes to build (or before
the start of a major conversions) and compliance is determined during a preliminary
and final verification process (IMO 2010b). To comply with the regulation, the
calculated EEDI must be less than the required EEDI: where the required EEDI is
derived from reference curves developed for different ship types, based on
deadweight: (IMO 2013b). The reference curves will become more stringent over
time in line with the phased implementation plan for the EEDI, which should allow
time for the development of the new technologies and design measures to reach

maturity.

A limitation of the EEDI is that the calculation only takes into consideration one
design point. However, the energy efficiency savings gained from design measures
will vary significantly over the lifecycle of the ship due to operation away from the
design point and conditions. The concern here is that the selected and implemented
energy efficiency measures will reflect decisions to attain a good EEDI and thus may
not provide the best energy efficiency solution for attaining savings in practice (i.e.
during ship operation). Examples of optimising the implementation of design
measures based on operational profiles are given in (de Kat et al. 2010) and (Greitsch

et al. 2009).

(ABS 2013) and (Fathom 2013) review many of the design measures recommended
for implementation in (Buhaug et al. 2009) and shown (predominantly to the right) in
Figure 2. Considering practical design measure savings achieved and reported in the
industry, (de Kat et al. 2010) reports that A.P. Mgller Maersk, observed: that the
most substantial savings per unit transported were achieved with an increase in
average vessel size; 1 to 3 g/lkWh were saved after the instalment of a closed loop
auto tuning system for the main engine, controlling the injection timing; a 9%

increase in fuel efficiency across the operating profile was achieved using Waste
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Heat Recovery (WHR). (Armstrong 2013) reports that the Teekay experienced a 4%
gain in propeller efficiency from the instalment of a Propeller Boss Cap Fin (PBCF),
determined through model tests and validated by two Aframax tanker full scale test
methods. (Knott & Buckingham 2011) reports case study investigations carried out
for BMT for the implementation of design measures including; hull form
modifications (namely the bulbous bow and aft end), micro-bubbles, sky sails, wing
sails, flettner rotor, wind turbine, photo-voltaic solar panels, exhaust gas WHR,

Organic Rankine Cycle (ORC).

* The Ship Energy Efficiency Management Plan, SEEMP

In contrast to the EEDI the aim of the SEEMP regulation is to increase the energy
efficiency of ships whilst they are in operation; thus it is applicable to all ship, both
new and existing. The SEEMP is a management plan that should be developed for
each individual ship and integrated with existing company policy and management
plans. It is meant to be a live document that is continually revised and developed
though the cyclic process of planning, implementing, monitoring and evaluating.

Guidelines for the construction of a SEEMP are found in (IMO 2012c¢).

The following quotes are taken from the SEEMP guidelines (IMO 2012c). Bulleted
underneath are the key gaps within the industry that have not yet been addressed for
wide spread operational energy efficiency improvements; although a few companies
have been making proactive efforts. If not already discussed, justification of the

highlighted gaps will be provided in the rest of this chapter:

‘For effective and steady implementation of the adopted measures, raising awareness
of and providing necessary training for personnel both on shore and on board are an
important element.’

¢ The next chapter section will discuss the development of a Maritime

Education and Training (MET) course on energy efficiency for
seafarers. It will be identified that there are several key points
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where further improvements could be made. Furthermore there are
many methods for raising awareness out with a MET course, yet
these are not widely considered in company strategies, policies and
procedures.

‘The energy efficiency of a ship should be monitored quantitatively. This should be
done by an established method, preferably by an international standard.’
‘... whatever measurement tools are used, continuous and consistent data collection
is the foundation of monitoring.’

‘To allow for meaningful and consistent monitoring, the monitoring system,
including the procedures for collecting data and the assignment of responsible
personnel, should be developed.’

e At present there is no industry standardisation for data collection.

Furthermore, the standardisation and consistency of data collection
is not widely addressed on a company or even ship basis.

“...In order to avoid unnecessary administrative burdens on ships' staff, monitoring
should be carried out as far as possible by shore staff, utilizing data obtained from
existing required records such as the official and engineering log-books and oil
record books, etc. Additional data could be obtained as appropriate.’
¢ In addition to data collection, there is no industry standard for

quantifying, analysis and performing ship performance monitoring’.
Furthermore, systems and the infrastructure to record, transfer

(from ship to shore), collate data sets and analysis operational data
are not widely established.

‘The purpose of goal setting is to serve as a signal which involved people should be

conscious of, to create a good incentive for proper implementation, and then to

7 The next section will identify that the EEOI is currently the recommended method for performance
monitoring but is not considered sufficient, an EU regulation for Monitoring Verification and
Reporting (MRV) in the process of being enforced, and I1SO standard is under development but the
content is not yet known.
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increase commitment to the improvement of energy efficiency. ... Whatever the goal
is, the goal should be measurable and easy to understand.’
e Goal setting is hindered by the lack of awareness about ship

performance and operating profiles and by methods to quantify goal
measurement, i.e. ship performance monitoring.

Similar to the EEDI, an advantage of the SEEMP is that it is non-prescriptive so that
the most applicable and viable measures specific to the company and ship can be
selected: recognising that the operational requirements for each ship vary. A list of
operational measures to be considered for implementation are given in the second
half of the SEEMP guidelines (IMO 2012c); including several of the measures
shown on the left in Figure 2 and discussed (Buhaug et al. 2009). It is noted that
whilst the operational measure are listed and briefly described in the SEEMP, no

explanation regarding how to practically achieve their implementation is given.

Again (de Kat et al. 2010) reports savings that A.P. Mgller Maersk’s container fleet
observed from the implementation of operational measures. These include a 1% of
total fuel consumption using an optimum trim program, and 70 — 80 kW savings by
performing maintenance and optimisation of the ventilation system. Additional
implemented measures include; engine tuning for the operating profile, turbocharger
re-matching (with the installation of nozzles and fuel atomizers for lower load
operation), and turbo charger cut-out systems. (Armstrong 2013) also reports a
validated 1% saving from trim optimisation, trialled with Teekay Aframax tankers
and for the ships on which the concept worked. Furthermore, (Armstrong 2013)
reports; a 12% reduction in fuel efficiency (miles per metric tonne of fuel) between
2005 and 2010 from combined optimisation efforts that required minimal
investment; a 2.5 MT/day saving in one year (and greater after that year) by
optimising cargo heating plans; up to 3% saving in fuel consumption (neglecting
time savings) by implementing route optimisation; a potential 5% saving from

optimising the Controllable Pitch Propeller (CPP) program; a 2.5 MT/day fuel saving
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following a 10 year dry dock including a full blast for sister ships using a higher
grade Self Polishing Copolymer (SPC) coating.

A key emphasis made in (de Kat et al. 2010) is that consideration of the operational
profile is a priority for achieving successful operational improvements. However, the
analysis of operating profiles is not common practice industry wide. (de Kat et al.
2010) discusses the need to update existing procedures in light of changes in
operational practices: for example, an engine inspection policy, supported by
experiences gained and visual inspections, was developed due to the maintenance
requirements at low load operation. Both (de Kat et al. 2010) and (Armstrong 2013)
emphasise the impacts and importance of organisational structures, common goals,
and providing useful feedback to different stakeholders in the operational structure:
‘Feedback is the single most effective measure that can sustain and increase the
momentum of an initiative’ (Armstrong 2013). (de Kat et al. 2010) reports the benefit
of setting targets for 6 of their ship’s crew to improve the operation of the installed
Waste Heat Recovery (WHR) systems: current practices were considered to only
achieve 55% to 95% of the benchmark but after three months by using and receiving
feedback from the developed performance model, all six vessels improved their
WHR efficiency to over 90% of the benchmark. Some vessels surpassed the target by
finding ‘innovative ways to produce more WHR than our models originally

predicted’.

* The expected impact of the EEDI and SEEMP regulations

(Bazari & Longva 2011) reports an assessment of the CO, savings that could be
achieved with the mandate of the EEDI and SEEMP alone. The assessment was
made in light of different growth, regulation uptake, fuel price and wavier scenarios.
It was shown that the SEEMP is likely to provide greater savings in the short to
medium term and then remain at a constant rate once the maximum energy efficient

operation has been established for the ship(s). At this point the EEDI will provide

Page 45



CRITICAL REVIEW

increased savings as new technologies are developed and become available on the
market once tried and tested for reliability. A conclusion of the study was that the
EEDI and SEEMP will provide significant CO, savings compared to the Business As
Usual scenarios, although not enough to meet CO, reduction targets with world trade
growth as predicted. It can therefore be expected that more, and more stringent,
regulations and measures will be implemented in the future to meet international CO,

emission reduction targets.

2.2.3 Maritime Regulatory and Industry Energy Efficiency Initiatives

* The Energy Efficiency Operational Indicator, EEOI

Within the SEEMP the Energy Efficiency Operational Indicator (EEOI) is
recommended as the method for quantifying energy efficiency performance.
However, its calculation remains voluntary along with the publication of results. The
EEOI, similar to the EEDI, demonstrates the amount CO, emitted per tonne of cargo
transported per nautical mile, however it is based on the input of operational data
over time. The calculation of an average rolling EEOI is detailed in the guidelines
(IMO 2009a) but the time period over which the rolling average should be calculated
is not specified. This leaves room for interpretation. It has been observed that the
EEOI is often used for higher level performance assessment, with a monthly or

yearly average presented for a fleet of ships.

The EEOI is dependent on the supply and demand for ships in the sense that
operational speed has a strong influence on the calculated value. Whilst the EEOI
accurately reflects that operational measures such as slow steaming are beneficial for
reducing emissions, when demand increases, operating speeds will most likely
increase, therefore so too will the EEOI. As the EEOI is presented as an efficiency
indicator an increase over time may not appear commercially attractive to customers

at first glance, regardless of the cause of the increase. This is one of the
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disadvantages hindering its application. A further concern is that the EEOI
calculation (and baselines if they are developed) could favour certain ship types,
sizes and operational profiles, whilst unfairly disadvantaging others in direct

comparison.

= Maritime Education and Training (MET)

It is stated within the SEEMP regulation that education and training is required. In
light of the regulations and shipping energy efficiency developments, many
classification societies and organisations have developed courses to provide
awareness and knowledge primarily to fleet management, technical ship management
and business management stakeholders. These courses tend to focus on the learning
requirements applicable to the job role objectives of the stakeholders listed.
Therefore, to address this issue further and for seafarers, the MEPC commissioned
the World Maritime University (WMU) to develop a model course® on energy

efficiency.

The initial work plan for the model course on energy efficiency was set out at the
60™ meeting of the MEPC (IMO 2010a). It was specified that the course should be a
one-week course, 30 hours, and ‘will provide general background on the climate
change issue and IMO’s related work’. Each course topic for inclusion was
highlighted; in line with the recommended best practices within the SEEMP. A draft
of the model course was published (IMO 2011a) before a final draft was presented to
the validation group at the 65" meeting of the MEPC (IMO 2013a). The validation
group’s comments included: the 5 day course was too long; the EEDI and EEOI

should be thoroughly discussed and calculated; full mission engine-room simulator

8 The IMO model courses typically take on a standard format (IMO n.d.) and are predominantly
focused on addressing the MET requirements specified in the International Convention on Standards
of Training, Certification and Watchkeeping for Seafarers (STCW) (IMO 2010c).
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exercises should be complemented with other practical exercises. Amendments were

made to the model course as considered appropriate.

In an independent paper (Baldauf et al. 2013) reviews of the overall structure and
content of the draft model course; with the (IMO 2011a) course version referenced. It
was commented that the course provides a ‘starting point and should be further
developed with experience gained by shipping companies and to support the
distribution of good and innovative practices to implement sustainable energy
efficient operation of ship and shipping companies.” (Baldauf et al. 2013) continues
to highlight that the focus of the course is on enabling the distribution of knowledge

about energy efficient best practices.

In agreement with (Baldauf et al. 2013) it is considered that there is additional
knowledge that can be included based on the continual development and
identification of best practices in the industry; i.e. as they are tried, tested and
reported. Best practice examples based on collated experiences should be used to
develop and populate further examples, exercises and case study scenarios to help
support the delivery of the course content and key messages. It was also considered
that further emphasis could be applied to: the impacts of operational structures and
job role responsibilities on achieving energy efficiency improvements and the human
factor skills required for achieving effective, integrated operational energy

efficiency.

To trial the IMO model course, a train-the-trainer course was held
from 18 to 22 February 2013, (WMU n.d.). The IMO model course is now available
for purchase and participants who have completed all five sections of the course can
receive recognition for their additional qualifications: ‘participants who have
attended all of these seminars will be awarded a special GL Academy certificate. It
will certify that he/she has attended a comprehensive classroom based training,

which covers all topics recommended in the model course.” (DNV.GL n.d.). The five
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sections of the course include: application & implementation of a SEEMP; hull &
propulsion maintenance; voyage optimisation; optimised ship handling; energy

efficient fleet management.

= Monitoring Reporting and Verification

A significant focus related to ship energy efficiency has been the development of a
Monitoring Reporting and Verification (MRV) standard to quantify the carbon
emissions emit by each ship in the world fleet. The largest barriers to the
development of a MRV have been the diversity, inconsistency and uncertainties in

the methods used to measure, collect and report operational data.

Whilst no MRV proposal has currently been accepted by the IMO, the European
Union (EU) has put forward a proposal that was adopted at the EU environmental
council on the 17" December 2014. If the EU parliament votes on the agreed text in
the spring of 2015, the EU regulation will enter into force on the 1% July 2015.
Deadlines for preparation, submission and implementation of company MRV plans
will follow at intermediate dates, with the first reporting commencing in 2018. The
regulation will apply to ships over 5000 GT that are operating to, from and between
EU ports. The content of the EU proposal can be found (EU 2009). If a differing
MRYV proposal is adopted internationally by the IMO in the future, the EU MRV

regulations should then be amended correspond.

The MRV proposal, states that carbon emissions should be calculated based on
monitored fuel consumption or emission directly. The methods for fuel measurement
include: bunker delivery notes, ship fuel tank monitoring and flow meters. The use of
any one or a combination of these methods (if approved) allows flexibility for
companies to utilise their best existing records without the mandate to install
additional sensors: such as fuel flow meters. In addition to fuel consumption (or

direct emissions), several additional parameters must also be recorded on a voyage
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basis, including but not limited to: departure and arrival ports and dates; cargo
transported; distance travelled, transport work. Total summary reports should be
produced by the company and as of 2019 annual emission reports should be

submitted to the EU Commission and authorities of the flag states for verification.

= Market Based Measures

Market Based Measures (MBM’s) relate to the use of a financial incentive placed on
the emission of GHG’s to encourage improvements. International discussion on
legislation for MBMs was somewhat paused over the past years as it was considered
that the MRV initiative was first required to provide a verified carbon emission
quantification, on which an MBM could be applied. For the details, discussions and

further references for the proposed MBM measures, refer to (IMO n.d.).

* Industry Tools And Initiatives

Independent of regulatory bodies, many groups and organisations have implemented
a range of environmental performance initiatives to incentivise energy efficiency.
Some of these initiatives do not include carbon emissions specifically, or identified
indices or indicators: instead they focus on recognising environmental performance
in other ways. (Svensson & Andersson 2011) carried out an inventory and evaluation
of the 47 different initiative systems identified by the European Maritime Safety
Agency (EMSA 2005). The 10 initiative discussed at further length in (Svensson &
Andersson 2011) include: The Blue Angel; Clean Cargo Working Group (CCWG):
Performance Metrics Tool; Clean Shipping Index (CSI); Energy Efficiency
Operational Indicator (EEOI); Environmental Ship Index (ESI); Green Award; Green
Marine Environmental Program; Rightship CO, Rating and Environmental Rating;

RINA Green Plus; Triple-E.
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= Existing Management Plans and International Standards, ISO

British (BS), European (EN) and International (ISO) standards, commonly known as
ISO standards, are a set of management plans that a company can choose to adopt.
Specifically, ISO 14001:2004 is the standard for Environmental Management
Systems, and ISO 50001:2011 is the standard for Energy Management Systems.
Both these standards share similarities with the SEEMP in that it they are structured
on a Plan, Do (Implement), Check (Monitor) and Act (Continual improvement)
methodology. However the ISO standards tend to focus on the management
framework and do not include specific environmental performance criteria. There is
therefore an added benefit to integrating the SEEMP to further enhance existing
policies. Integration may also be carried out in parallel with existing ship safety
management plans (such as the International Safety Management (ISM) Plan) or with

any existing sustainability, environmental and energy efficiency plans.

In addition to mentioned standards, several ISO standards are under development for

maritime environment protection, including the following:

» ISO 19030-2 Ships and marine technology - Measurement of changes in hull
and propeller performance Part 2: Enabling performance based contracts and

intercompany reporting

» ISO 19030-3 Ships and marine technology - Measurement of changes in hull

and propeller performance Part 3: Enabling intra-company reporting

» ISO 19030-1 Ships and marine technology - Measurement of changes in hull

and propeller performance Part 1: General principles

» ISO 20082 Ships and marine technology - Marine environment protection -

Monitoring system for ship energy efficiency

» 1SO 13073-3 Ships and marine technology - Risk assessment on anti-fouling

systems on ships Part 3: Human health risk assessment of biocidally active
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substances in anti-fouling paints on ships during the application and removal

process

ISO 19030 is of particular relevance to this research as it is concerned with the
measuring ship performance related to hull and propeller surface degradation and
fouling. However, to date there is little information available detailing the content of
the standard. However, it was reported by (Maritnelnsight 2014) that the standard is
expected to account for monitoring techniques using different levels of data, from

noon reports to continuous monitoring data sets.
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2.3  Operational Structures and Practices

The previous section introduced the regulatory and industry initiative to incentivise
energy efficient shipping. The design and operational measures to help achieve
energy efficiency were also identified; where many operational measures were
highlighted as cost effective. So why have these operational measure not already
been implemented in the industry? This section examines the influences of
organisational structures, stakeholder networks and human factor issues that create
barriers to implementation. Practices that could help address certain barriers are
highlighted for consideration in a framework for improving ship operational energy

efficiency; such as the framework developed and presented in Chapter 5

2.3.1 Operational Structures

Commercial shipping relies on the business driven demand to transport commodities,
1.e. the cargo. This broadly dictates the type of ship that is utilised, the generalised

route taken, and the demands for the safe and efficient passage of crew and cargo.

Shipping transport demand is influenced by world political, economic and security
situations, as well as the availability or scarcity of raw materials and desired
commodities. Each of these factors change over time; particularly with changes in
the state of country development and population growth. A detailed explanation of
how these factors have influenced maritime transport is given in: (Stopford 2007) for
past trends; the annual United Nations Conference On Trade And Development
reports (UNCTAD 2011), (UNCTAD 2012), (UNCTAD 2013) and (UNCTAD
2014) for the recent past trends; (Fang et al. 2013) and (Argyros et al. 2014) for

future trends.

Ship operation is also dictated by the type of service (i.e. tramp or liner) and charter

(e.g. bare boat, voyage or time charter, or within a pool) that the ship operates on.

W
O8]
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The differences between the services and charters are described in (Stopford 2007)

and highlighted differences include;

» Operating profiles: e.g. liner services tend to operate at a higher speeds and

on a regular, scheduled route.

» The flexibility in different services: e.g. some ships transporting minor bulks
must provide a versatile service to accommodate for a range of possible bulk

cargos.

Relating the above to the opportunities for energy efficiency; operational flexibility
may allow a ship to be easily adapted to energy efficient operations in terms of
established ingenuity, versatility and efficient decision making practices. However, it
may be easier to fine tune the efficiency of a ship with an operational profile that

does not vary as much, and which does not have to be so versatile.

The type of service and charter is important in terms of the stakeholders responsible
for the operational costs; particularly fuel and maintenance (e.g. hull cleaning) costs.
For example, it is not necessarily the person who invests in an energy efficient
operational measure that will gain from the fuel cost saving, thus why should they
provide the time and or cost effort to implement the change. This is known as a split
incentive. (Rehmatulla & Smith 2012) discusses split incentives for a ship under time

charter, highlighting several split incentive scenarios.

Whilst addressing split incentives directly is not within the scope of research; it is
highlighted that good communication, understanding and negotiations, between the
stakeholders involved with the split incentive’ can help to assist in the achievement
of best energy efficient operational decisions. Awareness and a comprehensive
knowledge of the best operational energy efficient practices should therefore also be

attained by these stakeholders.

% i.e. from the internal stakeholders: the commercial and technical management departments, and the
ship owner
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2.3.2 Stakeholder Networks

External stakeholders are considered to be those that indirectly influence ship
operations and hence are considered outwith the focus of the research presented.
However, it is important to identify and recognise the external stakeholders as they
influence the drivers towards energy efficiency and often define the operational
boundaries in which the internal stakeholders have to operate (e.g. the laytime (time
allowed for the voyage)). The internal stakeholders are considered to be those who
have a direct influence over ship operations: namely onshore ship management and

seafarers. These stakeholders fall within the scope of this research.

(Osterman et al. 2009) identifies a high level breakdown of external stakeholders
throughout the life cycle of the ship; each of which can be relate to influences over

operational energy efficiency:

» Third Party Public and Media influence the energy efficiency of shipping by
raising awareness and demand for energy efficiency amongst customers:
inclusive of the final end consumer (the public) and those at each
intermediate step along the supply chain, up to and including the cargo
purchaser, owner and charter. (Marks & Spencer n.d.) is an example of an
external stakeholder that places a high important on a low carbon supply

chain: ‘the only major retailer with carbon neutral global operations’.

» Legislators (e.g. the IMO, EU) have a significant impact in terms of adopting
new regulations to encourage energy efficiency improvements; such as the

EEDI and SEEMP.

» Classification societies support regulations with research, survey and

certification.

» Insurance companies can influence the investment in technologies or
operations by the clauses they include in their contracts and fees that they

charge. These influences are broadly similar imposed by banks (the financers)

o
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who decide whether or not to lend the finance to invest in a ship or retrofit

project.

» The ship breaker does not influence the energy efficiency of the ship design
or operation, however they should be considered within the full energy

efficiency and carbon foot print life cycle of a ship.

» Ship builders often dictate the design of a ship related to the typical hull form
design dependent on previous builds and experience, and yard machinery,
facilities and capabilities. The most recent focus on energy efficiency (i.e. the

EEDI) has stimulated improved practices in ship design optimisation.

» Brokers and sea transport buyers influence the operation of a ship on a
voyage basis by communicating and influencing the selection (fixing) of a
ship to transport the cargo from one defined port to another, within the

required time period.

In addition to the above mentioned, there are many additional stakeholders that can
influence ship operations dependent on the characteristics of the supply chain.
(Stopford 2007) identifies the stages in a generic logistic chain, for example:
producer > storage > land transport > storage > loading (ship) > discharging (ship) >
storage >land transport > storage > importer. If there is a delay or problem at any one
of these stages (perhaps due to uncontrollable events, poor communication and
organisation, or poor completion of the supply chain task) this can lead to impacts on
the ship’s operation: thus creating operational boundaries for the internal

stakeholders to work within.

2.3.3 Implementation Barriers and Enablers

A number of studies have been carried out to investigate the implementation barriers
to energy efficient shipping. (Rehmatulla et al. 2013) draws similarities between

energy efficiency and those previously identified for economic efficiency. Using a
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MACC curve (such as that presented in Figure 2) (Rehmatulla et al. 2013) highlights
a 30% unrealised cost and energy efficiency gap, which he then relates to the

following market barriers:

Modelling artefacts — difference in saving potentials of economist vs. technologists
Rational behaviour — non market failures e.g. cost of capital, heterogeneity, etc.

Barriers — behavioural, organisational and economic market failures

(Rehmatulla et al. 2013)

(Rehmatulla & Smith 2012) report a survey carried out to investigate the above listed
barriers. The survey was first distributed at the end of 2011 with a target group of
global shipping companies owning more than five ships, consisting of; ship-owners;
ship owner-operators; ship management companies; shipping division major

charterers/cargo owners; in the wet bulk, dry bulk and container sectors.

It was identified that fuel consumption monitoring is believed to be the operational
measure with the highest potential for reducing fuel consumption. Raising crew
awareness and energy efficiency training was identified to have the 6™ most potential

out of 10 measures.

It was identified that a larger proportion of small companies (<92% compared to <72
and 62%) have already taken up fuel consumption monitoring; (Rehmatulla & Smith
2012) discusses that this could be indicative of the investment cost being smaller and
more manageable for smaller companies than larger ones. [Percentages are given as
share of implementation per measure]. The container shipping sector'® had taken up
fuel consumption monitoring more than the dry and then wet bulk sectors. Ship

management companies (=<85%) have taken it up more than ship owner-operators

' Only 4 participants responded from the container shipping sector and thus the result could include
bias.
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(=82), ship owners (=65%) and charters'' (=45%). It is interesting to note that some
charters are also specifying fuel consumption monitoring procedures for
implementation onboard. In some scenarios this could be in addition to the
procedures specified by the other company types mentioned, thus increasing the

workload of seafarers to complete and maintain all systems required.

Ship management companies were shown to have implemented raising crew
awareness and energy efficiency training the most (=65%), followed by ship owner-
operators (=61%) and then ship owners (=41%): however it was not shown to be
implemented by charters. It was implemented more in the container shipping sector’ 0
and then in the wet and dry bulk sectors. Medium sized companies were shown to
have implemented raising crew awareness the most (<65% compared to 45 and

50%).

The survey also investigated what were considered to be the most important barriers
to implementing the measures. In order of most importance, these were: lack of
reliable information and cost and savings; difficult to implement under some types of
charter; lack of direct control over operations; uncertain/long payback; not allowed
due to charter party clauses; other; savings cannot be fully recouped from the
investment; additional costs e.g. transactional, contractual; lack of access to capital.
Many of the mentioned (i.e. those relating to charters and operations) emphasis the
need for the commitment of internal and external stakeholders to work towards
energy efficiency improvements. The operational boundaries in which the internal
stakeholders have to work within are hence also highlighted. The reliability of
information on savings could be improved with a standardised method to monitor
ship performance, providing the method is suitable for detecting the resolution of

savings expected.

" Only 2 participants responded for charterer, and thus the result could include bias.
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(Poulsen 2011) also examines the barriers and enablers to operational energy
efficiency, highlighting the complexity of the stakeholder network within the
shipping industry and the interactions and communications required. Actions by
regulatory authorities and clear incentivises are identified as enablers toward energy
efficient operation. Agency problems are highlighted as barriers and the conflicting
incentives between the commercial and technical management departments are
discussed. The paper also emphasises the importance of transparent policies and

incentive structures between stakeholders.

Similarly, (Johnson & Andersson 2011) identifies that the transparency of
personnels’ responsibilities and actions, and the distribution of information about
energy efficiency performance, as enablers. It is stressed that this is even more
important in the absence of an established monitoring procedure. (Johnson &
Andersson 2011) reports interview findings where ‘... interviewees that worked or
were working in organisations where they felt that they were discouraged to work on
energy efficiency’. This highlights the need to consider existing operational
procedures and policies to avoid this from happening. (Johnson & Andersson 2011)
recommended that standard operating procedures should be used as guidance for
setting up energy efficiency best practices. This could include taking guidance from
ISO 50001, the SEEMP, or safety management systems such as the Tanker
Management Self Assessment (TMSA), (OCIMF 2008).

Regarding the SEEMP, (Bazari & Longva, 2011) conclude that two drivers towards
effective use of the SEEMP are: ‘More vigorous awareness building and cultural
change on board ships.” and ‘more collaboration between industry stakeholders and a

solution to issue of split-incentives.’
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2.3.4 Human Factors

(Bieli¢ 2009) discusses different company organisational structures based on the
1992 Human Resource Management IMO model course; identifying both
hierarchical and matrix schemes and how they impact on working atmosphere
teamwork. (Koutsoukou 2008) also reviews different organisational structures
discussing how they have changed over time. The structures include: unitary
functional, multidivisional, matrix network and hybrid organisational structures. It is
highlighted in (Koutsoukou 2008) that the na