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Key Challenge: Emissions from Maritime
Transport


When sulfur compounds burn -> sulfur
dioxide is produced



Sulphur dioxide –> air pollutant with
emissions that travel long distances



Maritime mostly uses fuels containing sulfur
compounds



As a result…
the air quality in the EU has been affected
by maritime transport!
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Key Challenge: Emissions from Maritime
Transport




3

2000: In the seas surrounding Europe was estimated,


sulphur dioxide (SO2) emissions at 2.3 million tones a year,



nitrogen dioxide (NOx) emissions at 3.3 million tones a year, and



particulate matter (PM) at 250,000 tones.

2020: Emissions are expected to grow by
40-50%!


Almost 70% of shipping emissions occur within
400 km from land -> coastal areas’ air
problems
Source: http://www.airclim.org/acidnews/2011/AN3-11/sulphur-emissions-shipping-be-slashed

Key Challenge: EU Legislation for SOx
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Directive 1999/32/EC amended by Directive 2005/33/EC, designating Baltic Sea, North Sea and
English Channel as sulphur emission control areas (SECAs) with maximum sulphur content of
maritime fuels of 1.5%.



Directive 2012/33/EU amending Directive 1999/32/EC, requiring as of 1 January 2015, EU Member
States to ensure that ships in the Baltic, the North Sea and the English Channel are using fuels
with a sulphur content of no more than 0.10%. Higher sulphur contents are still possible, but only if
the appropriate exhaust cleaning systems are in place.
SOx Emission Control Areas

Other Sea Areas

1,50% until 1 July 2010

4,50% until 1 January 2012

1,00 % until 31 December 2014

3,50 % as from 18 June 2014

0,10 % as from 1 January 2015

0,50 % as from 1 January 2020

Source: http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32012L0033
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Key Challenge: EU Legislation for NOx


In addition to fuel sulfur limits, ships operating in ECAs must meet the NOx limits of the Engine
International Air Pollution Prevention (EIAPP) Certificate program and the regulations 13.8 and
5.3.2 of the NOx Technical Code 2008 (resolution MEPC.177(58)).
Tier

Ship
construction
date on or after

NOx Limit, g/kWh
n < 130

130 ≤ n < 2000

n ≥ 2000

(1997 Protocol)

I

2000

17.0

45 · n-0.2

9.8

(2008
Amendments)

II

2011

14.4

44 · n-0.23

7.7

III†

2016*

3.4

9 · n-0.2

2.0

Notes:
† Tier III standards apply only in NOx ECAs; Tier II controls apply outside NOx ECAs
* subject to a technical review to be concluded in 2013 this date could be delayed to 2021, regulation 13.10
Source: http://transportpolicy.net/index.php?title=International:_Marine:_Emissions

International Convention for the Prevention
of Pollution from Ships (MARPOL) Instructions
MARPOL NOx Emission Limits

MARPOL Fuel SOx Limits
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Key Challenge: Greenhouse Gas Emissions

Source: http://www.feport.eu/media-corner/few-facts/environment
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Between the different means of transport, shipping is
the most environmentally friendly (and cost effective)
for transporting large quantities of goods over long
distances.



Particularly short-sea shipping contributes in reducing
congestion on Europe’s busy road networks.



Considering,


Recent environmental regulatory measures, and



gigantism of vessels

cargo being handled in European ports will
inevitably increase.
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What
should be
done?
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Use of Alternative Fuels


Liquefied Natural Gas (LNG)



Biogas



Low Sulfur Fuels (LSF)



Hydrogen



Liquefied Petroleum Gas (LPG)



Nuclear Fuel



DiMethyl Ether (DME)



Synthetic Fuels (Fischer-Tropsch)



Methanol and Ethanol



Biodiesel

There is no single fuel solution
for the future of water mobility and all main
alternative fuel options must be pursued.
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How should
be done?

1/2: Decision Making Process
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Definition:
A

set of eight steps that begins with identifying a problem; it moves through selecting an
alternative that can alleviate the problem and concludes with evaluating the decision’s
effectiveness.


Can be regarded as the mental process resulting in the selection of a course of action
among several alternatives. The result of the decision making process is a final choice.



Decision making process can be used to describe both individual and group decisions.



It should not be confused with problem analysis, considering that problem analysis
must be done first, then the information gathered in that process may be used towards
decision making.
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2/2: Decision Making Process

STEP 1:

STEP 2:

STEP 3:

STEP 4:

STEP 5:

STEP 6:

STEP 7:

Identification
of a
Problem

Identification
of Decision
Criteria

Allocation
of Weights
to Criteria

Development
of
Alternatives

Analysis
of
Alternatives

Selection
of an
Alternative

Implementation
of the
Alternative

STEP 8:

Evaluation
of
Decision
Effectiveness

Let’s apply this process to our situation…


STEP 1: What is our problem?



STEP 2: What are the decision criteria?



STEP 3: What is the weight of each criterion?



STEP 4: What are our alternatives?



STEP 5: What analysis of alternatives should we perform?



STEP 6: What alternative should we select?



STEP 7: How should we implement our chosen alternative?



STEP 8: Have we taken the right decision?
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1/2: Practical Application


Criteria

STEP 1: What is our problem?
The reduction of sulfur emissions, both in SECA
and non-SECA areas by turning to an alternative
fuel. But which one?





STEP 2 & 3: What are the decision criteria and
their weights?
STEP 4: What are our alternatives?
MGO, LSHFO, LNG & HFO with SCRUBBER

Weight

Cost of investment

10

Price of fuel

8

Ship’s current life

9

Percentage of SECA operation

7

Maintenance cost

3

Safety of fuel

9

Ship’s Performance

2

IMPORTANT NOTE:
The example used here does not necessarily reflect reality. It is just used to
illustrate the logic behind the decision making process and the criteria are
based on author’s point of view. Other criteria could be considered as well.
For more complicated decisions, as the one that we are facing, we will use
data, analysis, research and studies.
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2/2: Practical Application


STEP 5: What is the analysis of the alternatives?
Percentag
Cost of Price
Ship’s
Maintenanc Safety of
Ship
e of SECA
Alternative
investment of fuel current life
e cost
alternative Performance
operation
(10)
(8)
(10)
(2)
(9)
(3)
(7)
MGO
8
80 5 40 9
90
6
42
9
18
8
72
7
21
LSHFO
8
80 6 48 9
90
7
49
8
16
8
72
7
21
LNG
6
60 9 72 5
50
10
70
8
16
10
90
7
21
HFO with SCRUBBER 7
70 10 80 6
60
8
56
8
16
8
72
7
21

Total
363
376
379
375



STEP 6: What alternative should we select? LNG



STEP 7: How should we implement our chosen alternative? Retrofit ship to apply the LNG solution



STEP 8: Have we taken the right decision? Has the problem corrected though the chosen
solution? Have we accomplished the desired result?

1/2: Decision Support Tools

16



It is likely that a poor decision can lead to a good outcome and vice
versa.



For this reason, supporting a decision, means supporting the process of
decision making so as that better decisions are made that can lead to
better outcomes.



Decision Support Tools (DST) or Decision Support Systems (DSS)


wide range of computer-based tools developed to support decision analysis



provided with a dedicated interface in order to be directly and more easily
accessible by non-specialists (e.g. decision makers)

2/2: Decision Support Tools
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Decision Support Tools (DST) or Decision Support Systems (DSS)


have specific simulation and prediction capabilities, but are also used as a vehicle
of communication, training and experimentation



can facilitate dialogue and exchange of information, thus providing insights to nonexperts and support them in the exploration of policy options



tend to be aimed at the ill-structured, underspecified problems that upper level
managers usually face



emphasize on flexibility and agility including any changes in the environment
(external and internal) and the decision making approach of the user



focus on satisfying decisional stakeholders innovatively and reputably.

Fact:

Concept of Decision Support Tools

The first decision support
system was developed in
1969 by Ferguson & Jones
and it was a production
scheduling application
running on an IBM 7094.
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The concept is extremely broad and definitions vary according to the author’s point of view.



Keen and Scott Morton (1978):




Turban (1995):




Decision support tools couple the intellectual resources of individuals with the capabilities of the computer to improve the
quality of decisions. It is a computer-based support tool for management decision makers who deal with semi-structured
problems.

Decision support tool is an interactive, flexible, and adaptable computer-based information system, especially
developed for supporting the solution of a non-structured management problem for improved decision making. It utilizes
data, provides an easy-to-use interface, and allows for the decision maker’s own insights.

They should be considered when two assumptions seem reasonable:


Good information is likely to improve decision making, and



managers need and want computerized decision support.

Decision Support Tools Characteristics


Provide support in semi-structured and
unstructured situations
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Have user friendly interfaces



Goal is to improve the effectiveness of
decision making



Support for various managerial levels



Support to individuals and groups





Support to interdependent and/or
sequential decisions

The decision maker controls the decision
making process



End-users can build simple systems



Utilizes models for analysis



Provides access to a variety of data
sources, formats, and types







Support all phases of the decision making
process

Support a variety of decision making
processes and styles
Are responsive

A DST is not meant to replace a decision
maker, but to extend his/her decision making
capabilities.

1/2: Decision Support Tools Components
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Decision Support Tools have four major components:
 Language

accept.

System (LS), consists of all messages that the DST can

 Presentation

System (PS), consists of all messages the DST can emit.

 Knowledge

System (KS), consists of all knowledge the DST has stored
and retained.

 Problem-processing

System (PPS), is the DST’s software engine that
tries to recognize and solve problems during the making of a
decision.

2/2: Decision Support Tools Components
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Source: Frada Burstein, Clyde Holsapple (2008) Handbook on Decision Support Systems 1: Basic Themes, p. 166

1/4: Types of Decision Support Tools
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Text-oriented Decision Support Tools,


KS is made up of electronic documents, each being a textual passage that is potentially interesting to the decision maker.



PPS consists of a software that performs various manipulations on contents of any of the stored documents.



LS contains requests corresponding to the various allowed manipulations.



PS consists of images of stored text that can be emitted and messages that can help the decision maker use the DST.



Generating knowledge from text is important in functionalities such as text mining and content analysis.

Hypertext-oriented Decision Support Tools,


Eliminates the connection problems of text-oriented DST by linking each piece of text to other pieces of text that are
conceptually related to it.



PPS consists of a software that performs various manipulations on contents of any of the stored documents, plus user’s
added ability to create, delete or transverse the links.



The benefit of this DST is that decision makers can store and recall large volumes of concepts and connections without
the need of memorizing them.

2/4: Types of Decision Support Tools
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Database-oriented Decision Support Tools,


Knowledge handled by this DST tend to be descriptive, rigidly structured and voluminous.



KS holds information about table structures (e. g., what fields are involved in what tables) plus the actual data value
contents of each table.



PPS has three kinds of software: a database control system, an interactive query processing system, and various custombuilt processing systems.



Database control system consists of capabilities for manipulating table structures and contents (e. g., defining or revising
table structures, finding or updating records, creating or deleting records).

Spreadsheet-Oriented Decision Support Tools,


Users have more power and can create, view, and modify procedural knowledge assimilated in the KS and can tell the
PPS to carry out the instructions they contain.



Knowledge system is comprised of files that house spreadsheets, each being a grid of cells in which the PPS determines
cells’ values.



Typically used for what-if analyses to see the implications of some set of assumptions embodied in the cell definitions.



Spreadsheet-oriented DSTs are heavily used in organizations.

24

3/4: Types of Decision Support Tools




Solver-Oriented Decision Support Tools,


A solver is a procedure consisting of instructions that a computer can execute in order to solve any member of a
particular class of problems



Frequently equipped with more than one solver, and the user’s request indicates which is appropriate for the problem
at hand in order to use a specific area of problems (e.g. financial problems)



Solvers are incorporated into the tool using either the fixed (solver cannot be easily added, deleted of modified) or the
flexible approach; flexible solver-oriented DST may allow user customized presentation of results.

Rule-Oriented Decision Support Tools,


Based on a knowledge management technique that involves representing and processing rules



KS holds one or more rule sets, where each rule set pertains to reasoning about what recommendation to give a user
seeking advice on some subject



PS includes messages presenting advice and explanations



LS contains requests for advice and requests for explanation



PPS often called an inference engine, follows the actions specified in rules.

The rule has the basic form of:
If: description of a possible situation (premise)
Then: indication of actions to take (conclusion)
Because: justification for taking those actions (reason)

4/4: Types of Decision Support Tools
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Compound Decision Support Tools,


Someone can either use multiple DSTs, each oriented toward a particular technique or use a single DST that
encompasses multiple techniques.



In the first option each DST having its own LS and PS, is good in a specific area. When results of one technique
need to be processed via another technique, it is the decision maker’s responsibility to translate responses from
one DST into requests to another DST.



In the second option, there is one LS and one PS for the decision maker to learn and the effort required of a
decision maker who wants to use results of one technique in the processing of another technique varies, based
on the way in which the multiple techniques have been integrated into a single compound DST.



Large organizations today combine a data warehouse with analytical solvers to derive new knowledge or a
data warehouse with data-mining solvers that generate knowledge by discovering patterns in data that are
helpful in decision making.

The primary concern should be finding a DST that meets a manager’s decision support
needs and provide appropriate management information.

Benefits & Limitations of Decision Support
Tools
Benefits


Extend decision maker’s ability to process information
and knowledge



Extend decision maker’s ability to tackle complex
problems



Shorten time associated with making a decision



Improve the reliability of a decision making process or
outcome



Encourage exploration or discovery



Generate new evidence in support of a decision



Improve user’s ability to correctly identify important
information in the environment and translate that
information into viable options.
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Limitations


Power of DST depends on the computer system it is
built upon, its design and the knowledge it
possesses



Natural language processing is not yet supported
by due to language and command interface
limitations



DST are normally designed for a specific
application and do not perform well outside of the
scope of this original application (Feigh, 2008).

Focus On: Spreadsheet-Based Decision
Support Tools
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A spreadsheet-based decision support system is a decision support system developed
in a spreadsheet environment with the enhancement of a programming language
and user interface developer.



Spreadsheet software provides all of the systems of a DST.


In the knowledge system, spreadsheets can easily store large amounts of data in rows and
columns on multiple worksheets.



In the problem-processing system, spreadsheet software can perform calculations using
spreadsheet functions or a programming language (VBA).



In the GUI system, most spreadsheet software offer a variety of GUI options from basic
formatting and drawing tools to more advanced GUI features such as user forms and control
tools.

Steps for Developing a SpreadsheetBased DST
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Application overview and model development: Create a layout of the entire application,
designing the flow from the user input to the model calculations to the output, and outlining the
model details.



Worksheets: Determine how many worksheets the programmer requires to best handle input,
calculations, and output.



User interface: Outline what interface a programmer requires to receive input from the user and
navigate him or her through the application.



Procedures: Outline what programming procedures are required to receive input, perform
calculations, and display output.



Re-solve options: Decide what re-solve options the user will be given.



Testing and final packaging: Ensure that the application is working properly and has a clear and
professional appearance (Şeref & Ahuja, 2008)

Alternative Ship Fuels Decision Support
Tool Spreadsheet
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Application overview and model development: This application allows the users calculate their
ships’ operational cost and compare it with the operational cost of the ship when it uses
alternative fuels, as well as compare the investments of the alternatives. The users begins by
creating the profile of their ships. Once the users have created the profile of their ship, they can
return any time to edit it. The DST solves the model and displays to the user various results
regarding the cost and investment of the alternative ship fuels. The users can resolve the model
using various parameters.



Model: The model compares the alternative fuels and promotes the most cost efficient solution.



User inputs: A complete profile of the ship, investment and other operational costs, fuels prices
etc.



Model Outputs: Fuels investment and operational cost calculations, ranking of fuels.



Worksheets: We use six worksheets in this application: welcome sheet, one input sheet, one
output sheet and three model sheets.

DST Welcome Sheet
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A description
of the
application is
given to user in
the welcome
sheet. The user
needs to press
the “Start”
button to
begin.

DST Parameters Sheet
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In the “Parameters” sheet (Inputs sheet) the
user has to complete several parameters
separated into groups. There is a total of six
groups of parameters that the user need to
input, before proceeding to the report of
the DST.
The user is advised to complete all required
inputs, in order to take advantage of the
complete functionality of the DST. An
incomplete parameters sheet will not run
the DST properly. This may be considered as
one of the constraints of this DST.
After entering all parameters, the user can
view his/her report by pressing on the “View
Results” button.
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1/3: DST Model Assumptions

For practical and
economical reasons we
consider the following four
alternative solutions:

MGO

LNG

LSHFO

HFO with
SCRUBBER

Fuel type

Description

Sulphur content

IFO 380 cSt
LS 380 cSt
MGO
LNG

Residual fuel containing distillate fuels
Residual fuel with low sulphur content
Distillate only
Liquefied natural gas

3.5%
1% or 1.5%
0.1% – 0.005%
0%
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2/3: DST Model Assumptions
MGO & LSHFO

HFO with SCRUBBER

The reference case is a switch
to a low sulfur fuel, which can
be either MGO or LSHFO.

The scrubber uses water to
wash out the sulphur from the
exhaust. HFO can then still be
used in SECAs since scrubber
reduces SOx emissions to less
than 0,1%.

This switch requires small
modifications with minor
investment costs compared
to the other two solutions.
Extra attention is required in
the maintenance of the
engines.

LNG
LNG as fuel reduces the NOx
up to 85% and completely
removes SOx and PM.

The scrubber is installed on
both the main and auxiliary
engines.

The use of LNG as fuel requires
a retrofit of the main engines
with the fuel system being
present onboard. The auxiliary
engines can run on a low sulfur
fuel.

The scrubber solution requires
retrofit and has a substantial
investment cost.

The retrofit of the main engines
requires a higher than scrubber
investment cost.
LNG tank steal space onboard

3/3: DST Model Assumptions
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Calculation of Main & Auxiliary Engines fuel consumption is based on the average fuel
consumption of the specific type of engines.



Retrofit of engines for alternative solutions can be either partial or full and the cost that the user
enters in the respective table refers to cost of its type of retrofit. The same applies on the number
of engines (main & auxiliary) that the user chooses to retrofit.



The number of engines that the ship currently uses per state is the number of engines that will be
retrofit for each solution.



Apart form the retrofit/re-engine cost, the investment cost of each solution includes the profit
loss due to ship’s inactivity during reconstruction and the cost for training the crew to the new
systems.



The operational cost includes the cost of fuel consumption, the fuel and exhaust system
maintenance cost of each solution and the cost of profit loss due to a reduction in the loading
capacity of the ship.
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DST Cost Sheet

LNG vs MGO
HFO SCRUBBER vs MGO
LSHFO vs MGO

LSHFO vs LNG
HFO SCRUBBER vs LSHFO
HFO SCRUBBER vs LNG

In this sheet the DST calculates the
operational cost of each solution based on
the input of the user. The operational cost
includes the fuel consumption cost and the
maintenance cost.
Then the DST compares the calculated cost
of each solution to the calculated cost of
the current situation.
After that, the DST compares the
installation, operational and maintenance
cost of each alternative solution to each
other based on six possible scenarios:
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Cost Calculation Assumptions
MGO Solution

HFO with SCRUBBER Solution

2015-2019

2020-2029

2015-2019

2020-2029

@all states

SECA

Non-SECA

SECA

Non-SECA

@all states

SECA

Non-SECA

SECA

Non-SECA

Consumption ME

MGO

HFO

MGO

MGO

Consumption ME

HFO

HFO

HFO

HFO

Consumption AE

MGO

HFO

MGO

MGO

Consumption AE

HFO

HFO

HFO

HFO

LNG Solution

LSHFO Solution

2015-2019

2015-2019

2020-2029

@all states

SECA

Non-SECA

@all states

SECA

Non-SECA

SECA

Non-SECA

Consumption ME

LSHFO

HFO

Consumption ME

LNG

HFO

LNG

LNG

Consumption AE

LSHFO

HFO

Consumption AE

MGO

HFO

MGO

MGO

* We also assume that outside SECA the ship burns the fuel with the lowest $/MMBtu

DST Cashflows Sheet

*Depreciation, inflation and taxation are not taken into
consideration
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This sheet records the information from
the “Cost” sheet for the alternative
fuels that are compared with each
other according to the combinations
we previously described.
We also use this sheet to perform the
cashflow calculations that are later
used on the calculation of the financial
parameters used for the comparison
between the alternatives.
The cashflow of each pair is calculated
based on the total capital and based
on the equity capital of the investment
for a period of 15 years.

DST Financials Sheet
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This sheet uses the information from the
“Cashflows” sheet for the alternative
fuels that are compared with each other
according to the combinations
previously described, to calculate NPV,
IRR, PPB and PI for the comparison
between the alternative investments.
As it is also performed in the “Cashflows”
sheet, these financials are calculated
based on the total capital and based on
the equity capital of the investment.
In this sheet we also calculate NPV for
different rates.

DST Report Sheet
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The “Report” sheet (Output sheet) displays the results of the
DST. The DST returns a report with several graphs, tables and
parameters related to cost, financial and utilization factors.
The user gains information about the current economic
state of his/her ship, along with the time and power
utilization factors.
The user can then see the results of the comparison
between the current state and the four alternatives. The
DST classifies the solutions according to their difference in
the OPEX from the current state.
The third part of the report displays the classification of the
compared pairs of alternatives based on the financial
parameters calculated on the “Financials” sheet.
The “View Parameters” button corresponds to a re-solve
option by modifying the initial inputs.

1/2: The Influence of Fuel Prices
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The prices of the fuels influence the operational cost greatly. However, it is extremely difficult to
predict them resulting in a added risk to the assessment.

2/2: The Influence of Fuel Prices
During the last decade
the prices of all fuels
indicate intense
fluctuations, with the
prices of MGO showing
the highest increase,
while gas remains the
cheapest of the three.

Source: LNG – A COST-EFFICIENT FUEL OPTION? Drivers,
status and economic viability - Océane Balland
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DST Report Sheet: Fuels Prices & SECA %
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For this reason the user can modify some crucial
parameters (% of SECA operation, fuels prices) and
obtain results in real time.
This interactivity of the DST enables the user to perform
multivariate analysis and view its results while he is still
in the “Report” spreadsheet.
Using the scrollbars of each parameter the user can
either increase or decrease, for example the price of
HFO enough, while the other prices are steady he/she
will witness that the SCRUBBER solution becomes one
of the least cost efficient solutions.
The same applies to the % of SECA operation. For
example, if the user increases the % of SECA
operation he/she will witness a change in the
classification of the alternatives.

DST Report Sheet: Ship’s Life
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A parameter that highly influences the
investment decision is the current age of the
ship.
If ship’s current age plus the payback of the
investment is higher than the ship’s
operational profile, then the user is displayed
a message that the investment will not
payback within its operational life.
The user can use the scrollbar to increase or
decrease the age of ship and see its result
on the payback of the investment.

What do these financials really mean?
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NPV, IRR, PPB and PI are financial measures that we commonly use for evaluating investments.


The Net Present Value – NPV of an investment tells you how this investment compares with your
alternative investment. A positive NPV means this investment is better. A negative net present value
means your alternative investment is better.



The Internal Rate of Return - IRR is the interest rate at which the NPV of all the cash flows (both positive
and negative) from a project or investment are equal zero. It is used for evaluating the attractiveness of
an investment. If the IRR of a new project exceeds a company’s required rate of return, that project is
desirable. If IRR falls below the required rate of return, the project should be rejected.



The Payback Period –PPB of an investment is an important determinant of whether to undertake the
project, as longer payback periods are typically not desirable for investment positions.



The Profitability Index – PI is a measure that identifies the relationship between the costs and benefits of
a proposed project. Any value lower than 1 indicates that the project's present value is less than the
initial investment. As values on the PI increase, so does the financial attractiveness of the proposed
project.

1/2: Alternatives Evaluation Results

WACC%

i%
Investment horizon

11,3%

7%
15 years

Grant

35%

Equity & Loan

65%

HFO price

355

MGO price

589

LSFHO price

393

LNG price

378

SECA operation

50%
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2/2: Alternatives Evaluation Results
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We see slightly
different results
when we evaluate
the alternatives
based on the equity
capital.
The HFO SCRUBBER
vs MGO goes down
to the third place.

The Influence of SECA & Spread on
Payback Period (LNG vs MGO Scenario)
14

12

10

8

6

4

2

0
$51

$101

$151
SECA 25

$201
SECA 50

$251
SECA 75

$301
SECA 100

$351
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The payback period highly depends
on the spread and the % of SECA
operation. Taking the LNG vs MGO
scenario as an example…
We assume a steady MGO price at
589 $/tone, a varying LNG price
changes the payback period of the
scenario.
At 25% an LNG price of 528 $/tone
increase the payback period by 10
years comparing to the initial state.
As the % of SECA operation
increases the payback period is
considerably decreased in favor of
LNG regardless of the spread.

LNG Investment Evaluation against HFO with
Scrubber, LSHFO and MGO for Three LNG Price
Scenarios (7, 9, 11 $/MMBtu)
Payback to HFO with
Scrubber

Payback to LSHFO

Payback to MGO

6,77 years

2,65 years

O,48 years

No payback

10,58 years

0,68 years

No payback

No payback

1,10 years
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Conclusions
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It is possible to reduce or remove SOx emissions by converting an existing tanker to one of the alternative ship
fuels.



The age of the ship plays a crucial role in the decision of retrofitting the engines of the ship.



The MGO solution, due to its high price per tone produces the highest operational costs comparing to the
other solutions.



The HFO with SCRUBBER solution has currently a much lower investment cost than LNG, however in the long run
it will produce higher cumulative operational costs.



Based on current situation, the LNG solution seems less attractive than HFO with SCRUBBER, however it is
estimated that this scene will drastically change. The only thing is to determine when this will happen.



The LSHFO has a higher price than HFO, but lower than MGO, resulting in good alternative compared to MGO
but only for the current period and until 2019 due to its sulfur content of 1%.



As the percentage of SECA operation increases LNG becomes more attractive than the MGO alternative. At
100% all three solutions HFO with Scrubber, LSHFO and LNG are much more profitable than MGO.
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Thank you for your
attention!

