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Abstract

Title of Dissertation: Mind the cap: Case study of Sulphur 2020 cap for Vietnam
tanker joint stock company

Degree: Master of Science

In the context of moving towards clean energy industry, from January 1, 2020, IMO
requested for ships to use fuel oil with a sulfur content of 0.5% by weight, compared
with 3.5 % The current. The International Maritime Organization (IMO) will apply a
new sulfur threshold in global maritime fuel oil to limit air pollution by sulfur oxides
from ocean shipping. This new requirement came from the recommendations of a
subcommittee at the United Nations (UN) more than a decade ago and was
unanimously approved by IMO in 2016. Ship owners around the world have many
alternatives to HFO. However, only two of these alternatives are relevant to the
economic situation and the situation of the Vietnamese fleet, which is to use exhaust
filtration and switch to fuel with low sulfur content. Each plan has its advantages and
disadvantages, so in the face of two options, Vietnamese ship owners need to have
evaluation and analysis calculations to choose the most suitable plan for the fleet. as
well as its form and economic potential

The following study evaluates the combination with SWOT and PESTLE. It also
calculates future cash flows based on the data of VITACO company which invested in
each project to draw accurate conclusions for ship owners about choosing alternatives

HFO replacement to comply with sulfur cap 2020.

e Keywords: Low sulphur, IMO, Sulphur cap 2020, HFO, Scrubber, 0,50% m/m.
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Chapter 1 — Introduction
1.1Introduction

Currently, shipping has become a primary industry of universal exchange and the
worldwide economy. Over 90 per cent of world exchange is carried over the world’s
sea by 90 000 vessels (Oceana, 2018). All sorts of marine vessels utilize fossil fuel to
run their machines, particularly fuel oil. The sulfur delivered by the vessels specifically
impacts the worldwide climate and leads to ocean acidification. Sulfur oxides that are
released from the vessel ought to be diminished to secure the environment and human
wellbeing. From January 1,2020, colossal shipping vessels must apply low sulfur fuel,
at0.5% such as marine gas oil (MGO) or ultra-low-sulfur fuel oil (ULSFO) to supplant
overwhelming sulfur 3.5% which is broadly utilized today.

Figure 1: The level of sulphur Under MARPOL Annex VI- Regulation 14

me  GLOBAL CAP

5.0+ EMISSION CONTROL AREAS
'E ' 4.5% S Average sulphur content 2018
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Source: IMO (2018)

This conversion aims to reduce sulphur-dioxide (SO:2) emissions in shipping
operations. Currently, the global shipping industry accounts for 13% of global SO2

emissions each year.
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Figure 2: Benefits of reducing emission to Global and ECA

Global ECA
NO, (/kW-h) 15-20% 80%
SO, * (g/kW-h) 80% 96%
PM (mass)'(/kW-h) 73% 83%

* Reduction relative to 2.7% sulphur content in fuel.
' Expected reduction of PM from fuel change.
Source: Buhaug et al. (2009)

Figure 3: SO2 emissions and control cost in Asia for 3 term: “Current
Legislation” (CLE), “No Control” (NOC) and “Best Advantage technology”
(BAT)

1990 1995 2020

CLE NOC BAT
SO, emissions (million tons) 324 36.8 57.0 728 11.4
Emission control costs (billion US$ 1995) 26 4.7 13.0 0.0 783

Source: (Cofala et al., 2004)

e Applying “The 2019 Guidelines on consistent implementation of 0.50%

sulphur limit under MARPOL Annex VL.” Into Vietnam case

In spite of the fact that limitations on transport sulfur have been around for a long time

in certain assigned regions (called zones of sulfur oxide outflows control — counting
the Baltic Ocean, the North Ocean, North America and the Caribbean area — the
restrain of 0.1% sulfur substance in marine fuel oil came into impact on January 1,
2015), the move on global models to utilize low-sulfur fuel oil has been very dubious.
Taking after Annex VI of the International Convention for the Prevention of Pollution

from Ships by the IMO (MARPOL Convention), on January 1 2020, the sulfur
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substance permitted in marine fuel oil is allowed. Utilization by all ships will be from
3.5% of the current volume to 0.5%.

From an environmental point of view, the restrain of sulfur content within the fuel oil
of ships is 0.5%, regularly referred to as the “IMO Sulfur Limit 2020, which is
genuinely an unused wind, in trade environmental assurance of the sea industry. This
choice highlights the preparation of the IMO to execute more naturally neighborly
approaches. Sulfur emissions from ships are considered to be one of the most discussed
components of contamination. They are destructive to both the environment and
human wellbeing — for example, sulfur oxide can lead to respiratory ailments and
contribute to acid rain.

In Vietnam, various trade businesses are concerned that the change to unused powers
will influence shipping costs with this increment, in a few cases bookkeeping for 10-
15% of cargo, cargo owners will without a doubt be fundamentally changed. It is not
clear how much this increase can be interpreted into cost, but income and benefit of
commercial companies will be significantly affected. The add up to fuel cost of the
whole industry when applying the prevailing direction is approximately 10-15 billion
USD. When there is a critical change in shipping costs, logistics businesses must
moreover share a parcel of the increase with customers to implement this strict control
of IMO; therefore, container lines around the world have begun to apply numerous
arrangements. In specific, various companies have introduced sulfur filtration systems;
this arrangement features a high introductory establishment cost and requires strict

installation.

Figure 4: Price of other fuel to switch with HFO in USD and EURO

HFO MGO HFO MGO HFO MGO

(1.5%)  (0.1%) (1.5%) (0.1%) (1.5%)  (0.1%)

LOW LOW  BASE BASE  HIGH  HIGH
USD 278 500 417 750 556 7000
Euro 193 348 290 521 386 695

Source: DNV, SAFER, & GREENER (2018)
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1.2 Aim and objective

o Ai
This assignment will discuss main options for complying with the new 0.5% sulfur
limit. First, owners can choose to switch from heavy fuel oil to low sulfur distillate oil
(marine diesel oil, heavy fuel oil with shallow sulfur content or a mixture of high fuel
content. Other low sulfur). Second, ship owners can use alternative fuels such as
liquefied natural gas (LNG) — perhaps more suitable for newly built ships. The third
option for shipowners is to continue to use high sulfur fuel oil (HFO) with new
scrubber technology. Most of the information collected from IMO documents, the
legal documents of Vietnam legislation and webpage reports from interest
organizations or NGOs will provide the details about the effect of Sulphur oxides
emission to the environment and human beings.

e Objective
Each option has its advantages and disadvantages. Owners must consider several
different factors such as the age of the ship, the number of fuel tanks of the vessel, the
company’s commercial model and the availability of various fuel products. Some
cautious ship owners have reorganized their fuel supply chain and network to ensure
that by January 2020 their vessels can be supplied with compliant fuel. Other issues of
concern are increased compliance of fuel prices and shortage of fuel supply.
From there, the author will have a more objective view to suggest appropriate methods
for Vietnamese ship owners. The author wants to study and research the following
points:

o Evaluating the impact of the low sulfur cap on freight rates (case study in

Vietnam)
« Analyzing the potential factors thatincrease freight rates in the context of “low
sulfur fuel” on shipping
o PESTLE and SWOT analysis between 2 options: alternative fuel and installing

scrubber system

14




e Utilizing economic tools to caculate the cashflow to investment of each
method.
e Give recommendations for shipowners in Vietnam to deal with the reduction

of the amount of Sulphur in fuel

1.3 Research Contribution

The research helps shipowners identify exactly which projects are suitable for the
fleet’s financial and technical situation.

It provides a clear overview of utilizing scrubbers and switching to VLFO fuel to
comply with a sulfur content of less than 0.5%, which IMO introduced

The research will accurately evaluate future cash flows after ten years for each project
to comply with the sulfur threshold outlined in 2020 and consult the shipowner on

choosing the best option for the company.

1.4 Research of methodology

1.4.1 SWOT analysis

The SWOT is a valuable instrument utilized to understand Strengths, Weaknesses,
Opportunities and Threats in a commercial context or organization (Piercy & Giles,
1989). Through the SWOT analysis, the author will easily assess the strengths and
weaknesses of each plan as well as the opportunities and challenges that ship owners
face with each type of plan. The reason for SWOT analysis is to distinguish the
qualities that each strategy brings and the confinements to be overcome (Valentin,
2001). In other words, SWOT may be a device to assist owners in evaluating and

deciding what the most exceptional measure is.
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Table 1: Factors of SWOT Analysis

SWOT ANALYSIS POSITIVE NEGATIVE
INTERNAL FACTORS | Strengths Weaknesses
(The real factors arise | needs to be maintained, | needs repair, replacement
internally, etc.) used as a background and | or termination

leverage
EXTERNAL FACTORS | Opportunities Threats

(The real components |ought to be utilized, | These risks need to be

emerge from the outside | prioritized and opportune | included in the plan for

environment) captured; construct and | prevention, response and
develop on these | management options
opportunities

Source: Author (2020)
1.4.2 PESTLE analysis

The PESTLE examination considers the impacts of variables within the political —
legal, economic, social and technological spheres. There are four variables that have a
coordinate impact on financial segments (Rastogi & Trivedi, 2016). These components
are outside the variables of the behavior and industry subject to the effect that it brings
as an actual figure. Businesses based on these impacts will create arrangements and

commerce exercises that suit them best (Perera, 2017).

1.4.3 Net Present Value (NPV)

NPV is interpreted as Net Present Value, which suggests the display value of the
complete future project cash flow is marked down. NPV is not considered the most
excellent strategy to assess the productivity of the arrangement (Lim, Park, Lee, &
Park, 2006). Ordinarily, NPV is the most excellent strategy to determine the

productivity of an organization
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1.5 Importance of the investigation

The heavy fuel oil, such as crude oil is used as the primary type in the shipping
industry. Sulphur is contained in crude oil which has an adverse effect not only for
human health but also for the environment. The amount of sulphur oxides discharged
by ships is the leading cause to make acid rain and acidification of the ocean.
Moreover, air pollution is the result of the SOx emissions discharged from vessels. SOx
emission reduction is the obligation of ship owners to improve the quality and protect
the environment. Consequently, in 2005, the regulation of reducing sulphur oxides first
entered into force through IMO, under Annex VI of the International Convention for
the Prevention of Pollution from Ships (MARPOL). From 1 January 2020, the limit
for sulphur in fuel oil used on board will be reduced to 0.50% m/m from 3.50% m/m
(mass by mass) (IMO, 2019). This solution plays a significant role not only in

protecting the natural environment from the SO« but also taking care of human health.

1.6 Expected results.

The study predicts and analyzes the cost and prices of 2 investment options which
comply with the new requirements of IMO in 2020. In terms of economic impacts, it
directly impacts the freight, making the freight increase dramatically and playing an
significant role for the benefits of many shipping companies. There are different
methods for ship owners to deal with the “low sulphur cap”in 2020, including
switching to low sulfur, installing scrubbers, changing to cleaner energy (LNG),
transfering into the “low sulfur” fuel marine gas oil (MGO/LSMGO) (Vierth,
Karlsson, & Mellin, 2015). The method which ship owners consider to choose also
depends on the fuel prices, vessel structure or the place that ships usually operate. Each
method has its disadvantages and its adaptability. Now the advantages and
disadvantages of these three methods are analyzed, and owners can choose according

to their characteristics.
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Chapter 2 — Literature Review
2.1  Sulphur cap overview

Shipping is a major source of Sox emissions outside the global environment in general
and of Asia in particular (Arndt, Carmichael, Streets, & Bhatti, 1997). The emmision
from vessels has very high sulfur content, which directly affects the ocean
environment and quality of the air; therefore, emitting a large amount of SO2 in the
environment affects the atmosphere and human health (Eyring et al., 2007). In the
1980s and early 1990s, the Asian economy experienced a dramatic transformation.
The rapid growth of the economy caused shipping to increase by an average of 5.4%
between 1988-1995 (Arndt, Carmichael, Streets, & Bhatti, 1997). Therefore, the
amount of SO2 released to each school also increased by an average of 5.9%.

In the mid-1990s, the shipping skyrocketed due to the high demand for international
shipping goods by sea, which caused the increase in sulfur emissions to the
environment (Corbett & Fischbeck, 1997). At that time, most fleets around the world
used cheap crude oil used in ocean shipping to constantly contain up to 5% sulfur
(Arndt, Carmichael, Streets, & Bhatti, 1997). The amount of sulfur released during the
process has caused global environmental pollution (Capaldo, Corbett, Kasibhatla,
Fischbeck, & Pandis, 1999). It can be affirmed that this is one of the main factors
causing serious pollution in areas with strong development of international shipping.
Therefore, in order to protect the environment to limit the sulfur emissions of the
shipping industry, new regulations have been introduced to limit the lowest level of
sulfur emissions during transportation.

The International Convention for the Prevention of Pollution from Ships (MARPOL),
limited the level of sulfur discharged from ships to 4.5%. However, this seems like
weakness, so Europe has enacted stronger provisions to control sulfur emissions. From
this point, MARPOL has informed that the Baltic Sea, the North Sea, the English
Channel will be in the Emission Control Area and aims to reduce emissions by 1.5%
or apply emissions control measures (Zetterdahl, Moldanova, Pei, Pathak, &

Demirdjian, 2016). Europe has taken serious actions to raise awareness of ship’s
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emissions that will affect the environment by strictly controlling the amount of sulfur
emissions in transit. In 2012, the ECA introduced a new sulfur limit of 1.0% while the
world’s sulfur level was required to be controlled at 3.5%. (Bergqvist & Cullinane,
2013). In 2015, ECA continues to control the level of sulfur emissions at 0.1% in the

hope of maintaining this level until 2026 (IMO, 2013).

Figure 5: The content of Sulphur limit in each region of the world
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While European countries are aware that the amount of sulfur emitted in the transport
process is the cause of environmental pollution and have taken measures to prevent
this problem thoroughly, countries in Asia including Vietnam has not yet been able to
control the amount of sulfur emitted during transportation. According to a report, in
1998, sulfur emissions increased during shipping in Asia and the Strait of Malacca.
(Arndt, Carmichael, Streets, & Bhatti, 1997). Ecosystems in surrounding areas are also
on alert and will be destroyed because most of the SO2 released into the environment
will form acid rain. The amount of sulfur emitted during transport was investigated as
soon as the experts realized that the rapid increase in the amount of emissions in this
arca had a serious environmental impact

On January 1, 2020, in the event that authorization for the rest of the world is deferred
to 2025, the unused regulation to diminish sulfur outflows from 3.5% to 0.5% (IMO,
2013). This direction features a substantial and coordinate effect on the shipping
industry since over 90 per cent of world cargois carried at sea by 90000 vessels

(Oceana, 2018). Most shipowners, shipping companies and ship operators have had to

19




alter their fleets as well as their operation strategies to comply with the recent IMO
enactment. This has seriously influenced the cargo rate. Most fleets in the world, and
in Asia specifically recently, use the sulfur edge of 0.5 utilize rough oil to run the
engines. Crude oil is cheap fuel, but the sulfur substance in raw oil is exceptionally
high and influences human wellbeing when SO2 outflows are discharged into the
environment during navigation (Wiberg & Fredriksson,2018). Minimizing the amount
of SO2 released into the environment when using crude oil is essential to reduce
human health risks and protect the environment. In a study submitted to the IMO’s
Marine Environmental Protection Committee (MEPC) in 2016, it was estimated that
in the absence of reduction of sulfur oxide (SOx) emissions, air pollution linked to
maritime traffic could cause more than 570,000 premature deaths worldwide from
2020 to 2025. The new regulation is expected to bring public health benefits, especially

for people living near ports and routes.

2.2 Technology option

In order to follow the new regulations on the global use of fuels with a sulfur content

not exceeding 0.5% by weight, ship owners have three main solutions as follows:

2.2.1 Switch to liquefied natural gas (LNG)

Using LNG fuel (Liquefied Natural Gas): this plan must replace the entire main engine
system (Main Engine); Generator Engine and another Auxiliary Engine suitable
(Lindstad, Rehn, & Eskeland, 2017). The cost of this conversion is very high and the
LNG supply station is very small, so this option only applies to newly built ships and

is not preferred for ship owners to choose.

2.2.2 Installing to filter tower system (Scrubber)

Using Scrubber installation (filter tower): This option can still use 3.5% sulfur fuel
because the filter tower has filtered the exhaust gas by retaining Sox before the exhaust
of the main machine equipment and transmitter is released into the environment
(Vierth, Karlsson, & Mellin, 2015). However, the plan to install this new filter tower

is hindered by the investment cost of about US $ 4-5 million and manufacturing time
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(6 months) for installation (1 month), so few ship owners make this choice. If this
option is chosen, the additional cost for transportation is the depreciation cost for the
installation of the filter tower with the cost of about 4-5 million USD plus the cost of
providing acid neutralizing chemicals (H2S03 / H2S04) borne + filter tower

maintenance costs by year/cycle.
2.2.3 Switch to alternative fuel (VLSFO/ULSFO or MGO/LSMGQO)

Using a plan to change the fuel using 3.5% sulfur with fuel less than 0.5% S (VLSFO-
Very Low Sulfur fuel oil) or lower than 0.1% S (USFO-Ultra Sulfur fuel oil) or
MGO/DO (0.1% S) (Vierth, Karlsson, & Mellin, 2015). The plan to use VLSFO, the
main machine and the generator do not need much conversion as only a few small
parts (cement, some spray) have to be replaced. The plan to use USFO or MGO/DO is
a little more complicated due to low viscosity because high pressure pumps and
transport pumps should be considered for leakage. Basically, conversion costs are low.

The cost of VLSFO oil and USFO is higher than HFO-High Sulfur fuel oil

23 Challenge for Vietnamese Ship-owner to deal with New

regulations

All of the above solutions have their own strengths and weaknesses. Shipping
companies or ship owners (specially in Vietnam) can rely on the financial situation as
well as the conditions of their fleets to choose best option. However, whatever method
is used, it will deeply affect the freight rate, change costs, fuel costs and investment
costs. Transport companies or ship owners should carefully consider the conversion to
ensure the satisfaction of new regulation and minimize the factors that increase freight
rates. However, no matter which option is chosen, the maritime industry will incur
significant operational costs as clean fuels are more expensive.

Only with the new regulation, shipping businesses in Vietnam must compensate more
than VND 220 million for a round-trip ship from Hai Phong to Saigon, not to mention

a series of other costs attached.
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For developing countries, including Vietnam, switching to a new fuel to replace crude
oil is a big economic problem for transport operators and ship owners. Specifically,
the new fuel will be more expensive than FO oil that the ships are using, on average
about 100 USD/ton. According to calculations by the Vietnam Shipping Company
(Vosco), one of the largest shipping companies in Vietnam today, in compliance with
IMO regulations, Vosco has implemented a new fuel conversion and sub-
implementation. However, this surcharge is only shared with shipping lines but cannot
cover operating costs. The surcharges for empty containers and containers that are
transported on all inland routes, Vosco currently collects 300,000 VND per container
trom the shippers. A container ship travels from Hai Phong to Saigon and vice versa
using on average more than 80 tons of oil. Currently, the price difference of old / new
oil is about 18,800 USD (equivalent to over 433 million dong). With transportation
costs of about 800,000 VND per teus, minus the surcharges of 300,000 VND collected
from goods owners, businesses still have to compensate losses of 500,000 VND per
teus when using new fuel. That is not to mention, businesses still have to spend a lot
of money to replace some spare parts, machinery components such as injectors and
cutters to suit the use of new fuel.

In case of not using alternative fuels but installing filters, the installation cost is as
expensive as a ship (Lindstad, Rehn, & Eskeland, 2017) This is a huge challenge for
international shipping lines, especially those with small operating scale and weak
financial potential (Vierth, Karlsson, & Mellin, 2015).

Another challenge for Vietnamese shipping enterprises is that most domestic fleets are
“o0ld” and outdated, many of which have ships of 15 years or more. Therefore, it will
face a lot of disadvantages from new and more modern foreign ships. As Vietnam’s
fleet is mostly second hand, using the LNG option is a huge challenge as LNG fuel is
only suitable for newly built ships (Lindstad, Rehn, & Eskeland, 2017). According to
the report of the Vietnam Register Department’s ship office another challenge facing
the Vietnamese shipping industry is that the fleet is declining in number from 1,600 in

2018 to 1,568 at the present time.
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Although the Vietnamese shipping industry has many development opportunities,
domestic ship owners still face difficulties such as backward fleets and limited access
to capital, thus hindering modernization. In Vietnam, many import and export
businesses are concerned that the conversion to new fuels will affect shipping costs,
especially at the end of the year when the volume of import and export goods is quite
large.
Facing these challenges, the authorities have researched and proposed some solutions
to help Vietnamese fleets meet IMO regulations such as using FO oil with 3.5% sulfur
content and installing more systems. Filter sulfur in exhaust gas after leaving the
engine uses DO oil with a sulfur content of 0.5%, or uses FO oil with additives or
added chemicals to sulfur content in fuel standards (Zhu, Li, Lin, Shi, & Yang, 2020).
However, the difficulty in the above options is the high cost and not every engine is
suitable. Therefore, the Vietnam Maritime Administration has officially called on ship
owners and stakeholders to accelerate the application of 4.0 technologies in the
maritime sector.
In addition, the disaster of the Covid-19 epidemic is one of the causes directly affecting
the shipping industry in general as well as shipping charges in particular. In addition
to affecting routes to and from China, Japan and South Korea, Vietnam’s leading
trading partners, the epidemic also affects the entire regional and the global shipping
market. Average sea freight rates continue to decline 809% since the outbreak of Covid-
19. In addition, the supply of spare parts and supplies for repair vessels as well as the
replacement and supply of crew members are facing many difficulties.
From there, the author will have a more objective view to suggest to the ship owner’s
appropriate methods for Vietnamese ship owners. The author wants to study and
research the following points:

» Evaluating the impact of low sulfur cap on freight rate (case study in Vietnam)

» Analyzing the potential factors that increase freight rates in the context of “low

sulfur fuel” on shipping
« PESTLE and SWOT analysis between 2 options: low behavior fuel and

installing scrubber system
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e Utilizing economic tool to caculate the cashflow to investment of each method.
» Give recommendation for ship owners in Vietnam to deal with the reduction
of the amount of sulphur in fuel

Because most of Vietnam’s fleets are mostly old vessels, it is not suitable to use LNG.
Regarding the two measures of installing scrubbers and low sulphur fuels, there has
not been a specific assessment to help Vietnamese ship owners to determine which is
the best option both in terms of environmental and economic aspects. On the other
hand, in the context of oil war between OPEC and Russia, a series of scrubber
installation companies had to delay creating a phenomenon called “flood of
cancelation of scrubber” to make way for fuel supply companies. Some shipowners
who use the scrubber system are in a more difficult situation than ship owners who
choose low sulphur fuels. However, this is a time-consuming phenomenon and it is
impossible to determine which is the best option for ship owners. In order to help
owners have a clearer overview of the two options, the study will compare and analyze
the two options using both qualitative and quantitative methods. After determining the
plan for the shipowner, the author can identify what factors directly affect freight rates
in the context of the sulfur cap 2020 (Zhu, Li, Lin, Shi, & Yang, 2020). Based on
calculations from economic tools and SWOT analysis, the author can easily propose
to ship owners about choosing the best solution to suit the economy as well as
environmental conditions of Vietnamese shipowners meeting the new IMO 2020

regulations
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Chapter 3 — Comparisons between 2 scenarios: Low Sulphur
Fuels and Scrubber Options of Vietnamese ship-owners to

deal with new regulation in 2020

3.1 Overview of low sulphur fuels

3.1.1 Marine Fuels

Marine fuels, also known as bunker fuel, is a type of fuel used in maritime transport.
Marine fuel is divided into two different categories:
e Heavy fuel oils include HSFO, VLSFO and ULSFO
» Oil is created by the distillation process (Marine Oil Gas (MGO)).
The blend of heavy fuel oils and distillation oils is called Marine Diesel Oil (MDO) or
Intermediate Fuel Oil (IFO). MDO oil contains only deficient amounts of heavy fuel
oil. Therefore, MDO distillate oils like MGO. The largest vessels in the world use
heavy fuel oil or marine fuel oil to run the main engine, but for smaller ships or barges,
it is not suitable to operate with heavy sulfur fuel oil (ASTM, 2010)
Crude oil will be taken to a refinery to conduct fractional distillation to produce
products of crude oil or marine fuels following ISO 8217. Segmentation distillation
will take place when crude oil is decomposed at a specific temperature after being
heated. If the boiling temperature of the crude oil is exceeded, it will change to the gas
phase. The residues, which after the distillation process are not converted to the gas
phase, will be called residual fuel or heavy fuels oil. Over the next several stages, the
sulfur content in heavy fuel oil will be reduced (Vermeire, 2012). Depending on the
process of distillation or accumulation in excess, fuel is divided into 2 types: distillate
fuel and residual fuels.
» Residual fuel was classified by ISO 8217 into 6 different fuels based on their
viscosity including RMA, RMB, RMD, RME, RMG, RMK (ASTM, 2010).
Fuel viscosity is calculated in square millimeters per second (mm2/s) Large,
medium to low-speed marine engines often use residual fuel. Lighter fuels such

as distillate fuel and residual oil which are less viscous, are used for smaller
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ships because larger ships using larger engines need to use the heavy engines
of small vessels only lighter fuel is needed.

« Distillate fuel is classified into 4 types DMX, DMA, DMB and DMZ used for
smaller engines such as (lifeboat/ emergency units) and is located outside the
engine room. In practice, however, intermediate fuel oil (IFO) is used as a
mixture of distillate fuel and residual oil. Currently the most widely used fuel
in seaborne trade are IFO 380 and IFO 180.

Table 2: Classification of Marine fuels.

Sulfur Content

Source: ABS (2018).

The standards for the regulation of emissions to the environment of sea transport and
land transport are not similar. Most vessels today are run by heavy fuel oil with very
high sulfur content (up to 4.5%) and worse quality than MDO. Because the price of
heavy fuel is much cheaper than the price of MDO, ship owners still choose this oil to
be the main fuel for running the engine. Because the sulfur content in heavy oil is so

high, SO« emissions into the environment are a major cause of global environmental
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pollution. Reducing the number of Sox emissions caused by heavy fuels, IMO has
introduced regulations to limit sulfur emissions to the environment. In 2012, the IMO
requested a reduction in sulfur emissions from 4.5% to 3.5% globally, and for ECA,
the required sulfur level was reduced from 1.5% to 1%. From 1 January 2020, the
world must accept the new sulfur level set by the IMO from 3.5% to 0.5%. In the ECA
area, the level of sulfur emissions that have been requested to change since 2015 has

decreased from 1% to 0.1%.

Figure 6: Distillation process of Marine fuels from Crude oil
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3.1.2 Heavy Fuel Oil (HFO)

Heavy fuel oil is used in the main engine of medium and slow speed vessels. Prior to
the IMO’s new level of sulfur emission in January 2020, HFO was a widely used
marine fuel. Ata much cheaper price than MDO or MGO, HFO is used for ships when
carrying transnational goods. After the distillation of crude oil, the residual oil is HFO
oil (Jasper Faber, 2016). Depending on the quality of the crude oil to be distilled, the
resulting oil product is of the same quality. For each different type of oil, the sulfur

content contained herein will vary
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Table 3: Classification of Maine fuels

Marine fuels Max. Sulfur content
High sulfur fuel oil (HSFO) 35%
Low sulfur fuel oil (LSFO) 1.0%
Ultra-low sulfur fuel oil (ULSFO) 0.1%

Source: Author (2020)
High sulphur fuel oil (HSFO)
HSFO is one of three oil products formed by the distillation of crude oil. HSFO
is a heavy fuel oil with the highest sulfur content but not as good quality as
MGO or MDO. Therefore, the price of HSFO is also much cheaper than other
clean and high-quality fuels. In response to the new sulfur standard proposed
by IMO on January 1, 2020, ship owners must choose other fuels with a sulfur
content of less than 0.5% to replace HSFO (Jasper Faber, 2016). However,
there is still another option for ship owner to be able to use HSFO but still
ensure compliance with the sulfur cap set by IMO. The scrubber has been
introduced as a filtration system that allows the use of 3.5% high sulfur fuel
but emits emissions in accordance with sulfur standards below 0.5%
Low sulphur fuel oil (LSFO)
If the sulfur content in the fuel oil is less than 1%, it will be called a low sulfur
tuel oil (HSFO). Not only that, other marine fuels such as IFO 180 or IFO 380
are all sulfur removed (Jasper Faber, 2016). After the modification of the sulfur
level in 2014, vessels can still use this maritime fuel to pass through the
Emission Control Areas (ECAs) without fear of violating sulfur emissions.
Ultra-low sulphur fuel oil (ULSFO)
ULSFO is one of the fuels after distillation of crude oil. Unlike HSFO and
LSFO, ULSFO is an oil fuel with the lowest sulfur content (containing 0.1%
sulfur). From 1 January 2015, to follow with Annex VI of the MARPOL
Convention, the vessel sulfur emissions must be less than 0.1% in ECAs

(Topali & Psaraftis, 2019). As a result, HSFO and LSFO are no longer suitable
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for operating vessels in the ECAs area. Other marine fuels such as heavily
desulphurization IFO may also be used as a substitute for HSFO or LSFO but
are less commonly used for economic reasons than ULSFO. The price of IFO
much more expensive than ULSFO. Because of the extremely low sulfur
content of ULSFO, it is no longer known as a HFO. ULSFO and products
formed after distillation of crude oil with a sulfur content of less than 0.1% are

called ultra-low marine gas oil (Topali & Psarattis, 2019).

3.1.3 Marine gasoil (MGO)

Marine gasoil is a product of crude oil distillation. MGO has similar properties to
MDO but is higher in density and must not heat up during storage. In addition, MGO
and standard heating oil have common and interchangeable chemical properties in
cases of MGO deficiency. However, to be able to replace each other, the ships must
ensure that there are appropriate waste filtration systems suitable for each of these two
fuels and appropriate sulfur content in them (ABS, 2019). Similar to HFO, MGO is
also produced with different sulfur content and has lower sulfur content than HFO.
The maximum permissible sulfur content in the MGO is no more than 1.5% and is
suitable as a fuel to run vessels before the new sulfur standard is introduced on January
1, 2020. On the other hand, for ultra-low sulfur gases such as LSMGO, which only
contains 0.1% sulfur is used in ports across Europe or the ECAs region to meet the
sulfur standard for the ECAs (Wiberg & Fredriksson, 2018). However, after the IMO
issued a new sulfur standard, the 1.5% MGO was no longer suitable for ship operations
or it could still be used on the condition of a filter tower system or scrubber installation.
Unlike HFO, the emissions of MGO are less sulfur and the sulfur content contained in
MGO is kept very low, so the fuel is expected to produce less than the product of
residual oil and MGO can be used more frequently. However, MGO and MDO are
much more expensive than HFO (ABS, 2019). In April 2016, the price of MGO
doubled compared to the price of heavy fuel. For economic reasons, before the
introduction of the 2020 sulfur cap, heavy fuel was still used regularly in seaborne

trade.
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3.1.4 Marine fuels price

After IMO introduced a new regulation to permit sulfur behavior, ship owners began
to find alternative measures to conform to this new regulation. Switching to alternative
fuels is the most effective solution in this context and fuels with sulfur concentration
below 0.5% are preferred to replace HFO with 3.5%. According to the accumulated
data, in December 2019, VLSFO sales in Singapore and Amsterdam Rotterdam —
Antwerp increased rapidly to 4 million tons, approximately two-thirds of total bunker
fuel sales (Argus Media, 2019).

Figure 7: Sale of HSFO, VLSFO and MGO in December 2019 in Singapore and

Amsterdam Rotterdam — Antwerp
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Source: Argus Media (2019)
Based on the chart, it can be seen that in the fourth quarter of 2019 ship owners have

actively changed fuel to meet the new IMO sulfur cap. Sales of LSFO fuel increased
significantly compared to HSFO. Specifically in Singapore, sales of LSFO reached 2.7
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million tons higher than HSFO and MGO fuels (Argus Media, 2019). The rapid
increase in LSFO fuel demand has pushed up fuel prices. Specifically, at the beginning
of the fourth quarter of 2019, VLSFO price was only at $ 57 / t cheaper than MGO
0.1% in Singapore and Amstedam Rotterdam —Antwerp market. However, in
December 2019, VLSFO fuel price was higher than the 0.1% MGO price in Singapore
market (Argus Media, 2019). The demand and price of LSFO fuel has changed
abnormally so quickly because some ship owners have pledged to ensure the correct
use of fuel with an acceptable sulfur concentration of less than 0.5% before January 1,
2020. As of January 2020, from data of the Maritime Port Authority of Singapore
(MPA), fuels which contain lower sulfur level below 0.5% has sold a total of 3,185
million tons including LSFO and ULSFO (Thomas Cho, 2020). This figure is further
increased when some ship owners do not use the method of installing scrubbers, but
instead use alternative fuel to push LSFO’s revenue up to 4.5147 million mt.,

accounting for 71% of total revenue (Thomas Cho, 2020).
3.1.5 SWOT Analysis

Table 4: SWOT Analysis of LSFO

Strengths Weakness

e ULSFO 0.1% are generally slick e A few of the modern cross breeds
distillates. In any case, they utilize items not customarily
might moreover be crossovers — used in marine applications,
gas oil mixed with remaining oil. presenting vulnerability almost
In stock, these fills work well solidness, compatibility, and
with standard motor degradation
arrangements, even though they e Since of the possibly high
may require operational changes. request for these powers, the

e VLSFO 0.5% S is conceivable to marine segment may discover
blend appropriate remaining ULSFO 0.1% in competition
items with moo sulfur distillates with other businesses, and these
to form high quality, compliant powers will be a costly choice.
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fuels. These mixes can contain
up to 40% buildup, however still
be kept underneath the 0.50%
sulfur cap

LSFO and ULSFO are allowed in
these strict regions. These fills
contain less rate of sulphur and
have little or no harm to the
environment (IJERA, 2018)
LSFO and ULSFO keep the
maintenance and the support of
the ships which is less expense
According to DNV GL, a low-
OPEX  arrangement, which

benefits proprictors who pay for

fuel specifically

The costs of LSFO and ULSFO

are much more expensive

compare to HFO

Opportunities

The bunker price movement
reflects the chaotic developments
market has

the bunker

suffered. MGO LSFO, like all

that

other fuels, is affected by the
underlying oil market shock, but
there are less wvolatility and
fluctuations in the same price
range in 2019. In contrast, the
price volatility of HSFO has

increased in recent months with

Threats

Utilizing alternative fuels should

be carefully arranged and

overseen. The risk that debilitate

security or affect compliance

must be  identified and
controlled.

Shipping  companies  must
carcfully assess the cost

additionally the harm that the

fuel may cause as they work on it

(IJERA, 2018).
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higher volatility in prices (Peter e A few fuels may include more
Sand, 2019). risk than fair, looking at the
obtaining cost, which is why the
proper choice is exceptionally
crucial to benefit and pick up

within the trade.

Source: Author (2020)

3.1.6 PESTLE analyses

e P-POLITICAL

Under the new regulations from the International Maritime Organization (IMO),
from 1 January 2020, the sulfur substance of fuel oil utilized in sea shipping must
be diminished to 0.5% from level 3.5% presently to limit the number of sulfur
dioxide emissions to the environment. This provision is forecast to increase the
demand for US light sweet crude oil, especially crude oil extracted from the
Permian Basin of the United States. Besides, the completion of export pipeline
projects along the US Gulf Coast will support the more favorable production and
export of crude oil. Thanks to advances in shale oil production, the United States
surpassed Saudi Arabia to become the largest crude oil-producing country in the
world, with a record-high output of 12.3 million barrels a day. To comply with the
new regulations, many ship owners in France have chosen very low sulfur fuel oil
for their existing vessels, according to the Amateurs de France, representing
service and transport companies.

e E-ECONOMIC

The generally yearly shipping expense may be higher, utilizing LSFO than
employing a scrubber in conjunction with HFO. The whole yearly shipping costs
for Stena Hollandica and Stena Britannica are anticipated to be 0.9 million € less
per transport in the event that employing a closed-loop compared to running the
ships on LSFO (SAFETY4SEA, 2019). The comparing decreased taken a toll in

an expected situation with an open circle scrubber is 1.4 million €. Operation and
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administration costs are higher within the case of the closed loop scrubber,
basically since of the expenses of chemicals such as sodium hydroxide (NaOH)
required for the decrease handle.

It is exceptionally hard to estimate the advancement of the fuel costs and with its
long-standing time price gaps between MDO, IFO and MGO. As specified prior,
the cost of fuel could be a deciding figure at the side the demand/supply adjust for

each of the marine fuel grades (Notteboom, 2010).

e S-SOCIAL

Geopolitical events have recently rocked the oil market. Still, fluctuations in the
price difference between low and high sulfur fuels cannot be explained just by that
— the uncertainty lies at the element of chaos.

The uncertainty of the upcoming sulfur content regulation in the forthcoming IMO
2020 (IM0O2020) is having a significant impact on the bunker market. Meanwhile,
low sulfur Gasoil (MGO LS) prices have remained mostly stable, with high sulfur
content (HSFO) rates have been increasingly volatile in recent months. The price
gap between HSFO-MGO LS, in some ports, widened to a level that exceeded the
actual price of HSFO.

¢ T-TECHNICAL

Fuels which content low sulphur level will depend on nearby refinery setups; the
quality of which may shift significantly on a territorial premise until particular
guidelines/standards are given by ISO. Avoiding incompatibility, fuels from
diverse providers ought to be kept isolated and not blended without testing (ABS,
2019). Mixing VLSFO and HFO is likely to make an unsteady oil. Moreover,
ULSFOs can have compatibility issues with HFO, VLSFO, and indeed other
ULSFOs. As 2020 brings a wider-than-ever assortment of fuels onto the showcase,
ready to anticipate incongruence to ended up a more far-reaching and complex
issue for the industry (Alfa Laval, 2019). Tanks ought to be cleaned frequently to
lower the chance of slime shaping at the ocean. Moreover, teams will have to be

especially careful about signs of incongruence when exchanging from one fuel to
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another. Ship operators ought to guarantee that diverse fills are isolated on-board
which their tanks and fuel treatment lines are planned to work freely, to relieve
dangers of clogging (Alfa Laval, 2019). If fuel mixing is unavoidable,
compatibility tests ought to, to begin with, be carried out. Straightforward on-board
tests are conceivable, but in-depth research facility testing can give more
exceptional levels of affirmation.

e L-LEGAL

After 2020, the sulfur cap will be 0.5%, and the ECA limits will stay at 0.1%. The
substitution fuel for assembly the 0.5% sulfur restrain will be ULSFO which may
have a restricted supply after 2020 since not all refineries are prepared with
behavior inaction capabilities. Ship owners ought to proceed to secure fills against
ISO 8217:2017, as this Standard covers max 0.50% Sulphur fills within the same
way that it covers present-day powers. The same necessities as of now
characterized in ISO 8217:2017 for fills at the time and guardianship exchange
(ie., earlier to conventional on-board treatment sometime recently utilize,
counting settling, centrifuging, filtration) will be appropriate to the max. 0.50%
Sulphur fills, counting the Common Prerequisites beneath Clause 5 (IPIECA: Joint
industry guidance on the supply and use of 0.50% Sulphur marine fuel, 2019)

¢ E-ENVIRONMENT

Distinctive natural impacts from working a transport on overwhelming fuel oil,
besides a scrubber are compared with those from operations on low sulphur fuel

oil

3.1.7 Oil price war between Russia and OPEC

Saudi Arabia launched an oil war with Russia after Moscow refused to participate in

a plan to cut oil production with the Organization of Petroleum Exporting Countries

(OPEC). Saudi Arabia, the leading country of OPEC, reported to diminish the oil price

from 6 to 8 USD/barrel to clients in Asia, Europe and the US and reported an

arrangement to extend generation altogether to over 12, 3 million bpd in April in spite
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of the worldwide financial downturn and declining oil request. In reaction to the move
of Saudi Arabia, Russia too reported an increment in oil generation.

Excessive oil supply, while high inventories and the shock of COVID-19 epidemic
impact on global demand, all three factors will certainly have a significant impact on
oil prices (Bockmann, 2020).

In particular, in the context that the COVID-19 epidemic could lead the world
economy into a new crisis, even a global recession, some investors believe that the
decline in oil prices will continue. Fuel prices could be directly affected by the oil price
war between the Saudi Arabia and Russia and the coronavirus. Oil prices began to
slide as soon as the market opened trading on March, 9 with a reduction of about 20%,
making US light sweet oil prices only traded at 32 USD / barrel, while Brent oil prices
stood at USD 36 / carton (Bockmann, 2020). For the whole 9/3 session, oil prices
dropped by 25%, the strongest level since the 1991 Gulf War.

After many ups and downs to March 13, US light sweet oil price stood at 31.73 USD
/ barrel and Brent North Sea oil price was 33.85 USD / barrel. In a week (March 9-
13), the oil price lost 23%, and Brent oil price plunged 25%. These two oils marked
the strongest drop since 2008 (Bockmann, 2020).

From February, VLSFO availabilities and freight boat conveyance plans were settled.
Provider competition for VLSFO bunkers within the US Gulf picked up, and the
VLSFO premium to HSFO started to narrow.

The costs of both VLSFO and HSFO could drop, which was encouraging within the
wake of the Saudi Arabia-Russia cost war and coronavirus counter-measures. With the
of expansion the coronavirus, the OPEC+ cost war has made a rough oil
overabundance that might put descending weight on request for HSFO as cooker
bolster, liberating up more HSFO for the bunker market (Content Marketing, 2020).
VLSFO misfortunes are moreover anticipated to deepen. The vessels run primarily
VLSFO instead of HSFO or marine gas oil (MGO), as evidenced by measurements
from Singapore, the most significant bunkering harbour in the world. Within the
January-February period, VLSFO deals in Singapore accounted for 71% of add up to
neighbourhood marine fuel request, with HSFO bookkeeping for 19% and MGO —
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with a 0.1% sulphur substance — bookkeeping for 10% of deals (Content Marketing,
2020).

3.2 Overview of scrubber

If ship owners want to continue using fuel oil with a sulfur content higher than 0.5%
after January 1, 2020, the vessel must be equipped with an Exhaust Gas Cleaning
System (EGCS, usually called Scrubber). EGCS are utilized to evacuate particulate
matter, and destructive components, such as sulfur oxides (SOx) and nitrogen oxides
(NOx) from the debilitate gasses created as a result of combustion forms in marine
engines, to execute contamination control (Sethi, 2020). These cleaning frameworks
have been created and utilized to treat debilitate from engines, assistant engines and
boilers, coastal and onboard marine vessels, to guarantee that no harm is done to
human life and the environment by harmful chemicals. Marine scrubbers can be
divided into Wet and Dry scrubbers. Dry scrubbers utilize strong lime as the soluble
scouring fabric which evacuates sulfur dioxide from debilitate gasses. Wet scrubbers
utilize water which is showered into the debilitate gas for the same reason (Sethi,

2020).
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Figure 8: Classification of marine scrubbers
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Exhaust filters can be used in different ways. While the closed-loop scrubber retains
emitted sulfur for safe disposal to the receiving vehicle, the open-loop scrubber
releases pollutants back to the sea after converting sulfur dioxide into sulfuric acid.
There are also hybrid type filters, which can be switched between open and closed
loops depending on actual situations, such as port regulations that may or may not

prohibit discharge.
3.2.1 Open-Loop Scrubber

The open loop scrubber uses seawater and its characteristic alkalinity for cleaning the
deplete. The debilitate gas enters the scrubber and is showered with seawater. The
Sulphur oxide of the debilitate gas responds with the water and shapes sulfuric
corrosive. The framework does not require any caustic pop (Sethi, 2020). A while later
the water is driven through a channel framework, where it is weakened to raise the pH
to the standard pH of the encompassing seawater recently released. The sum of
weakening water depends on the zone where the vessel is working (Winnes, Fridell,
& Moldanova, 2020). The build-up of the filtration preparation is collected in slime

tanks and can be arranged at port giving squander administration gadgets. This
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scrubber framework can be utilized in most parts of the seas where alkalinity levels
are adequate (Tran, 2017).
Figure 9: Open-loop Scrubber
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3.2.2 Close-Loop Scrubber

A few nations have, as of now prohibited open-loop frameworks releasing wash water
in their ports. Ship operators are being prompted to switch to close-loop operation.
With this interesting after treatment framework, a straightforward coordinates
arrangement guarantees both compliance in those districts and a cleaner environment
(Winnes, Fridell, & Moldanova, 2020). This method collects gulf water from the

scrubber wash water collection tank. The solution can handle any wash water in one
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step and makes dry slime with up to 85% dry substance and clean emanating water in
agreement with portrayals given in MEPC 259 (Wiberg & Fredriksson, 2018). The
framework is simple to function and needs no troublesome chemical injections. The
structure is additionally planned for simple maintenance. The frame can be outlined as
a slipped arrangement or as a measured framework. In a closed loop-type framework,
the messy wash water leaving the scrubber goes to a handle or circulating tank (Tran,
2017). A reduced amount of wash water from the foot of the method tank, where the
residuals are collected, is extricated employing a low suction. It goes to a hydro violent
wind or separator, comparative to an open-loop framework, where the residuals are
evacuated or for a few systems the extricated water can go to a drain- off treatment
unit (Tran, 2017).
Figure 10: Close-loop scrubber
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Source: ABS (2018)
3.2.3 Hybrid Scrubber System

The hybrid scrubber allows using operation on both open loops and closed-loop
arrangements. These frameworks run on open-loop mode in the ocean and closed circle
mode in ECA zones and ports, and their utility can be exchanged with ease (Wiberg
& Fredriksson, 2018). The hybrid scrubber combines the moo running costs of the
open-loop with the adaptability given by the closed-loop. Hybrid gives extra
versatility, as the open-loop mode can be utilized too low alkalinity with the expansion
of NaOH without the required for exchanging to closed circle mode (Panasiuk,
Lebedevas, & Cesnauskis, 2014). As the structure, can run on lower costing fills for
more extended periods of time and around the world, they can overcome their high
starting costs in arranging to financially meet with the universal directions (Sethi,
2020).

There are points of interest to the open-loop sort, such as the evasion of acquiring and
dealing with caustic soda, and the avoidance of having to prepare wash water (Wiberg
& Fredriksson, 2018). The closed-loop structure has the focal points so that the
scrubber works with the same efficiency independently of where the vessel is working,
and there is small or no water release, making it best suited for coastal, harbour and
inland waters. In order to utilize the points of interest of both frameworks, a few

producers have proposed hybrid cleaning frameworks (Tran, 2017).
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Figure 11: Hybrid scrubber
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Tankers using hybrid are suitable for operating long and short voyages in international
shipping. Moreover, utilizing a hybrid system allows vessels to spend more time in
ECAs zone and in the harbor than the open-loop system. Tankers do not have cargo
rearward of the deckhouse, so there is frequently space to grow the motor debilitate
framework casing backwards or to one side to introduce the scrubber (ABS, 2018). On
the off chance that a dispatch mainly works in the open ocean and will enter wash
water release in limited waters for restricted periods, a crossbreed framework may be
considered. On the other hand, the dispatch may be introduced with an open loop for

working in regions where the release of wash water is not restricted and after that
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switch to sulfur-compliant fuel for working in wash water release confined ranges
(ABS,2018).

%+ Comparison between 3 tvpes of scrubber

1. Open-loop scrubber

OPEX and CAPEX generally low

Uses seawater for cleaning; does not as a rule include capacity or taking care
of dangerous chemicals (caustic soda)

Comparatively straightforward framework; less equipment/system compared
to closed-loop

Huge wash water request

Not reasonable for moo alkalinity water

Limitation of wash water release in specific coastal/port ranges

Vessels not allowed to regions with wash water release confinement.

Vessels working most of the time within the ocean/open sea.

2. Close loop scrubber

Free of operation area which has low level of alkalinity in water, release limited
coastal

Effluent has put away on board for the length that the tank volumes will allow
system of wash water is very complex.

CAPEX is generally higher.

Vessel needs more space.

Extra equipment /system for water treatment

Operation length constrained by effluent tank size

Extraordinary care for taking care of and capacity of NaOH arrangement, an
unsafe substance.

Moderately higher OPEX due to utilizing of NaOH.

Vessels exchanging continually in zones with release confinement or location

with low alkalinity
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3. Hybrid scrubber

Waste water may be put away on board for the term that the tank volumes will

allow

Critical adaptability for working in all locales notwithstanding of seawater

alkalinity or temperature
CAPEX is very high
Vessel needs more space

The system is very complicated.

Taking care of and capacity of NaOH, and build-up transfer for closed mode

operation.

324 SWOT analysis

Table 5: SWOT Analyses of Hybrid Scrubber

Strength

Ship owners figured it out that
the utilize of scrubbers might
permit them to proceed using
existing fuel oils instead of to
switch to costlier ultra-low sulfur
powers, specifically refined
distillate items with a sulfur
substance of less than 0.1%
(David Osler, 2019).

It has exceptionally few moving
parts; the plan is basic and simple
to introduce on board.

Separated from de-fouling and
the

operational checks,

framework requires

exceptionally less maintenance

Weakness

The exhaust filtration system that

has been fitted on global
shipping ships has all of the same
characteristics of discharging
waste to the sea instead of storing
waste water in tanks for
reprocessing on land facilities.
Cooling of the deplete gas could
be an issue confronted by damp
scrubber systems.

The operation of the framework
depends upon the alkalinity of
water access and isn’t reasonable
to be utilized in all conditions.

A really vast volume of ocean

water is required to get adequate




This framework does not lack the
capacity for squander materials
Reasonable for long and brief
voyages around the world

Ships with half breed scouring
frameworks can spend more time
in ECA zones and on harbor than
those with open loop systems.
Using lower costing HFO all of

the time.

cleaning, and hence the

framework expends
exceptionally high power.

In ECA zones and ports, more
top costing fuel should be
consumed.

The framework has a long time to
installing and expensive.
Scrubbers are subsequently a
escape clause which makes
authorization of the sulphur
greatly complex, troublesome to
uphold and likely to encourage
non-compliance (Anastassios

Adamopoulos, 2018)

Opportunities

The vessel’s age will moreover
be a pivotal figure, as more
youthful vessels will have more
time to recuperate the venture in
a scrubber.

Newbuilding will too have an
advantage, as they will not as it
had a longer exchanging life to
recoup the taken a toll of the
scrubber, but moreover, the taken
a toll of fitting a scrubber to a
newbuilding will be less than an

existing vessel.

Threats

Ships using scrubber may lead to
an increased risk of undesirable
consequences on the marine
environment.

The cost for VLSFO presently
utilized by a few 70% of the
universal worldwide armada has
dove by 278% in Singapore since
the starting of 2020, concurring
to appraisals compiled by cost
announcing organization Argus

Media. The spread is presently a

few $60 per ton over tall sulfur
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Choosing the correct scrubber

provider guarantees that all
fundamental specialized,
arranging and  establishment

forms are expertly accounted for.

Desires can be legitimately
overseen when working with
pros (Pacific

Technologies Group, 2020)

Green

fuel oil, down from levels over
$300 per ton prior this year,
wrecking the financial method of
reasoning for introducing the
scrubber

Components that ought to be
considered incorporate motor
measure and related deplete gas
stream, the wvessel’s planning
courses, scrubber sort (which is
itself subordinate on a lattice of
contemplations like ports, sea
alkalinity and fetched), speed
and ship space (Pacific Green
Technologies Group, 2020)
Cost-cutting and the
disintegration of marine fuel oil
premiums would be challenged
the installation of a scrubber
(James Baker, 2020)

After establishment, less than six
months, scrubber is faced with
being replaced since of erosion
issues that specialists have told
Lloyd’s  List is  nearly
inconceivable to foresee and not

broadly caught on by either ship

owners or establishment groups
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(Nidaa Bakhsh & Richard
Meade, 2019)

Source: Author (2020)

3.2.5 PESTLE analysis

e P-POLITICAL

Under the provisions of Annex VI of the International Convention for the
Prevention of Pollution from Ships (MARPOL) of the International Maritime
Organization (IMO), from January from January 1, 2020 all ships must utilize
marine fuel oil with a sulfur substance not surpassing 0.5% by weight. This
direction is commonly alluded to as the IMO Sulfur Edge 2020 (IMO Sulfur Cap
2020). If ship owners want to continue utilizing fuel oil with a sulfur substance
higher than 0.5% after January 1, 2020, the vessel must be prepared with an
exhaust gas cleaning system (EGCS, ordinarily called Scrubber).

Setting a scrubber empowers administrative compliance to utilize non-compliant
tall sulfur fuel (Adamopoulos, 2018)

However, powerless administrative oversight implies non-compliance within the
open ocean, whether through breakdown or malfeasance, cannot be viably
controlled (Adamopoulos, 2018).

e E-ECONOMIC

The capital consumption for the scrubber establishment gives returns within the
shape of fuel fetched investment funds, which can be a motivating force for
dispatch administrators. Scrubbers permit ship-owners to dodge paying tall costs
for alternative fuel. Capacity will be diminished by 4%-5% as a result of the sum
of time vessels will be out of commission when scrubbers are introduced (Varsha
Saraogi, 2020).

This proposes that proprietors picking for scrubber-fitted vessels in 2020 would
recoup what they have fetched within the, to begin with, a year alone. For ship
owners who select to retrofit a scrubber (or take the conveyance of a scrubber-

fitted vessel) afterwards, the payback period will be longer.
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e S-SOCIAL

In May 2018, DNV GL (Det Norske Veritas and Germanischer Lloyd) detailed
that the number of vessels with scrubbers introduced or on arrange was 817. At the
time this spoken to a 50% hop inside as it were some months (Ship & Bunker News
Team, 2018)

In 2019, time out of benefit for scrubber retrofit had an apparent positive effect on
the containership showcase adjust. Starting signs are for encouraging noteworthy
bolster in 2020 as well, even though the later coronavirus episode in China has
expanded instability over the retrofit plan, and will require following closely
(Lloyd’s Register, 2019). The effect on ‘active’ armada development when the
volume of capacity beneath retrofit inevitably begins to diminish altogether will
moreover be vital to the screen (Edward Turner, 2020).

Not as it where are investment funds from scrubbers being crushed, one of the
bases for introducing scrubbers within the, to begin with, put — to ensure against
the next fuel charge — has been undermined. Shipowners are presently paying less
tor IMO 2020-compliant VLSFO than they did for more contaminating HFO one
year prior (International Shipping News, 2020)

Because of falling marine fuel costs, it affects directly to shipowners who have

contributed intensely to have their vessels prepared with scrubbers

e T-TECHNICAL

From exchanging to Low Sulphur fills to introduce a deplete gas cleaning
framework (EGCS) — moreover known as a scrubber, the whole shipping
community is looking at all innovations and methods to realize full compliance.

Scrubbers have ended up one of the foremost commonsense ways of lessening
sulfur debilitate for carriers and holder lines, and are utilized to actually ‘scrub’
toxins out of emissions. Scrubbers can be used in numerous ways. Whereas closed-
loop scrubbers hold the sulfur emanations for more secure transfer at the harbor,
open-loop scrubbers release toxins back within the ocean after turning the sulfur

(Varsha Saraogi, 2020).
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Hybrid scrubbers which switch between open and closed-loop depending on
circumstances such as nearby rules which may or may not forbid the release of
water.

Ship-owners favor open-looped frameworks over closed since ship owners are
exceptionally simple to introduce, require less upkeep and do not require capacity
for squander materials — as water is straightforwardly pumped back into the ocean

e L-LEGAL

In expansion, concurring to the Clean Shipping Alliance (CSA) 2020, a few 49
specialists counting a few in Japan and more than 20 different ports in Asia,
Europe, Australia and the Americas demonstrated they had no deliberate of
prohibiting the utilize of open-loop scrubbers in their waters.

Similarly, a report discharged by Japan’s Ministry of Land, Infrastructure,
Transport and Tourism (MLIT) concludes that the operation of open-loop
scrubbers with tall sulfur fuel oil is not only safe, it is additionally best to burning
moo sulfur fuel alone.

China has prohibited the utilization of open-loop sifting gear in outflows control
ranges counting inland waters and most of its coastline. Other nations that deny or
confine open-loop channels are Norway Germany, Malaysia, Latvia, India,
Belgium, Lithuania, Ireland, United Arab Emirates and parts of the United States
(Varsha Saraogi, 2020).

Singapore is sorting the squander from the operation of the discuss purifier as toxic

industrial waste (TIW), concurring to the community’s natural wellbeing.

e E-ENVIRONMENT

In the shipping industry, there is a furious argument about whether open-loop
discuss filtration is an environmentally friendly option.

According to Varsha Saraogi, scrubbers have devastating effects on wildlife in
British waters and around the world. IMO has demonstrated that it has endorsed
the use of open-loop deplete channels, considering them to be “comparable”

hardware, characterized as any hardware introduced for ships or handle, elective
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fuel oil, or compliance strategy utilized as an elective. Concerning this issue, IMO
has issued strict rules for flushing wash water from depleting cleaning frameworks.
“The washing water of the exhaust air filtration system must meet strict criteria so
that the flushing water must have a pH of not less than 6.5” (IMO,2020).
According to IMO, a working group of experts in the field of marine environmental
protection science (GESAMP) was established to assess the evidence related to the
environmental impact of discharging wastewater from the system. It is expected
that the 7™ session of the IMO Sub-Committee on Pollution Prevention and
Response (PPR7) in February 2020 will discuss this content.

In spite of IMO’s authorization, earthy people cannot believe the utilization of
open-loop debilitate filters (Saraogi, 2020).

For each ton of fuel burnt, the vessel uses an open-loop deplete channel that
produces approximately 45 tons of acidic washing water, containing carcinogens
such as fragrant polycyclic hydrocarbon (PAH). Overwhelming metals can
influence sea chemistry and marine life, agreeing to the International Committee
on Clean Transportation (ICCT), a non-profit organization that gives logical
examination.

ICCT moreover gauges that voyage ships that utilize tall sulfur overwhelming fuel
oil (HSHFO), and open-loop debilitate channels will release 180 million tons from
the side of the vessel to wash sullied discuss filtration frameworks.

As aresult, a few regions and ports have presented prohibitive directions for ships
working in their waters, requiring the utilization of closed-loop deplete channels

or high levels of marine fuel oil.
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Chapter 4 — Data and methodology

4.1 Comparison between Quantitative and Qualitative to analyze

investment project.

In logical inquire about, quantitative and subjective strategies play a large part within
the investigate about the point, these two strategies will offer assistance analysts
collect information precisely and quickly; however, two ways—usually the inverse of
how and how it works. For qualitative investigate, information collection is essentially
in words and an approach that looks for to portray and analyze the characteristics of
groups of individuals from the anthropologist’s perspective. As for quantitative inquire
about, basically collecting information by numbers and understanding connections in
hypothesis and investigation from interpretation. Both quantitative and qualitative

methods consider the thesis.

4.1.1 Quantitative method

Quantitative investigate utilize within the shape of inductive, make a hypothesis,
subjective inquire about strategies also use interpretative views, don’t demonstrate
there’s as it was clarification and constructivist assumption in investigating, implies
that analysts depend on speculations to construct their claim investigate way suitable
to the condition (Ezzy, 2013). The information collection methods of subjective
inquire about are very assorted and frequently don’t have a particular structure like
quantitative inquire (Patton, 1980). A few strategies can be specified as Centre gather,
individual meet and perception. Tests of this strategy are ordinarily little and more
carefully chosen. Subjective investigate more often than not approaches the inquire
about subjects most normally, in arrange to guarantee the behaviors, suppositions and
sees that the inquire about issues make will be most objective and accurate (Patton,
1990).

Specifically, in these three studies, the author chose SWOT and PESTLE analysis to
approach the description and compared the two investment projects to identify the

strengths and weaknesses of challenging opportunities from the two projects. At the
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same time, assessing whether the two-project investment is appropriate for the
environment, economic conditions, technical status, politics, laws of each country.

From there, the decision was taken to choose the most appropriate investment plan.
% SWOT analysis

The SWOT examination could be a valuable instrument utilized to get its Strengths,
Weaknesses, Opportunities and Threats in a venture. Through SWOT investigation,
the creator will see the objectives as well as interior and exterior components of the
organization that can undoubtedly or contrarily influence venture ventures (Giirel &
Tat, 2017). Based on the SWOT analysis, ship owners can assess each of the strengths
and weaknesses of both switching to LSFO and utilizing scrubber options. Moreover,
ship owners or operators can also rely on the analysis to measure the level of challenge
and potential of the two options (Piercy & Giles, 1989). Therefore, it is easy to make
a decision in choosing an alternative to HFO to comply with the sulfur threshold of
2020. In each project, there are advantages and disadvantages of its own, and vessel
operators need to have an overview and detailed analysis of each type to be able to
conclude reasonable alternatives. Comparing the conversion to a new material with a
sulfur content of less than (0.5% and using the scrubber system not only stops at
economic conditions, investment costs, installing scrubber or buying new materials
but also with regard to the potential profits, it is suitable for long-term exploitation in
the future. Therefore, the SWOT analysis is an impossible method to give owners of

operators a more relevant view of the four aspects of an option.

% PESTLE analysis

In addition to using the SWOT tool to survey quantitative methods, the author also
uses the PESTLE analysis to clarify aspects of each project type as well as analyzing
and evaluating the suitability of applying alternative methods for HFO.
Political factors: Politics has a significant impact on the operation and application of
new methods instead of HFO to comply with the 2020 sulfur threshold.

Economic factors: Analyze and survey the money related circumstance of each

shipowner’s venture sort in both the short and long term.
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Social factors: Social variables influence ship owners on numerous diverse levels, and
ought to be carefully considered. All social components of a nation will altogether
impact the characteristics of utilization in that nation when applying elective strategies
for HFO.

Technological factors: Technology can be utilized, and typically impacted by

government bolster. Mechanical signs of progress can offer assistance to create benefit
for each sort of elective to comply with the sulfur rules set for early 2020.

Legal factors: Any administrative alteration that happens in a nation can influence the
commerce operations of the commerce. By 2020, the sulfur concentration limited to
less than 0.5% issued by IMO has affected freight rates. Many ship owners and ship
operators have to think between choosing financially suitable and suitable for each
area that the ship will operate in the future.

Environment factors: Environmental factors such as weather, geography and climate

It will also significantly affect the fuel changes and needs of ship owners.

Pestle analysis helps owners or operators consider different factors that may affect
freight rates. It promotes strategic thinking to understand strategic planning better and
make choices tailored to the ship owner’s situation. Identifying opportunities and
taking steps according to it can give ship owners more outside opportunities.
Therefore, operators must perform a Pestle analysis of the external environment. This
analysis model will help ship owners to recognize market trends. This way ship owners
will become more proactive in their business.

Quantitative analysis has some of the following advantages:

e The issue is seen from the point of view of an insider: Subjective inquiry
makes a difference to clarify the variables of conduct and states of mind of the
inquiry about subjects (Kumar, 2007).

e Because subjective inquiry about employment unstructured investigation
strategies, adaptability is exceptionally high.

e Help find valuable data quickly.

e The time to conduct a subjective investigation venture is more often than not

shorter and costs less than quantitative research.
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Quantitative investigation does not clarify human wonders (behavioral studies).
Subjective calculation of surveyors: Analysts may miss profitable points of interest of
the study on the off chance that they are as well centered on testing the presumptions
set forth (Tashakkori, Teddlie, & Teddlie, 1998). Differences in how questions are
caught on happen when the interviewees did not get the questions postured by the
researchers’ but caught on in an unexpected way and reacted concurring to their
elucidations. For quantitative inquiry, most interviewees are incapable of interceding,
clarifying or clarifying questions to respondents. Contextual mistakes may influence
the substance of the study. Quantitative inquiry about accepting that human behavior
and states of mind do not alter agreeing to the setting. In any case, the object’s answers
may shift depending on distinctive contexts. Quantitative investigation uses more
complex subjective research methods, so it will take more time to plan the inquiry

about the process.

4.1.2 Qualitative method

The qualitative investigation strategy is the collection and investigation of data based
on information from advertising. The reason for quantitative inquiry is to draw
showcase conclusions through the utilization of factual strategies to handle
information (Tashakkori, Teddlie, & Teddlie, 1998). Strategies for collecting
qualitative information are regularly more organized than subjective information
collection, which incorporates different shapes of studies such as online studies, paper
studies, portable overviews, cross-surveys or mail. Qualitative inquiry permits the
creator to clarify by the measurable investigation. As a result, insights are based on
numerical standards (Cotten, 1999). Qualitative strategies are considered to be logical
and sensible. Hence quantitative inquiry is appropriate to test the suspicions made.
However, quantitative investigation employs more complex subjective inquiry about
strategies, so it will take longer to plan the inquiry about the process.

#+ Net Value Present

In this paper, the author used NPV calculation method to assess the feasibility of 2
investment project to compliance Sulfur cap 2020. Net present value, which implies

the current value of all future extend cash flows is marked down to the present:
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CF,

_ yn _
NPV = Li=o (1+k)t

CFo

CF:: Net cash flow at time t (Cash flow)

CFo: Initial capital expenditure of an investment / project
k: Discount rate

n: Total duration of project implementation

t: Time to calculate cash flow
NPV= PV inflow — Cost = Net gain in wealth
In the event that the NPV is more prominent than 0, at that point the extend is beneficial
since the discount rate is as of now the opportunity cost of the venture, so on the off
chance that the opportunity cost has been deducted (Zizlavsky, 2014). The investment
is beneficial; at that point, the investment has financial returns. Hence, when assessing
a venture by NPV, it is essential to consider the value of the discount rate (more often
than not rise to the intrigued price of the leading speculation opportunity that the
investor can set in case not contributing within the extend being assessed) and see on
the off chance that the NPV is favorable or not. A positive NPV implies the speculation
is productive since the esteem of cash flow after devaluation is higher than the first
venture (Lim, Park, Lee, & Park, 2006). On the off chance that there are two
independent ventures, the one with the bigger NPV will acknowledge the investment
and dispose of the remaining one.
The term financial comprises operational cost, capital cost and life-cycle cost. The
point of environment includes the effect on Sox emanations diminishment, the impact
on NOx emanations lessening, the effect on GHG outflows lessening and the effect on
particulate matter (PM) emanations diminishment (Bui, Ol@cr, Kitada, & Ballini,
2017)
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Figure 12: NPV flowchart analysis
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The NPV in 2 investment projects is calculated for a period of 10 years, a long time,
compared to an anticipated 25-year lifetime of the ship. Hybrid scrubber is chosen for
the dissertation. According to the report of Ritchie, de Jonge, Hugi, & Cooper (2005),
the CAPEX for retrofit of hybrid scrubber is 168 €/kW whereas its OPEX is 0.5
€/MWh for engine of average estimate (having control from 6000 kW to 15000 kW).
In this paper, the author does not make assumptions for the conversion from HFO to
LNG because VITACO’s oil tankers are second ships older than ten years and,
therefore, not suitable for switching to an alternative fuel like LNG. Moreover,
CAPEX’s conversion rate from HFO to LNG is much higher than the choice of LSFO
or hybrid scrubber. CAPEX of LSFO is the most reduced capital cost compared to that
the installation of hybrid scrubber (Bui, Olger, Kitada, & Ballini, 2017). Therefore, the
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author only made assumptions for two new investment options to comply with the
sulfur threshold of 2020. Not at all like LNG and hybrid scrubber, the change of most
engines to utilize VLSFO brings about nearly no cost or in other words, it may be
insignificant (Ren & Liitzen, 2015; Ritchie, de Jonge, Hugi, & Cooper, 2005). The
additional OPEX of the engine running on VLSFO is almost 13 €/ MWh (Ritchie, de
Jonge, Hugi, & Cooper, 2005). According to Bui, Olger, Kitada, & Ballini (2017),
LSFO essentially 309%-50% costlier than the ordinary fuel. The MGO cost is
anticipated to extend within the brief term in short-sea shipping in ECAs. It is assessed
to rise by approximately 87% credited to the cost of refining and changing over to
LSFO. The OPEX of HFO with hybrid scrubber is approximately between 320 € and
530 € per tone Sox. It may be account for 1% to 3% of CAPEX per year (Bui, Olger,
Kitada, & Ballini, 2017)
Table 6: CAPEX and OPEX of 2 investment project

1 Euro (€) 1.12 US dollar ($)
Scrubber CAPEX (retrofit) 168 €/kW
188.2 $/kW
Scrubber OPEX 0.5 €/MWh
0.00056 $/kWh
VSLFO CAPEX 00
Extra VLSFO OPEX (engine maintenance) 13 €MWh
0.01456 S/kWh
Increase in FC due to scrubber fitting 1%

Source: Ritchie, de Jonge, Hugi, & Cooper (2005)

The price of fuel is referenced on the website https://shipandbunker.com/ and are

averaged over the last year 2019 to limit the objective factors due to the Covid-19
pandemic and the oil price war between Russia and the OPEC members. Although, in
April 2020, the world oil price dropped a record but still could not be a decisive factor
for ship owners to switch to LSFO fuel instead of hybrid scrubber because this

phenomenon is just timing problem.

57




Table 7: Fuel cost at Singapore (average for 1 year from June 2019 to June 2020)

Name of fuel Price Unit
VLSFO 481 $/ton

IFO 380 333 $/ton
MGO 511.5 $/ton

Source: website https://shipandbunker.com/
Ship owners need to estimate how much money their investment will give them during

the time it makes their money. This amount (also known as the “cash inflow”) can be
specific, known, or estimated.
The appropriate discount rate is the “k” value in the above formula. Discount rate is
referred base on the rate of Joint Stock Commercial Bank for Foreign Trade of
Vietnam which is a commercial bank in Vietnam. The discount rate for 12 months is
6.8%
In general, for the time being, the available funds of the ship owners or ship operators
will be more valuable in the future. The reason is that they can invest the money they
have in the present and profit from time to time. To calculate the NPV, the ship owner
needs to know the interest rate of the investment account or an opportunity with the
same level of risk as the investment being analyzed.
To calculates the value of cash inflows for each period ship owners analyze versus the
amount they earn from replacement investments at the same time. This is called
“discounting” the cash flow and is calculated using the simple formula:

CF;
Value of cash inflow =————
(1+k)t
Finally, to calculate the NPV of the project, purchased property, or investment you are
analyzing, you need to add up all the discounted cash flows and subtract the initial

investment.

— yvn CR
NPV = ).i—p )

CFo
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In general, if an NPV value is positive or if there are two independent projects, the one
with the higher NPV will be more profitable than spending the money on other

alternative investments.
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Chapter 5 — Findings and Conclusion
5.1 Tanker fleet of VITACO

As an enterprise, directly under the Vietnam National Petroleum Group — Petrolimex
and operating in the ficld of the petroleum transport business, Vietnam Tanker Joint
Stock Company (VITACO) functions to transfer petroleum from foreign vessels into
wholesale depots, transporting petrol by river and sea for regional petroleum
companies, provincial general materials companies.

The company is under the direct management and direction of the Vietnam National
Petroleum Group — Petrolimex in all aspects. Also, it fulfils its obligations to the Ho
Chi Minh City People’s Committee.

VITACO Petroleum Transportation Joint Stock Company has the task of transporting
petroleum to units inside and outside the industry, building and organizing the
implementation of the plan of Vietnam National Petroleum Group — Petrolimex.

The company also manages and effectively uses labor, vehicles, supplies, capital and
plans to invest in material and technical to serve the transportation work and
implement the training, train and build the contingent of cadres and employees
according to the Group’s planning, plans and decentralization.

Currently, the company’s fleet consists of Petrolimex 09, Petrolimex 11, Petrolimex
12, and Petrolimex 14, operating under the form of charter. Nha Be 03, Nha Be 06,
Nha Be 08, Nha Be 09, Nha Be 10 and Petrolimex 20 are operated in the form of the
voyage.

Because the charter ship is due on time, the fuel cost is usually borne by the charterer,
so the VITACO company only calculates the data of the vessels operating in the form
of the voyage. The figures on revenue and investment costs and ship operating costs

are referenced in the company’s annual financial report 2019.




Table 8: Main Particular of tanker fleets of VITACO company

Type Oil tanker Oil tanker Oil tanker Oil tanker Oil tanker Oil tanker
Year built 2005 1979 2002 2003 2004 2005
Life time 25 25 25 25 25 25

Age 15 41 18 17 16 15

DWT 19925 47 4388 6788 6679 65342 7958

M/E power 6150 2353.6 3120 3120 3120 3400

IMO IMQ9352585 | IMO7821489 | IM0O9263045 | IM09291200 | IMO9305972 | IMO9355381

number

Source: VR (2020)

There are six variables in this calculation which are forecasted to have an impressive

impact on the investigation of NPV. Capital costs are not considered factors as these

costs are unsurprising and have an exceptional level of certainty at the time this

simulation is performed earlier to the choice.

5.1.2 Petrolimex 20

The average revenue for the 5 latest Petrolimex 20 is 6,273,748 $. Fuel consumption

and other cost (for 5 year) of Petrolimex 20 (from 2015 to 2019) is shown in Table 10.

Table 8 shows the calculation of the average of CAPEX and OPEX for five years of

operation. The NPV calculation of 2 investment projects shows the 10-year cash flow

of Petrolimex 20 shown in Table 9

Table 9: Fuel consumption and other cost in average (for 5 year)

Crew Cost Total 514270 | $/year
Store Cost Total 89,547 | $/year
Repair and maintenance 122,774 | $/year
Insurance Total 128,038 | $/year
General cost Total (Administration cost) 345,163 | $/year
Periodic Maintenance cost (Dry dock) 225282 | $/year
Days running at sea 293.68 | days
Days in port 20 | days
IFO 380 consumed 4,814 | ton/year
MGO consumed 240 | ton/year
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Table 10: The calculation in average of CAPEX and OPEX (from 2015 to 2019)

Investment 1 Investment 2
The IMO Sox compliance options VLS fuel oil Scrubber
CAPEX ($) | OPEX(8) | CAPEX ($) | OPEX($)

Initial installation 0.0 1,157,184.0

Fuel cost (include pilot fuel, if applied) 24382040 1,741,852.6
Extra Maintenance cost of Engines 631,134.8

Scrubber maintenance cost 242744
Crew cost 5142702 514,270.2
Store cost 80.547.1 89.547.1
Repair and maintenance 1227739 122,773.9
Insurance Total 128,0379 128,037.9
General cost Total (Administration cost) 345,162.8 345,162.8
Periodic Maintenance cost (Dry dock) 2252823 2252823
Total 0.0| 4494,503.0 | 1,157,184.0 | 3,191,201.3

Source: Author (2020)

Table 11: Cash flow ($) of the 2 investments and NPVs

Investment 1 Investment 2
Year VLS fuel oil Scrubber
Cash flow Yearly NPV Cash flow Yearly NPV

0 0.0 00 -1,157,184 0 -1,157,184 .0
1 1,779,245.0 1,647,449.1 3,082,546.7 1,697,0259
2 1,779,245.0 3,172.,8064.8 3,082,546.7 43398129
3 1,779,245.0 4,585,286.9 3,082,546.7 6,786.,837.8
4 1,779,245 .0 5.893,085.0 3,082,546.7 0.,052.,601.7
5 1,779,245.0 7,104,009 3 3,082,546.7 11,150,531.2
6 1,779,245.0 8,225,2354 3,082,546.7 13,093 ,058.5
7 1,779,245.0 9,263,407 .8 3,082,546.7 14,891,694 .9
8 1,779,245 .0 10,224 678 .5 3,082,546.7 16,557 0990
9 1,779,245.0 11,114,743 9 3,082,546.7 18,099,139.8
10 1,779,245.0 11,938.,878.6 3,082,546.7 19,526,955.3

NPV 11,938,878.6 19,526,955.3
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As Table 9 shows, the NPV of investment 1 means that the option to switch to LSFO
after ten years is worth $ 11,938.878.6 while the NPV of investment 2 means that the
option of using a Hybrid scrubber reaches $ 19,526,955.3 after ten years. From the
above results, it can be easily seen that the NPV value of both investments is greater
than zero, so the two projects are feasible and acceptable. The NPV value of
investment 1 is less than the NPV value of Investment 2 (11,938.878.6 less than
19,526,955.3). Because these are two independent projects, the investment of NPV of
the investment with the higher value will be preferred because it will create higher
cash flow in the future so for Petrolimex 20, they will switch to using Hybrid scrubber

which is much more economically viable than switching to LSFO fuel.

5.1.3 Nha Be 03

The average revenue for 5 latest of Nha Be 03 is 1,974,065 $. Fuel consumption and
other cost (for 5 year) of Nha Be 03 (from 2015 to 2019) is shown as Table 13. Table
11 shows the calculation of the average of CAPEX and OPEX for five yecars of
operation. The NPV calculation of 2 investment projects shows the 10-year cash flow
of Nha Be 03 are shown in Table 12

Table 12 : Fuel consumption and other cost in average (for 5 year)

Crew Cost Total 268,027 | $/year
Store Cost Total 89424 | $/year
Repair and maintenance 59,750 | $/year
Insurance Total 33926 | $/year
General cost Total (Administration cost) 115,697 | $/year
Periodic Maintenance cost (Dry dock) 147,546 | $/year
Days running at sea 348.50 | days
Days in port 63.80 | days
IFO 380 consumed 377 | ton/year
MGO consumed 19 | ton/year

Source: Author (2020)
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Table 13: The calculation in average of CAPEX and OPEX (from 2015 to 2019)

Investment 1 Investment 2
The IMO Sox compliance options VLS fuel oil Scrubber

CAPEX ($) | OPEX($) CAPEX ($) | OPEX ($)
Initial installation 0.0 442 853 4
Fuel cost (include pilot fuel, if applied) 191.104.1 136,527.4
Extra Maintenance cost of Engines 286,621.0
Scrubber maintenance cost 11,023.9
Crew cost 268,027.1 268,027.1
Store cost 804240 804240
Repair and maintenance 59,750.1 59,750.1
Insurance Total 33,9260 33,926.0
General cost Total (Administration cost) 115,696.5 115,696.5
Periodic Maintenance cost (Dry dock) 147.546.1 147.546.1
Total 0.0] 1,192,095.1 4428534 | 861,921.2

Source: Author (2020)

Table 14: Cash flow ($) of the 2 investments and NPVs

Investment 1 Investment 2
Year VLS fuel oil Scrubber
Cash flow Yearly NPV Cash flow Yearly NPV
0 0.0 0.0 -442 853 4 -442 853 4
1 781.969.6 7240459 1,112,143.5 586,909.1
2 781.,969.6 1,394 458.7 1,112,143.5 1,540,392 .8
3 781.,969.6 20152114 1,112,143.5 24232482
4 781.,969.6 2,589,982 4 1,112,143.5 3.240,706.8
5 781.969.6 3,122.177.7 1,112,143.5 39976130
6 781.,969.6 3,614951.2 1,112,143.5 4,698 4520
7 781.,969.6 4,0712229 1,112,143.5 53473770
8 781.,969.6 4,493 ,696.7 1,112,1435 59482335
9 781.969.6 4,884 ,.876.2 1,112,143.5 6,504,582.2
10 781.,969.6 5,2470794 1,112,143.5 7019,719.8
NPV 5.247.0794 7.019.719.8

Source: Author (2020)




As Table 12 shows, the NPV of investment 1 means that the option to switch to LSFO
after ten years is worth $ 5,247,079.4 while the NPV of investment 2 means that the
option of using a Hybrid scrubber reaches $ 7,019,719.8 after ten years. From the
above results, it can be easily seen that the NPV value of both investments is greater
than zero, so the two projects are feasible and acceptable. The NPV value of
investment 1 is less than the NPV value of Investment 2 (5,247,079.4 less than
7,019,719.8). Because these are two independent projects, the investment of NPV of
the investment with the higher value will be preferred because it will create higher
cash flow in the future so for Nha Be 03, they will switch to using Hybrid scrubber

which is much more economically viable than switching to LSFO fuel.

5.1.4 Nha Be 06

The average revenue for 5 latest of Nha Be 06 is 3,373,330 $. Fuel consumption and
other cost (for 5 year) of Nha Be 06 (from 2015 to 2019) is shown as Table 16 shows
the calculation of the average of CAPEX and OPEX for five years of operation. The
NPV calculation of 2 investment projects shows the 10-year cash flow of Nha Be 06
are shown in Table 15

Table 15: Fuel consumption and other cost in average (for 5 year)

Crew Cost Total 344054 | $/year
Store Cost Total 78,120 | $/year
Repair and maintenance 57,573 | $/year
Insurance Total 74930 | $/year
General cost Total (Administration cost) 188,367 | $/year
Periodic Maintenance cost (Dry dock) 160,195 | $/year
Days running at sca 356.50 | days
Days in port 68.40 | days
IFO 380 consumed 2,653 | ton/year
MGO consumed 133 | ton/year

Source: Author (2020)
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Table 16: The calculation in average of CAPEX and OPEX (from 2015 to 2019)

Investment 1 Investment 2
The IMO Sox compliance options VLS fuel oil Scrubber
CAPEX ($) | OPEX(8) | CAPEX ($) | OPEX($)

Initial installation 0.0 5870592

Fuel cost (include pilot fuel, if applied) 13441017 960,247.7
Extra Maintenance cost of Engines 388,675.1

Scrubber maintenance cost 14,949.0
Crew cost 3440538 344,053.8
Store cost 78,1200 78.120.0
Repair and maintenance 575726 57.,572.6
Insurance Total 749300 74.930.0
General cost Total (Administration cost) 188,367 .3 188.367.3
Periodic Maintenance cost (Dry dock) 160,194 8 160,194 .8
Total 00| 2,636,0153| 587,059.2| 1.878,435.2

Source: Author (2020)

Table 17: Cash flow ($) of the 2 investments and NPVs

Investment 1 Investment 2
Year VLS fuel oil Scrubber
Cash flow Yearly NPV Cash flow Yearly NPV
0 0.0 0.0 -587,059.2 -587,059.2
1 7373149 682,699.0 1,494 8950 797,102.9
2 7373149 1,314,827.7 1,494 8950 2078,734 4
3 7373149 1,900,132.1 1,494 8950 3,265430.3
4 7373149 2.442.080.6 1.494,.895.0 43642228
5 7373149 2,943 884 8 1,494 8950 5381,6232
6 7373149 3,408,518.3 1,494 8950 6,323.,660.7
7 7373149 3,838,734 4 1,494 .895.0 7,195917.6
8 7373149 4,237,082 .8 1.494 8950 8.003,562.8
9 7373149 4,605923 8 1,494 8950 8,751,382.5
10 7373149 4,947443 3 1,494 8950 0443.808.2
NPV 49474433 9443.808.2
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As Table 15 shows, the NPV of investment 1 means that the option to switch to LSFO
after ten years is worth $ 4,947 443.3 while the NPV of investment 2 means that the
option of using a Hybrid scrubber reaches $ 9,443,808.2 after ten years. From the
above results, it can be easily seen that the NPV value of both investments is greater
than zero, so the two projects are feasible and acceptable. The NPV value of
investment 1 is less than the NPV value of Investment 2 (4,947.443.3 less than
9,443,808.2). Because these are two independent projects, the investment of NPV of
the investment with the higher value will be preferred because it will create higher
cash flow in the future so for Nha Be 06, they will switch to using Hybrid scrubber

which is much more economically viable than switching to LSFO fuel.

5.1.5 Nha Be 08

The average revenue for 5 latest of Nha Be 08 is 3,156,494 $. Fuel consumption and
other cost (for 5 year) of Nha Be O8 (from 2015 to 2019) is shown as Table 19. Table
17 shows the calculation of the average of CAPEX and OPEX for five yecars of
operation. The NPV calculation of 2 investment projects shows the 10-year cash flow
of Nha Be 08 are shown in Table 18

Table 18: Fuel consumption and other cost in average (for 5 year)

Crew Cost Total 321,651 | $/year
Store Cost Total 69,731 | $/year
Repair and maintenance 56,260 | $/year
Insurance Total 75,170 | $/year
General cost Total (Administration cost) 177012 | $/year
Periodic Maintenance cost (Dry dock) 119,761 | $/year
Days running at sea 334.10 | days
Days in port 62.60 | days
IFO 380 consumed 2459 | ton/year
MGO consumed 123 | ton/year

Source: Author (2020)
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Table 19: The calculation in average of CAPEX and OPEX (from 2015 to 2019)

Investment 1

Investment 2

The IMO Sox compliance options VLS fuel oil Scrubber
CAPEX ($) | OPEX(8) | CAPEX ($) | OPEX($)

Initial installation 0.0 5870592

Fuel cost (include pilot fuel, if applied) 12454680 889,781.5
Extra Maintenance cost of Engines 364,253.5

Scrubber maintenance cost 14,009.7
Crew cost 3216507 321,650.7
Store cost 69,7308 69.730.8
Repair and maintenance 56,2692 56,269.2
Insurance Total 75,1699 75,169.9
General cost Total (Administration cost) 1770124 177.012.4
Periodic Maintenance cost (Dry dock) 119,760 6 119,760.6
Total 00| 24293151 | 587,059.2| 1,723,384.9

Source: Author (2020)
Table 20: Cash flow ($) of the 2 investments and NPVs

Investment 1 Investment 2
Year VLS fuel oil Scrubber
Cash flow Yearly NPV Cash flow Yearly NPV
0 0.0 00 -587,059.2 -587,059.2
1 727,178.7 673313.6 1433,108.9 739,893.5
2 727,178.7 1,296,752.2 1433,108.9 1,968,553 4
3 7271787 1,874.010.1 1433,108.9 3,106,201 4
4 727,178.7 2,408,508.2 1433,108.9 4,1595793
5 727,178.7 29034138 1433,108.9 5,134,929.1
6 727,178.7 3,361,659.7 1433,108.9 6,038,030.8
7 7271787 3,785961.5 1433,108.9 6.874,236.1
8 727,178.7 4,178,833.5 1433,108.9 7.,648.,500.3
9 727,178.7 4,542,604.0 1433,108.9 8,365411.5
10 727,178.7 4,879428 4 1433,108.9 00292182
NPV 4,879428.4 9.029.218.2
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As Table 18 shows, the NPV of investment 1 means that the option to switch to LSFO
after ten years is worth $ 4,879,428.4 while the NPV of investment 2 means that the
option of using a Hybrid scrubber reaches $ 9,029,218.2 after ten years. From the
above results, it can be easily seen that the NPV value of both investments is greater
than zero, so the two projects are feasible and acceptable. The NPV value of
investment 1 is less than the NPV value of Investment 2 (4,879.428.4 less than
9,029,218.2). Because these are two independent projects, the investment of NPV of
the investment with the higher value will be preferred because it will create higher
cash flow in the future so for Nha Be 08, they will switch to using Hybrid scrubber

much more economically viable than switching to LSFO fuel.

5.1.6 Nha Be 09

The average revenue for 3 latest of Nha Be 09 is 3,070,803 $. Nha Be (09 has just been
launched in early 2017, the data will be calculated based on an average from 2017 to
2019. Fuel consumption and other cost (for 3 years) of Nha Be 09 (from 2017 to 2019)
is shown as Table 22. Table 20 shows the calculation of the average of CAPEX and
OPEX for three years of operation. The NPV calculation of 2 investment projects
shows the 10-year cash flow of Nha Be 09 are shown in Table 21

Table 21: Fuel consumption and other cost in average (for 3 years)

Crew Cost Total 291,714 | $/year
Store Cost Total 68,060 | $/year
Repair and maintenance 38,685 | $/year
Insurance Total 70,939 | $/year
General cost Total (Administration cost) 165412 | $/year
Periodic Maintenance cost (Dry dock) 151,884 | $/year
Days running at sea 278.00 | days
Days in port 52.00 | days
IFO 380 consumed 2,549 | ton/year
MGO consumed 127 | ton/year

Source: Author (2020)
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Table 22: The calculation in average of CAPEX and OPEX (from 2017 to 2019)

Investment 1 Investment 2
The IMO Sox compliance options VLS fuel oil Scrubber
CAPEX ($) | OPEX(8) | CAPEX ($) | OPEX($)

Initial installation 0.0 5870592

Fuel cost (include pilot fuel, if applied) 12913398 0922,553.4
Extra Maintenance cost of Engines 303,090.3

Scrubber maintenance cost 11,657.3
Crew cost 291,714 4 291,714 .4
Store cost 68,0600 68.,060.0
Repair and maintenance 38,6853 38.685.3
Insurance Total 7090387 70,938.7
General cost Total (Administration cost) 1654125 165412.5
Periodic Maintenance cost (Dry dock) 151.884.1 151,884.1
Total 0.0] 2381,1250| 587,059.2| 1,720,905.6

Source: Author (2020)

Table 23: Cash flow ($) of the 2 investments and NPVs

Investment 1 Investment 2
Year VLS fuel oil Scrubber
Cash flow Yearly NPV Cash flow Yearly NPV
0 00 0.0 -587,059.2 -587,059.2
1 689,678.1 638.590.9 1,349,897.5 662,.845.9
2 689,678.1 1,229.878.7 1,349.897.5 1,820,165.4
3 689,678.1 1,777,367 4 1,349,897.5 2,891,757.5
4 689.,678.1 2,284 301.5 1,349,.897.5 3.883972.5
5 689,678.1 2,753,684.8 1,349,897.5 4.802,690.0
6 689,678.1 3,188,299.0 1,349.897.5 5,653354.4
7 689,678.1 3,590,719.6 1,349.897.5 6.441,006.6
8 689.,678.1 39633312 13498975 7,170314.2
9 689.,678.1 43083420 1,349,897.5 7.845,599.0
10 689.,678.1 4,627,796 4 1,349,897.5 8.470,.862.7
NPV 4,627,796 4 8.470862.7
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As Table 21 shows, the NPV of investment 1 means that the option to switch to LSFO
after ten years is worth $ 4,627,796.4 while the NPV of investment 2 means that the
option of using a Hybrid scrubber reaches $ 8,470,862.7 after ten years. From the
above results, it can be easily seen that the NPV value of both investments is greater
than zero, so the two projects are feasible and acceptable. The NPV value of
investment 1 is less than the NPV value of Investment 2 (4,627,796.4 less than
8,470,862.7). Because these are two independent projects, the investment of NPV of
the investment with the higher value will be preferred because it will create higher
cash flow in the future so for Nha Be 09, they will switch to using Hybrid scrubber

which is much more economically viable than switching to LSFO fuel.

5.1.7 Nha Be 10

The average revenue for one year of Nha Be 10 is 3,070,872 $. Nha Be 09 has just
been launched in early 2019, the data will be calculated based on 2019. Fuel
consumption and other cost of Nha Be 09 in 2019 is shown as Table 25. Table 23
shows the calculation of the average of CAPEX and OPEX for 2019 of operation. The
NPV calculation of 2 investment projects shows the 10-year cash flow of Nha Be 09
are shown in Table 24.

Table 24: Fuel consumption and other cost in average

Crew Cost Total 264,863 | $/year
Store Cost Total 58096 | $/year
Repair and maintenance 89,343 | $/year
Insurance Total 70318 | $/year
General cost Total (Administration cost) 148,895 | $/year
Periodic Maintenance cost (Dry dock) 77981 | $/year
Days running at sea 252 | days
Days in port 41 | days
IFO 380 consumed 2,822 | ton/year
MGO consumed 141 | ton/year

Source: Author (2020)
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Table 25: The calculation in average of CAPEX and OPEX in 2019

Investment 1 Investment 2
The IMO Sox compliance options VLS fuel oil Scrubber
CAPEX (3) | OPEX(3) | CAPEX (%) | OPEX($)

Initial installation 00 639,744 0

Fuel cost (include pilot fuel, if applied) 1.429,593.1 1,021,322.8
Extra Maintenance cost of Engines 299.400.2

Scrubber maintenance cost 11,5154
Crew cost 264 8627 264 862.7
Store cost 58,006.4 58.,096.4
Repair and maintenance 89,343.0 89.343.0
Insurance Total 70317.7 70.317.7
General cost Total (Administration cost) 148 895.1 148.895.1
Periodic Maintenance cost (Dry dock) 77.980.8 77.,980.8
Total 00| 2438488.9| 639,744.0 | 1,742,333.8

Source: Author (2020)

Table 26: Cash flow ($) of the 2 investments and NPVs

Investment 1 Investment 2
Year VLS fuel oil Scrubber
Cash flow Yearly NPV Cash flow Yearly NPV
0 0.0 0.0 -639.744.0 -639,744 .0
1 6323829 592,118.8 1,328,538.0 604,205 4
2 6323829 1,146,537.2 1,328,538.0 1,768.,952.1
3 6323829 1,665,655.5 1,328,538.0 2,.359,538.9
4 6323829 2,151,721.3 1,328,538.0 3.880,687.5
5 6323829 2,606.,839.1 1,328,538.0 48368192
6 6323829 3,032,9794 1,328,538.0 5.732073.6
7 6323829 34310872 1,328,538.0 6,570,326 .8
8 632,3829 3,805,589.9 1,328,538.0 7,355,208.0
9 6323829 4,1554053 1,328 5380 8090,115.6
10 6323829 4,482 .947.7 1,328,538.0 8,778,231.3
NPV 4,482947.7 8,778.231.3
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As Table 24 shows, the NPV of investment 1 means that the option to switch to LSFO
after ten years is worth $ 4,482,947.7 while the NPV of investment 2 means that the
option of using a Hybrid scrubber reaches $ 8,778,231.3 after ten years. From the
above results, it can be easily seen that the NPV value of both investments is greater
than zero, so the two projects are feasible and acceptable. The NPV value of
investment 1 is less than the NPV value of Investment 2 (4,482.947.7 less than
8,778,231.3). Because these are two independent projects, the investment of NPV of
the investment with the higher value will be preferred because it will create higher
cash flow in the future so for Nha Be 10, they will switch to using Hybrid scrubber

which is much more economically viable than switching to LSFO fuel.

5.2 Discussion and recommendations

Based on the results of the SWOT and PESTLE analysis, two investment projects have
their advantages and disadvantages. However, as a shipowner, VITACO should be
concerned and consider which projects can generate the best profit in the future or in
other words, which projects have substantial financial advantages rather than
technology or other factors. Because in addition to being a shipping company,
VITACO is also the owner of the six ships operating in the charter model, VITACO
is most interested in the profit and the impact of the conversion to an alternative option
for HFO to IMO 2020 in compliance with freight rates. Therefore, investment projects
with potential or financial strength will be given priority to be chosen. Although
CAPEX of LSFO is insignificant, its annual maintenance and maintenance costs are
higher than the use of HFO in combination with the Hybrid scrubber system (Nagesh,
Gongopadhyay, Joseph, & Banerjee, 2020). The use of a hybrid scrubber system
allows VITACO to operate long-term and even in ECAs where sulfur emissions below
0.1% is controlled. VITACO can exploit in the ECAs area and can still continue using
HFO without having to switch to ULSFO or MGO, which is much more expensive
than HFO. It could be a long-term serving opportunity. Indeed, if the fuel costs
dropped, the differential between HFO and MGO is consistently around 250$ per tons.

Shipowners can spare between 2-3 M $ of fuel costs per annum, not taking care of the
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scrubber working expenses. Scrubbers are appropriate for each dispatch sort
(CONCAWE Retfinery Technology Support Group, 2015) Besides, if ship owners
switch to hybrid scrubbers, suitable for ships over 15 years old, because ships over 15
years old are considered the time when the vessel starts to age, and will incur some
additional costs and more than 20 years old, it is difficult to operate because old ships
incur insurance premiums—old and limited acceptance of some port warechouses for

safety. If VITACO considers to utilize scrubbers, it is suitable for vessels under ten

years old.
Table 27: NPV of 2 investments of each vessel
Vessel NPV
Switching to VSLFO Utilizing Hybrid Scrubber
Petrolimex 20 11,938,878.60 19,526,955.30
Nha Be 03 5247079 40 7,019,719 80
Nha Be 06 4947 443 30 9.443 808.20
Nha Be 08 4879428 40 9,029,218.20
Nha Be 09 4,627,796 40 8,470,862.70
Nha Be 10 448294770 8,778,231.30

Source: Author (2020)
According to tables 23, it can be easily seen that the NPV of utilizing hybrid scrubber
is always more significant than the NPV of switching to VLSFO in every vessel. Since
these are two independent investment projects, VITACO should choose a plan with a
more significant NPV result to achieve higher profits in the future because it will create
more substantial cash flow in the future. From the above results, it can be seen that
VITACO should prefer to utilize hybrid Scrubber rather than switching to low-sulfur
fuel even when the oil war between Russia and OPEC members will cause prices crude
oil heads are falling at historical records. But the problem is short term, and it is
predicted that in the next few months, oil prices will return to normal levels. Moreover,
it can be seen that the NPV value of investment project two always reaches a value
twice higher than the NPV value of investment project 1. That shows that in the future
(specifically in over ten years) the transition to a hybrid scrubber to comply with a
sulfur threshold of less than 0.5% generated twice as much cash flow than the

transition to using a low sulfur fuel, LSFO. As a vessel owner owning six vessels
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operating on a voyage charter, VITACO should switch to using the hybrid scrubber
system for all six vessels to comply with the new sulfur cap in 2020 and also gain
benefits higher profits over the next ten years.

To apply the new 01/01/2020 rule, if VITACO chooses to switch to LSFO, it will
impact freight as follows:

1. The fuel (bunker) accounts for about 25-35% of the cost structure (depending on the
type of carrier, about 30-35% of oil tankers). Because when the bunker price increases,
the cost will increase, so the freight rate will increase accordingly. Currently, the price
difference between bunker using FO380 and LSFO is about 70-80%. Besides, due to
the increase in freight rates, the bunker price will increase further because it has freight.
2. Several other factors also contribute to cost increase (at the time of changing the
material) such as equipping more equipment to suit using new fuel, flushing the fuel
tank, disposing of excess old fuel, etc.)

3. The initial fuel supply will be unstable because LSFO is not available everywhere
to supply ships.

4. According to the regulation that applies LSFO to both international and domestic
routes, all vessels must comply with

5. The BAF and LSS surcharge is based on the bunker cost, so it is a variable cost.
Since this cost is included in the price, the charterer should certainly bear it (it seems
that the container ship already has applied).

6. Because the difference between FO380/180 and LSFO bunker prices is too large,
high freight rates will cause shocking increases, atfecting many operations so that the
shipping lines can have a suitable rate increase schedule. (VITACO should have a
long-term plan. For example, it is not possible to increase charges immediately, but
increase by 3-5% until the costs are fully covered and profitable).

7. For the domestic market, because the LSFO isused, the train fare increase will affect
the domestic petroleum price (because petroleum is imported from abroad), so the
economy will surely take measures to stabilize the gasoline price subsidy. Still, there
is a fund to stabilize gasoline prices (increase with a roadmap, not increase shock) and

many other measures.
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Through calculations, analysis and assessment of strengths and weaknesses, VITACO
should consider and put into a plan to implement a conversion to a hybrid scrubber to
comply with the sulfur cap set by IMO in 2020, first of all, because of the cash flow it
brings in the future (namely in the next ten years). It can be seen that the switch to a
scrubber for all VITACO tankers is almost double the cash flow that VSLFO brings
to the company over the next ten years. On the other hand, the use of scrubbers can
allow owners to make long-term shipments. This is very suitable for ship owners who
always operate long-term voyages like VITACO.

5.3 Conclusion

The implementation of the global sulfur cap continues to create countless discussions
about the availability of fuel with low sulfur content in the future as well as the
possibility of price changes of this fuel (Srivastava, 2000). Predicting future fuel prices
is a challenging task. The conversion to more advanced fuels will most likely result in
significantly higher fuel costs for the shipping industry.

Scope for future and limitations

The cost of different fuels is traditionally closely related to oil prices. However, such
correlations should not be used for future predictions. The increasing blending of fuels
will increase distillate fuel demand, then change the historical relationship and will
likely push up fuel prices (Nagesh, Gongopadhyay, Joseph, & Banerjee, 2020). At the
same time, the reduction for HSFO could cause the price of this fuel to go down.
Therefore, in the future, a growing gap between the two competing fuel solutions will
be seen with HSFO (combined exhaust gas cleaning device) priced at the bottom and
MGO representing the fuels at the upper level. Most ship operations in the world in
general and in Vietnam, in particular, intend to switch to using MGO or MDO fuel
when the oil war is between Russia and OPEC members. Hence, the price of MGO
increases is zero inevitable in the short term. As the production of blended fuels with
a low Sulphur content of 0.5% gradually increased, the price of distillate products is
eventually levelling off. However, if significant price differences between traditional
HSFO and compliant fuels persist over time, then alternative measures, such as

exhaust cleaners, would be an appropriate solution.
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The rising fuel costs are expected to lead many stakeholders in the shipping industry
to believe that an inevitable reduction in the speed of ships will be seen to cut operating
costs. The focus on energy efficiency measures will also be strengthened for the same
reason. Fuel-efficient vessels will be more competitive, while vessels fitted with
exhaust cleaning equipment may have significant competitive advantages. It is
expected that initially, ships with exhaust purification equipment will be able to have
high chartering rates (Zhu, Li, Lin, Shi, & Yang, 2020). However, if most ships in the
same segment are equipped with exhaust cleaning equipment, the rents will be
lowered. Vessels without exhaust cleaning equipment may be forced to reduce rents
to unsustainable levels, eventually being pushed out of the market. Therefore, ship
owners need to monitor the competition in their segment to ensure that they are not
left behind.

Future trends

There is a lot of mention about fuel change, fuel switching in connection with the 2020
date. And that is very important. The maritime industry is moving to a different fuel
paradigm, but the real difficult fuel change that shipowners face is moving toward
2050 and trying to deal with greenhouses gases. Zero carbon fuels or carbon-neutral
fuel will be critical and require new products that do not exist yet. That is going to be
the real significant fuel change. There are also lots of fuels being discussed these days,
including hydrogen and ammonia, LPG. The fuels can work in the existing
infrastructure both on land and on ships. To get that, there is, in reality, one real
solution and that is synthetic fuels- the power to fuel. Itis possible to do it, and it would

work.
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Figure 13: Solution of tanker to comply with sulphur limitation in future.

TANKER
Age 3 13 To be built
Operating profile High speed (15 knots) Low speed (11 knots) High speed (15 knots)
ECA exposure Medium Low High
TC / spot (...who pays for fuel?)  TC (long term) Spot TC (long term)
North America trade? NO NO Yes

Hybrid fuel Hybrid fuel Hybrid fuel
0.5% outside ECA 0.5% outside ECA 0.5% outside ECA
0.1% in ECA 0.1% in ECA 0.1% in ECA
+ EGR/SCR (Tier Ill)
HFO + Scrubber HFO + Scrubber HFO + Scrubber
0.5% outside ECA 0.5% outside ECA 0.5% outside ECA
Scrubber 0.1% in ECA Serubber 0.1% in ECA Scrubber 0.1% in ECA
+ EGR/SCR (Tier lll)
LNG

+ EGR/SCR (Tier lll)*

Source: DNV-GL (2020)
Indeed, if providers and yards adapt, there will be a couple of thousand scrubber
establishments by 2020, requiring the rest of the armada to depend on compliant fuel.
The number of ships using LNG as fuel is expanding, and increased infrastructure
projects are arranged or proposed along the most shipping paths, in line with this
energetic improvement. At the same time, LNG is commercially appealing and
accessible worldwide in amounts able to meet the fuel request of shipping within the
coming decades. LNG as fuel is particularly anticipated to extend for vessels as often
as possible, working in the North American and North European waters with existing
or up and coming NOx prerequisites. An increment in compliant fuel costs relative to
LNG will empower administrators to contribute to LNG. Elective powers, such as
methanol and biofuels, are anticipated as they could serve a minor share of the
advertisement. They will be an elective in a few nearby regions, where the supply fits

exchanging designs for vessels.
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