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Abstract

The initial International Maritime Organization (IMO) Greenhouse gases (GHG) strategy has triggered
numerous discussions about the level of ambition that shipping should adopt to comply with relevant
requirements. This analysis attempts to optimize, in terms of cost, the decarbonization pathway with a
conservative approach. For this purpose, the following assumptions are used to project the necessary
actions. Shipping will continue to grow in line with gross domestic product (GDP) at an annual rate of
3-4%; hence a 50% reduction in GHG emissions compared to 2008 level could translate into 50-80%
intensity reduction by 2050 because of the shipping development. Shipping cost for transported products
is minimal, allowing for substantial increase on fuel cost. Shipping will be able to fund an expensive
transition based on long-term generous carbon pricing. Five scenarios on shipping development are
adopted. Shipping cost is concerned, and this analysis is undertaken considering the competitive nature
of the shipping markets. Short, mid, and long-term measures to attain IMO GHG initial strategy targets
up to 2050 are evaluated. A modular analysis starting with operational measures like speed and port call
optimization is provided. Then, the available efficiency technologies are evaluated and ranked. At a
third stage the use of greener fuels with a focus on Liquified Natural Gas (LNG) is considered. The
analysis focuses on a specific route Australia to China for a particular type of vessel. The case study is
a Capesize bulk Carrier design delivered by the mid-2020s operating up to 2050. The objective is to
identify how operational (speed), design (size) and technology factors can lead to compliance while
capital and operational expenditure can be kept at the minimum reasonable level.

Keywords: transition, decarbonization, LNG fuel, shipping
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1. Introduction

Evidence in the 1960s and '70s that concentrations of carbon dioxide (CO2) in the atmosphere were
increasing led climatologists and others to press for action. It took years before the international
community started responding. The global warming and the atmospheric pollution produced by the
Greenhouse Effect have significant impact on humans and the environment. The new regulations are
stricter and there is an urgent need for greener shipping. As a result, the optimization of the pathway for
shipping decarbonization from the economic perspective is of great importance. This optimization will
lead the industry in a more ecological direction aiming to protect the environment. To achieve this goal,
there are many stakeholders that should engage and collaborate, such as governments, class societies,
the IMO, research institutions, international organizations, and others.

There are many different types of gases. The natural gas is currently at the centre of interest regarding
its potential for being used as ship fuel in the future. It is the cleanest and fast-growing fossil fuel that
contributes for 1/3 of total energy demand growth during the last decade, hence more than any other
type of fuel. It can be used in emission control areas (ECA) where the sulphur limits are strict according
to the Figure 1. In 1997, the IMO introduced a new annex to the International Convention on the

Prevention of Pollution from Ships (MARPOL) to resolve the issues of marine carbon emissions.
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Figure 1: Sulphur limit on marine fuels Worldwide and on Emission Control Areas (DNV GL, 2017)

The aim of Annex VI is to minimize air pollutants produced from marine such as the sulphur oxides
(SOx), the nitrogen oxides (NOX), the carbon oxides (COx), the non-combustible hydrocarbons (CxHy),
the ozone depleting substances (ODS) and the volatile organic compounds (VOC). This also makes the
energy efficiency design index (EEDI) mandatory for new vessels, and the Ship Energy Efficiency
Management Plan (SEEMP) obligatory for all the new ships. In 2005, the Annex was formulated and in
2008 was adopted. Finally, in 2010 was revised and implemented (Green Ship Technologies IMarEST
and Science & Innovation Network (SIN)). The overall goal was the reduction of GHG emissions no
less tahn 50% by 2050 in comparison to those of 2008. To meet this target, the shipping industry needs
to optimize the maritime trade operations and the utilization of capacity, to improve energy efficiency
much faster than it has done to date, and to move towards low and zero-carbon fuels like the LNG. In

the next decades, the shipping industry will tend to have better designs aiming to create more efficient



ships. Currently, smart systems with even less fuel consumption and versatile powertrains are urgently
required. Shipbuilders are seeking to meet IMO standards under MARPOL, which controls fewer

pollution without ignoring the merchant vessels efficiency requirements.

The aim of this study is to optimize the shipping decarbonization pathway by finding what would be the
easiest way, in terms of cost in shipping, to achieve the IMO's goals, and the goals of greenhouse gas
reduction strategy. The target for 2050 is very ambitious (Figure 2) and vast amounts of money should
be invested to improve the efficiency of ships. However, simpler ways, like improving operation at the

port, could be applied in order to avoid huge investments and waste of money.

The analysis starts with approaching the cost of transport work per ton-mile. The goal is to achieve a
level of emissions at least 50% less than the respective emissions in 2008. A comparison of this approach
with other less radical as well as less costly solutions follows. Such a goal is realistic if the shipping
industry continues to grow in the following years at a rate of around 3%, otherwise different solutions
should be implemented. Using data from Lloyd’s Register classification society, the optimal speed of a
VLOC vessel is calculated for the case that it would arrive on time to enter the port terminal. The
underline objective is to identify and explore the most important source of pollution with an aim to
impose fees accordingly.

The main research questions of the present study are:

a) To which degree the society can achieve the target of 2050 without taking very expensive
measures such as a zero-carbon fuel.

b) How feasible it is to approach this target based on the possible scenarios of fleet development
in the coming years. In other words, what could be expect without the use of very radical

solutions, like a new supply chain for a zero-carbon fuel (e.g. ammonia and hydrogen).

To address the above questions, a case study is presented on a specific vessel including a sensitivity
analysis to investigate the results under different scenarios. The huge investment amounts for improving
the efficiency of the ships should be re-considered by thinking whether simple ways, like best operation

in the port or decarbonisation on shore, could be adequately effective solutions.
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Figure 2: Pathways for international shipping's CO2 emissions (Lloyd's Register, 2019)
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2. Literature review

An optimal voyage is defined on the basis of a) fuel consumption, b) minimization of costs, ¢) just in
time arrival to the port, and d) safety. The trade-off relationship that underlines these four characteristics
makes the identification of the most efficient strategy in shipping challenging. It is important to note
that the performance for different types of vessel may also vary according to the voyage conditions
(Boulougouris et al., 2015). In addition, predicting precisely enough the operational performance of the
vessels contributes materially to the reduction of the Greenhouse Gas (GHG) emissions and brings them
closer to the required levels for the next years. Applied regulations that intend to reduce the carbon
dioxide (CO2) emissions do exist but, to date, they have not been evaluated in practice. Further, good
operational performance could increase the safety in the ship and could reduce the voyage time and the
fuel consumption levels. The latter has become even more important since 2002 due to the increase of
fuel prices. Overall, it is necessary to re-consider the design of the ships, the wide use of energy efficient
technologies and alternative operation approaches that may help to reach optimisation. (Boulougouris
etal., 2015).

The transportation sector is one of the most challenging sectors for being decarbonized. However,
transportation should realize that shares a considerable amount of responsibility and should globally
adopt corrective innovative measures. There is a notable difference between the current policy for
emissions, and the sector's emissions reduction. The use of electrofuels from CO2, water and electricity
are possible options for reducing emissions to some degree. On the other hand, as long as there are
carbon storage options, electrofuels are not sufficiently cost-effective (Lehtveer, Brynolf and Grahn,
2019). The target of the Paris agreement is 1.5°C to 2°C warming reduction and shipping is among the
key players towards this effort. A future decarbonisation, though, could cause new problems such as the
premature stranding of the assets (Prakash et al., 2016). As stranded assets any kind of vessel that has
premature write-downs or devaluations and conversion to liabilities could be considered. Many vessels
could be stranding and create new risk factors for the industry that will be incredibly difficult to predict
in case that the market continues with the same failure rates (Prakash et al., 2016). However, the shipping
sector has the potential to reduce the emissions without premature scraping of the vessels. This can be
done by operating the vessels in reduced speed, with advanced technical and operational approaches to
ensure efficiency and retrofitting ships to use zero-carbon fuels. In this way, vessels will have a more
flexible design and will be easily retrofitted to adapt on the new regulations. The implementation of
mitigation strategies in the next decade through a fast and solid policy, and the development of zero-
carbon vessels from 2030 onwards would allow for ships that could remain under a carbon limit of
1.5°C. Further delays in policy implementation would lead to the use of additional measures in order to

reach the Paris climate targets (Bullock et al., 2020).

Shipping contributes 80% to 90% of the international trade and remains the cheapest method for
transportation of goods. GHG emission regulations have forced the industry to find alternative

technologies to reduce harmful emissions, but the best pathway to achieve the target of 2050 is still
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doubtable. LNG reduces 20% to 30% of the CO2 emissions and the cost is variable according to each
engine type. Other solutions to further reduce the emissions include Biomethane Liquefied Natural Gas
(Bio-LNG), hydrogen, nuclear power, and scrubbers, but these materials are considerably expensive
(Balcombe et al., 2019). Cheaper and simpler solutions are reduced operation speed, hull design changes
and the use of renewable resources. To achieve shipping decarbonization until 2050 and accomplish
50% reduction of 2008 values, many different efficiency measures should be applied simultaneously.
LNG is a promising short-term solution; additional long-term decarbonisation efforts will need strong

financial incentives in the near future (Balcombe et al., 2019).

Shipping uses heavy fuel oil for propulsion, despite the fact that it remains the most efficient mode of
transportation per unit of transport. Charterers such as Cargill and Unipec UK, have stopped since 2012
to chartering vessels that are no more efficient. This policy in combination with the energy prices
volatility and the carbon footprint awareness, creates a threat for ships’ profitability and can convert
existing ships to stranded assets (Smith et al., 2015). It is necessary to ensure that investments in new
buildings account for the risks of climate change in order to create ships with long-term usability and
support a successful and profitable decarbonisation of shipping. The inherent risks of climate change
have not been adequately realized yet. GHG emission policies are expected to assist the distinction
between companies with and without innovation and effective management (Raucci et al., 2017). A
significant factor for energy consumption is the condition of the hull and the produced frictional
resistance that is the most important component of drag. The additional resistance from waves and wind

should be considered on the total load applied to the propeller (Hughes, 2015).
The possible operational measures are generally classified into four broad categories:

1) Operational measures
2) Energy efficiency devices
3) LNG as a marine fuel

4) Gas mixture

2.1 Operational measures

The first category is linked with the voyages of the vessels between two different ports. Usually the
vessels when they arrive to their destination, they anchor outside the port or away from the anchorage
and they give notice of readiness. Then, they wait until they receive permission from the port authorities
to enter in the terminal. Considering this procedure, it is necessary to simplify the port operations and
the procedures of the customs to facilitate port optimization and reduce the waiting time of the ships.
The first step would be to calculate the emissions of the vessel from a previous voyage. By knowing
how long the vessel had to wait at the port, a model can be developed that would indicate the required
speed of the vessel in order to arrive at the port on time. After using this model in practice, its impact

on the reduction of the emissions should be evaluated (Schgyen and Brathen, 2015). This is different
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from the idea of simply reducing the speed of the vessels which would decrease its productivity (Gonyo
et al., 2019). Hence, this would lead to a decrease of the income of the ship owners due the limited
number of voyages that would be undertaken. However, the cost of transporting the products is very
small compared to the cost of the products themselves. So, in such a case the loses for shipowners could
be mitigated by imposing a trivial increase in the price of the products. This would serve a turn into a
‘greener’ transportation operation. By applying the efficiency curves of a particular engine for a case
study vessel, it can be determined how much is the minimum speed the vessel should travel with to keep

the efficiency maximized.

2.1.1 Port call optimization

As explained above, reduced waiting time for port calls can mitigate GHG emissions since during the
idle between port calls the shipping companies produce more emissions and costs. Therefore, faster port
turn-around is probably one of the most cost-effective strategies to reduce the emissions. Specifically,
the savings in terms of cost would be approximately 75 USD per ton of CO2. In case this is globally
enforced in the future, about 60 million tons of CO2 emissions could be avoided annually only from
shipping. Also, a faster port turn-around could reduce the pollution of the local air of heavily polluted
ports, such as the port of Shanghai or Singapore. High pollution levels from ships may cause serious
health issues for residents who leave close to the ports (Poulsen and Sampson, 2020). By replacing the
idle time at ports with slow steam operation of the vessels, the fuel consumption and the emissions will

significantly be reduced; that is an important improvement for both the environment and the business.

2.1.2 Speed reduction

Another measure to reduce fuel consumption and emissions is the reduction of the operational speed of
the vessels. Speed optimization can develop the economic and environmental performance of the ships.
To optimize trade income, the average shipping speed should be carefully chosen to avoid high fuel
costs due to high vessel speeds or high capital costs due to long voyage times (Tillig et al., 2020). The
optimization of speed makes round trip times ranging from 24 to 50 days except harbor times. There is
a significant economic effect resulting from the fuel prices and bunker levies reflected to the CO2
emissions through the optimal speed and fuel consumption. Imposing a fuel tax will lift the fuel prices,
encourage slower steaming, and thereby reduce carbon emissions (Psaraftis and Kontovas, 2014). The
decision of the voyage route has a major impact on energy consumption and revenues. Slow speeds are
certainly the best way for emissions reduction, but more ships will be required to cover the world trade
demand. To find out the advantages and drawbacks of speed reduction, an analysis should be carried
out based on the round trips of a same ship with additional paper references. Steam days and trips per

year will be reduced
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2.2 Energy efficiency devices

The second category of measures is based on the energy efficiency measures (Schwartz, Gustafsson and
Spohr, 2020). The interest for energy-saving devices (ESDs) continues to grow aiming to improve the
efficiency of the ship.

2.2.1 Mewis Duct
The Mewis Duct (Figure 3) is a device that is used to increase the propulsion efficiency of the vessels
(Chang et al., 2018) and was originally developed for bulk carriers and container ships. It is a mix of a
wake equalizing duct and pre-swirl fins, integrated in the centre line orientation of the shaft. The device
accelerates the water from the ship hulls into the propeller. In addition, it generates thrust forward and
better flow that reduces the hub vortex resulting in a better flow into the rudder (Nowruzi and Najafi,
2019).

Figure 3: Propeller nozzle Mewis Duct (taken from https://www.nauticexpo.com/...)

2.2.2 Flettner rotors
Another device is the flettner rotors that has become a widely spread solution for wind-assisted
propulsion (Bordogna et al., 2020). Flettner rotor is based on the physical principle of Magnus effect
Figure 4. A spinning cylindrical pillar moving through the air and exerts a net force to them. According
to Newton's 3rd law, the air exerts an equal and opposite force to the pillar, altering its trajectory (Talluri,
Nalianda and Giuliani, 2018). The air gets dragged along with the direction of motion, experiencing an
upwards force. The installation of Flettner rotors on merchant ships could lead to possible fuel

consumption savings of up to 20% and related environmental emission reductions.
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Figure 4: Magnus Effect (taken from https://byjus.com/physics/dynamic-lift/ )

A description of a potential arrangements for the Flettner rotors is given on Appendix 1: Possible Flettner

rotor arrangements

2.2.3 Variable Frequency Drive

An additional very effective method to optimize the shipboard systems is by using a Variable Frequency
Drive (VFD). There are several ways to use variable speed drives to save energy (Figure 5) depending
on the application. It is quite easy to save a lot of energy because this system can control the pumps and
the fans by adjusting the power demand to the operational conditions (R&sénen and Schreiber, 2012).
More specifically VFD is a device which is used to vary the speed of a 3-phase induction motor. It works
by changing the frequency of the power supply to the motor with the motor speed being directly
proportional to the supply frequency. Most fans and pumps working on ships are usually of over-
capacity, so operating at reduced speeds is possible (Khalid, 2014). Valves and dampers are typically
used to control the flow of air or liquids, which requires additional energy than controlling the flow with
drives.

a Estimation of energy efficiency

Energy

 ——
Flow controlied with dampers or valves

100%

|—=]
Fiow controlled with variable speed drives

20% 40% 60% 80% 100%
Flow

Figure 5: Variable speed drive efficiency (Taken from https://safety4sea.com/...)
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2.2.4 Light-Emitting Diodes
Light-Emitting Diodes (LED) fixtures can be used for new and existing ships to replace older lighting
technologies that consume more energy (Figure 6). They are used in traffic lights and mobile phones;
they represent a truly ubiquitous technology for their use as power indicators on monitors and computers.
LED compared to fluorescent lightbulbs cost at least two or three times more. However, these are
substantially more efficient than fluorescent lighting. The LED industry has made great progress and
has pioneered the traditional lighting markets by replacing significant proportion of fluorescent bulbs
(Held, 2016). Typically, the rated lifetime of LED fixtures is significantly higher than for fluorescent

lamps. High efficiency lamp technology can reduce the energy used to illuminate ships (Krarti, 2018).

Incandescent Halogen Compact LED light
incandescent florescent bulbs
"7 Y. N
W ! 117
Lumen 1100 1200 970 1055
Power (W) 75 70 15 13
Efficacy (Im/W) 15 17 65 81
Colour temperature 2700 2800 2700 2700
(029]
Colour rendering 100 100 81 80
index
Rated lifetime (h) 750—2000 2000 10,000 15,000
Merecury content [e} ] <2 o}
(mg)
Warm-up time to 60 Instant full Instant full light 5—40 s Instant full
% light light light
Sales price Banned [109] £2.00 £5.00 £10.00

Figure 6: LED light bulbs compared with conventional light bulbs (Zhu and Humphreys, 2016)

2.2.5 Foul Release Coatings

The ship's hull is a crucial piece of ship's efficiency and the ship's physical ability to streamline through
the waves is of vital importance for fuel economy. Foul Release Coatings (FRCs) prevents or reduce the
adherence of fouling organisms to the hulls of the ships. These are attributed to its low critical surface
energy, low elastic modulus, low glass transition temperature and smooth surface and result in weak
adhesion between the adhesives secreted by biofoulings and the surface of the coating. However, the
hydrophobic nature encourages the adhesion of other marine species, which cannot always be totally
removed by hydrodynamic forces (Camoés Noguer et al., 2017). Still the most common method of foul-
release coating is the silicone coating (McMillan, 2013). It has been shown that silicone foul release
coatings achieve an average fuel saving of over 4 percent and a related emission reduction (O’Mahony,
n.d.)
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2.3 LNG as marine fuel

The third category of energy efficiency measures is the use of LNG. The transport sector is under
considerable pressure to increase fuel efficiency. The Return on Investment (ROI) is a very important
component that describes the performance measure to evaluate the efficiency of an investment on LNG.
LNG has much better emissions performance than conventional fuel. The vessels that use LNG as fuel
in addition to the bunkering infrastructure, provide a clear decarbonization pathway. The technology
developments will allow in the future the substitution of conventional fossil fuel with bio-LNG. From
SEA LNG it can be calculated that the benefit bio-LNG provides over regular fuel is about 20%.
Interestingly, LNG is now the fastest growing marine fuel worldwide. However, the rising costs related
to LNG infrastructure and other projects worldwide, have risen the capital expenditures (CAPEX)
significantly (Agarwal et al., 2020). According to the IMO, 2.1% of 2012 global GHG emissions have
been produced by the shipping sector. The main factor of these harmful emissions was the fossil fuels
that were used to produce effective propulsion. The International Panel on Climate Change (IPCC)
considers that the transformation to more green fuels could reduce the emissions by 22%. For example,
biofuels or nuclear, synthetic fuels mixed with hydrogen that is produced with fossil and non-fossil
sources, could be used as alternative more green fuels (Horvath, Fasihi and Breyer, 2018). By 2030,
LNG is expected to be the second biggest contribution in the fuel oil industry. Also, until 2040, LNG
and fuel oil will have equal contribution on emissions reduction and a small portion will be covered by
alternative fuels (Taljegard et al., 2014). Finally, fossil fuels will remain a primary energy source
between 2040 and 2050 but can be converted to cleaner fuels and facilitate the reduction of emissions
(Xu, Yang and Li, 2015). By using carbon capture and storage (CCS), the GHG emissions can be tackled
more properly. Several techniques of CCS exist allowing to avoid the release of emissions, such as the

use of ocean storage, chemical carriers, and liquid energy carriers.

2.4 Gas mixture

The last category is a potential future gas mixture. Alternative fuels should meet the required targets to
reduce air pollutants and GHG emissions particularly in the emission control areas (ECAs). LNG and
bio-LNG could be suitable marine fuels to meet these goals (Figure 7). These fuels are expected to
account 50% of global energy demand for shipping by 2050 (Shell, 2020). The rest will be supplied with
traditional heavy fuel oil (HFO) and marine gas oil (MGO) (IMO, 2016).
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Figure 7: Fuel mix of shipping by 2050 (DNV GL, 2017)

Studies on the use of LNG as a marine fuel have indicated the need to control methane leak from LNG
engines. Moreover, a lot of uncertainty has been expressed with respect to the future price and global
supply of LNG, methanol and MGO. There are also some issues with HFO and Scrubbers because of
the reliability and corrosion during the operation. Finally, infrastructure construction for bunkering
supply, and safety when using these facilities, is also considered a difficulty when LNG is used (Chu
Van et al., 2019). Potentially LNG tanks could also be used for ammonia or/and bio-fuel with a small

capital. LNG supply and demand are expected to rise exponentially in the next few years (IMO, 2016a).

Table 1: Alternative fuels comparison (Chu Van et al., 2019)

Environmental factors Other Factors
Types of fuel
NOx ‘ SOx ‘ Particulates | CO2 Capacity CAPEX Operating costs
LNG ++ ++ ++ + Restricted Very high  Very low
MGO - + - - Unrestricted Low Very high
HFO - - - - Unrestricted Low Low
HFO / Scrubber - + + - Slightly restricted ~ High Medium
+ + very positive, + positive, —
negative, — — very negative

Shipowners are willing to invest in new vessels powered by LNG. However, retrofitting vessels with
LNG-propelled systems is not a favourable solution for them. LNG demand as a shipping fuel is
expected to rise steadily (Table 1). This will give time to build the required infrastructure and eliminate
the demand for marine fuel (Sharples, 2019). Gas bunkering is not broadly available because of the lack
of infrastructure and currently it is only provided by barges, pipelines at berths and road tankers.
However, in the near future many ports in Europe and Asia will be ready for gas bunkering with new

infrastructure (Lloyd’s Register, 2014). The following Figure 8 highlights the need for shipowners to
start the switch to lower-emission ships.
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Figure 8: EEDI with required reference lines (Schinas and Butler, 2016)

2.5 Energy Efficiency Design Index (EEDI)

Numerous rules and regulations exist, the most important of which is the mandatory EEDI for
newbuilding ships. The purpose of these regulations was to create the limit on the maximum content of
sulphur fuel and the limit on the maximum emission of oxides. EEDI is the measure of energy efficiency
of the ship by design while the Energy Efficiency Operational Indicator (EEOI) is the energy efficiency
operational index. EEDI appears to be an effective solution for new ships in terms of cost and can
provide a strong incentive to improve the design efficiency of new ships. The EEDI's principal drawback
is that it covers ship construction exclusively and it does not examine operational measures. Thus, its
usefulness might be limited under certain conditions. In addition to that, EEDI applies only to new ships
without considering the old ones. This index was created under the necessity of the reducing greenhouse
gases and it was established by the IMO in collaboration with the global shipping community (IMO,
2020a). The attained new ship EEDI is a measure of new ships' energy efficiency (g/t. nm) and is
calculated by the following formula (Karim and Hasan, 2017) proposed from the IMO (Appendix 3:
EEDI formula - four key parts) with the factors lined up on the Table 2:

(H;’l:l fj) * (Z?ﬂE Pme@) * Crmeq) * SFCME(i)) + (Pag * Crag * SFCyg)
+ (MM fy % ZET Poraoy — S0 fepray * Pasersy)Ceas * SFCag)
- (Z?:e{f ferr@) * Pegr(iy * Crme * SFCME) _ gC02

fi * fo * fi x Capacity * f,, * Vyes tonne * nauticalmile

Table 2: EEDI factors

Cr Non-dimensional conversion factor between fuel consumption and CO2 emission

Vrer Ship speed in nautical miles per hour

19



Capacity | Computed as a function of Deadweight as indicated in 2.3 and 2.4 of MEPC 245(66)
“2014 Guidelines on the calculation of the Attained EEDI for new ships”

Pyg 75% of the main engine MCR in kW

Pig Auxiliary Engine Power

Ppr; 75% of rated power consumption of shaft motor

Pers Output of innovative mechanical energy efficient technology for propulsion at 75% main

engine power

Pagesy | Auxiliary power reduction due to innovative electrical energy efficient technology

SFC Certified Specific Fuel Consumption in g/kWh

fj Correction factor to account for ship specific design elements. (For e.g. ice classed
ships, shuttle tankers)

fw Non dimensional coefficient indicating the decrease of speed in representative sea
condition of wave height, wave frequency and wind speed

fi Capacity factor for any technical / regulatory limitation on capacity
fe Cubic capacity correction factor (for chemical tankers and gas carriers)
fi Factor for general cargo ships equipped with cranes and other cargo- related gear to

compensate in a loss of deadweight of the ship

ferr Availability factor of innovative energy efficiency technology

Considering the recent Covid-19 pandemic, the freight rates for dry bulk carriers have been affected
negatively because of the rapid changes in the business environment. Given that the pandemic impact
remains significant, raw materials carried by dry bulk carriers cannot be stored easily. This is due to the
fact that their nature requires specific storage facilities (Michail and Melas, 2020). During the last
months, shipbuilders have decreased the production by almost 75% (Stopford, 2020). The pandemic

would probably result in a recession, which may be moderate or serious.
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3. Aim and Objectives

As discussed above, there are many different pathways in order to achieve the IMO’s target by 2050.
The main aim of the project is to investigate the optimal pathway in terms of cost for reducing the GHG
emissions until 2050 by 50% in comparison to those of 2008. For this purpose, a capsize dry bulk carrier
that will meet the criteria of IMO and at the same time will be affordable for the companies will be
created. It is crucial to identify a reasonable approach of shipping decarbonization because otherwise,
the cost for emission reduction on shipping will be dramatic and many shipping companies probably
will close and reduce a lot their turnover. It is important to note that very radical solutions will not be
easily accepted from the shipping community because they will change the market balances and shipping
is generally a conservative and passive industry that prefers stability.

It is essential to use the EEDI index for a capsize dry bulk carrier that is operating a real trade route
voyage (Qingdao — Port Hedland), and to analyse how this vessel could comply with the 2050 target.
The objective is to reduce the emissions by using operational measures, energy efficiency measures and
LNG and bio-LNG fuel. The result will be to understand what could be expected without the use of very
radical solutions.
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4. Research methodology

This section describes the methods that are used in order to understand how the operational, design and
technology factors can lead to compliance with the international maritime organisation (IMO)
regulations for 2050. It should be noted that capital and operational expenditure need to be kept at a
relatively low cost. A key secondary objective is to identify those points at which CAPEX and marine
investment seem to have minor effect and the non-marine decarbonization (Carbon offset) appears to
substantially outperform. Carbon offset refers to any activity that compensates the emission of carbon
dioxide (CO2) or other GHG (measured in carbon dioxide equivalents [COZ2e]) by providing financial
incentive for a reduction in emissions in another pollutant sector (Sapkota and White, 2020). Carbon
offsetting is used to equilibrate the produced carbon emissions from other industries such as automotive,
aeronautic, heating/cooling, etc.

First, it is necessary to focus on the carbon intensity (CI); that is the emission rate of a given pollutant
relative to the intensity of a specific activity (CO2/ton mile). In the shipping case, this translates into the
amount of CO2 emission that is produced to transport one ton of products for one mile. To calculate the
Cl of the entire fleet, the total ton mile and the total emissions are required. Based on these results, the
actions for reducing the CI of 2008 by 50% can then be prioritized. Afterwards, the calculation of the
ClI for the under-study vessel should take place, which can be reduced by using the different efficiency

measures described in Sections 2.1 and 2.2.

Starting with the “low hanging fruit” solutions (e.g. changing the size of the vessel) the operational
measures are applied at a second step. These include the waiting time at the port, and the optimal speed
to arrive on time to enter to the terminal. After that, energy efficiency devices such as Mewis duct,
Flettner rotor, Variable-frequency drive (VFD), Light-Emitting Diodes (LED) bulbs and Silicon
coatings will be used for further emission reduction. Additional energy efficiency measures should be
applied in case that the targets cannot be achieved with the aforementioned measures. The use of LNG

and bio-LNG fuels are the last measures to be used to achieve the IMO’s targets.

4.1 Assumptions

It is estimated that 921 megatons of carbon dioxide (MtCO2) was emitted from shipping industry in
2008 (Longva, 2019).

The first assumption that underlies what follows is that shipping will continue to grow in the following
years at a rate of around 3% (United Nations Conference on Trade and Development, 2018). The issue
is that 50% of pollutants at an absolute value, means that the target for 2050 is more than 50% reduction
compared to 2008, given the continuous grow of shipping. If shipping continues to increase, these 410.5

megatons will greatly reduce the amount of carbon pollutants per transported item. It turns out that the
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target will be finally more than 50% reduction given the growth of shipping that makes the transition

quite challenging.

The second assumption deals with the fact that the cost of transporting the goods is very small compared
to the cost of the goods themselves. For that reason, consumers will probably not oppose to give an
additional minimal amount of money, in order to have a green transfer of goods. In the air transport
industry, travellers have the option to pay carbon charge to offset emissions of their flight. This method
could also be applied in the shipping industry. The funds could be used to buy carbon credits, which

offset the emissions through projects worldwide to protect deforestation.

The third assumption is related to the carbon pricing. Carbon pricing is a carbon-reducing strategy that
uses market processes to pass the emission costs on to emitters through taxes. The goal is to prevent the
use of carbon dioxide-emitting fossil fuels to protect the atmosphere, address the impacts of climate
change and comply with national and international climate agreements. It is generally expected that
carbon pricing will be very generous, and it will be able to finance any demanding transition to any
demanding fuel. The barrier is that no one guarantees a brave carbon pricing, so ship owners should
continue working on the investigation of the most efficient transition in terms of cost. A climate levy to
a competitive price would be probably the most effective maritime emissions mitigation measure. The
carbon price depends on a variety of factors, such as total shipping services demand, and technological
progression. A carbon price of up to US$250 per ton of fuel could make zero-emission alternatives very
competitive and could probably lead to the total decarbonisation by 2035 (Kachi, Mooldijk and
Warnecke, 2019).

4.2 Reference line value

The reference line is defined as the curve that represents the average index value. This line applies to a
specific type of ship. The constants a and ¢ are determined from the regression curve fit (IMO, 2011).

The reference line is given by the following formula:
Reference line = a * (capacity)™°
Values for a and ¢ for the most common vessel types are available in Table 3.

Table 3: Parameters for determination of reference values for the different types of ships

Ship type a c
Bulk carrier 961.79 0.477
Gas carrier 1120 0.456
Tanker 1218.8 0.488
Container ship 174.22 0.201
General cargo ship 107.48 0.216
Refrigerated cargo carrier 227.01 0.244
Combination carrier 1219 0.488
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4.3 Development

Since 2008, there was a downturn on seaborne trade in 2009, but then the development continued to
increase at a constant rate. Figure 9 represents the emissions, trade, and CI trends as they have been
estimated in the 4" IMO GHG Study. The red lines represent the size of trading. The United Nations
Conference on Trade and Development (UNCTAD) Seaborne trade (thm) means that either the same
ships make more voyages or there are more ships on the market that cumulatively make more voyages.
The projection shows that from 2008 until 2018, there was an increase on trades of around 40%. The
yellow lines illustrate the increasing efficiency of the fleet and show that there are fewer emissions per
ton-mile. Overall, the vessels are improving, and the trades are increasing. A key question is which of
the two will increase faster in order to achieve the final reduction of emissions. We observe that the CO2
emissions remain stable, although the trades are increasing.

-~ UNCTAD Seaborne trade (tnm) EEOI (g CO,/tnm) = CO,e emissions (t)
UNCTAD Seaborne trade (t) AER (g CO,/dwtnm)
140 4 IMO2 IMO3 IMO4 o
1201 il
2008 S
EEOl
N ¥ \W
80 /
. /

1990 1995 2000 2005 2010 2015 2020

Figure 9: International shipping emissions and trade metrics (IMO, 2020)

To find the target value, the development of bulk carriers’ fleet should also be considered.

4.4 Fuel Consumption

In order to find the fuel consumption, we use the excel file obtained from Seanergy Maritime
Corporation. This file contains internal information (see Appendix 2: Seanergy Maritime Corporation
data) for a capesize bulk carrier operating the voyage from Port Hedland to Qingdao. The total fuel

consumption for this particular ship would be:
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Total fuel consumption (voyage)

Distance, Laden

Speed, Laden
24

= Consumption, Ballast * (1 + Weather factor) *

Distance, Ballast

Speed, Ballast
24

+ Consumption, Laden * (1 + Weather factor) *

Total fuel consumption (port ) = Port fuel consumption * (Port days + Fueling days)

Total fuel consumption

= Total fuel consumption (voyage) + Total port fuel consumption, [FO

Distance, Laden n Distance Ballast
Speed, Ballast Speed, Laden
24 24
(1 — Weather factor)

Steam days =

Size 4 Size
80000 30000

Loading days =

Turn d _6+24
urndays = -+ -7

Port days = Loading days + Turn days
Total voyage days = Steam days + Port days + Fueling days
Total steaming days = Trips per year *x Steam days
Total port days = Available days — Total steaming days

Available days

Tri =
rips per year Total voyage days
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4.5 Emissions
By using the fuel consumption data gained from the reports of the ship, the emissions are estimated as

(Bilgili, Celebi and Mert, 2015):

k
Emissions = fuel consumption (tons) * emission factor (t_g>
ons

The emission factor was not provided from Seanergy Maritime.

4.6 Cost

The cost of operating a ship is described on the 3™ edition of the book Maritime Economics from Martin
Stopford (Stopford, 2009) as follows:

Operating Costs = manning + stores + maintenance + insurance + administration

Voyage costs = fuel costs + dues + tugs

tons

_ _ _ actual speed\“
Fuel consumption (TW> = design fuel consumption * ( )

design speed

where a = 2 for steam engine and a = 3 for diesel engines

Cargo handling costs = loading costs + discharging costs + cargo claims

4.7 Target value y (-50%)

The target value is 50% less than the value of 2008. The following equation calculates the target value

for each capacity. It is important to include in the formula the factor of shipping development (Table 6)
Target value = a * (capacity * development)™¢
Starting from the reference line values (Figure 11) for 180000 DWT, the EEDI value is 2.89. The

emissions of 2008 are:

kg CO2
tonmile

emissions 2008 = x * 2.89
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where x are the ton-miles of 2008. A ton-mile is the unit that describes the transport of one ton of
commaodities for a single mile. This metric is calculated by multiplying the cargo weight in tons by the

number of miles that it is transported.

The emissions of 2050 are:

gr CO2

emissions 2050 = fxxxy tonmile

where £ is the factor development of shipping between the baseline of 2018 and the 2050, x is the ton-

miles and y is the target value that we aim to calculate. This is possible using the following formula:
emissions 2050 = 50% * emissions 2008 =>
frxx*xy=x%289%05=>

2.89% 0.5
y=—"F
f

4.8 Energy efficiency measures

The application of energy efficiency measures (Table 4) on the ships is expected to further reduce the
EEDI value. These measures are classified into operational measures and energy efficiency devices (see
Sections 2.1 and 2.2). Operational measures represent the “low hanging fruits” and they are considered

the most effective way to reduce the emissions of a vessel.
Table 4: Percentage of emissions reduction

. Max emissions
Operational measures

reduction
Waiting time at port -
Just in time - optimum speed -
Speed Reduction -
Energy efficiency devices
Mewis duct 6%
Flettner rotor (rotor sails) 6%
VFD (Var Freq Drive),
LED (Light-Emitting Diodes) bulbs 1%
Silicon coatings 4%
LNG 20%
Bio-LNG 12%
Total 48%
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4.9 Methodology Flowchart

This chapter describes the steps to be followed in order to determine the target values of EEDI for

potential future new buildings.

Assumptions

e
Reference line value
e
Excessive consumption
Speed reduction, port call Development
optimisation —— —
*

Failure to achieve the goal
Additional efficiency measures

+

Fuel consumption

e

Emissions

A

Inefficient emission reduction
Re-evaluation of initial
assumptions

e

Cost
\ /

Target value y

~\
Not cost-effective investment
Re-evaluation of initial
assumptions
J

Figure 10: Flowchart indicating the methodology to calculate the EEDI target value
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5. Case study

The idea is to consider a real trade route, a real voyage, and try to analyse how this trade route could
comply with the 2050 goal. The initial approach is to take the China-Australia route from Qingdao to
Port Hedland, find a capsize bulk carrier that was operating this route and try to create a new design that
will be complied with the IMO’s regulations for 2050. In this section, three case studies could be

investigated from more conservative to more radical scenarios.
5.1 Models description

The first case study vessel will have a capacity of 180000 DWT and will be equipped with a main engine
of 12500 kW and reduced service speed of 12.5 knots. As mentioned in 2.1.2 the reduced speed has
immediate emission reduction benefits because of the reduced fuel consumption. The low engine load
increases the lifecycle of the engine. The vessel will be fully operated from the second semester of 2020.
This vessel will be equipped with a Mewis Duct, one Fletner rotor, LED fixtures and foul release

coatings with a total emission reduction of around 17%.

The second case study will investigate a bigger size of 190000 DWT that will replace the initial vessel
that was 180000 DWT with 14000KW main engine and 12.5 knots service speed. The reduced engine
power and service speed compared to the old design, will mitigate the emissions. In addition, the energy
efficiency measures, and operational measures will increase the efficiency of the new vessel that will be
adapted on the new regulations. This vessel will be ready at the beginning of 2021. The equipment

includes the same energy efficiency devices of the first case vessel.

A third case will be a much bigger size of 200000 DWT that will be moved with a main engine of
15000kW. The service speed will be 12.5 knots in order to get the aforementioned benefits of reduced
speed. The vessel will be ready at the end of 2021. In this case all the energy efficiency measures will
be adopted with the use of LNG. The total efficiency will be 48% less emissions according to Table 4

Table 5: Case studies characteristics

Case study Total KW Main Eng Capacity  Service speed Delivery Date Efficiency
1 12500 180000 12.5 2020 17%
2 14000 190000 12.5 2021 17%
3 15000 200000 12.5 2021 48%
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6. Results and discussion

This part of the report contains the results of the methodology.
6.1 Reference line value

In the present study a bulk carrier with 180000 deadweight tonnage (DWT) capacity is considered. The
corresponding reference lines are calculated in Figure 11.

Reference line values
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Figure 11: Reference line values for each deadweight tonnage (DWT) capacity for 2020.

6.2 Development

Table 6 describes the development of shipping. The total development from 2008 up to 2050 is the
projection of development of shipping from 2018 until 2050 (factor development of shipping), plus the
development of shipping from 2008 until 2018 (total 40%) according to the 4" IMO GHG Study (IMO,
2020).

Table 6: Factor of development (f) of shipping in 2050 compared to 2008

1% 2% 3% 3.5% 4%
dev/year | dev/year dev/year | dev/year | dev/year
2008 reference year 1.0
2018 acc. 4™ GHG Study 1.4
% of development 2018-2050 1.37 1.88 2.58 3.01 3.51
% of development 2008-2050 1.92 2.64 3.61 421 491

The growth of the fleet from 2008 to 2018 is mainly associated with the trades and not only with the
ships. Considering these values, the emissions will increase further according to the factor development
of shipping. This means that the target value should be more than -50% in comparison to the 2008
emissions. Considering the first scenario the fleet will increase around 92%. Consequently, in order to

achieve the 50% reduction in absolute value compared to 2008 values, the reference line value should
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be reduced further than 50%. This happens because there will be more available ton-miles due to the
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increased fleet by around 92%.
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Figure 12: Development of shipping in 2050 compared to 2018 according different scenarios

Five analyses are conducted for 1%, 2%, 3%, 3.5% and 4% development per year until 2050 in Figure

12. The factor of development from 2008 until 2018 (Figure 13) is given using:

x10 =14 =>x="V1.4=> 1034219694

So, the factor of development is calculated to be 3.4% according to 4" IMO GHG study and it is assumed
to be constant.
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Figure 13: Development of shipping in 2018 compared to 2008 according to 4th GHG Study 2020
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6.3 Fuel consumption

The total fuel consumption per voyage for this particular ship is estimated to be 1113 tons. The total fuel
consumption at the ports is 51 tons. The sum of total fuel consumption per voyage and total fuel
consumption at the ports is 1165 tons. The steam days are almost 24.26 days. The loading days are 8.11,
the turn days is 1.25, and the port days are almost 9.36. Furthermore, total voyage days are 34.52, total
steaming days are 253 days, total port days are 107 and finally the trips per year are 10.43.

6.4 Target value y (-50%)

Table 7 describes the EEDI target value according to each development scenario. To reach half of the
levels of 2008, each ship should produce a 0.25-fold the emissions it has now.

Table 7: The target values for EEDI in 2050 according to each development scenario

1% 2% 3% 3.5% 4%
dev/year dev/year dev/year | dev/year | dev/year
Target value y
(gr CO2 / ton mile) 1.44 0.72 0.48 0.41 0.36

It is worth to notice that Figure 11 suggests that an increase in the capacity results in a decrease in the
target value. This means that the larger the size of the vessel the more efficient to achieve the targets of
IMO. So, if the fleet remains unchanged, the capacity should be increased in order to achieve a reduced
target value according to Figure 11. Figure 14 illustrates a reduced target value for the same vessel of
180000 DWT (green arrow), and a potential future vessel with bigger capacity (red arrow) with a smaller
EEDI critical point of around 2.81 gr CO2 / ton mile.

32
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Reference line values R? = 0.9996
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Figure 14: Reference line values

Figure 15 illustrates the EEDI target values for 2050 according to each development scenario and

according to each capacity. Orange bars represent the actual reference line values (Figure 11) while non-

orange bars represent each one of the different development scenarios.
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Figure 15: EEDI target values by 2050
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6.5 Energy efficiency measures

According to Table 4, using the energy efficiency devices the target of IMO for 50% reduction is almost
achieved for the first scenario of 1% development per year. It seems that the largest contribution of

emissions reduction comes from the use of LNG.
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Figure 16: Reference line after implementation of energy efficiency devices

In case of higher development rate, the shipping industry needs to introduce additional measures such

as the use of fuel cells, ammonia, and hydrogen; these may further help to achieve the targets.

Overall, the size of vessels will increase because the demand becomes greater and also due to the factor
development. This results from the economy of scale which shows that the bigger the ship is, the bigger
the profit it makes. For this reason, and by reducing the reference line by 48%, the green and red arrows
in Figure 14 represent the EEDI target values that shipping should target. For the green arrow, the target
value has been calculated to be 1.44 gr CO2 / ton-mile and for the red arrow is 1.43 gr CO2 / ton-mile.
So finally, the solution lies in bigger ships that have been implemented energy efficiency and operational
measures.

6.6 Discussion

The main research question of the present study is to investigate to which degree the target of 2050 can
be achieved without imposing very expensive measures such as a zero-carbon fuel. To this end, it is of
great importance to explore how feasible it is to approach this target based on the possible scenarios of
fleet development in the coming years. The potential of a strategy that would avoid very radical
solutions, like a new supply chain for a zero-carbon fuel (e.g. ammonia and hydrogen), has not been

studied extensively to date.
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Seanergy Maritime Corp. is the data provider shipping company specialised in capesize bulk carriers
listed in the United States capital markets. Seanergy provides marine transportation services with a
modern fleet of 11 Capesize dry bulk vessels. The cargo-carrying capacity is almost 1,926,117 DWT.
The average age of the fleet is approximately 11 years. The executive offices are in Athens, Greece, and

the company is incorporated in the Marshall Islands.

Australia has rich energy resources and is a leader in coal exportation, uranium, and LNG. Nevertheless,
the energy sector of Australia goes through a profound change with a combination of solar and wind
energy to increase significantly. In addition, the energy sector of China has changed the direction amid
the President's call for an "energy revolution," and the "fight against pollution™ and a switch to a service-
based business model. Energy plan focuses on electricity, natural gas, and renewable, high-efficient, and
digital technologies. Coal remains the biggest source in worldwide power generation, responsible for
nearly 40 per cent of power generation and therefore more than 40 per cent of greenhouse gas emissions
associated with it.

The results of these analysis and the 4" GHG study show that the decarbonisation of the fleet will
accelerate in the next decades. This happens because the average development of shipping per year will
continue to be greater than 3%. Since 2012, emissions have also been increased but to a lower growth
rate than total shipping emissions. Emissions of shipping are projected to increase according to the factor
of development and the efficiency of new ships. The more conservative scenario of 1% development
was chosen because the coronavirus pandemic implications for the international trade and shipping
development could not be studied until some significant scientific results become available. The spread

of coronavirus will have a significant impact for at least the next three years.

According to the present analysis, the emissions will continue to increase. The factor development of
shipping is the indicator for those emissions, but the emissions are calculated in conjunction with the
efficiency measures. This means that emissions continue to increase but in a low level compared to the
development of shipping and the target value would be even less than -50% finally. Figure 12 describes
the development scenarios in a constant base. However, nothing guaranties that development wound be
constant every year without any fluctuation. According to any possible fluctuation, the pathway of
decarbonisation should be adapted to meet the requirements. In the same way, the development from
2008 until 2018 without considering possible fluctuations has been calculated. Fuel consumption on the
port and during voyages are estimated using the provided data from Seanergy Maritime. The values of
consumptions are in reasonable levels. Steam days are calculated by also taking into consideration the
weather factor. That means that, in the presence of big waves in the opposite direction of the voyage,
additional drag was produced, and extra engine load was needed. Hence, consumption and production
of emissions are extremely important to overcome this drag and keep a constant service speed. Loading,
turn, and port days are calculated approximately. The results were very satisfactory supporting the port
call optimisation that have already applied on main ports in China and Australia. However, there is still

room for improvement and further emission reduction. The total trips per year have been also evaluated.
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Data on the emissions factor of the provided vessel were not provided and as a result it was not possible
to calculate the real emissions. In addition, the provided data do not contain the costs for the operation
of the ship and did not allow the calculation of the costs for that particular ship. However, the necessary
formulae have indicated in Section 4.6 and only the exact values are missing. Finally, EEDI target values

are calculated according to the development scenarios.

Overall, this study aimed to identify how operational, design, and technology factors can lead to
compliance. The operational measures of low steaming and port call optimization are the first to be
implemented. In this way, capital and operational expenditure are held at a reasonable level. A key
secondary objective was to identify potential cut-off points where CAPEX and marine investment would
seem to have no significant impact and non-marine decarbonization (offsetting) will seem to
substantially outperform. However, the required data were not provided and consequently this will
constitute future work (see Section 10.2).
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7. Conclusion

This study examined the potential of international shipping decarbonization options. New technologies
for better energy efficiency, alternative fuels that produce less emissions, operational measures that are
the most effective in terms of cost, and international agencies that introduce new policies have analysed.
International maritime industry has many different pathways and options to fully decarbonise the sector.
Therefore, a multidimensional answer is necessary. Although grounded in a complicated legal
framework, decarbonisation in a long-term, should be assisted from a clear and efficient strategy that
will allow the sector to reduce emissions effectively.

LNG is the major solution to replace marine diesel oil (MDO) and heavy fuel oil (HFO), and that will
reduce carbon emission in a cost-effective way. Now LNG is cheaper than MDO and HFO but there is
not enough infrastructure around the globe and the development of infrastructure will have significant
CAPEX. The study shows that LNG cannot be used independently to cover the 50% reduction of
emissions. Efficiency measures should be implemented. Biofuels have a potential when are used in

combination with other fuels and are an economically viable solution.

In case that target cannot be achieved with low cost efficiency measures, more radical measures should
be included on the decarbonization equation. For example, hydrogen fuelled ships, or the use of
ammonia produced with renewables onshore could be an alternative solution to meet the IMO’s target.
There is no ammonia fuelled ships built until now but lead companies such as Wartsild, Equinor and
Man Energy Solutions are in a hurry to bring ammonia fuelled ships to market. The high CAPEX for
hydrogen infrastructure will leave hydrogen as secondary solution. In fact, nuclear energy could
decarbonise 100% shipping, but safety and security issues will remain the main barrier for use in

commercial shipping.

Applying a cap on global shipping emissions will secure that shipping development will be oriented to
sustainable pathways. The carbon offset mechanism gives the flexibility to gain money from carbon
taxation and invest those money to other sectors. For instance, in additional research for climate change
or alternative fuels infrastructure. The pathway to decarbonisation should contain combined fuels, state
of the art technologies and global policies. Those mixtures should be sustainable in short and especially
in long term. LNG is an economical and secure alternative fuel that produce less emissions and can be
implemented effectively by means of port dues and subsidies. Nevertheless, there is still a need for
further investigation for long-term solutions such as the use of renewable energy, ammonia, hydrogen,

or even nuclear power.

37



8. Recommendations for Future Work

This study has clarified some development scenarios of shipping by 2050. However, the CAPEX data
for each energy efficiency device were not provided from a reliable source and therefore the respective
analyses could not be conducted. In case that very radical solutions cannot be avoided, an extra analysis
should be undertaken to calculate the costs. A new formula that will estimate the cost of averting a ton
of emission (CATE) should be introduced. This formula will indicate the amount of money that should
be spend in order to reduce one ton of emissions. Calculate the total cost is of great importance so that
every shipowner would be able to invest for each device according to her/his needs to reach greater
efficiency.

The literature review does not provide all the available energy efficiency devices such as air lubrication,
waste heat recovery and additional propulsion improving devices. In case that one device is not possible
to be installed, it can be replaced from an alternative device. Many measures refer only to some types
of ships, and this is often stated in the description of the measures. This means that not all the energy
efficiency devices are applicable to every ship. For example, on the bulk carriers with cranes, the Flettner
rotors are difficult to be installed. The potential savings and related costs for each measure depend on
the type of vessel and the way each vessel operates. However, a more thorough research is needed for
the percentage of emission reduction that each device can provide and under what conditions. This is a

limitation that may have an impact on the accuracy of the total emission reduction.

It is also important to calculate the CI of the entire fleet as well as the CI of the case study vessel.
Probably calculating first the emissions from a past voyage would be a helpful step to allow the
calculation of the CI. The fuel consumption is based on the data from Seanergy Maritime Corporation.
The method should be applied on the case study vessel. To do that, a more accurate description of the
case vessel needs to be available. A set of different engines, sizes and operating speeds should be studied
in order to reach a comprehensive conclusion. Finally, a sensitivity analysis will show the best choice
of ship in terms of capacity, operational speed, main and auxiliary engine, CAPEX and ROI. Also, the
fleet development should be taken into account as it constitutes a key characteristic. The EEDI would
be calculated at a later stage in order to identify whether the ship would comply with the target values
and therefore with the IMO’s regulations. This index considers the potential energy usage of the vessel
based on the engines mounted, the measures for improving performance and also the size and capacity
of the vessel. Towards 2025 the restrictions will slowly become more stringent. To calculate the EEDI
value, first the characteristics of the main engine should be determined, i.e. the auxiliary engine and
shaft motor, the energy efficiency electrical and mechanical technology, and finally the transport work

(Appendix 3: EEDI formula - four key parts).
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10. Appendices

10.1 Appendix 1: Possible Flettner rotor arrangements
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Appendix 2: Seanergy Maritime Corporation data
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10.3 Appendix 3: EEDI formula - four key parts
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