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Introductio

Due to the tightening of international regulations on emissions from shipping, the conversion of ship fuel
from heavy oil to LNG with cleaner emissions is expected to proceed and LNG fuelled ships have already
launched in a part of North America and Europe where emission control is advanced.

Furthermore, at the general meeting of the 70th Maritime Environment Protection Committee
(MEPC70) of the International Maritime Organization (IMO) in October 2016, it was decided that the
global sulfur cap will be tightened from the current “3.5% or less” to ”0.5% or less” in 2020.
Considering that it is required to build a global network of LNG bunkering bases in order to further
promote LNG fuelled ships, we are promoting international coordination such as the statement of the
leaders of two countries about LNG bunkering at the Japan—Singapore Summit held in September 2016
and the conclusion of “Memorandum of Understanding on Cooperation on the Development of LNG as
a Marine Fuel (MOU)” by eight representatives from seven countries in October 2016.

Under these circumstances, to build LNG bunkering bases in Japan and enhance the competitiveness
of our ports, we held a “The Steering committee for LNG bunkering at the port of Yokohama” in June
2016 and compiled a development plan to build LNG bunkering hubs in Japan, using the Port of
Yokohama as a model case with the participation of related administrative agencies (Agency for Natural
Resources and Energy, Ministry of Land Infrastructure, Transport and Tourism Maritime Bureau and
Ports and Harbours Bureau, Japan Coast Guard Headquarters, City of Yokohama) and related private
business operators (Tokyo Gas co., Ltd., Nippon Yusen Kabushiki Kaisha, Yokohama Kawasaki
International Port co., [td.).

When reviewing the plan, firstly, we studied the trends surrounding LNG fuelled ships. Next, we
confirmed the advantages of the Port of Yokohama as an LNG bunkering hub. In addition, we estimated
the demand for LNG fuel in the future, and based on the estimation, we created a roadmap consisting
of three phases, and compiled the contents of improvement required for each phase. Finally, we also
complied issues to be addressed to realize the roadmap.

[ hope that the information in this report will be useful and persons concerned will strive as one. I also
hope that the reinforcement of the competitiveness of our ports will contribute to the growth of the
Japanese economy and a new LNG fuel supply market will be developed through the rapid development
of LNG bunkering hub by the coordination with Singapore, which is the world’s largest port of bunkering.

Finally, I greatly expect the future efforts of persons concerned.

The chairman of the Steering committee for LNG bunkering at the port of Yokohama



1. Trends in environmental regulations and possible conversion to LNG fue

1-1. Overview of environmental regulations

Concerning emissions from vessels, the regulations on sulfur oxides (SOx), nitrogen oxides (NOx) and
carbon dioxide (CO2) have been gradually tightened in accordance with Annex VI of the
”“International Convention for the Prevention of Pollution from Ships” (MARPOL. Convention) for the
purpose of reducing greenhouse gas emissions and preventing air pollution.

Since sulfur oxide (SOx) is originated from sulfur contained in fuel oil, it is regulated based on the
sulfur concentration in fuel oil. The current upper limit for sulfur concentration is 0.1% in the Emission
Control Area (ECA) where emission control is strict, such as North Sea & Baltic Sea, the coast of
North America and US Caribbean Sea.

Meanwhile, it is set to 3.5% in all other sea areas (general sea areas), however, it was agreed to
regulate the upper limit of sulfur concentration in fuel oil to 0.5% from 2020 at the Maritime
Environment Protection Committee (MEPC70) of International Maritime Organization (IMO) held in
October this year.
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Figure 1. Trends in environmental regulations

1-2. Approaches to environmental regulations

The following three methods can be mainly considered as approaches to comply with the regulations

on sulfur oxides (SOx). In particular, when NG is used as an alternative fuel (IIl), they will lead not
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only to the reduction of sulfur oxide (SOx) but also that of nitrogen oxides (NOx) and carbon dioxide

(CO2) concerning emissions from vessels. They are corresponding methods with environmental

advantages.

As for the installation of exhaust gas scrubber (scrubber) (II), since it is unnecessary for the port to

deal with it, it is not considered in this feasibility study.

I . Utilization of low sulfur fuel oil that is suitable for environmental regulations

Use fuel oil that meets environmental regulations, such as light oil (light oil or A heavy oil) or

compatible oil made by blending light oil with residual oil. The fuel prices are higher than

high sulfur C heavy oil currently used in many vessels, and requires small investment to

install additional facilities to meet regulations.

I1. Installation of exhaust gas scrubber (scrubber)

Install a scrubber on a ship newly to reduce SOx emissions. Although it requires an initial

cost to install a scrubber, it is possible to continue using high sulfur C heavy oil and it can

suppress the increase of fuel cost.

II. Utilization of alternative fuels such as LNG

Use alternative fuel without sulfur content such as LNG. Although it requires to install a

LNG fuel tank and LNG fuel engine equipment and the initial cost is higher than a normal

diesel engine, emissions of NOx and CO, can be suppressed by using LNG fuel.

Compatible oil

Advantages

Supply system is relatively
stable

Adaptable itself to SOx
regulations

Disadvantages

Fuel price is relatively
expensive

(Compared to
LNG)Excessive emissions
of environmentally harmful
substances
(Small-scale)Capital
investment is required

Advantages
® Low fuel price

® Well-developed
supply system

Disadvantages
B Excessive emissions of

environmentally harmful

substances
B Capital investment is
required

B Generation of new waste to
comply with environmental

regulations

LNG

Advantages

Reduction of
CO2/Nox/Sox/PM
Suppression of black
smoke generation

Low price (Compared to
compatible oil)

Disadvantages

Lack of supply system
development

Capital investment is
required

Figure 2. Advantages and disadvantages of each methods
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Figure 3. Environmental advantages of natural gas

The introduction of LNG fuelled ships has been started with ferries, car carriers and cruise ships in the
ECA where the environmental regulations have been tightened in advance. It is conceivable that the

introduction of LNG fuelled ships will further expand if the global sulfur cap is tightened in the future.

Ferry (Fiord1) Tanker (Tarbit Shipping AB) Cruise ship (AIDA Cruises) Container ship (TOTE)

Figure 4. LNG fuelled ships in—service

In operation
(74 vessels)

On order 12 5 24 5 8 3 16 22 8

(85 vessels)

17 2

Total

Note: The numbers above indicate the numbers of ships

B Femy B psv B Tanker B Tug
B RoRo/RoPax W Patrol B Fish feeder B Cruise
B Container B PCC B Bulker 8 Others

Source Report on the Investigating study for the strengthening of SCxregulations  March 2016 MLIT Maritime Bureau

Figure 5. Number of LNG fuelled ships, which have been ordered and in active service

1-3. LNG bunkering methods

When LNG is used as an alternative fuel, the following three types can be listed as bunkering methods
for supplying LNG to ships.



[ Truck to Ship bunkering]
Supplying LNG from a LNG lorry parked on a quay to an LNG fuelled ship moored on a quay.

The initial investment cost is low and it is suitable for small ships.

[Shore to Ship bunkering]
Supplying LNG from a LNG shore terminal or an LNG satellite terminal to an LNG fuelled ship

moored on a quay or a pier. Fuel can be supplied to large vessels.

[ Ship to Ship bunkering]
Bring an LNG bunkering ship along an LNG fuelled ship moored on a quay or a pier and supply
LNG. Fuel can be supplied to large vessels.

Truck to Ship method Shore to Ship method Ship to Ship method

I

NG

Figure 6. Bunkering methods

The Maritime Bureau of the Ministry of Land Infrastructure, Transport and Tourism has established
the “Committee for Comprehensive Measures toward Disseminating/Promoting LNG Fuelled Ships”
in 2012, in order to improve the environment for the dissemination of natural gas fuel ships and
support the approaches of related business operators. They prepared an operation manual and an

operation guideline for each of the above 3 types of bunkering and announced them in June 2013.



2. Advantages of the Port of Yokohama as a LNG bunkering hub

2—1. Advanced existing infrastructure

Japan is the world’s largest LNG importing country (1/3 of the whole world), and have an advanced
existing infrastructure, such as operations of the world’s largest LNG carrier fleets and the large
number of LNG terminals close to ports.

Especially, it is not realistic to improve an LNG terminal exclusively for a bunkering project as it
requires great costs, for this reason, it is necessary to have an existing LNG terminal to develop a
LNG bunkering hub.

The Port of Yokohama has 2 terminals, Negishi and Ogijima, and in Tokyo Bay area, there are a total
of b terminals, Higashi—ogishima, Sodegaura, Futtsu in addition to the above 2 terminals. Moreover,
Hitachi terminal is located in the Kanto district. Negishi, Sodegaura, Futtsu and Hitachi terminals
already have LNG lorry shipping facilities, and Sodegaura and Hitachi terminals already have facilities
such as shipping piers which are necessary for paying out LNG.

. Frimary base {Operstional) . Primary base {Scheduled / Under construction)

. Secondary base (Cperational) . Secondary base (Scheduled/ Under construction)

= Primary bese: Base thatreceives LNG via ocean-going ships from overseas
Secondary base: Base that receives LMG via coastal vessels from primery bases

Socegaurs Termns
Tokyo Gae, TEPCO
ZEE0000KI (35 whs)
Fusu Terminal
TEFCO

1110000k (10 unks)
Ezat Ohgisiima Termina!
TEPCO

000K (3 wARs)
Dhgrshima Termnal
Tokyo Gaz

830,000k {4 wnls)

MNegizhi Terming
Tokyo Gas, TEPCO
j,/rf’? 1.180,000K " {14 s}
o

{Source)Agencyfor Matural Resources and Energy and MLIT Ports and Harbaors Bureau

od

Figure 7. Main LNG terminals in Japan
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Hitachi LNG terminal
® LNG shipping pier

Approx. 350 tons/h(2,000 ton class ships)
® Shipping of LNG tank lorries

Approx. 40 tons/h x 6 lanes

A N NN

Sodegaura LNG terminal
® LNG shipping pier

Approx. 300 tons/h (2,000 ton class ships)
® Shipping of LNG tank lorries

Approx. 40 tons/h x 9 lanes

/-\/'\J

Futtsu LNG terminal
® Shipping of LNG tank lorries

Higashi-Ogishima LNG terminal

Ogishima LNG
terminal

@ : Exclusive use for Tokyo Gas
Co., Ltd.

"'\

Negishi LNG terminal
® Shipping of LNG tank lorries
Approx. 40 tons/h x 7 lanes

@ : Exclusive use for Tokyo Electric
Power Company Holdings, Inc
@ : Common terminal for the 2

companies

<

Figure 8. LNG terminals at the Port of Yokohama and in the surrounding area

2-2. Operation of a NG fuelled tugboat ”Sakigake”]

At the Port of Yokohama, the operation of a tugboat “Sakigake”, which is the first LNG fuelled ship in
Japan among ocean—going vessels and domestic vessels — except for LNG carriers, started in August
2015. Sakigake is equipped with a dual fuel engine that can use both heavy oil and LNG as fuel. For the
engine development and the construction, the Ministry of Land, Infrastructure, Transport and Tourism
and the Ministry of Economy, Trade and Industry assisted a part of the expenses.

Sakigake’s LNG bunkering is conducted by “Truck to Ship” method on fortnightly basis at Shinko Pier
of the Port of Yokohama and about 7 tons of LNG is supplied from a tank lorry at one time. It is also an
advantage of the Port of Yokohama that related business operators and administrative agencies aiming

at accumulate know—how of LNG bunkering after more than one year since Sakigake’s first operation.



Table 1. Main specifications of Sakigake

. Nippon Yusen
Shipowner Kabushiki Kaisha Total length 37.2m
Completion August 2015 Total width 10.2m
Propulsion Dual fuel
engine (LNG + heavy oil) Molded depth 44m
Operating The Ports of Yokc?hama Gross tonnage | 272t
place and Kawasaki

Figure 10. Fuel supply

2-3. Geographical characteristics — Position as International Container Hub

LNG tanks of LNG fuelled ships have a larger structure than that of heavy oil tanks, however, LNG
tanks can not be considerably enlarged as it is necessary to save places for cargo holds. For this reason,
it is important that the network of bunkering bases is properly formed to promote the spread of LNG
fuelled ships. Since the Port of Yokohama is located on the Pacific side and it serves as the first or last
bunkering hub in the Asian side of the North American route, the Port of Yokohama has advantages as
a LNG bunkering hub, mainly for ships navigating the Pacific Ocean.

In addition, the Port of Yokohama, which is a part of the Port of Keihin, is positioned as an International
Container Hub Ports along with the Port of Hanshin. Various measures, which consists of hard and soft
aspects, from International Container Hub Ports Policy are intensively taken and function enhancement
is promoted for the Port of Yokohama as a national policy by promoting the collection of containers from
inside and outside of Japan.

Moreover, since many ships such as container ships, pure car carriers and cruise ships call at the Port

of Yokohama, it has a high potential as an LNG bunkering hub.
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3. Roadmap for the development of LNG bunkering hub and task

3—1. Demand forecast

Although the introduction of LNG fuelled ships depends on the trends of environmental regulations,
some LNG fuelled ships have already launched in the ECA where environmental regulations are
tightened in advance. Various investigation institutions forecast the demand for LNG as marine fuel and
the following table shows a demand forecast conducted by THE BOSTON CONSULTING GROUP,
Lloyd ’s Register, DNV-GL and iHS. Although there is a difference between each percentage, it is
expected that, 5 to 27% of heavy oil will be replaced by LNG. Since the world annual bunkering amount
of heavy oil is about 240 million tons (2013)", the annual NG demand is forecasted at about 12 million

to 64.8 million tons.

Table 2. Demand forecast of LNG fuel

Percentage of the replacement

Research organization Period from heavy oil to LNG
COJSHEL?'?NSGngOUP 2025 5~27%
Lloyd's Register 2030 1%
DNV-GL 2025 6~11%
iHS 2030 8%

® DNV-GL obtained the percentage considering the heat difference between LNG
and heavy oil based on the global annual amount of heavy oil bunkering set as
240 milliontons.

About 200 LNG fuelled ships were confirmed as of August 2016 (including those planned), and about
70 LNG-ready ships, which are planned to be remodeled to be LNG fuelled, were also confirmed
(including those planned). Since a tightening of global sulfur cap will be introduced in 2020, the number
of LNG fuelled ships is expected to increase significantly in the future.

1
Based on documents of Japan Petroleum Energy Center
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Figure 11. Estimation of the increasing number of LNG fuelled ships

Regarding the demand for LNG bunkering at Keihin’s main ports, the Steering Committee forecasted
(1) the demand when the constant rate switches to LNG based on the amount of heavy oil bunkering at
the Port of Keihin, (2) the demand when the constant rate switches to LNG based on the amount of
heavy oil bunkering if the competitive fuel price is realized, according to the port call record of Keihin’s

main ports. The Steering Committee referred to IEA “Oil Information 2014” and statistics from domestic

oil companies for the estimation.

Table 3. Demand forecast of LNG

Percentage of the
replacement from
heavy oil to LNG

MAmount of demand when the
constant rate switches to LNG
based on the currently amount of
heavy oil bunkering at the main
Ports of Keihin

@Amount of demand when the
constant rate switches to LNG
based on the amount of heavy oil
bunkering estimated when a
competitive fuel price is realized,
according to the port call record of
main ports of Keihin.

5% Approx. 90,000 tons/year Approx. 250,000 tons/year
10% Approx. 180,000 tons/year | Approx. 500,000 tons/year
20% Approx. 360,000 tons/year | Approx. 1,000,000 tons/year

3—2. Roadmap for the development of LNG bunkering hub

As mentioned above, although the demand forecast is conducted by various agencies, there is a

difference between each value and nothing is certain at the present time. However, it shows a common
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point among them that the demand for LNG fuel is increasing with the passage of years.

In addition, it seems that it will take time until the demand rises as it is expected that the number of
LNG fuelled ships will gradually increase by being replaced from existing ships, rather than a great
number of newly built LNG fuelled ships will go in service, due to the start of the regulations in 2020.
In this feasibility study, the Steering Committee formulated the road map below and decided to advance
the development of the LNG bunkering hub at the Port of Yokohama according to the trends of demand

under the policy to use the existing infrastructure as much as possible to reduce the initial delivery cost®.

Phase I Truck to Ship bunkering optimization (from today)
Phase Il Introduction of Ship to Ship bunkering (from 2020)
Phaselll Strengthen of Ship to Ship bunkering (After the demand reaches a certain scale )

Phase I Truck to Ship bunkering optimization (from today)

Regarding Truck to Ship bunkering currently carried out at Shinko Pier at the Port of Yokohama, it will
be more smooth and efficient, such as carry out bunkering operations with a LNG tank lorry close to a
LNG fuelled ship.

Phase Il Introduction of Ship to Ship bunkering (from 2020)
Introduce LNG bunkering ships towards 2020 and start a Ship to Ship bunkering with higher convenience

than Shore to Ship bunkering in order to meet the large LNG fuelled ships in 2020 when the tightening
of ship emission regulations starts.
Use the terminal in Tokyo Bay (Sodegaura terminal) where required facilities are already in place for

supplying LNG to bunkering ships, in terms of the optimization of existing stock.

Phaselll Strengthen of Ship to Ship bunkering (After the demand reaches a certain scale )

Aiming at a further strengthen of the bunkering system by developing required facilities for the LNG
terminal at the Port of Yokohama and use the terminals in Tokyo Bay in order to optimize Ship to Ship

bunkering after the demand for LNG bunkering reaches a certain scale.

2 Supply costs, such as the cost for the terminal added to the price of LNG liguid and the cost of shipping for the sale of LNG fuel

11



Table 4. Commencing time and expenses related to facility maintenance for each phase

From After the annual Cost of
toda demand reaches 300 facility
y — 400 thousand tons | improvement
Phase 1 I >
Phase T 1Z---ZQ > 6 billion yen
Phase II L mEpm > 10 billion yen

3—3. Required improvement of facilities for each phase and the tasks

1) Phase I Optimization of “Truck to Ship” bunkering
A LNG tank lorry and a ship, which were about 20m away from each other, had been connected with a

flexible hose at each bunkering since the first operation of a LNG fuel tug boat “Sakigake” in August
2015. However, according to the result of a detailed structure examination of the quay of Shinko pier,
it became possible to bring a LNG tank lorry close to a LNG fuelled ship and the optimization of the
bunkering has been realized since November 2016.

Afterwards, some effects are observed such as shortening of preparation work time by 50 %, reduction
of the number of workers by 30% and a safety improvement due to a reduction of a hazardous materials
handling area.

Shinko Pier, where the bunkering is currently conducted to Sakigake, remains as a temporary use and
City of Yokohama, which is a port authority of a tugboat allocation plan, is considering permanent supply

places and the fixation of some facilities.

Before optimization After optimization

Figure 12. Optimization of Truck to Ship bunkering
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Table 5. Result of the optimization

Work preparation time reduced by 50%
Number of workers reduced by 30%

Hazardous materials handling area | reduced by 75%

2) Phase II Introduction of “Ship to Ship” Bunkering
(D Required facilities
[t will be required to introduce an LNG bunkering ship that supplies fuel to LNG fuelled ships for ”Ship

to Ship” bunkering operations.
For reference, the following table is the specifications of an LNG bunkering ship to be launched by an

European LNG bunkering company invested by Nippon Yusen Kabushiki Kaisha and other companies.

Figure 13. Image of the LNG bunkering ship

Table 6. Specification of the LNG bunkering ship
Total length(m) | Total width(m) Draft(m) Gross tonnage (ton) | Tank capacity(m3)
100 18 4.7 6,000 5,000

Regarding LNG terminals, if a LNG bunkering ship has the above specifications, it will not be necessary
to refurbish the shipping pier at the LNG terminal (Sodegaura terminal) in Tokyo Bay, which already
has a shipping pier for coastal transportations. However, it will be required to repair the shipping arm
due to the height difference between the receiving port of the LNG bunkering ship and the shipping arm.
Since it will take a certain period of time to build such an LNG bunkering ship, it is necessary to deal
with it as soon as possible in order to start the Phase Il promptly in 2020.

13



For Tokyo Gas Co., Ltd.
® NG tank capacity 1,470,000 kI
® Handling volume approx. 5,000,000 tons/year

p——
Pier for LNG ships Shipping pier for LNG

domestic vessels

! ~ 3

@l Place of shipment for LNG lorries

Figure 15. Shipping arm

@ Business profitability
A selling price of LNG fuel is roughly divided into a “price of LNG itself” and a “delivery cost”, and the
latter consists of the cost of an LNG terminal and LNG bunkering ships, a BOG cost (LNG cost which

decreases by natural vaporization), general administrative expenses of LNG suppliers.

14



Since a fixed cost is included in the delivery cost, the price per unit can be suppressed as the bunkering
amount increases. Figure 17. shows the relation between annual bunkering amount and indexed delivery

costs.

LNG fuel sales price =LNG price (raw cost of the liquid) +

LNG bunkering ship running cost
Terminal charge

General administrative expenses
Company profit

BOG cost and others

with international prices

L ]

Figure 16. Cost concept

[ LNG Price that compares favorably ]
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Annual bunkering amount (10,000 tons)

® The delivery costis set to 100 when the annual bunkering amount is 10,000 tons.

® Terminal shipping costis taken into account as LNG terminal expenses, charter base,
general and administrative expenses and BOG costs are taken into accountas LNG
bunkering ship running cost, and they are set based on hearings.

® The fixed costs (ex. office rent) included in general administrative expenses for LNG
bunkering ships are added from over 100,000 tons of annual bunkering when the demand
becomes important.

® Lastspot prices (as of the end of September 2016) are adopted for fuel (LNG, LSDO)
prices (dollar/ton).

Figure 17. Relation between annual bunkering amount and delivery costs

On the other hand, when a ship owner chooses a method to comply with environmental regulations, he
will choose an option with the cheapest total amount of the ship building costs and operating costs of
the shipping. There is no major difference in the cost of seafarers between the options, the ship building

cost and the fuel cost will have a significant influence on the owner’s choice.

15



Currently, LNG fuelled ships are more expensive to construct than vessels fuelled by heavy oil, however,
the former is cheaper compared to LNG and LSDO (low sulfur fuel oil corresponding to environmental
regulations). In other words, if the difference in fuel cost exceeds the difference in construction cost of
the ship, it may become an incentive for the owner to build an LNG fuelled ship.

Figure 18. shows the highest and lowest figures of the preliminary calculation of the delivery cost index
added on top of Figure 17. with the calculation, the owner can select a construction of a LNG fuelled
ship for each type of ship and hull form. Although it is a preliminary calculation based on a presupposed
index, if the delivery cost can be reduced to the level of the red band on the graph due to the increase
in demand, it is expected that the owner will be able to choose the option of an LNG fuelled ship as a

method to comply with environmental regulations.

100 :
90 E Feasible delivery cost by
| suppliers
80 i
! - ACcCeptable delivery cost
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= |
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g = ' Business
g o
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1
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Annual bunkering amount (10,000 tons)

® The delivery costis set to 100 when the annual bunkering amount is 10,000 tons.

® Terminal shipping costis taken into account as LNG terminal expenses and charter base,
general and administrative expenses and BOG costs are taken into accountas LNG
bunkering ship running costs, and they are setbased on hearings.

® The fixed costs (ex. office rent) included in general administrative expenses for LNG
bunkering ships are added from over 100,000 tons of annual bunkering when the demand
becomes important.

® |astspot prices (as of the end of September 2016) are adopted for fuel (LNG, LSDO)
prices (dollar/ton).

® The following 6 kinds of ship types and full forms are set; 5,000 TEU ocean container
ship, 6000 unit ocean PCC, 100,000 GT class ocean cruise ship, 500 TEU coastal
container ship, 10,000 GT coastal ferry, 15,000 dwt coastal tanker

® The construction cost for each ship type and full form were set based on hearings, and the
construction cost fora LNG fuel ship is set 1.3 times as much as that of a heavy oil fuel
ship. However, only the ocean cruise ship was separately set considering the proportion of
the interior decoration to the construction cost. The construction costs is to be collected
over 15 years.

® Fuel consumption for each ship type and full form is setbased on IMO "Third Greenhouse
Gas Study 2014".

Figure 18. Relation between feasible delivery costs by bunkering companies and acceptable delivery

costs by owners (in case of last spot prices)
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The following graph shows the reference value of owners’ acceptable delivery cost with the fuel price

set as the average price since January 2003, under the same conditions.
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® The delivery costis set to 100 when the annual bunkering amount is 10,000 tons.

® Terminal shipping costis taken into account as LNG terminal expenses and charter base,
general and administrative expenses and BOG costs are taken into accountas LNG
bunkering ship running costs, and they are setbased on hearings.

® The fixed costs (ex. office rent) included in general administrative expenses for LNG
bunkering ships are added from over 100,000 tons of annual bunkering when the demand
becomes important.

® Average prices (after January 2003) are adopted for fuel (LNG, LSDO) prices (dollar/ton).

® The following 6 kinds of ship types and full forms are set ; 5,000 TEU ocean container ship,
6000 unit ocean PCC, 100,000 GT class ocean cruise ship, 500 TEU coastal container
ship, 10,000 GT coastal ferry, 15,000 dwt coastal tanker

® The construction cost for each ship type and full form were set based on hearings, and the
construction cost fora LNG fuel ship is set 1.3 times as much as that of a heavy oil fuel
ship. However, only the ocean cruise ship was separately set considering the proportion of
the interior decoration to the construction cost. The construction costs is to be collected
over 15 years.

® Fuel consumption for each ship type and full form is setbased on IMO "Third Greenhouse
Gas Study 2014".

Figure 19. Relation between feasible delivery costs by bunkering companies and acceptable delivery

costs by owners (in case of average prices)

According to the above preliminary calculation, if an annual demand for bunkering reaches around 100
thousand to 150 thousand tons, it can be profitable for both the bunkering company (supply side) and
the owner (demand side). On the other hand, it became clear that there is a large gap between the
feasible delivery costs by the bunkering company and the acceptable delivery costs by the owner at the

stage of low demand.
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3) Phase III Improvement of ”Ship to Ship” bunkering

(D Required facilities
At the bunkering using the existing base in Tokyo Bay (Sodegaura terminal) , which has an existing
shipping pier mentioned earlier, the limit value of supply will be about 300 thousand to 400 thousand
tons per year due to the limitation of the mooring capacity of the LNG terminal.
In this case, if an annual demand reaches 300 thousand to 400 thousand tons, it is necessary to use the
LNG terminal at the Port of Yokohama to improve the bunkering function by the use of a closer LNG
terminal to the supply point.
Since none of the LNG terminals at the Port of Yokohama has shipping facilities, some improvement
will be necessary such as building a shipping pier, installing piping facilities and improving the discharging
pumps.
Regarding bunkering ships, as the amount of bunkering that can be handled by one ship will be about
400,000 tons per year at maximum, depending on the enroute configurations, it will be required to
provide a second bunkering ship at the same time as the addition of an LNG terminal.
In case of LNG bunkering at the Port of Yokohama, the sailing time from the terminal to the bunkering
place will be shortened, which will enable faster operations, and a reduction of fuel cost of the bunkering
ship is also expected by using the LNG terminal at the Port of Yokohama. In this feasibility study, the
Steering Committee discussed the improvement of bunkering facilities of Negishi LNG terminal, which

is close to a demand area of Minami Honmoku Pier at the Port of Yokohama (Figure 20.).

7 ST I o

1 For Tokyo Gas Co., Ltd.

| ® LNG tank capacity
1,080,000 ki
Handling volume approx.
3,000,000 tons/year

LNG bunkering ship (image)
Pier for LNG shipping
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Figure 20. Image of a shipping from Negishi LNG terminal

@) Business profitability

The following figure shows “Annual bunkering amount (ten thousand tons)”, which is
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the horizontal axis of Figure 18. , displayed up to one million tons.
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® The delivery costis set to 100 when the annual bunkering amount is 10,000 tons.

® Terminal shipping costis taken into account as LNG terminal expenses and charter base,
general and administrative expenses and BOG cost are taken into accountas LNG
bunkering ship running costs, and they are set based on hearings.

® The fixed costs (ex. office rent) included in general administrative expenses for LNG
bunkering ships are added from over 100,000 tons of annual bunkering when the demand
becomes important.

® |astspot prices (as of the end of September 2016) are adopted for fuel (LNG, LSDO)
prices (dollar/ton).

® A terminal and a bunkering ship are added when the annual bunkering amount reaches
400.000tons.

® The following 6 kinds of ship types and full forms are set ; 5,000 TEU ocean container ship,
6,000 unit ocean PCC, 100,000 GT class ocean cruise ship, 500 TEU coastal container
ship, 10,000 GT coastal ferry, 15,000 dwt coastal tanker

® The construction cost for each ship type and full form were set based on hearings, and the
construction cost for a LNG fuel ship is set 1.3 times as much as that of a heavy oil fuel
ship. However, only the ocean cruise ship was separately set considering the proportion of
the interior decoration to the construction cost. The construction costs is to be collected
over 15 years.

® Fuel consumption for each ship type and full form is setbased on IMO "Third Greenhouse
Gas Study 2014".

Figure 21. Relation between annual bunkering amount and delivery costs

According to this figure, it became clear that business profitability can be secured for both the bunkering
companies (supply side) and the owners (demand side). It seems that the feasible delivery costs will be
less than the acceptable delivery costs of the owners if an annual bunkering amount increases to about
300 thousand to 400 thousand tons, even though the delivery cost rises at the timing of an additional

investment of a terminal and a bunkering ship.
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SLNG terminal in Tokyo Bay.

Figure 22. Ship types for LNG bunkering and an area at the Port of Yokohama
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4. Towards the realizatio

Developing an LNG bunkering hub requires approaches of private enterprises, the national government
and port management bodies. Possible measures include cost reductions, a promotion of the introduction
of LNG fuelled ships by forming an LNG supply network and a realization of competitive LNG prices

and so on. Each section of this chapter will introduce you the approaches of these each entities.

Demand creation
Promotion of the use of the Port
of Yokohama by LNG fuelled

ships

Supply system
Early realization of
inexpensive and effective

supply system

+/ Start-up
support by
government
4-1)

Providing incentives to LNG
fuel ships (4-1)

* Sales to shipping
companies (4-1)

» Low-cost supply
measures (4-1)

* Realization of
competitive

LNG prices
(4-5)

LNG fuelization o

state-owned work

vessels (4-2)

» Unification of
standards (4-3)

» Diffusion of new

echnology (4-1)

» Safety standards, safety
measures (4-3)

» Complying with related

laws and regulations (4-3)

Institutions, global cooperation
Improvement of required institutions
and contribution to the formation of
alobal LNG fuel supply network

» Cooperation
with foreign
countries (4-4)

Figure 27. Measures towards the realization of LNG bunkering hub development

4-1. Measures to improve profitability at the stage of the business establishment

Although it is necessary to start Phase II in order to supply fuel to large LNG fuelled ships, it became
clear that it is difficult to secure business profitability for both bunkering companies and ship owners
immediately after the start of their business when the demand is low. However, as mentioned earlier, it
is required to develop LNG Bunkering bases in Japan in terms of the improvement of the international
competitiveness of our ports.

In other countries, there are cases that a low cost LNG fuel supply barge is introduced to carry out a
LNG bunkering to large LNG fuelles ships. Since the construction cost of an LNG fuel supply barge is
cheaper than that of an LNG bunkering ship and a method of bunkering from not only a shipping pier
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but also from a lorry is being considered, there might be room for examining cost reduction measures
by introducing a Ship to Ship bunkering by using a LNG fuel supply barge for the initial stage of the
Phase II.

-Figure 28. Image of a NG ﬁ;ei supply barge’
In addition to this cost reduction, it can also be considered as a measure that the government provides
support to the launching to start the Phase II. In this feasibility study we performed sensitivity analysis
to see how much the demand scale would change for establishing the project when a certain degree of
support is provided to LNG bunkering companies and ship owners. The result showed that both LNG
bunkering companies and ship owners could reduce the demand amount of LNG bunkering by about 30
to 60% to secure business profitability. Besides this, other measures are also required to promote port
calls by LNG fuelled ships at the Port of Yokohama.

The Yokohama Port and Harbor Bureau, the port authority at the Port of Yokohama, is considering the
following measures to promote port calls by LNG fuelled ships.

1. Establishment of an incentive system

® \Make an adjustment for our participation in ESI (Environmental Ship Index, managed
by IAPH) and Green Award (operated by Green Award Foundation), which urge port
calls of envirommentally friendly ships.

® Arrange a reduction of entrance fee for LNG fuelled ships (excluding ING carriers)

and LNG bunkering ships, along with the participation in the incentive system.

2. Approaches to shipping companies

® Conduct top sales to shipping companies such as passenger ships, container ships
and pure car carriers.
® Aim to develop a home port for LNG ships with the improvement of new passenger

terminal.

3 Source: Titan LNG
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Industrial promotions are carried out by industrial - academic - government
cooperation at Kaiyo—toshi Yokohama Council (Office at Yokohama «city),
established in 2007, in which marine—related companies, research institutions,

universities and administrations in ports, shipping and shipbuilding fields

Taking the advantage of such circumstances, aim at promoting a spread of LNG ship

technology by information sharing and cooperation promotion by the industry,

Consider measures for the conversion of existing heavy oil bunkering companies

to an LNG bunkering business at the Port of Yokohama as an LNG bunkering business

Continue information exchange in order to cooperate with existing bunkering

Assistance for the construction of LNG bunkering ships and LNG fuel supply barge

3. Support for dissemination of LNG ship technology
[ J
participate.
o
universities and the government.
4. Support for the bunkering business
o
is considered to have affinity with a heavy oil bunkering business.
o
companies.
5. Direct support measures such as subsidy system
® Assistance for the maintenance of pier and supply facilities
o
® Attracting bunkering facilities to the wharf
o

6.

Assistance for selling ING at the initial operational stage to reduce LNG fuel
cost

Reduction of port facility fee for LNG fuelled ships and LNG bunkering ships

Discussion on safety aspects with the Maritime Bureau of the Ministry of Land,

Infrastructure, Transport and Tourism, the Japan Coast Guard Headquarters and the

city fire department.

Consider the location of bunkering area and safety measures, assuming Ship to

Ship bunkering.

Finally, as a reference, the following is the introduction of the support system of

other countries for the spread of LNG fuelled ships.
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[EU]
Under TEN — T (Trans — European Transport Network) project, EU started to provide subsidies for
projects related to LNG ship fuelization in 2010 and also support up to 50% of the project cost. In
2012, they supported a total of 105 million euros for 7 projects related to LNG bunkering.

[Norway)
Norway has introduced a taxation system for NOx emissions since 2007. As a tax exemption for the
NOx tax, the NOx Foundation, which was established by the Norwegian Ministry of the Environment
and industry organizations in 2008, supported 80% of the cost of fuel conversion to LNG propulsion

engines. The average amount of support per engine is about 360 million yen.

[USA.]
The US Department of Transportation and Maritime Administration provided a loan guarantee of
324.6 million dollars through the Federal Ship Financing Program (Title XI) in April 2015 for the
construction of two world’s first LNG fuelled container ships. Moreover, they donated 900,000 dollars
for remodeling existing RORO vessels to LNG fuelled ships in October 2015 and is planning to collect
and investigate the operation data of LNG fuelled ships.

[ Singapore]
Maritime and Port Authority of Singapore launched a pilot program aimed at establishing LNG
bunkering operations and provide a subsidy of up to 2 million Singapore dollars / LNG ship for LNG
fuelled ship constructions and an exemption from port facility fee for 5 years to LNG fuelled ships,

which are registered in the country.

[Korea]

They promote LNG fuelization of ships owned by the government, local governments and private
companies to create private demand. They provide incentives, such as tax benefit related to
reductions and exemptions of port facility fee including the entrance fee and the registration and
possessions for LNG fuelled ships, which satisfies specific requirements including domestic
registration. In addition, they induce the construction of LNG fuelled ships taking advantage of a
shipping fund “New ship Building Support Program” (approx. 2.4 billion dollars).

Moreover, they are planning to revise legal systems related to LNG fuelled ship operations, such as
the Ship Safety Law, the enforcement ordinance of the Port Transportation Business Act, the Marine
Environmental Management Law.

According to the “Industry development plan related to LNG ship promotion” announced by Korean
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Ministry of Oceans and Fisheries in November 2016, the project cost of about 510 million dollars’

will be allocated to the LNG bunkering facility planned to be built at Busan New Port.

4-2. NG fuelization of state—owned work vessels

Since it is important that the government takes initiative in undertaking approaches in order to promote
the introduction and create the demand of LNG fuelled ships in Japan, MLIT will promote the LNG
fuelization of work vessels (Trailing Suction Hopper Dredger with Oil Recovery system, Sea Surface
Cleaning Ship, Patrol and Survey Boat) owned by government agencies, such as the Regional
Development Bureau of the Ministry of Land, Infrastructure, Transport and Tourism.

MLIT established the “LLNG Fuelization Technology for Work Vessel Study Committee” in December
2016 and started the discussion with the aim of solving technical and institutional issues in LNG
fuelization with the participation of experts, related private companies, relevant administrative agencies
and the Ports and Harbours Bureau of Ministry of Land Infrastructure, Transport and Tourism , which
will play a role of the secretariat.

MLIT will realize a technological development by private enterprises, the promotion of LNG fuelled ship
construction, and a demand creation through the promotion of LNG fuelization of work vessels owned
by the Regional Development Bureau of the Ministry of Land, Infrastructure and Transport and other

agencies.

[Work vessels owned by the Regional Development Bureau of the Ministry of Land, Infrastructure and
Transport and other agencies]

Regional Development Bureaus and other agencies own work vessels required for the steady
implementation of Japan’s port development and marine environment improvement projects and they
are classified broadly as ” Trailing Suction Hopper Dredger with Oil Recovery system, Sea Surface
Cleaning Ship, Patrol and Survey Boat ”.

® Trailing Suction Hopper Dredger with Oil Recovery system
A Trailing Suction Hopper Dredger with Oil Recovery system is a work vessel with a dredging function
to remove sediment at the bottom of the ocean and a recovery function to collect oil leaked in the
ocean. As of December 2016, MLIT has those 3 ships in Japan, “Seiryumaru (Port of Nagoya )”
”Kaishomaru (Port of Kitakyushu)” and “Hakusan (Port of Niigata)”.
They are normally engaged in dredging operations within routes and berths at each port but also

4 Converted as 1 won =0.00085 dollars
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prepared to carry out quick and reliable oil recovery work. They arrive at the site in the area around
Japan within about 48 hours after dispatch at a request from the Japan Coast Guard Headquarters
(Article 41-2, the Law on Prevention of Marine Pollution and Maritime Disasters) in the event of a

large oil spill incident.

..........

s __,.:

pper Dredger with Oil Recovery system “Kaishomaru”

® Sca Surface Cleaning Ship
Sea Surface Cleaning Ship is engaged in collecting driftwood and rubbish floating on the sea and oil
from ships in the closed waters of Tokyo Bay, Ise Bay, Seto Inland Sea and Ariake / Yatsushiro Sea
(except for port district and fishing port areas) to ensure the safety of ship navigation and the
conservation of marine environment. As of December 2016, those 12 vessels are placed in these sea

areas.

Figure 30. Sea Surface Cleaning Ship “Bay Clean”
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® Patrol and Survey Boat

Patrol and Survey Boat is a work vessel engaged in supervision and inspection of port constructions
conducted by the Ministry of Land, Infrastructure, Transport and Tourism, surveys of sea areas and
the maintenance of the Waterways to be Developed and Preserveds. It is also used for inspection of
port facilities and transportation support activities for emergency supplies in the event of a disaster.
As of December 2016, those 57 vessels are placed nationwide.

* Waterways to be Developed and Preserved: Routes required by the government for constructions
related to development and conservation in order to ensure the traffic of ships in water area except
for port areas managed by the port administrator and river zones prescribed by river act. (Paragraph

8, Article 2 of the Ports and Harbors [aw)

Figure 31. Patrol and survey Boat “Bay Search”

Table 7. Specifications of work vessels owned by the Regional Development Bureau of the Ministry of

Land, Infrastructure and Transport and other agencies
As of December 2016

Number Mold
. |Gross tonnage| Total length | Total width Engine power
Category of sf.ups (GT (m) (m) depth kW) Fuel
(ship) (m)

Trailing Suction Hopper Dredger 3 | 4185~4792|93.9~1040[17.0~17.4|72~75 2,350 ~ 2,860 x 2 engines A heavy oil
with Oil Recovery system
Sea Surface Cleaning Ship 12 99.0~199.0 | 27.0~37.0 | 9.0~116 | 28~43 720 ~ 1,320 x 2 engines Light oil
Patrol and Survey Boat 57 10.0~76.0 11.9~274 35~83 |1.3~3.1| 260 ~ 1,109 x 2 engines (1 engine) Light ol

[Overview of LNG Fuelization Technology for Work Ships Study Committee]
To install dual fuel engines that can use both light oil (or heavy oil) and NG as fuel in work vessels
(Trailing Suction Hopper Dredger with Oil Recovery system, Sea Surface Cleaning Ship, Patrol and

survey Boat) owned by Regional Development Bureaus, MLIT have, first of all, set a marine
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environment—improving ship as a model ship of LNG fuelization and are examining matters related to

safety and required LNG fuel facilities and issues concerning the introduction of the engines.

4-3. Individual tasks and solutions

In addition to the issues discussed in the previous chapter and 4-1, the following issues were pointed
out as individual tasks at the committee. Since the conclusion was not reached for some of the issues at

this committee, further approaches by concerned parties are demanded.

[Handling of LNG local and foreign currencies and BOG]

(Issues)

Since both LNG for foreign currency and LNG for local currency will be treated at LNG terminals and
on LNG bunkering ships, it will be required to confirm the handling of customs bond. In addition, it is
necessary to confirm the procedures for using BOG (Boil Off Gas) from NG foreign currency for
bunkering ships as fuel.

(Solutions)

It is possible to make NG for foreign currency in bond (petroleum and coal tax / consumption tax)
through the following procedure. BOG can also be processed in the same procedure.

Clear the customs only for LNG for local currency and keep accounts of local and foreign currencies
separately at LNG terminals.

Declare the “"Declaration of Loading of Ship’s Stores of Foreign Goods” only for LNG for foreign
currency to customs when shipping from an LNG terminal to an LNG bunkering ship.

If there is a difference in the declared value when shipping from an LNG bunkering ship to an ocean
shipping vessel, correct the quantity of the “Declaration of Loading of Ship’s Stores of Foreign Goods”
and the shipment amount of foreign / local currencies at the LNG terminal.

As for quantity determination methods, only the tank capacity is approved at present, which it is a future

task.

[Regulations applicable to LNG supply facilities]

(Issues)

A supply hose of bunkering ships may be connected to an LNG fuelled ship or an LNG shipping berth.
[t is necessary to know which law is applied to which hose on each scene.

(Solutions)

29



Apply the Ship Safety Law to the use of ship equipment and the use of equipment between ships such
as a Ship to Ship bunkering, and apply the High Pressure Gas Safety Act to the use of terminal facilities
for a Shore to Ship bunkering.

[Standards for LNG supply facilities ]

(Issues)

Standards for LNG quality as ship fuel, the caliber of LNG supply hoses, emergency withdrawal devices
and weighing method for LNG bunkering are required.

(Solutions)

Consider and discuss the matter with foreign ports and international organizations referring to the
“Memorandum of Understanding on Cooperation on the Development of LNG as a Marine Fuel (MOU)”

mentioned below.

[ Safety measures for bunkering operations]

(Issues)

It is required to Examine safety measures concerning navigation of bunkering ships and bunkering
operations.

(Solutions)

Bunkering companies formulate specific safety measures with the cooperation of the Japan Coast Guard
Headquarters and related parties when specifications of bunkering ships, navigation routes and work

procedures are specifically determined.

4-4. Cooperation measures with overseas

[t is necessary to form a network among LLNG bunkering bases in multiple countries in order to further
promote LNG fuelled ships. If the methods of bunkering operations vary significantly in each country,
such as standards of the equipment, qualifications required for seafarers, safety measures, it will be
complicated and unfavorable for operators of LNG fuelled ships. It is becoming the world’s common
understanding that it is required to develop infrastructure of LNG bunkering from both hard and soft
aspects.

In October 2016, including Ports and Harbours Bureau of the Ministry of Land, Infrastructure,
Transport and Tourism, the Port authorities of 8 representatives from seven countries concluded the ”
Memorandum Of Understanding on Cooperation on the Development of LNG as a Marine Fuel (MOU)

” as one of the approaches to form an LNG supply base network.
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The purpose of this memorandum is to form a network among LNG bunkering bases and promote the
conversion of ship fuel from heavy oil to LNG by harmonizing standards and specifications related to
LNG bunkering. It is required to promote cooperation with related countries as a framework.
Especially, strengthening the cooperation with Singapore, which is the world’s largest bunkering country,
will lead to the development of a new LNG bunkering market.

Singapore would geographically become a bunkering hub in the Southeast Asia for ships heading towards
Europe and Japan would be a bunkering hub in East Asia for ships heading towards North America,
therefore, it would contribute to the realization of strengthening the competitiveness of Japanese port

to develop LNG bunkering bases in Asia by cooperating with each other.
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Figure 32. Formation of LNG bunkering hubs by collaboration between the Port of Yokohama and the

Port of Vancouver 4

Maintenance and
and others

expansion of the main
North American routes

North America
Central America
South America

\%

-
ove

Maintenance and °

expansion of the

main European
routes

The last (First) Bunkering port on
the route towards (from) North
America

Port of Singapore. (image)

4-5. Towards the realization of competitive LNG prices

In order to promote the development of an LNG bankaring base, it will be necessary to secure a certain
demand for LNG bunkering to establish a bunkering project as a commercial business. It is also one of
the important elements for Japan to procure LNG at low cost and supply LNG bunkering at
inexpensive prices to secure demand.

Until now, when LNG was procured by Japanese companies, it was common to have a long-term
contract period and use a price determination method based on crude oil prices. After The Great East
Japan Earthquake, the prices increased due to the rise in crude oil prices and Japan suffered a trade
deficit for several years after 2012. Low prices are also an important issue for the general economy of

Japan.
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On the other hand, the environment surrounding LNG trading has changed significantly in recent years.
Other than in traditional LNG consuming countries such as Japan, Korea, LNG demand is expanding
worldwide, including Southeast Asia.

In addition to these changes in demand, LNG supply continues to expand both in quality and quantity.
LNG exports from the United States began in 2016, for example.

There are great changes in Japan. The electric market has been fully liberalized in 2016 and the gas
market is also planned to be liberalized in 2017. It is expected that power and gas operators who were
major LNG importers so far will aim at flexible procurement that will respond to the uncertainty of energy
demand.

Based on these environmental changes, the Ministry of Economy, Trade and Industry announced the
”Strategy for LNG Market Development” in May 2016 in order to develop a highly liquid international
NG market. Specifically, they aim to make Japan a base (hub) of transactions and price formation of
LNG by the first half of the 2020s and realize a highly liquid LNG market by focusing on three points;
the improvement of ease of trading, the establishment of price indicators reflecting supply and demand,
and an open and sufficient infrastructure development.

Regarding the improvement of the ease of trading, they plan to cooperate with major LNG consuming
countries such as Europe, South Korea, China and India as well as aiming at calling for an ease and an
elimination of the destination clauses in cooperation with major consuming countries in the world. They
also aim to conduct policy dialogues with related countries to expand new consumers by promoting the
use of natural gas and LNG abroad, mainly in Asia.

Concerning the establishment of price indicators, they aim to improve the reliability by promoting the
competition of spot price assessment by price reporting organizations and to introduce a third—party
access system to LNG receiving terminals in terms of infrastructure improvement.

They also holds the “LLNG Producer — Consumer Conference” every year in Tokyo as a platform to
coordinate collaboration markets between producing and consuming countries towards the development
of these LNG. On November 24th 2016, the fifth meeting was held to discuss measures for Asian LNG
market development and improvement of the liquidity of LNG markets.

Through these efforts, they aim to improve the environment for stably procuring LNG at reasonable

prices and procure inexpensive and stable LNG in Japan.
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Conclusio

In this feasibility study, the Steering Committee examined the issues and measures for the development
of LNG bunkering hub using the Port of Yokohama as a model case. It is important to increase the whole
demand including not only ocean—going but also coastal LNG fuelled ships in order to attract ocean—
going LNG fuelled ships.

The Steering Committee strongly hopes that the development of LNG Bunkering hub at ports in Japan,
including the Port of Yokohama, will be proceeded and the competitiveness of our ports will be

strengthened with the use of this report as reference.
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