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International Shipping
NOXx, NOx and CO2 emissions

IMO emission legislation

— the big challenge for international shipping
SOx : Regulation adopted
NOx : Regulation adopted

PM . Regulation under discussion
ECAs : Being expanded
GHGs

CO2 : Regulation adopted
Design Index EEDI
Operational Index EEOI
Economical instruments

More Environmentally-friendly
Engine is Required !
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Outline of CO2 Reduction Technologies

Improvement in engine efficiency Fuel consumption reduction

> Latest engine » Slowdown operation
=>dot2, Mk9, G type engine » Waste Heat Recovery

» Derating = VPC

» Part load improvement of fuel efficiency

eat Recovery S .

Fuel conversion

(Low-carbon Fuel)
» ME-GI/ ME-LI En
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Production Results of
MITSUI-MAN B&W Diesel Engine
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Mitsul- B&W type First Engine 6125M

(950 BHP x 160 RPM) 1928 ©

Installed In
Mitsui-made ship

‘Takamisan’

Latest engine

"6S50ME-B9”
output : 14,520
BHP

15 times!! .




Selandia changed the world

Rudolf Diesel’s test

engine was completed
in 1897

Selandia in 1912

The First Ocean Going Ship
with Diesel Engine

Engine :

8cylinders / 4 stroke
2 x 1,250HP x 140rpm

Selandia 1912

Made by Burmeister & Wain in

Steam engine Penmark

-> Diesel engine !! :
MES ﬁiﬁ,ﬁl\ﬁi}?ING & SHIPBUILDING CO.,LTD. I




Gas- Fueled Low Speed Diesel Engine
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2. MES R&D Activities 2009 - 2012

Development of fuel saving technology
under complying with IMO NOXx TierIIl

EGS Fuel Saving THS - .
T -(\"-W-'

r«_""fhmr ‘\;5.!',;;.;_ .

Charger

The development of the technologies has been supported by the Ministry of Land,
Infrastructure, Transport and Tourism and has been supported by Nippon Kaiji Kyokai
(ClassNK) and the Nippon Foundation through a joint research scheme.
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2.1 Development Outcome

under complying with NOx Tierlll Regulation
e 5% : By applying WHR system “THS” and “EGS”
under high load operation
e 2% : By applying EGR
under low load operation

e More than 20% : By applying ME-GI with gas fuel
Establish gas injection system and safety system
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2.2 THS ( Turbo Hydraullc System )

Already
ordered

Hydraulic

Pumps
/Maln Engme\

<eroc\harger
a -

_____________________

\ _____ | b-

Hydraulic pump : Take out excess energy of exhaust gas from Turbocharger
Hydraulic motor : Assists rotation of crank shaft with recovered hydraulic power

12
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2.3 What is EGS ? eoeo
EGS : Exhaust Gas Separation System

Temperature history of cylinder outlet (one cycle)

Exhau t Gas Engine Load : 75%
Measured by Thermo couple
700 '
600 Roce t t
[ i eceiver’s temperature
ARl WY SN, K eeeeaeaeaeaeae e as e s ananee
5 400
300 J :
200 : I
100 I
0 ! — !
45 90 135 180 1225 270 | 315 360 405

Crank Ankle ATDC (deg) i

Pure I Fresh
Valve Open Exhaust | Air Valve Close
gas |

________________________ Gas composmon""""""""m""

Averaged Temperature in Exhaust gas receiver decreased
by mixing with fresh air
—Gas separation is effective for utilization of heat energy .
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How to Separate Exhaust Gas?

td
T/C:D o m:l_
Separation D li b

Valve Hydraulig
| pump
Low Temp.

Receiver !

High
Temp.
Receiver
fas
Cooler
EGS Air

Hydraulie
/r_rola

Blower H Eooler EII

EGSS

Exhaust Gas
Separation System)

High Temp. Exh Gas.

-
_ow Temp. Exh Gas. Sub Valve.
=
Main Valve.

Flow Simulation.

Cross section of separation valve
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EGS Advantage 5
o000
o0
BLow Tomperatare Ressver °
o | 7 . 1. More energy can be recovered
Qo | —MAX. 5%
2. T/C can be downsized
By recirculation system of
o |- low temperature exhaust gas
: (similar to EGR)
B :> 3. Increased exh. gas temperature
Downsized SCR system
- Possibility of increased heat
1 recovery rate through boiler
Performance 18
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2.4 EGR ( Exhaust Gas Re-circulation )

-Compliance with NOx TierIll
-Reduction of CO2 under NOx Tier II

| By-pass matching

MES =&ttt
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000
EGR Advantage sete
o0
®
15 -
® EGR can reduce SFOC under Tier Il
! f by adjusted engine parameter

L1

Full-scale test of EGR will

5 ' ' ' l be made on a actual vessel.
0 25 50 75 100

ZSFOC (g/kWh)
(3]

Engine load (%)

SFOC
Tier Il mode: 0 ~ 3 g/kWh up
Tier Il mode: 3 ~5 g/kWh down

(Power of EGR blower is not included)

MES =&ttt
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2.5 VPC (Variable Phase Cycle) System

Air Cooler VPC Air Cooler Trip Valve
( \ :
— o
: Turbine By-
pass Valve ¢} Nozzle
'''''' — 4
. Turbine Generator
: E I 1 1
: |:  Cooling |
: ———J  Water

Cooling

; Low Temerature
Air Cooler

Condense

Inventory tank

Booster
- Pump

: H2,900 X W1,200 X L2,800mm
® 1,200mm % H2,500mm (with sea water)
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3.1.1 Why ME-GI? s3e2

Natural gas price

—NG-US

15.00 - e W (5 - ELJ
LNG, Japan /\
1 Al

Price [USD/mmBtu]
<§§:jzgé?h;

0,00 -

Potential of Gas Burning Engines 2005/01 zumlr,fm 2005;‘01 zmﬁm zméfm

Year

¢ Increasing Natural gas demand
Import of North American shale gas will
be able to drastically reduce Natural gas price.

e Tightening of regulations (NOx, SOx, CO, emission regulations)
Natural gas : Environment-friendly fuel

(Sulphur free, CO, emission : more than 20% reduction against heavy fuel oil)
< Price of low-sulphur-HFO may boost up

Adapting natural gas as marine engine fuel makes it possible to
achieve both economical efficiency and global environment.
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3.1.2 Operation History of ME-GI cess

1994 12K80MC GI-S / MES 2011 4T50ME-GI-X / MDT

World’s flrst Iow speed' 2 stroke GI engine World’s flrst low speed 2 stroke ME-GI

Total running hour: 20,000 hrs engine Proto type

2012 8570ME C8.2-Gl / HHI 2013 6S70ME-C8.2-Gl / MES

World’s first commercial version ME-GI engine The latest commeraal version ME-GI
Type Approved by major classification societies engine was demonstrated.

The mechanical gas components have enough operating hours!



3.1.3 Orders of ME-GI -8
0000
00
o0
O

1st order 2nd order
e R et
8L70ME-C8.2-Gl for 3,100TEU Container Vessel 2 x 5G70ME-C9.2-Gl for 173,400m? LNG Carrier
15t Vessel Delivery: Q4, 2015 (2+3 options) 15t Vessel Delivery: early 2016 (5+5 options)

3rd order 4th order

7S90ME-C10.2-Gl for 3,600TEU Container Vessel 8S50ME-B9.3-Gl for 1,431TEU Container Vessel
15t Vessel Delivery: Q3, 2018 (2+3 options) 15t Vessel Delivery: late 2015 (2+2 options)
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3.1.3 Orders of ME-GI

Orders of ME-GI
5th order

8S70ME-C8.2-Gl for 2,400TEU + 400 Vehicle
ConRO Vessel
15t Vessel Delivery: Q2, 2017 (2)

ME-GI Conversion

2 x 7S70ME-C-GI for 260,000m3 LNG
Carrier

Start: April, 2015

Completion : June, 2015

The contract for the conversion of
ME-C to ME-GI was established.

The first vessel to sail with ME-GI!

The service experience can be obtained in 2016!

23



3.1.4 Outline and Feature 3-8

¢ No knocking due to diffusive combustion (Diesel cycle)
e Unburnt HC (methane slip) emission significantly low
¢ Insensible to gas property change

The high pressure gas of 30MPa is
injected in the cylinder.

Pilot fuel valve
Gas injection valve

ol2R-Ru

e

1. Intake — Compression 2, Combustion — Exhaust
stroke stroke 24

Gas injection valve Pilot fuel valve




3.1.4 Outline and Feature coeo
i
ME + GI oo
e Gas components are added on highly reliable ME engine.
e Gas components are installed mainly on the engine top platform area.
* Easy retmﬁt Seal oil pump unit Gas control blocks




3.1.5 Safety System eeeo
o000
Double Wall Pipe and Ventilation System oo

Gas leakage can be detected by HC (Hydro Carbon) sensor which is
located at end of ventilation line.

L

Gas Shut Down

$¢Changeover to oil mode

Engine Cylinder

Ventilation System

Fan
- P

< Vent. Air Inlet
TL
! Flow Switch O

_____________ B S O | R
| HC

Double Wall Pipe i HC Sensor Gas

e e——_ _ _ _ % e | __ L —
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Gas channel pressure [bar]

Supervision of Gas Pressure

Gas Pressure

Function of gas injection valve and
window valve is checked by monitoring
gas pressure between gas injection
valve and window valve.
v" Gas leakage in gas injection valve or
blow-off valve (pressure decrease)
v" Gas leakage in window valve (pressure
increase)

v Failure of pressure sensor l’

& Cylinder Pressure

Cvlinder Pressure

Misfiring and abnormal comh

can be detected by monitorin
cylinder pressure.

v' Compression pressure, Low

v" Maximum pressure, High
v'  Expansion pressure, Low

Gas Shut Down

J¢Changeover to oil mode

L

1

w
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w
e
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=
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=
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100 120 140 160 180 200
Angle [degrees]

Window valve
J—\ . Pressure Monitoring s

.....

Cylinder pressure [bar]

Angle [degrees]

)Justion
g
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3.1.6 Operation Mode

-

100%

90%

B80%

70%

. 60%
Oil Mode =
40%

30%

20%

10%

0%

Fuel Gas
m Fuel Qil

Engine Load

\_

0 10 20 30 40 S0 680 70O 80 80 100

/

/ Gas Mode

Gas Operation

e Fuel Gasie.
B = Fuel Oil .

Min. Pilot Oil 3%

\ Minimum available load is 10%

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

0

Fuel Gas
m Fuel Oil

SDF (Specified Dual Fuel) Operation

10

20

30

40 S50 60 70 80 90 100
Engine Load

~

Ratio of Gas/Qil can be changed. /
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3.1.7 Demonstration Results coeo
3
7th April, 2013 oo
Demonstrational operation for ME-GI held in cooperation
with Mitsui OSK Lines, Ltd..

The demonstration proves

- production capability of ME-GI itself

- established integrated control system including a gas supply system
for shop trial facility

Gas Start Gas Shutdown

100

80 N

80 ? =

70 \ {

= \ | T INDEX )

50

40/ y _:'::Esﬁx (%)

% \ T SPEED (o)

20

10 \ —1

1 1 1 1 | 29
2 4 6 8 10 12 14 16 18 min.




3.1.8 Hull Side Equipments

LNG Fueled Vessel

To be designed according to guideline for gas fueled

The double wall gas pipe should be applied in the engine room.

FGSS: Fuel Gas Supply System

The LNG pump system, which raises pressure
e | at liquid (30 MPa) and gasifies (4510°C),
is recommended for the LNG fueled vessel.

Ventilation b

Flow
meassure

vessel (IGF Code)

I Dual pipe vent
——— Single pipe vent

— Single pipe

LNG Tank s

Nearly twice the capacity of heavy
oil is required.

¢ IMO Type C tank can keep boil

off gas.

¢ IMO Type B tank requires

treatment of boil off gas
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3.2.1 What i1s ME-LGI ? e0e?

ME-LGI engines Designed for Liquid Gas
Why Liquid Gas?
Liquid Gas is Low Flash Point Fuel (LFL)
To meet SOx Limits
1) Low Sulphur Fuels ==+ Expensive
2) HFO with SOx scrubbers === Large space
3) Low Flash Point Fuels = * * Lower emission (CO2 PM etc.)

* All ME-C/B engines are available in the LGI
version capable of using LPG or methane

* ME-GI technologies applied (Dual Fuel )

-Same power output and efficiency as the ME
C/B engines.

LGl use Diesel Cycle ->Negligible gas-fuel slip



CH4

C2H6

Propane &
Buthane

C2H50H

CH30OH

3.2.2 LNG & LFL

LNG, NG
Methane

LEG Ethane

LPG

Ethanol

Methanol

Gas

Gas

Liquid

Liquid

Liquid

300 bar

600 bar

30-40 bar

8 bar

8 bar

Appox. 45 deg C

Appox. 70 deg C

Appox. 45 deg C

Appox. 35 deg C

Appox. 35 deg C
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We have a dream for our earth,

H

\\\

. mrrr‘ /OlJ rorj'o,,i ttei on.

A --—-n:- - ——
 piiin, T




