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Motivation for natural gas fueled ships
Regulation of Exhaust Emissions

* ECA (SOx 2015~, NOx 2016~)

* Global SOx regulation, 2020 (2025)~
(Global cap for sulfur% of marine fuel)
Regulation of CO2 :Green House Gas (GHG)

- EEDI (Energy Efficiency Design Index) : CO2 g./ton-mile
Engine Power (kW) X SFC (g/kWh) X C

DWT (ton) x Speed (mile/h)
e ¢ 2015~ -10%, 2020~ -20%, 2025~ -30%
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Natural gas fueled ships in service

About 40 ships in North Europe driven by medium-speed 4-stroke
lean-burn type gas engines (ferry, off-shore supply vessel, etc.).
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Natural gas fueled ships from now
including the first ship driven by a low-speed 2-stroke natural gas engine.
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Two types of gas engine combustion

y

”ﬁ\g\ Lean burn
Pilot spray

for ignition

Pre-mixture of natural gas and air

like a gasoline engine
—
Air

Gl (Gas Injection) type : Natural gas diffusive combustion

Lean burn type : Natural gas pre-mixed combustion
P|Iot spray GI
like a diesel engine

‘Dual-fuel (DF)’ and ‘Mono-fuel’ are another categorization.

Only DF type is referred in this presentation.
DF has such a merit that the fuel can be changed from natural gas to diesel fuel instantly
when some abnormal combustion or leakage has occurred. 6



Merits and problems to be solved for two types of gas engine

Lean burn type
(Combustion is ‘flame propagation’ from pilot-fuel to gas-air pre-mixture.)

Merits * * Low pressure gas supply
(only 5-6 bar for medium-speed and 10 ? bar for low-speed engine.)

* ¢ Low NOx emission
(TierIIl regulation can be cleared without any additional measure.)

Problems to be solved

* ¢ Possibility of abnormal combustion like knocking
(Combustion is sensitive to the Methane Number (MN).)

* ¢ Methane slip (Cancellation of Green House Gas reduction)

Gl (Gas Injection) type
(Diffusive combustion of high pressure gas jet in air ignited by pilot fuel.)

Merits * * Free from knocking

(Insensitive to MN and high compression ratio is possible.)

Problems to be solved ¢ ¢ Higher NOx than the lean burn type

* + Work to generate the high pressure (for example, to 300 bar) gas



An example of lean burn type natural gas engine application
Ferry ‘Viking Grace’ (60,000 GT) in the Baltic Sea

(Medium-speed 4-stroke lean-burn engine + Electric propulsion 21 MW for 23 kt)

Calm sea condition in the Baltic sea (no load-fluctuation to cause knocking from
propeller side) and high MN of fuel gas in Europe make stable gas operation
possible.
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e Clean sea.
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Viking Grace:
Low Exhaust Emissions.
* Novisible exhaust. =
* Nodischarge into the sea,-gray water, black water, bilge water
. Very small wavesees -
 Low noise‘levels,‘ possitiv feedback from people who live in the
archipelago, they can not hear Viking Grace is coming! 8



Compact silencer system

Bow thrusters
2x2.3 MW

LNG storage tanks

3
SR B 2 x Wartsili 8L50DF

dual-fuel engines

2 x Wartsild 8L50DF
e dual-fuel engines

Gas valve unit
in enclosure

Wartsilaa fixed pitch propellers
2x10.5 MW <
Stern thruster
1.5 MW

Bunkering station

Propulsion system for Viking Grace




Function of medium-speed lean-burn gas engine

AIR & GAS
INTAKE

Wartsila 50DF
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Possibility of abnormal combustion for lean burn gas engine
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Viking Energy
(Platform supply vessel at the North Sea)
- *Wartsila 32DF + Electric propulsion

* Escape from knocking caused by load
fluctuation by availing DF system
(Switching to diesel fuel from gas mode)




Purfctlen of liqwd fuel injector for DF eng
(for Wartella DF engines * - Wartsilatt &)
- The smallerholes are used for pilot injection at gas mode

When emergency has occurred at gas mode, fuel gas is stopped
and full amount of heavy fuel injection starts from the larger holes.
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Diesel Fuel
Pilot L

Flame
Propagation

- RCEM (Visual apparatus with 200 mm wide window) is

simulating a half of combustion chamber of a gas engine.
= [
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Possibility of abnormal combustion caused by lubricating oil ignition

Without lubricating oil

= 0.5 g/kWh
lubricating oil
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* Development of LNG-fuelled tug-boat by NYK Group ¢ ¢ 2013~

(ClassNK is supporting the development of not only the vessel itself
but also the medium-speed DF engines)
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Pro’s:
* low pressure (LP) gas <10 bar
« IMO Tier Ill NOx compatible

o o - - without after treatment
o * high efficiency (> diesel)

.. « successfully developed for 4-
- stroke engines by Wartsila
5

[ H ] [H d ] [H ] Con’s:
% « unknown concept for 2-stroke
* output limited by knocking?
[l D D [l [l D D [l * hydrocarbon (HC) emissions?

i 1 !

Compression/ Ignition 2>

S(EENEEIITE gas admission expansion
‘Lean-burn’ combustion for low-speed 2-stroke engines

2-stroke gas concepts — Low pressure DF
(Wartsila Technical Seminar 2011) 17



Introduction of Gl type combustion

1. Gas injection valve, 2. Fuel valve, 3. Gas control block (GCB), 4. Sealing oil, 5. Pilot oil i.e. HFP or DO

MAN D&T &R 18




Gl combustion

‘Gas Injection Pilot Fuel

A low-speed marine two-stroke-cycle Gl engine 19



Fundamental study on GI combustion

RCEM (Visual apparatus with 240 mm dia. window) is
simulating a Gl gas engine combustion.
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Merits and problems to be solved for two types of gas engine

Lean burn type
(Combustion is ‘flame propagation’ from pilot-fuel to gas-air pre-mixture.)

Merits * * Low pressure gas supply
(only 5-6 bar for medium-speed and 10 ? bar for low-speed engine.)

* ¢ Low NOx emission
(TierIIl regulation can be cleared without any additional measure.)

Problems to be solved

* ¢ Possibility of abnormal combustion like knocking
(Combustion is sensitive to the Methane Number (MN).)

* ¢ Methane slip (Cancellation of Green House Gas reduction)

Gl (Gas Injection) type
(Diffusive combustion of high pressure gas jet in air ignited by pilot fuel.)

Merits * * Free from knocking

(Insensitive to MN and high compression ratio is possible.)

Problems to be solved ¢ ¢ Higher NOx than the lean burn type

* + Work to generate the high pressure (for example, to 300 bar) gas
22
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j Ministry of Land, Infrastructure, Transport and Tourism

Review Committee for Comprehensive Measures toward
Disseminating/Promoting LNG fuelled Ships

Secretariat : Japan Ship Technology Research Association CIa SSN I(

NIPPON KA KYOKAI

Abundant knowledge of classification
society.

Technical
cooperation

[Chairperson] Dr. Koji Takasaki, Professor, Kyushu University

[Committee members]
Dr. Hayama Imazu, Professor Emeritus, Tokyo University of Marine Science and Technology
Dr. Masataka Fujino, Professor Emeritus, University of Tokyo
Dr. Kenkichi Tamura, Senior Director for Research, National Maritime Research Institute

Nippon Kaiji Kyokai (ClassNK) Japan Gas Association

(e.g. review of classification codes,
inspection etc.)

Japanese Shipowners' Association Shipbuilders' Association of Japan
Cooperative Association of Japan Shipbuilders Japan Ship Machinery & Equipment Association

Review Committee for Review Committee for Review Committee for
Fuel Transfer Safety of Navigation Maritime Disaster Prevention

Secretariat: Secretariat: Secretariat:

Japan Ship Technology Japan Association of Maritime Disaster Prevention
Research Association Maritime Safety Center

Chairperson: Chairperson: Chairperson: A_

Dr. Kenkichi Tamura Dr. Hayama Imazu Dr. Masataka Fujino
Senior Director for Research Professor Emeritus, Tokyo University Professor Emeritus Collaboration

National Maritime Research Institute of Marine Science and Technology University of Tokyo A\

Japan Shlp Te4chnology
Research Association

P

Directions on survey policies, review g izatioh of survey results with cooperation Coordination of projects associated
from key figures in relevant fields, industry organizations, Ministry of Economy, Trade and with compliance with IMO and 1SO.
Industry, Japan Coast Guard and other refevant ministries and agencies

Implementation of survey and review projects by the survey/review consortium
(Survey implementation bodies: Japan Marines Science Inc., Mitsubishi Heavy Industries, Ltd.)

Introduction of Review Committee for comprehensive measures toward

disseminate/promote LNG fuelled ships ¢ ¢ 2012
23



Examples of activities by the national committee *FGSS: Fuel Gas Supply System
- Development of FGSS and engine room safety system * =300 bar (30 MPa) gas is generated
for a low-speed Gl type main engine

by high press. LNG pump.

Simulated plant for verification of high pressure gas supply system (in the red dash line) 4 . Inlet of gas for mock leakage
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High pressure gas supply system (simulated plant for verification)
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An example of installation of FGSS : Double Eco Max LNGC LIl

# Highly Efficient Dual-Fuel Slow-Speed Electronic-Controlled Diesel Engine (ME-GI)
# Compact Fuel Gas Supply System with Liquefaction Plant
# Efficient and Redundant Ship by Twin Screw Propulsion

Fuel gas

Vaporizer Re-Liquefaction

Low speed
Diesel engine
ME-GI



An example of installation of FGSS

Gas Supply System

Dual Fuel Engine

Container vessel (JMU)
with originally designed LNG tank




SPT InCee
Hose saddle

Drip tray

LNG transfer arm
In the committee, many subjects on the safety of faC|I|t|es
for LNG bunkering have been discussed ang

Water curtain

Emergency shut down system (ESDS)
Emergency breakaway device (ERS, DBC)

Emergency release coupling (ERC), Coupling with a function to prevent leakage (DBC)
a dewce installed in ERS = Note: Can be used for hoses with a small diameter

k) Klaw Product Ltd. Mann Tek AB
N Note: In case where BAC is used, it is necessary to review measures to ensure that ESD
Yo ko.am- Rubber Co., Ltd. operates before detaching BAC and take appropriate measures. 13
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ClassNK is playing a leading role in this area.

Thank you for your kind attention

ClassNK 28



