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Background and development target
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=
Wﬂﬂ Background

o HEICEVLTIL. BEMSDOHEHEAT RADRFIME L EELLLS
THY. T4—EILEBETITEARTORGEEIEHLL

Nowadays, regulation of exhaust emission from engines is becoming more strict year by year in
the marine field, and

+ ZOT, MBSO M MEEICL DA RER L ERE
LTLWBH, BERA—R%, BRDEENHS

Purification of exhaust emission by adding SCR systems and such is being considered, but

o INITHL., HARMEE L. NOXFDHHEMN DL, BEIR
TOREEEN AR TH D

On the other hand, gas fuelled engines emit low NOx, therefore

o LAL.ARRKHHEREIE. Bt - AHREHEFOHFKINHD
CEnn RAEDMMEERBRELTIET—EILEENE
MTHD
However, gas fuelled engines have

thus diesel engines are mainly used for marine propulsion engine.
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Wm Development target

HEMNDDHEHARADEAFZHEEL . BKIREREICEMT S
"%k E_d_EI’JtL,’C A HEE A A A AR 2R R L i Z finfif
ICHEET D

Our goal is to fulfill the restriction of exhaust emission from engines, and make a
contribution to the preservation of global environment. To achieve this goal, NIIGATA
developed gas engine for marine propulsion.

0

Application date of Tier Il is under discussion, and there
is a possibility that the application date may change.

18
X3P tssEimiEst(ECA) S HE S, S8

16 dich BEDPTHY, P L ->T I EAFHAND IrE (-
= 71% elAEt .,
; T4
< 12 } HRARAIDY .
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About gas fuelled engine
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lgnition method of gas fuelled engine

RRKTSYT RRFL IS 5 7+ RRTSYT RRRL R RE ST
'kﬁg
%’31 %
ES m %’31 0%
- BEX —u
B M E NS Ny ~HERE FIABEE FRBEE

EfEENAR KIERKG RAOykimE KA

BRI D AE R U YA XIZIELTEY G A KX EER

Proper method should be selected

Seadapan2014 B RIEIF— | Apr, 2014 | Copyrights reserved Niigata Power Systems Co., Ltd.



/& HARHEEDREEAIE

Environmental superiority of gas fuelled engines

HARF SRR X T — 2 IV L e AL DELY
PRGERZREDE VDI KYNOXFDHEHEZTRBH KD

Gas fuelled engines can reduce emission such as NOx compared to diesel engines,
because of the difference of fuel and the difference of corB%Jstion process.

Coal
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ﬁ;’ e

-i.-.-i'-.-il e
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'llil‘l i'll‘i"l lll
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25%15,)52 43%1&3& 100%1E i .
[E#&LE : DE>GE
“BERE(CO,) ERBILM(NOX) HEEILM(SOx) Compressionratio 7]
Hi#2: IEAT Natural Gas Prospects to 2010](1986) Iﬁ)‘slb% I ‘r_ ‘DE > GE

gk"’ Combustion temperature @
RER +—<JLNOx: DE>GE

Characteristics of fuels Thermal NOx
l
PR Re

Combustion process

HARFEBEIEI SV REEESHZR T D, - v

Gas engines have GE: LNGHEES
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Combustion zones of gas fuel

Fis

=

IERRTFEHENE (B H)

Mean effective pressure(Output)

& 5 A 5 S

Operational zone

AEIH REITHR LT,
ERENZBETTHD
HIBETH, EERAEE
SEENND,

F-. HANREWXE
1E 8L n] GEERBH AVIE LY,

Too less or too much air drives
operation point

And higher the output,
becomes.

ZEPRLE

Excess air ratio

FAYwF(Ead) <— > HFE(ELB)

Gas rich

IR RAEREERMARED L

Excess air ratio: Ratio between intake gas and fuel gas

Gas lean

ZEPREED
SRENDE

Adjustment of
IS necessary.
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ZEPREL

| fiEf

Adjustment of excess air ratio

Pressure regulator
1

L B "

AHIK

Cooling wateri
Eﬁ_fﬁL»

T7IFa11T—43

kﬂ\xa»fp

s’ ¥m:

1, hg

EERES W{TE
Ti;“gj;:zife AEs
795 @ @ e el
oosttemp E i@ﬁ*&
2 t| Turbocharger
Iy Y o [
BRER Soellsl tae/ o=
S / I ~ - | B AR
jj XE (j: . ﬁXﬁ#%ﬁ%m# | Exhaust gas

THE

Gas mass is the 1T
amount which

ﬁ 'T;_T é%ﬁ 1:§ Gas admission valve

PABE=

Combustion chamber

sustains the load BRYL A X

A Sum J"_ £ %R
LT. ZE5 =%l

Air mass is controlled by
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(MNREFDZEALL)

Transient performance (Excess air ratio during acceleration)

Knocking

f+‘mﬂ

& 1, 7] BE 50 B

P aY - Py

O[JEI alofllal £Z0l1c

Mean effective pressure(Output)

EREMER

Improvement of air flow

VATE 2ok Ik |

Suppression of knocking

KN

Misfire

JNE B

Accelerating

E 7

Steady operation

BREOLEEN®
b izl [DBEY oM bl
FYERENTFTRETS
_ELRHS

Lack of air can occur from

the delay of T/C respondent
or delay of excess air ratio

adjustment.

v

IERRTFEHENE (B H)

HR)yTF (2=

Gas rich

ZEPRLE

ﬁ{J}) Excess air ratio %%(Eﬁg)

Gas lean

B ERET B0,
ERBRERD /v T A D E

To improve transient performance,

2ok EE AN/ AR Y
JIXTHE

Lack of air causes
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Challenges for applying gas fuelled engine to marine application

iRl 1 TURTE (B RERF 0D 3 Iix)
Challengel: Redundancy (handling of failure)
H AP T, BT REEESALTHY. MHRIL—IL
LIE, Sl LT, 28 - #WMKITKDH/ N\ IT7ITH
RKHbND
Gas engines use electrical control, which is demanded to have
by ship classifications.

LML, HRBRHEEDFIEZT X T2EL- WA ET D
CEIE—REARIICZELL

However it is difficult to have duplex control or mechanical control system on gas engines.

—
o

TATILTA—T)LEREEZR—XICHAEITHIETRREHEZRS
HE EEOTATZILIa—I)LHER X REHRDESTE M ELC

BENAHFHEEBIEN DL

Conventional dual fuel engine uses large quantity of pilot fuel, therefore effect of reducing harmful
emission is less.
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Challenges for applying gas fuelled engine to marine application

aRrA 2 BT

Challenge2: Transient operation

NFETOHRABRMEEADORERARIELRERTHS

Conventional gas fuelled engines were for land use operation.

T4—EILHEER(C *TL,’CEJJ##I%\’}‘%T—&) =R ES
0->100% DIE{EIZ109IEEXZEL TS

These engines takes 10 minutes from idle to 100% load, and are inferior to diesel engines
in transient operation.

—77 . IMMATE BT TORENERENS

On the other hand, marine application engines are required to put on load from idle to
100% within less than half a minute.

‘I'

SEER. /vFoIIFHIIZELY.
FFEDNETES

Improvement of transient operation is required
=Transient operation is improved by
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Development of dual fuel engine
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Specification of test engine

IIE = 15:1‘%
tems pecs
BHFERA 2MWITX

EKE%;%F'*E] \ 2MW size dual fuel engine
Test engine 7_—‘177)[/71—1)[/*%55

for research development

P PRBEE =

PRI =t TrpLES,

lgniti hod o .

FHRE—py | RA7DAOVkE
(gas mode) %kjj_:_ﬂt

micro pilot ignition

AFLH R LNG /LA R

Fuel gas LNG (gas phase)
RN AE;
Fuel oil MDO
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PRt T T DR ET

Study of ignition method

HEDTLTILI2—I L TIL. WMEET#;'J T A—

TILETE—REHRARE—RTHETHY. /

D SRS A RS

=&, NOXHFHﬂgﬁﬁ;ﬁ%h‘d\éb\ofzo

In conventional dual fuel engines, fuel injector was shared both in diesel mode and gas
mode, thus it was difficult to inject small quantity of fuel oil in gas mode. This made the

effect of NOx reduction small.

PEETITN
Conventional [“ 1

Bl
B Ll

ﬁ
‘Q

\

T

’

I

F4—EIL-HAHEH
2 SN TS

Fuel injector
Shared in Diesel mode and
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PR1ET KD FEET
Wﬂﬂ Study of ignition method

R ARTIE. HRE—FADOREES FEERIT.
HCFREEER TR EY . D EES -NOxEEHE
EBZXEI1T

In conventional dual fuel engines, injector for gas mode and was
newly installed into test engine. This made the injection of small quantity of fuel possible, and

reduced NOx emission.

(T B DCO2HB B MR ZIEB EIITH (THERDBER)

FFEA I

Developed

71 AE
AR RE S 57
Fuel ifnjector dedicated

or

pig 3 ES

TA—EILA
JOR RS B 5T

Fuel injector
for diesel mode
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NOx#EH =

NOx emission

TierIl

NAOYNHD D EESHIZKY,
HEEDTLT7IL 72— )LHES
LI EICNOx#EEH E21EH

from conventional
dual fuel engine was possible due to the ability of
injecting small quantity of liquid fuel.

IMOF il {8

IMO regulation

= sTAHE

Measured

Therlll

_ .

F4—EILE—F

Diesel mode

HRAE—FK
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6L28AHX—DF®MD 424t

Introduction of commercial dual fuel engine, 6L28AHX-DF

Seadapan2014 B RIEIF— Apr, 2014 Copyrights reserved Niigata Power Systems Co., Ltd. 19



Wyleaz

B FE A B T ik

Specification of developed engine

ZXRHAEZLLEIC, BRABOEREZR®

Based on the study, commercial engine is on development.

I8 B

ltems

Tk

Specs

A FE A RS

Developed engine

~ 6L28AHX—DF
FaT )L T1—I JLHES

dual fuel engine

R st =\

lgnition method

(HRE—F)

£ 1
(gas moae)

EE

R 874 VAY =DV obi::
‘NG

micro pilot ignition

i 1./ [BlER 3K

1920kW.”800min-1

Power/Speed
PRFHA R LNG b R
Fuel gas LNG (gas phase)
AR BR R AEH
Fuel oil MDO
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Concept for commercialization

AR ERSMET —EIILEEZT R —X &L,
BERRAFREIT =TT I Ta—TILEBE D B A K
DAV ETrERBLTHREETS

Base engine is a high efficiency diesel engine for marine propulsion, and
combustion concept from test engine is utilized in the development.

cAAE—FRADNAMOYNEERFZ1DEL, BICT
%'!-E?_%—, ECT CEISRY. B R EERL L. IRAMER
5

For the commercial engine, the number of micro pilot injector is reduced to one,
and PCC is not applied to so as to reduce parts number and cut down engine cost.

CEREISHNC . BRREREMISML , JvF T
HlERMTZEITOEICKY BRDEIRF SR L2 S
Farther improvement of transient performance is aimed with technique of
securing sufficient air and knock reduction.
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Utilization of simulation

U2al—33av(cdk b, Ao DTk IABEERS IR DE
FiEIckY  EERXRTA7O0NN/OvNHBENAREER

micro pilot combustion was achieved with the utilization of simulation,
designing appropriate injector specification and combustion chamber.

N avkid X
2 l PRI R
PR IR \

‘\ﬁ‘xﬂt.%a

_
EE
et O
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Acceleration duration

SumlZhEbh. /yF T MEIFEATIZKY ., $9200 D& LIFEER

Acceleration from idle to 100% load is achieved within 20 seconds with knocking reduction technique.

SVWSUETH, ERHEREMEDEAEHLEICKYISH O AR LITEEIR

Even in high ambient temperature, acceleration was finished in 15 seconds with securement of

sufficient air.
120 TER KT EE

o I
& [E 8L s%rﬁﬂ:ragn%?ffd

Rated speed .................................................................

(ERE A

(Rated load)

—Kim_18°C
_ﬁ;‘ﬂ_zyc Ambient temp.
—Xim 36°C

—Xim_37°C (ZETEREMEY)

(with air secured tech.)

74F)b@$ﬁ <o s

13 B8 [B] 25 2K
Engine speed

Idle speed
]
-
HeE 208 r f] ) BE LRI AT AL TLRAED
ElapSEd tlme note) Acceleration duration changes also with systems.
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Aim for installation into actual ship
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ey RATA(NG)REAT R—HMIZRLHAE
v Investigations about LNG fuelled tug boat

ERADEEHIZMITT, TREHAECKL) ZITo1= pt

Following investigations(¢1) were conducted for the application to actual ship e ;;.mm
¢ ?ﬁﬁ’/xf.l_\oﬂﬁ?f /e . ;:
. INGERE/ ST HUL Y OB R F B IE

- REME B e {rm
X : L A

| [— R Thtw
s L S Ve
. EEERE e Al
fox comEmy CTreR ARORRAmER
¢ AR A o

HEDFER, RED=HI (iﬁﬁiﬂ%?”*‘%bw’)h\d):%is_(i%é’bd)d)s9€
AA R (NG)FEZ 2T R—M IR TG E TIEEIRAIREThH S Liaamit (7=

As a result of investigation, it was concluded that LNG fuelled tug boat is possible in a technological aspect, although there are
some problems which needs to be solved before application of gas fuelled engine into tugs.

CNEREZ  RISHENT 5B RBMBAGELTLHINGHESS R—
NERWNEECESBEAEToTVES

Based on this conclusion, NIIGATA is working on the dual fuel engine to be adopted into LNG fuelled tug boat planned by Nippon
Yusen Kaisha Line, which is introduced in the next slides.

(X1)  HIITBUEABEZER EWERERIEEERNICDERARE

AESMHBNE —pumzi BASEHRR. TUERYIBRRAHEL. v/ QUL FoRKR SR, BASER 2R
HhE: BARBMEISUR. BRAASRAHR
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0 R Ef iR LNGRAR 2T 7R—k D

/G NIPPON YUSEN LNG fuelled tug boat (1) 7= N ume
o EFERARS L UELEER & HHE) (42 HREE ]
(%2) FRBEE AT RE O DR T 1 U AEHEBEEHEIE L z—'-r

o R THFHR: 20154F B (FE)

Flnlsh of construct|on Year 2015 summer (Planned)

o FHE T A7M71-INMEERS (AEH + LNG)

Main engine: Dual fuel engine (MDO + LNG)

o LNGL\ﬁ‘AjJ__t LNG supply method .
et > 0O—1)—mi5DTruck to ShipA T

Truck to Ship(planned)

o SEfME: 5 I (FE)

Operation area: Yokohama-Kawasaki (Planned)

° *Eigjjsﬁ%u Project group . .
OZUR F v ) (RERE)

Keihin Dock Co.,Ltd.(Ship body)
O FHEH R (LNGHAH f48) SERBEHS ()
Tokyo Gas Co.,Ltd. (LNG supply) Nippon Kaiji Kyoukai(Class NK) (Classification)
O 4 LT A A LY—E R(EM) ® B AE M (MME-FXE)

Wing Maritime Service Corporatlon (Operation) Nlppon Yusen Kaisha L|ne(Sh|p owner)

QL7 DA—BR— TSI =ZFT Y (LNGEZ VY, I AWK

Air Water Plant & Engineering INC. (LNG tank, gas supply equipment)

¥ B AR D LNGELELR AR— IR B AR

This page is provided by NIPPON Yusen Kaisha
Line
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NIPPON YUSEN LNG fuelled tug boat @ = NX Koo

<91~%B£%iﬁ> <surrounding environment>

- BEXRIZBELTH. CO2, NOx. SOx& W\ > -RIEERMEDHIRE
NEaFFEEEOTULND

In the shipping industry, it is urgent to reduce environmentally harmful emission such as CO2, NOx,
SOx and so on.

= MM TLNGZERAL-5HE. KEXODAERFERARELEL T,
CO2: #330%. NOx: #180%. SOx: 100% DHIFE M RIREE 72 5

= If LNG fuel is used in such ship, compared to conventional ones,
reduction is possible.

<RAADBEE>  <brief overview of the ship>

« EHELNGORAEHERATRLET LTI 2—TUHMEZESH. TR
:i F I&E(D
E)ua:ﬁ‘l?eﬁllfgine which can operate with both MDO and LNG is installed, redundancy is also secured.
¢ LNGOSLEE = MARRIZF&H |
LNG vaporization equipment is installed inside the ship.
o fRfAY A X(IREEE L IFERF

Size of the ship is about the same as the conventional tug boats.

= LNGRHIRAT L
=>_

ANR—U RN B AE ik
This page is provided by NIPPON Yusen
Kaisha Line
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Conclusion
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Wﬂﬂ Conclusion

. EREARLLT, MIEERT 17 L 72— TLHSE0D
MR RERIHL. HRE—FICHT60 BEGEEE
L. NOxHEH &0 i Z =T LT-

As an initial development, combustion method for marine propulsion dual fuel
engine was reviewed, then small quantity injection of fuel oil was achieved in gas
mode, finally NOx emission was reduced.

o EFEREM -/ vT IR EIZKY , 7R
BEICEWT., T— v IILEELGAHDENNFEZETRLT-

Transient performance comparable to diesel engine was achieved in gas mode of the
developed engine with technique of air securement and knock reduction.

« BARLI=T a7 Ta—T)LIEREEEELT-.
HARFDLNGEAFRAGTEI SN TV
HE . FPPEFEDOLNGEAEHN L HF ]

Japan’s first LNG fuelled ship is planned with dual fuel engine newly developed by
NIIGATA.

Also, this is the world’s first built FPP marine gear driven LNG fuelled ship.
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Thank you very much for your attention.
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