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JPEC U/N— 55173 (2015) IMOGDSOx%EﬁEE@mLotéiﬂ"ﬂ}eﬂ%' RRIADEZE (1)
ek i Premium ) Eco
THH HAfyT [RAR HDMES0 Fuel Oil | ULSFO | ULSFO Marine ey
et ExxonMobil | Chemoil Shell o SK Lukoil
nergy
1SO8217 24 RMDS0 RMD80 | RME180 RMG380
ki EBR 45 60 380.0
. 2 . 20~4
(50°C) mm?2/sec IR 30 26.3 10 0~40 65
BB (15°C) kg/m? FEE | 900~915 896 790~910 928 910 991
CCAI IR 795~810 795 800 790~800 860 870
Y- e mass% IR 0.10 <0.1 <0.1 <0.1 0.095
CIPN= j & TRR 70 60 60 100 60 60
bk mg/kg kR 1 <2 2.00 2.00
i mgKOH/g | R 0.1 2.35 <0.5 2.5 2.5
UL mass% R 0.01 0.01 060(1); 0.02 (i} 0.10
PR IRy mass% IR 0.3 3.8 2.0 2.7 14.0 18.0
sl (% H) C RR 612 -6 18 20~25 20 %0
pEhe (%H) C R
TVIF+7)ay mg/kg RR 5 <10 12~20 17 60
CSZE . FERIZECAOIT/NT T )y RN EINTNBDED, INBIEHLABBERS LL

* IMOBILN— F TERSN TV DIRmEERL. Eo 5B (CCAD DEWVNED (ELLIU%/E)
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CZ35 | pABEHOBRHME (1S08217:2012)

H H AT RS DMX DMA DMZ DMB iRk
R ) RR 5.50 6.00 6.00 11.00
kL (40°C) mm?/sec IR 14D 15D 500 500 ISO 3104
11 (15°C) kg/m? R — 890.0 | 890.0 | 9000 {28 ‘;32125
Nl A=y — TRR 45 40 40 35 ISO 4264
i Wa) mass % ERR 1.00 1.50 1.50 2.00 }28 ?Zgg 6
CIPA [ ¥ TRR 43.0 60.0 60.0 60.0 ISO 2719
T €S mg/kg R 2.00 2.00 2.00 2.00 IP 570
i mgKOH/g BR 0.5 0.5 0.5 0.5 ASTM D664
EAAS L) mass% FFR — — — 0.10 ISO 10307-1
e b2 e e o/m? EFR 25 25 25 25 ISO 12205
PREEIRFE Y mass % PR — - — 0.30 | ISO 10370
7R (10%5%) mass % ERR 0.30 0.30 0.30 — ISO 10370
=)= T ER —16 — — — ISO 3015
mEhs (%) C RR . —6 —6 0 ISO 3016
s () C BR - 0 0 6 ISO 3016
K53 vol% PR — — — 0.30 | ISO 3733
JK 53 mass% BlifiS 0.010 0.010 0.010 0.010 | ISO 6245
MyEMEG0°C) pm BR 520 520 520 520 ISO 12156-1
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CSE | ARESHIDTFE6 T L — RDIRIE (1S08217:2012)
SRIRROSHEIAEEN

_ . | RMA | RMB | RMD | RME | RMG | RMK | -, 0

H H HiAL | BRA i 30 a0 | 180 | 380 | &o0 AR 77 15
ki E (50°C)| mm®/sec | FFR| 10.0 | 30.0 | 80.0 180.0 |380.0 | 500.0 JISO 3104
wEE (15°C) kg/m® | EBE] 920 | 960 | 975 | 991 | 991 | 1,010 128 ‘32125
CCAI — FERY 850 | 860 | 860 | 860 | 870 | 870 |atHfE
it mass% | E[E ‘ 23R ISO 87544t
s, 5 C TBE) 60.0 | 60.0 | 60.0 | 60.0 | 60.0 | 60.0 JISO 2719
fiAl K & mg/kg | EFR| 2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 2.00 JIP 570
72 fif mgKOH/g| FIE) 25 | 25 | 25 | 25 | 2.5 2.5 JASTM D664
VL) mass % | FFE] 0.10 | 0.10 | 0.10 ] 0.10 | 0.10 | 0.10 JISO 10307-2
BAIE W) mass % | FFR] 2.50 | 10.0 | 14.0 | 15.0 | 18.0 | 20.0 }JISO 10370
pEh s (% H) C LFERL 0 0 30 30 30 30 |ISO 3016
el (2 ) C FEREY] 6 6 30 30 30 30 |ISO 3016
K5y vol% | EFR] 0.30 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50 }JISO 3733
K53 mass% | EBR) 0.04 | 0.07 | 0.07 ] 0.07 | 0.10 | 0.15 JISO 6245
INF ) I mg/kg | EFE] 50 | 150 | 150 | 150 | 350 | 450 |IP501,1P470
T UL mg/kg | FER| 50 | 100 | 100 | 50 | 100 | 100 |IP501,IP470
TVIF + v)ay mg/kg | FER| 25 40 40 50 60 60 |IP501,IP470

SINTIRF D IE B RIS OFEM X, ISO 8217 :

2012% /D = &
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CIMAC 2016 No.91: Visual study on combustion for development of
alternative liquid and gas fuels (by Sl% )
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Bore /Stroke : 190 mm /350 mm
‘ 2 -stroke, Super-charged
Engine speed : 500 rpm
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WAR CIESREIE— - -
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(R 2 X B R DLCORAKESEERBI

(B I7EH &0E B - Bore/S roke : 400/1350, 985 kW/178 rpm)

. i!%

—] 8000

| ,.
LT
) OINIE=S 5
DY :
| .
= %ﬂ:——’:ﬁ*—:} 230 oo
60
Point x GO ¢“
; : 3 50 Tested
P6 1351 365 (+14) < MDO ¢ . LCO2
P11 334 351 (+17) Q© 40 |
©
P17 230 249 (+19) g 30 "&bc
P20 171 184 (+13) | g ¢
+~< 20 5
C1 219 230 (+11) %5 LCO
1< 10
C3 it 220 (+11) ﬂ_ﬂ?] Aromatic%of tested LCO (65%)
C10 225 239 (+14) 0
3 0 10 20 30 40 50 60 70 80 90
LCOIC K DIMF=EER D LF(°C) (at 50°)x\|oid).. Aromatic % 18
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o = o MDO £ __8— e oMDO
85190 | o D04 t & o ————9
©¥ 188 | 2 S
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2 Q o =
;% 184 - O CLE O 1 1 1 1 1 1 1 1 1 1
182 1 1 1 1 1 1 1 1 1 1 1 1 O 25 50 75
0 25 . 50 75 Engine Load [%]
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g 400 5 2000
% 300 | S [eLco2 X 1500 —8%—— ¢ |elcm
= ""’8—_/_—. N o o MDO
£ 200 5o o MDO £ 1000 /@//’//6
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(a) Std: MDO (AZ3H)

In the worst case,

LCO spray reaches wall
before ignition.

(at low load)

MDO flame burns up
before it reaches wall.

R4 SEE§TE R
SN BRIER
L COMSEE WM A

E A=A EER e It is possible that LCO
W DBELEN . » flame reaches wall.

42 FOESBBEIE2R hLp YUY TBRICET
B\ + - [FTFTEBHIN - -

MEWNERRXTERE L TO/NT Oy ~IESY,
PMXiZR & U CORBIESTE DIEAIE.
JEIU=IVSEFRRBIES Y T ICHRfTF « -

(c) LCO +Pilot injection

Pilot spray
at low injection pressure
penetrates slowly.

Pilot spray self-ignites.

Main spray just after
injected is ignited
by pilot spray.




An example of pilot injection for HFO at low load running (red)
/A Oy ME ST (B 5 Tpre-injection)# A ZE D 145 (/N T ILY TEKE)

s
S 75
3
Q.
. 50
2]
0N
o
o
e 25
©
£
=
(6]

0
3
=09
2,
=
XS,
S
<
i
T 1
£

0

1.5

1,0

- 0,5

~10,0

8| I |

Vot N :
/ \L ;

e

340 350 360 370 380 390 400 410 420

Crankangle ¢ [‘KW]

needle lift hy [-]

——— without pre-injection
IB=45°BTDC,
NOx = 7,8 g/kWh, sfoc = 100,2%
FSN = 2,24, dp/dep = 13,7 bar/°CA

e With pre-injection
IB (pre) = 15° BTDC, IB (main) = 1°ATDC
pre ign. fuel mass = 2% of main ign.
NOx = 8,0 g/kWh, sfoc = 96,3 %
FSN = 0,82, dp/dg = 1,6 bar/°CA

injection system:
MGV-pump + cam

1 /X1 O FESICHBIRED Y1 L R

Air and exhaust gas pressure:
like reference engine

sfoc reduction of 4%

(MTZ 2/2005) Prof. Dr.-Ing. H. Rulfs, Hamburg University of Technology
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3. XS =)L+ LPGEc‘:“d)ﬁ**‘ AR DUNT -
PABEVE BTN $HIE TR E XS)/—)nyJ)(EF )

L

Methanol  Gas Oil LCO CLO
(Zero sulfur) (Low sulfur)
(Zero aroma) (H|gh aroma)

TR : X5/ —)U (CH30OH) DIEFEMRE

XA J—)b + LPG « RERTZEE. BNMHEIEL O RS
IR (LCOELE > TBWMHIIMEEERRLUELY) |
N1 O v EPABIC K DENRBIIRIEXRIAGE U CEEDRSE
£15<, $§smutr:5$<b73\f'w;%tr SBMEODET

el \ (Z Figure 7 — Picture of the 7S50ME-B9.3-LGI engine on
BRAUETHO, ASFEODSEHLOBBICIEGLTNG, ) e 72 B o b 790D

Gas Oil
Inj. hole dia. 0.5 [mm]
Inj. press. 90 [MPa]

Methanol
Inj. hole dia. 0.8 [mm]
Inj. press. 57 [MPa]

3.6 deg. 9 deg. 12 deg. 22 deg. (after inj. start)
23
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GO (No.19) LPG + Pilot (No.56)

Inj. Hole Dia. 0.5 [mm] Inj. Hole Dia. 0.6 [mm]

Inj. Press. 110 [MPa] Inj. Press. 100 [MPa]

Total Q 19.9 [kJ] Total Q 19.9 [kJ]
200 mm

BIEEY ] Y RIS DIRE
« JO/NNVIE CRIAADREEDTC) RATEHNTEZD . »

COEHTH. MRIBEHRY T80T 3 MPaD SEERT CEE TRIBEF— T, BED
T —PIUESY 2T AEE->TEH LTINS, BEEEOSIEIES, SHBEEEtATE
B3\ IR TRIRGS,
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- Engine upgrades
* n\lkﬁﬁb\b@%ﬁﬁ |$ (Iﬁ”b%é?% BZ) g ° -Eue: stupplysystem 1
- Fuel storage
( (__nb\ b g$§0j> :g A Engineeringgand installation costs included
ﬁ%“@méﬁ(5$¥%ﬁb®%ﬁ> =
. X 4
SE | EHEMRE - ARHOBHIZ LT §
NoDOEMAMIEST (CIMAC 2016 No.132) <,
PaybackFH « « BIMNIOERBETLSESBE  +
bW T | : ] o o © o &) o © o
12 High price scenario " > \,p\'zg N qc:;\'es g"’o Qc}\"g ? o\?‘(
[ Payback time methanol ] v v ¥ @g&"’
| ® Payback time LPG ;
- 10} pzibzzk t::: LNG " Figure 4: Additional investment costs for the
;u; [ : : ! alternative fuel variants
> 1 ; i 45 ——
E @ : ' | — HFO (380 cSt) - - - HFO/LSFO: High price
o : i ] w 40 |——MGO/MDO - - - MGO: High price 3
- . ' 1 -] —— Methanol (US) - - - Methanol: High price ]
a & : | ’ o 35f LNG (US) LNG: High price ]
g | ; | ) 2 —— LPG (US) - - - LPG: High price :
. ® ! . 5 30fF .
4 - : ° | - g 4
L : @ i 5 :
i ' l | o
2 P T T T S a
-2 0 2 4 6 8 8
Price spread to LSFO ($/mmbtu) &
Figure 12: Payback time as a function of price El
difference between LSFO (at 19.55 $/mmbtu) and * ]
the alternative fuel. Dashed lines represent the 5
values used in the high price scenario for each e BT P rrPa——s 20'22
fuel. Time 25
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Marine fuel
100
o _‘k" (CIMAC 2016, Paper No. 73) MAN D&T#t
80
® 70 —0.1% S
E b0 2 s w—().5 %S
@ Al o cm HS-HFO
€ 40
= 30 e | NG
20 e Other
10 - - —
0 -
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B =03, 25 VYEFEOIERUNRDRRMNDEDFEE « PEICHVNTEEARSE,
IREMS0EN M L. IRBELD > TETNNDECTS (2012) » « SIF70E£ - -

Argonon/ Deen Shipping (110m x 16m, LR)

.,_,;&-L, T

Bergensfiord/ Fjord 1 (130m x 20m, DNYR Viking Energy/ Eidesvik (95m x 20m, DNV) [l Bit Viking/ Tarbit Sh|pp|ng 177mx mx el

Jx')— 7Y 3 PXREM TINIVE V-

X

EcoNuri/ Incheon PY Authority (36m x 8m, KR)

Viking Grace/ Viking Line (218m x 32m, LR) " "o

----------------------------

Seagas/ Sirius Shipping (50m x 11m, DNV)

i D)= 1) —RUHRE—DLNG/ N> 1 —H
Barentshav/ Norwegian Coast Guard (§3m x 17m, W] @RV =T« ALY DINILLE

R

SR 1) — s TEEAR
(PILEYFVeIINIPAIMBICEATE) 27
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AZERT/N\—FrEORREEZELLE—BIETHEIT -« -
BRIEHARAYISAS AT LA DEZ2ENH
(*kFGSS (Fuel Gas Supply System) +  LNGERADFFI00KEETHREY T,
SERTRIEEE. 300REDHR (RIK) [CUTCIVIVICHIET DEE, SHICER,
LNGRRBFRIC CDOYRT AN BENBEN ?HETHBBLET « «)

* Gl (Gas Injection) FIRD (FR2 X ) FHEICE. &F (300E) THDIRIEHMEHNKNE,
= ZREDRSNIEMRICRINT, BIEEDINGESEDRKAITRERDSIZHDZE
XTERDINER
(B8] SEARTTSAIRATAOZEEH GRETLDBER) &ERE
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B BARMAFOLNGRRANE LT (NYKT)IL—TICEKD »+ +) H5Erk (2015) .

-Development of LNG-fuelled tug-boat by NYK Group- - 2013~
(MLIT and ClassNK is supporting development of not only vessel itself but also medium-speed DF engine)

« BEZEFDYMUNYTR— FZELNGIEHE (NYKTIL—D) (BFEBARBSBHARDOXZE)
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(BRIFARTYYVE UTRERT R -
Dual Fuel (DF)#BEMDX1) v

(Platform supply vessel @1t;&)
R4 2~ - IR (DF) HE+SEHE

cBEHETE, BETR. JORSEANS
DEFBE T/ v F Y ITEFROTAN. &

SR UDEBAILES. DFMETE  C o
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m SKEBE EKJ‘I\I%LEB(/\’Cf,.“ﬁl‘?ﬁ‘ﬂ SDEADMERNT DFRIAH
B ERTYIVZERNCRANDZARR e (3T I s, PCC« ) DgifiFiE,

Tam

.éi

* United European Car Carriers (UECC) jointly owned * TOTE Line has ordered 3,100TEU container ships
by NYK and Wallenius Lines has ordered KHI two PCCs propelled by MAN low-speed ME-GI gas (DF) engine.
propelled by MAN low-speed ME-GI gas (DF) engine. (Route: Florida® Puerto Rico)

(for voyage in European ECA)  RERIETOTEZ . MANDIEER 2 2 <G (DF)

+ NYKEWallenius2E@HEEDUECCH D, MANDIER TUIVEES U3 100TEUD DY T HILERTE
22 KGI (DF) Iy VEESE UCBEEERIE (DOUSFeTIT R IMBICEATE)

NMBETICHEE BUNRNECAICKRATE .

EBR2ARARIVIYYOA =S —IKR (2016) + « ME-GI * LGI : 1658
X-DF : 435
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X-DF :
ER2AFDFES) —V/N-VE
MGEE U CIIRA R NARIY IV EF,

_ga = -y

T4 —CILATA TV RHED
FTAKIVYY (DF)

6 cylinders ' |
Bore x Stroke: 720 x 3086 mm = B
MCR: 19350 kW@89 rpm R SE e L |
BMEP 173 bar & { . BUSWARTSILA WBX72DF

™ , 11 360kW (26,310PS)at B9rpm

Figure1 Test engine (W6X72DF)
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X-DFICHIFTABHESICDOUNT » Excess air ratio [-]

" —

EVC Low High

-

-N-

@ ]:I 10 20 30 60 90 120
Compression/ Igniti_on > Time after SOI (start of gas injection) [deg. CA]

Scavengin . :
ging gas admission  expansion

Figure 11 A distribution of fuel gas injected from the liner
wall

2-stroke gas concepts — Low pressure DF (16 bar at this moment)

FOMNEHEN, ZRFEHOLDIC (ARAR>AEB2H) MBRANRIFIZES (COIFRTHRST
FEERA TR T, BRIFFEIEDEZE) PIC10[EMETADLH. XIAT D51 FEEIC
FREURCERIEBSDERETLER « IEIL. YU VIBHBRAO+DIEESHELND « » &,
CIMAC 2016 + Paper No.207

“Study on Mixture Formation Process in Two Stroke Low Speed Premixed Gas Fueled Engine”
Takahiro Kuge (IHI Corporation, Japan) & ) #k4%
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GIPREEIC DUV T =iz : AT VY Y OmETEILHRO BN
« JwF XD Pre-ignition CI3EEF (XA VHEEESR)
Gl (Gas Injection) 14T« « T« —CILYA D)L« HRI VIV
E2 Y CEBEOBNZS (105N [CHRBHTBED .
3005 EDHZENYE, BEANICT « —BILEBUMRE. SHREEEEC - -

Gas injection Pilot Fuel

40




. (Air: Pc 9.5 MPa, Tc 500°C)
Diesel (Gas 0il : Pinj. :135 MPa) Gl (Methane + +31.5 MPa)

! 240 mm
Diesel (d:4x0.3mm)  -80[deg. ATDC]  Gi (d: 4x 0.7 mm)

(%
o

—~ 2 40 —
oo
Pilot fuel = 2,
Gas injection (Gl) a 1.5 sy 30 8
= Diesel et 5
Gap 2 1 e Diesel 20 E
sensor % = (535 injection (Gl) =
signal € 05 10 o
® =
3 ®
20 10 o 10 720 30 5 O 0 |§
eg. .E -20 0 20 40 60
Diesel, Gl and pilot injection duration e 05 deg. CA -10 41



Pay attention to the pilot flame.

(No.16)
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2 AUN)VEARI= Gap Fuel :

recovered % m/m

recovered % m/m

2 Visbr residue
1.9 ¥
‘Gap’ Fuel
1
0.5
0
5 105 205 305 405 505 605
Boiling Point, degC
2
1.5
Normal Fuel

105

205 305 405
Boiling Point, degC

>4 ‘_1. \ S

BEICKSIIDRERODTZEEOND - ;C1MAC

Bitumen

)‘ <‘ ‘ A
% .s" ¥

CIMAC 07, Paper N0.198 -';}:f"lf“’
The effects of a changing oil industry
on marine fuel quality and how new
and old analytical technique can be
used to ensure predictable
performance in marine diesel engines

Koen Steernberg, Shell Global Solutions
International B.V., The Netherlands
Seymour Forget, Shell Marine Products Ltd.,
UK

Gap-fuels can seriously hamper
smooth engine operation, as
they tend to give poor ignition
and slow and incomplete
combustion.

Incomplete combustion affects
particulate emission and
possibly leads to engine fouling,
e.g. on the piston top-lands
resulting in liner scuffing, or on
the turbo-charger.
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- DUNDBEFE LICHERIIAREEZHA S X5 A\ T DLC-A (Life Cycle Administrator) (3.
WartsilaDEHEC T TR A ESOMEEETRZXIRE U CHFE SN,

 NKOBREBEXF—AZEA L. IBMJ?)L T X ADAnacondaZzfEAHA LS5 E
V2T MhESEL=EClassNK CMAXS LC-AZE L — 2 UE LTS,

CMAXS LC-A framework s
CMAXS LC-A is operated by all players.

+

CMAXS LC-A CMAXS LC-A

(&
S\ s

N
V

A -
«© m Maker X
/ Maker Y
Ship data center ‘,"
Maker Z

Ship owner '.’
Ship management company CMAXS LC-A P"‘

- J)
Support by each maker’s engineer
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