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Operation on Low Sulphur Fuels
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IMO & CARB Fuel-Sulphur Content Limits
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Emission Control Areas - ECA

=

Top Container Ports :

1. Singapore

2. China, Shanghai
China, Hong Kong
China, Shenzhen

South Korea, Busan

3.

4.

5.

6. Netherl., Rotterdam
7. UAE, Dubai

8. Taiwan, Kaohsiung
9. Germany, Hamburg

10. China, Qingdao

n~ S Most used trading routes

I 3BECA existing ECAs: Baltic Sea, North Sea
B R/ $ECA planned ECAs: Coasts of USA, Hawaii and Canada

HEFECA discussed ECAs: Coasts of Mexico, Coasts of Alaska and Great Lakes, Singapore, Hong Kong, Korea,
Australia, Black Sea, Mediterranean Sea (2014), Tokyo Bay (in 2015)
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MAN B&W Z TR AL AE H 28
Fuels for MAN B&W two-Stroke Engines

MAN B&W RN AT LA B 5 36 A2 1SO8217: 20 LORIAK 22 5K 11T 14
MBI, PMIESAS ATEATTE M. nT AR AR
» MGO

> MDO

> AR

> = 2

> LWL

MAN B&W two-stroke egnines can operate on fuels fulfilling the
1ISO8217:2010 specification, including distillate fuels, without
making modification to the engine itself:

» MGO

» MDO

» Low Sulphur HFO

» High Sulphur HFO

> Biofuel (separate fuel specificaiton)
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Concerns of Low sulphur Fuel Operation

SURZIES

Fuel change over

o

High S% Low S%

PO
BN10/40/70

ANTRIHT i e A

Compatibility of mixed fuels .\

AR e R FE Viscosity

Tank system
considerations
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Incompatibility of Fuels

IR R R

Check the compatibility between the fuels before bunkering

Density @ 15C

Before separator

Bunker sample

928.0 932.4
Viscosit 50°C
y@ 19.5 22.1
Water 0.2 <0.10
MCR 9 10
Sulphur 1.24 1.54
TSP 0.34 D)o &
Total sediment
accelerated U/F )
f',\-\\‘ 0 60 1/;\(3/
(s e
Vanadium 92 100

Source: DNVPS
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Cylinder Lubrication with Alpha Lubricator

1.70 = ETFE #1238 : ACCEHEE 0.34 g/kWh X S%
1.60 - ACC factor 0.34 g/kWh x S% for Low top land Engines
150
1.40 ¢ = R L3R - ACCIEHE 0.20 g/kWh x S%
= 1.30 i ACC factor 0.20 g/kWh x S% for High top land Engines
= 120 £
4 E
o 1.00 ¢ HEFSFRRNE
© 0.90 ¢ Lower limit set for
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Cylinder Lubrication with Alpha Lubricator

) S TR, VLM SRS B R ORI R

For high topland engines, the correlation between fuel sulphur level and cylinder oil can be shown as follows:

PRI SRR <1%: 2l FIBN40/50

U A 5 /N T 1% 10K v B Tl e ok AN R I 1 50 R, AABN701)46 h BN40/50.
RS E 1 —1.5%: {4 1BN40/505BN70
R e B >1.5%: @i FHBN70

Fuel sulphur level <1%: BN40/50 recommended.

Changeover from BN70 to BN40/50 only when operating for more than two weeks on <1% sulphur
Fuel sulphur level 1 - 1.5%: BN40/50 and BN70 can be used.
Fuel sulphur level >1.5%:  BN70 is recommended.

) T ETRELEE, KT BNTO%A i

Older low topland engines operating continuously on low sulphur fuels and with BN70 cylinder oil without problems

Absolute
dosages
(alkWh)
1.40 ¢

1.30 4
1.20 ¢+
1.10 4+
1.00 ¢+
0.90 ¢
0.80 4
0.70 ¢+
0.60
0.50 ¢+
0.40 ¢
0.30 ¢+
0.20 4
0.10 +

3.5 4 4.5
Sulphur %
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Cylinder Oil Tank

PR VL Bt s RS

Two Independent Cylinder Oil Systems

Cylinder QOil Cylinder Oill
Storage Tank 1 Storage Tank 2
Cylinder Oill Cylinder Oill
Service Tank 1 Service Tank 2

A ]
> rL O L
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1ISO 8217:2010 X543 rH 1 M e
Distillate Marine Fuels (ISO 8217:2010)

Density at 15°C kg/ms3

Viscosity at 40°C mm?/s min. 1.4 2.0 2.0 3.0
Viscosity at 40°C mm?/s max. 5.5 6.0 11.0 6.0
Flash point °c min. 43 60 60 60
Sulphur %(m/m) max. 1.00 1.50 2.00 1.50
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Viscosity of Marine Fuels

Kinematic Viscosity

MAN Diesel & Turbo

100000 -
—4— Marine Gas Oll
10000 - ( == Marine Diesel Oil
IF-30
=>& |IF-60
=@- |F-180
== |F-380
100 ~
D \
10 - e
MDT limit
min. 2 cst
1 I I I
-15 35 85 135
Temperature Degrees Celsius
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Viscosity and Lubricity of Fuels

i

Viscosity

vty S YHT 2 R BT 2 T DR 22 B30I ) HRL st P okl B2 ) ol
The engine fuel pump is designed for high viscosity heavy fuel operation the majority of its
operation hours.

A5 R TR FEE ARV P A i 2 e 58 40 A R it s S DRI, e ) R AR IR AR
7 JB 3 P R AR

The low viscosity challenges are the risk of excessive wear as well as the ability to keep proper
injection pressure in the fuel pump - especially during low load, start and low rpm.

MR B, WESHR RIS, FEUN IS AR, W ResiE LA
J5 )

In worn pumps, the internal leakage can increase to a level where starting the engine is
Impossible because a proper injection pressure cannot be achieved.
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Viscosity and Lubricity of Fuels

Lubricity

MAN Dieself# IS/ Al FH & i 5% 1-0.05% I BRI HT,  ASIE& v vl 3 1
MAN Diesel recommends that, prior to using distillates fuels with less than 0.05% sulphur,
the lubricity is tested.

BRST RS AT LR FIHFRR 5 V55650 R 3 103 v Pk 3347 45 )
Lubricity can be tested by an HFRR (High-Frequency Reciprocating Rig) test (according to
1ISO12156-1) which can be performed by an independent lab.

R#EISO12156-1HE , H K EEIR B4 AN GEARE 520pm

According to 1ISO12156-1 the maximum wear scar diameter should not exceed 520um.
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MAN Diesel &N
MAN Diesel Recommendations

> NIRRT FEANBER T2 ¢St, #EFE 3 ¢St

Minimum Viscosity inlet engine 2 ¢St

> AR AL s DA K Aty B 2R 9 ) e B Jge

Test your engine / external systems for fuel sensitivity

> AEUE NI I J Canids H ACHAR I S X 80D, X BLas 3R T IR 4814 )5 2l 52
Start ahead/astern checks are recommended before entering high-risk areas (e.g. ports and other
congested areas)

>UURTE, AR LA

If necessary, install cooler or Chiller
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Fuel Temperature vs Viscosity

Fuel Temperatur vs Viscosity

)
o)
)
< 140
g— 1.5:¢5¢t
A
- NOT GOOD /
2 120 Fuel below 2cSt
MAN Diesel does not recommend to operate the / 2.0 ¢St
kengine on fuel with viscosities lower than 2 cS'tJ / 5
100
[ DEPENDING ON INSTALLATION
Fuel viscosity 2-3 ¢St AR
80 <| MAN Diesel strongly recommends to make start checks o=
prior to port operation
- . 4.0 cSt
60 //if)fft/
40 Viscosity at reference condition (40°C) according to 1S08217 DMA/X
GOOD
Fuel above 3 ¢St
20 MAN Diesel recommends to operate the engine on
\ fuels with viscosities above 3 ¢St
w,
0
1 2 3 4 5 6 7 8
Viscosity (cSt)
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MDO/MGO¥% #1238
MDO/MGO Cooler

From centrifuges
_______ Digzael oil
Heavy fuel ofl
Heated plpe wlth Insulatlon.
a) Tracing fuel oil lines: Max.150°C
b) Tracing drain lines: By jaockei cooling woter.

Aut.de-aerating valve

Deck

| N
¥enting tank | | i"_'—'”‘——|j—"'_‘“
| I_.'__q——
.
. s
Hiah Low
sul phur sulphur
= ?ﬁE = = HED E
o) - i
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- 1
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Mo vdlee b Temperature ﬂii—ggﬂigﬁ\
ig drain senaor | ) \
EJQLL \
elweeanr .
enaine T T o [Tt e ot ] giTﬁELﬂﬁ |
Main b) O /) MDO/MGO E ¢ adiysted e 1)
engine / ) P ] T I\TI cooler to 4 p
3 Viscosity y
a sensor %
al { y
\ To F.W. coollng] % m f"
pump statlan. Fult f q*! Cooler for profection
32mm. M | Fre- ) ) . ) MDD MGD i inst
uiiﬁrrrp flow | heater Circulating HFQ Supply coaler too warm oil and thye
— dilter] purmp 3 pUmp 3 too low viscosl|iy
10
s ludge
tank
Steam .
inlet Cooling
F.0 medlwﬂ
drain tank Condensate inlet
overt|ow outlet
tank
\ K
To HFO service | ‘D to have min.50% blagger
or seiiling tank passgge drea than d
i
l‘:Ccher carl alternatively be placed
after filter, before ME inlef
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MDO/MGO¥ LA

MDO/MGO Chilling Unit

KRG EEARARI T 73l DAV AN g nTEANE . AEIXPH IGO0 N, U VA RLA

For the lowest viscosity distillates, a cooler may not be enough to cool the fuel sufficiently. In such
a case, it is recommended to install a so-called ‘chiller’.

Chilling unit ¥ #RHLA

Compressor

Condenser

I

Water
cooler

-]

l

N/
e

-

——— ] ——————
-

Central
cooling
water
in-/outlet

IKIRE B G2 K e
Water pump unit

Pressurised

expansion
tank

SIS

Diesel oil cooler unit

Diesel oil
cooler

o<t —-—4 4
I by
T
L

Diesel Ol

Water

—— — — Refrigerant Liquid

Central Cooling Water
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MDO/MGOE5HFOV]#
MDO/MGO and HFO Change-over

EMDO/MGO 5 HFO V) id A% 1 i i i L -
Two things to be kept under observation during MDO/MGO and HFO change-over are:

A, BEHUAINRS EEABEAK T-2¢St, AfEm T-20cSt

The viscosity must not drop below 2 ¢St and not exceed 20 cSt.

B. SEHURAMR FE A R A RERE L 2 2173 B

The rate of temperature change of the fuel inlet to the fuel pumps must not exceed 2°C/minute.

C. {EUt ey, WL A5 {525 - 40%, LA/ NI B2 1 AR AL
The load during change-over should be 25-40% to ensure a slow change of the temperature

Servce Lot SLODSS/CIR a0}

et codec WHEN CONVENENT
ration on

iHZZ%MAN Diesel SL2009-515 5 i pA
Please refer to MAN Diesel Service Letter SL2009-515
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Hzh# - DIESELswitch

Automatic Change-ovre by DIESELswitch

. ). Advantages:

> ZEEHIYIBGERE

Safety controlled change over process

kD o S SRR AR 11 S B A TR R A A

minimized risk of damaged fuel injection parts due to abrupt temperature changes

> A AFE AT T S8Rk

Change over running at full load possible

TC i A 58 P DIy A A L D g

No need to run engine with lowest power for change over process

@ 1Nopane\actwe. . MAIN . .Re.qu.est.ﬁéﬁe.lw
LEMAG®

= f hE
VAN e Z X
. GEmuay bA

Changeuver LS fuel

20 40 60 a0 100 ......
. Remaining time: 000min: -0~

Autamatic DIESEstm:h rode; Stanchy - Manual

- Status

- setup

* Alarm list

alues

© - Main

111990 12:00:00 PM 4711.Message Text ... . Massage Text... ..
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Challenges of Low-sulphur HFO - Catfines

B, JCHESECAX BRINRAT M, T8 H AL AIBUR S AR R, D3 G A < 3 JE AR W 58 ) e 58 8 43

Low sulphur fuels, especially SECA fuels, often has a high cat fines content, causing abrasive wear of liners, piston rings
and fuel nozzles

LT B ) A I R RS SRR (14 18

A reduction of the low-sulphur content in HFO has

B 2 LA T B T AR seen a corresponding increase in the abrasives

content
Ensure the purifier on board are in good condition

HFO - Sulphur vs Abrasives (Cat Fines)

120

100

80

60

i i
i iy I

(At A

Sulphur (%)
Al'+ Si (mg/Kg)

Fig.1  Unit#5 - top ring, particles in runmng surface (713x)

Source: DNVPS database of 1,012 analysis results (from 1 October — 10 November 2007)
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Ignition and Combustion Characteristics of Low Sulphur Fuels

RBRARMIE H A BRI, HE, IBRRRAPE . TN A RFIAE, T P R LA A 1)
Low sulphur fuels often has slow burning characteristic. However, the burning characteristic, the cetane number
and the FIA number is not an issue on slow speed two stroke engines

Combustion Pressure Trace ROHR Curve
"Normal fuel" . ECN=28.8 "Fuel 45", ECN=12.5 e===="Santos fuel', ECN=8.3 "Normal fuel” , ECN=28.28 —FUel 45" ECN=12.5 —SANt0s fuel" , ECN=8.3
5.0 T T
I I I I
1 1 1 1
45 - S [ b e e e —
I I I I
I I I I
4.0 4 : ! [ !
I I
I I
T 1
— 1 I
; 3 : |
-} § i i
@ E i i
3] = T 1
5 2 ! :
£ % H |
2 3 : |
@ x i
; |
e T
I
I
a3
i
=1
|
0 5 10 15 20 25 5 _
Time (msec) Time (msec)
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Scrubber

1200
1000 — Diesel /
—HFO 1.5% /
800 ——380 cSt
. ad (AT T BRAR A R,
@ — UWIPERIEROR, X Rl FH
400 / 20T I e i R
200 ~ Leads to more focus on abatement
—~ T technology such as wet scrubbers — in
O rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrTr T T TrTrT Order to perSISt Wlth eCOnOmiCal
L2383 I I 888855553883 beneficial use of HFO with sulphur.
S 33 I IR mmm @ mmm
nE < HE < ] 1l H
+ +
Year
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Scrubber Technology Tests and future

Objectives Participants Scrubber Goals Test results Ship test Ship test
Development | Clean Marine PM trapping: PM trapping: M.V. Banasol
and test of
scrubber for MAN Diesel >90% 35% 7S50MC-C
after-treatment
SOy removal: 80% (salts add.) IMW
>67% SOy removal:
73%
95% (salts add.)
Development Aalborg PM trapping: PM trapping: Tor Ficaria
and test of Industries
scrubber for >75% 79% 9L60MC-C
after-treatment Alfa Laval
SOy removal: SOy removal: 20MW
DFDS
>950% 100% (NaOH)
MAN Diesel
Development APM PM trapping: PM trapping: Alexander
and test of
scrubber for MAN Diesel >75% 73% 7S50MC
after-treatment
and EGR SOy removal: SOy removal : IMW
>90% 96% (NaOH)
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MAN B&W ME-GIXUEREL L
MAN B&W ME-GI Dual Fuel Engine

(E PN ISR T Y ST e IE

CO, s> 20 % . ]

NO, #/> 15 % N

SO, /> 90 % , |

R 40 % S n
LNG as fuel, lower emissions: N ' )
CO, reduction 20 % B e : £
NO, reduction 15 % — -y
SO, reduction 90 % |
Particulate matter reduction 40 % | -

46 - ; raiys
A T 7 B SO A T DA XU LT ‘ L
Simple modifications enable two-stroke <! i L/
gas injection E— ' :

A8 F AL T3 s I B A LU (8 bR

The add-on components are marked in blue color
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MAN Diesel & Turbo

MAN Diesel & Turbo Shanghai Co., Ltd
MR AR B M %285 T K H 2903 %

MAl: 021-50301010

fEH.: 021-50301210

Email: shanghai@mandiesel.com.cn

TP RRRIENLEC R N

PV FERE T
FHL: 136 0172 3402 159 2188 7752
T HL: 1216 3163

Email: Sun.Quan@cn.man.eu Yan.GuiWang@cn.man.eu

JEH

== = |

138 1786 9859
1217

Tang.Zhi@cn.man.eu
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MAN Diesel & Turbo Shanghai Co., Ltd
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f4m: 201206
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