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Service Letter

Date :Sep 11, 2019
Ref. No.: HGS-HSM-SL-19-012
{Replaces HGS-HSM-SL-18-006)

Subject: HIMSEN Engine Operation with Low Sulphur Fuel
Type: H17/28 , H21/32 , H25/33 , H32/40(V)
Rule & Regulation: IMO MARPOL ANNEX VI,REG.14.-SOx , SECA

To whom it may concern

Introduction

This letter was written to inform our customers of operation guidance for HIMSEN Engine to
comply with IMO MARPOL ANNEX VI Reg.14.8 which is to come into force as of 1
January,2020 and the regulation of the SECAs.

Background

IMO (International Maritime Organization) has decided that all ships have to comply with 0.5%
Sulphur contents in Fuel by 2020. Furthermore SECA expects to be expanded worldwide.
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(Fig.1 Road map of Limitation of Sulphur in Fuel)
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(Tab.1 Comparison of Sulphur limitation)
*SECA : SOx Emission Control Area (Baltic Sea, English Channel and North Sea, Eastern China Sea)

**CARB : California Air Resources Board (24 Nautical Miles from California)

Definitions
The following terms are used in this document as below table.
MGO Light Fuel Oil (0.1
MDO Light Fuel Oil 0.1¢5€2.0
LSHFO Low Sulphur Heavy Fuel Oil (15
HFO Heavy Fuel Oil > 15
LSFO Low Sulphur Fuel Oil (05
(Tab.2)

Check Points for operation with Low Sulphur Fuel

Except some Offshore vessels, HIMSEN engines for Marine(Gen-set, Propulsion) are optimized
to operate with HFO in consideration of the economic engine operation.

Therefore, following points should be taken into consideration in order to operate HIMSEN
engine properly with Low Sulphur Fuel which shows different characteristics as Fuel oil.

1. Viscosity of Fuel
® Minimum viscosity at 40C to be 2 ¢St for 1SO8217(2017) Category ISO-F-DMA & DMB but
recommend stable viscosity Engine inlet to be 3¢St at 40°C,or above.

® [ow viscosity of Fuel may result in Fuel Pump leakage, if ‘Sealing oil’ is not applied.
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2. Lubricity of Fuel

® The poor lubricity of Low Sulphur fuel is not been considered as a problem for fuel injection
components as long as the Sulphur content is above 100 ppm.
However, poor lubricity of Low Sulphur fuel may result in rapid wear down of Cylinder head
Intake valve spindle & seat ring and seizing of plunger&barrel of F.O injection pump if optimized
solution is not applied.

3. Selection of Lubricating oil based on Sulphur contents

® | ubricating oil should be selected properly based on Sulphur contents and SLOC.
® Recommend BN value, when using Low Sulphur Fuel less than 0.5% to be between 10 and 20
according to instruction manual.

4. Catalyst fines in fuel oil

® |n order to meet the increasing demands resulted from IMO sulfur cap 2020, the oil companies are
willing to produce Low Sulphur fuel oil from residual fuel oil through additional desulfurization
process, which makes aluminum and/or silicon as a by-product of fuel catalytic cracking process.
For that reason, proper fuel oil treatment system such as fuel oil purifier, FO auto back flushing
filter and etc. should be operated in order to reduce content of Cat Fines to maximum 15mg/kg
before engine inlet.

Recommended solution for safe operation of HIMSEN with Low Sulphur fuel

1. Cooler or Chiller unit for MGO/MDO operation.

® [t is important to keep viscosity of fuel at engine inlet within recommended range.
® |n case of using MGO/MDO, Cooler or Chiller unit may be needed to keep viscosity of fuel at
engine inlet (Minimum 2cSt).
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(Fig.2 Example piping for installation of MGO Cooler)
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2. Coated Plunger & Barrel for F.O injection pump

® (oated plunger & Barrel for F.O injection pump has been developed to achieve improved

lubrication performance for Low Sulphur fuel.

<+ Coating Structure

Total coating structure

Intermediate

LNA_ILS.M,

Uncoated Coated

(Fig.3 Coated Plunger)
3. Sealing Qil to F.O injection pump

® Sealing Oil system is recommended when using low viscosity fuel such as MGO/MDO

% Sealing oil for H17/28 and H32/40 is supplied via external pipes as shown Fig.4, therefore it is
required to install external sealing oil feed pipe to F.O injection pump.

% Sealing oil for H21/32 and H25/33 is supplied via the channel in F.O injection pump body as
shown Fig.5, therefore it is required to replace F.O injection pump complete with Sealing type
to apply Sealing Oil system.

Jix :
1 il l 1)
AR Al
4 Non-sealing type Sealing type
(Fig.4) (Fig.5)
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4. Tribaloy Intake valve seat ring

® Tribaloy welded Intake seat ring is effective to prevent excessive wear down of Intake
Valve of Cylinder head when using the fuel having sulphur contents less than 0.1% m/m

Valves
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(Fig.6 Effect of Tribaloy weld)
5. Switch over Nozzle cooling system

® \When using Light fuel oil, it is recommended to block the flow of cooling media to Fuel
injection valve since cooling media will affect the viscosity of fuel. Therefore Nozzle
cooling system should be switched over properly based on fuel specification.

6. Solution for each case

® The solutions for each case of engine operation with the fuel are listed in below table.

ITEM Case H17/28 H21/32 H25/33 H32/40(V)
MGO O O O O
MDO | [l ] 1
Nozzle cooling system LSHFD = = = =
HFO || || | | |
MGO [ | [ | | [ ]
Coated MDO [ | | | |
Plunger & Barrel LSHFO [ ] [ | ] L
HFO m] ] [w] [m]
MGO | | | |
F.O Pump MDO [ | [ | | [ |
Sealing Oil LSHFO m 0 0 0
HFO ] [ [l []
MGO [ | n ] | |
Tribaloy Intake MDO ] O O O
Seat ring LSHFO O O O O
HFO ] O O [

[Tab.3]

B : Standard , O: Non-Standard , [® : To be considered based on the specification of Fuel

%Note : Due to the variety of LSHFO specifications in the market, application of some solutions should be

E HGS H.Q (Technical) ® HGS Americas ® HGS Europe = HGS Singapore
T:+82 70 8670 1122 T:+1281506 7448 T:+3110 268 7030 T :+65 69326300
E: service@hyundai-gs.com E : sales.us@hyundai-gs.com E : spares.nl@hyundai-gs.com E : sales.sg@hyundai.gs.com



HYUNDAI

- M
H 0 ME E N J Ref.No.:HGS-HSM-SL-19-012

considered after reviewing actual specification of LSHFO.

Conclusion

The contents in this document are general recommendation for HIMSEN Engine operating with
Low Sulphur fuel in order to comply with IMO SOx regulation.

Therefore the optimized solution for your good vessel may be different and we can provide
the optimized solution after reviewing specific information of your vessel.

Should you have any further question, please feel free to contact the nearest HGS service
station.

We hope this information will be helpful to you.

Enclosure
® Technical Information Doc No. : K24110/KCM/0102
® TEC2015_K2D0_003 : Suitability of Hybrid Fuel Oils on HIMSEN engine

old

G. Y. Oh, General Manager
Machinery Service Dep't

Technical Division
http://www.hyundai-gs.com/

[EOD]
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SUBJECT: HIMSEN guideline - Fuel oil control by EU Directive 2005-33-EC

and California Code of Regulations

1. General

The regulations such as EU Directive 2005-33-EC and California Code of Regulations that came

into force on 01/Jan/2010 restrict sulfur content in fuel oil below 0.1% mass by using MGO
(Marine Gas Oil, DMA as defined in ISO 8217) to reduce SOx emissions.

According to these latest rules and regulations, the concerned systems and cares are needed

properly by customers in order to meet the environmental demand during the operation of

genset with MGO (below 0.1% sulfur) in specific areas.

EU Directive 2005-33-EC

California Code of Regulations

Effective date

1 January 2010

1 July 2009 1 January 2012

Sulphur contents

Max 0.1% m/m

MGO: Max 1.5% m/m

0,
MDO: Max 0.5% m/m |VaX 0-1% m/m

Target area

Berths in EU ports

Regulated California Waters

Target ship

Ships at berth in EU ports
for two hours or more (*)

LOA: more than 400 feet; or
GT: more than 10000; or
Volume of one cylinder: more than 30 liter

Target fuel oil

FO which is used
during at berth

FO which is used for Main diesel engine,
aux. diesel engine and aux. boiler

Target equipment
(Example)

G/E
Boiler for COPT etc.

M/E, G/E
Aux.boiler

(*): The requirement shall not apply to ships which switch off all engines

and use shore-side electricity at berth in ports.

2. Effect of low sulfur MGO using on HIMSEN engine

1) The minimum viscosity at 40C as per ISO 8217 is 1.5 cSt for MGO. In case of too low

viscosity (below 2 cSt), it may occur the damage to the fuel injection pump such as sticking.

Please find the specification for Marine Distillate Fuels (Figure 1) and viscosity ranges of
1.5 - 6¢St @40 °C based on DNV document (Figure 2) as defined in ISO 8217 as below.

- To be continued -
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SUBJECT: HIMSEN guideline - Fuel oil control by EU Directive 2005-33-EC
and California Code of Reqgulations
Charateristic Unit Limit DMX DMA (MGO) DMB DMC
Density at 15°C kg/m?® max. - 890.0 900.0 | 920.0
Viscosity at 40°C mm?/s min. 1.40 1.50 - -
Viscosity at 40°C mm?/s max. 5.50 6.00 11.0 14.0
Flash point °C min. - 60 60 60
Sulphur %(m/m) max. 1.00 1.50 2.00 2.00
< Figure 1 >

MGO/MDO 2009 — Sulphur <0.10

MANACING RISE ET5]

Visc 2.5-3.0

33%

**Viscosity at 40°C (mm¥/s )"

***Pgrcentage of MGO/MDQ samples tested: Jan — June 2009***

Visc 3.5-4.0
12%

© Det Norske Veritas AS. All rights reserved

18. oktober 2009

< Figure 2 >

- To be continued -
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SUBJECT: HIMSEN guideline - Fuel oil control by EU Directive 2005-33-EC
and California Code of Regulations

2) The more drain fuel oil amount from fuel oil injection pump and fuel oil injection valve can be
expected compared to operation on HFO.

3) Although the sulfur content of fuel oil has a lubricating effect, poor lubricity of low sulfur MGO
has not been considered as a problem for fuel injection components as long as the sulfur
content is above 100 ppm (=0.01 % m/m) For your reference, we are scheduled to
introduce lubricity limit in HIMSEN engine fuel oil, especially MGO, specification (Max.
between 460 and 520 pm, Preliminary value) after introducing in the international
specifications.

4) 1t is important that proper balance is maintained between the BN coming from the lube oll
and the fuel sulfur level by choosing proper lube oil in order to avoid following problems.

® High sulfur fuel + Low BN lube oil ® |ow sulfur fuel + High BN lube oil
- Excessive corrosive wear - Excessive top land deposit formation

- To be continued -
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3. HIMSEN gquideline for lube oil using low sulfur MGO

1) Typical recommended BN depending on the fuel sulfur contents and SLOC (g/kWh)
2.1
1.9
17
15
1.3
11

0 fmmmmm e

0.7

SLOC range for HIMSEN engines
e - .

Specific Lube Qil Consumption (g/kWh)

0.3 [ -

0.1

Fuel Sulphur (%)

Reference: CIMAC recommendation number 29/2008 ‘Guide lines for the lubrication of medium speed diesel engine’

2) When the MGO is to be used only for temporary engine operation (e.g. in port), higher BN
lube oil used for residual fuel (HFO) should not present any problems. The acceptable period
of temporary operation is less than 200 hours. When engine is not operated continuously
with low sulfur fuel, lube oil should be chosen according to the highest sulfur contents of the
fuel with normal operation. However, in case of continuous operation on low sulfur fuel such
as MGQO, it is necessary to use proper L.O based on sulfur content of low sulfur fuel as per
the L.O list for HIMSEN engine described on the instruction manual in order to avoid
excessive deposits in the combustion chamber, exhaust gas ways and turbocharger.

- To be continued -
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SUBJECT: HIMSEN guideline - Fuel oil control by EU Directive 2005-33-EC
and California Code of Regulations

4. HIMSEN quideline for fuel oil using low sulfur MGO

1) All HIMSEN engines are suitable and developed for continuous operation on HFO as well as
MDO/MGO as per the F.O specification for HIMSEN engine described on the instruction
manual in detail.

There is no lower limit for the sulfur content of fuel oil. In connection to the low viscosity of
MGO, (Marine Gas Oil, DMA as defined in ISO 8217) the viscosity at engine inlet should be
kept within the value of 2 ~ 14 ¢St in order to avoid possible wear or sticking of fuel injection
pump due to low lubricity and in order to maintain the suitable hydrodynamic film between fuel
injection pump plunger and barrel.

® Recommended stable viscosity at engine inlet: Min. 3 ¢St
® Recommended minimum viscosity at engine inlet: Min. 2 ¢St

So, we recommend installing a MGO cooling device (MGO cooler or chiller etc.) to keep the
above mentioned viscosity (2 ~ 14 cSt) at engine inlet under shipyard’s scope of supply, if
needed. For shipyard’s designing of MGO cooling device, it is about the maximum 10C for
the temperature deviation (A T) between engine inlet and outlet when using MGO (Marine
Gas Oil, DMA as defined in ISO 8217). For your reference, it should be maintained about
22°C of MGO temperature to obtain viscosity of 2 ¢St at engine inlet in case of MGO with 1.5
cStat40T.

2) Considering the more drain fuel oil amount from fuel oil injection pump and fuel oil injection
valve compared to operation on HFO, separate drain lines, ie, clean oil drain to FO overflow
tank and waste oil drain to FO sludge tank, will be prepared and introduced for new
contracted vessels.

- To be continued -
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SUBJECT: HIMSEN guideline - Fuel oil control by EU Directive 2005-33-EC
and California Code of Regulations

5. Recommendations for low sulfur MGO operation

1) MGO operation through HFO system

a) A proper cooling device to be provided to meet the minimum viscosity of 2 cSt at engine
inlet, if necessary.
[Notice]
In case of MGO operation through HFO system, it is recommended to install the cooling
device after FO booster pump to keep a suitable viscosity range.

b) The type of the external pumps to supply low viscosity fuel without loss to be considered.
Generally, screw pumps instead of gear ones would be preferable.

c) A smooth and careful change-over from HFO to MGO and vice versa is to be done as
follows to protect the fuel injection equipments against rapid temperature changes during
the change-over from residual fuel to distillate fuel and vice versa (refer to “A” on the
attached).

[ Change-over from MGO to HFO ]

® Maintain HFO level with 50~90% and HFO temp. with 60~90 C in HFO service tank.
Maintain the engine load with 30~70 %.
Open the steam tracing and auto filter steam inlet valve in F.O system.
Open the steam in/out valve in F.O heater.
Rise F.O temperature gradually until 60 C at a rate of about 2 C per minute through
opening steam control valve in viscosity controller.
A WARNING Maintain the F.O viscosity over 4 cSt because F.O viscosity is the first
priority than temperature. And maintain the cylinder outlet cooling water
temperature with 75~85 C.

- To be continued -
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SUBJECT: HIMSEN guideline - Fuel oil control by EU Directive 2005-33-EC
and California Code of Regulations

® \When the MGO temperature at engine inlet reaches 50~60 C, change-over from MGO to
HFO using HFO/MGO change-over valve.

® When the HFO temperature at engine inlet reaches 70 C, viscosity controller is set with
auto-mode.

® When the change between viscosity and temperature to be observed, viscosity is set
12~18 cSt on viscosity controller.

[ Change-over from HFO to MGO |

® Reduce the engine load below 50 %.

® Close the steam in/out valve slowly in F.O heater until 25 cSt viscosity in viscosity
controller to protect the F.O injection equipment against rapid temperature changes.

® Close the steam tracing and auto filter steam inlet valve in F.O system.

® Change-over from HFO to MGO using HFO/MGO change-over valve.

® Confirm that MGO viscosity is about 2~3 cSt when the MGO temperature is about 40 C.
A WARNING Although MGO viscosity range at engine F.O inlet is limited 2 ~ 14 cSt in
the instruction manual, MGO viscosity should not drop 3 cSt for safety as this
might cause fuel injection pump and fuel injection valve sticking/scuffing.

2) MGO operation through MDO/MGO system
If it is difficult to follow the above recommendation a) caused by uncertain condition such as
incompatibility between HFO and MGO or unsuitable control during change-over, MGO

operation through MDO/MGO system can be done under the below recommendations.

a) A proper cooling device to be provided to meet the minimum viscosity of 2 cSt at engine
inlet, if necessary (refer to “B” on the attached).

- To be continued -
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SUBJECT: HIMSEN guideline - Fuel oil control by EU Directive 2005-33-EC

and California Code of Regulations

b) Electric motor driven MGO pump(s) having all engine’s capacities is needed (refer to the
below and “C” on the attached).

Electric Driven MGO Pump
* Emc'y source to be o
provided on one of pumps R/-\lr Driven Em'cy Pump

from Tank to Engine —M—@—M— from Tank

RAir Driven Em'cy Pump

to Engine from Tank to Engine

Z Electric Driven MGO Pump

[ Recommended ] [ Recommended ] [ Not Recommended ]

[Notice]

An air motor driven pump, if provided by HHI-EMD, is only for emergency purpose such
as black-out starting and not recommended to use for MGO operation to avoid any risks of
low pressure and shut-down of the engine caused by lack of air source from the tank to air
motor pump.

c) A smooth and careful change-over from HFO to MGO and vice versa is to be done as
follows, but the actual procedure could be little different for individual project depending on
ship’s system (refer to “D” on the attached).

[ Change-over from MGO to HFO ]
® Open HFO outlet valve, close MGO outlet valve and open HFO inlet valve of stand-by G/E.
® After changing MGO to HFO of stand-by G/E, Circulate HFO until viscosity maintains
about 12~ 18 cSt or a suitable temperature level according to the used fuel oil on-board.
® Start stand-by G/E and stop running G/E.
® Fuel change of stopped G/E to be carried out same as 1% and 2" step above.

@ Stop G/E MDO flushing pump when fuel change is completed.

- To be continued -
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[ Change-over from HFO to MGO ]

Open G/E & Boiler MGO cooler inlet/outlet valves and close MGO cooler by-pass valve.
Start G/E MDO flushing pump.

Close HFO inlet valve of stand-by G/E and wait for a while (about 3~5 minutes) to flush
HFO by MGO.

Open MGO outlet valve and close HFO outlet valve of stand-by G/E, then circulate MGO
until fuel temperature reaches around 35C.

Start stand-by G/E and stop running G/E.

Open the HFO Service tank inlet valve or L.S HFO Service tank inlet valve from G/E F.O
return line for flushing stopped G/E by properly throttling valve handle.

Fuel change of stopped G/E to be carried out same as 3™ and 4™ step above.

Close the HFO Service tank inlet valve or L.S HFO Service tank inlet from G/E F.O. return
line.

[Notice]

The change-over, whether it is handled at locally or remotely, is to be done to stand-by

engine, not to running engine, with a certain time delay aforementioned.

6. Guidance for external fuel oil system

The external fuel oil system attached is typical for guidance, and the actual arrangement for

individual project is designed by shipyard’s practice and engine manufacturer’s

recommendation.

Attached #1 : Fuel oil system for guidance only (B91-052974-8) [ The end ]
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TECHNICAL CIRCULAR

Suitability of Hybrid Fuel Oils (ULSFO) on HIMSEN engines

ENGINE TYPE: H17/28, H21/32, H25/33(V) and H32/40(V)

Ref. No.: TEC2015/K2D0 - 003
Date: 8™ June, 2015
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TECHNICAL CIRCULAR

[BACKGROUND]

Ref. No.: TEC2015/K2D0-003

In accordance with revised MARPOL Annex VI regulations, the sulfur content limit for bunker fuels

used in emission control areas for SOx (ECA-SOXx) is max. 0.10% m/m from 1 January 2015.

In response, several fuel suppliers have released new hybrid fuel products containing a maximum

of 0.10% m/m sulfur as an alternative to using distillates in order to meet the MARPOL Annex VI

requirements as below tables.

Kinematic viscosity at 50 °C mm2/s  min/max 25to 45 16.84 10.5 26.3 T 10-60 30740  6-13 65
Density at 15 °C kg/m3  max 895 to 915 0.8589 0.885 0.896 790-910 0.928 850-890 0.91
Cetane index — min 40 —
CCal — 795 to 810 795 " 800 790~800 L 760-820 860
Sulphur mass % max 0.1 0.084 0.085 <0.1 <0.1 <0.1 0.10 0.095
Flash point °C min 70 =60 70 >60 =60 70 " &0 &0
Hydrogen sulfide mg/ kg max 1 0.1 <2 4 2 2
Acid number mg KOH/g max 0.1 0.1 235 <0.5 " oas 25
Total sediment existent mass % max 0.01 0.01 0.05 0 0.01-0.05 0.02 —
Total sediment aged mass % max 0.01 0.01 0.01 0.01-0.05 0.02 0.07 0.1
Oxidation stability g/m3 max 0.01 —
Carbon residue: micro method mass % max 0.3 <0.10 0.1 3.8 r 2 6 "oa 14
Cloud point *C max —
Pour point {upper) W “C max 9to 15 -20 -4 -6 f 18 20725 | 427 20

5°C max 91015
Appearance — — brown/ green - opaque Mot Clear and bright st Clear and brig Not Clear and bright Black —
Water volume % max 0.05 0.05 0.05 0.2 03 01
Ash mass % max 0.01 0.003 0.005 0.06 0.01 0.05 " 004 0.07
Lubricity, (wsd 1,4) at 60 °C pm max 320 310 —
Vanadium mg/kg max 1 <1 1 2 0.7 i 50 2
Sodium mgfkg  max 1 4 1 " 10 2 " =0 2
Al & Si mg/kg  max 3 <3 <10 " 1220 10~20 25 17
Calcium mg/kg max 1 13 175 free of ULO 5 free of ULO
Phosphorus 7 <1 free of ULO free of ULO
Zinc mg/kg max 1 2 <1 free of ULO 1 . free of ULO

45.2

Calc. Gross Specific Energy mg/kg

[Suitability of Hybrid Fuel Oils (ULSFO) on HIMSEN engines]

1. HDME50 (EXXONMOBIL)
A. HDMEDS5O fuel is suitable as residual fuel oil on all HIMSEN engines.

B. Low BN lube oil for low sulfur fuel oil should be chosen to avoid any sediment in the

lubricant which could cause scuffing or deposition on exhaust valve, piston or liner.

2. Fuel Oil (Chemoil)
A. Fuel Oil (Chemoil) is suitable as residual fuel oil on all HIMSEN engines.

B. Low BN lube oil for low sulfur fuel oil should be chosen to avoid any sediment in the

lubricant which could cause scuffing or deposition on exhaust valve, piston or liner.

A HYUNDAI HEAVY INDUSTRIES
ENGINE & MACHINERY DIVISION

Page 2 of 4
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TECHNICAL CI RCU LAR Ref. No.: TEC2015/K2D0-003

C.

Vanadium content should be checked to confirm the possibility of high temperature
corrosion. It is essential to ensure the vanadium content should be maintained below
the limit as mentioned page 5/5 of attachment as residual fuel oil. If vanadium content
exceeds the limit, it will cause high temperature corrosion on the inner surface of
exhaust valve or turbocharger.

3. DMB (Chemoil)

A.
B.

DMB (Chemoil) fuel is suitable as residual fuel oil on all HIMSEN engines.

Low BN lube oil for low sulfur fuel oil should be chosen to avoid any sediment in the
lubricant which could cause scuffing or deposition on exhaust valve, piston or liner.
Vanadium content should be checked to confirm the possibility of high temperature
corrosion. It is essential to ensure the vanadium content should be maintained below
the limit as mentioned page 5/5 of attachment as residual fuel oil. If vanadium content
exceeds the limit, it will cause high temperature corrosion on the inner surface of
exhaust valve or turbocharger.

Sodium contents should be checked to confirm the possibility of high temperature
corrosion or deposition. Sodium contributes to high temperature corrosion on the
exhaust valves when combined with high sulfur and vanadium. If the sodium is lower
than 1/3 of the vanadium content the risk of high-temperature corrosion will be small. If
the sodium content is higher than 100 mg/kg, an increase of salt deposits is to be
expected in the combustion space and in the exhaust system. This condition will have
an adverse effect on engine operation.

Al + Si (Catalyst fines) will damage fuel injection system. The fines are particles of
spent aluminum and silicon catalyst that arise from the catalytic cracking process in
the refinery. If not reduced by suitable treatment, the abrasive nature of these fines will
damage the engine, particularly fuel pumps, injectors, piston ring and liners.

4. Fuel Oil (Chemail) 2

A.
B.

Fuel Oil (Chemoail) 2 is suitable as residual fuel oil on all HIMSEN engines.
Low BN lube oil for low sulfur fuel oil should be chosen to avoid any sediment in the
lubricant which could cause scuffing or deposition on exhaust valve, piston or liner.

A HYUNDAI HEAVY INDUSTRIES Page 3 of 4
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TECH N I CA L CI RCU LAR Ref. No.: TEC2015/K2D0-003

5. ULSFO (Shell)
A. ULSFO (Shell) is suitable as residual fuel oil on all HIMSEN engines.
B. Low BN lube oil for low sulfur fuel oil should be chosen to avoid any sediment in the
lubricant which could cause scuffing or deposition on exhaust valve, piston or liner.

6. SK ULSFO (SK Energy)
A. SKULSFO (SK Energy) is suitable as residual fuel oil on all HIMSEN engines.
B. Low BN lube oil for low sulfur fuel oil should be chosen to avoid any sediment in the
lubricant which could cause scuffing or deposition on exhaust valve, piston or liner.

7. BP 0.1 RMD (BP)
A. BP 0.1 RMD (BP) is suitable as residual fuel oil on all HIMSEN engines.
B. Low BN lube oil for low sulfur fuel oil should be chosen to avoid any sediment in the
lubricant which could cause scuffing or deposition on exhaust valve, piston or liner.

8. Eco Marine Fuel (Lukoil)
A. Eco Marine Fuel (Lukoll) is suitable as residual fuel oil on all HIMSEN engines.
B. Low BN lube oil for low sulfur fuel oil should be chosen to avoid any sediment in the
lubricant which could cause scuffing or deposition on exhaust valve, piston or liner.

Attachment: HIMSEN engine fuel oil specification (G05100-1G) 5 sheets

Yours sincerely,

0 A Ay

Y.S. Ryoo / General Manager

HIMSEN Engineering Department 2

A HYUNDAI HEAVY INDUSTRIES Page 4 of 4
ENGINE & MACHINERY DIVISION



K
Page

I.1IMSEN All type | 1
Fuel Qil and Its Control Fuel Oil Specification secton e

olz o 2 T G05100 1G

(HFO/MDO)2 2% Jhsslitt. 0] 342 1S08217(2012)
of ek RMK7002 S0l st o dae & HE

HH 7 MDO/MGO) 2% 2

QPEE HHMR (MDO/MGO)S ZH2 1S08217
(2012) W0l ISO-F-DMA, DMZ J12|0 DMB S0
e QUCt

AR offer 2ol A 2SI HME D of

2= 0]0F

roh

tCF.

2. A= A2 Y
N gH
ZEART (HFO/MDO) = et UH| AL 25

pIS!

= 5292 YH0 I R A==

0

MI=10f0F StCt.

A9 UH eY=a2 o= dit Ay et

o422 HMehet 22 AL 2F s Ao
of 2X=l0joF sttt EHAFR(MDO/HFO) 2 FH|
T MGO/MDO)E HetollAl &l =D 20
Ct.

A9l de2el= HdEelD] tlolA tlFLo

w2t

1. General

The engine can be operated on Residual fuel olil
(HFO/MDO) of viscosity up to 700cSt at 50°C, which
corresponds to the grades of 1SO8217(2012). It can
be also operated on blended fuels of lower viscosity
as well as distillate fuel oil (MDO/MGO).

The quality requirements for MDO/MGO shall be
in accordance with ISO-F-DMA, DMZ and DMB
grade in 1ISO8217(2012).

The fuel should be cleaned and preheated before

entering the engine as follows.

2. Fuel Treatment

1) Purification

Residual fuel oil should be purified by
centrifuging because the fuel oils are always
contaminated with solid particles, salt and
water etc.

Solid contaminants in the fuel oils can cause
excessive wear to the piston rings and cylinder
liners or seizure of fuel injection pump and fuel
valve.

Liquid contaminants in the fuel oils can
cause fouling of exhaust systems and

turbochargers as well as corrosion and
cavitations of fuel injection pumps and fuel
valves.

Therefore qualified separation equipment
should be included in the external fuel oil
system not only for HFO but also for
MDO/MGO which is easily contaminated on
board.

Fuel oil separation should be carried out

accordance with separator maker's manual.

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 14.01/KCM
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between RMB30 and RMK700 to the engine
should be kept within the value of 12 ~ 18 cSt.
(Viscosity range at engine inlet for distillate
fuel oil and RMA10 fuel 0il(MDO/MGO) :2~ 14
cSt) However, the viscosity varies depending
on the properties and the temperature of the
fuel oil. Maximum preheating temperature of
HFO is limited up to 155C to avoid vaporing
in fuel system. Therefore, the fuel should be
heated according to the  suppliers’
recommendation.

A typical fuel oil viscosity diagram regarding

temperature is as follows.
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3) Viscosity Control

In order to ensure correct injection viscosity
of 12 ~ 18 cSt, the heater are to be controlled
by an automatic viscosity controller before the
fuel enters into the engine fuel system.

A\ WARNING Higher or lower viscosity may cause

serious damages on fuel injection system.

. Standard Fuel Oil Characteristics

The engine is designed to operate continuously
on the fuels with the following specifications

without reduction of the rated output,

14.01/KCM
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Distillate Fuel Oil

Category ISO-F-

Characteristics Unit Limit
DMA DMZ DMB
max. 6,000 6,000 11,00
Kinematic viscosity at 40¢? mm?/s
min. 2,000 3,000 2,000
Densityat 15 € kg/m? max. 890,0 890,0 900,0
Cetane index - min. 40 40 35
Sulfur® mass % max. 1,50 1,50 2,00
Flash point C min. 60,0 60,0 60,0
Hydrogen sulfide mg/kg max. 2,00 2,00 2,00
Acid number mg KOH/g max. 0,5 0,5 0,5
Total sediment by hot filtration mass % max. - - 0,10¢°
Oxidation stability g/m? max. 25 25 25°
o 0
(;ar_bon_ reS|du_e. micro method on the 10% volume mass % max 0.30 0.30 i
distillation residue
Carbon residue: micro method mass % max. - - 0,30
Cloud point C max. - - -
winter quality C max. -6 -6 0
Pour point (upper)®
summer quality C max. 0 0 6
Appearance - - Clear and bright" def
Water volume % max. - - 0,30¢
Ash mass % max. 0,010 0,010 0,010

Lubricity, corrected wear scar diameter

: 2 2 9
(wsd 1.4) at 60" m max 520 520 520

a 1 mmd/s=1cSt.

b Notw ithstanding the limits given, the purchaser shall define the maximum sulfur content in accordance w ith relevant
statutory limitations. See Annex C of ISO8217(2012).

¢ Purchasers should ensure that this pour point is suitable for the equipment on board, especially if the ship operates in
cold climates.

4 If the sample is not clear and bright, the total sediment by hot filtration and w ater tests shall be required. (See 7.4
and 7.6 of 1SO8217(2012).

¢ If the sample is not clear and bright, the test cannot be undertaken and hence the oxidation stability limit shall not apply.

fIf the sample is not clear and bright, the test cannot be undertaken and hence the lubricity limit shall not apply.

9 This requirement is applicable to fuels with a sulfur content below 500 mg/kg (0,050 mass %).
h If the sample is dyed and not transparent, then the w ater limit and test method as given in 7.6 of 1ISO8217(2012) shall apply.

/AHYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 14.01/KCM
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Residual Fuel Oil
Category ISO-F-
Characteristics Unit Limit| RMA | RMB | RMD | RME RMG RMK
10* | 30 80 | 180 | 180 | 380 | 500 | 700 | 380 | 500 | 700
Kinematic viscosity at 50°c® mm?s max. | 10,00 (30,00 {80,00{180,0|180,0|380,0|500,0|700,0 {380,0|500,0|700,0
Densityat 15 C kg/m? max. |920,0 (960,0 [975,0{991,0 991,0 1010,0
CCA — max. | 850 | 860 | 860 | 860 870 870
Sulfur® mass % | max. Statutory requirements
Flash point T min. | 60,0 | 60,0 | 60,0 | 60,0 60,0 60,0
Hydrogen sulfide mg/kg max. | 2,00 | 2,00 | 2,00 | 2,00 2,00 2,00
Acid number® mgKOH/g [ max. | 25 | 25 | 25 | 25 25 2,5
Total sediment aged mass % | max. | 0,10 | 0,10 | 0,10 | 0,10 0,10 0,10
Carbon residue: micro method | mass % | max. | 2,50 (10,00 14,00 |15,00 18,00 20,00
Pour point winter quality T max.| O 0 30 30 30 30
(upper)® summer quality T max. | 6 6 30 30 30 30
Water volume % | max. | 0,30 | 0,50 | 0,50 | 0,50 0,50 0,50
Ash mass % | max. {0,040|0,070|0,070|0,070 0,100 0,150
Vanadium mg/kg max. | 50 | 150 | 150 | 150 350 450
Sodium mg/kg max. | 50 | 100 | 100 50 100 100
Aluminium plus silicon mg/kg |max. | 25 | 40 | 40 | 50 60 60
Used lubricating oils (ULO) mg/kg — |The fuel shall be free from ULO. Afuel shall be considered to contain ULO
when either one of the following conditions is met:
calcium and znc; or calcium > 30 and zinc > 15; or
calcium and phosphorus calcium > 30 and phosphorus > 15

been withdraw n.
b 1 mmP/s=1cSt.

4 See Annex H of 1S08217(2012).

¢ The purchaser shall define the maximum sulfur content in accordance w ith relevant statutory limitations.
See 0.3 and Annex C of 1SO8217(2012).

a  This category is based on a previously defined distillate DMC category that w as described in ISO 8217:2005, Table 1. ISO 8217:2005 has

¢ Purchasers shall ensure that this pour point is suitable for the equipment on board, especially if the ship operates in cold climates.

Note 1: The following kinds of fuel are notto be used:
1) Bunker fuel including cat-fines 2) Bunker fuel including land-used lubricating oil waste
3) Bunker fuel including acidic compounds (Acid Number > 3 mg KOH/qg)
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