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Explanatory notes

. MEPC 70 agreed to "1 January 2020" as the effective date of implementation
for ships to comply with global 0.50% m/m sulphur content/0f fuel, oil
requirement and adopted resolution MEPC.280(70) on the Effective date’of
implementation of the fuel oil standard in regulation 14.1.3y0f MARPOL
Annex V1.

. In this context, MEPC 73 agreed that Administrations,should.€ncourage ships
flying their flag to develop implementation plans, outliniig how the ship may
prepare in order to comply with the reguired sulphur content limit of 0.50%
by 1 January 2020. The plan could be complemented with a record of actions
taken by the ship in order to be compliant,by the applicable date.

. A ship implementation ‘plan is pot a mandatory requirement, but

administrations and PSC authorities may take into account the implementation

plan when verifying compliance with the 0.50% sulphur limit requirement.

. The ship implémentation plan is about the fuel-related methods of compliance
but for theyshipsyfitted with EGCS can also develop this plan even if they

already haye a"SOx emission compliance plan (SECP).
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® Ship particulars

Name of ship

Distinctive number or letters

IMO Number

Company shiosa

CIaSS(optlonal) KOREAN REGISTER

Flag(opllonal)

Ship’s typeoptiona) 00,000 DWT Product/Chemical Tanker
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1. Risk assessment and mitigation plan (impact of new fuels)

1.1 Risk assessment about the impact of new fuels :
(e{v)) (00D

® Detailed description

Prior to use of the LSFO (below 0.5% S) as main fuel of a ship, the risk assessment
was carried out based on the result of the technical meeting with each mandfacturer.
Details were described on the attached document (Appendix 1 ship’s riskiassessment:
of new fuels).

-See the attached document (Appendix 1.1.1 ship’s risk assessment of new fuels)

1.2 Linked to onboard Safety Management System (SMS),:
Ce(OD (eIv))

® Detailed description

-See the attached document (Appendix 1.2.1 ship s safety management system)

*Please attach the appropriate pages for Risk assessnient only (no heavy SMS with full contents)

(Revision date)

0|2 ZEH[KR GEARs1]: Ships are advised to assess
potential risk about the impact of new fuels. It is
recommended to consider the fuel oil properties detailed in

relevant IMO documents (Appendix 2 of MEPC.1 Circ.878 /
Appendix 2 of Resolution MEPC.320(74)).

M2 ZBHKR GEARs2]: KR’s risk assessment sample can

be the good guideline for developing ship’s specific risk
assessment tool.
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2. Fuel oil system modifications (if needed)

2.1.1 Schedule for meeting with manufacturer :

Date 2019.9.1
Manufacturer MAN ES (2st Engine Maker)
Details After the technical meeting with MAN ES, we found major issues

and mitigation measures as follows.

1. Potential risk
(1) Main Engine
(a) Sticking phenomenon of the fuel injection pump:
(b) Difficulty to increase rational speed<©r load
(c) Low temperature corrosion on fuelvalves
(d) Excessive wear of the cylinder line.ang,piston ring, ring
Groove, fuel injection valve
(e) Poor ignition performanee
(f) Excessive deposits onfthe piston crown
(2) Fuel oil system
(a) Sticking phenomenon ofithe fuel supply/transfer pump
(b) Excessive wearef gear parts
(c) Leakage from pump, seal
(d) Decrease of the pump’capacity
(e) Shorteningybeafinglife of pumps
(f) Clagging of the filter
(9) Sludge precipitation in the purifier
(M) Sludgedeposition in fuel oil storage tanks
(i) Gasification of the low Sulphur fuel oil in piping line
2. Mitigation measures
(a) Installation of the cooler or chiller to keep viscosity of
low sulphur fuel oil above 2cSt
(b) Change of the cylinder oil with low BN (25-40) instead
of high BN suitable for use of low sulphur fuel oil (0.5%)
(c) Use of cermet-coated piston rings
(d) Installation of the piston cleaning ring
(e) Installation of 10um filter at inlet side of M/E
(f) Parallel running operation of H.F.O purifiers
(9) Replacement of the gravity disc suitable for use of low
sulphur fuel oil (0.5%)
(h) Adjustment of the fuel index
(i) Replacement of the pump seal
() Keep the temperature of the low sulphur fuel oil in fuel oil
storage tanks at least 10 degree above the pour point
(k) Removal of the steam tracing line surrounding the fuel oil
line
*If possible, attach the record files of meeting with manufacturer
- See the attached document (Appendix 2.1.1 Meeting memorandum with
each manufacturer for the fuel system modification-Main Engine)

0|2 ZFH[KR GEARs3]: The ship tank configuration and
fuel system may require adjustments. A fully segregated fuel
system for distillate fuels and blended fuels is recommended
because they may require special attention the compatibility
matter of fuel mixing onboard. Ship tank configuration and
segregated fuel system will also allow for better management
of potentially incompatible fuels.

When ship owners and operators consider the possible Fuel
oil system modifications, they should consult with equipment
manufacturers and classification societies about the
modification plans to ensure their requirements.
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2.1.2 Schedule for meeting with manufacturer :

Date 2019.9.10
Manufacturer HHI Engine & Machinery Division (4st Engine Maker)
Details

After the technical meeting with MAN ES, we found major issues
and mitigation measures as follows.

1. Potential risk

(1) Aux. engines
(a) Sticking phenomenon of the fuel injection’pump.
(b) Difficulty to increase rational speed ordoad
(c) Low temperature corrosion on fuel valves
(d) Excessive wear of the cylinder ling.and pisten ring, ring

Groove, fuel injection valve

(e) Poor ignition performance
(f) Excessive deposits on the,piston,crown

(2) Fuel oil system
(a) Sticking phenomenon of the fugel supply/transfer pump
(b) Excessive wear,0f gearparts
(c) Leakage fromfump’seal
(d) Decrease of the pump capacity
(e) Shortenihg bearing life"of pumps
(f) Clogging of thesfilter
(9) Sludge precipitation in the purifier
(h) Sludge deposition in fuel oil storage tanks
(1) Gasification of the low Sulphur fuel oil in piping line

2. Mitigation‘ymeasures
() Installation of the cooler or chiller to keep viscosity of
low sulphur fuel oil above 2cSt
(b) Change of the cylinder oil with low BN (25-40) instead
of high BN suitable for use of low sulphur fuel oil (0.5%)
(c) Use of cermet-coated piston rings
(d) Installation of the piston cleaning ring
(e) Installation of 10um filter at inlet side of A/E
(f) Parallel running operation of H.F.O purifiers
(9) Replacement of the gravity disc suitable for use of low
sulphur fuel oil (0.5%)
(h) Adjustment of the fuel index
(i) Replacement of the pump seal
() Keep the temperature of the low sulphur fuel oil in fuel oil
storage tanks at least 10 degree above the pour point
(k) Removal of the steam tracing line surrounding the fuel oil
Line
*If possible, attach the record files of meeting with manufacturer
- See the attached document (Appendix 2.1.2 Meeting memorandum with
each manufacturer for the fuel system modification-Aux’ Engine)
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2.1.3 Schedule for meeting with manufacturer :

Date 2019.9.13
Manufacturer KANGRIM (Aux. Boiler Maker)
Details

After the technical meeting with Kang-rim Boiler, we found smajor
issues and mitigation measures as follows.

1. Potential risk

(1) Burner part
(a) Falling off in the turn down ratio
(b) Gasification of the low Sulphur fuel oil inithe sprayer
(e) Unstable or poor combustion pefformance
(f) Different wave length of light areas

(2) Fuel oil pump & Fuel oil system
(2) Decrease of the pump edpacity
(b) Shortening bearing life of ptimps
(c) Excessive wear of:geanparts
(d) Sticking phenemenan ofthesfel pump
(e) Leakage from pump seal
(f) Gasificationiof lowSulphur fuel oil in the piping line

2. Mitigation measures

(a) Installation ofithe cooler or chiller to keep viscosity of
low sulphur fuel oil above 2cSt

(b)MAdjustment of combustion control such as the air/fuel
ratio

(ehReplacement of newly designed sprayer suitable for use of
low sulphur fuel oil (0.5%)

(d) Replacement of newly designed flame detector sensing the
different wave length of the light area

(e) Replacement of the pump seal

(f) Removal of the steam tracing line surrounding the fuel oil
Line

*If possible, attach the record files of meeting with manufacturer
- See the attached document (Appendix 2.1.3 Meeting memorandum with
each manufacturer for the fuel system modification-Aux’ Boiler)




SHIP IMPLEMENTATION PLAN(SIP)

Rev. 1.1

“SHIP NAME” / IMO No.1000000

2019.07.25

(Revision date)

2.1.4 Schedule for meeting with manufacturer :

Date 2019.9.14
Manufacturer SAMGONG (HFO Purifier)
Details After the technical meeting with SAMGONG, we found major

issues and mitigation measures as follows.

1. Potential risk
(a) Sludge precipitation in a purifier
(b) Abnormal vibration of the purifier body
(c) Reduction of cleaning efficiency

2. Mitigation measures
(a) Adjustment of the feed rate and the sludge discharge internal
(b) Replacement of gravity discs

*If possible, attach the record files of meeting'with manufacturer
- See the attached document (Appendix-2.1.4Meetifig memorandum with
each manufacturer for the fuel system miedification-Purifier)

2.1.5 Schedule for meeting with class :

Date 2019.9.15

Clas_5|f|cat|on Korean Register (HeadhyOffice/BUSAN)

Society

Details After thestechnical meeting with KR head office, we found major

issues andhmitigation measures as follows.

1. Rotential risk

(a)/Sufficient availability of low sulphur fuel oils in the world

(b)\€ompatibility of blended low sulphur fuels when mixed
together

(c) No international standard(1SO 8217) for low Sulphur fuel oils
such as the blending fuel oil and low Sulphur residual fuel oil
except of MGO

(d) Malfunction of combustion equipment such as engines, aux.
boilers and purifiers as well as each pump and piping system
in the engine room

2. Mitigation measures
(a) Development of a ship implementation plan for your ship
according to IMO guidance (MEPC.1/Circ.878) and our KR
guidance (Ship owner’s guidance for a ship implementation

plan)
*If possible, attach the record files of meeting with class
- See the attached document (Appendix 2.1.5 Meeting memorandum with
Class)
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2.2 Structural modification required :

Q=) =(OD

« If Yes, continue with the below

2.2.1 Details of modification

Modification Start date: End date:
1. Fuel oil storage system M 2019.10.1 2019.102
2. Fuel transfer, filtration and delivery sys D
3. Combustion equipment Country Yard name
O ME O AE O BLR O Others ( ) D )
4. Other ( ) [] | KOREA KOREA Shipyad
Details

In order to use the low sulphur fuel oil as the mainfGel of a ship instead of the high
sulphur fuel oil, the name of existing fuel oil tanks were changed without any structure
modification and relevant drawings were alsofe-approved by classification society
(KR) as follows.

(1) List of renamed fuel oil tanks

Before After

1 No.1 H.F.ONTK (S) No.1 L.S.F.0. TK (S)
2 No A" HIFO=TK (P) NO.1 L.S.F.O. TK (P)
3 NO.2 HRO. TK (P) NO.2 L.S.F.O0. TK (P)
4 NO2H.F.OTK (S) NO.2 L.S.F.O0. TK (S)
5 H.E©O. Serv. TK (P) L.S.F.O. Serv. TK (P)
6 H.R.O. Sett. TK (P) L.S.F.O. Sett. TK (P)
7 H.F 0. Overflow TK (P) L.S.F.O. Overflow TK (P)
8 IM’D.O. Storage TK (S) M.G.O. Storage TK (S)
9 M.D.O. Storage TK (P) M.G.O. Storage TK (P)
10 M.D.O. Service TK (P) M.G.O. Service TK (P)

(2), List of relevant drawings to be re-approved by class (KR) surveyor

(@) General arrangement (DWG. No. 00000-000-00-R0)

(b) Engine room construction (FR.21 ~ FR.32 Sec., DWG. No. 000000000)

(c) Engine room construction (FR.33 ~ FR.40 Sec., DWG. No. 000000000)

(d) D/BTM Const. In E/Room Incl. 3" Deck (FR.11 ~ FR.30 Sec., DWG. No.
000000000)

(e) D/BTM Const. In E/Room Incl. 3 Deck (FR.31 ~ FR.40 Sec., DWG. No.
000000000)

-See the attached document (Appendix 2.2.1 Revised drawings for the LSFO)

M2 ZBHKR GEARs4]: Examples :

Fuel oil storage sys’ —

Distillate fuel tank modification

Disconnection or removal of heating coil

Euel transfer, filtration and delivery sys’ —

Line modification of Fuel oil return system

Newly installing the cooler or chiller for fuel line

Marking on the valves associated with modification and fuel
changeover operation

Combustion equipment —

Changes of the fuel injection system, Burner arrangement,
and Fuel heating system including the trace heating system if
fitted.
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2.2.2 Details of modification

Modification Start date: End date:
1. Fuel oil storage system E] 2019.10.1 2019.10.5
2. Fuel transfer, filtration and delivery sys [Z[
3. Combustion equipment Country Yard name
O MEE O AE OBLR © Others ( ) D
4. Other ( ) D China China Shipyard
Details

In order to prevent any problems during ship operations when the latv sulphur fuel
oil is used as main fuel of ship, relevant fuel oil systems were modified,and alsgrre-
approved by classification society (KR) as follows.

(1) List of modified piping lines
(a) F.O transfer & purifying system
(b) M/E & G/E F.O service system
(c) Aux. Boiler F.O service system
(d) Steam service & drain system
(e) F.W. service system

(2) List of relevant drawings to be re~approved by Class (KR) surveyor
(@) Machinery arrangement (DWGxN0=8000600000)
(b) Piping system diagram.dn E/R (DWG, No. 000000000)

(3) Details of modification

(2) One(1) cooler was installed before F.O supply pumps on the fuel oil service
line for M/E and,G/Es.

(b) One(1) cooler was/installed before supply pumps on the fuel oil service line
for the’Aux. boiler.

(c) All infet, & 0outlet walves on the steam tracing line for existing H.F.O servie
line, (M/E)G/E/and Aux. Boiler) were completely closed and also inserted
the blind plate into flanges on the steam inlet line.

(d) Inlet &outlet valves on the steam line for M/E & G/E F.O preheaters and
a boiler F.O heater were completely closed and also inserted the blind plate
into flanges on the steam inlet line.

(e) Inlet & outlet valves on the steam line for a boiler F.O heater was completely
closed and also inserted the blind plate into flanges on the steam inlet line.

() Additional F.W line for two (2) coolers were installed.

(9) 10 um filters were installed at the inlet side of each engines (one(1) for
M/E and three(3) for G/Es)

(h) sampling cocks were installed at the inlet side of each engine (one(1) for
M/E and three(3) for G/Es)

-See the attached document (Appendix 2.2.1 Revised drawings for the LSFO)
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2.2.3 Details of modification

Modification Start date: End date:
1. Fuel oil storage system E] 2019.10.1 2019.105
2. Fuel transfer, filtration and delivery sys D
3. Combustion equipment Country Yard name

® mE O AE O BLR O Others ( ) |ZI
4. Oth
er ( ) O | korea KOREA shipyaid
Details

In order to prevent any problems during ship operations when the lowgSulphur
fuel oil is used as main fuel of ship, relevant equipment andssSpare parts were
modified as follows.

(2) List of modified parts
(a) Piston rings
(b) Piston cleaning rings
(c) O-rings in fuel injection pumps andfuel injection valves

(2) List of relevant drawings
(a) Main engine
(b) Detail drawings of sparevparts

(3) Details of modification
(a) Existing four(4),piston rings were replaced with cermet-coated piston rings
(b) Piston cleaning, ringsywere installed between the cylinder liner and cylinder
head.
(c) All existingO-rings in fuel injection pumps and fuel injection valves were
replacediwith new one suitable for the operation on the low Sulphur fuel
oil}

-Seeithe attached document (Appendix 2.2.1 Revised drawings for the LSFO)
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2.2.4 Details of modification

Modification Start date: End date:
1. Fuel oil storage system E] 2019.10.1 2019.10.5
2. Fuel transfer, filtration and delivery sys D
3. Combustion equipment Country Yard name
O ME ® AE O BLR O Others ( ) |Z[
4. Other ( ) D KOREA KOREA Shipyard
Details

In order to prevent any problems during ship operations when thelow ‘Stlphur
fuel oil is used as main fuel of ship, relevant equipment and spate parts Wefe
modified as follows.

(2) List of modified parts
(a) Piston rings
(b) Piston cleaning rings
(c) O-rings in fuel injection pumps and fuel injectionivalves

(2) List of relevant drawings
(@) Aux. engine
(b) Detail drawings of spare parts

(3) Details of modification

(a) Existing four(4) piston rings were peplaced with newly designed piston
rings suitable fortheseperation of the low Sulphur fuel oil.

(b) Piston cleaning rings‘were installed between the cylinder liner and cylinder
head.

(c) All existing O-ringstin,fuel injection pumps and fuel injection valves were
replacéd with néw one suitable for the operation on the low Sulphur fuel
oil.

-See thé attached document (Appendix 2.2.1 Revised drawings for the LSFO)
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2.2.5 Details of modification

Modification Start date: End date:
1. Fuel oil storage system D 2019.10.1 2019.10.5
2. Fuel transfer, filtration and delivery sys D
3. Combustion equipment Country Yard name
O ME O AE © BLR O Others ( ) |Z[
4. Other ( ) D KOREA KOREA Shipyard
Details

In order to prevent any problems during ship operations when the leW, Sulphur
fuel oil is used as main fuel of ship, relevant equipment and spare “parts, were
modified as follows.

(1) List of modified parts
(a) Burners
(b) Flame detectors

(c) Supply oil pumps

(2) List of relevant drawings
(a) Aux. boiler
(b) Burners
(c) Detail drawings of spare parts
(d) Supply oil pumps

(3) Details of modification
(a) Existing burners weresreplaced with newly designed burner suitable for the
operation of the low Sulphur fuel oil.
(b) Existing pumpsawere replaced with new one
(c) Existing,flame‘detectors were replaced with newly designed burner
suitable for the gperation of the low Sulphur fuel oil
(d) The'airifuel ratio Were adjusted for the operation of the low sulphur fuel oil.

-See the attachedwdocument (Appendix 2.2.1 Revised drawings for the LSFO)
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2.2.6 Details of modification

Modification Start date: End date:
1. Fuel oil storage system D 2019.10.1 2019.10.5
2. Fuel transfer, filtration and delivery sys D
3. Combustion equipment Country Yard name
O MmE O AE O BLR © Others ( Purifier ) |Z[
4. Other ( ) D KOREA KOREA Shipyard
Details

(1) List of modified parts
(a) Gravity discs

(2) List of relevant drawings
(a) H.F.O purifiers
(b) Detail drawings of spare parts

(3) Details of modification

(a) Existing gravity discs were replaced with'new one suitable for the operation
of the low Sulphur fuel oil.

(b) Interval of the sludge discharge Were adjusted.

In order to prevent any problems during ship operations when the leW, Sulphur
fuel oil is used as main fuel of ship, relevant equipment and spare “parts, were
modified as follows.

-See the attached document (Appendix 2.2.1 Revised drawings for the LSFO)
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3. Tank cleaning plan

3.1.1 Fuel storage tanks :

0|2 ZFH[KR GEARs5]: Up to late 2019, most ships will
have been using high sulphur fuel oil (HSFO) based primarily
on residual fuel oils. Such fuels tend to adhere to the inside of
fuel tanks forming layers of semi-solid substances containing
sediments and asphaltenic sludge; such residues will also
typically have solidified and settled in various parts of the
fuel oil service system including pipelines, settling and
service tanks.

The ship operator may choose to clean the fuel oil tanks of
these residues before loading compliant fuel prior to 1
January 2020.

Time required will vary depending on tank size and the
number of tanks, how long it has been since the last tank
cleaning and the number of crew available to perform safe
and complete tank cleaning operations. Tank cleaning can be
performed by the ship's crew and/or by employing a riding
crew for this purpose.

M2 Z3HKR GEARSs6]: It is recommended to clean out the
residues at the bottom of tank manually. If operator choose to
dilute such sediments with pure distillate oil, they need to
definitely consider the side effects of them on the combustion
machinery and system.

Fuel type in New fuel type Tank
C;"g:t;i?tk (”;2; € current tank (S MAX, Grade) | cleaning
pacity (SMAX, Grade) | 0.42% S, LSFO | required
No.l H.F.O. TK(S)/176.8m® | 2.8% S, IFO380 | 0.42% S, LSFO | YNO
3
General No.l HF.O. TK (P) /1768 m® | 2.8% S, IFO380 | 0.42% S, LSFO |/Y¥ NI
No.2 H.F.0. TK (S)/531.5m® | 2.8% S, IFO380 | 0.42% S, LSFO Y& NO
No.2 H.F.O. TK (P)/451.4 m® | 2.8% S, IFO380 | 0.42% SFLSFO | Y NO
M.D.O. TK (S) / 105.1 m® 0.1% S, MDO 0.49%.S, MGOY[ YOI N
M.D.O. TK (S)/ 75.1 m3 0.1% S, MDO 0%ISIMEGO | YO NM
. Start date End date
Cleaning
Schedule 2018. 08.15 2018712.15
Manual Cleaning . .
at Dry dock D Quantity, Spec’ and Supplier
Method | Manual Cleaning D
During service a. Quantity of the fuel
Dilution m Using additive
ICIeaaing During service Additives - 1 liter per 10 tons
Worl b. Specification of the fuel
Ovin crew 4 o o additive
Hirederew. - AMERGY 222
Worker O c. Supplier
- Drew Marine
Riding crew D
The tank\cléaning procedure was basically divided into two steps and
details)are as\follows.
First step/”Removal of the sludge in each tank
=.In this step, the fuel additive capable of dissolving the accumulated
sludge in the bottom of each tank was poured to each fuel storage tank.
This method was carried out twice during the bunkering according to
the maker’s recommendation.
Other:
description | Second step : Flushing existing tanks with low sulphur fuel oil (0.1% S)
- The sludge in each tank was dissolved and removed as much as
possible by using the fuel additive in the first step, and then the amount
of the existing high sulphur fuel oil (2.8% S) in each tank was minimized
by sequentially using the fuel oil in each tank.
- See the attached document (Appendix 3.1.1 Recommended procedure for
tank cleaning by a chemical manufacturer ‘Drew Marine’)
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3.2.1 Settling and service tanks :

General

Current tank name
& Capacity(m®)

Fuel type in
current tank
(S MAX, Grade)

New fuel type
(S MAX, Grade)
0.42% S, LSFO

Tank
cleaning
required

H.F.O. Sett. TK (P) / 36.3 m?

2.8% S, IFO380

0.42% S, LSFO

Y NO

H.F.0. Serv. TK (P) / 45.3 m?

2.8% S, IFO380

0.42% S, LSFO

Y NO

M.D.O. Serv. TK (S) / 47.2 m®

0.1% S, MDO

No change

YO N™

H.P.P Engine Gas Oil TK (S)

9
/34.3 m? 0.1% S, MDO

YO'NM

No change

Cleaning
Schedule

Start date End date

2018. 08.15 2018. 12715

Cleaning
Work

Manual Cleaning

at Dry dock Quantity, Spec”and Supplier

Manual Cleaning
During service
Dilution

During service

Method .
a. Quantity of the fuel

additive
- Tliter per 10 tons

Using

Additives
Specification of the fuel
additive

o

#AMERGY 222
C. Supplier
- Drew Marine

Own crew

Worker Hired crew

Riding crew

O O0xyOO

Other
description

The tank cleaning procedureawas/basically divided into two steps and
details are as follows.

First step : Rémowvahofithe sludge in each tank

- In this step, the, fuel additive capable of dissolving the accumulated
sludge in the bottom,ef each tank was poured to each fuel storage tank.
This_method/wasycarried out twice during the bunkering according to
the maker’s\recommendation.

Second step : Flushing existing tanks with low sulphur fuel oil (0.1% S)
- The)sludge in each tank was dissolved and removed as much as
possible by using the fuel additive in the first step, and then the amount
of the existing high sulphur fuel oil (2.8% S) in each tank was minimized
by sequentially using the fuel oil in each tank. Here, the existing high
sulphur fuel oil (2.8% S) in the HFO settling tank was first emptied as
much as possible and then filled with low sulphur fuel oil (0.1% S).
When 30% of the existing high sulphur fuel oil (2.8% S) remained in the
HFO service tank, the low sulphur fuel oil in the HFO settling tank was
transferred to the HFO service tank. And then the existing high sulphur
fuel oil in the HFO service tank was sufficiently diluted as of this
procedure.

-See the attached document (Appendix 3.1.1 Recommended procedure for tank
cleaning by a chemical manufacturer ‘Drew Marine’)




SHIP IMPLEMENTATION PLAN(SIP)

Rev. 1.1

“SHIP NAME” / IMO No.1000000

2019.07.25
(Revision date)

3.3.1 Lubrication oil tanks :

Current tank name LUB’ oil typein | NEW LUB’ Tank
& Capacity(m?) current tank oil type cleaning
pacity (BN Number)™ | (BN Number) required
No.1 Cyl. Oil St. TK (S) ]
1229 md 100 15-40 YONu
No.2 Cyl. Oil Stor. TK (S)
1 20.9 m? 100 15-40 YN
General M.L.O Stor. TK (S) / 16.3 m? ; No change YN
M.L.O Sett. TK (S)/16.3 m3 - No change YON&
G/E L.O Stor. TK (S) /4.1 m? 100 15-40 YONM
G/E L.O Stor. TK (S) / 4.1 m? 100 15:40 YONM
Cleaning Start date End date
Schedule
Manual Cleaning . s .
at Dry dock D Quantity, Spec” and Supplier
Manual Cleaning
Method During service D Usi
. Dilution sing
Cleaning During service D Additives
Work D
Own crew E]
Worker [\Hired crew E]
Riding crew E]
Other
descriptiof

3.4 |Approximate total fuel oil content (m3) in the fuel oil transfer, purification and delivery

system :

Fuel oil transfer system Purification system

Delivery system

2 1

1
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4. Procurement of compliant fuel oil .2 ZF[KR GEARs7]: The required 0.5% Snax compliant
fuels should be ordered well enough in advance of 15t JAN®
. . . . . 2020.
4.1 Details of f_uel purchasing procegiure of company to source c_ompllant fuels, including T T I
procedures in cases where compliant fuel oil is not readily available : changeover well before 15t JAN’ 2020 in order to handle any

operational and supply issues that could arise before the

. .. Global Sulphur Cap enters into force.
® Detailed description

But, fuel oil suppliers are unlikely to produce and make

Our company, 0000 shipping, had signed a supply contract with 00 Innovation/& available large quantities of 0.5% Smax compliant fuels until
00 Trading International, a global refining company, to supply the low sulphurfuel Ui 05 GIBENE| (517 it
oil for 10 years. Those oil refinery companies have a plan to supply the blending So, it is recommended that owner/operators discuss their
fuel oil (0.5% S) at Singapore port and Ulsan port respectively. In addition>our needs with suppliers and start ordering compliant fuels from
company has an emergency response plan in case the compliant fuel isfiot available, gsieartyjasitielmicaielot2019;

Refer to the attachments . . . These requirements should be communicated to the charterer
- See the attached document (Appendix 4.4.1 Detail of purchasing procedure) in those cases where the charterer purchases the fuel oil.

Should a ship, despite its best effort to procure compliant fuel
oil, be unable to do so, the master/company must prepare a

4.2 Estimated date for the first bunkering of compliant fuel @il, net'aterithan 24:00 hrs, 31

DEC 2019: record of actions taken to attempt to bunker correct fuel oil
and report evidence of an attempt to purchase compliant fuel
Date Bunkering port Estimated.fuel type and quantity oil in accordance with its voyage plan to the ship’s flag state
and/or competent PSC.
2019.11.15 BUSAN Blehding,fuel oil 1200 M3 I, despite best efforts, it was not possible to procure
compliant fuel oil, the master/Company must immediately

notify the port State Administration in the port of arrival and
4.3 The fuel arranged by charterer (If possiblesattach the copy,page’of contract for that contents). the flag Administration (regulation 18.2.4 of MARPOL

Annex VI)
C=(0OD (®(~D \

- If Yes, continue with Q. 4.4 and If No, Go To Q4.6

4.4 In contract, charter party have.obligation to provide compliant fuel after 01 JUN 2019 or
other identified date :

C=(0O0D (0D

« If Yes, Go To Q. 4.6 and If,No; centinue with Q. 4.5

4.5 Detailed desCription-ofialternate steps taken :

- See the attachedidocument (Appendix 4.4.5 Alternate steps - procurement bunker)

4.6 [Is theretconfirmation from bunker supplier(s) to provide compliant fuel oil on the
Specified date? :

Q= (M) (0D

“IfYes, Go To Q.4.8 and If No, continue with Q. 4.7

4.7 Detailed description of alternate steps taken to ensure timely availability of compliant
fuel oil :

-See the attached document (Appendix 4.4.7 Alternate steps - bunker supplier)
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4.8 s there plan to dispose of any remaining non-compliant fuel oil? :

Q=(0O0D (=D

« If No, describe the detail only

Date Country Port

Detailed description

-See the attached document (Appendix 4.4.8 Schedule for dispose of N/C fuel

¥

S
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5. \Fuel oil changeover plan\
(conventional residual fuel oils to 0.50% Sulphur compliant fuel oil)

This page is the summary description of Fuel Oil Changeover Plan, and
the full document of the plan should be attached in this document.

5.1 Is a ship-specific fuel changeover plan available? :

(This plan refers to the fuel switch for ‘compliance with the 2020 Sulphur cap’ and not the fuel switchwhen:
sailing in and out of ECAs)

Q=D (®{O0D

« If Yes, the full plan should be attached and If No, needless to fill the below

- See the attached document (Appendix 5.1 Ship’s fuel oil changeoverplan to compliant with 2020
sulfur cap)

5.2 Estimated date & time(UTC) for commencement of the changeover procedure :
Date Lime

2019.12.16 09:00

5.3 The maximum time period required to changeover theship’s fuel system to use compliant
fuel at all combustion units :

Main Engine 5 hour(s) 30 _minute(s)
Main Boiler hour(s) minute(s)
Generator Engine 3 "hour(s) minute(s)
Auxiliary Boiler hour(s) __30 minute(s)
Inert Gas Genefator hour(s) minute(s)
Other( ) hour(s) minute(s)

5.4 Expectedidate &time (UTC) of completion of changeover procedure :
(This completion,date means the day when all the combustion units are fully changeovered with compliant
fuel oil)
*The date should be the same date as stated in the official documents (Oil Record Book, ENG Log Book)

Date Time
2019.12.16 14:00

0|2 ZEH[KR GEARSs8]: Consider whether a ship-specific
fuel changeover plan is to be made available. The plan should
include measures to offload or consume any remaining non-
compliant fuel oil. The plan should also demonstrate how the
ship intends to ensure that all its combustion units will be
using compliant fuel oil no later than 1 January 2020.
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5.5 The complete changeover procedure should include these following items, please check

whether it was included or not :

A formula for calculating the time required for complete changeover

Sequence of changeover operation

Location of valves, pumps and heaters

NN

Changing cylinder oil with different base number

Note :

a. The time for fuel oil change-over was calculated by usingithe"ROCO program
developed by KR, and described separately on the attached“document(Appendix
5.1 ship’s fuel oil changeover plan to compliant with 2020,sulphur cap)

b. Details of fuel oil change-over procedure including schematic diagram showing the
location of valves, pumps and heaters were deyefoped for ourship and described
separately on the attached document (Appendix 5.1 ship’s fu€l oil changeover plan
to compliant with 2020 sulphur cap)

¢. Procedures for changing the lubricating il for marine,di€sel engines were described
separately on the attached document (Appendix 5,1 ship’s fuel oil changeover plan
to compliant with 2020 sulphur cap)

5.6 Attach the relevant records showing shipsjspecific familiarization and training of crew

with the Fuel Oil ChangeoverRlan}

® Detailed description

The training ceurse of gur ¢réws was basically divided into two steps and details are
as follows.

First stepaSet upythe’scenario for training of crews

- Inthis step, the simulation scenario was developed in order to educate for the fuel oil
change-over based on the fuel oil change-over procedure. This training was carried out
twice amonth.

Second/step : Actual training for fuel change-over between HSFO and LSFO

- In this step, All valves and each equipment related to the fuel oil change-over for
MJ/E, G/Es and Aux. boilers were checked before entering SECA (SOx emission
control area) and then the HSFO in the fuel oil system were slowly changed to the
LSFO. At that time, all values such as the temperature and the pressure, especially the
viscosity of the fuel in fuel oil system, were monitored and recorded in the engine room
log book and the education document.

-See the attached document (Appendix 5.6 Specific familiarization and training of crews with
the Fuel Qil Changeover Plan)
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6. Documentation and reporting

6.1 If there are any modifications planned to the fuel oil system, related documents should be
consequently updated :

6.1.1 Shipboard fuel oil tank management plans

Modifications of the fuel oil system were described on attached documents
(Appendix 3 Revised drawings for the LSFO)

6.1.2 Stability booklets :

There were no modification on the stability document because fuel tanks wére not
modified.

6.1.3 Trim bookilets :

There were no modification on the stability®document because fuel tanks were not
modified.

6.1.4 Other :

None

6.2 When following the implementation plan the ship has to bunker and use non-compliant
fuel oil due to unavailahility of compliant fuel oil safe for use on board the ship, steps to
limit thesimpact oflusing non-compliant oil could be :

o-Detailed,description

When our ship can’t receive the LSFO during ship’s operation it is inevitable to use
the HSFO. In this case the following measures should be taken to minimize the
impact of using of the HSFO.

First step:

- In this step, the HSFO should be loaded in No.1 bunker tanks (P & S) in order to
minimize the mixing of different oil in bunker tanks in consideration of the ship’s
operation schedule.

Second step:
- The amount of the LSFO in the L.S.F.O service tank should be minimized as much




SHIP IMPLEMENTATION PLAN(SIP) Rev. 1.1
“SHIP NAME” / IMO No.1000000 2019.07.25
(Revision date)

as possible in order to minimize the mixing of different oils in this tank when the
HSFO is transferred to both L.S.F.O settling & service tanks.

Third step:
- The fuel oil system should be lined up to make it suitable for using the HSFO and

then the bunker change should be carried out according to our standard procedure
for the fuel oil change-over.

Final step:

- After the LSFO is loaded on our ship during the ship’s operation proper measures
should be taken to minimize the mixing of different oils in No.1 bunker tank (P&S),
L.S.F.O settling & service tanks during the bunker change.

6.3 The ship should have a procedure for Fuel Oil Non-Availahility-Reporting (FONAR).
The master and chief engineer should be conversant aboutwhen and how FONAR should

be used and who it should be reported to.

® Detailed description

This report is purpose to provide evidence if ayship is unable to obtain fuel oil
compliant with the provisions stipulated in.regulations 14.1 or 14.4 of MARPOL
Annex V1. A procedure and standard form,for FONAR were described on attached
documents. Refer to the attachments (Appendix 6.3 FONAR)
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Notices

This document provided by Korean Register is a guidance and sample forthe
preparation of a Risk Assessment that consists of a part ofathe\Ship
Implementation Plan (SIP). Although the document presents a.Wideange’of
cases and examples expected for Risk Assessment and mitigatien planjof new
fuels applied, it is not necessary for shipping companies and ships tojadopt all of
them. Thus, it is recommended that the actual Risk Assessment'and mitigation
plan are developed based on the inherent requirements of-the vessel and the
company’s own quality system that manage$ whole fleets. The guidance is only
intended for general informational purpose.§Therefore, please note that Korean
Register is not responsible for any loss,or damage caused by the use or acceptance
of the information contained irvthis docurment.

Purpose

FOR( THE'DEVELOPMENT OF A SHIP IMPLEMENTATION PLAN (SIP)
FORACHIEVING COMPLIANCE WITH THE 0.50% SULPHUR LIMIT
ENLERING INTO FORCE ON 1 JANUARY 2020 USING COMPLIANT FUEL.
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1. Risk Assessment & Mitigation

Risk assessment is a series of logical steps to enable, in a systematic way, an analysis and
evaluation of risks. There are many ways and methods used for hazard identification and risk
quantification, each of them having some benefits and deficiencies. That is why selection of
the suitable method is very important. In choosing an adequate method some information
should be taken into account. It includes the purpose of the assessment, current Q he
shipping companies, data available or financial implications. Each method requires,suffici

d

transparency of particular steps both for companies of the risk assessment r
which can be affected by risk. &

u
all

Specification
Of Requirement

Risk Estimation

RISK ASSESSMENT

Risk Evaluation

Repetition of the Process

Controlling

Figure 1: Methodology of risk assessment and reduction/mitigation
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2. Methodology

Step 1. Specification of Requirement

The first step of ‘risk assessment and reduction/mitigation’ consists in collecting complete
and up-to-date information concerning the type of action performed by the manner of their
execution, machinery condition, as well as operated machines and tools and the protective
measures which are already in use. In the course of collecting the above information/iteis
essential to take account of all types of action.

Step 2. Risk Identification

The most important phase in the risk assessment processs¢ensists in identifying
all hazards which, when applying the new fuels to,thetships_ and preparing the
procurement of them, may cause undesirable result expectedr

Step 3. Risk Estimation & Risk Evaluation

Risk estimation consists in determifing the effect of triggered hazards and their
probability. Consequently, in the risk evaluation it has to be decided whether or
not and how fast actions need to be taken in order to eliminate or minimize the
risk.

Step 4. Risk Mitigation/Reduction

Depending.en the'level of the assessed risk it is necessary to plan and implement
effective preyventative’ measures, creating ‘proposed action’ (see Annex Il of this
guidance)yTheir aim is to eliminate or minimize the existing risk while not
generating new hazards at the same time.

Step 5. Controlling

Preventative measures should be integrated and coordinated at the whole
company & ship level. This approach will provide the basis for the development
of an efficient risk management system based on the flow of information and
harmonized actions.
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Annex I. Risk Matrix and Evaluation Criteria

[Risk Matrix]
Severity Index
Fl | Frequency 1 2 3
Medium

5 Frequent

4 Probable

3 Occasional

2 Rare

1 | Improbable
[Risk Index/Rating, RI] &

RI Risk Level | Description

Additional Safety meas is “re§ ’m order to reduce the risk

Additional Safety'measu < mended” to reduce the risk
“As Low As a;\Prqctlcal(ALARP)”

No additi afet

is required

[Frequency Index, FI] '\

Fl Frequency Description

Frequent Likelyto occur once per 3 months on one ship
Probw to occur once per 6 months on one ship

Likely to occur once per one year on one ship

Likely to occur once per 5 years on one ship

Likely to occur once per 25 years on one ship

4 Definition (Effect on)
Si Severity
Ship Environment
1 Minor Local Damage Partial/local environmental influence

(Takes months of environmental restoration)

Serious/local environmental influence

2 Major Serious Damage (Takes years of environmental restoration)

Critical/wide environmental influence

3 Critical Critical Damage (Takes hundreds of years of environmental restoration/Not possible)




Annex Il. Sample of Risk Assessment Report

Risk Assessment

Risk Reduction & Controlling

. A Risk Risk
N Risk Identification Evaluation Evaluation
o Proposed Action

Event & Cause Potential Consequence FI | SI | RI FI | SI | RI

101. Procurement of compliant fuel / #HIE HE ]| =3

1. Set the"requirements, for fuel specifications(ex. 1SO 8217 : 2017), when
Off-spec. compliant fuel to quality | | Damage. failure of the machin contracting compliant fu€l supply
requirement(such as the latest 737 de’/\a*:l ¢ ot the machmery Ad2gra AHAL BE7IE (108217 &) MA|
o1 | Version of 1SO 8217) l lfl =< o 4 3 H |42 When receiving fifel, request fuel analysis to professional analytical agency | 3 1 L
EXJ|ZE BEXT dRQ A8 -g/lf;chlil_erc):gerf;rinancedetel’lOra’[lOn wAE A FME 2A7|Z0| HES ME 2N ofF
(1S0 8217 &) 17l m&al Mat 3.'Keep thelist for on-spec’ fuels suppliers by region
S MY 2ol dRR SEAE T Y U 7|FE e
1. Establish the procedure of the supply fuel oil for a specific voyage.
S gof 7O O MY HRQ +3F WX A 4
2. Use the alternative fuels (MGO, ULSFO(0.1 %))
Oixl 7t d2R/2l AME (MGO, ULSFO(0.1 %))
3. If additional bunkering is not possible, Fuel Oil Non Availability Report
(FONAR) is to be submitted to the ship’s flag state and/or competent port
authority of destination(See Appendix 6.3 FONAR)
Lack of stock for compliant fuel ) FIEQ AR IF0| 27t Al 7|7 Es/a2|2 git=mo o
oil at bunkering port » Failures to procyre adequic amouht of 2% 0|8 Z27hEIM(FONAR) X4 U K| Z(SIP Appendix 6.3 &)
02 29 oMo X TEom compliant fuel,6il 3 3 M ; ! ) 2 1 L
S = i Mo FHMIE ol a2 27} 4. After FONAR, Prepare how to deal with remaining fuels exceeding the
Q0| o B=E Tees b A/ = 0.1/0.5% Sulphur limit, based on policy of flag state at the next port of
call(e.g. De-bunkering)
FONAR H& =, XX 2E=o| X[Al0f wat OjFEs d2/E
Hel©f - | E&
5. Proceed with compliant fuel purchase according to pre-planned alternatives
TH T ARR{O 5 2710 et +EE N et =¥
6. Getting familiar with the fuel changeover procedures stated in chapter 5 of
SIP established(See Appendix 5.1 Fuel Oil Changeover plan)
sipsg, A= R TEHEAL0| CHEt A =X|(SIP Appendix 5.1 &)




Unavailability of proper lubricant

» Excessive deposit generation at upper
part of piston crown caused by the use of
inappropriate lubricant oil(unmatched

1. Consulting with engine manufacturer about,the proper lubricants for
compliant fuel oil(See Appendix 5.1 FuelOil Changeover plan - 2.6 MAN
ES)

A BE d=R0) et 2Rl s AT MzAeh ol

(SIP Appendix 5.1 - 2.6 &=X)

oil TBN) 2. Preventing the damage of piston ring & eylinder/liner seizure caused by using
03 N N BHSISE QTS AIR(EETISH unsuitable lubricant (e.g. JAstalling piston‘€leaning ring)
N3t 28RO AL 271 SEE o waTm AS(TaEE A (B, A 4 W aab ur
TBN)SZ OISt TtESt E|ME & otEsh E[MER QPR DAE @, HEin 2ol & wX| (o
YEAE At 4% 5) B, &y _—
3. Take proper Jfeasufes to reduce damages on the component inside ship
engine/exhalst line
T2 Y| A, A HAast g 5 A= HED =4 oY
201. Fuel Storage and management/ ¥2-82| X%k 8l a|
o o 1y, Analyze Sulphur content of fuel sample in use before entering engines when
. Allegzd bV101atlt0n .oft.the Slfllfur 11;1111'5 finishingthe fuel change over according to SIP(Test Method: 1SO 8754)
caused by contamination of new fuel, ~ 2l Mol o290 XNsle ot=sh = oflX| XCho| = .o
resulting fine and detention. 2@/ SIPO| M2t AR eSS gdt = A FEo ARRO
M 9289 o ma FHe ¢ oot o 273 24 A2 Y™ 150 8754)
Inappropriate fuel tank cleaning Hloz W3 T3 xA| 2. Conducting tank |nspict|on before bunkerlng and fuel changeover.
0l | gximig o BT A L HEq o X He © ¥3 4 o
BENAsH daf Y3 4K « Asphaltene and sludge deposition, finally, i . i .
causing machinery damages  (€7g. 3. Develop the procedure for cleaning the tank according to SIP with technical
Excessive vibration of purifier) measures to remove all the deposition and contaminated sludge (See
22(x| MOZ OlIBt 7|7 XAt Appendix 3.1.1 Procedure for tank cleaning)
E|X QS0 Cfsh 7|aXQl B T AN HA =g i
©f: BE7| BTE) [ =0 et 7|&=el o d =X =Z(SIP Appendix
311 &F)
« Fuel leakage, preSstire drop inisupply line,
degradation,efilubricity
ez TN FRel 22 X
Failure of viscosity control of | o}, |2 Zha
0 compliant fuel & Low lubricity * Potential damage of machinery caused by 1. Check the characteristics of fuel viscosity depending on temperature

AH Mg dmgel HE B

- os
2l dmf, ¥2 224

fuel viseosity & low lubricity
dRRofms Hzo REMo=
SighiZt =4

*Machinery performance deterioration
Pl 289 w3t

« Insufficient fuel supply to combustion

2CHstof ME dro H=EY mtef




unit, inducing power degradation
eamx U deg 32 Hof

f T T T T)-8- 00 W
WS ™
S . v won
=. e £ aroas
= ™ . a
E . . Lo LD A
F . e
T u . .
§ ! A‘ -.'.- - K10y
s | A, '..-.' ® wowm
= 4k Yw ‘A‘ L L P
- < vy ™ g .
i N V-y.o *-a - | X
g ‘! S Yy hy e - wonn
4.1 SRR Tt Jewen
\ Tees: !},! 1y
R SRS RREREE R
...':':"l
v BN SN DS SIS Sh.a =i~ S8
L “ L3 s | ») ns

Tompes e ( €)
[Kinematic Viscasity of blended fuels with various mixing ratio of RME
380sct@50°C & MGO 11cst@40°C] = Source : KR Research Division

2y Set up and operate the automated temperature control system to keep the
proper viscosity(e.g. using fuel cooler/chillers)

HERO Xts 22 =F K| HX| L 2&(cooler, chiller)
gimprove fuel oil lubricity using additives
HIH ArgS 8% 97 '8d M

(According to manufacturer’s instruction) Replace pumps considering
viscosity & lubricity

(MZHAre] AArgol mah Y2 F= g2dE 125
)
. Replace engine piston rings as per engine manufacture’s recommendations
(e.g. Installation of cermet coated piston rings)

AT HMZEAL] #aAretof] wE AT TAEZ WA

(oll: M3 2E m2E & HX))

w

>

i}
[H

(&2

03

Stability & compatibility issues of
compliant fuel oil (generation of
sludge)

THEE  dzgol ot¥d

o,
Ol4: Ak

28 o 2

(&2

0x
0%

0z o
o

« Potential damage,of machinery caused by
sludge

SEANgoE Qs 77| &4
¢ Filter clogging problem in fuel system
HER S W 2 A

* Machinery performance deterioration
17| 282 Mt

[

. Establish a management plan for the fuel oil tank considering various types of
fuel oils and bunkering locations

MZ CHE /30 JEf =X IE dzf Y39 2 %
HE(ER A 9B B L =T ALH #7)
. Establish a plan to handle the problems due to the mixing of various compliant
fuels (e. g. fuel tank segregation)
ME T2 dzol E8tofl i3 7| s AY 2™ 22 5)
- Check the compatibility(e. g. ASTM D4740), prevent sludge formation and
fuel stratification

N




- such as supply of unstable fuels
produced by the upgrading unit
of refinery
i HEoM ddE= =
ergst ez fol 33

- such as mixing of two different
fuel on board.

CHE d29 gER =2

* Problem of fuel supply to fuel combustion
unit
dagx U g 32 Fof
» Abnormal operation of purifiers caused
by sludge deposition (e.g. Excessive
vibration of purifier)
2K mAo g P79 HY

43 H30: 887 24nS)

Spot Test of compatibility

Not compatible

Compatible

=Source : Chevron

dERRomstdEel e &AW X EY X dER A
312 giR| o, Sloperer 4+
3. Use the dispersantito prevent sludge precipitation

SHANEN S AR|517| Qe 2AH £
4, When.receiving fuel, request fuel analysis to professional analytical agency
€712 M B2 2A7|0| ARS8 ME 24 o
Conddct measures to avoid sludge deposition in purifiers (e.g. Parallel
opeération of purifier, adjusting flow rate and discharge interval)

FY7I W 220X HMES 97) E =X HE (B gE:H

U 593, HE AHEY)

ol

o

04

Excessive contents of Cat-fines in
compliant fuel oil

AAHEEE  MER9  Catfine

e atct

« Abrasive wear,6f combustion unit(piston
ring & lineriigear, plunger and barrel)
caused by catalyticAinesiAl+Si)

Cat-file S 2PQITFRAA T K| TpChOf
=

1. Conduct measures to prevent abrasion of supply system’s gear (e.g. Parallel
operation of purifier, adjusting flow rate and discharge interval)
38 Al2HEQ OIS 3isty] figh =X 4 (87| gEed

=
AER EE RY A HiE UHZE)

2. Additional installation or replacement of fine filter at inlet of combustion unit
ALK HEO| OMEHE F7F X|5H7AL HEHE uX|
3. Drain out the water and sludge at the bottom of tanks (cat-fine may exist)
Settling &3 L S0 £2{X| HE, Y3 L0 Cat-FinesO| X3} | 1
£ 227t A
3-1. When receiving fuel, request fuel analysis to professional analytical agency
WY Al HE 2AT|T0| HES ME 24 o
3-2. If fuel is out of specification, need to confirm the contract about Cat-fines
contents and prepare some proving data for possible arguments

2R off-spec2 42, Cat-Fine(AlY flEhS =0lstof, #A XX

£ 9% 9EF S0 71A TR o i SH
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Low quality of ignition and
combustion of compliant fuel

FH M3 dzfol He,

¢ Increased levels of unburned
hydrocarbon, resulting deposition in the
combustion chamber (e. g. piston crown)
and other exhaust system.
AAaFX S OHZ| ASOo =2t
da=HE9 EH
« Failure of engine start, or take longer time
AT NS 2
« Increase in exhaust gas in temperature
Bi7I7ts 2= H5
* Loss of engine power
ANEY Lo
« Increased wear of cylinder liner caused by
disrupted lubrication oil film with high
temperature.
Had I 2= WLt H4&50=2 Qo
Helg 2ol &
« Shut down of engine
7171 EX|

1. Close monitoring of engine’s condition parameters
- Fuel & exhaust gas temperature, fuel consumption; eylinder liner temperature,
cylinder pressure, turbocharger rpm etc.

AT L M) mLEZ HA

- UES 77t 22, HENAD™ MAE 2o 2F, M2
H o4, HEXX RPM &
2. Check the ignition/comhgstionjproperties of compliant fuel (FIA test result,

CCAI, carbon residuejdensity, engine test etc.), before contract.

23 A% N, 3E F> A=Q0PHS AT FehHx 54 ol

(FIATest Zat, CCAL TR EIAE, Ur QT HAE §)

3. Take proper measures based,on the monitoring data and fuels’ combustion

propergi€s(with engine maker's recommendation)

Adjustment 6f MAT within the limit not exceeding NOXx emission(as per
approved NOXx technical file)

Increaseldecrease’ of the engine load/speed based on monitored data &
combustion properties

-“Unusual high density of fuels* may cause undesirable phenomena in

combustion process, thus avoid using those fuels (ignition delay, post-

combustion, low specific energy etc.)

*Possibly, those fuels have high content of HCO & Aromatics (Heavy Cycle
Oil produced in upgrading unit of refinery). These have strong chemical
bonding which make the combustion difficult.

DUE2 Ho|Ee da da EHS Bl M
(7 oo]H AN A:)

=]

%

s
SN RE

NOx TS s FEOAMQ VIT Z=F(NOx Technical file &=x)

AT oot £=E ZUEHTY 2 A2 HOHE 71822 =3
HEYHoR g2 LEO HE» £ H2E OEA T 71590l
AN AHE S XYY A(HAY, = A, K2 H HX| §)
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Gross spealic energy [ MAkg)
Y

-
8
sl @ Cdcdaeddan afresion fud oil (1ISOTX I8455 Asnex A)
O Merasurec data of residual faed o] (1SOTR 18429 Apmes A
5 Calosdated data of residuaad ued 0 (Sagapare port, RMGIE)
® Cdculued dao of tendadd fod wl (Smgapece port, RMEIS0)
3 L s
» (20 109 (G2
Density [Kgm3|

[Gross,Spécific energy of marine fuel with density variation]

= Source : KR Research Division

4. ives for improving combustion/ignition quality
5 gag ol A= HIH AL

re

06

Cold flow properties of low
viscosity fuels
HMHE @R M2 85 S

4

* Filter clogging problem in fuel system
caused by Wax formation

4y HYyo= oI R A U
ER

e Wax deposition in
occurring the excessi ibrati of
purifier

= Source : INNOSPEC

1. Confirm the cold flow properties and FAME that described in the ISO 8217
1SO 8217 =& H{FS| ® 10| YAIE N2 {5 £81 FAMES
g 2ol

Characteristics Unit Test Method
* ASTM D7963
[
FAME Volume % or IP579
Cloud point |—Mnter °C 1SO 3015
summer
Cold filter winter
plugging °C 1P 309 or IP 612
point summer
winter
Pour point °C 1SO 3016
summer

(1) FAME (Fatty Acid Methyl Ester, Bio-diesel): Bio—derived fuels and blends
of bio-derived fuels with petroleum products are considered by some
sections of marine industry since they are renewable and can result in
reduced GHGs and SOx emissions. These fuels have disadvantages on cold
flow properties.




* Problem of fuel supply to fuel combustion
unit
AAKK | 2] 35 Zoj

(=]

Blending of Bio-fuel(FAME) with
compliant fuels(MGO/MDO)

A H3 HER(MGO/MDO)
9| HO|2 HZ(FAME) =€

« Fuels become highly hygroscopic
(Affinity to absorb and hold water)
deg A +4 4

- Degraded low-temperature  flow
properties
M2 f85d 9=t

- Microbial Contamination; Microbes, in

general, live at the fuel water interface
DME °@ YuHom 84 I
A Bl M4

Diesel

Bio-mass

(2) According to ISO 8217:2017(table 1), Distillates which are produced
through the mixing of FAME blends ventional marine diesel
should contain FAME no more than 7.0%

G2 =2 Hio|

gz f%HHS g

2. Precise control of fuel temperature (heating), if not able to heat, take proper
measures such as fuel circulation and using additives for controlling Cold flow
Hash dE 25 =M 0IoF AEQ SES T 4 g A HH
3 gYoz HMe R548 WA(YE] &, MES M £9)
3. Avoid to expose the fuel to low temperature environment
M2 =g =& WX
4. Shorten the maintenance period of filter/strainer and purifier.
ZE/AEYOIH R I #E| FI| HE
5. Establish a plan for storage and handling of marine distillates containing
FAME(Bio-diesel) *, which includes the following considerations

- Recommendations with the engine and other equipment manufacturers
- Maximum storage periods

- Fuel condition monitoring(acid number, oxidation stability, water contents)

* For more detailed information about FAME, you can refer to the CIMAC
guideline (the guideline for ship owners and operators on managing
distillate fuels up to 7.0% v/v FAME_biodiesel_2013)

ChEAre n2fs, FAMEZ}

oy
+3
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E EER M A F= A
]

=3
AT S IR HMZEAL HE AL




-2t HE 7|2

- 9IRS NE DU Mot Ry )

*FAMEO] CHSH REMIEH AMEH2 cIMAG, 7HO|E2 Ol eha
(MF D ARZXIE AT 2|CH 20% FAME BHFHI0| 212 22| _2013)
6. Use additives for improving colekflow:pfopertie$
M2 Re5d gde e 98 JANALS

30

s

. Fuel supply system / 912 R 35

A AH]

01

Inappropriate  temperature and
viscosity control of fuel oil

2N GEQ 2& U ¥

= |

e Vapor lock in fuel system(e.g., fuel
supply pipeline, boiler atomizer

HEF SSEto 57|

* Blockage of strainer and Shortening
bearing life of pump

2EZO[Ho M % HZ HojF
o 49 thx

* Decrease in fuel oil flow rate and fuel ofl
pressure due to problem/in viscosity‘and
lubricity

dzol Mz A REECAM 7]elsh
SERCE Y- [EIES
* Stuck components in fiaelinjection pump
and injection/v fonengine

o oMl g omM we

em s wy

¢ Insufficienityfi€l supply to combustion
unit, inducing power degradation
SR L =] 33 Nof
» Machinery performance deterioration

7171 45 XNdt

1. Check the specification(Cloud point, Cold Filter Plugging Point , Pour point,
Viscosity) of compliant fuel and take measures for fuel storage according to
fuel oil tank management plans
A BE 2R £4 EQ(2H, crrp, 1) W MUY dER
W3 mal FAto| ©E fe we

2. Set up and operate the automated temperature control system for
maintenance(e.g. using fuel cooler/chillers)

dEFol AtEs 2 &E TX| HA| U 2E(cooler, chiller)

3. Removal or closing the steam tracing line surrounding the fuel oil line

elzg Z3otel @ A E2o|Y 2t M B2 AE We HF

4. Modify pumps including plunger barrel as per manufacture's advice to run on
low viscosity/lubricity

HZFALSl HuArRtol mar e FYn fEde 1|

5. Improve fuel oil lubricity by using additives

H7HH A E St g7 gEd i

S o O

oF A3

il
[H

mby|




* Machinery damage or Ship failure
77 24 % 2% o4

Inappropriate countermeasures for
impurities in compliant fuel

* Abnormal wear of fuel pump for engine
A AdZ g HZol o
« Insufficient fuel supply to combustion
unit, inducing power degradation
2K Y A=Y BT Fof

1. Installation or displace proper filter(at fuehsupplySystem
Az ZFA|AHO MABE 7[00 ZE S \MEKX|StAHLE

. Shorten the maintenance pefied of filter/strainef and purifier.
ZE/AEY 0| A FEIe | ] H=E

ZHE A

N

=R

02 | gz U 2«80 ozt oiH - o 3. Take measures to mitigate the wearlof supply system's gear parts (e. g. adjust
o » Machinery performance deterioration AN ; e
Hiok 0| J19| Mo X% purifier’s capacityand/or gravity dis¢.)
7l g ot 32 A~gd| ofEE e8ely| g mx M, HHII0 8
* Machinery damage or Ship failure -
R £ HEI XF)
N7 a4 X 2y el = A TR
401. Fuel oil Combustion Unit(Main engine, Generator engine, Boiler) / €28 ¥4 ZX|(HQl QAT LH7| =HUZ)
1. Modify piston ring as per manufacture’s advice
(€. g. Service letter of MAN ES, SL2019-659/JAP)
Excessive wear of piston ring& MEpACl Ao mat IAEE wH|
cylinder liner of M/E and A/E (0l Service letter of MAN ES, SL2019-659/JAP)
AT mAEY, MM 2H0| . Lo 2. Installation or displace with proper filter at inlet of M/E and A/E
* Machinery performance deterioration
4o| Bct ofm I17) M5 ot AT HEr| HEs WEE MK & ax
01 | Decrease in the thickness of Lub. =2 - 3 2 M 3. Parallel operation of purifier, adjusting flow rate and discharge interval
AN . * Machinery damage or Ship failure
oil film on cylinder wall due to HAY7| Hzed 4 EQ2 iz HAHXH
] 717| &Ab 9 238t 2Al = easee
low sulfur fuel oil e X we == 4. Adjust/i he fl f Lub. oil fed i lind
om0 Ae oz ols Azl - Adjust/increase the flow rate of Lub. oil fed on engine cylinders as per
Hegs Mgz Qs A manufacturer’s recommendations (See Appendix 5.1 Fuel Oil Changeover
O Ho| Qof =y ZA plan - 2.6 MAN ES)
HIZFAel Ao wat AT MG SZE =gfF F2 =H
(SIP Appendix 5.1 - 2.6 &X)
« Corrosion and ‘abnormalawedr of piston
ring &<Cylinder liner
. . . oAE d JRIH Eo|Hel FAnt 1. Consult engine manufacturer to identify issues with lubricant regarding
Inappropriate TBN of cylinder oil HHQx ol O3 compliant fuel (See Appendix 2.2.1 - I. Confirmation letter for Main Engine)
0z | for engine 8 |2 M| W 2E d2Ro Hus 2R el AT K zAtet ¥ol

SEES MAE Rl TBN

* Machineryiperformance deterioration

o
45

212| SE
#Machinery damage or Ship failure
oy 24 2 28 24

(‘SIP Appendix 2.2.1 — . MIE M| =AM EHOIA" & Z)




« Corrosion and abnormal wear of piston
ring & cylinder liner
DAE @, M3G 2tole] £Alq}
Inappropriate TBN of system oil A AFRI O 1. Consult engine manufacturer to idehtify issues with“lubricant regarding
03 for engine(4-stroke engine) HIg 42l ote 2 compliant fuel (See Appendix 2.24 - m. €onfirmation letter for G/E Engine) 2
SXTg AAYRQ| TBN (4 | * Machinery performance deterioration A 5 R0l Hershe B tioh AR FZAet Hol
" 7171 M5 NI .
W) 17l 45 st o (‘SIP Appendix 2.2.1 — m. GIE M ZAH BhOIA %)
* Machinery damage or Ship failure
N7l ey A 28 2y
1. Modify atomizenas per manufacture’s advice
HIZE AL D ARG B AL WA
* Decrease in fuel flow rate and fuel 2. Modify flamedetectoras per manufacture’s recommendation
B o caer 2ia Hxhel Aol mat ot X7 @A
ing the i i . AER 7T A FoAY g2 8. Ask manufactureo adjust of combustion control(such as the air/fuel ratio)
Using the inappropriate burner's * Machinery damage or Ship failure
unit & equipment for boiler ol e T oat an HANO| 2| caxolgH MM ol (of: SHH| XF)
04 | mximsl BUPY L |U, 171 '_“—_O =~ 5 == o 2 4.Take measures to prevent the gasification of compliant fuel in the boiler | 3
9 x| of ArE 'MaChlﬂelz’Perffl‘maﬂce deterioration compefients (e.g., pipeline, atomizer etc.)
7171 45 et 2elal THE UoIM RHES AERel JIALE WRs| A
* Machinery damage;or Ship failure M ZXZ Al
N7 a2y L 2 ey
X (See Appendix 2.2.1 — n. Confirmation letter for Aux. Boiler)
(‘SIP Appendix 2.2.1 — n. Aux. Boiler H|ZA} ZHOIAf" A7)
501. Human resource and Safety management system / 1% Xtgl 5! QHFEHE| A|AE]
Lack of experience for compliant . . ¢ . . )
fuel oil procurement (Company | * Failure to obtain compliant fuehoil 1. Ship Implement Plan(SIP) to be prepared and implemented
person in charge) THEE ggg g My MeF ol A=Mel FH| W oA
01 | #HI2HE AZQ 20| CH$t | « Detention, finé and other enfotcefhent of 3 2. Establish the appropriate purchasing procedure for compliant fuel and | 1
A 2 @A Y H2S the ship implementation of it
Mutol zaixrifol WS xx £ FHUE ARQo MHS TOHA £ U 0[]
=0
Lack of experience for compliant | ® Machinerypperformance deterioration 1. Ship crew to be trained ashore regarding the plan, procedure and
fuel(Crew) 717] M5 N3} manufacturer’s instructions for using the compliant fuel
02 THELS HER0 Chet d » Machinery damage or Ship failure & THTE A8R ALS 2E A", A 2 HEA et Sof chst 1
RE (Mg) gy 24 % 28 24 S4 0T AY
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Inappropriate plan and operation
manual for fuel supply system,
fuel combustion unit

g2g WA AAHY o
ST 7 L ARG B

* Machinery performance deterioration
717] 45 Xst

» Machinery damage or Ship failure
717 ¢ W 2 &4 5 |3 |H

 Detention, fine and other enforcement of
the ship

Mool ¥R %

=
28 ga =X &

1. Improve and Change the plan, procedure
of compliant fuel
THHEHE 2R AL 2T
2. Review of SMS(Safety Manage
view of fuel type change
e Ry Hgo oot

ing instructions for using

Me| 744
ent to be taken in the

2H ZM(SMS) EE







Appendix 2.1.1 et%rﬂorandum with each
manufacturer for th stem modification-Main Engine




Appendix 2.1.2 et&rﬂorandum with each

manufacturer for t stem modification-Aux’ Engine
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Appendix 2.1.3 Meeti e ndum with each
manufacturer for the fuel s odification-Aux’ Boiler
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Appendix 2.1.4 Meeti e ndum with each

manufacturer for the éué%m modification -Purifier
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a. General arrangement

2N0-DECK

Alsa
An

BTE
¢E




b. Engine room construction (FR.21~FR.32 sec.)
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c. Engine room construction (FR.22~FR.40 sec.)
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d. D/BTM const. in E/Room Incl. 3™ Deck (FR.11~FR.30 sec.)




e. D/BTM const. in E/Room Incl. 3™ Deck (FR.31~FR.40 sec.)
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f. Machinery arrangement
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g. Piping system diagram in E/R (Aux. central cooling F.W system)
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h. Piping system diagram in E/R (F.O transfer & purifying system)
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i. Piping system diagram in E/R (M/E & G/E F.O service system)

r Sifowa/wio ¢
(19003 °0'4'5" |

e 5
avio ol

e
l

LS.F.0. SERV. TK §b1 "
"
2 n

;

. B
§
:

M.G.O. SERV. TK

&
¥ 2
i 4
R s
T i H
-] &F
g i
2 2
$ i
ol |
- N
me
? g 3
D &
g % i
i :
i "
2 L ] i
R s
T

s




[ 21003 O HFT "]
R

"
ALUANISOOW
o

| |y .

J. Piping system diagram in E/R (Aux. boiler F.O service system)
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k. Piping system diagram in E/R (Incin. / 1.G.G. & H.P.P F.O
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I. Confirmation letter for Main Engine

TEL:
FAX
E-Mal

“{

Dear Mr. Kim

Thanks for your cooperation so far

Regarding the subject, all our MAN BEW two-stroke engines are optimized to operate on heavy fuel,

However, we ate pleased to inform you that fusls with less than 0.1% Sulphur can be used when
appropriate consideration as follows are made to ensure as safe and reliable performance

1) The minimum viscosity at the engine inlet to be of above 2¢St but, prefer above 3¢St
2) The proper external system for low sulfur fuel operation to be prepared.

We hope this will be of service to you,

Thanks.

Best regards.




m. Confirmation letter for Generator Engine

0 | FROM
ATTN. | [REF.NO |
E-mal | DATE
c.c | PAGE |

# [f you fail to receive all of this transmission, please inform us at above Tel. no.

SUBJECT: Generator engines — Recommendation for MGO Operation
Dear S,
First of all, we appreciate your kind cooperation so far.

Regarding above subject, we are pleased to inform you of our recommendation and confirmation for
MGO operation as follows:

[HIMSEN guideline for using MGt

All HIMSEN engines are suitable and developed for continuous operation on HFO as well
as MDO/MGO under foliowing recommendations.

® MGO viscosity at engine inlet should be kept within the value of 2 ~ 14 cSt.

©® When the MGO is to be used only for temporary engine operation (e.g. in port), the
acceptable period of temporary is less than 200 hours with higher BN lube ofl used for
residual fuel (HFO).

We hope this will be of service to you,

Best regards,




n. Confirmation letter for Aux. Boiler

Tm-hmuu Porarg oty ¥ored
Tel «82.55.230-8500. Homre —ntv"\wﬂ

Date : Qur Ref.
To From
Tel
Your Ref - Page © 1shest

Aux. Boiler Modification
for | —II i -

Dear sir,

Thank you very much for your good cooperation so far

We confirm that the present boller system for can be operated

with MGO which 15 having sulphur content - max 0 1% by mass and min wiscosity - 15 ¢St
(according 10 1ISO 8217) and there will be no problem in MGO operation with

the present arrangement of boler system

But, to be considered MGO viscosity keep above 1.5 ¢St

Thank you!

Best ragaras,

“{




Our Ref
To : Kangrim Heavy Industries Co., Lid.
Technical Business Dept
MrK.J Ahn / Section Manager

Dear Sirs,

The MGO modification about the burner of AUX. Boller for

Regarding the MGO modification about the bumer of AUX. boller for we reply ao

follows,

We confirm that this project burner can operated with MGO which 15 having sulpher
content Max. 0.1% bay mass and Min. Viccosity 1.5¢st (ISO 8§217) and there will de no
problem with the present arrangement of boiler system for this burner system

Best regaras

Q\




0. Confirmation letter for pump manufacturer

Lustenau, June 26, 2009

To whom It may concern

Currently we observe a lively discussion in the glaobal shipping industry referring (o the in-
creasad requirement of burning distiliate fusls, both for propulsion and steam generation on
board of ooean gong vesseis. This discussion is mainly triggared by the marine notice 2000-
3 of the Calornia Alr Resources Board. This rule forces vesseis about 1o wvisit Califormian
ports to switch 1o ether Marne gas oll (DMA acc to 1SO 8217) or Maring diesel ol (DMB
acc. 1o 1SO 8217), starting already from July 1, 2008

The standard 1SO 8217 specifies for DMA a lower viscosity limet of 1,5mm?/s at 40°C, This Is
aistinctly lowar than the minimum values that might be found with residual fugis and therafore
the question arises whether the current machinery equiproent will be able 1o safely handie
these fuels.

Refering 1o the flowmeters produced by KRAL we can confirm that there is no objection to
operating them both with DMA or DMB. Refering 10 our pumps we con confirm that for pees-
sure differences up 10 30bar and a minkmum viscosily of 1.4mm¥s there are also solutions
avatable to safely handle these fuels. To chack whethar this is the case for any indvidual
application we kindly ask you 10 contact KRAL or our representatives,

¥

“
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Appendix 3.1.1 Recomme pr ure for tank cleaning
by a chemical manu r (Drew Marine)
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* Source: HFO Tank Cleaning Procedure Convert HFO storage tank to LSFO
storage tank (Drew Marine)

'@WM&

Subject: HFO Tank Cleaning Procedure
Convert HFO storage tank to LSFO storage tank

y
4

Distillates fuels
« 0.50% Suphur fuel ol when offered could be distiliate fuel or provide an aiternative to
conventional distillate fuel such as Marine Distiliate Fuel o road diesel
Blended residual fuels
« 0.50% Sufphur fuel cil when offered could be RMA 10, RMB 30, RMC 80, RME 180 or other

Ine ship implementation plan for 2020

The ship implementation plan for 2020 couid cover various flems relevant for the specific ship,
including, as appropriate, bt not limited 1o.

Risk assessment and mitigation plan of new fuels

Fuel of system and storage tank cleaning.

Fuel of capacity and segregation capabiity.

Procurement of compliant fuel.

Fuel oll changeover plan (conventional residual fue! olls to 0.50% Sulphur compliant fus!
oll).

6. Documentation and reporting,

amwn

A fully segregated fuel system for distilate fuels and blended fuels is recommended because they may
requite special attention and better management of potentially incompatible fuels.

Recommend Fuel Storage Tank Cleaning:
« Clean sludge deposit in bottom of storage tanks before change fo 50.5% fuel oil.

* New =0.5% fuel of may have compatibllity problem with remaining unpumpable HFO.

* New 50.5% fuel off with lower viscosity may act ke cleaner to remove deposit from tank bottom
Into fuel system.

+ New £0,5% fusl off may have stability and compatibity problem when fust supplier vary.

AMERGY 222 treat and ciean:
1) No or minkmum manual cieaning by crew to prepare fuel sforage tanks
2) Slop dispesal will be avoided or reduced
3) Preventing or mitigation on compatibility when tanks clean by AMERGY 222

Open HFO tank 10 inspect from cutside of fuel tank to know internal condition nearby the man hole
before clean. Take photos as record, If possible. (Note: Use portable gases detector to confirm gases
free for safe entry.). BA unit required for tank intemal Inspection, if enter the bunker storage tank.

Recommendation — 2019 working schedule
* 1% and 2™ guarter of 2019, all user proceed pretreat HFO by AMERGY 222

*  1¥ quarter: AMERGY 222 1/15,000 (1 fiter for 15 tons HFQ)
* 1/15.000 for vessal not use AMERGY 222 regularly,
« 1/12.000 for vessel using AMERGY 222 reguiarty.

fom 814 No 152 Song Jeng Roosd Tapes Tanan ROC | Tel 002 2505 010 | Tt G002 25850011 | waew dhew tmarsre com
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* 2% quarter: AMERGY 222 1/10,000 (1 liter for 10 tons HFQ)
* 37 quaner use AMERGY 222 1/6000
* To prepare about haif (50%) number of FO Storage tanks to LSFO tank by tank clean circulation
(preferred) or Rolfing clean
= 4 quarter start {o bunker 0.5% LSFO by tanks been cleaned. Clean rest of 50% HFO Storage gy
tanks.
* All storage tanks recommend fo flush by < 0.5% LSFO In 4™ quarter to avold >0.5% Sulphur 4
problem in early 2020.
* Al HFO over 0.5% sulfur should be consumed before 2020.

~FO T
Check General Arrangement Drawing 10 know number of FO Storage, Capacity and Type.
« Lower Wing Tank: most of deuble haul vessels, FO Storage tanks are lower wing tanks
« Doubie Bottorn Tank - most difficulty to clean
« Deep Tank - act like sattiing tanks

First quarter (January — March)
First quarter to clean deposit in HFO tank:

1. Add AMERGY 222 to empty tank before bunkering. The dosage is 1 liter for 12-15 ton HFO.

2. Shift to use FO in other fuel tank when *10-25% HFO remaining (see below). Rolling clean
sludge in bottom for 5 - 7 days (longer better). tlemperature 40°C. (Vessels without heating
capability in Storage tank. AMERGY 222 need to Increase 20% and rolling clean for 10
days).

# FO storage tank in side wing tanks and double bottom tanks keep 20-25% remaining
4 FO storage tank deep type keep 10-15% remaining for better rolling clean,
= 2 storage tanks clean together and circulate by FO Transfer pump will get better clean
performance, If circulation can be arranged. (Give attention on fuel level of Settiing
Tank.)
3: GMngextramnnononFO Purifying system when use the fuel after rolling clean.
80-85 “C Setting tank temperature.
Drain water and sludge from Settling and Service tanks in every 4 hours. 10-15 second.
Reduce Purifier throughput to Improve ciean efficlency.
Drain 10-15% HFO from Settling Tank to Over-flow tank after each storage tank’s
remaining fuel consumed. Preventing high sediment and ash (including Al & Si) deposit
in Seftling Tank and flow into HFO Saervice system that may cause engine excessive
wear,
Transfer the drained high sludge FO back to Settiing Tank when vessel in ECA (using
LSMGO) or vessel in port (M/E stopped and 2 G/E running that lower FO consumption).
Operate 2 purifiers (28°C) in paraliel to clean FO by circulate between satiling tank and
service tank, More and over 24 hours clean
4. Trim vessel to pump out as much as possibie to ensure less tuel remaining In storage tanks.

Second quarter (April = June).
» Same procedurs with 1% quarter.
* AMERGY 222 dosage Increase 10 1/10,000 (10 tons fuel dose 1 liter AMERGY 222),

Third quarter {July ~ September):
« Same procedure with 1¥ quarter,
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« AMERGY 222 dosage increase to 1/6.000 (6 tons fuel dose 1 liter AMERGY 222),

Fourth er (October — December):
« Start using <0.5% sulfur fuel oil,

All fuel storage tanks should be treated and clean by AMERGY 222 in 3 stages in above
at least one each.

Question & Answer:

When determining how much fuel additive to use._ should | calculate based the fuel
tank’s full rated capacity or the specific amount of fuel being loaded into that particular
tank?

» Fully load fus! could be 85 — B7% tank volume.

« While we recommend to freat as close as possible to the recommended dosage rate
per volume of fuel loaded Into the fuel tank, it is ok to round up to the nearest liter of
fuel treatment.

How do | ensure proper mixing of AMERGY 222 vith new HSFO bunkers?
» Always add the fuel treatment to empty nominated fuel tanks as early as possible
before bunkering by sounding pipes.
« After bunkering, dose to suction fiter of FO Transfer Pump and pump to Storage
Tanks. Recirculate the treated fuel with same bunker In other tank until ai fuel has
been racirculated at least twice.

High siudge problem in FO Punifying system when tank clean by AMERGY 222. How to
mitigate problem?

« Add addtional AMERGY 222 into Settling Tank by fiter of Transfer Pump. Operate
stand-by Purifier feed pump to circulate Settling Tank by open 3 way valve for proper
mixing, if additional circulation needed.

« Additional dosage should be repeated in every 12 hours.

*  Quality of 0.5% LSFO may vary by ports and bunker suppliers.
= Kept 2 batch LSFO onboard for safety consideration
* Vessel should keep 5-10 pall of AMERGY 222 onboard to overcome fuel compatibllity
problem after 2020.
* Noted:
*Dao not dose AMERGY 222 into loaded bunker tank when problem siudge in system.
FUEL and AMERGY 222 are not able to mix homogeneously in full tank conditions.
*AMERGY 222 should dose to SETTLING TANK by fiter of Transfer pump afler
bunkering.
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Fuel Oil Change Over Procedure

1. General

In order to comply with global SOx regulation from 1 January 2020, it is important to
prepare appropriate procedure for switching safely from high sulphur fuel (3.5% S, hereafter
HSFO) oil to low Sulphur fuel oil (0.5% S, hereafter LSFO). This document is purpose to
operate each equipment, which were already modified to use LSFO as main fuel of ships:

2. Change over procedure between HSFO and LSFO

2.1 Main engine and generator engines

1) Major considerations

In general, the steam valve for the fuel oil heater’is controlled by the viscosity controller.
During the fuel change-over, however, abservations of the temperature/viscosity must
be carefully implemented to protect the,fuel,components of each engine and pumps. Two
factors are to be kept under observation:

a. The viscosity at the engine_ inlet'must not drop below 2 ¢St and not exceed 20 ¢St

b. The rate of temperature change of the fuel inlet to the fuel pump must not exceed
2C/min, to protect the*fuel equipment from thermal shock, which result in the sticking
phenomenon

2) Fuel oil change overAfrom HSFO to LSFO
a~Check that the temperature of the LSFO in the service tank is approximately 10C
abovelithe pour point.

biiSet the viscosity controller to 17 or 18 cSt to decrease the temperature of the fuel in
the pipeline. Here, manual control of the pre-heater might be necessary if it is observed

that the viscosity control exceeds the maximum of 2°C/min

c. Decrease the engine load to max. 50% SMCR when the fuel oil reaches a temperature
corresponding to 17 or 18 ¢St in order to ensure a slow reduction of the temperature at

the engine inlet.
d. Close all valves for steam tracing line in the fuel oil system
e. Carry out change over by turning the three-way valve. The recommended rate of the

temperature change is below 2°C/min




f. If the temperature changes too much, wait until the fuel temperature is stable. Then you
can continue the procedure. Try to decrease the temperature as linearly as possible.

g. Close all steam valves for pre-heaters for M/E & G/E when the regulating valve has
closed completely. Depending on system layout and condition, it might be necessary to
open the heater bypass.

h. Start the cooler slowly to give a linear and smooth temperature change at minimum
viscosity (10 cSt). Note that the viscosity of the fuel must not be less than 2.eSt.

i. After finishing the fuel oil change over completely, before the viscosity of the CSFO
would be reached at 2 cSt, the cooler system should be operated insorder 10 keep the
minimum viscosity to the engine.

2.2 Aux. boiler

1) Major considerations

During the fuel change-over, the viscosity‘ef thexfuel oil"in the pipe line must not drop
below 2 cSt, and the air/fuel ratio must.be adjusted for the operation of the LSFO.

2) Fuel oil change over from HSFQ to LSFO

a. Check that the temperaturé®ofathe, LSFO in the service tank is approximately 10C
above the pour point.

b. Preliminary flushing of AuxgBoiler F.O service and return line
Before the4fuel change'over, the below-mentioned steps are to be followed in HSHO
burning.mode‘af Aux.boiler
- Close all valves for steam tracing line in the fuel oil system
=Elose steam inlet/outlet valves for the Boiler F.O heater
- When,the/temperature of the HSFO is reached at 80 ~ 100°C carry out change over
by turhing the three-way valve

- Turn off the aux. boiler burner and boiler F.O pump when the temperature of the FO
Service line is reached at 60°C

€. Draining the HSFO in the recirculation line
- Isolate the FO service line
- Open the drain valve near the boiler FO mixing box.
- After checking the HSFO drain, close the drain valve near the boiler FO mixing box

- Line up the FO service line




d. Flushing the FO service line

- Carry out change over by turning the three-way valve and start boiler FO pump

- For a complete change over, flushing must be carried out with sufficient time

- After sufficient flushing procedure, stop the boiler F.O pump

- Check the condition of the fuel oil in the FO service line by using the drain valve

- To ensure the perfect change over from the HSFO to LSFO, repeat this flushing
procedure

e. After completing this flushing in the FO service line, start the aux. boiler'Q)
mode

%
S




2.3 Schematic diagram for fuel oil change over (M/E & G/E)
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2.4 Schematic diagram for fuel oil change over (Aux. boiler)
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2.5 Calculation result of FOCO program for fuel oil change over
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2.6 Examples of low-BN cylinder oil for operation on LSFO (below 0.5% S)
* Source: MAN ES, Service Letter LS2014-593/D0JA

1. Low-BN cylinder olls

Untl row, manre low speed angnes
and ther kitecants have been opt-
misad for oporation on haavy fuel ol
(HFO) with high sulptur (S} content,
During combustion, tha S is converted
0 miphur triceda SO, SO, and water
from the combustion and the ecavengs
ar farm sulphuric scid (M SO Wren
the Inor termparatume drops bolow the
dew point of sulphurnc Beid and water,
a ive mixiure cor an the
Wnar wall The high alkaline hibricants
high-8N ods) nautralise the acd and
prevent cocrosion of peton rings and
oytindar ner suriaces.

When opersting on fuels with less than
0.1 %5 such as dssliates, new types of
fuel with less than 0,15 S ultra-low-sul-

Engine design

Optimised for improved
fued consumption:

Part joad optimised and
derated engines

phur fuel of (ULSFQO), LNG, mathanol,
ethane and PG, ondy small smounts of
suphuric acid are fonmad In the com-
buston chambet, The cyfinder kuba ol
addtives are than not usaed for the de-
signad purposs and they tend to buld
up as deposits. These deposts may
disturd tha luba oil tim and obstruct
e pston ting movernent, which coud
lead 1o mcro-sezums on the pision
rings and Iner and ncraase the nak of
scuffing. Deposit fomation and the 1o
tal lack of coroson Incroasa the risk of
bore-polishing, which could also lead
o increased waar and scuffing. For en-
gnes oporating continvously in SECA
on fuels with less than 0.1% S, we rec-
ommend 1o nstall piston rings with ces
mat coating on all four rngs, to reduce
the risk of seizures ard souffing.

Lebricaton strategy

It & recommendad 10 uae cyinder e
cils with low amount of deposit-form-
g acditves and a good dotargenay
flow SN olu} and operate at the lowsst
recommended cyinder lube ol feed in
oedar o avold complications with de-
posit ould-up. The feed rate should be
decreased to the minmum feed rate
spociied in cur latest service lottars,

The gensral lubrcaticn strategy & Yo
use high-3N olindar ofl (70-100 BN)
when cperatng on high-sulphur fusls
and law-BN ol (1540 BN) whan oper-
uting on low-auphur fuel. An overview
of how to choose sultatile cyinder e
oils i shown in Fig, 1,

=Mark 8

. Low S fuel IMB-NM 15-40 BN ol 15-40 BN off
l(ijylmder

be oil High S fual

70BN ofl

70-100 BN oil

100 BN oll

Fp 1. Genasd overview of Syiecier Lt 082 i Now 19 ZRO06E SUBEENS Cytncdir L06 o8 Law 5 et = w-satvinr el ol cusilaon, haw e Lats with Ass
a0 (1% S NG methanol athane and LAG. High S 44X = high-suphur Gel




g 207 for cyncor
phanoe’ Aorcares
When switching to fuols with less than

0,1% S, we recommend switching 10
low-8N cyfindar ol at the same time as
awitching the fuel. We oo not recom.
mend the use of high-BN cyinder ol
when running on fuels with lese than
0,1% S. This recommandation is vald
for all engire types and Mark

and for all b typas:; el W
ME end Alpha Lubricator) and me-
chancal (e.g. Hans Jensen). Plase
o refer 10 senvice letters on cylindar
lubrication, SL2014-587 {electronic k-
bricators) and SL2C13-553 (mechani-
cal Mtvicators),

To support this, wo have for many years
recommanded 10 instal two senice

tanks, one for bw-8N of and one for
high-BN oll (Fig. 2).

There are low-BN cylinder Libe ods with
dfarant BN levels on the market today.
Currently, there are three diffecent low-
BN lovels: 17, 26 and 40 BN, However,
davelopment continues and In the fu-
ture thera could be ols with ather BN

Systom for ME aagnes. Similar Sysnom shou? o netalac 0n MC 8ngnes Lsing ¥ Apha L ubneeor or me-

Aa the reutralising capacity of these ols
varies with the BN, the mex. fuel S con-
tont also vares. We recommand usng
them for fuals within the below-epec-
fiod fusl S content nterval (Table 1),

Whan usng the low-BN cils for higher
sulphur fuels (8.9 0.5% S fual we rec-
ommend dosing the olls at higher feed

levals, Good performancs of the low-  rates as acoceding 1o the nomal ACC
BN oll s the mast important factor, or Feed Rate Factor (FRF) strategy for
Cyinder lube of BN Min. % S fuel Max. % § fuel

15-24 0 05

25-3¢ 0 10

a5-40 [ 18

It 1 Mo 4 apptcatens A ow-ll cyfncw oy




electronic kubricators (see Appandix of
CLO Advisar),

Vée expect thet the lawest BN olls (17
and 26 BN) will parform bast, both in
shor and long term operation, on fuels
with legs than 0.1% 5. The 40 BN oils
may porform satisfactonily for a shortor
time on such fuels, and we recom-
mand i maxitum oparation tima of 1-2
woekcs on 40 BN oils, seo Table 2,

Usod ol samples (slso celled dran
ol or serage down oll) taken from the
engine through the scavangs bottom
drain can be ussd for cylindar condi
ton svaluation, Ovain ol analysis can
show whether the cylnder condition
is within the noemal range or whether
action must be taken, e.g. lowanng the
fead rata towards Mnimum 0esage of
removng cal-fines from the fusl, see
latest servica fatter or the CLO Aavisor,

Operation on fuels with less than 0.1%
§ induces lsss conosion on the Iners,
80 we expect normal wear values for
on (Fa) to te in the rangs of S0-100
ppm and the remaning BN 1o be 510
BN less than the ovigined BN vake.
Guiding values for alarmn levels may be
foundt in the Table 3,

Tatle 4 shows exarnples of low-8N cyk
Indar ols presently avalable n the mes
nationsl market. High- and low-BN oils
are lsted n *Ols for Marine Two-Stroke
Engnes® (case no. 50621-2014),

--mum&ha ,
+ Resommendatons are vlid for al mmrmw
«mm mmm eectroric Mbricators, Use

« Usa boweBN ol {1540 BN} when ""““"”m
operating on fuels < 0.1% 5 i e

- - m one
mm 8 BN of art ore for bow-BN ol w
BN Ol - Monitor the cybrder conation and

+ Operation on < 0,1% S fuele: - wct aocordingly.
Optrrise the feed rate owards

Cyfinder lube ol BN Recommanded time of opertion on fusls < 0.1% 5

1530

Short and long teem sandos

30-40

Laces than 1-2 wesks

Tatee 2 Recommendand Bme of apeamion on fual with kes a0 0 I S

Cyfinder lube ol BN Scavenge drmin ol - Guiding vilues

Ramairing BN F, ppm
15 > 510 < 100200 depending on angine hyos
25-34 >515 «< 100-200 depending on argine yoe
4540 > 10-20 < 100-200 dependng on engine type

Tater 2 Gukteg shem ivels &3 £Cavangy (i Ofy Ay Ak with bes fan (1% §

Ol compary O naene DN level
Angoan A¥acyio 540 LS &L
Caatrol Cyttach 408X &0
Crevion Taro Spocal MT LF 25
Taro Specal HT LS 40 &0
ExxonMcbil Mcbigard 526 2%
O O Maring GufSea Cyloam ECA 50 17
GuliSaa Cyfosrw DCA 5040H &0
Inctian OF Cerp, Servo Marine LS 1750 17
JX Nippon Of & Ensegy Marine CA05 &0
Lukod Nawvgo 40 MCL &0
Shell Moxla 53 25
Sropec Marine Cybnaaer O 5040 &0
Total Telusa LS 28 25
Talusa 540 &0

Tatde 4 Exarvgoien of ow-BN Gincter oy o0 S roematonsl ekt
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Appendix 5.6 Specific familiapiza and training of crew
with the Fuel O geover Plan
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Training Evaluation Report

Training Date

From :
To

Education Course : Fuel oil change-over drill (LSFO spill)

Instructor name / Title / Sign :

Verified by training supervisor :

@

No Rank Name Grade pinion
1| uE A o~ ~

2 2[E A

3 | 3/EQA) A \/

4 | 3/EMB) ) )

Remarks




Scenarios for fuel oil change-over drilly

1. DRILL : Fuel oil change-over drill (LSFO spill at leakage part of No.1 fuel oil supplypump.in the fuel oil system)
2. DATE :2019.10.10
3. PLACE : Purifier room

Simulation Scenarios Items
After completing the fuel oil change-over from HSFO to 1. Immediately, Duty:engineer reports this phenomenon that fuel oil is now leaked at No.1 fuel
LSFO, Duty engineer, 3/E, finds out oil spill at No.1 fuel oil oil spply pump to the chief engineer with transceiver or telephone in the ECR
supply pump in the fuel oil system. 2. Start No.2fuel oil'supply pump immediately, and then stop No. 1 fuel oil supply pump

3. Close inlet/outlet valves for No.1 fuel oil supply pump

4nCheck the spilled quantity of the fuel oil in the oil coaming and the FO overflow tank.
5, Transfer the fuel oil in FO overflow tank to the FO setting tank

6. Report this measure to the chief engineer.

7. Drill finish

PREPARE/ 3/E REVIEW/ CIE APPROVAL/ MASTER
/ / /

RECORD OF TRAINING

MASTER







Procedure for Fuel Oil Non-Availability Report

1. General

This report is to be sent to the flag Administration and to the competent authorities in the
relevant port(s) of destination in accordance with regulation 18.2.4 of MARPQOJaAnnex VI
The report shall be sent as soon as it is determined that the ship/operator will beunableyte
procure compliant fuel oil and preferably before the ship leaves the port/terminal where
compliant fuel cannot be obtained. A copy of the FONAR should be“kept on“bodrd for
inspection for at least 36 months.

2. Purpose

This report should be used to provide evidence if asshipiis unableito obtain fuel oil compliant
with the provisions stipulated in regulations 14.1ar 14:4 of MARPOL Annex VI.

3. Major considerations
Before filing a FONAR, the follewing should be observed by the ship/operator:

1) A fuel oil ngn-availability report is not an exemption. According to regulation 18.2 of
MARPOL Annex/VI, ithis the responsibility of the Party of the destination port, through
its competent autherity, to scrutinize the information provided and take action, as
appropriate

2) In thetgase;of insufficiently supported and/or repeated claims of non-availability, the
Party may require additional documentation and substantiation of fuel oil non-availability
claims=~The ship/operator may also be subject to more extensive inspections or
examinations while in port.

3) Ships/operators are expected to take into account logistical conditions and/or
terminal/port policies when planning bunkering, including but not limited to having to
change berth or anchor within a port or terminal in order to obtain compliant fuel.

4) Ships/operators are expected to prepare as far as reasonably practicable to be able to
operate on compliant fuel oils. This could include, but is not limited to, fuel oils with
different viscosity and different sulphur content not exceeding regulatory requirements
(requiring different lube oils) as well as requiring heating and/or other treatment on board.




Fuel Oil Non-Availability Report

1. Particulars of ship

1.1 Name of ship:

1.2 IMO number:

1.3 Flag:

1.4 (if other relevant registration number is available, enter here):

2. Description of ship's voyage plan

2.1 Provide a description of the ship's voyage plan in place at the timeyof entry intg "country X"
waters (and ECA, if applicable) (Attach copy of plan if avaitable):

2.2 Details of voyage:

1 - Last port of departure:

2 — First port of arrival in "country X":

3 — Date of departure from last port (dd-mmxyyyy):

4 — Date of arrival at first "country X" (dd-mm-yyyy):

5 — Date ship first received noticesthat it would be transiting in "country X" waters (and ECA, if

applicable) (dd-mmyyyy);

6 — Ship's logationat the time”of notice:

7 — Date shiploperator.expects to enter "country X" waters (and ECA, if applicable) (dd-mm-yyyy):

8— Time ship operator expects to enter "country X" waters (and ECA, if applicable) (hh:mm UTC):

9 — Date ship operator expects to exit "country X" waters (and ECA, if applicable) (dd-mm-yyyy):

10 — Time ship operator expects to exit "country X" waters (and ECA, if applicable) (hh:mm UTC):




11 — Projected days ship's main propulsion engines will be in operation within "country X" waters
(and ECA, if applicable):

12 — Sulphur content of fuel oil in use when entering and operating in "country X" waters (and ECA,

if applicable):

3. Evidence of attempts to purchase compliant fuel oil

3.1 Provide a description of actions taken to attempt to achieve compliance prior to entering "country
X" waters (and ECA, if applicable), including a description of all attempts that were.madesto locate
alternative sources of compliant fuel oil, and a description of the reason why cempliant fueloil'was

not available:

3.2 Name and email address of suppliers contacted, address and phefig,number and date of contact

(dd-mm-yyyy):
Please attach copies of communication with suppliers (e.g. emails to and,from suppliers)

4. In case of fuel oil supply disruption only

4.1 Name of port at which ship was scheduled'to,receive compliant fuel oil:

4.2 Name, email address, and phon€inumber.0f the fuel oil supplier that was scheduled to deliver (and

now reporting the non-availahility):

5. Operation constrajnts; if applicable

5.1 If non-compliant fuelhas bgen bunkered due to concerns that the quality of the compliant fuel
available would cause operational or safety problems on board the ships, the concerns should be
thoroughly“decumented.

5¢2 Deseribe any operational constraints that prevented use of compliant fuel oil available at port:

5.3'Specify steps taken, or to be taken, to resolve these operational constraints that will enable

compliant fuel use:




6. Plans to obtain compliant fuel oil

6.1 Describe availability of compliant fuel oil at the first port-of-call in "country X", and plans to

obtain it:

6.2 If compliant fuel oil is not available at the first port-of-call in "country X", list the lowest sulphur
content of available fuel oil(s) or the lowest sulphur content of available fuel oil at the next pori=of-

call:

7. Previous Fuel Oil Non-Availability Reports

7.1 If shipowner/operator has submitted a Fuel Oil Non-Availability Reportte*'country X" in the
previous 12 months, list the number of Fuel Oil Non-Availability’Reports,previedsly submitted and

provide details on the dates and ports visited while using nonicompliant fueloil, as set out below:

Report:

Date (dd-mm-yyyy):

Port:

Type of fuel:

Comments:

8. Master/Company informatioh

Master name:

Local agent in “cotntry=x"":

Ship @perator name:

Shipownernanie:

Name and position of official:

Email address:

Address (street, city, country, postal/zip code):

Telephone number:

Signature of Master:







