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Basic study of residual marine fuels quality
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Abstract: In the recent International Maritime Organization’s (IMOs) Maritime Safety Committee’s 93rd session, the International
Chamber of Shipping and International Parcel Tankers Association addressed marine fuel oil quality problems: increasing di-
luents in marine fuel oil, ignition in engine rooms due to the low flash point of fuel oil, and marine fuel oils that can damage
marine engines. To deal with these marine fuel oil quality problems, the International Maritime Organization secretariat ap-
pointed the worlds marine fuel oil monitoring institute and constituted a correspondence group to determine the fuel oil quality
required by MARPOL Annex VI regulation 14.8 (sulfur content less than 0.5%). In this study, basic research that can help
with responding to marine fuel quality issues and the IMO's work is conducted. In order to perform this basic research, the
off-spec ratio related to the fuel oil quality standard (ISO 8217:2012), density distribution tendency, gross specific energy, and
correlation between components in the fuel oil are analyzed through actual marine fuel oil (residual marine fuel) data from the
Port of Singapore.
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Table 1: Characteristics and test methods for residual fuel oil

Characteristics Unit Test method ref-
erence
Density @15C kg/m’ ISO 12185
Kinematic Viscosity @50C mm’/s ISO 3104
Flash Point T ISO 2719
Pour Point T ISO 3016
Water vIv% ISO 3733
Sulfur m/m% ISO 8745
Al+Si mg/kg IP 501
Total Sediment Aged m/m% | ISO 10307-2
Ash m/m% ISO 6245
Carbon Residue ; micro method | m/m% ISO 10370
Vanadium
Calcium
Phosphorus me/ke P 501
Zinc
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Figure 1: Sample number for Off-spec. analysis
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Table 2: Economic loss index according to water content of
fuel oil (Fuel grade: RMG 380, Year: 2013)

Characteristic value Unit
Annual mean density (@ 15 C) 988.95 kg/m’
Annual mean content of water 0.38 vIv%
Water density (@ 15 C, latm) 999.10 | kg/m’
Average fuel price 2013
& (RMGP380)@ 6413 | USS
X OX DX

A= BxC ED 10 3)

A : Economic loss due to water content (USS$)

B : Annual mean water content (v/v%)

C : Water density (kg/m’)

D : Average fuel price (US$)

E : Annual mean density (kg/m’)

2013 ZAHR-C] S S SRS 038 viveel ™ 7HE
E2 T EREFS 725 vivieell o] &) i el W
AAA E2S B8] S8l 20139 FAMRe] Bt 2 |
71815 C A “defoll A o] W[20], 3t Fr7HBunker
Index)& 7|¥FO & Al B, FAMT S2H]-8-2 100 met-
ric tonne & ©F 246.1 US$7} #th

371 AR RS W dsf &40 g AR
olu], W= (Bilge Water)x 2] ¥+ IMO iAol df-g-3te] W
=] #2]7%d|(Bilge Separator)] 8-l w2 F7141 HAH

364



AUk Ao A B AT

u]go] Subethil, o)t Auhg Aol S el
BRIE Auhg AR AL R L Bkl Al FA
A E2e Zol] 98 Fdvele] A%He Ash vz}

Zine
1.4% ® Density (tested)
= Viscosity (tested)
Calcium | ® Flash point
9.9% Pour point
Viscosity ‘Water " Water
11.9% 47.8% mAl+S]

® Total Sediment Aged
" Ash

Density
23.4%

= Carbon Residue
® Vanadiun
= Caleium

¥ Phosphors

m Zine

Figure 3: Off-spec. distribution for total test method (ISO 8217:12)
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Table 3: Specification of residual fuel oil (ISO/TR 18455

Annex A)
Characteristic Value Unit
Number of samples 258 -
Water Content 0.05~0.1 °]3a} m/m%
Density(@15 C, latm) 912~1,032 kg/m’

46

44

Gross specific energy [MJ/kg)

42 = -
5
3 ! 3
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| L
40 b | ©  Measured data of residual fuel oil (1SO/TR 18455 Annex A) -
4 Calculated data of residual fuel oil (Singapore port, RMG380)
@ Calculated data of residual fuel oil (Singapore port, RME180)
] ]
1% 1 | Ll
G00 950 1000 1050
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Figure 6: Variation of specific energy according to the
change of density
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Figure 7: Correlation between sulphur and carbon residue
content in marine fuel
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Figure 8: Correlation between vanadium and ash content in
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Table 4: Characteristics of metal contents in marine fuel oil
(Singapore port)

Metallic element Na Pb A\ Ni

Average content (mg/kg) | 21.3 | 19|38} | 131.8 | 30.5

Boiling point (C) 8829 | 1,749 | 3,407 | 2,913

J

A= E‘r‘H %01 L‘ZF%

1) A A3 Ao F4 dlolH 2 AN HA Al
5 9 3R] W Offspec. H&S AESH A3 2009
WRE Zlend A AEo] S7FeRAAL el
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246.1 US$7} Qgigtq AA A HEE Fo| A FRIGTE 7)
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3) A A AaRe] ARk TR Eh)r ISO/TR 18455

1::13):_‘/] HJ_

mlm r_{

i

el 214 IS
4) A O Sl WE AR 7he) ANS BAS
Avk; eI} 25 i ;

367




ul

=5

[e] .
R

Al T

AR} B 2779

References
Chamber

arising from

of
the

Fuels,”

[1] International Shipping, “Safety
supply of Out of

UK, IMO MSC

Implications
Specification  Marine
93/INF.8, 2014.
MARPOL 73/78, “Regulations for the Prevention of
Air Pollution from ship,” Annex VI Ch. Il Reg. 14,
IMO Secretariat, “Application to be a provider of
sampling and testing services for the IMO monitoring
programme of the worldwide average sulphur content
of fuel oils supplied for use on board ships,” U.K,
IMO MEPC 67/4/2, 2014.
United States, “Progress report of the Correspondence
Group on Assessment of Availability of Fuel Oil un-
der MARPOL Annex VI,” IMO MEPC 67/4/5, 2014.
United States, “Progress report of the Correspondence
Group on Assessment of Availability of Fuel Oil un-
der MARPOL Annex VI-Comments submitted to the
Correspondence Group,” IMO MEPC 67/INF.11, 2014.
MAN Diesel, MC/MC-C Engines, Edition 2010,
Denmark: MAN Diesel, 2010.
EPA United States Environmental Protection Agency,
“Global Trade and Fuels Assessment Future Trends
and Effects of Requiring Clean Fuels in the Marine
Sector,” U.S, EPA420-R-08-021, 2008.
USCG SECTOR NEW ORLEANS, “North American
Emission Control Area(NA-ECA) Low Sulfur Fuel Oil
Changeover U.S, MARINE SAFETY
INFORMATION BULLETIN, vol. 15, no. 011, 2015.
USCG Inspections and Compliance Directorate, “Ultra
Low Sulfur Fuel Oil & Compliance with MARPOL
Requirements,” U.S, Safety Alert 2-15, 2015.
[10] Exxon  Mobil &
“ExonMobil

Operators

Concerns,”

Marine  Fuels Lubricants,
to

Value

Issues  Top-Tips help Marine

Achieve  Optimal From Fuel

@,

Yol g ers A #4048 A435(2016.5)

e

s

[e] .
9

A

[11]

[12]

[14]

[15]

[17]

[19]

[20]

[21]

[22]

Z

T

Purchases,” 2014.

NIST, “REFPRO - NIST Standard Reference
Database 23,” U.S, version 9.0, 2010.

IMO, “REVISED GUIDELINES AND SPECIFICA
TIONS FOR POLLUTION PREVENTION EQUIP
MENT FOR MACHINERY SPACE BILGES OF
SHIPS,” UK, RESOLUTION MEPC.107(49), 2003.
CIMAC, “RECOMMENDATIONS REGARDING
FUEL QUALITY FOR DIESEL ENGINE,” Germany,
CIMAC Recommendation Number 21, 2003.

ISO, “Petroleum products - Fuels (Class F) -
Specifications of marine fuels,” ISO 8217:2012,
2012.

MAN Diesel & Turbo, Operation on Low-Sulphur
Fuels - MAN B&W Two-stroke Engines, Denmark:
MAN Diesel.

S. K. Jeon, J. G. Yang, J. H. Kim, and S. S. Lee,
“Separation and recovery of Ce, Nd and V from
FCC of Industrial
Engineering Chemistry, vol. 8, no. 4, pp. 679-684,
1997 (in Korean).

CIMAC, “RECOMMENDATIONS CONCERNING
THE DESIGN OF HEAVY FUEL TREATMENT
PLANT FOR DIESEL ENGINES,” Germany, CIMAC
Recommendation Number 25, 2006.

H. Rolsted, R. Charlotte, J, Ole, and E, Mats,

“Onboard fuel oil cleaning, the ever neglected proc-

spent catalyst,” Journal and

ess how to restrain increasing cat-fine damages in

two-stroke  marine  engines,” Denmark, CIMAC
Congress 2013 PAPER no. 51, 2013.

American Bureau of Shipping, Notes on Heavy Fuel
Oil, American Bureau of Shipping, USA, 1984.
Available https://www.eagle.org/eagleExternalPortal WEB/
ShowProperty/BEA%20Repository/Rules&Guides/Current
/31 HeavyFuelOil/Pub31 HeavyFuelOil, Accessed December
8, 2015

David R. Lide, CRC Handbook of Chemistry and
Physics 88th edition, Taylor & Francis, 2008.

ISO, “Petroleum product - Calculation of specific en-
ergy of residual fuels from physical and composi-
tional properties - Basic data,” UK, ISO/TR
18445:1999 (E), 1999.

Bunker Index 380CST, http://www.bunkerindex.com/pr
ices/bixfree.php?priceindex_id=2, Accessed November

2, 2015.

368





