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- MO DIRERREY (SOx) DHEHBRH L, TILAR—ILERNHFRE
VI':BL‘T%*#%& I:l:lo) Jlbﬁﬁﬁ%%ﬁbﬁiﬁiéh-tb\éo Sox emissions from vessels are

regulated with MARPOL Convention Annex VI according to sulfur content limit within fuel oil.

- EHICIT, —IEEEICB UL T2020F 12 b OB ESER0.5H
E%LUTORE MO BB HIRLINLEVMEEIZIE., 2025F(CEHTHE

*EE é*‘a-t L \6 o According to the MARPOL Convention, it is stipulated that the tightening of regulation will be postponed to the year 2020
in case the fuel with sulfur rate 0.5 mass % or below is not supplied in the general sea area within the of 2020.

AREE(. 20205 5 R TH B AR ARAR [ D3R FE S A% B D
HERBELEEHIC AHIRIEICAIT=REFICOVWTHREZITOCLE

E E"] t L/T: o This investigation aims for a research on the issues toward tightening of regulation, along with the outlook of the fuel supply matched
to the regulation for Japanese vessels at the year of 2020.

- ARAER EXREIOBLEMREMAANIFAZNEZITEONT
ERL=LDTHS, (FRERBLIEL, JIXYH—FZHE) 1 imestiuston was mplemertec

by NMRI according to the contract with Ministry of Land, Infrastructure, Transport and Tourism.
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(1) ﬁ-E ﬁ %*4 5m i\ % 0) % u_,\ n” EActual condition survey for vessel fuel supply

sMinaa. RffUie. BRI T SRR, JHED

EREZIMO, IEA&U‘&%)‘"%% KETRUERE
MKO}jﬁk%‘ J:L)nﬂﬁl estigation with the documents by IMO , IEA, Ministry of Econ myT ade and Indu tryF sher

Agency and the industry association concerning vessel fuel supply a dt actual consumption conditio vey of ocean going vessel, domestic v Id
fishing vesse |

( 2) 2 02 O f E w ﬁ-E ﬁ 'Iliﬁ\\ 7 ,: ‘IIJ"\ ﬁ E w % 5&“ Predicted amount of vessel fuel supply for 2020

OHERDEMEXHMEFICLYAETT HEEDIC,
A5\ — LNGIZ&KAREBBEMDET) T EEL.
(DDEREHEFEZ . 2020F DA R LB EE T A

d éo Alo gwth estigation with documents on the trends th oil indu tryth hea substitute technology by Scrubber and LNG should
be carried out and then If el supply amoun t for 2020 should be plan ording to the results f(1)

(3) A AR HE#EIC BE]?’%’)?SE’FFIB’JFQEEODEHESUWW

vessel fuel supply.

REARASLROEREILICELEIMEIRDELE., KB
BATBAFE IR 9 DIRMTHIBRRBZ BT T % o reomonans oo

chemical property change along with low sulfur sel fuel and it’ s alternative technical development will be investigated.
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for petroleum products(fuel oil)

R FERELQ6.1INERRE) DR ERL

reform case considered from the government’s economic outlook (the cabinet’ s test calculation in Jan.

FEE TORFRRE2%/5

the assumption of +2%/year economic growth up to 2020)

(20204

2016)

3. AHAE mURRHAFTREL
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Outlook of the domestic demand

= ,7-_Z Economic
F)ERIMRELT-15

no(On

unit : 10k KL, (%) ratio
2012FY 2015FY  |2012— 92020FY  |2015—
(achievement) (e.xpected 2015 growth (assumption) 2020growth
achievement) rate rate

gasoline * naphtha | 9,938[50%] | 9,965 [ 50%] 0.30%| 9,179 [ 50%] A 7.9%
jet * kerosene 2,286 [ 12%) | 2,086 [ 12%] A 87%| 1,836 [ 11%] A12.0%
gas oil + A-fuel oil | 4,715[24%] | 4,528 [ 25%] A 40%| 4,249 [ 26%] A 6.2%
B+ C-fuel oil 2838 [14%] | 1,479 8%] A479%| 1,207 [ 7%] A 18.4%
fuel oil total 19,777 [100%)] | 18,007 [100%] A 89%]| 16,470 [100%] A 8.5%
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- BEIXILIF—HERIES. 2EEFBRESES S (£EE) OEHLTLS
BIELOMICHUDTEEEDHoT-1=6 . EREDBIEZERLT=0 me st of ations

Federation of Fisheries was given consideration since there was a big gap in data between overall energy statistical date and the one the association recognizes.

- MRfAEEEIL, BHmIE1.5%, AEAIX15~16%& (2155, CERIZ. EAAUND
—ﬂxCE,EEIi7I'347FHO)W =N ENICABLTLWASESD . IR RE N
'ﬁ 5&)6%']éli;%\i% L/~ 2014E§T[i35%[:‘$ LTL‘%O The percentage of vessel use light oil and A-

heavy oil in total fuel sales , is approximately 1.5% and the latter is 35%. Whereas C—heavy oil domestic demand reached 35% in the year of 2014 since domestic
demand of general C—heavy oil for boiler use, other than power supply had structurally sudden decrease and the domestic demand of vessel fuel had sudden increase.

unit : 10k KL
2012FY 2013FY 2014FY

_ A-heavy | C-heavy _ A-heavy | C-heavy ) A-heavy | C-heavy

gas oll | 4 oil | B o ol | Bl o oil
domestic 14 101 253 15 103 257 15 102 257
cargo - 78 165 - 79 164 - 78 165
passenger 14 23 88 15 24 93 15 24 92
fishing boat 37 111 - 36 108 - 36 106 -
total 51 212 253 51 211 257 51 208 257
domestic total 3,339 1,376 899| 3,409| 1,344 748| 3,358 1,236 734
ratio of vessel 1.5%| 15.3%| 28.2% 1.5%| 15.7%| 34.2% 1.5%| 16.8%| 35.0%

*The figures of C—heavy oil include those of B-heavy oil.
*The domestic demands totals show the general use of B+*C-heavy oil except those of C—heavy oil for power supply.
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N M R ' going vessel

ER O e im0 RRRH I & (R R) IR ETEDTUND 6 vomestic marie

fuel for ocean going vessels is treated as bonded fuel oil.

DN MR TORBMERMICOVWTIE AEHDREREAA M ITHEL,
Ciimo)ﬁ*ﬂiﬁlli{]j\i-d:(s '1 'fé%h‘siﬁé&l—eﬁéo Concerning bonded fuel oil for ocean

going vessels in recent years, they are mostly domestic products with no bonded A—fuel oil and very few bonded C—fuel oil.

SELIMRMER TOBREBIE., FEAENEERICI>THIGESNS
:E) 0) &% i 6 né o It is likely that domestic products will fulfill the demands of the fuel oil for ocean going vessels in the future as well.

unit : 10k/KL

2015FY

2010FY 2011FY 2012FY 2013FY 2014FY (market

price)

production 8.6 7.0 8.0 6.5 7.3 12.6
A-heavy oil ipport 0.0 0 0 0 0 0
demand 8.6 7.0 8.0 6.5 7.3 12.6
production 445.5 391.5 415.8 394.8 357.5 370.0

C-heavy oil jipport 0.0 0 0 7.1 1.5 3.5
demand 445.4 391.3 415.7 401.9 369.9 373.5

source : Petroleum Association of Japan
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source: Petroleum Industry Today 2016 (Petroleum Association of Japan)
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May, 2014 January, 2015 | March, 2016
bunker fuel 0il(S:3.5%or below) RMG-380 605 $/t 285 $/t 178 $/t
LSfuel 0il(S:0.1%or below) sold in Europe (slightly cheaper than DMB)
MGO(S:0.1%or below) DMA 990 $/t 570 $/t —
MDO(S:0.1%or below) DMB — — 340 $/t

105.58/barrel | 46~52%/barrel 35%/barrel

crude oil price in Dubai
(659$/k0) | (288~325$/k0) (215$/k0)

domestic vessel A-heavey fuel ¥92,300/k0 ¥69,500/k0 ¥ 58,800/ke0
domestic vessel C-heavy fuel ¥76,650/k0 ¥50,100/k0 ¥ 42,300/k0
domestic (street price) gas oil ¥144,000/ke | ¥120,000/ke0 ¥97,000/k0

import crude oil : petroleum and coal tax (¥2,290/kl), gas oil : gas oil delivery tax (¥32,100/kl)

=) (Dﬁ—iiﬂiﬁﬁ*ﬁli‘ ﬁfﬂﬂﬁﬂﬁl:ﬁ@] L,~ ﬁimﬁ*ﬁ;” §ﬁ° The cost of bunker fuel oil is lower than that of crude oil which is

linked to.
*MGOPMDOf#E I, B Hi i (BihHE 2) THRIE S A DELV=8h I

ﬂ;ﬁ:lx I“b‘ |§] <7:‘J: l') I 300$/I‘>EE®*§§7§‘56 o There is a big price gap between MGO and MDO ,— about
$300/ton because of the one tends to be production cost wise more expensive than the other as it has fewer sulfur contents, called distillate fuel (estimated as fuel

oil) , therefore becomes more costly.

-EROCE M., MRS Ldg AR H(RmA R FD
%*ﬁ?ﬁgb\ 75‘ (’) ~ Jﬁiﬁ ﬁﬁ*ﬁ'cj: l’) E(tﬁ’)flﬁé o Domestic C —heavy fuel is more expensive than crude oil because the

former comes with processing fee and import tax for crude oil(tax on crude oil and coal)
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5. 2020 DA RO MK E T A

amount of marine fuel for 2020

Ij:.l ﬂﬁ-ﬂlaﬁﬂ & U lin i ﬂ’l:l r'-.l (T a) g E ﬁ Lthe demand outlook of domestic vessels and

shipping boats

@B @ Precondition:

RITDFEZXR—X(Z, IFREEZERBLZHZELT,
2020&5#:-\\ ﬁl FJLEI#*‘I'O) g% IL.\E L,T,o This is an assumed marine fuel demand for the year
F1-. MMM B L VEMOLNGA/ N/ A BREL D hiE
nth L. B L DOBIEENDS., 2020FEBZIF, T RL

~
7:J~ L \ & i I/E\Il L/T_ o Also, changing oil type of LNG and bio fuel for domestic vessels and fishing boats is not expected to be diffused for
the reason of problem in distribution.

ROZN—RIGIZ DN THP R D =DIZERE
. /\_Zt)\f;’*ll\r:&)(\li tAjt jEt& LEL\&%I,E\“L/T:O Also, scrubber application is
LT=A3>T., EA DA AR
1&%% %*SI' 5m —G o) -i“j- F[:‘ tﬁé o Therefore, low sulfur fuel is more applicable to

the domestic vessels.
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Demand outlook for domestic vessel s and fishing

boats
NMRI
unit : 10k/KL
2015 (achievement) 2020 (expected achievement) | yearly growth rate(2015-2020)
. A-heavy | C-heavy _ A-heavy | C-heavy . A-heavy | C-heavy
gas oil | oil | B0l g oil | B0 g oil
domestic vessel 15 101 254 14 96 237 -1.0% -1.1% -1.4%
cargo — 78 164 — 74 153 — -1.0% -1.3%
passenger 15 24 91 14 22 84 -1.0% -1.4% -1.5%
fishing boat 35 104 — 32 92 — -2.0% -2.3% —
total 50 205 254 45 188 237 -1.7% -1.7% -1.4%
domestic total 3,359 1,169 633 3,306 943 482
ratio of vessels 1.5% 17.5% 40.2% 1.4% 19.9% 49.3%

* The figures in C-heavy oil include those of B-heavy oil. The domestic totals show the total of B+ C-heavy oil for general use

2020&%‘: Iﬁ' H-—Cs ﬁfﬁﬁﬁﬁ(i¢$2%*57§0)g?ﬁ@ﬁfﬁﬁﬁﬁ’éﬁﬁ?ﬂ&bfﬁs Even on the assumption that there will be robust

yearly 2% economic growth toward the year of 2020, however

" Eﬁwo)iﬁﬁﬁliﬁgfs Wﬂﬁﬁ%@iﬁiﬁ%(iﬁﬁﬁbs ﬁﬁgﬂ{:}@i@ﬁ%ﬂﬁéo Heavy goods freight traffic and domestic cargo

will reduce and the number of passenger on passenger ships will also reduce.

" }ﬁ%l:ﬁETéA I:I (iﬂﬁﬁéfﬁlﬁl -65 ") I iﬁiﬂll:}raj (T@%ﬂ%%%ﬁ?tb\<o The population engaged in fishing industry tends to be

reducing and so does the fuel demands for fishing boats.

COFER.CEM(BENALIN) REICHDSAMMMD I 71,
2020ﬂE l: ‘j: 50%‘:5&6%@ &,*E\Eéhé o As a result , the market share of C—heavy oil (excluding power supply use) demand for domestic vessels is

expected to become up to 50% in the year of 2020.
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5 . %ﬂﬂ:ﬂlﬂ 0) g E J'E LOutlook of marine fuel for oceangoing vessels 12/18

- SMARAR (GO RBRERMICOVNTE, HEODETELHKHT LD
1&*@'% (:J: (') IS 8@%’5@ 5E %?6 b\s :L_-US_ (ﬁﬁﬁ]’ﬂ) ﬁ“ ':E*R*Eb§56 o As for bond fuel oil for ocean going vessels, they have
options to decide where to refuelfor there is a price difference in each country's main supply center
BAEA F—RICHEERF N TORAIEITEOD T, 2020FFFRD
AARBEASEIL. EEDEFEDS>H, AFMTHKL, CE/H3705KLIEE L

% J-.E-g_é Demands for shipment in Japan for the year of 2020 is estimated about 700000/KL for A—heavy oil and 3700000/KL for C—heavy oil according to the
achievement in the recent years for they do not have advantage in general price competitiveness.

- %%ﬁqﬁiﬂb§055m a)i@%“t;%ﬁf‘i, C:{’Ll:i&)]l] é*'vé:bo) &ﬁiﬂééhé o These figures would be added when reaching the

excessive situation of supply and demand. for C—heavy oil.

unit : 10k/KL
2012FY (achievement) 20151:,‘Y 2020FY (estimate)
(expected achievement)
A-heavy oil | C-heavy oil | A-heavy oil | C-heavy oil | A-heavy oil | C-heavy oil
domestic 115 253 116 254 110 237
vessels
fishing boats 147 — 138 — 124 —
export (ocean 8 416 13 370 65 370
going vessels)

*A-heavy oil includes gas oil. Also, C-heavy oil includes B-heavy oil
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N M R' domestic vessels

IRILF—HAEESE/LE (20097 1HRIL)

Structural upgrading law for energy supply (established on July 1, 2009)

- Jﬁ 5E|5| 7:5: 8'”: E I* ) l/#_ 0) ﬁ&k)] *lj Fﬁ Effective utilization of fossil energy

including crude oil

- 3'5'“: E L * L # —ad *Ij FH HIL-\ ﬁUtilization expansion of non—fossil energy

2016FEFCICHF AN ET W REBEHEL

45%b‘550%*§f§':§|%i ('Fé:&% E *?&Objective of raising the current equipment rate of heavy fuel cracking
process from 45% up to approximately 50% before the year of 2016.

MEEEmEICKY, CEMRSBING VI LTl BHFEL

i%jiéhs ﬁi:ﬁﬁﬁgj] b‘rﬁ' J:JTotaI supply capacity has improved along with the improvement of equipment rate of C—heavy fuel cracking process,

resulting production increase of gasoline, kerosene and diesel fuel. . N
ET M AREEDONIERES

S . )
E E ;E /E\ ﬁg JE %I ﬁ 1#5 $ — Processing capacity of heavy fuel cracking process

Equipment rate of heavy fuel cracking process ﬁE}%%%E@m;ﬂﬁEﬁ

J Processing capacity of atmospheric distillation unit
RRRBEMORER., RARSREE. RHKRESBEE

Fluid catalytic cracking process for residue Thermal cracking process for residue Hydrogenation cracking process for residue
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Supply capacity of domestic marine fuel

NMRI
EEXRBEBEORNZERIVEAL0%EIFL-EETH. 2020 ERAD
MEBTFRN\TURZRETLHE. EERBEEREFE(I84.5%ICLhED
7:J~L\ o The operating ratio of atmospheric distillation unit will be only 84.5% when
doing a trial calculation of the fuel supply and demand at the year of 2020,
even in the case of reducing 10% of capacity of atmospheric distillation in the current state
- HAN0EERER, BMLEEEDERRENEGEY, 20155 EFEL
J:l:,’\—c\ EF' FEﬁ %5]\0) _@t._fé.%:-l]‘é.'b\+1.4%7“}js CE;& %u% A 1 .0%&%LA}T£0 The yield of products on each item,
along with the rise of equipment ratio of distillate cracking is estimated that the ratio of middle distillate rises 1.4% whereas those of C—heavy fuel drops 1.0%
comparing the actual achievement in 2015.
. JET - gas oil - ) :
gasoline naphtha Kerosene A-heavy oil C-heavy oil
production 1k BD 818 351 510 900 364
10k KL/year 4,777 2,050 2,978 5,256 2,126
(ratio in 2015) -277.30% -11.70% -17.00% -30.00% -9.00%
(ratio in 2020) -28.70% -10.10% -16.60% -29.00% -10.00%
domenstic 1k BD 818 763 316 733 208
demand 10k KL/year 4,770 4,298 1,845 4,282 1,215
F F F
1mport and 1k BD 0 A412 +194 +167 +156
export(NET) 10k KL/year 0 A 2248 +1,133 +974 +911
0 0 in. In.
bonded fuel oil 1k BD 132 n.un 1 r?un 64
10k KL/year 0 0 771 min.10 min.374

- As for import and export, plus signs indicate NET export, whereas naphtha depends on import so far.
+ Crude oil treatment amount- 3M BD (3.55M BD processing capacity, 84.5% operating ratio)
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N M R' marine fuel

( 2 02 OEE E:\'ﬂ-‘: O) ; N %\/ﬁ\ ﬁlé‘ jj O) i & y) The summary of the supply capacity for the year 2020 ]

(1) EHBS (Em-AEHMH) SLUCEMEIKRIBLAGEE
BRRTHY ., FICEBMODTOT . FMEEADHHN
ARTEGVE, —ROFALERHIBZ RELZ{SND,

Gas distillate(gas oil* A—heavy fuel)including C—heavy fuel is already excessively oversupplied at present and will have no other choice than further reduction
of crude oil treatment without securing the gas oil export to Asia and Australia.

(2) CEHIZDOLTH,. RUFHIHET-o-TELEE KB E

VR T®H D
:Ik ;R N % o As for G—heavy fuel, it is still excessively supplied with or without the export of bonded oil

Lf=p->T. FHREMASEZIE. BREADOMAEAFIH(AFHR, CEH)
?)rtﬁﬂ\: ﬁ?ﬂd)?ﬁ%ﬁ'{%% 77{_ ';oc Tl,tfll;\t: fT:us as far as ‘demand and supply ’ concern, there will be no possibility of
(4) IMOIZ&Z—BBIE TOHRES FFIH2020FENSE
BEnf-15E. EERREEDRNICIIRBNRHZD T,
BRESZEAEX. BES 0OHEEXWUTONA—ERm%E
BARBEATHBTIH. HANIIUNE -VR (FRE IZE
H:ll-a_é:& :B% i Bhéo Either the supply shipment to Japan of bunker fuel oil with sulfur rate 05% or below, or the export of

those to Singapore will be possible since the direct sulfur cracking process has more capability than estimated when the sulfur limit in the general sea area
designated by IMO is implemented in 2020.
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EH::}EFH ﬂaiﬁ 5% 5E 1)) IEI:IIII g (7)|/jj I) ﬁﬁ) The quality(base number) of lubricate oil
"TIVAIEIE, BRI BFIOBEDIE, FREGEEZTIRELLT
I)Q)iﬁ U)Eq”ﬁ bﬁﬁi& @%fﬂﬁf“ﬁﬁﬁ éhf(&‘éo The base number is used as the scale for acid neutralization and /or

detergency of detergent dispersant when evaluating engine fuel and for it's management.

"RESOZVVRHEERT RO F—BTIE. BIEEMOER
%5%5%5}%&%“& %.JJI] LTEL\E&:P *ﬂﬁ’éﬁf: L—Cb\é o As for marine cylinder oil with high sulfur, highly alkaline metallic detergent

dispersant is usually added for a higher acid neutralizati?n.
"RICTRITBYREHPOBREBS N DELGDES . TILAVMED

~ >S5 N . . . . .
@\&L\Iyyylﬁéﬁﬁﬁ Téo As shown in the table below, low alkaline engine oil should be used when sulfur rate in the fuel decreases.

alkalinity value when

current alkalinity value |~ o i 0 (8:0 5%) in 2020

lubricating oil for fishing

. 10~20(S=1.0%
boat(4stroke engine) ( 0 “
lubricating o1l for domestic : .. :
: 300r40mainly(S=3.0%) 200r30(varies in engine)
vessel(4stroke engine)
lubricating oil for ocean going
vessel(@2stroke engine)
general sea area | 70~100(S=3.5%) 15~40(S=0.5%)

ECA 15~30(S=0.1%) &
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( 1 ) ZOZOE H%o) @ Ijq %‘Fﬁg ':%6E¥mt;~1’ﬁ§¢ Detailed examination regarding domestic demand in 2020
2020 BRFDERDH V), KT, Eih, EMFORERBELENS
EAEOKMARMRZzECRELEESELHREIR N EET DL

g 75\ E 6 o It is necessary to confirm the optimum production quantity and cost
including those of domestic marine fuel considering the year 2020's demand outlook of domestic gasoline, kerosene, heavy fuel and so forth.

(2) ZOQOEE#G){EﬁﬁﬂlﬁﬂEiﬁﬂfm I:I|:|I:| E@%@ﬁm%ﬁ@;m‘:g L\_CRegarding the implementation of the

countermeasure research against quality concern for low sulfur marine fuel in the year22020

WIRZHEEL T, 2020F 1B FEDEREAN HEARICEIT LR
%%Iﬁ ':o L ‘T*ﬁ%ﬂ' " gii-a_é;z\g 7b§&6 o Those concern matters when using low sulfur fuel which is planned to be

enforced in 2020 need to be examined and outlined understanding the current situation.

(3) Faj‘)bo)%b‘ﬂ’ﬁﬂﬂiﬁ*ﬂ-fﬂi I:II:II:IEG)EE1%Securing the troubleless quality for marine fuel
BREDAEHECE M DIISIRHE (JIS K2205-20064R) (X, RA S H
ETIVDUAN—HEIZHES-BRERTHY ., MALLTIIFR+0745RE
- TULNVS,
D=8, JIS K2205-2006 r DX EHLL (S A AR AmE
HFHEOPHRICOWTRETTADEINBHDEZE Z B The current JIS standard(the version of JIS K2205-2006) for A-

heavy fuel and C—heavy fuel is the combinational standard for engine and boiler use. Thus either an amendment of the version of JIS K2205-2006 or establishing
a new quality standard for marine fuel is required as the current standard is not sufficient for marine fuel.
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