


A-V4 ® | ® © (o~ o |o 2 ¥ W e e enr~x 2 Q
0 (o}
A o
o (o]
4
RO
0 - o
o 70 ok
_._._"_ __oh E
gl 3 o
.AO ol O_u x—o o0
of | Y ~ Pl
m_____ . Hﬂ ”um_a ﬂ_____ mO %0
ok _n_w._ i 5y Bl o %_ “ o
RO | mu_.._mwj O |3 9 w Q | ¥ M r R S o R
= | L M o |0 T 3 T |2 K 20 @ o = o KI
& o OF OF I T ® ® H X M on
ﬂ ..nmur .nA_.ur ._.wﬁm ._.“_-.w“ ._.m_._.. gl O®RNORUORUOF .E o]~
al I ol of ™ 5 & 6 o of oo o
T o o S o o © 2 o 5 o T o
L = = = 2 3 T 5T ¥ 5 5 X 5

Hr< » Contents




No.03 | 2024 Hio|Mule MR 3

7.

o

@ Rp2itstet gASE

QIzte] fstoll s T 20004 S9t RS0| MIZ SE2 7|37} 2ut3t EICL
of2f 20 A{2t 20| KLt 2000419] £ 21 HIEL K| 4UOLE FHZO| ARHE
185041 0|0| X K| FH3| Z2pk Y= EMO|CE 0j2{3t 2912 XIIH QoIt
ubeis 290} Q17 Y RIE| Q012 Mist DS HlmsH & uf 21Zte] | ol

-O
X|7= 2F9| 2t |0 AL

rir ret

1850~1900 & Cfjd| x| RHRE H3}

a) X7 BU2& ©sh10Y W) FHX|(1~2000 H)2t b) A7 EWRE CIShQHF) YHEX|Q 7 U XAX 900} XA
BEX|(1850~2020 H) 8919 DB DO| ADH(1850~2020 H)

o 56

2.0 20

g wdlgle 24
15 15
109 Yol e 7|12t 3 A
. . Mg 22U 9 W oI7F U AP
L1, 29l #hy
BEK| ( -
05
Loz ; Atz
- WHVWWMWW !f Qoo vy
; Py (BN, 3tah)
233
0.5 -0.5
1 — T 1
1 500 1000 1500 1850 2020 1850 1900 1950 2000 2020

[2HA x|+ 2= Helet 2|22 2ttst 2lel]

-HIO| 20Xz EIASEHOIHX|Z AFH D UA=d|, Ol 21Zte| Hio|OHA EE0] 23l
BIZEl OlttetEtA= Zetdol| ofdl Btays} E[0f CiA| HIO|ROiAZ tHBHE|0] BfA9)
&2tAL0|20| W-E|7| iZO|Ct. 0]0i| 2} IPCCOM= HIO|0f|LAX[2] AFZ0)| 2f8H Erlist
OfthatEta= =7t HHEZH0I M RI2IStL QUL

—

1) IPCC Report ARG, 2021.8



No.03 | 2024

CO, Neutral 0f| L{X|

A co
\ 74 2
- =

».« H,0

Photosynthesis

N

Bioenergy utilization

e
= =

[Hiol0i|Lix]2] Bt =2t ALO|E]

-HIO| 20| X|= HIO|OHAS| MESIH Halotx Mot 5 ChFst 2oy Qs A, 1A,
714 HEHe| O|HX|Z g83t= HE O|X|E 2|0(5tH, B 3! M7| Wit & otL|2t Xth| 2
OIAX| MEAHQ! Ho|2HEE HEE 4 UCh= EEO| /UCL E5| HIO|QAFE= A H=
FZ MNAXCZ EZ0| 0|F0{X|11 JU2MH 2060 2°C 0|t ANMIE Qs 482
HO|RHE HIFS2 30.7%2 G&= 10 QICH, 0]0f M2} HIO|QAHZ A2 2020 CHH|
2060 108 O|& Z7t7h MU= QUCE HIO|L0{|EF22t HIO|QL|H SO =2 HFO0

So
2o T Zoz W =YE2 4 10%, 7%0 o211 ULt e TAAHEL
EtASE deiat ofH M FTO 2 =etE9 XI&XQl SIt7t o|¢ElLt. £3], 1Mt A&
HEEO EAZRE0| 22 IEA, HRAAH(EHR, g/, RHHF S)o HIAE
HIO| 20 A XIS 0|&3h= 2MICH 7[& JHRO| 23| TIME| 1 At

T oz oo |

0 F270%  HWME, toe ?Ggux'!;g; ?3%0)(9;2]1 Negligible

L3075 HE & thol2 Ll Hlo|2/este

Q A= Mezs, S35 1, s e
2 TEC b Haw g LNG
gtz 10% 08t 7% 0|3t 100

A0 A N NP/ M40 M5 W0 W NN

QTC A2 20| £58 ol|X| =) (248 Hl0|Q 912 HF 35h

[2°C AlLIZ|R =48 ofLX] Y 3L HIo| A= Ha 9ig]

2) IEA, 2017



No.03 | 2024 Hto| R Mut

OF

> 0% 0 ME UM o 2 N >
I
Ho
o
H-]
HU
o
Mo
0ot
Ok
Hr

rm

OFZ L= 4= ALH, 2= ZO00f|M Ef HiE MZS 0|F=
KOICE o2 20HM = 7|E2| et 2E0IM FZLI0H 2,
CHSE REIA/MEIA 7= JHEO| TIME[ D QUCH 7HY =1
2 HE 80| MET + U= Z0| HIO|QE=0|Ct, Of={gt
AEROME Ho|_MEIRE ol8% R AlH 2 21 2349 9E
Ho|2dElR FRIIES OAE Al=olct G off =X Ly
FAF Z[ZXZ HIO|RLC|HO| 30% YRel Ho|4d4t 0|2 'B30'2E
o=l 7|1E 18R THE| 80% Ol&9| BfAHlE tO|2L[ES 30%

Hiz 4= 20E

0

m o
b
M
T
n
0x
=2
40
»Q
HL
n

N ofy
>

[n
S
to
2

i

ra
N

A=
Lt QlZet

r

=
N
2
gal
o
lo 0

>
r

1%

g o
=2
x
0% ofm
Job 0

==

_O't

8

o

=

A
E
[>

Eot
o

=
P
ot
tat)
=

$Q

o
OF
N
Ao
=2
w
w
o
C
S
30)
rx
1z
30
Ir
i
r>—
=
40
=
o O
Q
N
N
R
10
rmorir
B o

o
L]

otHIO|QMEFR Q| A|H 28t 5! ALE Af2fl= =LH 2 OfL|2t MIAI KO 2 TIHE[ 1 UOMH,
Nested|A= Marine 0.10|2h= 1) HIO|MELR HEHEE ZIHSICE ExxonMobil2|
2R 224 8t 90| AVIEE 0N HIO|QMEIQE ZR3H OFA|OF EHLQF X|H 0| A

% 28|0| A SIS HEF o= 2sIALt,




No.03 | 2024

af ZCh S| w2t Chekeh 499
M QFZ CHSHA 2RE0 AH

| 537+ o0
=7

|of| 2

% of merchant fleet

Purpose

Vessel Carrying capacit
e By tonnage [By number
10,000 - 400,000 Transport unpacked bulk
Dry bulk carriers ! ! 35 15 P . unp Y
DWT cargo (grains, coal, ore, etc.)
General cargo 20,000 - 550,000 6 21 Multi-purpose vessels
ships DWT transporting non-bulk cargo
Work and service Varies 4 19 Tug boats, offshore support
vessels vessels, harbour work craft
10,000 - 550,000 Transport of fluids(crude
Tankers DWT 20 14 oil, petroleum), also known
as liquid bulk carriers
3,000 - 19,000 TEU .
. . Transport non-bulk cargo in
Container ships (approx. 18 10 containers
50,00 - 160,00 DWT)
T t of bulk liquid and
Chemical tankers |3,000 - 42,000DWT| 6 10 ransport ot hufliquid an
dry chemicals
2,000 - 225,000 GT Ferries, cruise ships,
Passenger ships (approx. 6 8 roll-on/roll-off passenger
1,000 - 25,000 DWT) ships
T t of LNG, al
LNG tankers | 500 - 300,000 DWT 5 3 ransport of £, a1so
known as gas carriers

[Merchant shipping vessel classifications]

[Merchant shipping routes around world]
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. % of world fleet
Vessel Size(GT)
By total number By gross tonnage
Small 100 - 499 37 1
Medium 500 - 24,999 44 19
Large 25,000 - 59,999 13 35
Very large 260,000 6 45

[Classification of merchant vessels by size]

i
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5 s 35 FHSHY light A=
£E| heavy EE HENX| Crfet MR MES Mt ot HER= 285t UCL
of ct2t ULSFO(Ultra Low Sulfur Fuel Oil)2t VLSFO(Very Low
Sulfur Fuel Oil)i T2 g = Aol M TS B, BF, MY 5 2 Aol w2t
gf HZ7F MZEICE 22 FHEHALZ | (IMO) S| -0l w2, X & e

MR (VLSFO, ULSFO)7t 85|11 oM M= tHAl= Chaat 2Lk

SHMARQ HRE notAl|
A

OF
=
rx

J—> MGO — Marine Gas Oil —
GAS ) . )
Distillates Eé\:gTHA — MDO — Marine Diesel Qil
LIGHT DIESEL"
HEAVY DIESEL*
Atmespheric IFO — Intermediate Fuel Oil ULSFO
Crude Qil distillati —_—
B e isti glon VLSFO
unit
L RESIDUAL FUEL OIL HFO — Heavy Fuel Oil
* Diesel refers here to specific atmospheric distillation cuts,
and is not related to an engine application. l
MFO — Marine Fuel Oil  —

[Mulg (Marine Oil) M= THA| - M7 §I& 7|4t 2]

3) Chevron, Everything you need to know about marine fuel, 2021
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- 52 200l M HPOIQA dhe T2 H{Z2 2020 0|2 = HE239| 2 & & X7t AIZHE o
2l 20| MEtRE 7|E2| 3.5% & efR0A 0.5% 0|2t & otf Met A== Kiote| 1
Ao, ECA(Emission Control Areas)d|AM = SOx HHE M| 2IsH 0.1% O|2te| H=RE
AL BHEXZ ZK|E ZH=0{0f $tT} CO2 HiE HAlE EYS| QICHt 2018 H
HiZ 2L|E{2I0] TIME[1 2030EMI= 20% CO2 HiE =2 SHIF MH™E[RICE IMOL}
EUOlAM= 2050 %|A 50%2| CO2 HiE 2= SHE ANSIUCLE =ZA1A gfo|7t Hast
A2Ho|Ct
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Feedstock Processing Fuel Precursor Processing [—>» Blofuel
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[}
o}

Vi

Pressing or
Extraction

Vegetable Qil Esterification Biodiesel (FAME)

Hydrotre_ai_:ing Renewable Diesel
and Refining

Upgraded
Pyrolysis Qil

Qil Crops

Catalyzed
Upgrading

Pyrolysis

Lignocellulosic Hydrothermal

Biomass Liquefaction Upgraded Bio-oil

Bio-crude Catalytic Refining

Catalyzed
Synthesis

Gasification Syngas FT-Diesel

Catalyzed

UrarEsine Renewable Diesel

Wood Extractives Pulping Tank Qil

Catalyzed

. Renewable Diesel
Upgrading

Qil Extraction Green Crude

[B= % HHSZ 20| M2 Ho| AR (MUR) M= 3F]

-HIO[RMEIRE H|Z=dhes HIO|QoH AL ZR= XIHoH| W2t XAHRZ0[ X7t LH Mok|=

A= E LS Bof| Ha2[stCt.

4) American Bureau of Shipping, 2021
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Area - .Biofuel Volume SliTiaY Major Biofuel
(Billion Gallons) In 2020 Feedstock
UK Rapeseed and Waste Oil
Germany Rapeseed
Italy Rapeseed and Sunflower
European 35 France Rapeseed and Sunflower
Turkey Rapeseed and Sunflower
Spain Linseed and Sunflower
Greece Cottonseed
Sweeden Rapeseed
USA Soybeans and Waste Oil
North America 3.0 Canada Canola
Mexico Animal Fat and Waste Oil
South America 20 Brazil Soybeans and Palm Oil
Argentina Soybeans
Malaysia Palm Oil
Indonesia Palm Oil
Indonesia/Malaysia 1.0 Thailand Palm Oil and Coconut Oil
Philippines Coconut Oil
China Rapeseed and Waste Oil
India Jatropha and Pongamia
South Africa Jatropha and Castor
India/Africa/Other 1.5 Japan Waste Oil
Austrailia Jatropha
New Zealand Waste Oil and Tallow

[XIoll 2 Hjo| A = YAk Sl AL2 2]
-HPO|RQUEIRO| M= 8l RE WHES ERFH & HHAK| FalshH Chz 22l 2Tt

Primary Product
A

=) : &%
oY) oo = 77
Biomass @"@ C = Biomass Residues

Biomass
Separation

Biomass Production Biofuel Production

lBiofueI
P Marine Distillate or
@ ‘Marine Biofuel Blends < Residual Fuel Oil

Storage and
Blending

e

Biofuel Use

[Hio|20fA =2 RE HIO|MUFZ S aPd]
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- DL HO|2MEtR ol ZR A2 OFAITIX| 2 S2lE 20| g{aLt Hio|2C [ 30%
ot A7 |HE HIHCR 70%E =gttt HERE AlH 2T Af|7t I_H, 2 GS
ZEA0N ISCC 2152 2S5t Hio|2Metq 2 g0t Ht QICH HO|AHE LHol|=
oF 7 20| Df SOt VLSFOZt HIO| QLM E =gttt A2 = & &2 M| E TEAZE
£ UL} EEBH SO 8217(IMO 2020), Specifications for distillate marine fuels
Aol M= FAME =&0f| (2 MER H& S=(DF-)2 S& &0l OFASIAICE

IMO X0 2t 2020 O|22E= HSFO HHEOZE= MEIREZE 020 O{FEA
o, ofzf HERF 20| HIO|2C|Z(FAME), HVO(RMC| R, mi2tmA| Etspaa),
FAMEZ} MAF R0{2 S3ISIEN FAME/HVOSQ SHAQ1IE 82 ULSFO, VLSFO
S| dEJt MU} HH|IE CHESHo| 0|88 Ao R HlLt®

§ok'6'l-

1

Overview of biofuel and fossil fuel type properties

Properties

FAME HVO Similar FAME-type Blends ULSFO VLSFO HSFO

FAME Paraffinic FAME + residuals FAME/HVO + DM-grade RM-grade RM-grade
Components hydrocarbon from production  fossil fuel (diesel) (heavy fuel) (heavy fuel)
Nitrogen [%] ~0.1 ~0 ~0.1 ~0.1-0.4 ~0.1 ~0.4 ~0.4
Oxygen [%] -10 -0 ~11 ~0-10 ~0 -0 ~0
Sulphur [%] ~0 ~0 ~0 Low" =0.10 <0.50 >0.50. Average: 2.9
LCV [MJ/kg] a7 43 36-37 37-43 42-43 39-42 38-41
Kin. viscosity [nm?/s]  3-5 at 40°C 2-3 at 40°C 15-40 at 50°C Low" 2-11at40°C  2-500 at 50°C  200-700 at 50°C
Pour point [°C] <-6 1o >+6% low ~0 " 1S0O 8217 IS0 8217 IS0 8217
Stability Low-high? Very high Medium-high Medium-high Very high High High
Lubricity Analyse® Analyse” Analyse” Analyse? 150 8217 IS0 8217 IS0 8217
Standard” EN 14214, EN 15940:2016+ No standard No standard® 150 8217 150 8217 IS0 8217

ASTM DE751  A1:2018+AC, ISO 1SO 8217:2017: up

8217 DMA grade to 7% FAME in DM

' Depending on biofuel blend ratio and properties of the bio-part and the fossil fuel.
2 Depending on FAME feedstock.

I Most relevant for fuels with lower than 0.05% sulphur (500 ppm S)

4 Standards are updated from time to time. Always refer to the latest edition.

[Hio|H = o} 3HM = HElo) (2 E-4]

-CHEEO| A2 MElR AIZI2 Cl(Compression Ignition) BiAlo] C|& AIXIS XH%&J_'_
AoH, 7|Z2] MDO(marine diesel oil)= FAME, HVO, FTD S22 CHA|7t
7ttt H&/ATIE HFOS SVO, PBO, HTL SO 2 CHA|I7L 7tsE Ao = E.’l“:f.
A= 9| =8HH| (blending ratio)= A9 @7 specificationdf| 2t Z=H0| ZRS}C},
CHE J2lof A8 MEkg AIZIDt (HH0|RQ)HES| 22t7ts KR E LIEHHRICES

[Engine ________[HFO __ |MDO __ |LSHFO |LNG | Gasoline |
Compression ignition (diesel)
2-stroke slow speed | I N
4-stroke medium speed | I MR
Diesel electric | S
Dual fuel (diesel+other) | N N R

Spark-ignition
Petrol engine

Gas engine _

Non-reciprocating systems

Steam tubines IS E— ———

Gas turbines

[Mutg <liZI 5 (H}o|)HES| =2t 7}sM, IEA Bioenergy (2017)]

5) MAN Energy Solutions : Operational guidelines for biofuels (Service Letter SL2023-741)
6) IEA Bioenergy, 2017
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g = SO HOHM CHE 22| AT MA| 9 7|50 CHal
g HiZ=2l O|MIet S7tof| [HE Urea AL
%*—1“—%111 7|A 2Alo] glolo] &= TAtTL
e t Aol £ R0I0| £l= RI|A2 A=
21010F BtCt FAME 7|8 220 A2 ATl EMof| S= UE EH0| 7&H, Fk,
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=
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FAME, HVO, FA
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Overview of accepted biofuel use

Biofuel

Technology FAME HVO Similar FAME-type Blends
Engine design: MC/MC-C, ME/ME-C, ME-B,

ME-GI, ME-GIE, ME-LGIM, ME-LGIP and ME-GA  Acceptable" Acceptable” Acceptable" Acceptable”
Tier lll: EGR, EcoEGR Acceptable" Acceptable” Acceptable" Acc ble"
Tier ll: HPSCR? Acceptable" Acceptable” Acceptable" Acceptable”
Tier lll: LPSCR™ Acceptable" Acceptable” Acceptable" Acceptable”
Pilot fuel in dual-fuel engines Acceptable" Acceptable” Acceptable" Acceptable”

I Lifetime of components may be reduced.
2 Urea consumption may slightly increase due to potentially slightly increased NOy during biofuel operation.
3 LPSCR is only for max 0.10% S fuels.

Hurg 1Tl 7|20 W2 BO| QAT B2 Y Fo| ARY]

—

RECOMMENDED/COMPATIBLE NOT RECOMMENDED/INCOMPATIBLE
MATERIALS WITH BIOFUELS MATERIALS WITH BIOFUELS
Steel Bronze
Aluminum Brass
Fiberglass Copper
Teflon Lead
Fluorinated Polyethylene Tin
Fluorinated Polypropylene Zinc

[Ho|2H =] R X ME RolH, WX ME]

-HIO|QMEIRE HEE[= HIO|2H 22| /&, MEA| RFS HE MEO w2t ofz Tt
20| ROFSRICE Coating, Tank 23, Pipe 0|50 w2t 24| 2HH0| 7hsal RZof| cHst
o7t st & #HEE Qs dx, 35, *S Q| 0|l 22 i HRSICH
EXAst(incompatible) HE2| 22 FAMES AMtst7ALL AXE LS oF7| & £ QL
o|e|of HiO|RA= S0 w2t £AI/HES| M el meto| ZR3ICt
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Emissions from Emissions from
production and burning or using | — Net Emissions Impact
transportation an energy source
SO_Emissions (9/MJ) GHG Emissions (gcoze/MJ)
00 02 04 06 08 10 12 14 -75-50-25 0 25 50 75 100 125
Marine Distillate & m
Low Sulfur Marine Distillate [ m
Biodiesel (B20 w/ Marine Distillate) f
Biodiesel (B100) [
Hydrotreated Renewable Diesel [
Fischer-Tropsch Diesel
W \Well-to-Tank M Tank-to-Wake [ Well-to-Wake
Il Feedstock extraction and biogenic carbon uptake Fuel production Il Combustion
| ILUC + Total GHG emissions MGO (0.1% sulfur)
200
=] E——
E' 150
)
o
g wo — [
o &
S
v
5 50
2
& o
(U]
I
© -50
-100
Y ¥ ¥ 3 ¥ T BT T T|T T T BP|T ¥ 3
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Advanced biofuels from lignocellulosic Conventional Fossil-based
or waste biomass biofuels from crops ! alternative fuels
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- MeEF AR A|AE Z0j| CHEZX{QI two-stroke diesel enginedi| CH8HA] OF2H 2210]] LIEFLHACE,

[Two-stroke diesel engine S 2 A|AH]

o AS

-Me SEE AME 85,0000 O|4CE MAMA FHo| oF 80%= HEStL ULCE R
F20koll M HZE 3A3MELES| HEE AH[St 0|52 77%= SF H=OIC) 32 E0k=
Global CO2 HiE2| 2-3% H|E2 XtX[St11, 4-9% SOx, 10-15% NOx L7 |2¥ =& S
=35t QUCt.

«FE Two-stroke diesel engine =%l A|ARIS O|Z35HH, 1°F-12H4NMES| A= ME
S 7ITIC W 200-250E/¢2 HEE AH[SH T2 3 &3 2OfELC %2 CO
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& HIO|C|A/HI0|F ] $igh

-HFO|2C|& 2 RFS(Renewable Fuel Standard), & M MAHX|HZ o|2=3t M E Sdf
20154 78RE J|E ZR0| 2.5% oF=go=z 2AEel Hg0| XML QICH ME=Tt
SHE|7] M 20029 2E 2006 AMK| =3 CHY | & FHMAL S| sto 2 £ E M MEtg e
X|<oilA B20(HIO|QL|H 20% =gHE)2= AHEF 7|2t 714 2007 Hio|2C &

7
(BO.5)Z T=X H50| AZE[QCt. 22
H

_>,-_
re
(0]

M ZALRE HRALS| XM S4oko]| 2|s 0.5% =27
108 MASAXEE= 2030 HIO| L | 2| R=¢t HIE2 Y& 5%0l|M 8% 2 A SHHE
LHSICL HO|FZF= & 59 AlHEF 7|7t2 7'I X 20193 3 423} £l
RPS(Renewable Portfolio Standard) M* o2 HZ2F0| ZI}SIFLCE.
RFS: =Lf HIO|2C]E o|F=TH|E . RPS: HIO| 237 LHAMY &E3H2019.3)
(MOTIE, 2022) 8%
16
14
_-,:\u - - 5%
0y RFS is effective from Ju1y 31, 2015 ‘
‘e 3 3.5% P A
',' 3% <HE 71 E #5 >
2.5% . Pl il o 05, 10002003
T e
%5OI°I I I I M:mmrmm’mmlzﬂur“ m
2007 2008 2009 2010 2014 2015 2017 2018 2019 2020 2021 2030 2030

[ZLH 7I=Het TS S 24712 Z=E 9|2 RFS/RPS FH]

& Hio|rC|d H= -

-Ho| LIS SABY 2

A, 2

Mg dEE MEEL CHREES dE= AlEd 2 XHO|CE CHF,
Chkot 9%' 75.*% HIO|QOHATE O HE Y MALE HIO|QLC|” A4t
. QY 2Eo| /2 ME/ME, 2Y seed?| ©2, AR,
of of GHEl flE @YS H=Ct. o2ttt X f== FFA(Free
Fatty ACId) 20| otM Ut of|EHZ kel H7 |0l HO|oAHIES} HS S0 2|5
HiO|QC| &t S2[MIZIE MAtC) B3 E S0 S2(MES 2alstn, HEHESS 23t
HFOIQEI’“'% =Kk B ZHE SOl MESt == 40| YEHXo|H HAER
C’7(| 4 E E400 X[EHAto|LE E220] X0 SR 40| THFO

7 YH 3™ S FII2 TS0 HIO| QLIS M5t EITH.

:|:—.—

ur o
N
r-i—

oid
rIr m
]

7) HIO|QOl|LAXI A 7|2

HTLAMIE, HIO| TR Ut W WA, Sh=ojLX| 7|2 H+2(2012)
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oil . . Seed Cracking ) Crude Oil Refined
Contained | Fiaresting || ‘Stovsge” || & Dehulling (| Oil |-+ purification > Feedstock
Biomass 9 9 (Pretreatment)| |Recovery| | (Physical & -
l l Chemical) oil
Foreign Shell, Extraction Waste
material Hull Residue, Residue
Water
Low FFA Oil Trans- Phase | | MeOH . Water | Undistilled
(Feedstock) T esterification separation Recovery | | e removal Biodiesel
l [ Water
MeOH,
KCH i isti
(alkaline) Glycerine MeOH m;ier Distillation | [?ls't'.lled
Biodiesel
oL ot 2013 Residue (for waste
U HAIZ | = AL ) fat/oil )
[AEd EHl 2= 3 HIo|2C & ‘44t 3H, KIER (2012)]
Al S
@ Hio|2C| 2 Y F=

-Hio|C|He| gfd2 HI|EK| stollM E2|Z2|MEIE(FEXE)2E HEFS1te| 0|0 AH|
E3}(trans-eterification, HIAHZE we) B3 Sof TIAHEICE O] HHSS Sl 32X
HFO|2C| (FAME, fatty acid methyl ester)at 12Xt2| 22|M|Z0| MM EICt CHE HtS
dEZ2E SHUXEE 2F 7t 510, X[t (fatty acid)2t HEH2S A Z0H Stof| A
Ol AE| 2%} esterification) £HE3H0 1712] & 2Xtet 17H2| HIO|RL| A S ‘HMst= B2t

o
AL

—OH SHRO K| 7| £ ¥ 12 (2012)
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o—d_r 3MeOH —OH
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0O—C—R — : P 3R—C .

Q Transesterification 0 —Me
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&J[%O/ -{;\\0 2
Vo, S
H,0 Sis ¢

3 MeOH

[Hio|C|e| 8 AE - EHA|AH|Z3, O] AH23} 2]

-HIO|2C[E2 ofA S shot=af

0|8 Bt 2ol = EQIA| /oA ZZ10| A

oF HHHO| QIOLt MAMA CHE RS A8 3H2
I UCE B MAE SE =L 871 Hio| L -

HZ=AF & 770 AH= MO|O|AH|I2%} HI2 2 M6t 17HAH= PFAD(FFA 90% Li2|2| MK

Xt § =) E o[ 2¢t of| AR =3t HHSE HEDSID UL

(
SEUZ st Weint 22 K042 of
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-HIO|QL| 2 XFHHARZ 0| 27| 23l LiS2| F2 AA0 X== M= 2 FH|=|0{of St

. Limits
Property Unit = = Test method
Minimum | Maximum
Ester content %(m/m) 96,5 EN 14103
. o 3 ENISO 3675
Density at 15°C kg/m 860 900 EN ISO 12185
Viscosity at 40°C mm?/s 3,50 5,00 ENISO 3104
Flash point °C 120 - prEN ISO 3679
_ prEN ISO 20846
Sulfur content mg/kg 10,0 PrEN ISO 20884
Carbon residue o
(on 10% distillation residue) %(m/m) B 0,30 EN IS0 10370
Cetane number 51,0 ENI1SO 5165
Sulfated ash content % (m/m) - 0,02 1ISO 3987
Water content mg/kg - 500 EN1SO 12937
Total contamination mg/kg - 24 EN 12662
Copper strip corrosion .
(3h at 50°C) rating class 1 EN1SO 2160
Oxidation stability, 110°C hours 6,0 - EN 14112
Acid Value mg KOH/g 0,50 EN 14104
lodine value gr iodine/100 gr 120 EN 14111
Linolenic acid methyl ester %(m/m) 12,0 EN 14103
Polyunsaturated
(>=4 double bonds) methyl esters %(m/m) 1
Methanol content %(m/m) 0,20 EN 14110
Monoglyceride content % (m/m) 0,80 EN 14105
Diglyceride content %(m/m) 0,20 EN 14105
Triglyceride content % (m/m) 0,20 EN 14105
EN 14105
Free glycerol % (m/m) 0,02 EN 14106
Total glycerol %(m/m) 0,25 EN 14105
EN 14108
Group | metals (Na + K) mg/kg 5,0 EN 14109
Group Il metals (Ca + Mg) mg/kg 5,0 prEN 14538
Phosphorus content mg/kg 10,0 EN 14107

[Generally applicable requirements and test methods]
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=o oy AMSioPE M CHEESEX|EHAM of| AHI2 St
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8) %t=H}o| 0] X|R%| ZH|0|X| (2023)

9) 2022k HIO|AHE XH MIEX|Z AT (MRE, 2022)
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5) MAN Energy Solutions : Operational guidelines for biofuels
(Service Letter SL2023-741)

7) HiO| @ 27| =K 7 MIE], HIO| 2C | 8t | WX, KIER (2012)

9)2022dr Hio|A =z X MEX|Z X2 (M7, 2022)
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