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Abstract — Due to carbon neutrality policies, the development of equipment for the use of eco-friendly fuels is
actively underway. However, it is expected that the development and commercialization of such eco-friendly equipment
will take a considerable amount of time. Biofuels, which are carbon-neutral fuels because the COzabsorbed during
the growth of the biomass is released again during combustion, can be used immediately in existing internal com-
bustion engines. In addition, fuels containing up to 30% biodiesel can be used without structural modifications or
NOx certification. In this study, the composition (carbon, hydrogen, nitrogen) of biodiesel + diesel fuel (bio-
blended fuel) was measured using an elemental analyzer, and the heating value was calculated to determine
whether improvements in EEDI and CII ratings could be achieved. The bio-blended fuel was then used to operate a
marine diesel engine, and exhaust gases were measured using a gas analyzer to verify the actual reduction in green-
house gas emissions.
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Fig. 1. 2023 IMO strategy goals and midpoint indicators (Ministry of Environment [2020]).
Table 1. Mandatory ratio of new and renewable energy supply by year
Year 2012 2013 2014 2016 2017
Supply ratio (%) 20 25 3.0 3.5 4.0
Year 2018 2019 2020 2021 2022
Supply ratio (%) 5.0 6.0 i) 9.0 12.5
Year 2023 2024 2025 After 2030
Supply ratio (%) 14.5 17.0 205 25.0

F7) A ML 718 24 A8 GHGRYEE WHAF
o2 7Eshs BEX 7N 98 7|98 BAE 248 E
ZF 7HAdAYE)) 28 222 HE

20127 sfiekalite] Al Aol 521 73HRPS:Renewable
Portfolio StandardyAl= A|2 O F Table 13} Zo] g7 Axof| oj
3 T3 FHE0] 2030974 25% 43E < o|chMinistry of
Oceans and Fisheries [2024]).

Hlo| e E A4 A BiEEE ojilsleav) FEo] AT 4
9] Y A8 5o U3 no|eniAz oA AFS HES,
7] F9) AA olitstes FEF TN 43 £8EE B
25 187 Azl uEby 247k A7 A -2 A
A Fa-2) 73l wet 133 AFQ vl AR AN FE
W Zog Az

Hlo] 2 98 F vEo] AH 2 ulo|erjdolgly REL A&
4 FA 2 FEA AE deE T 3t o s Alxshd
Ak di e g = le] e A9 SeMgo] A Er) o] F
o AHZEE TR} Edste] AREsPe 73 d5E 7
A Mg se|, 3187 A 8o|cHKFD, https:/k-biofuels.orkr/
front/kor/bio/biofuel).

Table 2. Biodiesel mixing ratio by year

Al Table 28} o] =) vlo] 297 B AL 20153 72
BE 587 A FU A-AYUA] A5 EF T =
(RFS: Renewable Fuel Standard)ll 23] 355 t]Afe] oF
Z 0 2 nlo| 9 rjAlo] EgtEe] B¥FEE Fo|r}, w3 HAFoR
nlo] 2 rjAle] E3m|E-E Akl 20304 Ol FEE S%E F-F
o7 Egsle] Rgsha, 202219 108 13890 5%S 8% A3A|
71 g wilo] 2EFC)

oJNE thek3t 183 A 2 ABEE 3 FEL: A8 VA
Aol cigh 7ipde] skl A= Jlort, ¥ ouR] g, A
5 Fa91=e} o34 S(Reusser and Pérez Osses.[2021])9] 7=
o= B A7l 204 Fo2 A7, 53] 428 AL
9 AAE= 715 A gl o B2 ARlo] 209 Ao AZtEr). o
2hA Fekik A8 712 34 A H3X d8 98 FF e
373 A8t BeFh ve|erjde] 383 1 H¥E ¥ 5 Atk

MEPC 783t0lA] 30% m|5ke] vlo] @ EFGE AR = Q= A
g A7 1R = A4 NOx 25 glo] dlld 92 AHE-E &
£33 91 09(IMO[2022]), X1 2] T3] glo] vlZ ARgo)
7te8lct. uEbA] ol edge] e 9 Bile HRH o T Tt
Z0 2 AZtE | AA| AMgee] uE ghinlE 74 9 EEDI)

Year 2015~2017 2018 ~2021.06 2021.07 ~2023
Mandatory blending ratio (%) 2.5 3.0 3.5

Year 2024 ~ 2026 2027 ~2029 After 2030
Mandatory blending ratio (%) 4.0 4.5 50— 8.0




Hpolo o4 H|-& Hsle] mhE 2A7RA wiEF F o Bd A7 205

7HeiR-E 1T B ool glo) A& AW
2. A" FHl H AIEYH

2.1 TYEA, 4, AMAEIER] R U

AR A Bk, i, Ak gt vl EE = w77k A
Ho) 2, A4 F gaE Ak Bg4dd4 Al CoE AN
3laL, ¢HA4 Al COF BYH Tt 3 4E Akke) 75
718 s =1, A57F A48k 9A =W HCE silE= Al
ot gebA Aukg A A1 A 2AShs elE7ke] Advat
vlwsl7] S8 989 2438 FHs9

A7 24L& ASTM D5291-21 Standard Test Methods for
Instrumental Determination of Carbon, Hydrogen, and Nitrogen
in Petroleum Products and Lubricants(ASTM[2016]) 7122 53}
AP 59 0m A|HE Table 39 FH)E ARS3SISith

2.2 HIZI7EA AIEER] R AIRYY

Hlel oo dd AR FA 1S Hlo]l L EAIAARE T3 vt
ol EHRE A3l EFW A (mixing tank)ol| AT A3
HR| 2 ZRE AR E AR kg O AdE 23331 W)

Table 3. Elemental Analyzer

Table 4. Marine diesel engine

Equipment photos Item Specification
'm ' == QOutput 347 kW /2,000 rpm
e . Number of cylinders 6 cylinders

Bore & Stroke 130x155 mm

Intake method Turbocharger
# Combustion method Compression ignition
method
Compression ratio 17241
Table 5. Multi component analyzer
Equipment photos Item Specification
' i Linearity deviation +2%
! H,0 0~30%
0, 0~25%
CO, 0~20%
co 0~ 3,000 ppm
NOx 0~ 2,500 ppm

S5 W7 E 7RIS B w717k dR S 5%
For SEE= Fig, 29} 2t}

Table 4= A 3ol AREE 347k W AluHE o] A <lzlo] ] IMO
Resolution MEPC. 177(58)(IMO[2008]))2) 7124& Q1&3}o] A8
< A5t

Equipment photos Ttem Specification
%) Elemental CHN,S,0 Hi7)7kA S0 AR = FTIR(Fourier Transform Infrared)t
~ | .  Measurementrange  0.01%~ 100% 2)9] BA715 AMg3150m Aleke: Table 59+ 2t}
Accuracy 0.1~03% FTIR%Y2]S 3918 347-2]7] (beam splitter)E 3173 72 (fixed
Sample quantity max 200 mg Mirror) @ )% 7-&(moving mirronZ AL 0|EA7) The of
Test standard ASTM D5291-21
4 '
[ ] silencer
dt':::l biot:':;s.l #| mixing tank . J
| i flow .
flow ' flow .
— : flow mater
; mater . y mater.l_. g

bio
blanding
system

Fuel flow gas flow

Fig. 2. Test Method.
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Fig. 3. FTIR measurement principle.
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3.1 TYE, £, A AIE Ei
Fig 4= ule] 20 il & dREE, i, 1))
=4 295 JEeRd Zlolt). ulo] 2 2] nlojet)A dhiako)
FoHS S @A BDO~BD40714] 84.78%N1A 81.89%7F4 74
S13L, A 13.69%014 13.17%7F] 348K FAHIE Bl AkA
£ 1.53%0A 4.94%7H F7tshe 2aE 20t 100% vle] 2
AL OAf diy) gk, 540 v]ge] Bl Ak vlgo] Eot
(Imfactbook[2024]). webA vlo] @T) A v|-&o] F715tel we} &
&8} 40 H]ES AL, ARR0) HIEE FoA = AeE @
e A8 W) Ao #eo] F7HHA A4 J 257133t
o] NOx Hl&3o] 45381 Fct. NOx viEs 452 nlojed=z
ARGl SJ3E TgolA| gk NOxA172H](SCR, EGR), SF#A]7]
4 FOo= 93P} 7Fs8ltH(Haiwen Song et al[2016]).
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Table 6. Amount of water according to biodiesel ratio

AT - A R AAE ol - ARHE

80 84.78 84.67 83.97 20
7 2 5 82.92 81.89
i r i N 2
20 e “a 18
L 13.69 "
: 13.44 13.36 13.19 13.17 44
60 .-—————-.—__..___.—‘
12
50 -
) e
f. © 10 5-
o e T
30
494 6
3.89 =
a5 267 _— 4
189 e
153 -
10 I
F— 2
o 1]
BD O BD 10 BD 20 BD 30 BD 40
Bio-mixed diesel
== —8—H —i—-0

Fig. 4. Element measurement results.
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Ax¥A Aot A9 BB 79 FGFE AR F AR A
o] gojajrt. 2] (1) LI AlAF2loItH(Yoon[2002]).

_ (8100C+34000( H— O/8) +2400S)
1000

« 4.184

A (1)
H, : 3% 2% MJ/kg)

C: 98 &2 %)

H: 948 94 %)

0: 98 A4 %)

S: 9% 3 W)

At o)A
oA Ajseict. 19 BEF AT AAE 7T 4] (2 AR
sl A9] EHEE AL TH(Yoon[2002]).
600(9H— W)

1000
H, : 1% 2% MJ/kg)
H, : A% #8%MIkg)
H: 9% 54 %)
W: A8 78 83 %)

o rlol el & qie] ool 7o E At

+ 4.184 )

H=H,-

A9 PN AHEE S SghE AABILe 23]
Aol M gsHg0m, Akl AHE SRS Table 63} ek,
Table 72 4 4% 3% 298 O AVE 2L et
9 Zlofc. vlo] o) o] wolel ulet Bao] okl S
% % gl

Item BDO

BD10

BD20 BD30 BD40

Water ratio (%) 0.35
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0.4 0.4 0.3
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Table 7. High and low heating value

Table 9. Biodiesel carbon factor

Item High heating value low heating value
(MJ/kg) (MJ/kg)
BDO 4794 45.72
BD10 4748 4520
BD20 46.99 4497
BD30 46.17 4420
BD40 45.61 43.39

LEFMIkg)e] FoAE U FEle] A2l F 2IFe
FAE7] A8 =FolA A7 BARES &% T7AA A4 4
B ARl &% 371 Ao 2 ddd,

3.3 EMMIIlEY |4 9 EEDL CH S3 ANt

el EAlg s AUA EEAASG(EBEDD) 2 CII 558 A
k=] AMEE FRIE 247148 BiEFEE ERle] S8 &
2HIEATE ARFE Lot it vl e A8 BAAGE AXlst
7] S8 E vlo]l 2 A 5.2] WiW(Well-to-Wake) GHG Intensity %
I Agadatke] gelo] P sitt, WiW GHG Intensity @b A
&7Fs/d S90) 7Fsdt 32t Q1F7|R e 2 R-H LaE oo} 5k,
A ke nlo] 2 AR 100%2] LCV(Lower Heating Value)S]
Bglo] 7}a3t FAIE0] Qs ATA2RE wald A8 FA9x)7}
I 9 3FTHKR[2023]). 4] 3y AHESle] vlo| A8 &4 ATE
AArsrE ot vle] o o)l A5 WtW GHG Intensitys= ™57
(Soybean oil), #4]-8-f(Imported UCO), A& 7FA&]L-f+-(Winter
camelina oil)E A BAu|EFE A8l ARXslon o}
Table 82 2} A5 Ay &@AuiE2S JeRlSITh

Cgp= WtW GHG intensity x LCVpp 3)

Cap : PlO] 2 E3 ©AIEAI(2C0,/8)

WiW GHGintensity : 953 vlo] Q) g-ulE gCO,eq/MJ
(Table 8)]

LCVyp : Mol 2] A9t hekMI/kg)

Table 8. Life-Cycle GHG Emissions of Biodiesel by Feedstock
(ANL [2024])

Item Total LCA(gCO,eq/MJ)
Soybean oil 20.2
Imported UCO 252
Winter camelina oil 41.2

Table 10. Bio-blended fuel carbon factor calculation conditions

Ttem Cap (2C04/)
Soybean oil 0.7474
Imported UCO 0.9324
Winter camelina oil 1.5244

Hlo]| 248 100%2] LCVEHS EU RED 1T Annex II(EU[2018]y
100% vl 2t & LCVak 37 Mi/kgS 283t Alilslelod, Al
At A¥= Table 99} £t

Ak € vlEAIFS Table 102 AAr 2737} 4] )2 AFS-
3loq nlo] e Ehol et BAniEAlTE AISIITHKR[2023)).
Hlo] 2 EFH3 TAREES 10,000 tonS 2 71 8k v]-&-of uje}
Axatsict.

_LCVpxTpxCp+ LCVppx Tppx Crmp
Energyp+ Energygp

G, : Hlo] & E3HT BAMEAIT(2CO,/R)
LCV, : AR AL a3 (MIkg)

T, : AR ABAMH(ke)

Cp : AR TE2EAI5(2C0,/g)
LCVyp : Hlo] 204 A $1daHMI/kg)
Ty : Wl0120) 2 ABAMZH(ke)

Cao : P1O1 2612 ©h HEEAIS(2CO/g)

Aita @iuEAlrE E83l] Ak EEDR= Auke] o=]
BES AR 9% o)t} Aute] 189 3ES 1388 &
% Al sk 00,8 HIERS EAEY 4] (5)2 T3l ALt
THKR[2012]). AXtellE AF, A7) &9, ARARH, A3l
&, A&E 71Pgste] AAtEojof 3 AlAtel] ARSE £ Table
113} 2o}, ARte] 288 A 3HE4(Bulk carrier)= AlA] v}
%59 T 7FIEE vl&(43%)(UBCRAD[2023)E 2 go= 4
Tof| Hgst] AALS 3315t

P.SFC-C

EEDI = W )

EEDI : “JJA &84 A7 (gCO,/ton'nm)

P A 28 KW)

SFC : 95457 (g/kWh)

G, : GaEAT (gCOe)

Capacity : M35 (ton)

S : A5 (nm/h)

G

(C))

Item Rate (%) C;:(2C0,./2) Fuel consumption (ton) LCV (MJ/kg) Energy (MJ)
Diesel 60 ~ 100 3.206 6,000 ~ 10,000 45.73 274,380,000 ~ 457,300,000
Bio diesel 0~40 Table 8 0~ 4,000 37.00 0 ~ 148,000,000

*diesel Cf = Autt]7| 2 G E A A A 2% MDO &2 ujEAS 3 &

*diesel LCV = BD0 2<% A4 d 3
*bio 100% LCV = EU RED II Annex ITI4} bio 100% %t
*Energy = AH-&-ZF=LCV
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Table 11. EEDI calculation conditions

A9 AR - oNE - AR

Item Ship type Engine Power (kW) SFC (g/kWh) Capacity (DWT) Speed (nm/h)
Conditions Bulk carrier 7,500 (75% MCR) 155.5 63,000 14.5
Table 12. Carbon emission factor and EEDI calculation results
— Cf (2CO,./2) EEDI (gCO,/ton"nm)
Soybean oil Imported UCO  Winter camelina oil ~ Soybean oil Imported UCO  Winter camelina oil
BDO 3.206 4.093
BDI10 3.003 3.018 3.067 3.833 3.853 3.916
BD20 2.792 2.823 2923 3.564 3.604 3.732
BD30 2.573 2.621 2.773 3.285 3.346 3.540
BD40 2.345 2.409 2617 2.994 3.076 3.341
Table 13. Constants for calculating reference values for each ship type (KR[2023])
Ship type a b c
Bulk carrier 961.79 0.477
Gas carrier 1,120.00 0.456
Tanker 1,218.80 . 0.488
Container ship 174.22 C(;)p\:::;t)y 0201
General ship 107.48 0216
Refrigerated cargo carrier 227.01 0.244
Combination carrier 1,219.00 0.488

Alxke g2miE A2l EEDIS Table 1201 YERSIc Akt 2
7} e48lE715°E BDO ~ BD40oA €8 vlo] 2.t} H]go)
ZypkrE 3l 74519100, EEDIE 24ak= A2 ge1sigict.

EEDV} 27 & U531 =A1 & Bdsly] s Es 7154 @
(Reference line valueyS Eg3lol 819 7|54 gk Al 2](3.6)
1} AFE 71584 3k Aldtel] 3§ A-E Table 139 LERAS)
ot A4E71S EEDIAAY U8l 4 3HE4 (Bulk carrier)$]
A 9 63,000DWTS 71E2 2 AAFE JITHKR[2012]).

Reference line value = a x b™

©)

EEDI®] 8432 7154 gk tiv] 20153 10%, 20203 20%,
20259 30%% AEslolsitt. web 4] (7)E A8-51] EEDISE-

#(Requierd EEDI)S Al:FeF THKR[2023]).
Required EEDI = (1-X/100) - Reference | value (€))]

Required EEDI : ¢VA)2AIA]4 818-4k(gCO,/ton'nm)
X : 20154, 20204, 20253 &5

Table 15. Bio-blended fuel carbon coefficient calculation results

Table 14. Required EEDI calculation results

Item Calculation results (gCO,/ton-nm)
Reference EEDI 4.84
2015 Required EEDI 4.35
2020 Required EEDI 3.87
2025 Required EEDI 3.39

EEDI &]-83+& 714431 Table 142 YERHIC) Aktel] 248
A7 FEA 71F0F 202589 EEDI 3]18-%k] 3.39 gCO,/ton nm
© % Jelstt}t. EEDIE= EEDI 8]8-3kH o} Zolok gt} EEDI A
A A3 dhF7-o) w2 E-AE 982 ARES ule] 20 2e BD30
¥ EEDI 883k} Zol Aue] Ix 9 HEo| 7hsst4, A
€ 7HEEURE A8 = ARSSE ulo] 2L BD40%E EEDI &
SatEct Zol Aol QIE 3l HFo] 7HsE Zo] wadt.

CIl 57 =3 @2l Algel J3g Wt ueb blejeoE
TS AFSol o} ekaelEAlIsTT 248 Cn SR 4
& Ro= AZter). cn 5359 Ak A7 COo, wiE S At
Egl 28 AS e gho g MutES 9 23 A A A}

T— C{gC0,/g) CII reduction rate (%)
Soybean oil Imported UCO Winter camelina oil ~ Soybean oil Imported UCO Winter camelina oil
BDO 4.093 -
BD10 3.833 3.853 3916 6.33 5.85 4.33
BD20 3.564 3.064 3.732 13.77 12.67 9.22
BD30 3285 3.346 3.540 22.67 20.73 14.81
BD40 2.994 3.076 3.341 33.48 30.40 2125
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Table 16. Biodiesel blending ratio to achieve neutral carbon target
Item Proposed target Assumption target
Year 23 24 25 26 27 28 29 30
Reduction rate(%) 5 7 9 11 13625 16250 18.875 21.500
Biodiesel(Soybean oil) blending ratio to maintain grade(%) 8 12 15 18 22 26 30 34
Biodiesel(Imported UCO) blending ratio to maintain grade(%) 9 12 16 19 24 28 33 37
Biodiesel(Winter camelina oil) blending ratio to maintain grade(%) 12 17 21 26 32 38 44 50
ol TL3hd wiEArel wet cll 559 A RS S = 7|

g ek A B4 wEATE 885l 5 AP dlE
ARES AAYste] Table 150 YERASITH

A9 o A g AFAH (KR[2023])0] == 20194 oiE)
AF 9 F7)e] AAgle] BE Aulof|d T4 AF5A-E HE
81 A8 ZkS- Table 163} 2}

Hlo] QU] A EFEE 10%~40%71K] AEEZ AJ3of| gigo] &
et Cl 55 A8 = vk 28 A7 AHEE Witw
GHG Intensity 3t lo]2t]d 98 F UF-5 81l 3 3100 =
Aute] AME-E nlol o)A A8E Tkt & WitW GHG Intensity
e A Levt Qi

4.8 B

£ Ao vlo] 20 A nlgof iE Au9] ARdE 54
slo] gk2ulEAI5= 9 EEDI, Cl 55 ARk, oo 22 4
& 99t

() & =FdM 333 A5 s A vlo]ec)A u)go)
718l et 'hAo) 40 ulgo] adhar, Ak vige F
7¥elSict. whebA] dako] 4% Al FY S digt A=
AMgEo] 28k 2715 Ao 2 AlgPct B3 A8 U 52 Aad
o] 7 PP E QT FA)S figho g A7 A8 HEY
ojgge] it

(2) &3 Al 9 CI 558 A A3 543 Aule] &
dgt 270 T FASNE W Ay EhufiEo] B2 nloje &
e 40%E AHESH =A 20309 S Q) 30%7HA C S 3
WAE 5= & Ao= AZE)

(3) EEDIZ A4Hst 23} WitW GHG Intensity 252 gCOeq/g
ola}e) A5S AMES BD302) EEDE= =204 A4S 214312
A¢] 202513 EEDI 347141 3.39gCOy/ton: nmo)3}2 Al 23
o] 7Fs8Hl et} wlebd E3tEH € vleled)d A5 Wiw
GHG IntensityS 8R13+ ¥ EEDIE AlAtele] 382 U) vlo] &
RS ARgSle] Ak 8skdol & Zlo= AZkErt.

(4) @A el tjAe] W= o AR o] 28] AE2] 710]
FA=E Qi) 5T ghaA] £9] o] F o= gaAE X3 O
Afe] 71 7} vle] o)A ] 712& nlaste] @3 elA BDO ~
BD307HA] A3t 718 ZAAQ EFqvES] vle|e ERE
Tadel 288hE FL£ Zlo = wdE

2 AT AREY AR o) 2 T gl
£ AuAR Wge wpIks Aege] B A7, FHATHY
USH i) AHE 3 BeE Aol
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