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Abstract : Transport biofuels produced from biomass can be substituted for petroleum fuels due
to GHG reduction, sustainability and environmental friendly. Mandates and targets of biofuels are
announced in the Buropean union, United states and other countries worldwide and promoted by
the government policies. This paper reviewed current status of the national biofuels policies and
fuel specifications in transport sector. EU biofuels policy shifted and GHG emission reduction
became the main focus of the policy. There are specification requirements for biofuels in the U.S.
under the RFES2, but there are other polices as well that serve to promote the uptake of biofuels
both at the federal and state level. Korea government has allowed 2.3% oxygen in gasoline to
come from oxygenates, increased the biodiesel blend mandate from B2 to B2.5 effective from Jul.

31, 2015.

Keywords . Biotfuel, Specification, Biodiesel, Bioethanol, Renewable fuel standard, Green house
gas(GHG).

TCorresponding author
(E-mail: joypark@kpetro.or.kr)

- 767 -



[\)
Iz
BN
oo
N
2
i
g
oM,
ne
Iz
R
=
olt
N
Olt
-ol,

)
3
o
2
f
il

19909 e §7HES thes
$4E 91ste] YA vrolelA
Bgo] AFsle] AR EFAE £
5¢ o B B} AAHol

== :lxb 1:%
O ox)

S~

LT By

el
N
o I‘I:F o
re e we o &L

]
9;5_} A 9 olbstes AT RIS
Hrog oF REAE = AAId A=
M BPSE flof B2 k82 7leolal Sl
oH1l. #H9 Heledmes FEfol ETBE
(Ethyl Tertiary Butyl Ether)et 22 o|AHIZ 9
ogrE-s  E9dste] ARESt glod, Aol
FAME(Fatty Acid Methyl Ether) @ HVO
(Hydroteated Vegetable Oil) E+= BTL(Biomass
to Liquid) 9= 5& A8 & U&= 5185
I Qlek Hioledmof thigt 72 71ES 9
et Aol wig FA7IE ol A E ok
(2].

al=o] Holedw A2 RFES| oJsf iz
Aol  dgroz  Zgsiy  glom 20079
EISA(Energy Independence and Security Act)ell
osf HA=UE. vl= W] A AfAlE] =
&2 Hio|e ARl & ARt AAGA Y
A2, EFGAES Holedm OJRAEES
‘Jofforgtet. Hiolodm O FAMETE uH|=oflA
e SR S SdEE ol os) 2
Aol  HTH3-5]. "= ASTM(American
Society for Testing Materials)2 =z o] &2}t
71%e ot Qlth ARAlET 2ol g
F471% A deliM= A= BAAHARAE,
Hole Am), A AxA=E, AHEAL AF 5o
o]fojzl  ASTM®] 93]  DO02(ASTM
Committee DO02)ellA] &5t Qo wl=9]
ASTM Q& 7]%2 AR§ARS] oHdat HOE
@ Hagel ole 7lEols] tEel ASTM A
+ WA FAEe 2 A= =t Heledw 9
749 ASTM 7|2 dRtd o= WAl " 244
= ¢71 f8f 8F=HAY vl=olA HAL &
£ 520 = skal Stk

=] Hioledm AL Hiolerd FAHO
2 o]Rojxom 2007d 99 AFE TAFEA
Soz AR volerl 47 HEAY S
= AFer AR 2 ARAdE AW A
A wreletdl 2% ~ 5%7HA Aol &Rt
of Hgsigict. ol Al4xk A - AQAedz] 7]

>
Y

S SU i of off

j=|

=

R LR

2A G wat RFS A stefA sHioletd 3
7] Bg Eslgo] d9 2914 20159 7Y
3195H 2.5%=2 A=A FHolAE a=4
AL K-Petro)ol Al A5 9 AGiAdE A
dHollA Hieledm 2 7S AAst] Al
Zol olctel. =liel A5 2 AftiAArd gl
M 2006 7€ ofeke ETBE 53 &o g4t
& B disl] 3Afol AagH VFoR 2.3
wt%'s ol-§ots J1Astal Sltt.

2 =RAe fHI u=o voleda FA
7} HiolQogtg, HioloTjA o] FHT|E| tiF]
dotH 1 =] Hpoledr A 9 EH U=
EAE Foto] R 7t vHholedgel of
3 ot Aot

2. 3ol Hio|2HE HH U X 7|

MY

21 REo Ho|ds M S

o Holedm A FFe T S
200999 A|AE CCP(EU Energy and Climate
Change  Package)?t  FQD(Fuel  Quality
Directive)7} ¢1.2™ 202089712 20(GHG)/20(&
£)/20048 9 2)S Fx=E Skl Qlth o|F
of fd AAl dAe] 20%5 AAHA =
HEdtte Z3=2 2009de] CCPel 3 &<l
A7) o 2] 21 7 (2009/28/EC, RED)e] A=
UL 20109 129717 Bl¥=r2 o] #7482 whet
of gt} o] Aol ofsto] A&KTFEA =Y
2020Q0742] pEHawel Hioledw 10% T8
olf3lel= Ae Fx=E 7 JU=E2 5244

o

2as HAste] &9 Fo QtHTable 1).

A= jLE
E£9], 82 AE2A, HUE, ARE °
HAlg 329 e <9Jste] RED(Renewable

Energy Directive) 2|3 StellA] o]FgFo] tisf 2
2 7t (Double Counting)dll 531 o™ o]
Atsteta Araat 9 AEOFd 52 1oty
A&7 71EE TYste] 9 Foll Utk A
754 71l o AS2 =7 ASAAH
TE FEAY8t fEATANA SAH 1979
A 91Z AAH(ISCC, RSPO 5)of 9lsf A
SEW AZMA(GHG) #E 7le2 @A Al
AultiA 35%, 2017ERE 50%, 2018\7HA]
60%S EZZ stal olct. T A=A gse|
isiA= 20159 49 RED WAL Bl 7%=
Agtstal UcH7-9].

- 768 -



Vol. 32, No. 4 (2015) 58 Holedr FAo] wE FA7E JFel Bt A+ 3

Table 1. Overview of Biofuels Mandatory Target[7]

Country National Biofuel Targets Mandatory(M)
. 3.4%(energy content) ethanol in gasoline
Austria 6.3% biocomponent(energy content) diesel M
Denmark 29121 1%(energy content) in gasoline and 1%(energy content) in M
diesel
Ethanol 7% by energy content
France Biodiesel 7.7% by energy content M
2009-14: 4.4% by energy content biodiesel target and 2.8% by
Germany |energy content ethanol target M
2010-14: 6.25% by energy content combined biofuels
2014: biodiesel blended at 7 vol%(+/— 0.5%)
Lithuania |2014: gasoline must contain 5-10 vol% ethanol or 10-22 vol% M
ETBE(+/- 0.5 vol%)
Until 2014, biodiesel suppliers have to provide a blend of FAME
Portugal | 0.75% M
& From 2015, there will be a requirement of 25% of
biocomponents in gasoline
According to Decision 1121/2013 in vol%
Romani 2011 | 2014 | 2016 | 2018 v
OMAMA | FF thanol/ETBE in gasoline 4.5 8
FAME in diesel 5 6.5
Introduced by Act 492/2010 effective Jan. 1, 2011, by energy
content:
Biofuels Ethanol ETBE Biodiesel
2014 4.5 4.1 3.0 6.8
. 2015 5.5 4.5 3.0 7.5
Slovakia 5016 55 16 3.0 7.6 M
2017 5.8 4.7 3.0 7.8
2018 7.2 5.9 3.0 9.7
2019 7.5 6.2 3.0 10.1
2020 8.5 7.0 3.0 11.5
2013: 4.1% by energy content
Spain For biodiesel, 4.1% by energy content M
For ethanol, 3.9% by energy content
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Table 2. Current EU Ethanol Specifications[10]

Spec Name EN 15376 EN 15376:2011
Grade Ethanol

Effective Date Apr, 2015 Aug, 2011
Source EN 15376:2014 EN 15376:2011
Additional Comments EU
Ethanol, vol%, min 98.7% 98.7%©®
Water, vol%, max 0.300 0.37
Chloride, inorganic, ppm, max 1.5 6.0
Copper, ppm, max 0.100 0.1
Methanol, vol%, max 1.0 1.0%®
Acetic Acid, g/l, 100% EtOH, max 0.007%

Acidity, wt%, max 0.007

C3—Cs alcohols, ppm, max 20,000

Non-volatile matter, g/100ml, max 0.01

Denaturant, vol% ® ©
Sulfur, ppm, max 10.0 10
Sulfate, ppm, max 3.0 4.0
Electrical Conductivity, #S/m, max 250410 250
Phosphorus, g/l, max 0.00015

Appearance clear & colourless

Dye content, g/100 1, max @

Use of additives w

(1) Suitable anti—corrosion fuel additives without known harmful side effects and that are
compatible with the finished gasoline are recommended in the appropriate amount.

(2) The use of dyes and markers is allowed.

(3) Total acidity expressed in %(m/m) as acetic acid.

(4) Includes ethanol and higher saturated alcohols content.

(5) Denaturants as required by European and national customs regulations are permitted, provided
they do not cause harmful side effects to vehicles and petroleum distribution systems. It is
strongly recommended to use: (a) automotive gasoline meeting EN 228 specifications, (b) ETBE,
(c) MTBE, (d) TBA(tertiary butyl alcohol), (e) isobutanol and (f) isopropanol.

(6) 98.7%(m/m) according to EN 15376:2011.

(7) 0.3 m/m% according to EN 15376.

(8) 1.0%(m/m) according to EN 15376.

(9) Denaturants, as required by European and national customs regulations are permitted, provided
they do not cause harmful side effects to vehicles and petroleum distribution systems. Where
denaturing of the automotive ethanol is required, it is strongly recommended to select
denaturants from the list below that are known to be non-harmful to vehicle systems: (a)
automotive petrol conforming to EN 228, (b) ETBE, (c) MTBE, (d) TBA, (e) isobutanol, (f)
isopropanol.

(10) To be measured prior to additivation.
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Table 3. Current EU E85 Specifications[10]

B L e

==y

10

Spec Name CEN/TS 15293/2011
Grade E85
Effective Date Feb, 2011
Source CEN/TS 15293

Additional Comments

Ethanol Blend

RON, min 104
MON, min gg®
Sulfur, ppm, max 10

Lead, g/l, max

Manganese, g/l, max

RVP @ 37.8C, kPa

35(s)~60(s) / 50(w)~80(w)®

Density @ 15C, kg/m’ 760~800
FBP, C, max -
Residue, vol%, max -
Methanol, vol%, max 1.0
Fthanol, vol%, max 85(s) / 75(w)P@W
FEthers(5 or more C atoms), vol%, max 11
C3—Cs alcohols, ppm, max 6
Phosphorus, g/l, max 0.00015
Oxidation stability (Induction period), minutes, min 360
Water, vol%, max 0.4
Existent gum (solvent washed), mg/100ml, max 5
Chloride, inorganic, ppm, max 1.2
Copper, ppm, max 0.10
Copper corrosion, 3hr @ 50°C, merit (class), max class 1
Color clear & bright
pH 6.5~9.0?
Acidity, wt%, max 0.005%
Electrical Conductivity, xS/m, max 1.5

(1) Recommended value.
(2) Measured as pHe.

(3) Summer: Class A May 1 — Sept. 30, Winter: CEN notes that each country must choose which

climate classes to use for other periods of the year.

(4) 70 vol% min in summer, 50 vol% min in winter.
(5) As acetic acid.
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Table 4. Current EU biodiesel Specifications[10]

Spec Name EN 14214+A1:2014/AC
Grade FAME(Fatty Acid Methyl Esters)
Effective Date Oct, 2014
Source EN 14214+A1:2014/AC
Cetane number, min 51
Ester content(concentration), wt%, min 96.5
Sulfur, ppm, max 10
Density @ 15C, kg/m’ 860~900
Density @ 20°C, kg/m®, min ®
Viscosity @ 40°C, cSt 3.5~5.0
Flash Point, C, min 101
Carbon residue 10%, wt%, max 0.3
Water, vol%, max 5007
Sulfated Ash, wt%, max 0.02
Total contamination, ppm, max 24
Copper corrosion, 3hr @ 100°C, merit(class), max class 1@
Acid value, mg KOH/g, max 0.5
Methanol, vol%, max 0.2©®
Monoglycerides, wt%, max 0.7
Diglycerides, wt%, max 0.2
Triglycerides, wt%, max 0.2
Free Glycerol, wt%, max 0.02
Total glyceride, wt%, max 0.25
Linolenic acid methyl ester, wt%, max 12.0
Polyunsaturated methyl esters, wt%, max 1.0
lodine number, g/100g, max 120
Phosphorus, g/l, max 4@
Alkali, Group I(Na, K), ppm, max 5.09
Metals, Group II(Ca, Mg), ppm, max 5.0
Oxidation stability @ 110°C, hour, min 8.0
Others(use of additives etc.) v

(1) The use of dyes and markers is allowed.

(2) A lower limit of 2.5 kg/kg may come into force after validation work on the measurement
standard and on engine oil impacts.

(3) Density may be measured over a range of temperatures from 20C to 60°C. See testing methods
for details.

(4) Measured at 50C.

(5) A lower limit may come into force after validation by work on the measurement standard
precision.

(6) Methanol content must not exceed 0.20 wt%.

(7) Water content must not exceed 500 mg/kg
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Table 5. Current ASTM Ethanol Specifications[18]

Spec Name ASTM D 4806-14
Grade Ethanol
Effective Date Jun, 2014
Source ASTM International
Additional Comments Denatured Anhydrous(for blending)
Ethanol, vol%, min 92.1

Water, vol%, max 1.09®
Gum(Solvent washed), mg/100ml, max 5.0
Chloride, inorganic, ppm, max 10
Copper, ppm, max 0.1
Methanol, vol%, max 0.5
Acidity, wt%, max 0.007
Denaturant, vol% 1.96WOI~5 2O0®)
Sulfur, ppm, max 10

Sulfate, ppm, max 4

pH 6.5~9.0"

(1) Measured as pHe.

(2) In some cases, a lower water content may be necessary to avoid phase separation of a
gasoline—ethanol blend at very low temperatures. This reduced water content, measured at
the time of delivery, shall be agreed upon between the supplier and purchaser.

(3) Also defined as 1.26 wt% max.

(4) Additional U.S. denaturant regulation per the Alcohol and Tobacco Tax and Trade Bureau
(TTB).

(5) TTB Formulas require a minimum of two parts of approved denaturant to 100 parts of
ethanol with a minimum of 195 proof ethanol.

(6) Additional U.S. denaturant regulation per the U.S. EPA.

(7) The maximum amount of denaturant the EPA allows in denatured fuel ethanol for
determining volumes for RFS2 compliance purposes.

(8) The only denaturants allowed for the denatured fuel ethanol defined by this specification
are natural gasoline, gasoline blendstocks or unleaded gasoline.

- 774 -

I S T e R S >
A R A 4



Vol. 32, No. 4 (2015) %

of olck. 3], EISA Wae] AA voleds
ShE 9o 7= 44 FAL AEZA FA
om WA A H2Z 23, A28 A dlo|oda
o] /383t R&D A9, GHG 50%A43He] ZpA|
Hlo] @ o 7 (Advanced Biofue) ABAFAL OAY B
= AY & FAst] &9 Fol ArH16-171.

2.4 O|=229| Ho|HR EZ 7|&

2.4.1 Hpolo o
mj=o] ofghZo] it FE71E2 ASTM D

Table 6. Current ASTM Specifications for E85[18]
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A7) wHEofjop gt} Hpo|QoeES P
of 5%~ 85%% E&(E8S)sto] ARgstal L

om ZA7ZEL Table 60 YeMgict. ASTM
E85 7]&2 @A w=9 Aol fleu 2015
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Spec Name ASTM D 5798-13a

Grade E85—Class 1‘E85—Class 2‘E85—Class 3|E85—Class 4
Effective Date Jul, 2013

Source ASTM International

Sulfur, ppm, max 80

Lead, g/l, max @

RVP @ 37.8C, kPa 38~62 48~65 59~83 66~103
Oxygenates

Methanol, vol%, max 0.5

Ethanol, vol% 51~83

Hydrocarbon + aliphatic ether, vol% ©

C3—Cs alcohols, ppm, max 20

Phosphorus, g/l, max ®

Water, vol%, max 0.78"

Existent gum(solvent washed), mg/100ml, max 5

Existent gum(solvent unwashed), mg/100ml, max 20

Chloride, inorganic, ppm, max 1

Copper, ppm, max

Appearance Clear and bright
pH 6.5~9.0"
Acidity, wt%, max 0.005

(1) Measured as pHe.

(2) Lead is not permitted to be added according to Federal Regulations; the lead limit for

gasoline is 0.013 g/L.

(3) Phosphorus may not be added according to federal regulations; the phosphorus limit in

gasoline is 0.0013 g/L.
(4) 0.07 mg/l
(5) C3—Cg expressed as vol%.

(6) The hydrocarbon blendstock may be unleaded gasoline, gasoline blendstock for oxygenate
blending (BOB), natural gasoline or other hydrocarbons in the gasoline boiling range.

(7) 1 wt% maximum
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Table 7. Current ASTM Specification(B100)[18]

Spec Name ASTM D 6751-12

Grade [ No. 2-B S500
Effective Date Nov, 2012

Source ASTM International

Additional Comments

Biodiesel(B100) Blend Stock for Diesel Fuel states that
biodiesel is a fatty acid alkyl(methyl or ethyl)

ester(FAME/FAEE)
Cetane number, min 47
Sulfur, ppm, max 159 500% 159 500%
Viscosity @ 40°C, cSt 1.9~6.0
Flash Point, C, min 93,130
Carbon residue 100%
(CCR), wt%, max 0.050
Water and sediment, vol%, max 0.050
Sulfated Ash, wt%, max 0.020
Copper corrosion, 3hr @ 30
100°C, merit(class), max
Acid value, mg KOH/g, max 0.50
Methanol, vol%, max 0.2
Monoglycerides, wt%, max 0.40 ‘ 0.40 ‘
Free Glycerol, wt%, max 0.020
Total glycerol, wt%, max 0.240
Phosphorus, ppm, max 10
Alkali, Group I(Na, K), 5
ppm, max
Metals, Group II(Ca, Mg), 5
ppm, max
Distillation, T90, C, max 360
Cloud Point(CP), C, max Report
Oxidation stability @ 3
110°C, hour, min
ri(;lj Soak  Filterability, sec, 200 200 3609 3609

(1) If methanol content is above this maximum level, this specification may still be met if the

flash point meets a minimum of 130 degrees Celsius.

(2) The Copper Strip Corrosion Test is conducted for 3 hrs at 50°C.

(3) Other sulfur limits may apply to selected areas in the U.S. and in other countries.

(4) If the B100 is intended for blending into diesel fuel that is expected to give satisfactory
vehicle performance at fuel temperatures at or below —12 degrees Celsius shall comply with

a cold soak filterability limit of 200 seconds max.
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Fig. 2. Biodiesel Dissemination Plan.
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Table 8. Current Biodiesel Specifications[1]
S Petroleum and Alternative Fuels
pec Name .
Business Act
Grade -
Effective Date Jan, 2006
S Korea Petroleum Quality &Distribution
ource .
Authority
Additional Comments
Ester content(concentration), wt%, min 96.5
Sulfur, ppm, max 10
Density @ 15C, kg/m’ 860 ~ 900
Viscosity @ 40C, cSt 1.9 ~ 5.0
Flash Point, C, min 120
Carbon residue 10%, wt%, max 0.1
Water, wt%, max 0.05
Ash, wt%, max 0.01
Total contamination, ppm, max 24
Copper corrosion, 3hr @ 100°C, merit(class), max 1
Acid value, mg KOH/g, max 0.50
Methanol, wt%, max 0.2
Monoglycerides, wt%, max 0.80
Diglycerides, wt%, max 0.20
Triglycerides, wt%, max 0.20
Free Glycerol, wt%, max 0.02
Total glycerol, wt%, max 0.24
Phosphorus, ppm, max 10
Sediment, wt%, max 24
Alkali, Group I(Na, K), ppm, max 5
Metals, Group II(Ca, Mg), ppm, max 5
Cold Filter Plugging Point(CFPP), C, max 0(w)
Oxidation stability @ 110°C, hour, min 6
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Table 9. Current B20 Specifications[1]

Spec Name Petroleum and Alternative Fuels

Business Act

Grade B20

Effective Date Apr, 2009

Source Kore?a Petr(_)leum Qual.ity

&Distribution Authority

Additional Comments

Cetane number, min 45

Sulfur, ppm, max 30

Density @ 15°C(60°F), kg/m’ 815 ~ 845

Viscosity @ 40°C, cSt 19 ~ 55

Distillation, T90, C, max 360

Flash Point, C, min 40

Carbon residue 10%, wt%, max 0.15

Cold Filter Plugging Point(CFPP), C, max -16(w)

Pour Point(PP), C, max -17.5(w)/0.0(s)

Water and sediment, vol%, max 0.02

Ash, wt%, max 0.02

Lubricity, HFRR wear scar diam @ 60°C, micron, max 460

Copper corrosion, 3hr @ 100°C, merit(class), max 1

Total acid number, mg KOH/g, max 0.10

FAME content, vol% 17(s)~23(s)/7(w)~13(w)
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