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Abstract : Gasohol which is the mixture of gasoline and ethanol, is used to gasoline
vehicles worldwide currently. This study is performed by the methods of the review of
references, and includes the background introduced, manufacturing processes, amounts produced,
original properties, specifications, ways of applied currently, regulations and policies as a fuel
for gasoline vehicles on individual countries through the scope of worldwide, especially focused
on bioethanol and gasoline. By the reason above, it is prepared by focused on multiple angles
for the person who want to getting information and searching desired ways in the future
regarding to bioethanol and gasohol. It is concluded that gasohol is one of the useful renewable
energies, and must to take a step forward by the approaching of multiple points, and finally
showed some directions by the way of comparing of the situations and references nowaday.
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Table 1. The Standard of Gasoline in South Koreal17]

Items Specifications
Octane value #1 : above 91~ below 94

2 @ above 94
10% efflux temp.(°C) below 70
50% efflux temp.(°C) below 125
Distillaion 90% efflux temp.(°C) below 175
Ending point(°C) below 225
Residue (vol %) below 2.0
Amount of water and residue(vol %) below 0.01
Corrosion of Cu(50°C/3h) below 1

Vapor pressure(37.8°C, kPa) 44782 (sumer:44~70, winter:44796)

Stability of oxidation(min, 8h standard) above 480
Solvent washed gum(mg/100ml) below 5.0
Sulfur(mg/kg) below 130

Color 1 ¢ Yellow

#2 © Green

Lead(g/1) below 0.013

Phosphrous(g/1) below 0.0013
Aromatics(vol%) Total aromatics below 35
Benzene below 1.5

Olefin(FTO, vol%)

below 18(23)

Oxygen(MTBE, wt%)

above 0.5~below 2.3
(winter:above 1.0"below?2.3)

Table 2. Comparison of Standards in the Advanced Countries[18]

Ttems UK Japan South Korea
BS EN 228 JIS K 2202 Law of PB
Octane value above 90 above 89 91794
Vapor pressure 45~70 44~78 44~82
(37.8°C, kPa) (winter 707100) (winter 44793) (winter 44796)
Sulfur(wt%) below 150 mass ppm belowpi)(ig mass below 130 mass ppm
Benzene(vol%) below 1.0 below 1 below 1.5
Olefin(vol%) below 21.0 - below 18(23)
2.2, HO|QOIEHZ 2| MANY W EXSY A9E volensd Ty Hwe &b
o] QoEkg o] tEHA dRE AES Hgs 5 e oz HAIsty] g FAG
G S g agh e Gl A7 SO el s dss oo
s ZEo|t)h, AMRFFREEH FE5 AN Y AAE vlo] @ o ErE-e A B A HAA =
2 gxd 98 AH dEe FE 12-15%9] A w717t T COE %#6}71 Rl
fdoz HIHY o]F ESs FEHIY B4 F H(carbon—neutral) o] & - A Zb=
T4 dEgsr wrEeEY. S5, 17n §X o] AYHo=R ALS x—]—':ll Axsta Aok
2o AEA vle]oul~E Y852 AESIE [17]. 284y od&&2 F5A4S FAA7]
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Table 3. The Standard of Ethanol as a

Fuel in Brazil[21]
284 57 A

A A No. 2. 2002 19 16¥

Items Units Anhydrous ethanol \ Hydrous ethanol
transparent and
Apperance - .
no suspension
Color - colorless or pale yellow
Acidity mg/L below 30
Conductivity uS/m below 500
Density (20C) kg/m® below 791.5 807.6~811.0(x1)
Alcohol content wt% below 99.3 92.6~93.8(x2)
pH - - 6.078.0
Residue after distillation(*3) mg/100ml - below 5
Hydrocarbon content(*3) vol% below 3.0
Chloride ion(#3) mg/kg - below 1
Ethanol content(*4) vol% above 99.3 above 92.6
Sulfate - below 4
Iron - below 5
Sodium mg/kg - below 2
Copper(*5) below 0.07 -
#10 Y 2 frEels 805.0-811.0 48
%20 9 B FEolE 926-947 A&
x30 Y 2 frEd A&
w4 Aol WE olele] Mo A dgg ] A&
«5 Ao W@ ol e E THFFe] AHEHD e A4S A8

Table 4. The Standard of Ethanol as a Denatured Fuel in USA[21]

ASTM D 4806-07 (2007 7€ 159 <<

Items Units Denatured ethanol
Appearance B transparent .and
no suspension
Ethanol volo above 92.1
Methanol below 0.5
Solvent washed gum mg/100ml below 5.0
Moisture o below 1
Denaturant content vol?e 1.9674.76
Inorganic chloride ppm(mg/ml) below 40(32)
Copper mg/kg below 0.1
Acidity(as a acetic acid) mass%(mg/L) below 0.007(56)
pH - 6.579.0
Sulfur below 30
Sulfate salt fmass bpm below 4
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Table 5. The Standard of Ethanol as a Denatured Fuel in Chinal21]
[GB 18350-2001 (2001 4€ 159 4AD)]
Item Units Denatured ethanol
Appearance - transparent and no suspension
Ethanol o above 92.1
Methanol Vol below 0.5
Solvent washed gum mg/100ml below 5.0
Moisture vol% below 0.8
Chloride ion below 32
Acidity(as a acetic acid) mg/L below 56
Copper below 0.08
pH - 6.579.0

Table 6. The Standard of Japanese Automobile Standard Organization (JASO)[21]

JASO M 361:2006

M5 AR-258 g2, (20061 10 39 AA)

Items Units Specifications
Apperance - transparent and no suspension

Alcohol content vol% above 99.5
Methanol g/L below 4.0
Moisture mass% below 0.70
Organic impurities (except methanol) g/L below 10
Conductivity uS/m below 500
Residue after distillation mg/100ml below 5.0
Copper mg/kg below 0.1

Acidity(as a acetic acid) mass% below 0.0070

pH - 7.0£1.0

Sulfur mg/kg below 10

Table 7. The Standard of Anhydrous Ethanol as a Automobile Fuel in India[21]

Items Units Specificatons
Specific gravity at 15.6/15.6C - below 0.7961
Ethanol content at 15.6C vol% above 995
(except denaturant content)
Immiscibility - Admixture
Basicity - not detected
Acidity(as a acetic acid) mg/L below 30
Residue after distillation wt% below 0.005
Aldehyde(as a acetaldehyde) mg/L below 60
Copper mg/kg below 0.1
Conductivity uS/m below 300
Methanol mg/L below 300
Apperance - transparent liquid
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Table 8 The Standard of Ethanol as a Denatured Fuel in Thailand[21]

Items Units Specifications
Ethanol and saturated higher alcohols above 99.0
Saturated alcohols as carbon No. 3-5 vol% below 2.0
Methanol below 0.5
Solvent washed gum mg/100ml below 5.0
Water wt% below 0.3
Inorganic chlorides mg/L below 20
Copper mg/kg below 0.07
Acidity(as a acetic acid) mg/L below 30
pH - 6.579.0

Conductivity uS/m below 500

Apperance ~ transparent, no suspension

and no phase separation

Additives - approved by Govt. authority

Table 9. The Standard of Bioethanol as a Fuel(E100) in Philippines[21]

Items Units Specifications
Denatured content* 1.96~4.76
Ethanol content(Denatured) vol% above 95.8
Methanol below 0.5
Acidity/Basicity pHe 6.579.0
Copper mg/kg below 0.1
Specific gravity
(at 20C)(not denatured) ka/L below 0.7915
Conductivity uS/m below 500
Ethanol content(Manufactured) vol% above 99.3
Inorganic chlorides mg/L below 40
Acidity(as a acetic acid) vol% below 0.007
Moisture below 0.7
Apperance B transparent, no Suspegsion
and no phase separation

C Az AE AN AT o DT A .

Table 10. The Standard of Ethanol as a Sekab 99.5% in Sweden[22]

Items Units Specifications
Apperance - transparent and no suspension
Ethanol content vol% above 99.8
Moisture content wt% below 0.3
Aldehyde(as a acetaldehyde) wt% below 0.0025
Acidity(as a acetic acid) wt% below 0.0025
Methanol content mg/L below 20
Density g/mL below 0.790
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Table 11. The Standard of Ethanol as a Fuel in Poland[22]

Items Units Specifications
Ethanol content vol% above 99.6
Moisture content wt% below 0.4
Chlorine content mg/L below 40
Copper content mg/kg below 0.1
Methanol content vol% below 0.2
Acidity(as a acetic acid) g/L below 0.03
Table 12. Comparison of Appearances
Countries Brazil ‘ USA ‘ China ‘ Japan ‘ India ‘ Sweden ‘ Tailand ‘ Philippines Poland

transparent and no suspension -
- ‘ no phase separation -

Specifications

Table 13. Minimum Ethanol Content

Specifications
Anhydrate ethanol above 99.3mg/kg
Hydrate ethanol above 92.6mg/kg

India above 99.5vo0l%

Countries

Brazil

Tailand above 99.0vol%

Philippines above 95.8vol%
Sweden above 99.8vol%
Poland above 99.6vol%
([ZjhsinAa above 92.1vol%
Japan -

Table 10¢] X nle} Zo] A9 de +28&
708 FgEo g Fo] gt}
Table 1101] H= H]—S’,]— Z:_Lo] :—E-E%E_g] FAae

6719l Fmo o] itk

4. Zl=o| XISXt AR E HIO|0EHS
3

4.1, HIO|20IEHS 7 Hl=
th2 Table 12 ~ 182

TAE vaL, e Alelth
Table 12+= 93]l that Zb=re] 7155 vla

¢ Aolth tiiiel wbEe Ay

< o= sta gov, H=st ded

e & A st vk

Z159] vl Q.o B

Table 132 ofgb2 kol 3l zhare] 7]
< vl ok, 24 99.8vol%E 7}
E2 P JEF v 921vol%E 7HE

t},

o A

Table 14. Maximum Moisture Content

Countries Specifications
Brazil -
USA below 1vol%
China below 0.8vol%
Philippines below 0.7vol%
Tailand below 0.3wt%
Sweden
Poland below 0.4wt%
Japan
India -
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Table 15. Comparison of Conductivities

Countries

Specifications

Brazil
Japan
Tailand
Philippines

below 500uS/m

India

below 300uS/m

USA

China

Sweden

Poland

Table 16. Maximum Methanol Content

Countries

Specifications

Brazil

USA
China
Tailand
Philippines

below 0.5v0l%

Japan

below 4.0g/L

India

below 300mg/L

Sweden

below 20mg/L

Poland

below 0.2vol%

7hE vka, Bepd 5 370 500pS/melste]
v, v 5 "Wyeke] Ad = o] FHgo] gl
=3

Table 16+ wgtsel gk Z=9] 71&E
W oo, Bk qfgel o] g&Ho] glo
wou 5 3RS 05vol%el whE EZ@s=
0.2vol% = 713 A3

Table 17+ FEl g g =9 7|5
Hlwd Aoty Table 17 2] 3hekol] 3k
Hlaolth, &M= 0.07mg/kg~0.1mg/kg®]
v, 2etde] gfoetgy ~gdl ETsoE
o] 3o glrh

Table 18 A=) gt Zt=e] 7]&E& vl
3 Aoty 2gdel 0.0025wt%o] ko] i, ml =t
%< 0.007mass%°lst= rg3skal AUt

Table 18. Comprison of Acidities

Table 14%= 8§ ol
Hl L3 Aot}

ye el )%

(e}
=
"= 1vol% 7RI WHHE - gl

23 A~ de 03wt%E M A5t
Table 16 A7V|AZ=e dig Zt=9 7|+

< wad gojtk A%l

7150] 300pS/me. =

Table 17. Maximum Copper Content

Countries Specifications
Brazil
Tailand
India 30mg/L
Poland
US,A below 0.007mass%
China
Japan (56mg/L)
Philippines below 0.007vol%
Sweden below 0.0025wt%

Countries

Specifications

Brazil

Hydrous as fuel ethanol -

Anhydrous as fuel ethanol

Tailand

below 0.07mg/kg

USA

Japan

India

below 0.1mg/kg

Philippines

China

0.08mg/L

Sweden

Poland
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Table 21. The Amount of Production for
Ethanol in China

Year 2004 2005
3.0x10%on 9.2x10°on

Production

Table 21, 22%¥ F=9 bvlo]Qogts AAh
F9, FEAEQ H, ZA FIFL 20049 T
20051 9] 1 Afole]l eghE AYakaFo] 387t
F/k :'-73;] Z7]-%5} L 0 o _’F

Table 22 S+9] o &

[}
pos

& “’Fi%k% T
Frr 453 2o 2e 4 5 Jdu a9y
U a2 FYEFE Jd Srtskn k. FHol
FEITe dRoF 20054 5%4 Z ek
FEHY F 49%S ARG Ja, e
=& South Africa®A4 2005 ?511-4 of gk&
8129 59.26% % A}A dlrh.

Table 23& =3} =0 ulo] Qo ete
AArES el Sd o nlo] oo eke Ay
Ao 2004 2.0x10ME(2.4x1072] E]) ol A

Table 19. The Amount of Production, Consumption, Import and Export for Ethanol in USA

Years Production Import Export Consumption
(1000gal) (1000gal) (1000gal) (1000gal)
Jan. 2006 375,564 2,687 0 352,631
Dec. 2006 462,966 37,561 0 520,147
Jan. 2007 488,082 44,433 0 538,983

Table 20. The Amount of Production, Consumption and Export for Ethanol as a Fuel in Brazil

Year Production, x10° kL Consumption, x 10° kL Export, x 10° kL
2000 10,520 10,293 227
2001 11,470 11,124 346
2002 12,490 11,732 758
2003 14,660 12,703 757
2004 15,160 12,752 2,408
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Table 22. The Amount of Import and Export for Ethanol as a Fuel in China

Countries 2001 (ton) 2002(ton) 2003(ton) 2004 (ton) 2005(ton)
Japan 141,310 81,971 152,755 49,975 79,375
E South Korea 72,719 18,874 80,664 16,881 39,144
< Taiwan 10,741 10,177 26,363 21,909 22,655
D North Korea 2,348 2,053 1,690 6,844 14,648
o} Singapole 744 372 15,189 46 5,063
r Myanmar 667 623 734 417 309
t Orders 10,894 1,179 6,707 840 1,010
Sum 249,423 115,248 284,101 96,912 162,204
South Africa 0 0 0 0 11,610
Brazil 0 1,335 2,139 1 3,542
Japan 52 1,765 1,827 1,900 1,807
I New Zealand 0 0 0 36 1,298
m South Korea 40 21 24 40 992
D Australia 35 20 33 1,877 108
0 Taiwan 87 134 109 114 103
r USA 15 9 31 25 35
t UK 17 29 32 9 31
Germany 4 7 7 32 31
Order 205 238 115 218 32
Sum 455 3,558 4,317 4,252 19,589
Table 23. The Amount of Production for Ethanol in Europe
Countries 2004 2005
Germany 2.0x10"on(2.4x10"L) 1.2x10°ton(1.44x10°L)
France 8.09x10"on(9.7x107L) 9.98x10%0on(1.2x108L)
2005 1.2x10°E(1.44x10%E €)= 600% =7} ol 100% T+ A9l 100%° SHbsh= &)
I8! 7MEdS £t At W, THEd
Xgdas fFHoAA AHRd, 246, 53 HFo] Qo BF2-S- 10~20%<] W4 uHgo=z
A vlol Qe ehg o] Fa ALbaolth 20051 ARE-shE W, 13 ThE-el] 3~759 A
kol A H}O]_%Oﬂ‘%% AR e 1 11x10°E S TSk AbgEte WY S & 3
(1L34x10°8 )2 o] 42 =g~ 7M&d & o} vpoloehE S ASFHo R FHste Bt
2] =] 0.82%° dF == Folt) A, V=] Aee vloloes HEA T
FFVS F&38te] i 93, "ls2 Rk 7}
EUAFA L vpo] e BE S AHEE F QA
6. Zi=2 7lAE HHHYY s,
el gae AQAQA} opAon B3
Table 24= 29| 7ta2E A&WHIY 457 st Ao F e 4 glow oAl A
o X9 ¢ AAE B Blojth ol HepddA 22% OI*J-Q Hpo] @ o gh&
Table 249 2<l wie} o] wlo] oo &S5 AR QR F=ol A E10 AHES 95 3 Ax
el A-gsh= WS vol ol wE HEAt uj=e] A EYeYd % %‘r%‘%’:xﬂ o]
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Table 24. Policy and Application of Bioetheanol for Automobile[24]

Country Mixing Ratio Vehicles Policy
. B.E. - Obligation as a mixture with
100% as Bioethanol exclusively gasoline and 22+2% as B.E.
Federal tax of Industry is
Brazil FEV legxgrnptloln ~fof thecz1 ;;$1C16 of
Gasoline 80%+Bioethanol 20% | (Flexible-fuel | = SXCUSVEY an
vehicle) EXGmpthl’-l of local tax for
B.E. exclusively and FFV(25%
mean)
Gasoline 15%+ Bioethanol BE. - Prohibition to add MTBE
85% exclusively Exemption of tax for the
Gasoline 90%+Bioethanol 10% FFV mixture of gasoline and B.E.
US.A. (51 ¢ /gal.)
: Ethanol producer of small
Gasoline 93%+Bioethanol 7% (i/.a;(l)il(l;ee scale be relc)eived the support
and finance
Tax cut and exemption for
gasohol in France and Germany
- Farmhouse for B.E. plantation
Europe Gasoline 95%+Bioethanol 5% (\}f.:gé?: ]_Dehfegeel:;ii;;e Sf;?;nc;gyir}agqe
all gas stations from early
2011, and sales E85 in the 350
gas stations.
Gasoline 97% Bioethanol 3% Gaso_line - Enact the la\’zrv of "Expansion
Vehicle of New Energy
Japan under Mixing of bioenergy is
Gasoline 90%+Bioethanol 10% .. possible in the gas station, and
Investigation | . .
introduce the exemption of tax.
- Obligation for the use of E10
from 2005
China | Gasoline 90%+Bioethanol 109 | Casoline | - Ol company be received the
Vehicle support of
1,373CNY(178,490won) for use
of B.E.
MTBES] A4 S45tn 9, £ wtole  oleoehe Az og nz 2 §449
An BFS A AALs AREF OAF 2 sk APl FYIAEY ABAW B
34 = (Renewable Fuel Standard: RFS)Z of HZ3lE= 452 & 4 Utk
20059358 Alala e, Zare] FoA4AL ARAon dojuwd =
AQANEe $A4, nehda go] wolosg  Ae] A FAREF ARE B A4WA
& AgAwel @ Aspvel $ EAz o 10%8 FAAZ Adeel FATE 9%
= e, F9, 48, T 2ol 7tAaEd d o2 s, AqUAAEL] A dejFer A
g AleaEe] i, AW R v =) o] bt HlE FEsta ok 20119 ZHE 5 4
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