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Why Use Oxygenates ?
ARERESER ?

= More complete combustion to CO2 and water
because o*}%gen Is part of the fuel.
(R4
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m Complete combustion reduces carbon monoxide
(CO%*and ground-level ozone
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m Examples of oxygenates are:
RS
= Fthanol &g
» Methyl tert-Butyl Ether (MTBE)
FREMN T Ef2(MTBE)
m Ethyl tert-Butyl ether (ETBE)
ZER T B (ETBE)
m Tertiary Amyl Methyl Ether (TAME)
=X AR (TAME)
= Tertiary Butyl Alcohol (TBA)
X J BZ(TBA)




Oxygenate Mandate Iin the
United States
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m Since 1992 fuel with 2.7% oxygen required during cold
months in cities with high carbon monoxide.
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® From 1995 to 2005 Reformulated Gasoline with at least
2% oxygen required in cities with high ground-level
ozone.
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® Ethanol was the oxygenate of choice in the Midwest,
but MTBE was used in most other areas for economic
reasons and its blending characteristics.
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Renewable Fuels Standard
IN the US
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= A volume requirement for renewable fuels established.
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® Automobile engine technology improved combustion
efficiency.
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® Oxygenate requirements removed for reformulated
gasoline in 2006.
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= However, MTBE producers denied liability protection for
any harm done by MTBE use in fuel.
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MTBE Problems
MTBERY|a) &

m VVapor has a sharp and disagreeable odor when
fuelling vehicles.

AERIHE SRS TR SRR,
= Many consumer complaints.
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B SpillSQOf’MTBE persist in groundwater.
MTBE&ififE S1E TFKRITEEFTE

= Not easily treated.
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® More persistent than other gasoline components like
BETX.
SHMESHHASMBETX ( FFY ) HHILEARBIR

m Disagreeable taste at very low concentrations.
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Use of MTBE In the U.S. has been
replaced by Ethanol
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m USEPA (Environmental Protection Agency) policy
since 2000 to phase out MTBE use entirely.
EEIRFRIPEAIBER M 2000FEFHR P MRS LK
MTBERY{EFE.

m State of California and New York banned MTBE in
2004, which was 40% of prior MYBE consumption.
25 States had banned it by 2005.
2004SFINFE R MHANALYMEEE T MTBE , IXFEA4MM
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m Almost no MTBE is now used in the United States. = == =
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Oxygenate Anti-knock and
Octane Properties
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® |n gasoline engines the spark plug ignites the fuel-air
mixtures at the ideal time.
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® Engine knock occurs when some of the fuel explodes
early due to temperature, pressure and fuel properties.
SEAEIRRE. EDMREHSIERRISRE | svakELkE)
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m Knock causes locally high pressure in the engine
cylinder and may damage the engine.
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®m Octane rating is a measure of the performance of a
fuel in high compression gasoline engines.
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Alkyl Lead YrE4R

® From the 1920s to the mid-1970s alkyl lead compounds \F_E}JHH
like tetraethyl lead were used to prevent knock and ==
Increase octane ratings.
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m USEPA policy win 1979 was to phase out lead in fuel
due to its neurotoxicity.
EEIMRORIPEEL1979F FANESERPRRZE L EK , B
PR BwMESIE.

m [ead was banned in fuel in the U.S. in 1995.
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s Alkyl lead in fuel also damaged catalytic converters
required on U.S. cars in 1975, resulting a phase out
before the 1995 ban.
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MTBE as Anti-Knock
YERMIEFIAIMTBE

m Used in fuels starting in 1979 at 3-7% by
volume.
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m Cost less than ethanol and has good fuel
blending propertles

R AMETF S | iRECIEEIF.

® In the U.S,, tax incentives for renewable fuels
have made grain-based ethanol less
expensive than MTBE, ETBE, TAME or TBA

£55E , TRERERRIGHES I SEELL
MTBE , ETBE , TAMEEETBABREF.




Octane Rating 3ER{E

® Engines designed for higher octane fuels are
more efficient in using energy.

I ERASFEEEMERNZDNINEEEFIRSEES.

m Adding either Ethanol or MTBE raises the octane
rating of regular gasoline.

N SEFEEMTBERE RS EEi HRIFER(E.

Gasoline Ethanol MTBE
Sl s

Blendmg RON 20-100 108-115 116-120
BERRIEAERE
Blendlng MON 81-90 90-112 100-104
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Other Properties of Fuel
Additives
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Volatility &

m | ower volatiles mean less air
pollution.
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= Fthanol and MTBE form 1 4
azeotropes with gasoline
resulting in higher volatility fuel
blend at lower concentrations
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= Gasoline for blending must
have lower volatility to
compensate.
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Oxygen content
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m Fthanol 35%
OiEE35%,

= MTBE 18%
MTBE18%,




Water Solubility
KieE

= MTBE has negligible bulk water solubility and can be
blended into fuels at existing refineries and moved
through existing bare metal piping.
MTBEE RS S/KRBHFER(E , BEEAT , AEIBRIE
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® Ethanol will dissolve any water it contacts which can
lead to corrosion problems in bare metal tanks and
piping.
Sl eE T EIEMEIRMEMIKE , EtEREBENEERS
FEEEEIRIRRE,

m Ethanol is usually splash blended at the final fuel
terminal into the delivery trucks which have lined tanks.
Retail tanks are usually have fiberglass liners and non-
metal hoses not susceptible to corrosion.
SEziEELMEHE Lk RIERYREEAIREIR G NEA R
iH, SEHEERERARIBTERIBEHIFERINE | ARFE
EIRDR,




Comparative Toxicity of MTBE
and Ethanol

MTBEFI S EERY S TEXTEY

m Acute toxicity is low for both
AR S S TERIRER

= Ethanol LD50 8300 mg/kg bw/day
&E5 LD50 ( BFEHIE ) 8300 mg/ 2 FE/BX

= MTBE LD50 4000 mg/kg bw/day,
MTBE LD50 ( E&?E?fllag) 4000 mg/ 2R SE/ X

m Ethanol NOAEL 2400 mg/kg bw/day
ofiE EuIRBEERKE 2400mg/’4§ﬁ{$§/§9€

m MTBE NOAEL 714 m bw/da
MIBE RIS ERKE Tame A S/ SR

m D50 = mean lethal dose LD 50 = 3EIEFERIS=
m NOAEL = no observed adverse effect level

NOAEL= R WA E/ERKE



Occurrence
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m Ethanol is produced by the human body
due to metabolism by intestinal
microflora resulting in typical blood
alcohol levels of 0.062 to 0.73 mg/L.
CEERI e E A BB ERH VI TEA PR
F% , Bl AR IAEFERE—#%/30.062F]
0.738%/H.

® MTBE is not known to occur naturally.

REIMBEAERMTBERYIBHS.




Carcinogenicity
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m Fthanol

)i

Not directly a carcinogen
but its metabolite
acetaldehyde is.

HIEEEEEY , (BERE~IS

IARC carcinogen rating
based on human
(epidemiologic) studies of
high concentration
exposures.
ElRRERER SR EIEITRE
BEFRETSREMETRIAG

(RIS ) TR

= MTBE

= Multiple organ cancers at

high concentrations in some
animal species but not
others.

T RL YIS SREMTBE
AISHMSMEEMIEE , foxd
Btz HFTUER.

® No human studies.

ZHEXABHER.




Taste and Odor Thresholds
IR SkKEE

Ethanol Benzene TBA MTBE TAME ETBE
s WITEE | BERT ERE OEHR
B B Tk
128 47

Taste threshold in 20-40
water (ug/L)

KRR (ug/L)
Odor threshold 49 0.5 21 @ 0.027 0.013
(PPm)

SIKE (ppm)




Rise and Fall of MTBE Production
INn the U.S.

MTBEHEEF=EEEIRIFE=

m Before 1979 minimal
19795EZ i b

m By Jan 1992 3,038,000 bbl/month
=|J1992£F.ﬂ~JJJ: 3,038,000 #&/B

= By Jun 2000 7,260,000 bbl/month

This was peak production.
Z2000E6 1L 7.260,0004#%/8H
b A =mige
® By Feb 2015 520,000 bbl/month

z=|J2015£|52E§9.I]: 520,000 ¥8/8



MTBE Is produced from
S RMTBERYIR#}

= C4 olefins (one double bond) from refined crude oll
BEEIFFHAICAER (— IR )

m Too volatile to use all that is produced in gasoline
blendlng
ESHREAREE | ERIEI BT EFERLER

m Readily available

BRI

m Methane or Methanol

FR ek RS

®= From natural gas or petroleum

REXRASHAH




Ethanol can be produced from
SSEERIRE

® Petroleum - via ethylene and steam

il - B SEFHKES

= Natural Gas - via syngas (CO and H2)
reforming

AASR - BISRS (—RNHRNS ) &1L

® Grain-based starch — conventional
fermentation and distillation

BER - (ERINREEHZE

m Cellulosic conversion — enzyme
modulated conversion to fermentables

SRR - EUERETREA AT REEY




Ethanol Production
IN the U.S. bbizmonth

EEOEFFE w/s
= 1981 168,000
= 1990 1,512,000
= 1905 3,000,000
= 2000 3,500,000
= 2005 8,000,000

= 2010 28,000,000

m 2015 29,500,000



Peak MTBE vs. Ethanol inus
MTBEFASEERIF=EIE(H ==

= MTBE
MTBE

mEthanol

ofis

7,260,000 bbl/month (2000)
7,260,000 #&/B (2000)

29,585,000 bbl/month (2016)
29,585,000 /B (2016)




What happened to U.S. MTBE
production capacity?

EEIMTBERYF==IRIAUN] ?

m Units at refineries were put into mothballs, sold
overseas, or converted to other products.
BIE REXIREHEAERR , HSERiEIM el , SRR
fthr=am.

m Several merchant (stand alone) facilities still operate
for export production. Most are located on the U. S. gulf
coast.

LEBR (78 ) BgFNHEEE  EERTFTEO. 28
(L FEE=RSFEEREF.

m U. S. MTBE production is now only 7% of the peak in
2000




MTBE In the
Environment

MTBESIALS




MTBE Fate
MTBERYIITE

m Short half-life in air of 2.4 days
EZSHhRYE=ERE |, 24K,

m Spills on surface soils quickly evaporate
il TIERESRIERR,

m Large spills or underground tank leaks soak into
soil and persist. ‘
ATt FIRERER , SATE
BREIFEFE. :




MTBE In Groundwater

MTBES 7K

® Moves readily from soil to

groundwater.
=REM IR AR Tk Blue Arrow MTBE in Solution
_ Red Arrow Benzene in Solution
m VVapors do not readily escape X = MTBE (sorbed to soil)
from deep soil or groundwater. Y = Benzene (sorbed to soil)

A5 N R E IR kPR

= Moves with groundwater flow
but only 4.3% soluble in water.

R ROK7ED , (BXEERE : X Y X

Y Y Yx  xy Yy
x"l"\r

i
4.3%, y 0w a0 S
Y X
Yoo XY qv WX Y

= Very low and disagreeable
odor/taste threshold.

ARSI/ FEEERE.



U.S. MTBE In Groundwater
EEPTKARRIMTBE

® Numerous studies have shown
that MTBE contamination in
public and private drinking
water wells is widespread in
the U.S.
ZMARETR , 2EEMTBEXZ
gm\ﬁ IRIKFIERRRIISRBES

"@ ‘.. n s I
el > FXPLANATION ' . .
® fbene = More likely to occur in urban
& Alaska . "’""‘“ areas.

No detection orless than 0.2
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MTBE in Groundwater Difficult to
Remediate

it FKFRRYMTBEQ IR TRME

m Activated carbon filtration is not cost effective. A two
cubic foot bed lasts a month or less in residential
usage.
iEERI A RE. EEEPRTZARRONER8(E
AAZEI—1NB.

® Air stripping is possible, but only with high air flow to
water ratios, which is energy intensive.
FSRNESATTT , (BREESSKRILASFME T A8 |

BEIERE. N
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= Biodegradation may occur, but only very slowly. . ﬁi
AILAEIRERR | (B ELE, -
]
®m Cleanup costs estimated as high as s N

$30 Billion U.S. dollarsigia L{EAL91€2%300{¢ETT



Ethanol Easier to Remediate
OtE I REE

® Biodegradation occurs quickly.

VPRS2 TE

m Because it is 100% soluble in water it Is
diluted quickly.
EE100%8FK , EEEE

® Nutrient (NPK) and pH management may
be helpful in some soils.
WNFRLETIRFS (bR ) #
pHERTRIEER .




Why doesn’t MTBE biodegrade?

MTBEJI{RI A BEEYIFERE ?

® Soil microorganisms put energy into breaking
bonds and get more energy out when the bond
breaks. They prefer substrates with the higher net
energy gain.

TIENEDFRERESED FIEE | BERGEERESHES,
EliEENHEINEENERY.

MTBE has a tertiary carbon to which three other
carbons are attached. More energy is needed to
break those tertiary carbon-carbon bonds, so the
net energy gain is less.

MTBEFFBRIRIEF , S=1"HMKIEFHE. SKEF
B = S aeE , ElbiFREIERIRIR.

Microbe enzymes work in 2-carbon bites. Ethanol is
ideal. The geometry of MTBE prevents the enzyme
from accessing a 2-carbon portion.
EMESEISINEINGR | Bl SEE R HIRERIERE.,
MTBERYJLIRISEHE A FI T ESIERRNERER 7 .

Hydmgen

Carbon i ‘{

Oxygen

23

Tertiary
carbon

)

Ether bonds




Summary Ve

® Ethanol can be produced from grain using readily
available and mature technology. It reduces
dependence on petroleum. It is renewable and
does not contribute to greenhouse gas increases.

SEEAILAFIBMARAEA NS YIRIEE., B ETHE
%EEEI?I@EWIEO CERIBXERR , EASSHIRESIME

m MTBE poses a risk to groundwater due to its
disagreeable taste and odor at vey low
concentrations. It must be produced from
petroleum and natural gas. It contributes to
greenhouse gas accumulation.

{ERERIMTBEENS AR , X FKERED. BEBA
EHHIRASHIZE , SIEITEESEHRR,




