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U.S. Biofuel Policy Evolution, Pro j
Practice and Market Mechanis
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Comments by
James W. Miller
Vice President/Chief Economist
James W. Miller
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Growth Energy
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Henan, China
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What Is Growth Energy?
REVRIE K =R AT 4 ?
Largest U.S. association representing renewable fuel prod
5 [ 5 K ) AT PR A OB AR 72 R AR P 2

Activities -

TEBNIH -

o Legislative and regulatory policy representation
O VAR M A R AR

o0 Domestic market development

o EA I K

o Global market development

o BRI K

o Public affairs

o AILHE




""" Discussion Topics

. &1

Policy Evolution: History of the U.S. Ethanol _
 BURERAR: SR AP TR s i

Role of U.S. Government: Policy and Promotion ¢ |

FKEBUFIIEM: BORSHET

Market Mechanisms

[iERZLIN

Global Policy :
R IRBUR

Fuels From The Farm: 1908 Forc
TRERGHEREL: 1908F4E%F




Prohibition: 18t Amendment - 1920 -
24 1+ /BIER - 1920 - 193
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Help stop it.

Ethyl Gasoline: 1920°s - 1996
ZEEM: 19205~ 19964F
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Oil Supply Disruptions: 1973 =
AMBELIREL: 1973F 2

Price Shocks
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Goals of U.S. Renewable Fuel

< B W] AR RRLBUR I B AR

* Reduce fossil fuel dependence and diversify supply sources

o BRI R U A REIR (LN 22 FE 4L

* Address environmental issues: GHG emissions, air quality, water
guality

o RIS R ESRHL. B, KR

Stimulate rural development

e BEAAT 5 J

Provide consumer economic benefits

N B R BER i 0

Ethanol Displaced Imports of
BRI EE O
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GHG Emissions Average 34% Less Than Gasol
5548 FVA AR PO & SRR Y 34
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Ethanol Demand Led Net Farm Income Growth
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Source: OPIS, Average Monthly U.S. Gulf Prices
GORIRIE, OPIS, 3% [H 576 517
H¥EH

Ethanol Cheaper Than MTBE
LTEREAG T F AT JEMF( MTBE)
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U.S. Energy Policy E R VR BUE

“All of the above” strategy “4J7H7” k%
2005 Energy Policy Act - First renewable fuel standard (RFS
(2005 REVRBHIEZR) - EA AT FAERBHRUE (RFS 1)
oEstablished first U.S. renewable fuel blending targets
Offi L /> 56 B W] PR A URHEIC H FR
oMet with combination of domestic production and imports
ot ik [ P A= 7 n [ 4 1) 7 NS B
» Energy Independence and Security Act of 2007 - RFS 1l
o (2007HEPEAATZAFEZE) - RFS I
oAdministered by Environmental Protection Agency
H 3 [ A8 O 4P 2 kAT 4 1
oEliminated liability waiver for MTBEf# R FF 380U T JEmE (MT
oEstablished annual renewable fuel use targets through 20
OFfSLAEET] A REHME T H AR (£220224F)
ORINS: Compliance mechanism, alternative to physical bl
ORINS: & MVERZSHLH], EAEIR R

. U.S. Net Ethanol Exports
i KEZEFHO
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Source: USDA/FAS-GATS, EIA
BURLRUE: SE ARV R-GATS, EIA
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2007 Renewable Fuel Standard
Volume Requirements (billion gallons)
2007 SEA] FARRL bR 1
REFER (Hzime)
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e
BORBRIE: T B A RORL bR (RFS)MEIR S il 7, S [E][El 2R ), 201343 14H
[http://goo.gl/QEfXy],p.3. 7

Ethanol Promotion Provisions

CIEHE 23K
Early Stages of Renewable Fuel Policy B8] B4 BRI 5E
e Targets consistent with market reality due to MTBE phase-out
o S5l B HbR, WERUT JEBE(MTBE)ZE AEIK
e Volumetric Ethanol Excise Tax Credit: Blenders’ Tax Credit

o AR ORI RBR G RIS B 2R

Current -- %4 /f--
* RFS Il - Renewable fuel blending requirements RFS Il - 7] F A= RN

« Not ethanol specific KX} ZEEAE BRI &

» Research and Development - Wide range of public ethanol resear
| BRR - KEZE AT
"« Biofuel Infrastructure Partnership - domestic retail infrastructul
e EIRBLE R R AR R - BRI R

~ 4 Loan and loan guarantee programs "
e € ERFITRE| s
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U.S. Ethanol Market Mechanisms :

5B ZBE T AL

» Renewable Volume Obligations

o AT AR ERUE

» Prices based on supply and demand

o RN TR

Domestic production plus imports
WA i

Transportation cost/availability
B A T IR

Economics of blending

TRECE T2

Renewable Identification Numbers (RINS)

A AR R IR Y 19

O O 0O 0o 0o O o o

RINS ] F2E GE YR b iR A

e Two Purposes: EPA compliance system, alternative to physical blend

EPAG MR R, BRI

« RFS compliance - RINS attach at first point of sale RFS -

% —/\
. %t%aﬁglﬂﬁoduceﬂr—e?:elve no value from RINS  ZBEAE 7= AN BE M

* RINS generated by ethanol that is exported or for non-fuel uses are voide
o T+t B AR MR H ik 1) £ % 7 AE B RINS & o R4 Y
0 Obligated parties submit RINS to EPA to confirm compliance with volume

requirements 51 1T /7 [ EPAFE A RINS PAA A 7 /2 FH = Rk
« Alternative to blending &5 /G4 ¥ VE i

. ORINS may be purchased and submitted to EPA to satisfy obligation in

blending F] LA SERINS H-HE32 RIEPAJE AT X 45 R E AW

+ Private transactions - market lacks transparency, limited regulation

N AL G-k Z B W R, sh/b i

20
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RINS T FAE B JR bR 126D .

= Quality Assurance Program: R PRUE TR F SRR 3 R AR A
TEAT N

o RINS may be bought and sold among parties: refiners, blenders, importers, speculators
[‘Eﬂiﬁz: EEF%A7 ?b%@aﬁ::ﬁ7 iﬁmﬁﬁy &*ﬂ.‘%‘

o RIN market participants establish prices based on perception of individual surp

situation RINST137;2 15 3 AR/ 1) )k 3 R 2 35 110 41 i A G

0 Zero sum: purchases by one party are offset by sales from another Z 1 J5 U1« v
5 55— 07 1 B AR
o Competitive nature of U.S. retail fuel market 32 [E A RL R 13 11 5% G AR i

o Effectively curtails the ability of a party to pass RIN costs to consumersH X4 BE
5B R RINF BUA R, 1 20 3 & B Re

o RIN receipts may result in lower consumer fuel prices - physical blending abo
obligation may result in surplus RINS, the value of which can reduce fuel pr

RINW 28 TSR THI T FRANAS T B H A | 55 Y P BRI
M A AT A 4% (E8S) KK

21

Global Renewable Fuel Policies
SBRATHARKEIBUR

«  Conference of the Parties: COP-21 Paris agreement £ /7 2 1: 25217
T (R E)

o0 195 nations S|¥ed agreement - including China and the U.S. 195 N
LA o E A

0 Bmdmﬁg commitment to limit %Iobal warmlng to less than 2 degrees C bt

T BR 1l 75 24 45 EQ R DA P B 240 SR A

o0 Many countries identified renewable transportatlon fuels as a component

commitment strategy V% [B ZCH 0] F5 A2 18 SRR FL R i R s

* Over 60 national economies have renewable fuels policies EHIT601 E K &

& AR R BUR
AN

o Majority ofﬁollues are asplratlonal in terms of ethanol blending KEA

BB ECIA R R S S B
o Achieve low and variable levels utilization SZFAK /K T~ F1 AT A% 7K S

0 Most successful programs have enforcement mechanisms REZHNT

PATHIHL

Ethanol challenges and benefits similar in all economies %N T4

Phiil 5 Ak

18



Policy Challenges
R Pk

» Resistance from oil industry

« SREAMATILIEE A

* Environmental issues
o PRI

» Food security

- WRErs

* Supply challenges
o PNk

23
* Enforcement

¢ BT

~_ No Correlation Between Biofuel Production and Food

Prices
HERELE B BT Z RITEAHR R R
3 400 700 e
o é% &
s Fepmperi 00§ L
2 % 500 § Z
i g T R
& ) "k
= B A %l ¥
. MM\*— a X 5
: s iy
i 00 e < Prices of all commodihies 0 g %
3 n g
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Benefits of Policy Enforcemen

TSR St BT i SR B e A

* Market certainty - investment, supply, risk managemen
o THHBIENE - . R KURGE

e Ethanol blending benefits - environment, health, economi

o LPFHRECHARHRIGFAL - SRS RS 2255 T

Value proposition - ethanol v. aromatics/MTBE
Y E L 5K- SBEARXS T 07 B ke A UT B

Harmonization / Trade - ensure consistent market a

P/ 52 - i ORAR 2 T I i

U.S. Non-beverage Ethanol ;
Production: 1978-2015
KEAER MR CBEREM: 1978-20
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HAT
60000

50000
40000

30000

20000

| 10000 ‘
- 0

1978 1982 1986 1990 1994 1998 2002 2006

2010

2014

20



QUESTIONS
7]t

777

27

Compatibility of Food & Biofuel Produc
a5 AR A = S A %

Comments by -
James W. Miller

Vice President/Chief Economist
Growth Energy

James W. Miller
Bl R/ EFAETER
REIRE K ih 2=
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. FOOD SECURITY
WERZE -

jlobal Conundrum: The world produces end,
ta feed the entire global population of 7 biIIiE
- people, yet 1 person in 8 is hungry

R SRR USFRETVZAL
B N\ Z— A 2 YR

Interrelated Causes of Global Food Insec
Most are Local Issues |

EREHRRENZERERER WS H I

Poverty Trap — Rural poverty limits agriculture production — food inflatiox
increasing poverty

B3 P R AR 3 X A3 PR PR ARl A 7 — R d ks _E Tk — IR 3T

¢ Food Prices - Rural poverty limits agriculture production — reduced local fo
supply — increased food prices — increased poverty

ﬁ%%?ﬁﬁﬂ@%ﬁﬁmﬂﬂﬂiﬁa$ﬂﬁ%ﬁﬁﬁ¢aﬁ%ﬁ%i%
- 1

Inadequate Supply -ftR A2
= Lack of agriculture investment F\V#FHR=Z
= Adverse climate and weather SfEFIRSAF]

= Inadequate infrastructure for storage, processing, transportation & distri

REME. L. CRAEREMEET 2 '
= Social & market instability #+&f T IZ A Fa e
= Unwillingness to trade 5 5 BB A&

22



Is Ethanol Production the Problem? |
i E T Z B e 2
» The world is awash in grain £ERIR & T F

» Total grain stocks at the end of next year projected to be 621 MMT i+ 2] B £ i ¥
BiA36. 21420

0 Average ending global grain stocks: 1980-89 = 130.93 MMT 4= ER ML & T3 K
1980-19894E=1.30931 11

0 Average ending global grain stocks: 1990-99 = 214.06 MMT 4= ERHL£ - 14 K 1
1990-19994F-=2.14061ZM

0 Average ending global grain stocks: 2000-07 = 439.00 MMT 4= ERAR & - 2 31 K )%
2000-20074F-=4.394

0 Average ending global grain stocks: 2008-16 = 486.47 MMT 4= ERFL &1 HA K 2
2008-20164F-=4.864714 M

P Corn ethanol produced only from the starch
> TARZEHEFRREER
0 Protein, fiber & oil remain for other uses: Distillers’ Grains, Corn Gluten Fee
o HAM. FHEMMAEEIECH: . FOREAK T K

o U.S. Distillers’ Grain production at around 35 MMT per year is world’s 5t
animal feed.

O S [EOAE A P B 13500 70, S B T A E WL UL R

Global Grain Stocks & U.S. Ethanol ;g
B R EF&SE E K Ll 7

MMT CF 73D
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HIAR AT EHEOE7 &

Source:USDA, December WASDE

1 metric ton of ethanol =1262 liters

Bk EERWFE, (12H HRLAEFTHRE)
1AW 2 fE=12627F
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Food Prices Not Related to Ethanol Pro -.:

Bt s AR

» World Bank, UN/FAO, NGOs, U.S. livestock industry a
refiners, blamed food price increases from 2006-2008
expanded U.S. corn ethanol production

> HRIRIT. BREERKELN. $IEBFALR. =E
AP FO¥E $E2006-2008 AR AR TS EBKIFE T35
¥ REKREEEF

» Based on this argument, policies were adopted by sev
countries to restrict the use of corn or other grains f
ethanol production

> E:_FJ_—MM , —LEERKENBERIR IR ES

THEY WERE WRONG
A1 T

= 2010 World Bank study found little correlation between global food prices a
production

= 2010EF R IRITHIRA ST A I, ERBERNIEH ZEFE = Z BRHEXMER

= Study further determined world food price inflation was more directly influencei
energy prices

= R E—E M E RN AR R RN LKA EMEEF

= USDA determined that only 3-5 % of U.S. food cost increases could be attributed t
ethanol production

» XERAEBHE, XERMRAEMDRENENTTRERIEE~FH

= Real corn prices have been declining for several years

* ERHEIRMIBEZ TR T F/LE

= Despite contrary evidence “Food versus Fuel” story is still propagated

» REGFAMERIIER, “RESHEHES” HEENESESE

24



Corn is getting cheaper £ K4 & IF A

== Fleal Maize Price = = = Long Term Trend

FRISH KmEass
e e

Y Y Y Y XYY I Y Y YT YT F YT FFFIFFF

Note: The US yellow #2 Gulf maize price is used as a benchmark for the coarse grain world market price. This price is recorded back to
1960 in World Bank datasets as monthly data. Monthly prices were converted to annual averages using the maize marketing year
September-August. For the years 1908-59 the series is extended using the relative changes in "com price received” from the USDA
quickstats. Nominal prices are deflated using the consumer price as reported by the Federal Bank (wwuw.minneapolisfed.org/
community_education/teacher/calc/hist1800.cfm). )
ik 25 MK, FFOBY R ERHLR AL 0 . AT R R ST 1680
HELLRIX i BT SR . ARAE FORBI R 4R 9T -8 T B, Xk T A AR A e
AR B3 o AR S B AV AR SR A 1 TR AN IO AT 22 4k, 1908-19594F A ()
SFIBARAF DR AN T . RGBS ERATHR A AV B i, 44 SUART AR BEAIK.
(www.minneapolisfed.org/comunity_education/teacher/calc/hist1800.cfm)

Food Prices Unrelated to U.S. Ethanol
(Index: 2002-2004 = 100)
TRk S5EEEELR (FaH: 20024-20044=100)

Indexifibx

600
500
400
300

200

100

e=mGlobal Food Price Index &R ftin it dfis e=m{JS Food Price Index 3 frin it
0 e Crude Oil Price (WTI) Index EWM%*E%‘ . e=mEthanol Production Index &M
2000 2002 2004 2008 HEFEISEHEH 2010 2012 2014 201

Source: Global Food Prices - UN/FAO, US Food Prices - Bureau of Labor Statistics, Crude Oil Prices - Ener
US Ethanol Production - USDA/ERS
Bk ARRE AR ERRR A, SRE R - RED g, B -tEEEE . 2
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Barriers to Bioenergy Deployment Create Lost Oppg

A EMIREIR R R & LB R

* Lack of awareness and understanding of bioenergy’s impacts domestically [E N &k 2
AR RS T R
= Rural economic development potential & AT42 5 & J i 11
= Substitute for fossil fuels — energy security & diversification of supply 1t./5 ARl
R 54N 210
= Environmental gains I %5
= Improved health outcomes f& FEIR 45 3 i34
= Consumer value/choice — lower prices/higher octane ¥ %% & 1M & /i FE—— 1 %
BB

 Perception that Bioenergy is Unsustainable AE47) 85 AS i) FE 42 100 55
* Failure to recognize the adoption of new feedstock and refining technologies A i\
Y JEORL AR b AR R

= Compare to fossil fuels in terms of sustainability £ P 421 J7 T R4k A7 kL

Needed commitment to infrastructure 75 % N 5R LA AE A
= Agriculture research, transportation, marketing & retail infrastructure V5T
LN PR = 8 N g

Lack of Policy Stability Hit = B Fa &
* Requires consistent policy & enforcement to ensure research, development
and supply chains

o BURMSEItRR ORF—2 DIARITT. TR IRBTAHERGE

GROWTH ENERGY
James Miller F1§ X&)
Vice President & Chief Economist
BB/ EEETT%RK
777 N. Capitol Street, N.E., Suite 805

Washington, D.C. 20002
H B ERFX 20002

MobileF#l: 703-989-9710
Email E1B: jmiller@growthenergy.org 38
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AMERICAN LUNG ASSOCIATION. m cm.ww dwwe,
% E Hl-'li 17]‘% *msmm LUNG ASSOCIATION.

CLEAN AIR CHOICE®
IMPROVING THE AIR
WE BREATHE
S TS %FEe
WEENFRMNES

ANGELA TIN
DECEMBER 2016
CHINA
20164E12H
HHE

-~ OUR HISTORY
BN E
1904
v National Tuberculosis Association

EXEELIEAT YIRS
= Air quality & lung health

Stamp out

AR B &I Tuberculosis
» Oldest voluntary heath organization

T e 1) A R 4H 4R 1 t}
= Before EPA ,)._

EEIMR B L SeAT— 8
= Model for Public Health
N g R Y

Buy Christmas Seals

2
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CAUSES OF LUNG CANCER & LUNG DISEASE
Jro g 0 i ) B0 R R

< Smoking " A
< Exposure to radon gas #Zfii &S 4
“ Exposure to chemicals —workplace (asbestos, silica)

Fefidtl st — £ TR Catl, #)

% Air poIIution — transportation and industrial sources
ARG G — is A Tk Gl

+» Previous lung disease — tuberculosis
W SRR — S

% Family history of lung cancer i 5 % 5

% Past cancer treatment it 43 i 52

+ Previous smoking related cancer (tobacco products)
W S WO A S e A1 D

+» Lowered immunity (AIDS, HIV)
RIEIMET IR, HIV)

3

gilih b S
CELLS #4ijg Loss of Normal Growth Control

Nermal ./‘.
cell division S

Are damaged and mutate .\
%?}E‘%ﬁgﬁ%ﬁ: 0 . Cell Suicide or Apoptosis

cell :mmg,_
na repai

Cancer

Grow and multiply uncontrollably cell division

(%)
AN 5242 i M 1 5 ©
(%)
0

e

(¥

6 ¢ :

Clump together and form a tumor 6 —
KA A R cord  Td  Fourtho

l\(»ﬂ nutation  later mutation

\

Uncontrolled growth 1
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LUNG CANCER IS THE DEADLIEST CANCER
R R R 5t TR & i RO FEAE

Estimated Cancer Deaths by Site, 2013

180,000 B IEM TR T A S, 2013
160,000

140,000 Prostate i %1 iz

120,000

100,000 Pancreasfi# iz

80,000

60,000 - Hfﬁ

40,000
0
Rt AE

Other Cancers Lung Cancer
2

Source: American Cancer Society. Cancer Facts & Figures 2013

MOST LUNG CANCER IS CAUSED BY SMOKING (*THE NUMBER OF SMOKERS ARE DECREASING, THE
INCIDENCE OF LUNG CANCER IS INCREASING)

ZHERRESE Y ORAEE N BAERD, TR 2R R AR D

5

5 YEAR SURVIVAL RATES HAEERR

99.2%

100%

80%

64.9%
60%

40%

20%

0%

Lung & Colorectal Breast Prostate
Bronchus
A% SE g FLER AIFIBER

6
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Health and Environmental Effects — U.S. Data

f REANFR ST RZ M — 5% [ 203

» Population = 313,914,040
AN =313,914,040

= Lung Cancer = 196,818
fitise = 196,818

= Pediatric Asthma = 6,562,142
/INJLEERG = 6,562,142

» Adult Asthma = 21,272,415
N BERG = 21,272,415

» COPD = 15,340,484
i BH ZE 4 i = 15,340,484

THE COST OF LUNG CANCER
FitiJee 318 1 28 BT 4R R
U.S cancer care costs in the United States
EEREIRIT T84 N
= $147.5 Billion in 2015
20154 1475123 7C
» $13.4 Billion due to lung cancer (10%)
e AL 9134443570 (4510%)
Lost productivity (earning potential)
A TR G )
due to early death it FIET- T 5
= $134.8 Billion in 2005
200541348125 7%

= $36.1 Billion due to lung cancer (27%)
i b7 3611235 T (27%)

U.S. National Institute of Health. National Cancer Institute.

Cancer Trends Progress Report — Financial Burden of Cancer Care. November 2015
SB[ G PAEBIILNT [HS AT

HNEREETIR 77 — HIETE T HIMI G174, 2015411 /7
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MOBILE SOURCE EMISSION# shHERGE

= Carbon Monoxide — %L Carbon Monoxide— 4%tk ik
. Ni . g 74% from Mobile Sources
Nitrogen O>.<|des AN 74%E T 3
= Sulfur Dioxide — % LAk
» ioXi — & ] Ni ides & 4L
Carbon D|oine AR 55&020% ;ﬁ#b:ieff};&“ﬁ
* Methane EFI}:]E 25% fromolffjel ngﬁustion
= Hydrocarbons B /L &4 25%iRT R R
(ozone precursors =% /i 4x47))
= Aerosols S VR Sulfur Dioxide — % {.ffi
R, 87% from Mobile Sources
. Hydrofluqfocgrb03§éhﬁkkm 879% 5 T4 2 i
(air conditioning # )
Lead#t
60% from Mobile Sources
60905 T i
28% from Industrial processes
28%ifE B T4 F=53 72

9

WHERE DOES OZONE COME FROM?
SEM TR

Primordial Ozone Soup

FIERE5

i HOW VOCs AND NOx FORM

m = QOzome GROUNDLEVEL OZONE
ERMFINA IR AR T MR REE N

BEMNWY+EREENNEY) voc + NOx + SUNLIGHT = OZONE
A& BEND+ERERTAAED+BE=RE,

@ Sunlight

10
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PARTICULATE MATTER Bk ¥y

Natural & industrial P2
EEAY ARSI

PM 10 — PM 2.5 micron K

» Health effects i {8 5 ) 50

R, ALEY, ERF

JEE T EE2.58%
E1R50-70fK

v Bronchioles 1-5 m i3 <& ) mwlomk
v Lung & heart fifiFlCa i | M"':"o‘“'*“

» Environmental effects ¥ 5% 50
v Haze & smog % 5& AU
v Water acidity 7K A2 1k
v’ Damage to crops BIAEY)

FINE BEACH SAND

v Effects on ecosystems e ot ot 0 U3 £

IR
AN RS BROOMH

B, 8, BT

- US EMISSIONS BY SECTOR *:E & SulgiHiE R

sl
Residential & _\

Kl Con;rgsorual EE.)'J
Agriculture Electricity
10% 32%

Tk
Industry
20%
i@z
Transportation

28%

EEHRE (EPA) E[EFHZTAAKEN A5

U.S. Environmental Protection Agency (EPA), Inventory of U.S. Greenhouse Gas Emissions and Sinks:
1990-2012, Table ES-7, 2014. http://www.epa.gov/climatechange/emissions/usinventoryreport.htm

12
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WORLD TRANSPORTATION CONSUMPTION BY FUEL
EERZE BRI HFE

World transportation consumption by fuel, 2012 =
percent of world total (energy eguivalent basis)

EIRZBITMIARLIEFE, 20124F
kbt (LIEERHE)

; propane <19
total =103 quadillion Btu e S 1% g ’
IE\E = lO3§ﬁBtu o 901/0_ 1%

13

MOBILE SOURCE EMISSIONS ##hHER IR

= Exhaust emissions
AR
Evaporative emissions
(hot days>cold days)
KA (RIRASFER R
= Trip emissions
17 B HEI
(average trip = 7 miles X 7 times day)
CESRRATY = 798 X FRTI0
v Variable emissions — speed
A ] AR R 3R — E
v' Variable emissions - age
AR AR R — i
= Refueling emissions (area source)

TINSHES FRIHRS R X380

14




FACTORS AFFECTING MOBILE EMISSIONS
B AHRAER

= Fuel Type and Energy Sources

25.00
20,00
z
=
E 2 15.00
z
A
"
B
—t .E 10,00
A3
5.00
000
1970 1975 1980 1985 1980 1995 2000 2005 2010
— Transporion Sector Consumption = Domestic Production
= Net Impogs | i Eh S Total Consumpliog, ER%E~
e i dm! SR

15

FACTORS AFFECTING MOBILE EMISSIONS
B aiH A E =
= Vehicle Efficiency Z=#ifit 2L

40

35

30

Miles Per Gallon

he b/ o> =

1978 1962 1986 19490 1994 14998 2002 2006 2010 2014

INSEMZEFEBRBEGE

Comhbined Car and Light Truck Fuel Economy

=Car Fuel Economy Jily; %ﬁ 3
=—Light Truck Fuel Economy %@E y %’ R
Car CAFE Standard INRZECAFERR

16
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FACTORS AFFECTING MOBILE EMISSIONS
FnBahHE A E &=
= Vehicle Use and Distance Traveled

TR FH AT B LR

b s
w o

Fa
Q

I

._.
w

HIOHE 5 T HE e ]
Trillion Miles Traveled

Q

Annual Percent Change

Q
¥

oy
Yo

0.0 B * 6%

1:
]
0

3
4
1]
8
0

2
f
]

10
X

P e e -~ -~~~ L S~ A = RS i

I
I
1
1
1
|
1
1
|
|
|
1
1
1
|
2
2
i
¥
'_.:
2
3

~Tota| Vehicle-Miles Traveled ==Annual Percent Change
AT R AR B R

Nower Due 1o FHWA methadalogy changes, dita from 2007-0n are not comparable with previous data

e HTFHWAS TR L, 200748 2 5 IO 5 UL AT 80l A T b

17

FACTORS AFFECTING MOBILE EMISSIONS
S MmBINHEB A E =
= System Efficiency
RGRE
v'Exceeds capacity (infrastructure)
A E GERIR D
v'Traffic signaling and speed
SN ERSZIKSTY
v'Lowering fuel consumption (increase mileage)
FEAIAE (BEhnAT 3k A
v'Idling
hSu
v'Mass transportation
NS IE
v'Goods movement improvements

BRI 2 e ot

18
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REFORMULATED GASOLINE
il Ty s
= Why need? A 5% ?
v/ Cars are 98% cleaner (than 30 years ago)
RETE R P 598% (5304 ATHHLEL)
v Twice as many cars on road today
24 i T 2R T — %
v/ Cars are kept longer (due to costs)
IRERBEFERIER T AR R D
= Reformulated gas #fic /775
v Gasoline w/ additional processing and refinement
221 AN AR Bk
v'Has reduced evaporation
Wb 7K
v’ Includes an oxygenate to improve combustion
EEEHE S e €L
v 10% ethanol in 95% of all gas in U.S.
2 S BT VR 9 95% 7 N 10% 1) £
v’ Less benzene by 43%
FJgb 1 43%

19

REFORMULATED GASOLINE (RFG) IN 1995

1995FRIFEc A 75H (RFG)
Phase I: Vehicle emissions reduced 1995 — 1999

B ER: ZFEHRHEEL995- 1999
VOCs Reduced cancer
ey Nox TOXICS risk associated
Hlidt  EHE HENR with gasoline
206 vapors by 19%
17% 17% 5RRELYEX
R RERUBE PER T
19%
Smog forming pollution reductions
(automobile reductions) 64,000 tons of reduced
LR L (FFRERD) emissions per year
B g g’ R SR B HE64, 0008
2253
2 MILLION CARS ﬂkﬁﬂlm REd21
LSS e n sao07 i

20
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REFORMULATED GASOLINE (RFG) IN 1995
19955 MFBc /7558 (RFG)

Phase Il: Vehicle emissions reduced from 2000

— NERL N ek
’%_\Egg;;: M20004F FF5 #9 2 4R HE Reduced cancer
ERMEE NOx TOXICS risk associated
A A BEHR with gasoline

vapors by 22%
e . SRR
ar e B U G T
22%
Smog forming pollution reductions

automobile reductions)
BELRD  (ETRERD) 105,000 tons of reduced

emissions per year
ag ﬂ HFEE%HEL05, 000N
% s
pars In 53005 E
e

e iy
Y= =
ﬂgxmm £E 21z
= 2 MILLION CARS U.8.

2005 R %

21

1974 REMOVAL OF LEAD FROM GASOLINE
19745E 38R M 35 b =B

Lead Content in Gasoline and Average Blood Lead Levels

RmThEE ERTHMERKFE

110 > ° T T T I
p - 16

o

2 100 ‘\“0

@ =115 2
sf Ll - g
~E a0 ./"x\. A B
T8 0 \ A
Ha 2 Ji3898 =
I‘E-ll v O . ». o =
& g = .\\ o
TER « ]S
= 5 . Average Blood zkg"g
= 60 [~ Lead Levals [ ] = 1]:F'°
AR 7k g
] s & Lead Used w <

s = i | n

B R L | @

Qe -9

~ 1 1 1 1 &~
1976 1977 1978 1979 1980
Year £E{5}

EPA standards led to parallel decreases in lead content of gasoline and blood
lead level of the average American,

IR EFRERIFIE R PRI & B FIEEN FLHM K- FXR TEE
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CONTINUOUS AIR QUALITY MONITORING IN ILLINOIS
PRI M = SR B IS M

HE
Ozohe Start of _
Reformulated Gas in
140 1995
\ 19954 FF 4 K Fil BT AT

51% Decrease

* \AA—
. N
. WNA in Ozone

AP T51%
40 T T T T T T T T T T T T T 1
Carbo Monoxide N 31% Decrease |n
; —HABK Carbon Monoxide
A R N 0
6 A AR 7 31%
i A -

\ Continuous monitoring at
\____\ 80 monitoring sites with

3 \ more than 200 instruments
i 780l 8 Tt
200X & AT Fr EE

1992
1993
1994
1995
1996 |
1997 |
1998
1999
2000

1988
1989 |
1990 |
1991 |

Start of Reformulated Gas in 1995
19954 FF 465 R FH B Bic /7 ¥ I

70

60 \ | 25% Decrease
\ /\/\l i/ 25%

” v ‘-‘\\---\\

40 o, e Sulfur Dioxide

A 67% Decrease
10 e = ik/>67%

\ \.V\ SEE 29% Decrease
- ‘Particulate Matter y
W/ 29%
30 ) gy, \,l!’\~ ---hﬁgﬁng
: : \ wmENY
20 gy
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SUMMARY 5%

The Clean Air Act has been successful in dramatically reducing air pollution in the
United States.

TS UERARE, KiEwED> 1R E 5%

Reduction in pollution from all types of motor vehicles has been critical to meeting
air quality goals.

B RHLBN G5 RO D3 2 U R H AR RS G 2 T R EH] .

Regulation of motor vehicle fuels at the national level, combined with local fuel
requirements, has brought many areas to within health-based air quality
standards.

A RHEN RO E R GGER S T IREHEOR 5, R Z XA 2 UL R 1
fa FebmitE .

Use of oxygenates in fuels, primarily ethanol, has been an important component
of fuels programs in the U.S.

TERRRL RIS 00, 2R R, fedk EMORHT R B 2 B o)

Ethanol will provide a strong role in national fuels programs in the future, including
efforts to address GHG emissions.

LEEARANCRHAE E R RI P E R 2, A dEiR S A HeA 2
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VIDEOS\CLEARING THE
AIR ON THE ETHANOL VS. GASOLINE DEBATE - YOUTUBE [720P].MP4
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AMERICAN LUNG ASSOCIATION.

0 Tl LR T

Angela Tin
Vice President ZHEN Y
Environmental Health PR e E 32
American Lung Association AR
of the Upper Midwest £ 2
Angela.Tin@Lung.org Angela.Tin@Lung.org
217.787.5864 217.787.5864

*www.CleanAirChoice.orqg *
www.E85Coupon.com *
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The U.S. Clean Air Act and
Mobile Source Programs

5 EIRE AR ML E B H

John Mooney, Chief
Air Programs Branch
U.S. EPA Region 5

“NE BRe
EEMREFSXT=SMBERERE

Clean Air Act Progress
B T RIARNR BT

160%

140%

120% '

100% - W =i Sl 4 Vehicle Miles Traveled
. | ERfTIREE

80 -

60%

40%

20 | L 4 Energy Consumption

4 HERHIER
0=

-20%

40%

60 —

-80% T L] T T T T T T T L T T T T T T T T T
80 90 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13
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Comparison of Critetia Pollutant Levels to Aig.—,
Quality Standards (1990-2008) 3 Ei5 etk (&)
S5 22 AR B (1990-2008)

400% - 3

200% 1 g
= ‘Scale change ; E— L
20% ] Ozone -

[ — Ozone, 547 monitors (4™ maximum 8-hour average)

[ == PM,,, 682 monitors (86" percentile)

0% = e o
4 National Standard [ —— PM.,, 882 monitors (annual average)
-20% ] PM,, 24-hour | —— PM,;, 325 monitors (2 maximum 24-hour average)
] [ —— NO,, 151 monitors (annual average)

| —— CO. 206 monitors (2*¢ maximum 8-hour average)
[ —— S0, 266 monitors (@annual average)

L —— RS, 547N (8/NEESEIYEE )

P —— PM, 5, 682N, ( 5598E ()

[ —— PM, 5 , 682N, ( EF19(E )

[ —— PMy, , 325k ( 24/N\EHESE_HE )

b [ — —&vE , 151 NG (198 )

100% 1 . —— —&EK , 206 MNEL ( 8/N\EYEESE)

T T T T T T T T T T T T T T T T —_— /\V;:I'l‘L 4]
90 91 92 03 94 05 96 O7 98 99 00 01 02 03 04 05 06 07 08 —rreit - 200U ( F9(E)

-80%

U.S. NOx Emissions by Sector
5% H B EAYHBORIR

TamT Bk Fires MECENERS = Mobile HLENHE
'M"“ﬂ';:mm’ = ® Fuel Combustion ¥AEHAGR
m Industrial Processes TAINT
™ Fires BEK

B Miscellaneous HE

PRI
Fuel Combustion
26%

NETHE
Mabile




U.S. Hydrocarbons Emissions by Sector

5 H B S A VI HEBOR IR

Fuel Combustion

.thni'l;‘mgog 3x RENRIE Egﬁ‘
o Mobile
LENHER

M Industrial Processes
T

Consumer/Commercial

Solvent Use .
16% W Consumer/Commercial
3 3 Solvent U
HEE/miiEiER T; ;é'gl/ﬁﬁ%ﬁu&ﬁﬂ
B Miscellaneous
HE
] Fu‘e! Combustion
TiknT
Industrial Processes
18%

Mobile Source Clean Air Rules
B aRIE S S %)

o Clean Cars and Passenger Trucks —Tier 3
BaEFENKEE — Tier 35

o Clean Heavy-Duty Trucks and Buses
AaEERENALS

o Mobile Source Air Toxics Rule
BaiR=SESUFRM

o Clean Non-road Diesel Engines and Equipment
Hopr=E | SEhE B LR i

o Locomotive and Marine Diesel Standards
ERIEARES MR

o Ocean-going Vessels
EFARR

o Small Gasoline and Recreational Marine Standards
INEYSERFRERRIR

o Ultra-low Sulfur Fuel Requirements
R SR E

o Renewable Fuel Standards

ABAMREHTE




Transportation Energy Use by Mode and
Fuel Type 38 RERIH FE = -- TR P AN

z%n s A&l

150

=
=1

Bill

on GGEs Per Year
HZRHINEHESS

0
Light wvehicles

RBRELSTE Medium/heavy trucks and buses

B RERIASSAE

At ZE KiE Pipeline
Water EEIEE
M :u c;f Irana| yortation
=75

M casoline il
Diesel fuel 5
M Liquefied pelrogeum%a:s
W jet fuelf 2S04
M Residual fuel oil

TRERELHR
M Natural gas RIRS

0 Electricity EBEE

Xz

Rail

B ©voenated Fusks

B chFre

B caoxy AFG

I 2 cac

Y Oy Fueks/T 8 Summer AVP
I oy Fueis/? 0 Summer RVP

Corrventicnal

EEIRYSIRIRERLE

U.S. Gasoline Requirements

WA crmi RFG wiEthanol
7] WwFe wiethanal
RAFG wEthanol
7.0 Summer AV

- 7.8 Summer FVP

|:| Cc-m' Nol psi E1OH
Pl

B Summer AVP Mo 1 pe EiOH Allowance

W Excennbisbl
v [y
W
The e e ot Ininsiad o, 2amic Il AASK £0 15 B8 s 58 guidarcs I HRstk SRS ldiesd
s e, nOUdg D Pk nlmxcqmwﬁ'&cwummm
i e rrrsiarn o manarie Fapren o e, 0 b B oy o0

forma ey

KW, Garnes

IR ST
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Renewable Fuel Standard (RFS), 2007-2022
A A RELPRUHETE (RFS) 2007-2022

OEN+
Bllllons of Gallons
-

2

1500

1000

200

2]

2000 | 2007 (266G | 2009 | 2010 | 2001 | 12 | 2093 | 2014 | 2090 | 2016 | 2017 | 2016 | 2019 | A0 | 2021
I Hhomass based Diesel 41555 H 050 | 065 | 080 | 100 | 100 | 100 | 100 | 100 (100 | 100 | 100 | 100 | 100

Balance of Atvanced LA AOSEHEATAEL 010 | 020 | 030 | 050 [ 075 [ 100 [ 150 [2.00 [ 250 | 300 | 350 | 350 | 350

400

=
R Comentonal ituets 400 | 470 | 900 | 1050 | 1200 | 1260 | 13.20 | 1380 | 14.40 | 1500 | 1500 | 1500 | 15.00| 15.00 | 15.00 | 15.00

1500

mmﬁj&gﬁ% SRR 010|025 [050 | 100 [ 175 [ 300 [ 425 [ 550 | 700 | 850 [ 1050 [1350

—Curenl RFSIIERFS 400 | 470 | 540 | 6.10 | 6.80 | 740 ( 750 | 760 | 770 | 760 | 790 | 810 | 820 | 830 | 840 | 850
P 109-58

Source: DOE/NREL

Summary J= 45

o The Clean Air Act has been successful in dramatically reducing air

pollution in the United States.
EENBEESIERMSGEE , KIEFRTEENZSISHR.

o Reduction in pollution from all types of motor vehicles has been

critical to meeting air quality goals.

SHNNESRORINESREETER 7 XRIEER.

o Regulation of motor vehicle fuels at the national level, combined
with local fuel requirements, has brought many areas to within

health-based air quality standards.

EELIFEERNNERHNEE , SSHENRHNSHERSS | ERSRE

SEREKRFEAE T RFEITE.

o Use of oxygenates in fuels, primarily ethanol, has been an
important component of fuels programs in the U.S.

HERISEFIER | REZERE | REENHSERENSEARKIS.

o Ethanol will play a very strong role in national fuels programs in

the future, including efforts to address GHG emissions.

HE SRS ARERHEEREP—MEEEENAE | HPEEREESEHE

A ERTLE.
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Automotive Fuel
Oxygenate Issues

NENEAFHE AR

U.S. Grains Council December 2016
XERYhE 2016%E12H

James Patrick O’Brien EiBH-1R}SE=-BEHAEE

m 1983-2003 Manager, Office of Chemical Safety
1983~ 2003 212, HUEFREEDRE
Office of Emergency Management
S S LD YN
llinois Environmental Protection Agency
FRREFNINERIPE
State of lllinois

RFIEFEM

= 2003-now Consultant, D & E Technical Inc.
2003 - &% A , D & E RABRARF

Clients/Grantor:

ER/HEA

-American Petfroleum Institute

- XERRFES

-Chemical Materials Activity, US Army
-EEEECEMRIEA

-Federal Emergency Management Agency
-BIRSESEEE

-National Institute of Environmental Health Sciences
-ERINEREERIFARAT




Why Use Oxygenates ?
ARERIgE? ?

= More complete combustion to CO2 and water
because o*?%/*gen is part of the fuel.
" m

ASENMERRENTS | FEZRIGHRK

= Complete combustion reduces carbon monoxide
(CO) and ground-level ozone

03
RPRED T —AK ( CO)FIERRSR (03 ) M=%

= Examples of oxygenates are:
TR
= Ethanol &
= Methyl tert-Butyl Ether (MTBE)
FRELN T EE(MTBE)
= Ethyl tert-Butyl ether (ETBE)
ZER T BA(ETBE)
= Tertiary Amyl Methyl Ether (TAME)
=IXFREBX(TAME)
= Tertiary Butyl Alcohol (TBA
HUT BS(1BA) (e

MTBE Problems
MTBERY a2k

® VVapor has a sharp and disagreeable odor when
fuelling vehicles.
AERINHRERISEERSHRIE.
= Many consumer complaints.

FEiHEE IR FRIRE.

® Spills of‘MTBE persist in groundwater.
MTBE& R 2TE TKRIFEFE

= Not easily treated.

FRIE

= More persistent than other gasoline components like
BETX.
SEMSHESIBETX (FFY ) HILERSER

® Disagreeable taste at very low concentrations.

BMERER (TR MEESIF
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Use of MTBE in the U.S. has been
replaced by Ethanol

EEEIMTBEEERP EH SEFE

® USEPA (Environmental Protection Agency) policy
since 2000 to phase out MTBE use entirely.
EERIERIPENBER M 2000EFHRS MR 28K
MTBERY{EF.

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.
2004SENFiE I MNFNALYMEER T MTBE , iXFEG4NM
IeEI G SREREAN40%, FI20058 25N NEER T MTBE,

® Almost no MTBE is now used in the United States. ———— ===

MEMTBENFEELEEISH.

Oxygenate Anti-knock and
Octane Properties

ISR IEFNERR I

® |n gasoline engines the spark plug ignites the fuel-air
mixtures at the ideal time.

ESiHENPXEEESSNRERNHSIES

= Engine knock occurs when some of the fuel explodes
early due to temperature, pressure and fuel properties.
HIREERREE. EHMBENSHERN R | RakERD)
NgEE

®m Knock causes locally high pressure in the engine
cylinder and may damage the engine.

BESSHEMNSILIRARRE | TRERIFRR.

= Octane rating is a measure of the performance of a
fuel in high compression gasoline engines.

FirERGHEMEHES EGRELLSBE NP — 1 En
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MTBE as Anti-Knock
YEAIETIRIMTBE

m Used in fuels starting in 1979 at 3-7% by
volume.

M1979FEFInATFIAEL , iIRINEAS -7%.

m Cost less than ethanol and has good fuel
blending properties.

RABMMEF OB |, iRECTEEYS.

® |[n the U.S., tax incentives for renewable fuels
have made grain-based ethanol less
expensive than MTBE, ETBE, TAME or TBA
EEE , ITBAERERRIGEES Y S EELL
MTBE , ETBE , TAMEBETBABREEF,

o] kCJ;;\

Other Properties of Fuel
Additives

REFELAINIRIEL 4 1%

ol




Volatility IE4Z T4

= | ower volatiles mean less air
pollution.

EREREFEELZESER

100

= Ethanol and MTBE form
azeotropes with gasoline
resulting in higher volatility fuel
blend at lower concentrations.
CEEMMTBESISilIERLLH , S
HERIREER FRSHBEHER
RS

o oo
(=] [=]
T

oy
=
T

Reid vapor pressure, kPa

= Gasoline for blending must
have lower volatility to
compensate.

{ERME , BFREASSHEER 0

20

—— Methanal

—— Ethanal
— MTBE

BEERIERT. g

1 1
20 40 60
Oxygenate concentration, vol%

80

100

Furey 1985

Reid vapor pressure, pal

Oxygen content

— — |

m Ethanol 35%
S EE35%,

= MTBE 18%
MTBE18%,
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Comparative Toxicity of MTBE
and Ethanol

MTBEFN SEZAIS TEXTILL

= Acute tOXICIt?/ is low for both
A RN ESTERBIR
= Ethanol LD50 8300 mg/kg bw/da ay
25 LD50 ($5ERIE ) 8300 mg/AFFiFE/SXK

= MTBE LD50 4000 mg/kg bw/d ay.
MTBE LD50 ( BZERIE ) 4000 mo/ AR FE/8X

= Ethanol NOAEL 2400 mg/kg bw/da
2 ZTuURBEER] 3|22400mg/"ﬁ{2|SE/§3E

= MTBE NOAEL 714%9 bw/da
MTBE ol REZE(ERKE 714mg/"f-?1$§/§9€

® | D50 = mean lethal dose LD 50 = SEIIEFERIE
= NOAEL = no observed adverse effect level

NOAEL= ZRI B EIERHKE

Carcinogenicity

=

= Ethanol = MTBE

g
= Multiple organ cancers at

= Not directly a carcinogen high concentrations in some
but its metabolite animal species but not
acetaldehyde is. others.
#EIEEE#EHEM , (BEKIS=MS N F R LRSS IREMTBE
ERE. A] SHZHEESERVERE | TXd

HithzhiHFT U EF.

= |ARC carcinogen rating = No human studies

based on human

(epidemiologic) studies of FAERABHT.
high concentration

exposures.

ElfFEER TSR BEYIERE
EFREESREMETTRAL

(imITmE) K
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Taste and Odor Thresholds
R FISERENE

Ethanol Benzene TBA MTBE TAME
s WNTEE | RERT FREH
Lk KR

128

Taste threshold in 20-40

water (ug/L)

IKARIRTER (Lg/L)

Odor threshold 49 0.5 21 0.027 0.013
(PPmM)

SERE (ppm) \

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

MTBEAF~{EEERIM=

= Before 1979 minimal
19795 ZHi U

® By Jan 1992 3,038,000 bbl/month
Fl1992£F A1k 3,038,000 #&/8

= By Jun 2000 7.260.000 bbl/month

This was peak production.
FJ20006E6 B AL 7.260.0004F/H
LB =isE
® By Feb 2015 520,000 bbl/month

FJ20158E28 A1 520,000 ##/H




MTBE is produced from
S REMTBERYEHL

= C4 olefins (one double bond) from refined crude oil
FEREFRHICHRIE (—PE)

= Too volatile to use all that is produced in gasoline
blending

ESHREHRTE | FERMESIETEERSER
= Readily available
BRI

= Methane or Methanol

FiREL RS

= From natural gas or petroleum

REXASHGH

Ethanol can be produced from
Ak OEERIER
u Pe}rolgurp —-via eth_.xLene and steam
Al - BEOIEFIKZES

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

RAS - BIERS (—RUKHNS ) it

m Grain-based starch — conventional
fermentation and distillation

Bl - (ERIAREEMZIRE

m Cellulosic conversion — enzyme
modulated conversion to fermentables

FEEERIEL - BOMAEATRA AT RED
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Ethanol Production
iNn the U.S. bbizmonth

XEZEETE we
= 1081 168,000
= 1990 1,512,000
= 1995 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
MTBEFN SEERIFSIE(E ==

= MTBE 7,260,000 bbl/month (2000)
MTBE 7,260,000 #&/8 (2000)

mEthanol 29,585,000 bbl/month (2016)
)i 29,585,000 #/8 (2016)
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What happened to U.S. MTBE
production capacity?

EEMTBERYF= SRR ?

= Units at refineries were put into mothballs, sold
overseas, or converted to other products.
ﬁgg FtEKIRERERR | HERiB e , HEEFRE
AAo.

= Several merchant (stand alone) facilities still operate
for export production. Most are located on the U. S. gulf
coast.
LHEBRF (MR ) BSHHESE | TERTFHO. S8
(IFEEE/BITERF.

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

NS EEMTBEFERE2000£FIE{ERIAI7%.

D

MTBE in the
Environment

MTBESIAIS

S7




MTBE Fate
MTBERYI{S

® Short half-life in air of 2.4 days
E=SHFERE | H2.4K,

® Spills on surface soils quickly evaporate

KT HIEREaRERR.

® | arge spills or underground tank leaks soak into
soil and persist.
AEkimekit ThRiEitE , RALE
BEHEIFE.

MTBE in Groundwater
MTBESitE T 7K

= Moves readily from soil to

groundwater.
SIREM LIRS TR Blue Arrow MTBE in Solution
) Red Arrow Benzene in Solution
= Vapors do not readily escape X = MTBE (sorbed to soil)
from deep soil or groundwater. Y = Benzene (sorbed to soil)

ABENFELIRSM TKPRE

= Moves with groundwater flow
but only 4.3% soluble in water.
Bt TokifEah | (BKEERR

Y
4.3%, Yooy x Y vy xvy

= Very low and disagreeable
odor/taste threshold.

ARSF/IFREHEERE.
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U.S. MTBE in Groundwater
EETKARAIMTBE

= Numerous studies have shown
that MTBE contamination in
public and private drinking
water wells is widespread in
the U.S.
ZBTARES , £XEMTBEXN A
gﬁ%ﬁt&*#iﬁﬁmgﬁ%ﬁ’%

= More likely to occur in urban
areas.

FERF X

MTBE in Groundwater Difficult to
Remediate

jtn FKRRYMTBEIRIERME

m Activated carbon filtration is not cost effective. A two
cubic foot bed lasts a month or less in residential
usage.

AEERTERFRE. EEEhTIZHERYRMESEEE
BARE—1A.

= Air stripping is possible, but only with high air flow to
water ratios, which is energy intensive.
SESRKZSIATT  (BREERSRILIFY TAEesEm |
N Y =-=
BEREER.

= Biodegradation may occur, but only very slowly.

AILAEMIRERE | (BiEE+BEIE.

= Cleanup costs estimated as high as
$30 Billion U.S. dollarsi&gig LIEX£97€22300125E7T
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Ethanol Easier to Remediate
OEE N AES

m Biodegradation occurs quickly.

EpERR R ETE

m Because it is 100% soluble in water it is
diluted quickly.
EE100%i8FK , IHEFEEER

® Nutrient (NPK) and pH management may
be helpful in some soils.
MFRLTIRAFS (=R )
pHERT AR,

Why doesn’t MTBE biodegrade?
MTBEARIABEEVIPERR ?

= 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.
TEREYRERESES FHE | UG EIESEEE.
EliEERHEE SRS ERRY.

= MTBE has a tertiary carbon to which three other fiipozn

carbons are attached. More energy is needed to atoon | ng E{' Tortiary
break those tertiary carbon-carbon bonds, so the FaER
net energy gain is less. Oxygen.
MTBEFBERIKIEF , S=1HARRFHEE, NEKEF 'S %
IEEEESME , ESEOEs e, %

= Microbe enzymes work in 2-carbon bites. Ethanol is
ideal. The geometry of MTBE prevents the enzyme
from accessing a 2-carbon portion.
MEYESIBIINEINGK | B EEREIRBRNERE,
MTBERI LTS AR FI FEBIR AN ER S .

Ether bonds
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Summary Ih&g

= 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.

SEALFIBMERAEANSIRIREN. BEETHE
ijﬂﬁﬂgﬂkﬁfﬁﬁ CERUBARR , BASSHIRESHE

= 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.

(RARERIMTBERPE AR , X TKERE. BHHM
RIHMRIASHPIRE , IEMEESIEFRIRTA.
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Jeff Scharping
Wichita, KS, U.S.A.
% E B FEHTM B AT B

URBAN AIR INITIATIVE
#hh 175

2016 Chevrolet Colorado 1946 Willys Jeep
2016 REHBR=FRIPHZ 1946ETkJﬂZ5FIJHﬁ
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7 URBAN AIR INJ:F_IATIVE
% Fﬁ/ﬁ/m:l: 1Tﬂ]

What is cr

1Lw

EPA has a mandatory duty to cut “mobile source air toxics”
“the greatest degree . . . achievable.” -Clean Air Act § 202().

“RREBERLVBIBEEESESSEVENRE" EW@%H’J
SRHITEIESS . mamazns 2020).

n oo B9 & 1 TN

Mobile Source

Mexico City = _ ' URBAN AIR INITIATIVE
Fﬁ/ﬁIDI_\ﬁE}J
RUSH HOURIH {77
100 STy == SPAH
' m — APAH
.? —=co |1
e = BC
80 T.F.! " -1 - HOA
L‘-)E ' [ n =H= 00A
2 | I
€ | o]
%"U w oS
w o 1 3
| P
40—
20 1

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00

....evidence suggests that motor vehicles are the major source of PAH [Polycyclic
Aromatic Hydrocarbons] emissions in Mexico City. Motor vehicles are responsible for 99%

of CO emissions in the area.”
-Secretaria del Medio Ambiente, 2003, Atm. Chem. and Physics, 2006

“HBIHERER, PAHIZSTFR]IZEATHEENTRYRIE. ZHX99%H—F L IEHES
REBETFHER. ”
-Secretaria del Medio Ambiente, 2003, { KRS AL ZEFNIEZE), 2006
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Combustio
High Heat SPA RN

URBAN AIR INITIATIVE
%BFH/IEIIDI ‘?ﬁ'ﬁ]

FUEL & AIR

y—
PR A ZD S EXHAUSTEX
SPARK & COMBUSTION
OCTANE DELAYS
IGNITION
EIRER R X
FUEL & AIR

MEMZES

What's in
SRS 2

URBAN AIR INITIATIVE
glﬁ'ﬁ/ﬁu:]::_\fﬂ'

Aromatics
BTEX
HEEIR

ZRRIRELR, S &,
R AR,
ZERHESEER T
T PES R,
ZRE-1-BE S PESKR, CHERE,
3 - ZERRIR, ZREA+ =R, HES,

100 HIEESH , A EZE, Z AT, BA-E- LR,
ZHER Z R ME R, 2,
RZE, 8T B, K0 TR,
M=+ SAL 5 T-TEk, S BE, 5B,
Decyclclohexane $B3% — BEg = Z. B, — &+ ¥R, =+ 247,
KBk, ZEX K, L
ZHECE, TTEH R, P e X,
REUAE, = +—k, REE BBk BREIRE LR,
IR, 7, B, = i, EOEE,
FRERZTFER, AR R D%k N8

SEE PR+ ¥ o8 EFERDSE, /
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URBAN AIR INIT ATIVE
mEEESIT

- H
Benzene 1.5% P |
Toluene 12% H. ..CsH
¥ f
Z& Ce C
EthylBenzene 3% H” \“(I?/ “H
H
—ZHEX
Xylene 8.5%

HinStaH
Other Hydrocarbons
75%

Toluol

Toluene

Aromatic
FEIEH:

’Im !! g!
- . e L

URBAN AIR INITIATIVE
MhFTES TE}J

EEERAM
3 [ | U.S. Gasoline Pool e
e
2 Lead Level

N

LA AL LA LI N N B N N B B

—

FERBER (FFHED L)

/'-:L/Hﬂqﬂﬂ’]’f'ﬁ(gms Nit.)
Lead in Gasoline (gms./lit.)

Aromatics & Oxygenates (Vol% )

i@ﬁ?;fp re
0 C L 1 . ! ' . _.qu‘ir-‘ BE-I 0
1930 1950 1970 1980 1996
-William J. Piel, Lyondell Chemical Company, 1999
-William J. Piel, ZS&/v1L# 22 5, 1999 10
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PM — Parti
B ‘ﬂl adns

URBAN AIR INITIATIVE
%lﬁﬁlﬁlm::_\’f-f

ETHANOL Z & GASOLINES;

11

PM — Parti - |
i 1A YRl

URBAN AIR |N,|_T_|AT|VE
%Bfﬁlﬁlm:l:/:\.ﬂ'ﬂ]

PM classified as a class 1 carcinogen. -International Cancer Agency 2013
BRI —RKBEYR. -EiMEERRIM2013

* Long-term exposure to PM has been associated with an increased
risk of developing cardiovascular and respiratory disease and

irritation, infection and discomfort. -World Heatlth Organization
ﬁ%ﬂi;ﬁ??ﬁ*ﬁ%%@ﬁlbmﬁéﬁﬂ?ﬂ&ﬁ#ﬁ, iga, BENFETEHME----tt R
BEAR

Air pollution causes cancer, World Health
Organization agency declares

12
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PM —
Aromatics Inc atter 'ml M

% IS EH | URBAN,AIR INITIATIVE

Bio=x= 1T

.“W” Honda’s Predictive Model Index
A HFRUAREE 15 2R

A PM index was developed which indicates the potential of PM emissions - SAE 2010-01-2115
ITEEHIE SR T 589 AT BEREH I HF i 2 - SAE 2010-01-2115

NN
o o

N
>

+Aromatics

x
()
T 22 ﬁ\
£ Jm 20 r\-\c“\a\.eV :#_:_
S8, P ki Indolene
2 Em Base Point
E R iEthano|  MERES
154
s B 1.2 ——ZE--
o 1.0 + $
0.8
0.6
0.4 T T T
+30% ethanol  +10% ethanol Indolene  +5% BTEX <300F +5% Aromatics +5% Aromatics +5%
300F-400F >400 Naphthalene

PM — —-— _
Aromatics Inc atter -ml ﬂ M

b= AL UL b ' URBAN AIR INITIATIVE

Unburned fuel residue

* “Limiting distillation temperatures and aromatic content are the most
important parameters for controlling emissions...and build up of
Combustion Chamber Deposits.” ~William J. Piel — Lyondell Chemical Company 1999

“REIZEEENFTFRESEREFNFRERAFUNFR. . URRRETRYEM. "

-William J. Piel - FEERNIEF 2271999
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URBAN AIR INITIATIVE

* “PAHs are widespread contaminants
formed during incomplete combustion...”
- Pol. ]. Environ. Stud. Vol. 22, No. 2 (2013), 553-560
“PHA(%%J&' 12) B STERRRITAZ P iz AR
BINSEY..." - (rzgmmass) g, $2410013), 53560

» “...as PAHs promote aggregation and
nucleation. The bioethanol fraction on the other
hand, is virtually devoid of PAHs... “ I8 HFIE
RET RINMBIERA. £EMZEBEMNA, 5—5A
m, LR T 2IRFIE — N AREIRZE2016

— Applied Energy Nov 2016 A molecular dynamics

study of...

+*Raising total aromatics content from 15% to 25% raises BTEX emissions
by about 52% tO 103% —Karavalakis et al., supra note 238, at 7027. See also Stein et al.,

supra note 148.

o FIRIIEEMIS%IBMEI25%IBINT XK, BE, 2K, —HEREFIZEMH
], \IEAN52%%1103%,

15

UFP <PM 0O
Ultra Fine Part

omatics . ‘hy,

P ALt ok g URGANLALR INTpTIVE
UFPs come from
high-distillate

— 150 Microns aromatics that fail to
150% K
combust, and are
nucleated on a PAH.
@ =rowem UFPME RIBE R
108k . . .
PMLO @ T e FBIRPrTE, TEMR
) — —_5- icrons s s s N
PM2.5 «———L5%% 4_5Microns lfz’ #HZjﬂPAHE’J#}Z
r 0.3-11#K 0.3 - 1 Microns ’L'\ Jﬂzﬁj\ o
Ultra Fine 0.001-0.0148 XK 404.0.01 Microns
itﬁgm 16
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ﬁ?féﬁﬁﬂ%ﬁﬁi‘*}]ﬂ URBAN AIR INITIATIVE

e “.... The Particulate Number (PN) reduction
ranges between 60% and 90% [when using
ethanol blends]....” FI ¥ %&%E@Bﬁﬁdﬁrﬁ&
60%-90% Z (40 R M Z E2H1E)

~M.A. Costagliola et al., Combustion Efficiency and ~ Engine Ot :

Emissions of a S.I. Engine Fueled with Alcohol/Gasoline Blends,
Applied Energy

* U.S. EPA currently does not account for UFPs, because it measures
particles by mass rather than particle number. XEERMRE BRIFFEE
By, RATERNEFTHYNEEMNFRHE

* “...ultrafine particles...penetrate deeper into the airways of the
respiratory tract...in which 50% are retained in the lung .... [and] particle
toxicity tend to be stronger for the fine and ultrafine PM size fractions.”

AT REH A B AR v LUS B B B 2RAE, HRTEIANE, HP50%REBE  MEb,
lﬁ'ﬁJX‘*b{’FFﬁT CRENRIFNRNIA - RIS EARE. . ARBAPMASEE BHER

METRI =T . EHERNBREIAN RSB TR EHMEZS DERN  /NRTHRGS
EMMRKER 7 (EREE 2 SR ), Valavanidis, Eiotakis, Viachogianni, 2008 457 17

UFP < PM 04

Ultra Fine Parti€ rom — B M PAS
7 B ISR AR URBAN AIR INITIATIVE

* The particulate masks “will
not help reduce exposure to
gases and vapors such as
ozone, sulphur dioxide and
nitrogen dioxide.” -3M

« FHIBAIF O E“T%’Eﬂiﬂz
BONRE, Z&LRAN=
g —ddﬁ[l?i}’-‘uE’J%E'E"—-—

3M F]

BETTER THAN PM25 | w

RATED FILTER *

ROPEAN STANDARDS \* EUROPEAN Q.A. *

18
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UFP and PAE

b - e 1
LA YR

Aromatics Increase OX|dat|ve Stress
URBAN AIR INITIATIVE

FERESIEENIEX = 1750

FILTERED AIR PM2.5 ULTRA FINE _ _
s PARTICULATE H Mice exposed for 5 hours in
- 200

AR R downtown Los Angeles Mobile Lab
300 meters away

from the |-110 freeway.

! INBAEESE -1105:& A B300K

[ BT EBETRERS

- 150

“Urban UFP contain a higher
content per unit mass of PAH, which
...... can induce oxidative stress
100 L@t?ﬁUFPa%LLJﬁEPAHE’J
...... Aﬁfﬁ_,\ﬂ’lﬁﬂsrﬁiﬂk#
%It%%EEﬂ:%JiF' i

-Barajas, Kleinman, Wang, Bennett, Gong, Navab,
Harkema, Sioutas, Lusis, et al.: Circ Res2008,102(5):
50 589-596. 10.1161/CIRCRESAHA.107.164970

Blue is Greater Oxidative Stress

- -Barajas, Kleinman, Wang, Bennett, Gong, Navab,
Eﬁﬁﬁ{tﬁﬁ igj( Bﬁ Harkema, Sioutas, Lusis, A (784 #7%)2008,102(5):
589-596. 10.1161/CIRCRESAHA.107.164970
-Contag, (Stanford) Zhao, Vreman, Hajdena-Dawson, Wong, Stevenson,
J Mol Med2002,80(10):655-664. 10.1007/s00109-002-0375-x 19

-Contag, (#7£875) Zhao, Vreman, Hajdena-Dawson, Wong, Stevenson,

(5 FEZFZ¥7)2002,80(10):655-664. 10.1007/500109-002-0375-X

Aromatics |m “E H:’Sﬂ

Secondary.Organic Aerosol URBAN AIR INITIATIVE

*  “SOA are produced through a complex
interaction of sunlight and .....emissions, and

other airborne chemicals.  -EpA Website 2016 - o 7 L
ol =
“SOABIT AP FUER A NIL A1 GRH..... TR S
B H thanEEZE S P ML EYIR) Z 8 8 2 N 4. S
BME 52 R RIF= 2 , SOA RYREETS 24 (PM.2.5) ' K_’\‘:‘
FE |58 IR ARE 12016 A

* SOAs are a major component of fine particle pollution (PM.2.5).”
- -EPA Website 2016

KRB SEE EEBGH Y5 R (PM2.5) B9 E E i (5 — EEFREM
#2016

* “....PM2.5 formation potential of whole gasoline vapor can be accounted
for solely in terms of the aromatic fraction of the fuel.”

- Odum JR, Science. 1997;276:96-99 20

KA, HARIH ZIRKPM2.5 (14 R #4704 B e T-ORE b % 7 e (1] L A6l
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Aromatics

7 B IR ik
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URBAN AIR INITIATIVE
B 15h
...[Black carbon is a] component of particulate matter (PM), g
and is formed by the incomplete combustion of fossil
fuels...BC can absorb a million times more [sun] energy
than carbon dioxide (CO,). BC is a major component of

'/ '
“soot”. _U.S. EPA Website 2016

L[BRRZFRIMPMBARE S, BIERREMARTESR
AR .. BRI KPRREE /M ﬁmlﬁmﬁf"(COz)E’]—
Egﬁfnoﬂma“ 47 I%ﬁkno EERREMLE016

“...reduced aromatic concentrations are associated with reduced PM mass and
reduced Black Carbon from Gasoline Direct Injected vehicles. Thus, increasing
the ethanol fraction in gasoline could help to reduce climate and human
health impacts attributed to particle emissions from GDI vehicles.” This study
showed Black Carbon increasing 350% from fuels with 15% aromatics
Compared to 35% - Riverside/Karavalakis — Durbin 2015

“BAMERET, BEFFIERES B EBS S HAL(GDD) R~ £ K
FYIREMNR KRB EMFEE R B, BNSMP ZEREEFIFBTRIE
GDIZEAH= A BRI BE RS SURFO SR BR O 52 00, "X AR R &R BA, AR P
7—?%—‘)(7‘3'] MlS%iﬁ§35%-¢ﬁ¥l—§ﬁgiﬁ7]DSSOﬁo - Riverside/Karavalakis — Z8#5#£2015 1

Ethanol R . e 1
e SR Y N

URBAN AIR INITIATIVE
#Bh 118
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URBAN.AIR INITIATIVE

Aoz T

Great Engine Performance
Less Greenhouse Gases
Lower Carbon Footprint
Cleaner Air

51 REH AR

BRE R = SR BERR
A R 5

FEZES

Jeff Scharping
Wichita, KS, U.S.A .25 E HFEHT N B
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