RRRL B —— IR R T L AR YR
KXENERK T ERRS

Fuel Ethanol, a Clean and Sustainable Energy

Sharing of the U.S. Experience

U.S. GRAINS
SR AU AT

13, October, 2016
Beijing

2016 4£1 0 H 13 H
b=



WRRL B — 5V TR e iR/ 25 B A I8 7 AT ey CERD
Content B3
R AENUA..........cooeceeeeeeeeeee et et sas s s s e s ses s s stssstars s aees et s sassn e 3
YIRS CONTEIENCE PrOBIAM.......o.eeoveeeeee ettt s et ess s et eetesene s s sesneanes 5

Clean Air Choice®Improving the Air We Breathe
Angel Tin, Vice President

THE SR EOSE AR R —— 275 1L« Tin 58 F b2 R85 g e s B8

Automotive Fuel Oxygenate Issues
James Patrick O’Brien,Consultant, D & E Technical Inc.

PLBh ZERRH I8 SE 5 Il R —— 5 Al ek S e« BA SR
D&E A2 =] B i) FA 7 B LA & 5K

Climate Benefits of US Produced Corn Ethanol
Steffen Mueller, Principal Economist at Energy Resources Center
University of Illinois at Chicago

ERE TR ZBRSER R L - 28
5% GRS BRI LR L B TR A T AR

Sustainable Ethanol Fuel for Rural Development and a Low Carbon Future
Speaker: Gerry Ostheimer, UN Global Lead for Sustainable Bioenergy

BRI T AN R FERERR R B AT R 62 ZIRRR K« BRI RFIRER
A AT RFE R IR AR BN K

AR APPENAIX: ....veeeeee ettt st e ettt ene et ene e 74

MTBE in Gasoline: Clean Air and Drinking Water Issues
5 [ [ 2 FC R -V B MTBE: I/ 18 2 A 7K i) 3t

EEBYIETRTA U.S. Grains COUNCIO........oeveeeeeeeeeeeeee e eeee et e eee e seesea s s e eraseon 78



BB 2 — T AT RSB SR I 2 i 0y AL (BEED

H#2 Agenda

08:30-09:00 £V IRF Registration

09:00-09:10 FFERFFE Opening remark by
KB N: Bryan Lohmar L, EEH/YIEFEEIRHFL

Speaker: Bryan Lohmar, Director of US Grains Council BJ office

09:10-09:45 FHETAMEFOHBZBRITFER S
Clean Air Choice®Improvingthe Air We Breathe
KEN: Angela Tin ZHH » Tin EEMh SR RER S

Speaker:Angel Tin, Vice President

09:45-10:20  HLBEHZRRRIE 5] A iR

Automotive Fuel Oxygenate Issues
KRS N: James Patrick 0’ Brien SHT » 1o4FE T « BAER
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Speaker : James Patrick O’Brien,Consultant, D & E Technical Inc.
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Climate Benefits of US Produced Corn Ethanol
REN: Steffen Mueller 335 « BEIE L
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245 Conference Program

F AMERICAN LUNG ASSOCIATION. a cleanair choice
%ERIHE R smcaren

CLEAN AIR CHOICE®
IMPROVING THE AIR
WE BREATHE

MEEAAER®
G RINFRAZES
ANGELA TIN

OCTOBER 2016
2016101

THE PIECES mi{E®

<+ WHO WE ARE
REIRA
< ABOUT LUNG CANCER
Yo Bl
< CLEAN AIRACT
R tra
v USEPA J:H MK
v POLLUTION 7 i
v MOBILE TRANSPORTATION SOURCES %4055 4vi¥
& EFFORTS OF THE AMERICAN LUNG ASSOCIATION
EINMEh St s
< THE BENEFITS OF ETHANOL
LTS (AR TE

oo wns asocuror.
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HISTORY [/ &
= 1904

v National Tuberculosis Association

B 2

v Christmas Seals Stamp out
F Y 4R Tuberculosis

« 1906 - Lorraine Cross m v,
1906 - & HAL+7 o §
L ok '.‘g !

v Crusaders |

v French Cross of Lorraine
ALY LN R

v Crusade against the White Plague
b % M 1 6 5D Buy Christmas Seals

L Sy,

e wne ssocumon D

CAUSES OF LUNG CANCER Jili## 5[ &

< Smoking B8

< Exposure to radon gas & 8§

< Exposure to chemicals —workplace (asbestos, silica)
e b —E TR (R, &)

< Air poliution = transporation and indusirial sources
AL A — EERA ki e

% Previous lung disease — tuberculosis 10 BRI — BhisiH

% Family history of lung cancer BEfd s REy

< Past cancer treatment i i &84 &

% Previous smoking related cancer (tobacco products)
WA SR A RE RO D

& Lowered immunity (AIDS, HIV)
BRIMET (CEEM. HIV)

favenca unc socan.
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Lok b B

CELLS ﬂm Loss of Normal Growth Control

e wne ssocumon D

LUNG CANCER IS THE DEADLIEST CANCER
i A R 5 T S 0 R Y A E

Estimaoted Cancer Deaths by Site, 2013
ORI (i AR, 20013

el i i
S0
Lelei i |'.|.| G
s NAME]
BRI
[
Lonlii i
]
I’r:g‘f_ . Ligng Cones

MOST LUNG CANGCER |5 CAUSED BY SMONING ("THE NUNMBER OF SMOKERS ARE DECREASING, THE
INCIDENCE OF LUNG CANCER 15 INCREASING)
ERRELRMNY (RNEAEEES EREENEDESn)

favenca unc ssocano.
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5 YEAR SURVIVAL RATES TisEA4FF

-
100%
88_2%
0%
B4 0%
E0%
40%
% 16.6%
Lung & Colrprial Breaar Peosiaie
B
L Ll el

favenca uns ssocann

AIR POLLUTION & CLEAN AIR ACT 1970
19705 R S it P A UER

* Created Environmental Protection Agency
WL R %

* EPA required to establish air quality standards
TR BT 5 O b
v 6 Criteria pollutants /< 12870 i%y = .
(ozone, carbon monoxide, nitrogen dioxide, sulfur dioxide,

particulate matter, and lead S (. —~¥U{e8, LA, WICH.
B Y HIH)
v Climate change poliutants (CO2) “{# L8y (e

v Toxic air pollutants (carcinogens) {1 % “Ui4i5 4% (FUEY)
* Time lines to comply
O B[] ¢

o wne ssocumon D
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WHO MUST COMPLY?
HEL B TRAR?

e wne ssocumon D

* Mobile Sources %274 4«

(manufacturersifi}iii i)

v Onroad i {744

v Off road ¥4 i {758

v Planes 4l

v Trains X4

v Small engines /{2 Z) KL
» Chemical Products

{27 & 77

-
3%
N
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NOT HOMES OR PEOPLE (DIRECTLY)!
AHBLRRERAPA!

No federal laws mandating B #7024 3 TR F B ER:

Recycling, reuse, energy chemical, vehicle choice or fuel usage

ﬁsﬁ@l& m#m\ RESR. ¥, FHME u*?%iﬂt",ﬁlfiﬁﬂ

e unc ssocuror.

WHERE DOES OZONE COME FROM?

RN R?
Primordial Ozone Soup
[5G R
S T T HOW VOCs AND NOx FORM
@__ s = Qe GROUNDLEVEL OZONE
; ZEE RAENANLAROENLAS IS ERNAS
%ﬁ"{”"ﬁkﬁ“&wj‘m’ VOC + NOx + SUNLIGHT = OZONE
RY S A AN LA aX=A
Gmenf Sunlight
“'.;ill e -~ I - 4 L
=J ¥
)V
A
?"‘t ":a’ _.u_v_'.j_ . OZONE :
& L~ cozopE
R G~ AT SR = A WA

o wne ssocumon D
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PARTICULATE MATTER Fifi#)

» Natural & industrial
148 2% Tk s
= PM 10 - PM 2.5 micron 20%
= Health effects {082
v Bronchioles 1-5 m i % *
v Lung & heart BhinCut
* Environmental effects - 18528
v Haze & smog % & R4
v Water acidity K844
v Damage to crops #4149
v Effects on ecosys!oms
L e B

.....

P2y
B, ARCAN. &N

ARER e

RE0T0m»

FINE BEACH SN0
——— ) -

NAns

Ahxne

o e sscowror

Health and Environmental Effects - National Data

SRR — 2R

o Populason = 313 914 040

o AT = 313,914,080

o Pedialnic Asthma = 6,562,142
JLHE = 6,562,142

Aguit Asthma = 21 272415

MANY =21272415M4

COPD = 15,340,434

MNRIEREMNN = 153404840

Lung Cancer = 196,818

e MR =196.818M

e wne asocmon D

Carbon Monoxide YL
74% from Mobile Sources
TA%RRBTRGE

ss%xx PR
25% trom Fuet Combustion
zs%xl-’f-lﬂ!ﬁ

Sulfur Dioxide _SL{LEE
87% from Mobile Sources
BT%RBTEHE

60% trom Fioblle

Sources
60%*& 7 =R
28% from
MRITHSPH

11
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U.S. HYDROCARBONS EMISSIONS BY SECTOR

R REBRTLCADHMNR
ascemane! rees "~ m":‘“ twres KM
™~ 3%
Ris . s Biam
) [

8 dantrial Processss Lo'e ™

Comaormen ‘Lummegr iia/
“‘“ ""“W/'f“"""“‘tu!:l:l},’s,ﬂ{!m
Sodveat Use
RREERNEN
16% L e
& Fuel Comdrmtion e
hats @ P oo
s
Tee® weie HE
: - 26%
19%

o e ssconror.

CLIMATE CHANGE & GREENHOUSE GASES

MR CRE R

* Carbon dioxide ~burning of fossil NireusOuide __Sherinsted
fuels (coal, natural gas, and U B ey
petroleum fuels) % L AT

o TVLIES-CEEImNE Tl R, -

RIS UR)
* Result of chemical reactions (mfg
of cement)
o {LFRMMEE KM
* Usually removed by plants as a
part of biological carbon cycle
o R R U L SR ER Y
v except when an excess
v N EL e R

e wnc ssocumon D
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CLEAN AIR ACT PROGRESS
WREERER

oo

1o
0

120

BUNBMUTHEHNNNNRANMMIMNOITSM TN Y

anencan wnc ssocunon.

TRANSPORTATION ENERGY USE BY MODE AND FUEL TYPE

ERE R NGRS AR RHE
15
W Caucling
A

I el feed

F e S
ettt it

F, AiEhm
- Jet Pl
3 L
. B v bl ekl
X W@ REEE®
3 p— Wt al qas
: .
. L by
R’ — ] — — —_—
: gl wrbwiEL e Fope bt
l'i B A it Shivy i il e (LS LT L F e ] Bad
5 S R E [ (]
|i o o [ rasmiper Lateon

femcan s asocunon. [
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MOBILE SOURCE EMISSIONS
B IR

* Exhaust emissions

e Y
* Evaporative emissions
(hot days>cold days)
IR ( R ORA RN
Trip emissions
o THRIDMN

{average tnp = 7 miles X 7 times day)
o (WMIBHIIR =THRD XHETK)

v Variable emissions - speed

v IR OERE - 4
v

Variable emissions - age
v RO ER - 8%
Refueling emissions (area source)
REAFRHEEN (NI

o e sscowror

MOBILE SOURCE CLEAN AIR RULES

BanmseaneE
% Clean Cars and Passenger Trucks —Tier 3
NITCERIRA R - =3

% Clean Heavy-Duty Trucks and Buses i AL &4 foo i
< Mobile Source Air Toxics Rule #2539 *(is R
< Clean Non-road Diesel Engines and Equipment
PNEI 3L R V3
< Locomotive and Marine Diesel Standards L4 R 25 sl
+ Ocean-going Vessels 514
< Smaf Gasoline and Recreational Manne Standards
A B0 IR Y A bl
 Ultra-low Sulfur Fuel Requirements I &ML 2R
< Rencwable Fuel Standards & 150 #15 bdl
A new veliicle today is up to 95% percent cleancr than a new vehicle m 1970. Sull,
by 2020, mobile sources are progected to account for up 20 50% of the NOx
cmassions, and substantial hydrocarbon and PM cmsssions
L4 — IR AL I9TOME O R AT N RG9S %, BTR. J20204, BRMO Y
MWLM s0%, B S MR BN i 1D i 2 e

e ssconror.
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U.S. Gasoline Requirements R XN e e

L~

,
[ R
B 0 % 190 atme
A DKy w LR B
" [0 Darvre BN
o ’
[ R B 7 e o e+ o v+ e e st + & @ 20 @ g 0 2w S
PP = o s & o A & L s e
[ RIS B 74 S S0 | g DO A Vo e = —— - S— ¢ S &5 S
r——tem ) Core % 1 poe D300 e
ek N
B

anencan wnc ssocuron.

RENEWAELE FUEL STANDARDS 2007-2022
AEEMEE 2007-2022

ik i
5% )

I o

Bl ol Dhadlars
]
E

1908
10
L
B - i
N RET TN XA 2% FHT EAE e
[ CeeewnT—n [ 7 T T T T T T T T T T T
e of Adaecsd  PEEII AN BN B el BFE NGD 180 20 288 10 LM 280 A8 &de
[ ORI DL Eel | R oW BE A3 1M ETE BB AE 43 TH AN W N8N W5

e mventionad okt ORIUIDMHEN o5 n20c wied 1008 SHEa WLED THOE MLOD MGG VRGO IR0 AED WD 10
— e AB0 AT B40 RN BB) P TAD T PO B 7E0 A AE AN RH A5 AR
[0 L ]

AMERICAN LUNG ASSOCIATION. %
i .
&)
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COMPARISON OF CRITERIA POLLUTANT LEVELS TO AIR QUALITY
STANDARDS (1990-2008)

DRERGE,

Mot i(ouwﬂ
Natiora! S .ardat1

{

1

i
_}' .
j aw
Py

i
Elf&mh
1

— OO

v Y Y

PMZ5 248 g - orev

00 JZ“JJNI‘WG"-GIIJJO'O"

G RIRMEESY (1990 - 2008)

P, 24 -howr

PP ——

O304 05 02 07 08

w— G0 J08 Mg [

Qrone 547 monton (4° marmum BA0w yvarege

~a

"

» BB montors W™ pertentie)
"

BAD PN (Rl SR e
125 morions (3 masimem 2420w averege

NO, 151 montons ceencsl Benege

0,

e Bl s ege )

SO BN (s hveiage )

e wns ssocuron.

PROGRAM EFFORTS
RE M

1.

4.

5

Infrastructure Grants

NG B i 86 4

. GIS Station Mapping

.l .: .' xl .'.';.‘-;A..‘ /

. Environmental & Health

BBt 0 R
Benefits #i 4]

Website 143

6. Auto manufaciurers

A H

. IL E85 Coupon Program

AES

W (PESSIL WA T

: FFV Dea!ershlp Coupon

i B e HY L5 LK

IHinoas & B2
Indians 5130 % RN
lowa TN
Minnesota W1 5
Nebraska 3 20 B ln
Ohio Ik &R

| _Wiscoasan M5y ALY

e 3

favenca unc socanon
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2016 USDA BIOFUELS INFRASTRUCTURE GRANTS
201657 2 15 fe b 50 4 Fo it AR o e Ah S
< Government provided $100 M in grants
B4R 0 — 42 0 E M S B
< 1:1 matching dollars 1180354 G
¥ Stations it ¥4
* Pariners (state and private) & {EME (LR
£ 5200 M in ethanol infrastructure
AR RE o A AN T
< 5000 Additional pumps providing ethanol
i ins000 s 2. A% i 5
“ 1400 Fueling stations
1400 /1] fm it &

favencn uns ssocann

REFORMULATED GAS SUBSTANTIALLY REDUCES
HARMFUL GASOLINE EMISSIONS

IRIEZS PR AT I T UMM B B
Aur Toxics #6577 x4 -28%
Vaolatile Organie Compounds =1 T34
R Hc D
Nitrogen Ouides YL -385
Carbon Monoxide — ¥ LR -13%
Sulfur Oxides B W16 =11%s
Carbon Déoxide — W {88 =40 [-30%%)
Pamiculate Maner BiFiEh S (=500 for fine P
Reduced Cancer Risk =30 - 5%
B i L

favenca unc ssocano.
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NATIONAL CO2Z EMISSIONS REDUCTIONS FROM EB5

EEasit s Lah e E S BHR
atiofl T8 Erpissons Rodectiogs fom EL% per Year
s NN E RS
TET S
Ao 2l m
ﬂﬂt.l"{..ﬂ
== L
% apm am
i 530
' R §
= i I -
E 2o SEALS i
LS
25 & Em
= nman i
o
Er T :
L AR : S ——_—

2,816 stafions sefing E&5, which makes up only (1.5% of the lotal actve statons in US)
FHIEE IS M L ERS.  OF &) 4 R A 8 ool R 8.

285,627 lons of CO2 emissions redusctions per yoar (ess 50,000 cars off the read each year)
PR AR -2E0, EATH CWIEEEAT (WM RE R TR

4,500,000 tans per yoar (less TET,000 cars) if 30% of stalees el BSS
MU0 I d s H WEES.  MFOREaE-d SO0 000K PN By TRk TET. DOO A

favencan nc sccsror.

T ]

CONTINUOUS AIR QUALITY MONITORING IN ILLINOIS

PRI EP o AU i e

CE Reformulated
=1 Gas in 1995
-1 19955 FF (i
FRENM

= = — - 3196 Decrease in
SRREERAERRRRRRRAANAREESE | Carbon Monoxide
-FEER L 3%
Carbon Monoxide — {8
% Conbtinuaus manitoring al

BD manitoning sibes with
more than 200 instrumenits

* PEBO -0 s 5 0 1) it
! 20048 (L BIE T BN
2

BRFEREREERERERENRRARARRE

18
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Reformulated Gas

in 1995
= 19984E 0 7RI ,
o o7
Vitati: 25%
Decrease
) W25,
)
@0 w— S ut Dicaode 2(,‘}0
— Farticulate Matter
= = Decrease
— M 229%
m -
H7%%
10 -
Decrease

\q o \o,"’ ~\°'° Ofa"épnd) 'é?‘g’f ML 6T%

With the removal of lead from gasoline,
there is aimost no lead In edther the air or water
AARAMN AP LR, SRKBPAFFRM

SUMMARY #ijZ

The Chean Air Act has been successful in dramatically reducing air poldution in the
Uinitesd States

RN AR R R R, OB T RS

Reduction in pollution from all types of motor vehicles has been critical fo meeting air
fuality goals

o B B A A R R 1 2 o SR i D R ik A L

Regudation of mabtar vehicle fuels at the natianal level, combined with kacal fuel
requirements, has brought many areas bo within heallh-based air quality standards.
f LS R IR R R S e R R O B L o U kRS B T A
b

Use of oxygenales in huels, pamarily ¢thansd, has been an impirant component of
fuwets programs in the ULS.

fEEE MR BB SN MO IR R A O AR A

Ethancl will prosidie a sirong role inondationad fuds programs in e futune, including
effors to address GHG emissians.

AR RN EER @R G E, REEE U R E.

favencan nc sccsror.

19



BB 2 — T AT RSB SR I 2 i 0y AL (BEED

WHY WE ARE INVOLVED? {1 A& 57

£ Tio work i area of most ham (mobide Souncs)
& PR RO IR N B W R R o B Rl
+ Toreduce & emissions & promate good bung Hhealth
O Ml ST RO A e
< Erhand blended fual A0 207 E R
¥ Fanraaie - susiainabia fusl
W — F R
+ Bon ik, waler soluble & Diogegradable (A0 media)
* LW, AT ACH IR LR (R
+ Pl smvincnmanial benafits
< AR
+ N envEnnmanial ham from accitenial releases
+ B RN IR LN
+ W EnyEonmMEnial ham companed [0 6l axporaion
of natural gas anang
+ GITAFEREES RIS A

favencan nc sccsror.

LVIDEOS\CLEARING THE AIR ON THE ETHANOL VS, GASOLINE DEBATE - YOUTUBE
(T20P1MP4

I

e ssconror.
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P8 cleaair choice.

£ AMIBICAN LUNG ASSOCIATION

Tin
Vice President Envieonmenta wann
Moas® NueR
Amencan Lung Associaton of 1o ARENWND L
Upper Mdwest Acgsia, Tl ung ocg
Angela Tn@lung oig 217.787 S804

217 TB7 5854

* www ClegnArChoice.org *

www E8SCoupon.com *

e ssconror.
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Oxygenate Issues

PLENZEPRH IR &5 (o) 2R

U.S. Grains Council October 20146
EMEwH 20169108

James Patrick O'Brien SN MR S-AH WM

by r nme A y
PHAPHITANER

PETPMm

1YW ancul r DR ETechncea! In
e vy (S RN - » » A1 0 ..\ 4 .-
= 4 &) R E S NE

=S Biig) DAERRHML

Chents/Grontos
FE/HEA
Amencan Pefroleum Institute
XU HTLR
Chemical Matenals Activity, US Army
REEFLCTFPUHEITAE
Federcl Emergency Management Agency
CHERARSREE
Nabona! Inshitute of Enveonmentol Health Sciences

WRFA MR PERH '

22
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Why Use Oxygenates ?
A el {sE P IR &7 2

= More complete combustion to CO2 and water
because og@;gen is part of the fuel,
SEPREMIEBWNRS, T ZEEENK

= Complete combustion reduces carbon monoexide
(CO) and ground-level ozone (0O3)

R BFRBD T — R (COYERRA (0™ %

= Examples of oxygenates are:

MEHEE:
« Ethonol Z§
* Methyl ted-Bu'Kl Ether (MTBE)
PR T AE(MIBE
Ethyl tert-Butyl ether (ETBE)
7. 342 T BA(ETBE)
= Tertiary Amyl Methyl Ether (TAME)
= X FRETAME)

= Tertiary Butyl Alcohol (TBA)
MTHITBA

Oxygenate Mandate in the
United States

.16 N7 7E 55 E 8953 i 62 A

® Since 1992 fvel with 2.7% oxygen required during cold
months in cifies with high carbon manoxide,
19928 L%, —HEB I RERAETRERES A BRE
R 2. 7700 R,

= Fram 1995 to 2005 Reformulated Gasaline with af least
2% oxygen required in cifies with high ground-level
aIone.

MI19955E 320055, REAMEERENRTRERMAE
LENTIZRETNNHRSNE.

s Ethanol was the axygenate of choice in the Midwest,
bt MTBE was uvsed in most other areas for economic
reasons and its blending characteristics
PHBREEEEZNEDNEN. B8 msE R R LR
T&E(MIBE). W HTETREERX BRITREESS
E:-

23
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] %G . N

| RIS

S e

=
[ e

| S OCA O8O

- AZ CDG

RIS oy Pt 4 499
B e
-

RE S BB ERABR

| G et
] Nvosa
-
B romer
{ 1 TR PP MTRE A er
- L
B 10w, 30 pom 8

B 200 e & D e R I e e

Renewable Fuels Standard
in the US

X E A B ERERAE

= A volume requirement for renewable fuels established.
MUTOHEMHERREOTR

= Automobile engine technolegy improved combustion
efficiency.

AERDOEARRER T BII0E

* Oxygenate requirements removed for reformulated
gasoline in 2006.
2006 FF KM T W N A0 M BR

* However, MTBE preducers denled labllity protection for
any harm done by MTBE use in fuel.
AL, PR T RE(MIBE)E ™ BERHTE R BP i AMIBE
FEMEARERIENRE,
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MTBE Problems
MTBER] o] #

s Yapor has a sharp and disagreeable ador when
fuelling vehicles.

AERDARBEASERARNORE,

 Many consumer camplaints
FEAREHENFAE,

s Spills of MTBE persist in groundwater.
MTBER B EERT KPHEEE
s Mof easily freated.
TRiE

s More persistent than other gaseline compaoanents like

BETX.
I3 3¢ f8% H RR 53 AOBETX (R AR ) 4 EL WO SRR

= Disagreeable taste at very low concenfrations.
IR )

Use of MTBE in the U.S. has been
replaced by Ethanol

HEREMBEEERAPEMZEBER

= USEPA (Environmental Protection Agency) policy
since 2000 to phase out MTBE use entirely.
REFRRFBROBEM2000EF BN RFELEBX
MTBEREF .

= State of California and New York banned MTBE in
2004, which was 40% of prior MYBE consumption.
25 States had banned it by 2005.

2004 EMFIWE WM ERLOM M A T MIBE, XA TN 3
EWT &5 200 B M AY40% . BI20054E 25 MR 7 MTBE. .

= Almost no MTBE is now used in the United States.
MEMBE/LFEESRESHA,

25
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Oxygenate Anti-knock and
Octane Properties

REF ORI ERENE

= In gasoline engines the spark plug ignites the fuel-air
mixiures at the ideal time.

ENBRDAPREBERUDHEARANEESD

» Engine knock occurs when some of the luel expledes
early due to temperature, pressure and fuel properties.

g:ﬁlﬂhﬂ&. EHRSEMEANAN. MR ERNH

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

BRRSBENHNNEARBRE. TTRSMFLDN,

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

FROZERVEEREIE AN RDIPIEREN— T

Alkyl Lead f5pE48

= From the 1920s to the mid-1970s alkyl lead compounds
like tetraethyl lead were used fo prevent knock and
increase octane ralings.
M2OEE20FRF70F RPN, MBS NEZ B8 ¥AT
BNl m R,

= USEPA policy win 1979 was to phase out lead in fuel
due to its neurotoxicity.
ENFREFREIIEIRIVV/BPNEELRE B
RNERHRIZHIE,

= lead was banned in fuelin the U.S. in 1995,

RETF1995F R L E MBS EMNN,

s Alkyl lead in fuel clse damaged catalylic converters
required on U.S. cars in 1975, resulting a phase oul
before the 1995 ban.

EPMRENESANRENFERI975FNERRMNE
el BREVISERFZINEFBEED R,
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MTBE as Anti-Knock
YE IR FIMTBE

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

MI979EFF TR, ESnlh3 -7%.

= Cost less than ethanol and has good fuel
blending properties.
RAETFZN. ERERT.

= In the U.S,, tax incentives for renewable fuels
have made grain-based ethanol less
expensive than MTBE, ETBE, TAME or TBA
HRE, AJREREMBERBESDZNET
MTBE, ETBE, TAMEBLTBATE 4237,

Octane Rating ¥[%1{E

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

RHERRFRAVEO DR ANRNEER.

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

AN ZHIMTBERELE R 3 8 X R F IR,

| Gasoline | Ethanol
| K2
Blending RON 90-100 108-115 116120
REBRREFIRM
Blending MON 8190 90112 100104
REBKEFEN
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Other Properties of Fuel
Additives

RAR AN B9 B At 14

Volatility I£& 1%

* Lower volatiles mean less air
polivtion
WUNERERRELOR TS

= Ethanol and MTBE form
ozeofropes with gascline
resulting in higher volahility fuel
blend of lower concenkations,
ZMEMIBES KNBERRA. &
uggmmna?msmﬂﬁm&
E:

» Gascline for blending must
have lower volatility to
compensate.
fEAME. BTREENRZLFTA
NEW R,

R vaper pretsare, CPa

100

0

— M TBE
— TBA

i
20

40 L]
Cuygenate concentration, vol's

#0

14

Roid vapor pressure, pal
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Oxygen content
2498

= Ethanol 35%
Z.8435%.

= MTBE 18%
MTBE18%.,

Water Solubility
KB

= MIBE has negligible bulk water solubility and can be
blended into fuels ot existing refineries and moved
through existing bare metal piping.
MIBEEXFRKPRMARE, SJRMEFIT STENNOMS
FEgRRE #ENARSRE PR,

= Ethanol will dissolve any water it contacts which can
lead fo cormresion problems in bare metal lanks and
piping.
ZMEBTRAERTIOEOARE BEEESNERNW NP
ERRCMm,

» Ethanol is usually splash blended at the final fuel
terminal inlo the delivery rucks which have lined tanks.
Retail tanks are usually have fiberglass liners and non-
metal hoses not susceptible 1o corrosion,
ZMERLENEZEANRENSHFRAMNN S BAR
A.EEEHASEN RS ENENHEEENE F8~%
Rz,
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Comparative Toxicity of MTBE
and Ethanol

MTBEFI Z B0t

8 Acute toxicity is low for both
REHEOREBEBSE

= Ethanol LDS0 B300 mg/ kg bwda
Z ¥ LDS0 (TR 8300 mg, 2 ekl S5

= MTBE LDSD 4000 mg kg bw/do
MTBE LD5SO0(E Eﬁi]%ﬂg mgfﬂﬁﬁla‘ﬁi

s Ethanol NOAEL 2400 m%xﬁ DE
ZM  ESLwwHem 24 FI'IQ.' Fidig-3 T 53

= MTBE MWOAEL ?Hmﬂfﬂ?
MTBE i_]'ﬂ.'liiﬂi ﬂ#mgfﬂﬁ'ﬁl!ﬂ?&

= LDED = mean lethal dose LD 50 = BEPEHN

8 NOAEL = na ab ew%d ndveue effect leviel
NOAEL= X&) L

Occurrence

BARE K

» 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.
ZEr R RN EM B RN MEAERE
A, B AR A R R — A2 90,062
0.73ER/F.

= MTEE is not known to occur naturally.

FENBAERRMIBERIIRTE .
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Carcinogenicity

BE

® Ethanol

Zi

= Noi direclly a carcinogen bul its
metabalite acelaldehyde is.
NS BTN
BERREN,

= JARC carcinggen raling based
an human (epldemiclogic)
studies of high cencentrafion
SXpOIUNE,
EEFEEERNAREERiTEe
3T R AT A (R
Erd EOE 34

= MTBE

= Multiple organ cancers at
high cencenfratiens in seme
animal species bul nol
others.

HT RSB R MIBE
ARRERBWOSEE Wy
pebii o d AN

= No human sfudies.

THXAEHE,

Taste and Odor Thresholds

BRI F SRR {E

Ethanol | Benzene
M *
faste threshold in SO0
water (1 a/fl)
KB nall)
Cdor threshold 49 0.5
(ppm)
ke (ppm)

TBA | MTBE | TAME | ETBE
BTH |PERT |(WER | ZERT
L8 | RS 1
20-40 128 a7
21 0.053 0027 0013
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Rise and Fall of MTBE Production
in the U.S.
MTBEA=HEEXEMME

= Before 1979 minimal
19794 Z Bl o

= By Jan 1992 3,038,000 bbl/month
9925 01k 3,038,000 #i/ A

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

This wos peak peoduchon

FI200046 B 01k 7,260,000%0/ B
R ana

= By Feb 2015 520,000 bbl/month
201542801k 520,000 #/H

MTBE is produced from
& BMTBE B[R 3

= C4 olefins (one deouble bondgrom refined crude oil
HEMBFUHNCAHER (— T8

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

. Reodnraovoiloble

= Methane or Methanol
PiIRREN

= From nmurolgos or pefroleum
BAXRREE
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Ethanol can be produced from

SR ZBIRRH

= Pefroleum - via ethylene and steam

hil - BT ZEAKAER

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

TS - T AR (— RS Fit

= Grain-based starch - conventional
fermentation and distillation

BYEY - SRORMNAREE

» Cellulosic conversion - enzyme modulated
conversion to fermentables

FHRRRC - AIWPOWHRENT LMD

Ethanol Production
in the U.S. bbl/month

KEZETE wn
= 1981 168,000
= 1990 1,512,000
= 1995 3,000,000
= 2000 3,500,000
= 2005 8,000,000

= 2010 28,000,000
= 2015 29,500,000
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Peak MTBE vs. Ethanol inus
MTBEF Z BEA97™ RIE{H 2x

s MTBE 7,260,000 bbl/month (2000)
MTBE 7,260,000 #%/A (2000)

sEthanol 29,585,000 bbl/month (2014)
Z B 29,585,000 #/A (2016)

What happened to U.S. MTBE
production capacity?

EEMTBER ™ BEILAK anfa] 2

= Units al refineries were put inte mothballs, sold
overseas, or converted to other products.
NS ERARER HREENAEY RETRM
F&,

= Several merchant (stand alone) facilities still operate
for export production. Most are located on the U. §.
gulf coast.
DPEBF(RIM)MHAEFHELSE. TERTFTHO, SHEF
REBHARON,

= U. 5. MTBE produclion is now cnly 7% of the peck in
2000,
S04 REMIBE I R R 2000E M HIT7%,
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MTBE in the
Environment

MTBEE I8

MTBE Fate
MTBERYITE

= Short half-life in air of 2.4 days
EERPRERME, H24XK,

= Spills on surface soils quickly evaporate

REP TR AR

» Large spills or underground tank leaks soak inte
soil and persist.
ARLBETETRERER BALR
BEHRAHE,
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MTBE in Groundwater
MTBE 5 #h T 7K

= Moves readily from soil fo

groundwater,
RAEMLRAATUET KD Blue Arrow MTBE in Solution
_ Red Arrow Benzene in Solution
= Vapors do not readily escape X = MTBE (sorbed to soil)
from deep scil or groundwater. Y = Benzene [sorbed to soil)
FEMRBLRRETKPRE

= Moves with groundwater flow
but only 4.37 soluble in water.
FETKRD), EXKEERNA3%,

= Very low and disagreeable
odor/taste threshold.
TR/ RUEMARE.

U.S. MTBE in Groundwater
E[E#h T /K P AIMTBE

s Numergus studies have shown
that MTEE confaminatian in
public and private drinking
water wells s widespread in
the 1.5,

FMHRER. £REMTBER 2
;‘EE#&I ok AR B S R W

8 More likely te eccur in urban
areas.

RLFRTREE
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MTBE in Groundwater Difficult to
Remediate

T KPAIMTBER BB

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

FHMIARANR. GEEPAHARMNBHEEARRER
F3—-1TH.

= Air stripping is possible, but only with high air flow to
water ratios, which is energy intensive.

WRBBERATE, BRAERAALOEETFEER.
EHER, o

» Biodegradation may occur, but only very slowly, - {

SEAEMRR, EXE+5EE.

Ethanol Easier to Remediate

LEENRZEE

= Biodegradation occurs quickly.

£ WbE AR R 4 R

® Because it is 100% soluble in water it is
diluted quickly.

EH100%EF K, HEEER

= Nuirient (NPK) and pH management may
be helpful in some soils.

T R TSRS (MR
pHIEE T AT REFT 4.
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Why doesn’'t MTBE biodegrade?
MTBE N Al R RE A ¥ 2

= Soll micrecorganisms put energy into breaking
bonds and get more energy oul when the bond
breaks. They prefer substrates with the higher net
energy gain,

ITENEMARERES FRE @EIENMNESRA.
ENERRIRGERHBED,

= MTBE has a tertiary carbon 1o which three other
carbons are oftached. More energy is needed to
break those tertiary corbon-carbon bonds, so the
net energy gain is less.
MIBEHMERTF. S=ETHABEFHE, RERFH
AREESHE EEPMEBERNE,

= Microbe enzymes work in 2-carbon bites. Ethanol is
ideal. The geomelry of MTBE prevents the enzyme
from accessing a 2-carbon porfion.
BEMMACUNNS, AEZNBEHBMMERN,
MIBERILEERTH TRIEMTESNS .,

Summary /NG

= Ethanol can be produced from grain using readily
available and mature technology. It reduces
dependence on pefroleum. It is renewable and
does nof confribule to greenhouse gaos increoses
ZBMO LA RN RBREANEHGRN, ERETHE
geqtmm ZMATIMERR, Eﬁ‘ﬁvf&ﬁ!‘mﬁﬁ

= MTBE poses arisk to groundwater due fo ils
disagreeable taste and odor af vey low
cancenfrations, It must be produced from
pefroleum and natural gas. If confributes to
%eenhouse gas accumulation.
AREEAIMTBER RN 530k, 3716 T KN WG, ESZMNE
ANEXASPRIR, mmxz«ueqx Re
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Climate Benefits of US Produced Corn Ethanol
) [ R K 2 BRI 2 s

Steffen Muelier, PhD, University of lllinois at Chicago
Energy Resources Center

' {}""- R

“Ll

Stefan Unnasch Managxng D:rector Life Cycle Associates
e -SSRt & )y 4 93 X A

October 2016

2016%-10/]
THE
UNIVERSITY OF
ILLINOIS
AT
CHICAGO

@ A¥ Life Cycle Associates

Biofuels and Climate:

Um’.ed States Efforts
4 -ns 7 .\ 4 ‘_.-.'..

Many polcy and regulatary structuret around the globe recognue blafuely’ potential 1o red

JUEA TR R RN UE TN RE TS

ute global warmirg

In the US the Low Carbon Fuel Standards [LCFS) n Caldormnia and Ovegon as well a3 the expanded Renewable Fuels

Standacd {RESY) Mave successiully redoted carbon emissions from tr

nportation fuels
IR HECENADIMOKRERENES (W]rs) R FEMI A (RFS2

SRR D |

While both programs replace gasoline with lower carbon fuels, the RFS2 specifically provides volumetric blending
requirements for blofuels whereas fuel suppliers under the LCFS need to meet performance based GHG reductio

targets from a fuel mix of their choice

4 s RES2IP MY FEMENR SN RN T HILCFSE) BR N
f G K AP L ;
SICTION CANPOT e
foel 1Ot eapie
aMfying Siomay
’
e o
0¥
he ¥ Y 2 TOQUres 3 ~ * 3 STy trar o ois by 20X
i CFS 220 " H o~
Roth REST and LOFS conuder emiationt 2om Laad ure change

Fe2iocrst w8 '
@ {({( ERC A" Life Cycle Assoclabes
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Biofuels and Climate:
European Union Efforts
PRI
RIS

*  European efforts under the “Fuel Quality Directive™ are similar 18
different GHG reduction targets, whereas Japanese efforts under the “Act on the Promotion of the
Use of Nonfossil Energy Sources” are more in line with the RFS2 approach of volumetric blending
requirements
RUEE AR S RAVFEAN SLCrSI £ 81k, B .‘.’-a‘v.’l H&%AH. H

Al “RUERI S AREILE" Yres2Hl--F, Bl TRAKILBR{LY

*  Significant differences exist between these international efforts in the treatment o' emissions
related to land use change (LUC) prompted by blofuels prodt.mon
el EmRR e A EN ST HC RSN RS RSN,

* In Europe, due to the evalving sclence and uncertainties associated with quantifying emissions
from LUC, the Fuel Quality Directive does track but does not Include emission from LUC in a fuel’s
GHG assessment
EEH, i FRZEHaRZMa ISR EY n’ 2R AVRISES (TTANE 3 200 LR G R o

Fti% 'xui IR AN UGN AT s Y S RN L.

*  Com ethanol must achieve a GHG reduction ci 35% over gaseline (with an increasing threshold to
SO% starting in 2018}, However, biofuels must be certified for sustainable production based on an
tU-approved certfication protocol,

k '-jL/_n 0 H A i"" WPCGHM AR FE T UIR3SK (V2018 TR MR -, A

%) . EPREL LSRR REA A UE D I ARRE VT el i <5
@ {%ERC A" Life Cycle Assoclabes

- 2

Biofuels and Climate:
European Union Efforts
RN R
-‘.‘\ lgj )IE ?ll

*  During the 2010-2011 time frame many US-based ethanol plants exported ethanol to
the EU which also required a third party certification (e.g by International Sustainability
and Carbon Certification — I1SCC or RSB) of the greenhouse gas reductions and additional
sustainability criteria such as feedstock sourcing from non- -deforested land.

{£2010- 2011’F‘l' FrIHERS Py, £ 3086 T R A 84 ™ %3 LA I"'Jw . Kk
LRI E R UM R lU"m 154 ! YEbrdE D M PRI E (R SRR
JPVUE Clan [R R a] £ 50 A2 e JEBE UE — ISCC RSB )

+ 23 plants in the US were ISCC certified. The certified plants span a wide range of
tcchnologics owner entities, and gcogmp‘uc locations,
23N Bk B T 1SCCME. IXEGE R E 6 T R IEA S, i
N,

* Note that several other US-based plants would have possibly met the EU GHG reduction
threshold but may have chosen not to pamapatc in the export markets to Europe
VO WATHCRE T OEINGY) SCaT HET &5 IR R A M ORRR R 0  HR, (R IHEAN )
R s ki 45

@ & EKC 2% Life Cycle Assoclabes '
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Biofuels and Climate:
Asia Region
S PRI
F A (X

@ & ER_Q 2% Life Cycle Assoclabes

Japan is increasing its biofuels blending volumes for gasoline over the next
years.

H A G 28 M i iR VGl b i S EE 9.

Imported ethancl and ETBE additives must meet a 50% reduction threshold of
biofuels over gasoline set by the "Act on special accounts and the measures for
the enhancement of the encrgy supply-demand structure.”
%! !FU( h‘{ HIETBE S Il 7R 2% ﬁﬂ.,t"; i Y'J’f‘.;, SR A S £
-/ : G :
Emissions from LUC are considered but only those associated with direct LUC
have to be included in the life cycle maodeling effort,

ISR R WA HE R T, (3 105 O O A it R A 7 R G A9
ALE ’*_ IR B

US Ethanol Volume Meeting 50% GHG Reduction
% 2B 3% 2 50%308 % AU R B R

@ é EB_Q 2% Life Cycle Assoclabes

We showcase the volume of US produced ethanol that, for example, can also meet the stringent S50% GHG
reduction vequ rements set by Japan

AIES] 70 L8 R I N L UL A 0 ™ i) (5 SO%E & "IN Y BER

The “Judgment Critena for Ol Refiners on the Use of Non-Fossd Energy Sources (Ministry of Economy,
Trade and Industry Public Notice No. 242 of 2010) regulations”™ detad the e cycle modeling {LCA)
requirements incdiuding the Litimate emissions reduction threshold for ethanol of SO% (41 gCO2eq/M))
compared with LCA-based GHG emissions from gasoline (81.7 gCO2eq/MI)."

“th) RN EAENE NS " (dF, W00 T2a2 A% Ry 4N
BB (rCA) MR, NEZMILOBE T AN YR AV U Yt sk b itsoniyl 1.
(41 gCO2eq/MI)

Many of the LCA guidelines from that document are closely in line with the Eucopean Union’s Renewable
Enc:a Directive (RED)
g iteh £ WM IR G T o MRS (RED) MIEUEH,

For past expoets of US ethanol 1o the EU the achieved c.'nnhouw £as reductions were often assessed vung
the Argonne GREET Me cyde model funded by the US Department of Energy

ek 2 SR UMY 00 2 2 1 0 0% 1 A R O D R B R U AR ST GREET 4 N IO Y o A0 X 4Kk
58+ FLITES 2

Therefore, GREET is used in this analysis

. GREETEJH T L7 v

41



BB 2 — s i ] RS REUR /SR B I 200 ) BT &

(BEED

P
Employed Life Cycle Model T /% 4 I

&
{5 R 1 4 D G 7 e GREET

The Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation Model by Argonine Naticaal
Laboratory (8 US Department of Energy laboratory) & the gold standard for e cyche analysis in the US and it
contains the most up 1o date datahases on US peeduction methods and the efficency of the US agriculture
md mﬂn sectors
EHRINAREY (RINERELEY) SUEMZESMU G UF. IITMREEHNIMT RN S
MR e & e, G850 1 IR S 25 a0 0 0 N 0 o B A0 S AR 2 2 ) It I S WL
GREET s a flexible LCA model that can be and has been acapted to fit regulation-specific guidelines including
those set by the Caldfornia Low Carbon Fuel Standaed, the EPA RFS2 and the RED
GREETA: 1 JLiS LA S IRLGF NN, BRSSO S 4, QIR Rty
M. EPARFS2IURED.
In Eght of the lapanese algnment with the RED we assumed that GREET based modeling would be accepted
bv Rpanese regudators

GrU FE ACH) XA GREDH) B, JEOHIER FeREETHMV L ABH ARV 2,
As with modifications for LCFS, RFS2, and RED type pathway modeling GREET can be adjusted to fit the
lapanese “Judgement Crteria®
AL ACFS. RFS2HIRED AV AGIHIC MMM, GREETI IS YA 0l ISR 1 A8y “ Mz betl ™ .

@ QEB_Q 2% Life Cycle Assoclabes

)
—

7
Intreduction to Life Cycle Modeling:
System Boundary for Selected Corn Ethanol Pathway
o I LR A4
M KR LM RigUN
Diroct |mmtm o od Natomal o
LUC [T ;: " { Gas Power ’
Agricuttural | | Com | o Coen -~ Ethanot L] Emanal E
puts Farming thano
AEA LARn o
CoProducts Witk
Somm Processey Fosst CO, woen wes
Urea i ’
ERAUKE Com{8 Natural Gas
Mw Prod AN
LAATRN
Peotroleum
Desel
@ {‘ERC 2% Lite Cycle Assoclabes "
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Illustrative Example:

GREET LCA Emission Steps and Life Cycle Stages
7% GREET LCAH A5 SR04 I B B}

GREET has detaded emission
profiles for cach prodoction o
input along a fuel pathway

GREETLFIE S Riid s i

TERAMTONRE

Products co-produced with
ethancl sueh a5 animal feed,
beverage CO,, soll carbon
sequestration provide a pet
SN CIedit to the lde
cycle emissions

M E L G ™ Ak

Carbon tenwily (g COeM)

AN, KN Wi Emissions % |
. BAREAEE SN Credits
AR PRGTHIRAS. P

+
]

@ «ERC

o Eranal TAD
@ Lrzynes & Oevcan
2 Dache Power
8 NG Boder
& Corn Tramagont
LT

e

Fad CO2 om Cel0)
v CoCO)
L Lo

P03

Pt Emasaons
© Nvoges Femirer
# COZ amnycrs S0 wes
0 Com Fameg
0 COQ Botieg
O Dwwct Lane Une
0 Dwplated Dieset hom 6D
0 Daplaced Lrea
T Dmpced Sofem Ve
0 Dwgdpied Com

herl Lravsom

Leading-Edge US Ethancl Plant Technologies

@

that Provide CO, Reductions
K LR 7™ 1 R EOR
SR T AR

ERC A" Life Cycle Assoclabes
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Qualifying Technologies that Provide CO, Reductions
I AR SR EAR

* Corn Ol Separation at Ethanol Plant going into Biodiesel Production
ST RS R MR 70 3. FEN B

* Enogen and Energy Efficiency Improvements
PRER AR RES RSN S

*  CO, Recovery for Food lndusuv or Enhanccd Oil Recovery

LA B [STSUIT 1 1 o e o 08 oy 3t G A0 DL

*+  WetDDG &M

*  Anacrobic Digesters IR0 %8

*  Direct Land Use Change J'[{% 1 B Jij & W

Technologies will be detailed in the following slides

R 0LT 1 3538 17 2R 2 i fG vEf

@ é E!{Q 2% Life Cycle Assoclabes

Corn Oil to Biodiesel

K B AP S

Corn oil separated at
ethanol plants provides o
feedstock for biodiesel 20155 B PR —
production 2015 Biomass Based Diesel Feedstocks
CRF) A KoK T
B HCREPIRERH
Two Uses:
Sale into Animal Feed
Markets
”’i(v & ‘o ;- . ‘ j\'
Substitution for
petroleum based diesel

fuel - - . - -- - - .
'u. '){'1 SRR N

@ QER__C_ 2% Life Cycle Assoclabes
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Enogenﬁ}f‘i’n‘?ﬁfﬁnﬁ’nﬂJ

= Syngenta’s Enogen preduct has directly incorporated enzymes into its corn
traits.

76 A5 A 20 o) i) O A B FLE A N R N 3 JOKRTEAR .

+ The technology is now used by 18 plants producing 1.3 billion gallon of corn
ethanol (EPM 12/2015).

LN AR W4 18 HBH, A T13{LMEeIOKLRE. (EPM
12/2015) .

* Accerding to Syngenta Enogen raises ethanol yield per bushel by up to 3%,
reduces electricity use up to 3%, and lowers natural gas use up to 10%.
HEGE A 2y m) iRk, O MRS SR U HE TR ) SN0 7 R 5 1 3%,
WA U 3%m . M KRR ATAL10%,

*  Example: Western Plains Energy
%ot NSRS Y

CO, Recovery at Ethanol Plants for Food Industry Use and
Enhanced Oil Recovery

LB e T — A ER (Sl T i P bR SRR R T

About &0 percent of the North American merchant market for CO,
i3 sourced from ethanol plants

RO SRS H BN ZE™ %
Each bushe! of com produces 17 ibs of CO, duning fermentation
NS ARERDEN P17 L.

Ethanacl plants prodoce CO, for both

LMES oy RS rHm

Food/Beverage industry as well as for

BRI~ R

Enhanced Ol Recovery

SRRl VS
If not recovered as 3 by-product CO, must be produced in
conventional CO, and Dry ice Production Plants:

MPERHN ARG,  RUEEEHaRE _Wielki )

S ) )
Fuel source: low Sulphur content dietel, kerosene of natural Conventional CO2 plant fired bV
gat fossil fuels
MR, R, R RS fese LR LT Rt N

feshh

@ &v ER,Q 2% Life Cycle Assoclabes
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Wet DDG and Anaerobic Digesters
1 PR A IR o

Wet DDG 5

*  Nebraska Plants collocated with feed lots
R TERR WM (N OF 3 F

+  Skip the drying step of Distillers Dried Grains and ship feed wet to feedlots
AR T T IR0 T IRL OIS 5 M ME R T 2 ke

+  Significant energy savings
AW NE i

Anaerobic Digesters YL 4 ¥

+ Anaerobic digestion of syrup, DGS, and manure
MFRER., TN KW

* Digester produces blogas for energy production offsetting onsite energy use
MBI RN S0 KT 7R IENETIE

«  Example; Western Plains Energy LLC in Kansas (also uses Enogcn)
Wi WEREET RN RAR (RO ER

@ {QEB_C_ 2% Lite Cycle Assoclabes

o

Direct Land Use Change
HEE MR AR E

*  Direct land use change to high corn on corn rotations around plants provide annual

carbon sequeslranon
PLIE RGO R (8 T MR 7 0 A R B A T o a8 17 B 42

*  Derive state-specific carbon sequestration factors based on the GREET CCLUB
database
BT GREET CCLUB RN I S MLy s B IN LN f

* Soil carbon changes for mixed cropland golng into corn on corn rotations under
convectional tillage; 100 em soil depth; CCLUB Version 2015; C-Database Tab Column
“CH")
EEERF A FRSRIRT XSS KA 1R Z: 100cm HRRIE;
CCLUB201SH: C-2dli% “CcH™ Mgk

*  Recommendation: Credit under Japanese Direct Land Use Provisions could be applied
if trangitians to high corn on corn transitions around the plant are verified
jL.i 1) AR e o] i SCKOCE R S el Se ub . MOGR T £ 40 00K

§ E ll”ik'!' ﬁmn’!! t[ !n k‘

@ {‘EB_Q 2% Lite Cycle Assoclabes
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Transport from Umtod States
]’\. | \. .'j n[ -~

Rail Shipment of Ethanol to US Port 01;'3" mi -*s fo !o vcc b, ‘.’o?ss-?l to Korea
RSN R AR VRS 17504 4

@ { ERC 3:ute Cycle Associabes

Model Inputs and Results
R 700 A N AN 45 SR

@ { ERC 2" Life Cycle Assoclabes
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Technology Combinations

BARAE

*  BaseCase: Comn Ethanoi Dvy Ml S XN, A RZM I Bl
Dry 0GS production + AWM
Com o entracted for Sdocked and biode el Snplace Sl
RELAERNTINZATHEANILSS

. Wt DOS with IMoency improvements BRI AT AN

Com Exhanci Dry M with Primary wet DGS producmon, Located near cattie foeding [Nebracka)
UL ER S RS A RS L IR RNG AR ERM
Com o extracted for Slodheiet (L 120y corn) and Riodese! diiplaces dmel
METWHRAN AEA (HRALELAEH™ M) DIHSapRas
[nogen 3nd eMoency mprovements |« 1% peld -20% NO, - Y% power)
PENEARRT (O, KECI0%. &%)
o Corm BThanct Ory MBl with CO, collected for dry Ko and Beverage
(GRS A BB IR L S 120 BB IS ¥ A R
Wit DGS with Enhanced O Recovery AN AR NG R AR T
Com f1hanst Doy ME with Primary wet DGS prosucsos R AMN I B R ARZND I
Located mesr of production (Camuan) (2 F /AT KWL (RO N
Com o oxtracted for Dol and Bodiewe! Zuglacer Seselll L E RN FEM2ARTNEAN LSS
Wet CGS with Anaerotic Digestion Il AM RICIN{(LM
Com [ehanct Dy MO wth Primary wet DOS producsos K X0 )
Located relr cattie loeding (Nebeasta) 12 ' BT SME (A& RN
Com ol extracted for Siodeiel and Bodwwel Snplaces Sl UL KX AN FEMERATHSANNSS
AP0 Bgestion of syrup, DGS, and nuneee SIS, AMENMEEAILA

@ {‘;E&Q 2% Lite Cycle Assoclabes

19

Energy Inputs (S| Units)
REVEHEA (sI 47D

M
wh KWh/L 0.20 Q1s 0136 053 0.26
DGS M kgt 0.65 ass 060 0.60 030
Corn O¥ D
M EW SN en 034 Q035 03 0.34 0.34
Co, "Wt i 0 0 061 061 0
Yield W /% i 0.029 o003t 0029 0.029 0.029

@ {‘EBS 2% Life Cycle Assoclabes
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81.7 g¢/MJ Petrcleum Basecase
Without Land Use Credit
81.7 g/MJ AR R lf;':

L rBEBRES

0 | |
| | |
Bage Chrn  High DOGSCOZ WOGES Digetter Bran! Percleum
-20 Fthanol Efficiency 8Bbttlieg CO2 E0OR : Sugarcane
" Ly ' . , lLE S .‘“ A

N - s ‘ o L7 L L DR ’
-0 42.7% 52.2% L'}.r).‘ -74.2% GO.5% L5 0% 0.0%

60

@ {q‘.t ERC A" Lite Cucle Assoclabes

81.7 g/MJ Petroleum Basecase
With Land Use Credit
81.7 /My T AL BS R i
i LB EBREE

'O O Tanipot
(™ L™ .
o« s ‘
Olue eV
y —_— — »
— — .
O et .
U .

V
<
0 A
. ll;‘;‘l."'rﬂ gh DDGSCO? .A\v..'. l:?T\JV~ Nras Peeroieum
Ethaos :“;u"-., Batting CO2 EOR SR arLane
i ./ ' Lol . ¢
0" coo% 674% -1020% 408K TIOK  650%  0OO%
" i

0 LRABRALTE

. nn
o T

@ {qw( ERC 2% Life Cycle Assoclabes
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Total Ethanol Volume that Meets
Japanese Criteria

o B ARRAEN L BE AL

@ {q{ ERC 2% Life Cycle Assoclabes

Ethanol Production in the US o8 SRCCIRIRON JUADY Marmbr of Phasts
% 8 w7 : ——m .

N ;!
w, 10
i | —

D b h

~ 1

o aar

- w 3]

o 28

e Mo by

- -

A "l

A n

™ L
N
on
“
e A I ! L A2
; A
e R R e S R e o

Simple Average of Plant Capacity: 74 o :

milhon gallons per year '
*Excludes multiple feedstock plants s y ’

S 2 2 4 *A
WYL w4000 A
s B WY t
.*.‘-.41,,.‘.‘-!:‘.. ,-,‘.. e v vl Ths e 3

@ {% ERC A" Life Cycle Assoclabes T h
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Volume that Meets Japanese GHG Reduction Criteria
e BARR VA HRER SR

Plants Meeting Plants Meeting
—_ 50% GHG 50% GHG
Reduction With Reduction Without
Direct Land Use  Direct Land Use
Credit Crednt
Base Plant: Dry Corn Ol to & v i RES 8 NANNE RAS o NER LS
DGS; 4  paBiodiesel 1 TEN :"—’(::""‘ 30 i‘:.}:n-;"nujo
Enogen/ 1y
unm ComOilto s wuy Efficiency ' i
Wet DGS Biodiesel 1 WER Improvements 10 10
AaAM  CornOilto ¥ "’3 - VLRCAR LA
Mixed DGS  Biodiesel ' ¥ 0, Food Maskets 35 35
anm ComOilto S EAN Hes B ds
Wet DGS Biodiesel %% o, FOR 5 5
Al s  Corn Ofl to S RMN Anaerobic
Less DGS Biodiesel M pigester FEALN 2 2
Total # of Plants 1 o 82 52
Volume .o v¢,
(gallons) 6,068,000,000  3,848,000,000

@ & ERC 2% Life Cycle Assoclabes @ ®

Sustainability
A FFEEE

@ GERC xeuie cyct associses
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New Software for Sustainability Assessment:
Giobal Risk Assessment Services Tool (GRAS) for United States Domestic LUC Analysis
AR T PO B
B 5 50 (N 8 943 -0 2 ) ) 2 O 0 4 2R AL B 44 9% T JL(GRAS)

. Feeditocks are mot grown on delorested Laindy, Ver wie of lLarge, matyee crop areas
NPHFENRVGRIUEI. MU RBNRATCW i

v Applicable for US com/fioy feedhitocks ISR R ER S KuNH

o Use of NAY kmugery (12 mreschution)  F{HINARIR (12emir MR

< Sde by side viewer of pee J008 and current image for deect compacinon
200818 2 A &2 B 15 R K M AF 1

* Overlay protected areas, carbon masky, LUC risk masio
RERPRIK. ERPULMKINTYMESRISIC.

New Software: GRAS Tool for Global Land Use Analysis — Ensure Biofuels Feedstocks Do not
come from Deforested Lands

FHPE: SRABHA 2 HeRAS L A-AGREMIRNE B XA AL REL MK

Partiularty sophiabie for Sovth Arvarsinn Feeditodhs [supaiate, Corn soy) and ST Ass (Feles, ot |

CRMMTIAREN (B, 1% AU NEAT (BMNY

Ute of Q000 Fatiecad Xesatation lodicn 100 wvagei) powng Disth 10 200

Moo M IRTT (00NN R N2000 S

DWW arenBute amming the Dypan of preen Oowey, sew he halary OF 1he land, sssess doubde Cropong s Getet L XC

HOaNRNEMNAY,. IMiant, THEN, NRimntee

Crssdarnd Ns UVE vlue of 0 B O & e spevwe winAd appdy v Derrarvsd et 3ot h a8« Soersls Dot o & Mgher DV value of 2bonst 04
Comvtrion would sopesr i & e (g # 1hooe with s deop of LVE 10 3 value below 0.2

PAYNEREN 004, HMENFEFTHAIEN, fiMestana, Hioe. IRATEYME. MesnB Yol )

BREBEMNA.
" || Typical for grass/shrubs " Typical for agricultural Double
o T e s ]| Cropeing

o4

o2

RERS
Ermanced Vedetation mdex
o6
A

00
L

FT
M02 -
Jan 03 4
AS0Y
Jer 04
AR D
Jan 08 4
Ar08 -
Jan 08 il
M08
Jan QT
SV LA
Jan 08
2z 00
Jn 09 -
MO -
Jen 10

Jan 02

Jan 01
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Summary/Ngh

« Significant velumes of US produced corn ethancl can meet diverse
international sustainability standards
e R 44 790 T K Z R ST T — AR A e ik 3 5 A (30
bt

«  However, detailed pathway analysis is required and thorough
understanding of international sustainability modeling approaches

PRI, USTVEIRO0RE 1 2 U A WESE N AT (3 B ] & 2 A R MURD vk

- v bk L 4 N
SUESEC 343

New remote sensing tools are now available to verify and confirm land use
and agricultural production practices
RAECTH o O IR TIL, PSS uE A A P A gl

g e

@ {q{ ERC 2% Life Cycle Assoclabes

Appendix [ff {F
Modeling Inputs in SI Units
ARSI IHE: Rtk TN

@ 'E# EBC AT Lie Cycle Assoclabos
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Energy Inputs (in US Units)
eV A (RE AL

IXATWES B 1.0 10 10 10 1.0
€O, - ML ig/gal o 0 23 23 0
Yieks 1. 28 3 28 28 28

@ QEB_Q 2% Life Cycle Assoclabes

Appendix B: [[{ {8
Selected Team Publications

il F BN Hi R

@ QEH_C_ ¥ Lite Cycle Associabes

E )
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University of lllinois at Chicago Selected publications

Z BB R E R R

o Q0,2 0uwnn, ) B, Kwon, M Moeler, S and Wander, M. M. (2016, Influence of spatially dependent, modeled sod carbon
emision lactors en Me-cydle greenhouse gas ememsions of Com and celiulouc ethancl. GCB Bioenergy. Accepted Author
Manuscrige dov 10113 1/gchb 12333

* Qa2 Dunn, LB, Kwos, B, Moslier, S and Wander, M. ML [2015], Soil carbon segueitiation and land ute change associated
with beofued production: emprcal evidence. GCB Soenergy. doi: 101111 /gcbb 12237

* Elcte, ) Sharma, B, Beut N, Glomter, M, Dure, ) Foster, |, Miguer, 1, Muelier, S, Wang, M A Spatial Modeling Framewerk
to Evaluste Domestic Buofuel induted Potential Land Ute (hanges and Emissions, Esvieon Sa. Tecdhnol, 2014, 48 (4), pp 2488
2456 DOU 10,1021 /esdO8 586w

* 1 B Dunn, S Mueller, H. Kwon Land use change and greenhouse pas emmsicns fom corn and celiulone, M. Wander, M
Wang. Carton Calculater for Land Use Dhange from Biokuels Producticn (COLUB ) Manusl, ANLESD/12.5, Rev. 2, May 2014

¢ HO-Young Kwon, Steffen Mueler, Jennider B Dunn, Michelle M. Wander, Modelng statedevel 508 carbon emission facton
under various scenatios for direct land ute change associated with Usited States bicfued feedatock production; Blomass and
Bioenergy (2013), Mo //dudoi ovg/10 3016/ biommbece 2013 02.021

*  Jernifer B Duen, Steffen Muelier, Hoyoung Kwon and Michsel Q Wang, Land anie chasge and greenhoute gas emissionm froem
o aad celidose ethandd, Botechnslogy for Bicduels 2043, 651 dot-10.1186/1754 £834.6.51, Pubinhed 10 April 2013

o Dunn, tenvafer and Steften Muelier, Michael Wang, Jeongwoo Han. Energy consumption and greenhouse 223 emissions from
enryme and yeait masulfacture fo¢ coen and celluiosi ethanol praduction; Botechnal Lett OO0 10 100741052901 210576,
October 2012

*  Muelier, S 2008 National dry maill corn ethasol sutvey; Bictechnal Lett DO 10 2007/520529-030.0296- 7, May 15, 2010

* Muelier, S Research imveshigation for the potential wie of combined Beat and power 21 ratural gas and coal fved ethanyd
plants; US Department of Erergy, 2006

@ &E&C_Z 2% Lite Cycle Associabes

Life Cycle Associates: Selected Publications

Ak W5 AR

Formman, G 5. 302 5 Ureasch (2015) ingegration of Noo-Fuel Coproducts into the GRETT Model [mviron. Sl Techaod DO 10 1021/
S0P

Unnaich, S T Dartington, | Dumartier, W Tyrar, | Pont and A Beoch [2014) CRC Report No. E-88.3 Study of Traraportarion Fuad Life Cycle
Anpiyss: Review of Economic Modiels Used 10 Assels Lind Use Efacts Preganed for Coondiranng Research Counct Proect £.88.3

Boland, 5. 30d & Unegnch (2004) Carton iIntentity of Margnal Petroleum and Corn [thano! Tuels Life Cycle Atsociates Report LCA

LOYS £3 2014, prepared for Rivewabie Fueh Assooamon

Unaasch, S ef al (2013) Review of Fuel Programa, Sustanaddny

Keesom, WM 1 Mieuiner, 308 5. Unedach {2002) TU Pathway S2udy: e Cycle Assesumant of Crode Ods i a furopean Contest. Prepaced by
Licots Engineering aad Life Cythe Associites for Aberta Petrobeurn Marketing Commsuon (APMWC)

Unsasch, S et ol (2010) CRC Report No. £ Review of Traniportation Fuel Life Opdie Anadysit Prepared for Coordmunng Research Councl
Project £ 53

MeCormich, | and S Uraasch (2011 investory of fugithe Embiscas from LNG Tranifers s Calforms Life Cycle Associates Report (CA
BO26.425 2011, prepared for Wartern Propdne Gas Asseciation

Beandr, AR and S Usnasth [2010] Energy intensny and Greeahouse Gas Embisions from Thermal Endanced OF Recovery. Enengy Fueh, 2010,
4[4, pp 45814589

Unaasch, 5 ot al (2005] Astessment of Life Cycle GMG Emasons Asociated with Petroleem Fueis Life Cypcle Ausaciates Report LEA-S004-1P,
prepared for New Tuels Alunce

Unnaach, S (1990) Greechoune Gas Emuuom from Corn Saned Dhanal Producnon and Vehale Une Pregared for Nanonal Corm Growen
AL 00N

@ {&E_R_E 2% Lite Cycle Associabes
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ContactsER R 7 3\,

steffen Mueller, PhD Statan Unnasch
Pr:nn:i.pal E:un;:-;nist Lifie Cycle Agsociates, LLC
Emergy Resources Center ﬁ::;:;ﬂ ii@%j%gﬁi
IR LNVSRID Y OIS TN AL Linchgo fac s:r‘miv '.1 -ﬂ:B.-lfl- 3 ]:3 9504
- Hal 1,484,313,
ek vnnasch@lifeCycleAssociates com
Chicage, IL 60607 =
(312) 316-3498

muellers@uic edu

@ {‘{ E_Rc AR LHe Cycle Associnbes ax
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r SUSTAIMNABLE
M:EE.G‘E FOR ALL
—
Sustainable Ethanol Fuel for Rural Development
and a Low Carbon Future
1 F F A b A R A B A e ] Fep sk 2L RERR

U.S. Grains Council
Octobeoer, 2016
¥ [H 22 b £
20165610

Gerard J. Ostheimer, Ph.D. ZEfr-J - BEiEe R+

Global Lead 2% FH

sustainable Bicenergy High-Impact Opportunity

A F A A i B A R v A LB
Sustainable Energy For All

A NEEAT O] FFELRE IR

NARRATIVE [i ik

* Biofuels are necessary to de-carbonize the transportation
R T 7 - T

* The misunderstanding regarding the relationship between Biofuels and Food
Security is a barrier to increased use
O A AR L HIIR 1 42 4 2 () G 2 ) AR A Boms 30 ™ I i Y

« New policy tools create the opportunity to accelerate bicfuel deployment
W VB T A e R el L2

* Internaticnal Agencies are now working to up-scale Sustainable Biofuel
Production and Use
% R B ML O 26 300 -4 0T 4 A2k At 2 1o 3]y A L

Low carbon fuels are
essential to achieving our
anvironmental, social and

aconomic goals

'V,!{"' A OB S
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Internationol Energy Agency: [ Fr 11E ¥ iH 1

To limit warming below 2° C Sustainable Biofuels are needed to reduce emissions from the Transport

Sector

B ‘u\ .-f:.{k'«"l!" a2 Ct J.h. < :&” "(.- h‘rll I] '1*4 M, .‘i’b‘[ Y

Source: IEA )'ecnndwy RoadmopBw(uele for rranspon f20m
Wl AT LM IEARRIEN

X 4

BLUE Map eeammport FTUSom,
NN

Node Moda! ity (st nChuded) Coud Comtrnte an addtionsl 1 B CLCO g of emsaion reduciees

o EMic er-'y l'rpn:r.rmc'\ts JH‘ essential to reduce transport emissions
HEGEBRPESBIRE LY
11 & ' v L N -

«  Biotuels can reduce gabnl tr.msporl emissions by 2.1 Gt CO,-eq. in 2050
TN 2050 TERE (8 SRR MR MK 41 %5 1721 Gt FLiLEE.

« Yo achleve these reductions, all biofuels mmt nrovnao cons dwah’onfr-q‘:lo GHG emission reductions
ST Ll 5. A A TR0 2 O 1 O 4 N DR 2 L R AR 10 SA

Yo remain below 2* € of warming, Sustainable Biofuels are needed to reduce GMG emissions from the

Transport Sector
VHM R TR EI LI, RSN TR, MR

30 - IEAROADMAP 2011
1EA 2011 8456 1

3

Fos bovadongy Buaddeay (3

— b

G °

2010 Jdl )OIO 202': 2030 )OJ‘J 2040 2045 ?0'-0
; 282 R wEn
| Biomethane *: %' 42 [l Biojet®: 4t Il Biodiesel - advanced 4. I Biodiesel - conventional

M Ethanol - cellulosk ',':‘ W Ethanol - canerzzm Ethanol - conventional #%Z®

+ Global c,xoh,tl supply gruws hom 2.5 £] 1oday to 32 £) in 2050
2050F) P IR Tt WIR{E(42.S EN S F{32 ).
» Biofuels share in total transport fuel increases ‘rom 7'*. 'oday to 27% in 2050
20505 Mt 1 (5 A M b 6 R 76 RS 2% 1S F27%
» Inthe longer-term, diesel/kerasene-type blofuels are particularly important to decarbonise heavy
1ransport modes
‘\| g {' 25 ""f" s g --.'«‘r'” 2 ;\.'\-,-‘ 3 .').J, } ,',,,l .
* largesc ale doplnymmt of Mva'\rod oty els. ‘.:.al 'o mwl the roadmap targets
NN HBLIF R IV EDMmE Y FARER RN,

- ———
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Ethanol will plays an essential role in de-carbonizing transport

LRHEZS A AR e

35 =

30 -

25

20
bre

15

10

5

Ethanol
' T ¥ ] i R ! Z.ﬁ?
2010 2015 2020 2025 2030 2035 2040 2045 2050 —
I Biomethane 2wt [l Biojet 2w [l Biodiesel - advanced Sag M Biodiesel - conventional
M Ethanol - celiufosic Z'.“ W Ethanol - cane ez Ethanol - conventional itz

* Due to technological advances corn ethanol is becoming advanced with
emissions reductions > 50% relative to gasoline
A THRM Y, RLMSVGRMIIEE, SIEEL50% HRE¥X.

0

A R A IS FES (e A S B R o 0 9% 2 AR s 2k P Y B A

Global biofuels production 482k #eet >l

— —_— - n "~
Py e 205 gt o4

205110

Sanon Mres

N . HUx L
d bahan oo
Limn et esevgy
(VRO

i . y s - Rewve TR 0K Saening Tman Dnargy Progrons
Biofuels production affected by policy uncertainties in a number of key markets,

EPRR A LR AT e 2 B ECR A E AR,

* Without significant improvements of the policy framework for advanced biofuels,
long-term targets (27% in 2050) will not be met.
WS S E P DGR EORRE AR R R o, RIEH R (20505 A
27%) R,

* Need to create new biofuel markets.

i BT R R L P T 3% . s
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Projected Ethanol Use in Asia is Insufficient
IF o ) U L 8% 35 P AN A2

b e
—_— Foed

o L : 5100 e
, o X Fuel Onty &
. = (L) e 3200
t\\/ Rl
N Fmaenn st00.  MAW
0 23- U Al Now-Bev z
g 22
36,100
)Q
“0 o o
~ 130
(<lmy, Consumption (MLtrs) 2014 vs 2024
@ 202“‘:‘4'2024‘““&&»“%”« ARRRANTRES FH
Arrows indicate larger ethanal trade Bows cerrent)

BAXFARZONRRAN (M)
Failure to use ethanol in Africa and Asia will be a missed opportunity to

S A R MRk & T LS
»  De-carbonize the transportation sector; and “2 ] ¥k 2 B {0 0
* Increase regional investment in Agriculture. 18 X AN

E10in Asia requires 20 - 25 Billion Liters of Ethanol
{5 TF A TR ELORA L B2 200325012 7 ZBY
d -

15 7
3 -

(Y]
(0]

1.5 9

= Billian Gallans
bk

1 -+
88 =8B 3:

i} |

o

82
-

China =:[% India ERE lapan &

Stable ethanol demand in Asia would stimulate
investment in Agriculture in Asia; thereby, increasing yields and increasing food

SeCurity.

JF #1020 i R 2 R T A Ak A, S, R .
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Barriers to Bioenergy Deployment

T R Py RE YR O B g

= Lack of Awareness and Understanding of Bioenergy

taht 2 A 4t e 0L ) P A R G R
* Perception that Bioenergy is Unsustainable
WHENREFAIRFEMR S
* Lack of Policy Stability
Gt E R
= Lack of Catalytic Finance
i 2= A 1k 4
* Lack of Sustainable Supply Chains
] E s Wi g R TR

- Poor yields, Bad roads, etc

=, MAOLE, F5H

Misunderstanding the "Food and Fuel” relationship
i “fralREEE" X AR RRE

Commodity prices spiked in 2008, inciudirg food prices

2008 MUK IBBEA, (LB R

Biofuels were blamed

LR naRILS

Since 2008, diofuel production mcreased but grain prices fell

2008411 % AR ERATIROR B

Despite contrary evidence "Food versus Fuel® story i soll propagated

WHRLEEML. “MaMiuP " HAE0REE.

g« STRONG correlation between bicfuel volumes and
,r:nn prices 2005 - 2008
3 2005.2008% BRE P WABHHHEHE
WFAK corre ationafter2008 o "Wy aasaene® |
20 2008'1 12 I 5 SN X

I
|
iy

I
|
I
1
1
1

ll .’r-.”u“lmf-ldlnc ‘

1 . |
n |

bl

mmxmmwwmm'mmm

100

5

~
i
=
=
g2 8 &8 8 &8 2
1001 = 000 ‘scwy wampon wognpasd IOy Ao OGN0
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Critics assume direct competition between Food and Ethanol that harms

the Global Poor

P EHEE MM Z AT T LR, R THAREAND

R, F, a0
oy DAl
SRS
2R, BE
RSV
B!

For Ethanol to compete with Food
PSR SR GRS

1. The amount of food in the world must be limited; and
AR A S RUET R, A

2. The global price of gram determines local food availability.
SERO RS GUE 1 R ] IR A

Hunger is NOT caused by a Global lack of food
VLT HF A S BB A 2 S 3

What causes Hunger?
At 4 SECT L3

www.wip.org/hunger/causes

’ho world produces enough to feed the onrro global population of 7 billion peaple

CEY R 7 N M A R 704 A 1T
*  Andyet, one pu;c'\ in eight on the uLmo is hungry.
fl (e RLEE . AP AR — T AEZILE R

1. POVERTY TRAP % 95 JR 1

2. LACK OF INVESTMENT IN AGRICULTURE £ HEE A E

3. CLIMATE AND WEATHER “{ i 7% {5 #1 7(

4. WAR AND DISPLACEMENT Al v F1ii0 25 9 97

5. UNSTABLE MARKETS i1 15 20)3%

6. FOOD WASTAGE f§! frift # HUBEN:S oriven by lock
conditions.
UL 2t 25 2 3
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Corn is getting cheaper: I K111 4% (G
Supply is meeting demand at the global level.
BRI N R 0 2 R

Long-term pnce of maize in real terms 1908 - 2024
1908 - 2024 F K S WS Brfir kg (96 70 /1)

———— R Mace Proe = = = Long Term Fend

=1 Kmng

usDA
120 p

1000

JU S g g g R g R ARl g g P

Note: The US yeliow #2 Guif maize price is used as 2 benchmark for the cosese graln world market price. This price Is recoeded back w0
1950 = Wordd Bank datasets as monthly dats Moarhly prices were converted 10 ansual averages using the maire marketing year
Septembeor-August. Tor the years 1908-59 the series Is extended uaing the relative changes in “torn price received”® from the USDA
quickstats, Nomisal prices sre deflated using the consumer price as reported by the Tederal Dank [www minnespolisfed org/
Compnarity educemonteacher/caic Nist 1 300 of'w)

Statline s Mip/dadol org 10 1 PE7/SEES3283 00

Global Corn Supply has proven to be elastic in response to increased
demand for Feed and Fuel

S B 2 R R A T T AR el ] ] R RO R

120
110
100

00

BOO

o 700
A3 500

=
500

400
So iIIIIIIIIII 111l

100
B5 87 B9 91 93 95 97 %9 01 O3 0% O7 09

MEllon Metric Tonnes [MAMT)

Crop Year Eeginni
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In 2016 corn is selling between 53.50 and 54.00 a bushel, yet ethanol
production is as high as ever
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Speculative Buying Drives Corn Rally as Farmers Sell
ommercials sell to hedge as funds bet on inflation
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QECD-FAO OQutlock: Main uses of cereals in developed and developing countries
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The dominant use of cearse grains is for animal feed
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U.S. corn for
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ethanol is from increased production.
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Investment drives annual increases in U.S. corn yields
Ay Abe — - "
L BEEET REEREOEERS
Blotechnology :
140 Wit o
v
120 ,’2./.-"
Single Cross 0/
= § 100 Htids Lo/
= € . : \ Ak i
< % Corn yield in Developing RZEH .
= Countries Fa,
= » 450 i = sle A b .
. 60 | A2 Mg w3 (BB RO $
M
40 Open RS
20 | ETeTEE -".""
0
1860 1880 1900 1920 1940 1960 1980 2000
*  Corn and Sugar Yields lag in Developing Countries,
A PR E S ST OR T R
* Investment and improved agronomy are needed; &
o il B SRR Z MR
» Stable demand from biofuels would de-risk investment
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The real threat is that grain prices will drop
and suppress investment in glebal agriculture.
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Don't bother growing
your own food . . . Just
eat our cheap corn!
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Extremely low food prices suppress market entry
by developing country farmers forcing them to
remain in the POVERTY TRAP of subsistence
agriculture,
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World Food Program

LACK OF INVESTMENT IN
AGRICULTURE
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Hunger is driven by local
conditions.
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For Developing Countries to NOT produce ethanol is a last opportunity to boost global

agriculture.
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agricultuml productivity and food availability,
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7 While higher food prices can reduce food accessibility, bioenergy can increase rural family
incomes and hence improve the ability to purchase food.
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» New infrastructure built to support a developing bicenergy
sector, can improve access to morkets in various industry
sectors, thereby increasing overall accessibility
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2015 Scientific Committee on Problems of the Environment [SCOPE)
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UN Food and Agriculture Organization studied
the impact of bioenergy on food security
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Benergy

and Food Secunry and Food Security and food secwrity

Result: Bioenergy is neither autematically geod, nor
automatically bad for food security - it depends
on how it is produced.
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The Global Bicenergy Partnership promotes the sustainable
production and use of bioenergy.
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GBEP Timeline: 4= ER A= 49 fE Ik £ 1 1] 2

2005 GBEP founded to promote “the continued development and
commercialisation of renewable energy ... particularly in developing
countries where biomass use is prevalent”.

2005 GBEPAR L, BUNT “WIMEREMIA MR ERE ML, RIELHN
MFESENRHHREPEK, "

2007 GBEP creates a Task Force on Sustainability to develop criteria and
indicators of sustainable bioenergy development,
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2011 GBEP releases Version 1 of its Methodological Framework for GHG
Lifecycle Analysis of Bioenergy
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2012 GBEP publicly releases report on 24 indicators of sustainable bicenergy
production and use
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GBEP developed 24 indicators of sustainable bioenergy
production and use
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GBEP indicators of sustainable production and use of bioenergy

provide a framework and a toolkit.
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SUSTAINABILITY SUPPORT TOOLS
AR S I

7 After 2008 international agencies and groups did research and developed tools 1o support

sustainable bioenergy production and use
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Key messages on bioenergy from FAO’s work
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governments and operators reduce risks and

enhance opportunities of bioener
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*Per se biofuels are neither good nor bad.

What matters is the way they are managed
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*Small-scale bioenergy is important for rural

livelihoods and not very risky

are now available to help

AERUE MR TRM AR, ARRAX

SBGHE Lo AT

sharing Uilwh?

3% LIS E: 3 T

R Fud &

1
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Increased Agricultural Productivity
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Low Carbon Fuels

SE4AIl Sustainable Bioenergy Group
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The S8G will promote L
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Knowledge enhancement and information
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Policy and sustainability support "
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Leveraging International Institutions to Drive Deployment
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Sustainable Bioenergy Group connects the Private Sector to SE4All
countries and Stakoholders
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The Low Carbon Fuels LCTP is deploying
technologies to mitigate emissions from the
transport sector.
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Large-scale deployment of sustainable biofuels will require joint effort between
the businesses and governments.
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Public support for the transition' to low carbon fuels should
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+ Increase market demand for low carbon fuels,
BRI EL A 13 T R

« Promote investment and support for innovation and R&D,
(i R RS G 3 RO B AL A HL B R HY

+ Provide clear standards for sustainability criteria based and reward
emission reduction performance,
RO RF AR E MBS SE B a0 b, SERIMKIE T A)

« Provide policy stability, including carbon pricing systems, $o as to boost
investor confidence.
fRIF B, BEREMN RE, DR HREAEC
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Biofuels for Sustainable Development in Asia
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Stable policy support for ethanel in Asia will
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¢ De-risk regional trade in ethanol; and
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. Increase regional investment in Agriculture
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U.S. and Brazilian ethanol can jumpstart use in the region
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SE4ALL Sustainable
Bioenergy Group
SE4ALL mIH 44 MREIRER
Gerard J. Ostheimer, Ph.D.
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Global Lead and Secretariat
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GEOE@novozymes.com
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Rethink Tomorrow
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Congressional Research Service
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http://digitalcommons.unl.edu/crsdocs/26/
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MTBE in Gasoline: Clean Air and Drinking Water Issues

http://digitalcommons. unl. edu/crsdocs/26/
Updated April 14, 2006

James E. McCarthy and Mary Tiemann
Specialists in Environmental Policy

Resources, Science, and Industry Division

Summary

As gasoline prices have risen in March and April 2006, renewed attention has been
given to methyl tertiary butyl ether (MTBE), a gasoline additive being phased out of
the nation’ s fuel supply. Many argue that the phaseout of MTBE and its replacement

by ethanol have been a major factor in driving up prices

MTBE has been used by refiners since the late 1970s. It came into widespread use
when leaded gasoline was phased out — providing an octane boost similar to that of
lead, but without fouling the catalytic converters used to reduce auto emissions
since the mid-1970s. MTBE has also been used to produce cleaner—burning Reformulated
Gasoline (RFG), which the Clean Air Act has required in the nation’ s most polluted
areas since 1995. The act didn’ t mandate the use of MTBE (ethanol or other
substances could have been used to meet the act’ s oxygenate requirement), but price

and handling characteristics of the additive led to its widespread use

Under the Energy Policy Act of 2005 (P.L. 109-58), the RFG program’ s oxygen
mandate terminates on May 6, 2006, and refiners are scrambling to remove MTBE from
the nation’ s gasoline supply by that date. The phaseout of MIBE (like its use) is
not required by federal law, but gasoline refiners have focused on the May 6 date
because of concerns over their potential liability for its continued presence. MTBE
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has contaminated drinking water in a number of states, and about half have passed
legislation to ban or restrict its use. Hundreds of suits have been filed to require
petroleum refiners and marketers to pay for cleanup of contaminated water supplies,
the cost of which has been estimated to be in the billions of dollars. The petroleum
industry has maintained that it used MIBE to meet the RFG program’ s oxygen mandate
and therefore should not be held liable. That position could become more difficult to

maintain once the oxygen mandate is removed

To replace MTBE, refiners are switching to ethanol as swiftly as they can,
leading temporarily to supply shortages and higher prices. The ethanol industry
maintains that there will be sufficient ethanol to meet demand but concedes that
temporary shortages exist in some parts of the country that could affect prices until
the end of June. These shortages and higher prices have led to renewed discussion by
some of exempting gasoline refiners from liability for MTBE cleanup (a so-called
“safe harbor” provision). Others have renewed their call for federal legislation to

stimulate the construction of new refining capacity.

Besides removing the RFG program’ s oxygen requirement, Congress provided a major
incentive to the production of ethanol in the Energy Policy Act of 2005. Under a
Renewable Fuels Standard, an increasing amount of the nation’ s motor fuels must
consist of renewable fuel, such as ethanol. The law requires 4.0 billion gallons in
2006 (a level already being achieved) and an increase of 700 million gallons each

year through 2011, before reaching 7.5 billion gallons in 2012.
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U.S. Grains Council
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