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Biofuels and Climate:
United States Efforts
AR RL RIS

Many policy and regulatory structures around the globe recognize biofuels’ potential to reduce global warming.
TH 7% [ 22 TSR AN 8 A AT AR WD ORI el A2 A BRAR I ()9 R
In the US the Low Carbon Fuel Standards (LCFS) in California and Oregon as well as the expanded Renewable Fuels
Standard (RFS2) have successfully reduced carbon emissions from transportation fuels.
FESEE, INFAE S P AR5 XM R RRE (LCFS) ARSI T AR RE (RFS2) BT T
ACIBIR BRI
While both programs replace gasoline with lower carbon fuels, the RFS2 specifically provides volumetric blending
requirements for biofuels whereas fuel suppliers under the LCFS need to meet performance based GHG reduction
targets from a fuel mix of their choice.
PRSI H # AR AR IR, RFS2KFI St T AEIIREHE S BC LU E I BSR4 MELCFS I 2SR PARHE R
i E AT BRI R 2 B LU AE 7 253 T S B 45 SR 19/ e & AR B A

0 The RFS2 creates GHG reduction categories for four types of fuels: biomass-based diesel, cellulosic biofuel, advanced biofuel, and

renewable/conventional fuel. For example, corn ethanol must meet a 20% lifecycle GHG reduction threshold, while advanced
biofuels produced from qualifying biomass must meet a 50% reduction in GHG emissions.
RS2 PUFHRAL R BRRL Gt 1 i == SR HEBC A . AR St 2P4ERAERRE,  Sedt AR A ] FE A /A Gkt . 45l
i, K CBE A 2R 2 20% 4 i S 2 A Dk T TA, 170 AR SR IR AR P 5 2B 77 1 Sl gk AR OB 2T S B Ui = AR Tk
HES0%

0 The LCFS in California requires a 10% reduction in the carbon intensity of transportation fuels by 2020.
IR JE M ) LCFS 3R 20204 2 Fif A 8 MR BB K B sk 21> 109%

0 Both RFS2 and LCFS consider emissions from land use change

RFS2AILCFSI & 1 - HboA) A 28 58 (I HEK
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Biofuels and Climate:
European Union Efforts

é%iﬁi*ﬁﬂ’—ﬁﬁ:
— FKEEESRE

*  European efforts under the “Fuel Quality Directive” are similai & : qerre
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.

RRERAE “BRBLF SRS MEZL T 2848 S5 LCFSH 7 350, HR =S HEE br AN, 1 H
AR AR AR A BEIRVER” S5RFS2MH—3 2 TR AT LB EKR

e Significant differences exist between these international efforts in the treatment of emissions
related to land use change (LUC) prompted by biofuels production.

B B AR RE A = 5 | S 1 bR FH AR S AR S HE IR AR BE A 55 B 3 B Xl

* In Europe, due to the evolving science 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.

FEBRRPN, BT R R AN i R AR 58 S B0 HE O DU R A, AR Edi 200 — R A
AT iR 2 AR VA I GE BR AR AL L R B AR 5 S 3 HET

*  Corn ethanol must achieve a GHG reduction of 35% over gasoline (with an increasing threshold to
50% starting in 2018). However, biofuels must be certified for sustainable production based on an
EU-approved certification protocol.

Fo K W 250K B AR MORHR AR 2 S8 35% (M2018F iR Mt — b i, ik 3
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Biofuels and Climate:
European Union Efforts
AR AT S i
K BH 25 3

° 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 — ISCC or RSB) of the greenhouse gas reductions and additional
sustainability criteria such as feedstock sourcing from non-deforested land.
7£2010-2011 1IN [HJAESE N, 2 53 TR E B QBE A7~ Sl H D BB, BROHE
BOR BAT TR = SRRl At AT 455 S A v DA A i e DXR i SR} 45 5 —
JirNIE CAn ] B m] 457 25 % e AR A IE—ISCCERRSB) o

e 23 plants in the US were ISCC certified. The certified plants span a wide range of
technologies, owner entities, and geographic locations.
23F L E M AFE] TISCCIAE . IXEEPAENY )72 0 A T HoR Sk . sk =0
HHRAT

* Note that several other US-based plants would have possibly met the EU GHG reduction
threshold but may have chosen not to participate in the export markets to Europe
BOF B SR TR ER) K] RERT & B IR = R T, (H kA AW
K H BT 3
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Biofuels and Climate:
Asia Region

AR AN S i - |

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

H At J5 28 3G D0 A= VIR E I T VRS B

* Imported ethanol 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 energy supply-demand structure.”
i3t ) CBEFNETBEWS IO 7 2003 /2 “ BE TR AL SR 45 K DG4 Tt AR nl] 2 1% 7
FIE AR BRI U8 HE 5 09 11 [ T -

* Emissions from LUC are considered but only those associated with direct LUC
have to be included in the life cycle modeling effort.
TR AR B RS T E, B RS BB R R R AR B A O A
A B FEE A R .
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US Ethanol Volume Meeting 50% GHG Reduction
2% E 2.8 & 77 /2 50%15 = AR HER B R

*  We showcase the volume of US produced ethanol that, for example, can also meet the stringent 50% GHG
reduction requirements set by Japan
BATER 1 367" CBRER R Re8 i 2 LLH AN ™57 1 50% i 2 A g HR I 225K .

*  The “Judgment Criteria for Oil Refiners on the Use of Non-Fossil Energy Sources (Ministry of Economy, Trade
and Industry Public Notice No. 242 of 2010) regulations” detail the life cycle modeling (LCA) requirements
including the ultimate emissions reduction threshold for ethanol of 50% (41 gCO2eq/MJ) compared with
LCA-based GHG emissions from gasoline (81.7 gCO2eq/MJ).”

“pa) AR A RRIRIAEARIE T (&BTF. W G TE20104E 552425 A ) TEANRLE 1T &
R (LCA) BUEESR, BL4E SR LA T 2k T 4 J A 2 (iR = AR B 4 k> 1A 50% T I (41
gC02eq/M))

*  Many of the LCA guidelines from that document are closely in line with the European Union’s Renewable
Energy Directive (RED)

O 22 T4 e AR Y 4 S ) 5 KK R Y BT AR B YRR 4 (REDD AHADMEAR o

*  For past exports of US ethanol to the EU the achieved greenhouse gas reductions were often assessed using
the Argonne GREET life cycle model funded by the US Department of Energy.
ik 2% 3 [ H Wk B HH 1 ) G 38 s FH 5 [ se i 8 5% B ) o7 SI2 46 25 GREET 4 Ji BB B0 o) g iimt == A Ik
R 2 3 AT VP

*  Therefore, GREET is used in this analysis

Kk, GREET#: FH T b 4T

@ { ERC A® Life Cycle Associabes




Employed Life Cycle Model o ®B b iy

{5t P £ 4 B S GREET

LIFE-CYCLE MODEL

The Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation Model by Argonne National
Laboratory (a US Department of Energy laboratory) is the gold standard for life cycle analysis in the US and it
contains the most up to date databases on US production methods and the efficiency of the US agriculture
and energy sectors.

By ot [ K el s (S ARl s gn =) Al A m 4y ijZ/ ﬁflli P RN e YA FH S AR 2 5 [ 4
JA B 0 A ) <6 ﬁ{ﬁ B0 E T SR AR = T VRN 3 AR M AN BRI AT s 1) SR R

GREET is a flexible LCA model that can be and has been adapted to fit regulation-specific guidelines including
those set by the California Low Carbon Fuel Standard, the EPA RFS2 and the RED.
GREETRA RIEPEN 4 R IPH AR A, Rt A BARRLUE BTe 0780, A4 InAIAE JE WARBR SRR
#E. EPA RFS2FIRED.

In light of the Japanese alignment with the RED we assumed that GREET based modeling would be accepted
by Japanese regulators.

FRE R HAM LM SREDI — U, FRATHEE 2T GREET B AL 9 254 H A I B WA P 22
As with modifications for LCFS, RFS2, and RED type pathway modeling GREET can be adjusted to fit the
Japanese “Judgement Criteria.”

MIE L XFLCFS. RFS2FIREDZEAY (B4R A AY () %2, GREETA I IR A& N HASH) “HIEFriE”
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Introduction to Life Cycle Modeling:

System Boundary for Selected Corn Ethanol Pathway
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lllustrative Example:
GREET LCA Emission Steps and Life Cycle Stages

Kl7~: GREET LCAREB 2P B AN 4= B HHM B,

GREET has detailed emission

profiles for each production 80
input along a fuel pathway
GREETVHIR [ Ak ER AR
AP AT R HE G

B Ethanol T&D

O Enzymes & Chemicals
Electric Power

B NG Boiler

g Corn Transport
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Leading-Edge US Ethanol Plant Technologies
that Provide CO, Reductions

S [E| LA i BT £
S INERER T
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Qualifying Technologies that Provide CO, Reductions

SEIL AR IR S R BOR

* Corn Oil Separation at Ethanol Plant going into Biodiesel Production
CBE] Z0 BARMMEHAT 0 B, TNED SR A

° Enogen and Energy Efficiency Improvements
BR U R i B AT RE VR BCR BHE =

e CO, Recovery for Food Industry or Enhanced Oil Recovery
AT PSR T B ol B S v AR SRR

*  Wet DDG 7 JFFi

» Anaerobic Digesters R4 41t 28

» Direct Land Use Change E %+ HhF| A 5

Technologies will be detailed in the following slides

NI LT AR REAT SR DT T VR
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Corn Oil to Biodiesel

ORI B A PP 52

* Corn oil separated at

ethanol plants provides T IB105
feedstock for biodiesel 20154 AP i S R
oroduction 2015 Biomass Based Diesel Feedstocks
Zxﬁgr%XﬂLfﬂéiﬂﬂ iﬁ’?ﬁgﬁj\ Canola 6% Other, Recycled

1%

oAt JRYIEIL

B, oIS mtRL

* Two Uses: = Soybean Oil
PR A 35 p——
0 Sale into Animal Feed = Corn Oil
Markets ® Used Cooking Oil
AL SRR T

®m Canola

O Substitution for
petroleum based diesel

fuel I | . l .| . . l
J A T 2 S ) A

P
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EnogenfH iR it

* Syngenta’s Enogen product has directly incorporated enzymes into its corn
traits.

Je IEIR 2 |l R B AR 7 i BB B 0 21 TR MR
* The technology is now used by 18 plants producing 1.3 billion gallon of corn
ethanol (EPM 12/2015).

WIHE AR WS E18F ) KN, 7= T13Meint £ K 8.  (EPM
12/2015) .

* According 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%.

RS R AR B UL, FHERK AW INE KR CRE - =185 3%,
TAE T3%HIH T, 8D RIN A HIK10%.
* Example: Western Plains Energy

Sl PUHEP R IR 2
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CO, Recovery at Ethanol Plants for Food Industry Use and
Enhanced Oil Recovery

NZE S ES =

—_— =

N
i
.
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*  About 40 percent of the North American merchant market for CO,
is sourced from ethanol plants.

JESET i AR T Z140% I BN LA =] RIH
*  Each bushel of corn produces 17 |bs of CO, during fermentation
Bl 2 UH ORI R v 1785 — S8 Ak ik
*  Ethanol plants produce CO, for both:
CBEAE TR R AR T RL T B Y
0 Food/Beverage Industry as well as for
ELLVA%S TN AP YN
0 Enhanced Oil Recovery
PSSy
* If not recovered as a by-product CO, must be produced in
conventional CO, and Dry Ice Production Plants:

GRRBAVE R i B, SR Fe AR 48— A AN T

UK F A= . .
O Fuel source: low Sulphur content diesel, kerosene or natural Conyentlonal CO2 plant fired by
gas. fossil fuels
PRSI KBRS, Bl KR g — AR ) LA R

(5Ll
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Wet DDG and Anaerobic Digesters
FE RS A IR 7

Wet DDG {55 ¥l

* Nebraska Plants collocated with feed lots
AR T ) AR SR i A —Ab

e Skip the drying step of Distillers Dried Grains and ship feed wet to feedlots
BT TR R T D R BRI R 12 2 R 5

e Significant energy savings
KIEHAE T RER

Anaerobic Digesters K% 47 fift

* Anaerobic digestion of syrup, DGS, and manure
FHTRESR . IR AT AER} ) PR 28 0 i

* Digester produces biogas for energy production offsetting onsite energy use
S s P BRIV P VA, HRTE T I YRV AR

* Example: Western Plains Energy LLC in Kansas (also uses Enogen)

Sefpl: S U AR T R SR AT PR 2 m] (A8 A AR e i)
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Direct Land Use Change

—
= BN AR R
e Direct land use change to high corn on corn rotations around plants provide annual
carbon sequestration

B MR HIAR B AR T I AT i R s K IE M AT B R 1EAT B [5 16

* Derive state-specific carbon sequestration factors based on the GREET CCLUB
database

H:T-GREET CCLUBZLH 2 H2 AR e ] [ ok [ 446 PRI 5

e Soil carbon changes for mixed cropland going into corn on corn rotations under
convectional tillage; 100 cm soil depth; CCLUB Version 2015; C-Database Tab Column
IICHI))

FEARGEHHE T M RE R AT SOKREM 5K 842 100em L IEIR
CCLUB2015hi; C-##fE/E “CH” FikTi)

* Recommendation: Credit under Japanese Direct Land Use Provisions could be applied
if transitions to high corn on corn transitions around the plant are verified

A B 1) R 3 e e A T ORKGE MR e e 2e i g Uk, DUE A HAS
i e ﬁﬁﬂ?ﬁii/ﬂﬁﬂlﬁ?ﬁﬁ AL

@ { ERC A® Life Cycle Associabes 16



Transport from United States

5 L X 7k iz

Rail Shipment of Ethanol to US Port (1750 miles) followed by Vessel to Korea
CEEEI B E A S E R (175098 5 , ARG s 25
- - - ' -..- - } ; i > . %

i

M seewme S o b J‘\ W

@ {g EBC AR Life Cycle Associabes 17




Model Inputs and Results
R gy N AN 45 2R
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Technology Combinations

MARHE

AW |

Base Case: Corn Ethanol Dry Mill ZEAEZH: T K AEET BN L

0
0

Dry DGS production —T-JF5 fi 4= 7=
Corn oil extracted for biodiesel and biodiesel displaces diesel

b B SV I G ot /L SiRG o //E ST R =g ae S|

Wet DGS with Efficiency Improvements 20 e - 15 7 Fl

0]

0]

Corn Ethanol Dry Mill with Primary wet DGS production, Located near cattle feeding (Nebraska)
PR F W KGR, AT AEgRg e C AR D

Corn oil extracted for biodiesel (1 Ib/bu corn) and Biodiesel displaces diesel

R A8t okt Rl U ROk = — %) AR S B S

Enogen and efficiency improvements (+3% vyield, -10% NG, -3% power)

PIER IR ZRIRTE (BAP743% , RIRK-10% , L 711-3%)

Corn Ethanol Dry Mill with CO, collected for dry ice and beverage
EEKRCEETEE), WE ST T KRRk A4 5=
Wet DGS with Enhanced Oil Recovery ¥ P9 FE A1 g 2] SRR T

0]
0]
0]

Corn Ethanol Dry Mill with Primary wet DGS production ¥E /A8 i) 5 B H P24 LK AW T B
Located near oil production (Kansas) iz T- 7=/ K ir (B
Corn oil extracted for biodiesel and Biodiesel displaces diesel#EH £ Ay H T AE W58 i 5l A= 47 48 3l B AR 58

Wet DGS with Anaerobic Digestion & /7548 A1 PR 48 v Akt

0]

0
0]
0]

Corn Ethanol Dry Mill with Primary wet DGS production &K Z B 1)

Located near cattle feeding (Nebraska) £/ T-#&2F3 Mtir - (A Rz )

Corn oil extracted for biodiesel and Biodiesel displaces diesel#H £ Ay H T 2B W58 v 5l A= 40 48 3l B AR 58
Anaerobic digestion of syrup, DGS, and manure {3 #5279 REATAERL ) PR AR TH Akt

{ ERC A® Life Cycle Associates
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Energy Inputs (SI Units)
BEVREIA (SI BN

Natural Gas

RIRS 6.83 4.55 5.85 4.55 0.84
Electric Power

WA 0.20 0.15 0.36 0.53 0.26
DGS Yl 0.65 0.58 0.60 0.60 0.30
Corn QOil BD

KT AR Y e 0.34 0.36 0.34 0.34 0.34
CO, &b 0 0 -0.61 -0.61 0
Yield Pz 0.029 0.031 0.029 0.029 0.029

@ {g EBC A® Life Cycle Associates 50




81.7 g/MJ Petroleum Basecase
Without Land Use Credit

81.7 g/ M jH Z: it SR 451
G 1= bR FH FC 2
100 .Trir\%sport
Eﬁ%é‘rmljlant
80 Esrming.
K7
[J Co-products
60 o Rl i
% % Nie%t%’ﬁ
o 7% z
20 &
<&
0
Base Corn High DDGS CO2 Digester Brazil Petroleum

Hiit  Sygarcane
-60.5%  -65.0% 0.0%

20 Ethanol Efficiency Bottli
= &b :F‘Yg\ !

Ei Lk om  maihe
TR
-40 -42.7%  -52.2% -85.5%

-60
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81.7 g/MJ Petroleum Basecase
With Land Use Credit

81.7 g/MJF T FE A 2R 41
A A A A B2
100 ETranspert %53F
@ Ethanoel Pla%@}—%
80 D Farming =
Dlrectund%s%
60 % % 1 co-productsd!™ it
7 % ONet g
R EEE
<> %
20 Q e
V/
0 & & mh
Base Corn igh DDGSC02 \ igester  Brazil Petroleum
20 Efrarl Eficiency Bpttling CQ — Sugarcane
Lap HHERZm Rk —1 Wikl R £
-592% -67.6% -102.0% -$0. -77.0% -B5.0% 0.0%
MTATLY i
-60 UL BR SRR
TR,
-80 AR AR T
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Total Ethanol Volume that Meets
Japanese Criteria

e HAMMER OB S E
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Ethanol Production in the US

PR TR
. State Sum of PRODUCTION (MGY) Number of Plants
% % Z EE?FZ: . A 3937 42
NE 2081 26
MN 1169 21

IL 1597 15 e—
SD 1032 15
. | IN 1163 14
‘HI,ON MONTANA S \ KS 447 11

- g - oz PE
, ; =L ) ; MAINENNOVA SCOTIA wi 537 9
e ‘D* WYOMIN N s z ] OH >28 /
A : V. OCT?‘?BO?JM MO 256 6
0. T TR : YDEN.,”““’* M 273 5
an Frani VIRGINIA
_ , it ND 465 5
", |ESOLE:$:A UKLAHUMA’\HK‘\,TENNESEEE CAROLINA CA 215 4
SanDiega NEW MEX|CO Ss;:f:;;. ,cnnmwA e 390 4
I
) B co 122 3
&,,O’ Houston ! NY 169 2
(2} FLORIDA

= g o8 i ;
o ) . . TN 225 p
Renewable Fuels Association: Ethanol Biorefinery Locations AZ 50 1
AT REIR R LRI o 0 X
http://www.ethanolrfa.org/resources/biorefinery-locations/ D 0 1
Simple Average of Plant Capacity: 74 :an ;31 1
million gallons per year NC 0 1
*Excludes multiple feedstock plants NM 0 1
—‘4&5 > Y PA 110 1
T ReRI e P 25 AE4E740007 A 0 5
it WY 10 1
Grand Total 15083 203

*ANEAEE 2 R R T

et

\ERC

ENERGY RESOURCES CENTER

A® Life Cycle Associates

Renewable Fuels Association Data (reanalyzed)
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Volume that Meets Japanese GHG Reduction Criteria

e HARBRESAEEAGEN S E

Plants Meeting Plants Meeting

Reduction With Reduction Without
Direct Land Use Direct Land Use

Credit Credit
. i vy a5 0 BiEESE a5 0 BWiEESE
LR HETE(Is7 |9l Cilfite ij;ﬁfg HHE IR LM AR B L
DGS4 7). FmxBiodiesel A< FEmgeT 30 FpRsm T 0

Enogen/  griz
05 et Corn Oil to % k3| Efficiency / Zaifest

Wet DGS Biodiesel £ Improvements 10 10
BEWRE  Corn Oil to 5 STES — SRS R T

Mixed DGS  Biodiesel " cO, Food Markets 35 35
LI Corn Oil to EARME] — sk g s ik

Wet DGS Biodiesel T7*M co EOR 5 5
IFEE>  Corn Oil to =K 2] Anaerobic
Less DGS Biodiesel ‘LRI Digester ES G 2 2
Total # of Plants T.) &% 82 52
Volume g (jpe)
(gallons) 6,068,000,000 3,848,000,000

E RC = _ =22.8 = 14.4 Billion
{ =% w 1R Life Cycle Associates Billion Liters Liters



Sustainability
AT FE

@ { ERC A® Life Cycle Associates
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New Software for Sustainability Assessment:
Global Risk Assessment Services Tool (GRAS) for United States Domestic LUC Analysis
AT RS PR AL B BT R A
F T 32 B [ Py R A AR 5 i 2 Bk XU PEA iR %5 T B (GRAS)

Feedstocks are not grown on deforested lands; Verify use of large, mature crop areas
JERE AR B G A X, B R K T AR ) s 2 B AR A 1 3

Applicable for US corn/soy feedstocks & FH T332 H KoK / K&k

Use of NAIP Imagery (1-2 m resolution) FJHINAIPE (1-2 m4#F%)

Side by side viewer of pre 2008 and current image for direct comparison

20084F 2 Hif A1 24 71 I GUZ Tk T L

Overlay protected areas, carbon masks, LUC risk masks
Bt T RPHAIK B FEg 1L HDF o IR s 3 LK

W 2006 2014
IR |

2 VnE e N
5 ] >
vy A - e ;
jom 4 —
4 ' ¥
i =
y ’
5

Lapeer State Game Area  * El
m Lapeer State Game Lred

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

WAr: ERREHF A 7 GRAS T B-# fRAEVIEHE Bl R B ARALAREL B X

. Particularly applicable for South American Feedstocks (sugarcane, corn soy) and S/E Asia (Palm, etc.)
JeHE TR ER CHEE, oK, KRED KRBT GERIREE)

. Use of MODIS Enhanced Vegetation Index (300 Images) going back to 2000.
FIFIMODISHE #4545 (3005K &I F) 13 £120004

. Differentiate among the types of green cover, see the history of the land, assess double cropping and detect LUC.
DX AR & AR, T RE sk, PEAE A, R HR AR R
. Grassland has EVI value of 0.3-0.4. The same would apply for perennial trees such as rain forests but on a higher EVI value of about 0.6.

Conversion would appear as a clear change in those with a drop of EVI to a value below 0.2.

FLI MR AR B 0N0.3-0.4. [AIFEIGE M T 2 SE A MR IR AR, (ERE SRR AUE R, 20890.60 INBUEASACE IR, TR ERE £20.2L0°F,

PGSR

e

x Typical for grass/shrubs \ Typical for agricultural crops | Double

g o M, WA - P A Cropping
%g MR R b, ) LUC in 5 -
%Eggﬁ i
\Im
iﬁgv ?‘-i- ! ﬁ {

2 o1 AN NS \/

S A4 34 WY

{%(\I_ k¥4 ¥

-

o |
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Combustion Emissions
PRI HE T

@ { ERC A® Life Cycle Associates
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University of Illinois Chicago utilizes US Environmental
Protection Agency MOVES Model

e EPA’s MOtor Vehicle Emission Simulator (MOVES) is a state-of-the-science
emission modeling system that estimates emissions for mobile sources at
the national, county, and project level for criteria air pollutants,
greenhouse gases, and air toxics. R 2 PIHLBN ZEHE BT R St

(MOVES) H-Ht NSRBI R %, (i E %, H. M AT H
TR IR S TR R SR 2 5 B HRBOKF

*  MOVEs is used for State Implementation Plan (SIP) development and
transportation conformity analyses — Meaning the model is used to
document, for example, how states who do not meet air quality standards
can come back into compliance.

MOVESH] T+l & Bl X PAT 1R (SIP) FAZiEA R b — 18
HTadsk, e, FE—2 S AR IETR B WAl iE PR o

MOVES takes into account parameters like regional fuel formulation,
vehicle types and ages, market shares, etc.

*  MOVESHHE FH an s DRI R LB 4= ISR AET IHREE , LA T 374 0

AL 422 I
f—%éﬂimé

o
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Particulate Matter Emissions
Reductions with Ethanol

*  Generally speaking, high blending (E85) and pure ethanol (E100) are almost always found to
produce less PM emissions than EO fuels

L LV (E85) A4l Z I A= i R )+ I = AKX T EO TC I AR
e Many studies have reported reduced PM emissions with increasing ethanol blends [15, 16, 17, 18,

19]. This may be explained by ethanol's double bond equivalent (DBE) value of zero [18], relatively
high vapor pressure and low boiling point (78 0C) [20], and ethanol's oxygenates [21].

*  Citations: V2 W JL o ZRFAC L=, PMEERCE B> (15, 161 17. 18, 19) . JE[A[H]
HEfS: RPN E(E (DBE) NE (18) ; ZAKEJMXI&E:; ¥R HME (78° © (20D
DLk CFERIHTENE (21D .

$& 5| SCRRU T -

15.Storey, J., Barone, T., Thomas, J., and Huff: S., 2012, Exhaust Particle Characterization for Lean and Stoichiometric DI Vehicles Operating on Ethanol-Gasoline Blends, SAE Technical Paper 2012-
01-0437,doi: 10.4271/2012-01-0437

16.Marrion, C.D., Wiles, M.A., Gwidt, J.M., and Parrish, S.E., 2009. Development of a Naturally Aspirated Spark Ignition Direct-Injection Flex-Fuel Engine. SAE Int. J. Engines 1(1):267-295.
17.Maricq, M.M., Szente, J.J., and Jahr. K., 2012. The Impact of Ethanol Fuel Blends on PM Emissions from a Light-Duty GDI Vehicle. Aerosol Science and Technology 46(5):576-583.

18.Aikawa, K., Sakurai, T., and Jetter, J., 2010. Development of a Predictive Model for Gasoline Vehicle Particulate Matter Emissions. SAE International Journal of Fuels and Lubricants 3(2): 610-
622.

19.Storey, J., Barone. T., Norman, K., and Lewis, S., 2010. Ethanol Blend Effects On Direct Injection Spark-Ignition Gasoline Vehicle Particulate Matter Emissions. SAE Int.J. Fuels Lubr. 3(2):650-
659.

20.ASTM International, 2010. ASTM D4814-10b, Standard Specification for Automotive Spark-Ignition Engine Fuel. West Conshohocken, PA.
21.Wu, J., Song, K.H., Litzinger, T., Lee, S.Y. et al., 2006. Reduction of PAH and Soot in Premixed Ethylene-Air Flames by Addition of Ethanol. Combustion and Flame 144(4): 675-687
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Knock Resistance and Octane

* |Increased ethanol content can provide substantial increase in knock
resistance due to ethanol’s high Research Octane Number i T H ¢
PRt SR E B, SBERT B EE N ] DL S R R e

0 Enables improved fuel efficienc tmough downsizing and increased
compression ratiosiéﬁi‘i?fﬁd\#%l% s 27 5 SEIPA R 2002 1 A

¢ PM emissions and toxic compounds are also decreasing with hl/%her
E/tj%a[sr!?zl contents. Z M B o3 B3 0] DL BRI AN A &9
JHF T
* Some emissions behavior needs further research& L 54T 94/
R

Citations$k 5|: Stein, R.A., Anderson, J.E., Wallington, T.J., 2013. An
Overview of the Effects of Ethanol-Gasoline Blends on S| Engine

Performance, Fuel Efficiency, and Emissions. SAE International Journal
of Engines 6(1): 470-487.
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Summary/N&5

e Significant volumes of US produced corn ethanol can meet diverse
international sustainability standards
5 [ P2 ) T oK B A AR WL R — 50 70 B 5 1A 31 25 ] o ml 455 22 e
PRIt o

* However, detailed pathway analysis is required and thorough
understanding of international sustainability modeling approaches
SR, A3 VRIS R AR 70 A A R PR N B 1] o ] 45F 82 R e AR A 7 7%

* New remote sensing tools are now available to verify and confirm land use
and agricultural production practices
IUAE CF T B R AR S TR, FH DRSS R AR A oA A AR
AP SRR

* Ethanol not only reduces greenhouse gas emissions but also combustion
emissions

LEEAM AT Lyl i 2 SRR AT Lk PR S HE L
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Appendix P4
Modeling Inputs in Sl Units

SIEA T ) A R iy N
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Natural Gas
FARA,

Electric Power
7

DGS Py Ft

Corn Oil BD
TR A S i
Co, —H Ml
Yield Bip=

Energy Inputs (in US Units)
REVRII N (RE AL

Btu/gal 24,500 16,328 21,000
kWh/gal 0.742 0.6 1.35
Ib/gal 4.98 4.76 4.98
lb/bu 1.0 1.0 1.0
kg/gal 0 0 -2.3
2.8 3 2.8
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