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Understanding Carboioxide
The carbon cycle is where carbon is

cycled and recycled through air, - |
ground, plants, animals and fossil (/-/ g e ?}
fuels. . o

o b S dzi NI f is retydidnl thrfugh
air, ground, plants and animals through
photosynthesis, respiration and decay.
These processes keep the atmosphere
In balance.

o GbSg |/ kshibodugfed from fossil
fuels such as coal, crude oil and natural
gas.

o Carbon accounting (per Kyoto) is only
F2NJ aySgé OF Nb 2y &

Natural Gas
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Global CO2 Historyo F O1INRPdzyR / huXddbh! ! wSa$

(Mauna Loa, Hawaiti) ppm CO2 (mean)
2013 397
2012 396
2011 394
2010 390
1958 315

(no pre 1958 monitoring data) Since 1958 COZ2 increasing at 1.5 pym/

Antarctic ice coregoov) ppm CO2 (mean)
1832 284
1832 to 1958 increasing at 0.25 ppyn/




Energy Independence & Security Xctb @S 0 K | y 2
volumesrequired to meet EPA mandates.

2014 EPA proposed:
15.21bgy(renewable)
2.20bgy(advanced D5)
0. Ol7bgy(cel|u|ose D3)

Why (per EPA)?:volume I|m|ts(blend waII) for obligategbarties
ethanol plants ability to produce the volumes



RIN Separation and RIN Markets

When ethanol is sold to apbligated party(e.g., oil company),
the RIN is separated, surrendered to regulators, or sold

The blender is obligated to surrender sufficient RIN
certificates to meet theiregulatory mandatef blending a set
amount ofethanol

If an obligated party buys more ethanol than it needs, those
surplusRINs can be sold to other obligated parties, &85 &
E15 generates excess RINSs for states requiring E10

Obligated parties holding excess RINs may use thesglus
& LJ- LIS NJ idlied of Buyihg ghysical ethandl X X

Conclusion:RIN credits may cause market disruptions



Recent RIN Trading History

D4 Biodiesel, D5 Advanced Ethanol, D6 Corn Ethanol
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50 States: EPA Ethanol RIN Classifications

New gallon opportunities for existing plants:

D-3 Cellulose
D-5 Advanceo
D-6 Corn

BADGER STATE ETHANOL
MONROE, WI

40 MMGPY ETHANOL FACILITY



CANAU XXX
D-6 RINScorn ethanol)
NSg DIFfft2ya NBIjdzZANB HE: [/ hH
2 advanced technologies = 20% (see below)
1 advanced technology with < 65% DDGS
no advanced technology required, < 50% DDGs

9t ! Qa [A&aUSR p ! ROFYOSR ¢SO
Corn oil fractionation; 90% of corn (dry frac)
Corn oil extraction (1.33 Ib/bu)
Membrane separation (90% of ethanol)
Raw starch hydrolysis (cold cook)
Combined Heat and Power (90% of plant steam)



D-6 RINScontinued)

or, up to 20% CO2 reductions by EPA petition for:
bolt-on technology (e.gAgrebonthin stillage digestion)
feedstock (e.g., blendingnogencorn w/#2 yellow dent corn)
advanced chemical package (lowers energy consumption)

above achieving (per March 2014 EPA conversations)
< 25.3scfnat gas/gal ethanol (preliminary)
< 0.64 kWh grid power/gal ethanol (preliminary)
minimum yield galbu (undecided maybe 2.7+)
requires EPA approvatiid maybe a letter, but no petition)
updated RFS2 Engineering report (for new gallons)

Dueto back log of 3petitions, EPA has suspended review of all co
ethanolpetitions until about October, 2014 (likely beyond)



D-3 RINScellulose)

New Gallons: Requirements
Agricultural residues (e.qg., stover)
Switchgrass
Cellulosic components of separatimbdwaste(fiber/bran)

Recent ERI interpretation oégsii K i Gl y& ¢ OSF
ethanol process meets 60%

EPA may limit starch carryover from imperfect milling
Achieving reductions?
Biogas for combustion (e.g., landfill gas, syngas)
b2y F2aaAft FdzSt LI2GGSNI 6SPI D

Scrubber Sequestration (geological study and power
Implications). Potential for 30 grams CO2/MJ reductions



D-5 RINSadvanced ethanol)

Advanced Requirements *
Milo
Foodwaste (e.g., wheat starch water)
Other non corn starch (e.g., barley)

* 50% reduction in carbon emissions (from US gasoline
baseline)

| OKASOAY3I prr: NBRAzZOUAZ2Y A
Biogas CHP* and 100% wet DGS
*carbon neutral steam and power (big hurdle)



Ethanol Markets: Ship to Brazil?

o I Do Po

KALA LI 33aAy

US demand to meet RFS2
CA demand to meet LCFS
Brazil shipping to US and EU

Brazil backfilling exports with
lower cost US ethanol

MAaT 2F . NI T Af
registered to ship to US

nn 2F . NITAfQ
registered to ship to Californi
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Specificationgper Law 11.097):
A Anhydrous: 0.4% water by volume
V Anhydrous alcohol content: 99.6% volume
A Hydrous: 4.9% water by volume
V Hydrous alcohol content: 95.1% volume
A Denaturant: 0% (none)

Comments:
Must be from renewable biomass (i.e., not synthesized from natural gas)

No carbon intensity limit or LCA requirements (unlike EU)

US plant may need more mole sieve capacity (reduce water)

T> T J>o I

Spot Brazil Ethanol Pricesurce: Progressive Farmer, March 12, 2014)

0 Anhydrous $2.41/gal
0 Hydrous $2.17/gal



Ship to California?

1. Check CARB Table
ACAYR | aLI GKgIl & ¢
describes your facility
A Midwest, Dry Mill, WDGS, NG (90.1)
2. Isthe CARB number for a specifi
pathway less than CA Gasoline?

A CARBOB 99.18gramsCO2e/MJ

A If no, you need to get a pathway
with a lower number

A Midwest, Dry Mill, DDGSIG(98.4)




California: CARB Tab{@creet moden

ILUC penalty 30 (corn), just proposed at 23.2 g CO2/MJ
ILUC penalty 46 (cane, Brazil), just proposed at 26.5 g CO2/MJ

tFGKgl&8Y 9EOSNLIISR FTNRBY /! wolLUC w/exsit
(natural gas fired, unless otherwise noted) grams  ILUC

CO2/MJ grams
CO2/MJ

CaliforniaCARBORbasis:Kern Heavy Crude and Canadian Oil Sands) 99.18

aARsSai 5NB DNAYR o6mnsmk> 55D{ 0’ 6840 9840
Midwest5 NBE DNA YR OomMnsE: 55D{ 0 PPDPDDOM57.BE | B304
Midwest5 N®B DNAYR omnm: 25D{0XSEA&a(60yE /90.10.
aARsSalid 5NB DNAYR 6mnsm: 25D{ 0> 4990 79.90
Midwest5 NBE DNA YR o6mMnsE: 55D{ 0 M/E:> [53.50DD@60 ™

Brazilian Sugarcane Ethanol (bagasse): Baayilian plant 27.40 73.40



CA Premiums (how to figure it @ ?-LA\@

LowerCl pathwayscapture market premiums in CA:
Example:
Cl market of 0.63 cents/gram CI reduction
Plant specific Cl of 79.90 grams CO2/MJ (100% Wet)
CARBOB CI =99.18 grams CO2/MJ

Premium Calculation:
99.18 g CO2/MJ
-79.90 g CO2/MJ
19.28 g CO2/MJ (CI reduction from CARBOB)

19.28 x 0.63 cents/g CI reduction = 12.1 cents/gal (premium)
100MMgpyx 12.1 cents/gal = $12.1 millioyr/premium

CARBOB (California Reformulated Gasdieradstockor
Oxygenate Blending) or simply California Gasoline



ILUC debate: All over the map

Corn ILU@dder (grams CO2/MJ):

o Searchinger 104.0

o California (CARB) 30.0 (proposed 23.2)

o United States (EPA) 28.4 (rumored to drop to 9.1)

o Purdue 13.9

o European Union 12.0 (approved, not yet counted)

o Jones 6.9

fyiXx®9t!'Y aAf2 HcdPHXT . I NI Sé mMnor

Presently in US and California CI of ethanol must have the ILUC
adder (penalty}-0 KIFad Ay az2yYyS OlasSa YI ]
etoh approach or even exceed gasoline (US and California)

Reference: Bill Roddy, Ethanol Across America Paper, Carbon Modeling ag&dpaéating
Fact from fiction, (Winter 2011)
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Ship to EU?

A Basic Information
Al 3 27 Mkvmkuamo GOSNIATAON G
A EU gasoline baseline: 83.8 grams CO2/MJ
A Cl must be < 54.47 grams CO2(99% reduction per RED) *
A ILUC adder of 12 grams CO2/MJ (starting 2014)
A w/ILUC typical US ethanol Cl = 60 grams CO2/MJ (29% re
A EC has imposed a 9.6% tariff on US ethaaupX$0.25/gal)
A Result of tariff, plants could sell at a loss to EU

US Embassy (Brussels) says US Ratat intervention is needed, or
9! YINJSGO YIFI& RNER dzLJ Rdz2S G2 9
F owL Q& /I Nb2y az2zRSt YSSaa 9! o6L{// |1 wunp /|




