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Ethanol Production Video



Ethanol Production in US

munnnin

[ 1]

o
—

T T T T T T T T T
(o)} (e 0] N~ © Lo < ™ N —

(4A/suo|eb uotyig) joueyrg

i

0 LJ‘EE‘L]‘[]‘[]‘[J‘HJ‘

800¢

900¢

G002

¥00¢

€00¢
¢00¢
T00Z
000¢
6661
8661
L66T
9661
G661
7661
€661
661
1661
0661
6861
8861
L3861
9861
G861
7861
€861
861
1861
0861

Year

2004: 3.4 billion gallons 2006: 5.6 billion gallons 2008: 8.9 billion gallons



U.S. Dry Grind Corn Facilities

Plants in Production (115)

Plants Under Construction (79)



Dry Grind Ethanol Plants in Illinois

“itarm D013 G Clarion’ Hamipton® aflisor” BRI ein N WS COHS| N Whitepbter racine lkand
Lake = Flatteville . O
Rodanell f0rt Dodge JJowa Falls Cedar Falls Janesville Jtenosha e
Lty 'uu'ebsl_ﬁn—‘ 0] Lo, Dubuqueu'- - 133 Battle !
City Grundy Center Tan chaster W K : ,] Creek Ann Arbor
T 61 cr 'y's‘tal aukegan i Kalamazop_ o Mashall i) o
14 _ i LDebidere | ake Lake Midhigan achsorc)
o Carrell vintan . : g MmIi1cC 1 G A& H P
5 2mes I Mewada Marshaltown g SAMEMOSE | ekelyy  Carnoll 1 o i deEEpln 12
Jeffersan « L) d & P ° burg _r' Adrian
#0) Toledo o ] iCaldwater | &
Guthrie Cedar Rapids Clinton £ e Sturgis { {
Center Ankery o 30 o Momson it o - .
o West Des Newton_ | O W- A Marengo 5 |\ MIChI.gS‘l‘LCM‘ -..,“ ol
hoine; il ontezuma g iii = i = r i
Deg 0% 7 s, F;a sl;::;gd Angola Wiausean
? i Moines | |
Adlantic Winterset - el } i) E\/alparaiso Auburrg £ Napoleono EIDWIing
Indianola Diskal i = Green
J8E3 °°55W ot i f : Plymouth Siarsau j Defiance 1
ashingten n 2 : Columbla Ci Il
Crestan 218 OW‘?PEHO "' o )"\ W Ottaws Fircllz)
@ Ozceola B i ' Streator Rochester G) J
°E:orning i aChariton  Albis uortumwa tount ¢ o Kankake Fort Wa ) ’ Vs
Fleazant llll'lnamac . 30 o
71 a - unam,ka ﬂ alesburg r;(I Rensselaer Huntingtan HDecaturo : OVanuE;:a .
MountA\,rro LLeon LCondan Centenille FPontiac Wgtseka X Loganspaort & °B|Ufﬂ°n:. % HKenton
I:‘Elurllngrton I @ ) 8f74 Py, Mabashy | o
Keosauqua I 1 kKentlandg e ! Wapakoneta
GrAnt G et et e s ———, . ) / | harion i o 1
M anaill JUnionville Memphis :.-Fort Madlson Ca O“F # 1 “Fomler e Hartfard Cityl Celina ||
i y 3 | . %
Manille Frinceton a . ety Macomb 4P axton | Lafayeﬂe n}(gkomg ° i 0 HIl O 33
Bathanmy Kahoka e U N TE | 5 L S'd
Wilchweood T . S 1 L . f . icney
hail e ] & Munme | Picjua
2 gran Kitesville gy o ab 67 ; i Darvile 162 “Williamspart ‘-. HDIAHRA J | HEy 4
Trenten o . A Rushvills Lincaln Clinton EmAlE, erdardille ‘ Urbana
_Savannah ; Monticalls® 4 a L ——, ——'—".-F—‘- T 4 obleswllen Knidersan ! Shringfieidl
g Fallatin L] - & P Cramrfords\rllle .—-—- a5 & | i sy
JJoseph il A Mount Beardstovun MHewport : Eme | y _T__"T .
A oo nifieine _Shelbyville Sterling _ . ‘ e I @t aithorn
f‘ ameron 36 Jacksonville =B s Fodmila % Conner"‘s\rille D
“Marceline “Mason N 5 , pringfield X Greancastle P 0 i
i Hew London, annl 4 P, ester T abdorinl Sullivan [PEiE, Tetra “ s \\ Rushville
Keytesville Faiis . Pittsfield FreriE, Charlestan
Carrallton : @
Shelbywill
; |berty bi ) Bowling Green_ 54 26T CURRG, AT 126 Spancer a7
nsas City = Lexlngton e EZ.arlln\rllleo 5 a Columbus
L JMamshall  Fayette & ® 2 Hillsboro I
_Blue Springs Mexico ot omeny & pad . llivean “Bloamingtan '
Boonville . P =R ==1| Effingham %
nd P Columkia City % F . N “Linton 923"‘“0”’ e
t Warrensburg 4 e 1 LEatoy a |
i f o = )
: l\ “ Sedalia “Fultan = OF i, e Greenville [ Louiswille Bedford ] Madizon
)I ! o Wiarrentan St Chrles e / o Olney -
71 . - gl Y- e al =2 s Wiashington Salem 5 MES'SVIHE
alem = i : X i
w Jefierson Crtyn . Chesterfield Eemiel k Flora \Jlncenn._e_s JFaali \ / ~
o 7 | Clinton MI135350URI °L|nn a0 Unian = 1 a5 oPetershurg 4 e Flemingsburgo
Butler 7 Elden ° ™ Frincetan e Englizh ‘I
] o QUETEEY ki =)l Mount Wernon e oo |
L @ Tuscumbia ) N o q @ ‘} i ngzwill e
L Mienna Hashwille —— Huntingburg =
= Osage Beach_ - il 5 . e
ullivan =
=< ! Dsceolao [T e S -;'.".J Findineyville °r‘u1cLeansbolo 1fid 231
Hermitage o L James e . = Fyansville g
= Fort Secott g4 _,_‘_‘_‘_.-—-'" il Fatosi .\| - Chester g“'es{k_f it Mount Vernan asille
65 5 P—-—"'r’ Rells & JFark Hillz B - i rande i Radclif® 4 - HarrodsburgRlChmDnd
Stoddon, 15 Buttal ,.!"__44‘- Fynesville F t r..1u' pysboro Carb dale 50 acel _(,_.'"J S } Ireine”
uffale armingten I = - Bered
| Lamar B = Flebanan JSalem i vtk Shawneetown°.;_‘ o x P lizabethtowen  Danville are I:.
g Greenfield I Irenten 1 ‘,.J'\ Y / SFart Knox i e,
: “ )f 63 Centenville Tz Jonesbora 7 E IiZabethtouunol______-' ! artford Taitchfiall 127 |I. Burnlng
arshfield ® L ° b o, W adi " .l’ Y If Mfaunt Wemon \ Springs
@ Jacksor 4 ienna sy oG - adizonvi e = i
Joplf Sp"ngﬁe T Mountain Houstan &7 Cape by, reamillaighraantann P ntorduille hand
! = Growve Caboal .Eminence i = @ Columbia_____.
_— | ?T Aurora | Ozak o AR08 LGreenville Girardeal Paduc:ah 4 B £ = Somerset
T Millaw Springs an Buren \_ Pnnceton Gi =F, S ® Jarmestown Barbodrille,
Copyright @ and (F) 1198622006 Microsoft Corporatlon ancior its Suppllers Al rights reserved: K E i ¢ | y Slaaow




Benefits of Ethanol

Reduces dependence on foreign oil imports
Extend the domestic supplies of gasoline
Environment friendly, reduces green house gases
Increase octane rating of gasoline

Clean burning fuel

Increases demand for corn, stabilizes prices

Rural Development



Issues Related To Ethanol Industry

Woater Used
Approximately 4 gallon water/gallon of ethanol produced
Emissions/Odor
Food versus Fuel
Corn 1s also used for human consumption
Low Coproduct Value
Energy Independence
Ethanol from corn 1s limited by corn production

Converting all the corn in the US into ethanol will only meet 20 to
25% of the annual gasoline demand



Corn Dry Grind Ethanol Process

Corn Dry Grind Facility

— 2.7 gal (10.2 L) of
Ethanol

One bushel of Corn
(24.5 kg or 56 Ib) l

15 b (6.8 kg) of
DDGS

Ruminant Food



Conventional Dry Grind Process
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% Use as Feed
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Emerging Technologies in Dry Grind
Ethanol Production:
Corn Fractionation Process



Wet Corn Fractionation:
Enzymatic Dry Grind Corn Process (E-Mill)

Bushel of Corn Corn Dry Grind Facility
(24.5 kg or 56 Ib)

Density Density Size 2.6 gal
Separation Separation Separation (9.84 L)
Ethanol
3.31b
(1.49 kg) 3.7 Ib
Germ 41b (1.68 kg)
(1.81 ko) Residual
FETEELE 4 b DDGS Ruminant Food
Fiber (1.81 Kkg)
Endosperm
Fiber

Nonruminant Food



Other Benefits of Fractionation Process:
Recovery of Valuable Coproducts

Recovery of germ, pericarp and
endosperm fiber as valuable coproducts
Germ
Corn Germ Oil
Pericarp and Endosperm Fiber
Corn Fiber Oil
Corn Fiber Gum

Ethanol Fiber
0il

Fiber Gum



Fermentation Profiles: Conventional and
E-Mill Processes
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Singh, V., Johnston, D.B., Naidu, K., Rausch, K.D., Belyea, R.L. and Tumbleson, M.E. 2005. Comparison of
modified dry grind corn processes for fermentation characteristics and DDGS composition. Cereal Chem.
82:187-190.



DDGS Composition: Conventional and
E-Mill Processes

Conv. E-Mill Soy CGM
Meal

Crude Prot, 28.50 53.90 66.70

(o)

Crude Fat 12.70 111 2.77
(o)

Ash (%) 3.61 ——— -
Acid Det. 10.8 595 6.88

Fiber (%)
Singh, V., Johnston, D.B., Naidu, K., Rausch, K.D., Belyea, R.L. and Tumbleson, M.E. 2005. Comparison of
modified dry grind corn processes for fermentation characteristics and DDGS composition. Cereal Chem.

82:187-190.



Emerging Technologies in Dry Grind
Ethanol Production:
Development of New Corn



Transgenic Corn for Dry Grind Process

Transgenic Corn

!

[
-0 |
I Grinding (Hammermill)

Overhead product

Mash
CG, (Recycled back)

Blending

Alpha—Yqylase —>
Liquefaction

Ethanol

1 Dehydration
Yeast & — column

Glucoamylase i
y 5 Thin

Saccharification : Centrifuge Stillage

2 F . Stripping/
ermentation Rectifying

column

Evaporator
Wet Gralns <—— Syrup

I—>%—> DDGS



500 ml Fermentations
Control vs 3, 5 and 10% amylase corn addition
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Singh, V, Batie, C.]J., Aux, G.W., Rausch, K.D. and Miller, C. 2006. Dry grind processing
of corn with endogenous liquefaction enzymes. Cereal Chem. 83:317-320.



500 ml Fermentations
Control vs 1, 2 and 3% amylase corn addition
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Singh, V, Batie, C.]J., Aux, G.W., Rausch, K.D. and Miller, C. 2006. Dry grind processing
of corn with endogenous liquefaction enzymes. Cereal Chem. 83:317-320.



DDGS Composition

Crude Protein (%) 26.1£0.2 25.8£0.1
Crude Fat (%) 141+ 0.1 13.6 £ 0.2
Crude Fiber (%) 6.6 £ 0.1 6.8 £0.1
Ash (%) 3.78+£0.1 3.35+0.1

Singh, V. and Graeber, J.V. 2005. Effect of corn hybrid variability and planting location
on ethanol yields. Trans. ASAE 48:709-714



Feedstock Development: Transgenic Corn

Reduces requirement of exogenous alpha amylase

Only 3% amylase corn addition is required with dent corn for
complete liquetaction

No differences in DDGS composition between 3% amylase corn
treatment and conventional treatment



Emerging Technologies in Dry Grind
Ethanol Production:
Raw Starch Hydrolyzing Enzymes



Raw Starch Hydrolyzing Enzymes
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Granular Starch Hydrolyzing (GSH) Enzymes

These enzymes have high granular starch (raw starch or native
starch) hydrolyzing activity

Can Liquetfy and saccharify starch into glucose at low
temperature (< 48°C)

Stargen 001, Genencor International
BPX, Novozymes NA



Results: Ethanol Concentration
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Wang, P., Singh, V., Xue, H., Johnston, D.B., Rausch, K.D. and Tumbleson, M.E.
2006. Comparison of raw starch hydrolyzing enzyme with conventional liquefaction
and saccharification enzymes in dry grind corn processing. Cereal Chem. 84(1):10-14.



Results: Glucose Concentration
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Results: Maltose Concentration
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2006. Comparison of raw starch hydrolyzing enzyme with conventional liquefaction
and saccharification enzymes in dry grind corn processing. Cereal Chem. 84(1):10-14.



Results: Maltotriose Concentration
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Results: DP4+ Concentration
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Granular Starch Hydrolyzing Enzymes

Final ethanol yield with GSH enzymes is comparable to
conventional enzymes

Glucose, maltose and maltotriose concentrations are consistently
low with GSH enzymes throughout fermentation

GSH enzymes work at same temperature conditions as
conventional SSF

With GSH enzymes simultaneous liquefaction, saccharification and
fermentation can be conducted



Water Use in Dry Grind Ethanol Plant
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Regenerative Thermal Oxidizer



Food Versus Fuel



Food Versus Fuel



Food Versus Fuel



Future: Ethanol from Lignocellulosic
Feedstocks
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