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UNITED STATES DISTRICT COURT

FOR THE NORTHERN DISTRICT OF INDIANA ?qln
Ei@?p PH I: 55

HAMMOND DIVISION AT LAFAYETTE

GS CLEANTECH CORPORATION, OF 11 &,

Plaintiff, Civil Actionao.
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IROQUOIS BIO-ENERGY COMPANY, | JURY TRIAL DEMANDED _,

LLC,

Defendant. miE
L e

COMPLAINT FOR PATENT INFRINGEMENT

€Sl Wd |€- AVH i

Plaintiff, GS CleanTech Corporation, does hereby, through its attorneys, éﬁeée a

follows:

THE PARTIES

1. Plaintiff, GS CleanTech Corporation (hereinafter “GS CleanTech”), is a Delaware
corporation having its principal place of business at 1 Penn Plaza, Suite 1612, New York, New
York 10119. GS CleanTech is a wholly-owned subsidiary of GreenShift Corporation
(hereinafter “GreenShift”), a Delaware corporation having its principal place of business at 1

Penn Plaza, Suite 1612, New York, New York 10119.

2. Upon information and belief, Defendant Iroquois Bio-Energy Company, LL.C
(hereinafter “IBEC”) is an Indiana limited liability company having its principal place of

business at 751 West St. Road 114, Rensselaer, Indiana 47978.
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JURISDICTION

3. This is a claim for patent infringement and arises under the patent laws of the
United States, Title 35 of the United States Code. This Court has original jurisdiction over the
subject matter of this claim under 28 U.S.C. §§ 1331 and 1338(a).

4. The Court has personal jurisdiction over IBEC because, upon information and
belief and among other things, it resides in and/or directly, or indirectly through its agents,
transacts business in this judicial District, has committed acts within this judicial District giving
rise to this action and/or at least by offering to sell, selling, purchasing, and/or advertising the
infringing products and/or placing them into the stream of commerce in such a way as to reach
customers in this judicial District, and/or because it has sufficient minimum contacts with this
judicial District. IBEC is amenable to service of process pursuant to the Indiana long-arm statute
and Fed. R. Civ. P. 4(e). Requiring IBEC to respond to this action will not violate due process.

VENUE

5. Upon information and belief, IBEC resides in this judicial District, directly, or
indirectly through its agents, transacts business in this judicial District and/or has committed acts
within this judicial District giving rise to this action. Venue is proper in this judicial District
under 28 U.S.C. §§ 1391(b), (c) and 1400(b).

BACKGROUND FACTS

6. GS CleanTech is the owner by assignment of United States Patent No. 7,601,858,
entitled “Method Of Processing Ethanol Byproducts And Related Subsystems,” issued on
October 13, 2009 (the “ ‘858 patent™). A true and correct copy of the ‘858 patent is attached
hereto as Exhibit A. The ‘858 patent issued from a patent application originally filed on May 5,
2005 as Serial No. 11/122,859 (the “ ‘859 application”) and published on February 23, 2006 as

U.S. Patent Application Publication 2006/0041152. See Exhibit A. Both the ‘858 patent and the
2
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‘859 application claim priority to GS CleanTech’s first patent application related to its novel
corn oil extraction methods and systems, which was filed in August of 2004 as a provisional
application (Serial No. 60/602,050) (the “*050 provisional application”). Id. The 858 patent
and the ‘859 patent application are generally directed to the recovery of corn oil from the
byproducts produced during the manufacture of ethanol from corn. Id.

7. GS CleanTech has standing to sue for infringement of the ‘858 patent because it
owns all right, title and interest in and to the ‘858 patent, including the right to collect for past
and future damages. GS CleanTech has suffered injury from IBEC’s acts of patent infringement.

8. GS CleanTech invented a novel patented process to extract corn oil from the
byproducts created during the manufacture of ethyl alcohol. This process is claimed in GS
CleanTech’s ‘858 patent and pending patent applications.

9. Recently, significant attention has been given to the production of ethyl alcohol,
or “ethanol,” for use as an alternative fuel. Ethanol not only burns cleaner than fossil fuels, but
also can be produced using grains such as corn, which are abundant and renewable domestic
resources.

10.  Inthe United States, ethanol is typically produced from corn. Corn contains
significant amounts of sugar and starch, which are fermented to produce ethanol.

11. A popular method of producing ethanol is known as “dry milling,” whereby the
starch in the corn is used to produce ethanol through fermentation. In a typical dry milling
method, the process starts by grinding each kernel of corn into meal, which is then slurried with
water into mash. Enzymes are added to the mash to convert the starch to sugar. Yeast is then
added in fermentors to convert the sugar to ethanol and carbon dioxide. After fermentation, the

mixture is transferred to distillation columns where the ethanol is evaporated and recovered as



case 4:10-cv-00038-JVB-PRC document1 filed 05/03/10 page 4 of 17

product, leaving an intermediate product called “whole stillage.” The whole stillage contains the
corn oil and the parts of each kernel of corn that were not fermented into ethanol.

12.  Despite containing valuable corn oil, the whole stillage has traditionally been
treated as a byproduct of the dry milling fermentation process and used primarily to supplement
animal feed mostly in the form of a product called “dried distillers grains with solubles”
(hereinafter “DDGS™).

13. Prior to GS CleanTech’s invention, efforts to recover the valuable corn oil from
the whole stillage had not been successful in terms of efficiency or economy. A need therefore
existed for a more efficient and economical manner of recovering corn oil. GS CleanTech has
filled that need with its novel and inventive process.

14. The inventors of the novel process, David Cantrell and David Winsness,
completed feasibility testing with an early-stage corn oil extraction prototype in 2004 and
demonstrated, for the first time, that efficient extraction of the corn oil trapped in the dry milling
byproducts was economically feasible.

15. In August of 2004, the inventors filed the ‘050 provisional application directed to
their novel corn oil extraction methods and systems. The ‘858 patent claims priority back to the
‘050 provisional application.

16. In one embodiment, GS CleanTech’s patented method comprises initially
processing the whole stillage by mechanically separating (such as by using a centrifugal
decanter) the whole stillage into distillers wet grains and thin stillage, and then introducing the
thin stillage into an evaporator to form a concentrated byproduct or “syrup.” Prior to
recombining the now concentrated syrup with the distillers wet grains, the syrup is introduced
into a second mechanical separator, such as a second centrifuge, which is different from the

centrifuge that mechanically separated the whole stillage into distillers wet grains and thin
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stillage. This second centrifuge separates corn oil from the syrup thereby allowing for the
recovery of usable corn oil. The syrup that exits the centrifuge is then recombined with the
distillers wet grain and dried in a dryer to form the DDGS. The corn oil that is extracted from
the syrup can be used for various purposes such as feedstock for producing biodiesel.

17. After filing the ‘050 provisional application in 2004, the inventors of GS
CleanTech’s novel corn oil extraction method began to engage the ethanol manufacturing
industry to explain and market the corn oil extraction method itself and the benefits to be had by
ethanol manufacturers if they were to install these systems in their facilities. In fact, in 2005, the
inventors invited ethanol manufacturers to a symposium to hear about the advantages of this
method and about 30 percent of the industry attended.

18.  Upon information and belief, IBEC infringes, and will continue to infringe, one or
more of the claims of the ‘858 patent.

19.  Upon information and belief, IBEC infringes, and will continue to infringe, the
claims of GS CleanTech’s patent applications as published and as issued in the ‘858 patent.

20. GS CleanTech is entitled to provisional rights under 35 U.S.C. § 154(d) because
IBEC makes, uses, offers for sale, or sells in the United States the invention as claimed in the
published ‘859 application; IBEC had actual notice of the published ‘859 application; and the
issued claims in the ‘858 patent are substantially identical to the originally published claims in

the ‘859 application.
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COUNT I
(Infringement of U.S. Patent No. 7,601,858)

21. GS CleanTech repeats and realleges paragraphs 1-20, above, as though fully set
forth herein.

22.  IBEC infringes and will continue to infringe one or more of the claims of the ‘858
patent by, among other activities, practicing the claimed methods and/or processes.

23. IBEC’s infringement has injured GS CleanTech, and GS CleanTech is entitled to
recover damages adequate to compensate it for such infringement.

24.  IBEC’s infringement has been willful, deliberate, and objectively reckless.

25.  IBEC’s infringing activities have injured and will continue to injure GS
CleanTech, unless and until this Court enters an injunction prohibiting further infringement and,
specifically, enjoining further manufacture, use, sale, importation, and/or offer for sale of
products or practice of any methods and/or processes that come within the scope of the claims of
the ‘858 patent.

PRAYER FOR RELIEF

WHEREFORE, GS CleanTech respectfully asks this Court to enter judgment against
IBEC and against its respective subsidiaries, successors, parents, affiliates, officers, directors,
agents, servants and employees, and all persons in active concert or participation with it, granting
the following relief:

A. The entry of judgment in favor of GS CleanTech and against IBEC;

B. A preliminary injunction prohibiting further infringement of the ‘858 patent;

C. A permanent injunction prohibiting further infringement of the ‘858 patent;

D. An award of damages adequate to compensate GS CleanTech for the infringement

that has occurred, but in no event less than a reasonable royalty for the use made
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of the inventions of the ‘858 patent as provided in 35 U.S.C. § 284, together with
prejudgment interest from the date the infringement began;
E. An award to GS CleanTech of all remedies available under 35 U.S.C. § 284,
F. An award to GS CleanTech of all remedies available under 35 U.S.C. § 285;
G. An award to GS CleanTech of all remedies available under 35 U.S.C. § 154(d);
and
H. Such other relief to which GS CleanTech is entitled under law, and any other and
further relief that this Court or a jury may deem just and proper.
DEMAND FOR JURY TRIAL
Pursuant to Fed. R. Civ. P. 38(b), GS CleanTech demands a trial by jury on all issues so
triable.
Respectfully submitted,

CANTRELL, STRENSKI & MEHRINGER, LLP

"

e

James P@i, Esq.
2400 Mark wer

10 West Market Street
Indianapolis, IN 46204
Tel: 317-352-3500

Fax: 317-352-3501
jstrenski@csmlawfirm.com

Date: May 3, 2010 By:

ATTORNEY FOR PLAINTIFF

GS CLEANTECH CORPORATION
Of Counsel
Michael J. Rye, Esq
Charles O’Brien

CANTOR COLBURN LLP
20 Church Street, 22™ Floor
Hartford, CT 06103

Tel: 860-286-2929

Fax: 860-286-0115
mrye(@cantorcolburn.com
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az United States Patent
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(45) Date of Patent:

US 7,601,858 B2
Oct. 13, 2009

(54) METHOD OF PROCESSING ETHANOL
BYPRODUCTS AND RELATED SUBSYSTEMS

(75) Inventors: David Fred Cantrell, Lakemont, GA
(US); David J. Winsness, Alpharetta,
GA (US)

(73) Assignes: GS Cleantech Corporation, New York,
NY (US)

(*) Notice:  Subject to any disclaimer, the term of this
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(22) Filed: May 5, 2005
(65) Prior Publication Data
US 2006/0041152A1  Feb, 23, 2006

Related U.S, Application Data

(60) Provisional applieation No. 60/602,050, filed on Aug,.
17, 2004,

(51) Int.Cl
clp 100 (2006.01)
(52) USi Cl wnnianimsinssscasnsesimssssassonisnionssnens 948
(58) Fleld of Classification Search ....ovveissrsinns 554/8
See application file for complete search history.

(56) References Clied
U.S. PATENT DOCUMENTS

2,206,024 A 7/1940 Brown
2,216,904 A 10/1940 Brown
2,216,905 A 10/1940 Brownetal,
2,263,608 A 11/1941 Brown
2446913 A 8/1948 Eslich
2,524,718 A 10/1950 Starsk
2615029 A 10/1952 Rosten
2,663,718 A 12/1953 GStrezynski
3,721,568 A 3/1973 Wilson
3,950,230 A 4/1976 Greenfield et al,
4341,713 A 7/1982 Stolpetal,

4,407,955 A 10/1983 Muller etal,

4,944,954 A 7/1990 Stropetal,
5,250,182 A 10/1993 Bento ctal,
5,260,947 A 12/1993 Baskis
5,316,782 A 5/1994 Zimlich, I
5,662,810 A 9/1997 Willgohs
580,140 A 9/1998 Langleyetal,
. 5958233 A 9/1999 Willgohs
5998,641 A 12/1999 Ganguli et al,
6,146,645 A 11/2000 Deckers et al.
6,433,146 Bl 8/2002 Cheryan
(Continued)
OTHER PUBLICATIONS

Singh, et al,, "Extraction of Oll from Corn Distillers Dried Gralng
with Solubles”, 1998, Transactlons of the ASAE, Bol.41(6), pp. | 175
and 1176.%

(Continued)

Primary Examiner—Deborah D Carr
(74) Attorney, Agent, or Firm—Cantor Colburn LLP

(57) ABSTRACT
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U.S. Patent Oct. 13,2009  Sheet 1 of 4 US 7,601,858 B2
Whaole Stillage CASE 1
"Mechanical Separation” "BEFORE"
HMolsture Content of Distiliers Wet Gralna: €50%
Sollds Concontration In Thin Stliage: 6.70%
Moisture Concontration In Byrup: 00.0%
aem Lba/H
Total Oapacity 145 72,210
«Totz) Molsture 118 58,702
«Tata Solids 27 13,600
Distitlers Wet Graing Thin Stillage
GPM Lbalhr % GEN Lbsthr 5
Total Valume 575 28,634 Total Volume 87.5 43,578
Molaturo! A 1we12  65.0% Wolsturo: 90.5 40,080 92%
Yolol Bouds 204 10,022 3% Oll Contont: 11 (1] 13%
Solldn: §9 2920 6.70%
Evaporator Removes
26,146 Lbs/hr of Water, or
53 GPM of Water
$50.98 Oporating Cogt (/hn)
“ GPM Lbahy %
Total Volume 35.0 17,430
Molsiuros 80 1044 80.0%
Ol Contonts 1.1 509 1%
Bolida: 58 2,820 17%
y
[Gried Froduct - having 10% molatura contant {ibafhr): 15,000
Molsture to Evaporato (thaihr) 31,056
ar, In GPM: 924
Fuol Raquirod In Oryor {in Doesthorma): 524
Dryar Oporating Coot @ $6.00 Ducotharm (Sihr): $262.22
Protluct Value ($fh): $600.36

Fig. 1
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U.S. Patent Oct. 13,2009 Sheet 2 of 4 US 7,601,858 B2
v —
Whole Stillage CASE 1
"Mechanical Separation" "AFTER"
Maisture Content of Distlilors Wot Gralns: 85.0%
Soilds Concentration In Thin 5tijlage; 8.70%
Molature Concentration In Syrup: e 80.0%
GPH LboiHy
‘Total Capaclly 146 72,210
« Tatal Molsture 18 68,702
« Yots! Sollds n 13,608
Distlllers Wat Grains Thin Stiilage
GEM Lbalhy % fell] Lbsihr %
Total Volume §7.5 28,634 Total Volume 87.6 43,576
Molsturo: L7 ] 18812 65.0% Molstura: 905 40,090 2%
Yol Sallds 204 10,022 W% Ol Contsnt: 14 566 13%
Solidas 58 2,920 6.70%
l A \ "'ﬁl Evaporator Removes
]~ lady utu- 26,146  Lba/hrof Waler,or
& g 53 GPM of Water
i g $50.98 Oporaling Cost (Shr)
10 f
) Syrup oPM Lhathe %
otal Volume 35.0 17,430
Molatura: 0.0 REE T 80.0%
Qll Contonk 1.1 6566 I%
Salides 1] 2,920 %

ISgrup_ﬂbslhr)z 16,892 ]
Molnture; D2.6%

|Motature {tbafhi): 13,884
|on contam fevn: n
[8otide Content {lbahnyi 2,820

EOlIYR'aEbveleﬂ"[lhslhr):"
H Qll Value {$/hr):

Diled Product « having 10% molsture content (tbsfhr): 14,411
Molsture to Evoporato {Ibs/hr): 31115
or, In GFM: 82,5
Fuel Roqulred tn Dryer (In Decathorms): 525
Drysr Operating Cost & $5.00 Dacatherm (Shr): $262,73
Product Valuo ($thr): $676.46

Fig. 2
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U.S. Patent Oct. 13, 2009 Sheet 3 of 4 US 7,601,858 B2
Whole Stillage CASE 2
"Mechanical Separation" "BEFORE"
Volsture Contont of Distlilers Wet Grains: 80.0%
Sollds Conoantrallon In Thin Btillago; 3.67%
Mnlstura Concentration In Syrupt 80.0%
GEM LbaMe
Total Capacity 145 72,210
«Tols! Moleturo 118 8g,y02
"+ Totl Sollds r 13,500
Distillers Wet Grains Thin Stillage
GPEM Lhgihe % GEM Lbofhr %
Total Volume 56.9 28,326 Total Volume 8841 43,885
Waloturo: 344 19,005 60.0% Molnturo; 8.7 400 95%
Tots! Sollds 228 14330 A0% ol Contant: 1.1 E68 1%
Sollds; 32 1,512 3.67%
Vil ’ =
(m 4 Evaporator Removas
38,440 Lbafhr of Water, or
77 GPM of Water
574.96 Operating Cost ($/hr}
" Syrup
GEM Lbsihy %
Total Volume 10.9 5,445
Wolsturo: 8.5 3,267 60.0%
Ol Contanl: R ] 868 104%
Sollds: 3.2 1,892 0%
N
Triod Product - having 10% moleiure content [Ibethr); 15,009
Motature ta Evaporata (Ibs/hr) 18,781
on In GPM: anr
Fue| Requlrad In Dryor [In Docsthorme): My
Dryor Oporating Coat @ $5.00 Dosatherm (§/hr)t $158.41
Product Vaiuo (3lhr); $600.36

Fig. 3
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U.S. Patent Oct. 13, 2009 Sheet 4 of 4 US 7,601,858 B2
Whole Stillage CASE 2
"NMechanical Separation" "AFTER"
Molstura Gontent of Distillars Wat Gralns: 60.0%
Sollds Caneentration in Thin Stitlags: 3.67%
Malsture Goncentration in 8 60.0%
cen LhsfHe
| Total Capactty 148 72,210
- Total Molsturo 118 8,702
- Total Solida 13,508
Distlilers Wet Gralns Thin Stillage
BEM Loy % el ] Lhalhr %
Total Volume 56.9 28,325 Total Volume 88.1 43,885
Wolsturo (28] e 60.0% Wolstur; 154 a0 95%
Yobr! Gollds 22,8 11390 40% il Contant: K] 506 13%
solwu 3.2 1,842 3.67%
Evaporator Removes
38 440 Lbs/hr of Water, or
GPM of Water
574 96 Oporating Cost ($Mr)
syrup GEM Lhajhr %
Total Volume 109 5445
Holsture; 86 3,287 60.0%
ol Contonk: 14 [ 10.4%
1,612 30%
Syrup {ibsihr): - 4,907
Moiature: 86.0%
Wolatisro {bafhnk: 3,267
01} Comtant juvhm 20
Bolkis Contant {loathrz 1,842
lv e ..~qu, i
Felllﬁecbve:ed'jlbslhi' T 538wt v
Oil Valus (3/nr); 51 02 I
Y

Briod Praduct - Aaving 10% moisturs content [Ibslhr); 14,411
Malsture to Evaporate {Ibs/hr); 18,821
or, in GPM: 37.8

Fuel Required in Dryor {in Dacatharms); 31,8
Dryer Oporating Cost @ 55.00 Decatherm |Sthr): $158.92
Product Value {($/hr); $576.46

Fig. 4
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US 7,601,858 B2

1

METHOD OF PROCESSING ETHANOL
BYPRODUCTS AND RELATED SUBSYSTEMS

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 60/602,050, filed Aug,. 17, 2004,
the disclosure of which is incorporated herein by reference.

COPYRIGHT STATEMENT

A portion of the disclosure of this document contains mate-
ria] subject to copyright protection, No objection is made to
the facsimile reproduction of the patent document or this
disclosure as it appears in the Patent and Trademark Office
files or records, but any and all rights in the copyright(s) are
otherwise reserved,

TECHNICAL FIELD

The present invention relates generally to recovering oil

15

and, more particularly, to recovering oil from a byproduct of 2

the dry milling process used to form ethanal.
BACKGROUND OF THE INVENTION

Over the past thirty years, significant attention has been
given to the production of ethyl alcohel, or *‘ethanol,” for use
ag an alternative fuel, Bthanol not only bums cleaner than
fossil fuels, but also can be produced using grains such as
corn, which are of course renewable resowrces, At present,
approximately sixty-nine “dry milling" plants in the United
States produce over two billion gallons of ethanol per year.
Additional plants presently under construction are expected
to add over four hundred million gallons to this total in an
effort to meet the current high demand,

30

As noted in the forepoing discussion, a popular method of 35

producing ethano] is known as “dry milling,” and in the
United States is typically practiced using corn, As is well
known in the industry, the dry milling process utilizes the
starch in the com or other graln to produce the ethanol
through fermentation, and creates a waste stream comprised
of byproducts termed “whole stillage™ (which may be further
separated into products lknown as distillers wet grains and
“thin stillage”), Despite containing valuable oil, this whole
stillage has for the most part been treated as waste and used
primarily to supplement animal feed (mostly in the form of
distillers dried grains with solubles (DDGS), which is created
by evaporating the thin stillage, recombining the resulting
concentrate or syrup with the distillers wet grains, and drying
the product to have a low moisture content; see, e.g., U.S. Pat.
Nos, 5,662,810 and 5,958,233, the disclosures of which are
incorporated herein by reference).

Efforts to recaver the valuable ol from this byproduct have
not been successful in terms of efficlency or economy, For
example, one approach lnvolves attempting to separate the oil
from the thin stillage before the evaporation stage, such as
using a centrifuge, However, spinning the thin stillage at this
stage does not produce usable oil, but rather merely creates an
undesirable emulsion phase requiring. further processing,
Moreover, the volume of thin stillage presont is generally 2 to
10 times greater than the syrup, which requires considerable
capital to purchase the number of centrifuges required.
Together, these obstacles meke attempts to recover oil from
thin stiliage highly inefficient and uneconomical,

U.S. Pat. No. 5,250,182 (the disclosure of which is incor-
porated herein by reference) describes the use of filters for
removing substantially all solids and recovering lactic acid
and glycerol from the thin stillage without the need for evapo-

4s

50

2

ration. Despite eliminating a step in the conventional process,
the proposal results in a more complicated arrangement
requiring multiple filtration steps. Wholesale elimination of
the evaporator in the vast majority of existing plants is also
unlikely and otherwise uneconomical, Filters, and especially
the microfiltration and ultrafiltration types proposed in this
patent, are also susceptible to frequent plugging and thus
disadvantageously increase the operating cost. For these rea-
sons, the filtration process proposed in this patent has not
gained widespread commercial acceptance,

Accordingly, a need exists for a more efficjent and eco-
nomical manner of recovering oil from a byproduct coatain~
ing it, such as thin stillage created during the dry milling
procesa used to produce ethanol,

SUMMARY OF THE INVENTION

In accordance with one aspect of the invention, a method of
processing a concentrated byproduct of a dry milling process
for producing ethanol, such as by using corn, is disclosed, In
its most basic form, the method comprises recovering oil
from the concentrated byproduct.

In one embodiment, the byproduct comprises thin stillage,
and the method includes the step of evaporating the thin
stillage to form a concentrate. The recovering step may fur-
ther comprise separating, the ofl from the concentrate using a
disk stack centrifuge. Preferably, the recovering step com-
prises: (1) providing the concentrated byproduct at a tempera-
ture of between about 150 and 212° F, and, most preferably, at
a temperature of about 180° F.; and/or (2) providing the
concentrated byproduct having a pH of between about 3 and
6 and, most preferably, between about 3.5 and 4.5. Addition-
ally, it Is preferred that the concentrated byproduct have a
moisture content greater than 15% by weight, more prefer-
ably a moisture content preater than 50% and less than 0%
and, most preferably, a moisture content between about
60-85%, The step of recovering the oil from the concentrated
byproduct produces syrup, and the method may further
include the step of recovering oil from the syrup,

In accordance with another aspect of the invention, a more
specific method of processing concentrated thin stillage cre-
ated by a dry milling process for producing ethanol, such as
from com, is disclosed, The method comprises recavering oil
from the concentrated thin stillage having a moisture content
of less than about 90% by weight,

In one embodiment, the recovering step comprises sepa-
rating the oil from the concentrate using a disk stack centri-
fuge. The method may further include the step of drying the
concentrate after the removing step.

In accordance with still another aspect of the invention, a
method of recovering oil from thin stillage is disclosed, The
method comprises evaporating the thin stillage to oreate a
concentrate having a moisture content of greater than 15% by
weight and less than about 90% by weight. Ol is then recov-
ered by centrifuging the concentrate, preferably using a disk
stack centrifuge,

In accordance with yet another aspect of the invention, a
method of processing whole stillage is disclosed, The method
comprises recovering thin stillage including oil and solids
from the whole stillage, concentrating the thin stillage includ-
ing the solids, and recovering oil from the concentrate,

In one embodiment, the step of recovering the thin stillage
includes using a separator selected from the group consisting
of a press, extruder, a decanter centrifage, and a screen can-
trifuge. The concentrating step may comprise processing the
thin stillage to a temperature of between about 150 and 212°
F., a pH of between about 3 and 6, and a mojsture content of
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less than 90%, The step of recovering oil comprises separat-
ing the oil from the concentrate using a centrifuge. The recav-
ering and concentrating steps may be performed in a continu-
ous fashion, The method may further include drying the
concentrate after recovering ofl,

In accordance with a further aspect of the invention, a
subsystem for use in a system for producing ethanol by dry
milling and creatlog thin stillage a8 a byproduct is disclosed,
The subsystem comprises an evaporator for evaporating the
thin stillage to form a concentrate, and a centrifuge for receiv-
ing the concentrate and recovering oil therefrom, Preferably,
the concentrate has a molsture content of less than about 50%
by weight, and the centrifuge is a disk stack type,

Still n further nspect of the invention is a subsystem foruse
in a system for producing ethanol by dry milling and creating
thin stillage as a byproduct. The subsystem comprises an
evaporator for evaporating the thin stillage to form a concen-
trate and means for recovering oil from the concentrate, In
one embodiment, the recovering means comprlses a centri-
fuge and, most preferably, a disk stack centrifuge.

‘Yet a further aspect of the invention is the combination of
a concentrate formed from thin stillage including oil and a
centrifuge for removing at least a portion of the oil from the
concentrate, Preferably, the concentrate has a moisture con-
tentofgreaterthan 15% by weight and less thanabout 50% by
welght, and the centrifuge is a self-cleaning bow! type of disk
stack centrifuge, a nozzle bow! disk stack centrifuge, or a
horizontal centrifugal decanter

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partially schematic flow chart jllustrating the
processing of co-products formed during the ethanol extrac-
tion process;

FIG. 2 is a partlally schematic flow chart illustrating the
recovery of oil from a syrup formed by evaporating the thin
stillage;

FIG, 3 is a schematic view similar to FIG. 1; and

FIG, 4 is a schematic view similar to FIG. 2.

DETAILED DESCRIPTION OF THE INVENTION

In accordance with one aspect of the invention, a method
recovers oil from a byproduct resulting from the production
of ethanol using a dry milling technique (which is extensively
deseribed in the nbove-referenced *182 patent). The byprod-
uct, known as “thin stillage,” is recovered by separating the
distiliers wet grain from the *“whole stillage” leftover after
fermentation is complete. As is known in the art, this
mechanical separation may be accomplished using a press/
extruder, a decanter centrifuge, or a screen centrifuge. Mois-
ture is then removed from the unfiltered thin stillage to create
a concentrate or syrup, such as through evaporation. Advan-
tageously, usable oil is then easily recovered from this con-
centrated form of the byproduct through relatively simple
mechanical processing, without the prior need for multiple
stages of ltration or other expensive and compiicated under-
takings,

In one embodiment, oil is recovered from the concentrate
by passing it through a centrifuge and, in particular, a disk
stack centrifuge (and most preferably a seli~cleaning bowl
type), Preferably, the concentrate fed to the disk stack centri-
fuge is at a temperature of between abont 150 and 212° F, (and
jdeally 180° F.) and a pH of between about 3 and 6 (ideally
between ebout 3.5 and 4.5). As a result of the preceding
evaporation step, the concentrate has a moisture coatent of
groater than 15% and less then about 90%, more preferably

10

40

EN
wu

4

between 30% and about 90%, and ideally about 60-85% by
weight, Under these process conditions, the disk stack cen-
trifbge is able to separate the oil in usable form from the
concentrate in an efficient and effective manner, despite the
relatively high level of solids present (which may be recov-
ered from the centrifuge in a continuous or intermittent fash-
ion, depending on the particular process conditions),

Besides creating usable oil, the concentrate or syrup recov-
ered from the disk stack centrifuge is considersd more valu-
able, This is because the post-evaporation processing fo
recover or remove the oil improves the efficiency of the dry-
ing process used on the combined concentrate syrup and
distillers wet grains, A stable, lowabls product for supple-
menting animal feed results, which thug further complements
the value of the oil recovered,

Two examples are presented below to demonstrate the
efficacy of the above-described method.

EXAMPLE 1

Reference js made to FIGS, 1 and 2 to illustrate schemati-
cally a first exarmple demonstrating the efficacy of the present
method,

FIG. 1 represents one technique for processing whole stil-
lage resulting from dry milling com to create distillers dried
grains with solubles. The whole stillage leftover after deriv-
ing the ethanol is mechanically separated into distillers wet
grains (approx. 35% solids) and thin stillage (approx. 6.7%
solids), such as by using a centrifugal decanter, The thin
stillage is then introduced to an evaporator to create a syrup
having a moisture content of approximately 80% by weight
and dbout 17% solids by weight, The syrup is then recom-
bined with the distillers wet grains, introduced to a drum
dryer, and dried to raduce the overall moisture content to
approximately 10% by weight, An estimated tote] value of the
resulting distillers drled grains with solubles is $600.36 per
hour.

FIG. 2 represents the jnventive method and a related sub-
system 10 for implementing it. Initial processing of the whole
stillage is done in the same fashion, and the mechanically
separated thin stillage is delivered to the evaporator 12 form-
ing part of the subsystem 10, The resulting concentrate or
syrup having a moisture content of approximately 80% by
weight and a solids content of approximately 17% by weight
is delivered to a disk stack centrifuge 14, and preferably a
“golids gjecting™ one, such as an Alfa Laval Mode] No, AFPX
510, AFPX 513, or AFPX 617 or equivalent device. At an
infeed rate of approximately 35 gallons per minute, this cen-
trifuge 14 recovers usable oil at a rate of 538 pounds per hour
and produces syrup having a having a moisture content of
82.5% by weight, but with far less oil in view of the preceding
recovery step,

Recombining the syrup (which is substantially free of ail)
from the centrifuge 14 with the distillers wet grains and
drying in a drum dryer 16 to a molsture content of 10% by
weightresults ina productbaving a value of $576.46 perhour,
However, the 538 pounds per hour of oil recovered hes a
product value of approximately $102 per hour, Accordingly,
the totel produot value using the inventive method is $678,46
per hour, which is approximately 12% greater than the
$600.36 per hour product value resulting from nse of the
conventlonal set-up shown in FIG. 1, Moreover, removal of
the majority of the oil before the drying step makes the pro-
cesg more efficlent, and results in an estimated energy savings
of approximately 10%, or $26.27 per hour, As a result, prod-
uct value per hour ($678.46) less the estimated dryer operat-
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ing cost ($236.46 per hour with the 10% savings) and less the
estimated evaporator operating cost ($50.98 per hour) is
about $391,02 per hour,

EXAMPLE 2

Reference i§ made to FIGS. 3 and 4, which illustrete a
prophetic comparison between one processing method and
the inventive method, The set-up is essentially the same as
shown in FIGS, 1 and 2, but a more effective centrifugal
decanter is used than the one used in Example 1. As a result,
the syrup introduced to the disk stack centrifuge 14 would
have a moisture content estimated at 60% by weight, While
this does not impact the product value figures, the syrup from
the centrifuge 14 has & moisture content of only 66.6% by
weight, as compared to 82,5% by weight in Example 1. As a
result, the cost per hour of drying this syrup when combined
with the distillers wet gralns to achieve an end product having
a molsture content of less than 10% is only $158.92, or
approximately 40% less, Assuming a savings in dryer effi-
ciency of 10%, the product value per hour ($678.46) less the
estimated dryer operating cost ($143,03 per hour) and less the
estimated evaporator operating cost ($74.96 per hour) is
$460,46 per lhour, This represents an approximate 15%
increase over the corresponding value calculated for Example
1,

As should be appreciated, the above-described method and
subsystem of the preferred embodiment essentially require
the addition of a centrifuge downstream of the evaporator in
the conventional system for processing thin stillage (which
centrifuge may thus be considered a “means for" recovering
oi] from thin stillage). Accordingly, instructions on how to
iriplement the above-described method (including the opti-
mum process variables) may be provided along with a cen-
trifuge for use in an ethanol plant for forming the novel
subsystem 10 disclosed herein, Such instructions result in the
most efficient implementation of the method, as compared to
the situation where the scientists or engineers at the plant
must experiment with the centrifuge to determine the opti-
mum process conditlons reqnired to echieve a favorable
result. .

The foregoing description provides illustration of the
inventive concepts, The descriptions are not intended to be
exhaustive or to limit the disclosed invention o the precise
form disclosed, Modifications or variations are also possible
in light of the above teachings. For example, the syrup recov-
ered from the centrifuge may be evaporated and processed
again in a further offort to recover oil before drying, More-
over, in addition to a self-cleaning bow] type of disk stack
centrifuge, a nozzle bowl disk stack centrifuge would work as
a means for recovering oil from the concentrate, as would a
horizontal centrifugal decanter (which may be especially
beneficial when the moisture content of the concentrate is less
than 50% by weight) or other like devices for separating oil
from a substance including suspended solids. Moreover,
besides corn, the present invention may have utility with any
other grain used in a dry milling process for producing etha-
nol, such ag for example, milo, The embodiments described
above were chosen to provide the best application to thereby
enable one of ordinary skill in the art to utilize the inventions
in various embodiments and with various modifications as are
suited to the particular use contemplated, All such modifica-
tions and variations are within the scope of the inventlon,

‘The invention claimed is;

1, A method of recovering oil from thin stillage, the method
comprising, in sequence:
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evaporating the thin stillage to remove water and form a

concentrated byproduct; and

recovering oil from the concentrated byproduct by heating

and mechanically processing the concentrated byprod-
uct to separate the oil from the concentrated byproduct,
whereln the concentrated byproduct has a moisture con-
tent of greater than 30% and less than 90% by weight,

2, The method of claim 1, wherein the mechanical process-
Ing comprises separating the oil from the concentrated
byproduct using a disk stack centrifuge.

3, The method of claim 1, wherein the recovering step is
performed on the concentrated byproduct at a temperature of
between about 150 end 212° F,

4, The method of claim 1, wherein the recovering step is
performed on the concentrated byproduot at a temperature of
about 180°F,

5. The method of claim 1, wherein the recovering step is
performed on the concentrated byproduct having a pH of
between about 3 and 6, .

6. The method of claim 1, wherein the recovering step is
performed on the concentrated byproduct having a pH of
between about 3,5 and 4.5,

7. The method of claim 1, wherein the concentrated
byproduct has & moisture content between about 60-85%.

8. A method of recovering ol from thin stillage, compris-
ing, in sequence: evaporating the thin stillage to create a
concentrate having a moisture content of greater than 30% by
weight and less than about 90% by welght; and centrifuging
the concentrate to recover oil.

9. The method according to claim 8, wherein the step of
centrifnging the concentrate comprises using a disk stack
centrifuge,

10. A method of pracessing whole stillage, comprising:
recovering thin stillage from the whole stillage, the thin stil-
lage including oil and solids; concentrating the thin stillage
including the solids to produce a thin stillage concentrate,
wherein the thin stillage concentrate has a moisture contentof
greater than 30% and less than 90% by weight; and recover-
ing oll from the concentrate by a process conslsting essen-
tially of heating and mechanically processing the concentrate
to separate the oil from the concentrate,

11, The method of claim 10, wherein the step of recovering
the thin stillage Includes using a separator selected from the
group consisting of a press, extruder, a decanter centrifuge,
and a screen centrifuge,

12, The method of claim 10, wherein the concentrating step
comprises processing the thin stillage to a temperature of
between about 150 and 212° F,, a pH of between about 3 and

13, The method of claim 10, wherein the step of recovering
oil comprises separating the oil from the concentrate using a
centrifuge,

14, The method of claim 10, wherein the recovering and
concentrating steps are performed in a continnous feshion,

15, The method of claim 10, further including the step of
drying the concentrate after the step of recovering the oil,

16, Ina method for processing comn to produce ethanol and
concentrated thin stillage, the improvement comprising the
step of recovering a product consisting essentially of oil from
the concentrated thin stillage by heating and mechanically
pracessing the concentrated thin stillage to separate the oil
from the concentrated thin stiliage.
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