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(57) ABSTRACT 

In one aspect of the invention, a method recovers oil from a 
concentrated byproduct, such as evaporated thin stillage 
formed during a dry milling process used for producing etha 
nol. The method includes forming a concentrate from the 
byproduct and recovering oil from the concentrate. The step 
of forming the concentrate may comprise evaporating the 
byproduct. Further, the step of separating the oil from the 
concentrate may comprise using a centrifuge and, in particu 
lar, a disk stack centrifuge. Other aspects of the invention 
include related methods and subsystems for recovering oil 
from thin stillage. 
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METHOD OF PROCESSING ETHANOL 
BYPRODUCTS AND RELATED SUBSYSTEMS 

[0001] This divisional application claims the bene?t of 
US. Continuation application Ser. No. 11/241 ,23 1, ?led Sep. 
30, 2005 Which claims priority to US. Non-Provisional appli 
cation Ser. No. 11/122,859; ?led May 5, 2005; US. Provi 
sional Patent Application Serial No. 60/602,050; ?led Aug. 
17, 2004, the disclosure of Which is incorporated herein by 
reference. 

COPYRIGHT STATEMENT 

[0002] A portion of the disclosure of this document con 
tains material 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 
O?ice ?les or records, but any and all rights in the copyright 
(s) are otherWise reserved. 

TECHNICAL FIELD 

[0003] The present invention relates generally to recover 
ing oil and, more particularly, to recovering oil from a 
byproduct of the dry milling process used to form ethanol. 

BACKGROUND OF THE INVENTION 

[0004] Over the past thirty years, signi?cant attention has 
been given to the production of ethyl alcohol, or “ethanol,” for 
use as an alternative fuel. Ethanol not only bums cleaner than 
fossil fuels, but also can be produced using grains such as 
corn, Which are of course reneWable resources. 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. 
[0005] As noted in the foregoing discussion, a popular 
method of producing ethanol 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 corn or other grain to produce the ethanol 
through fermentation, and creates a Waste stream comprised 
of byproducts termed “Whole stillage” (Which may be further 
separated into products knoWn 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., US. Pat. 
Nos. 5,662,810 and 5,958,233, the disclosures of Which are 
incorporated herein by reference). 
[0006] Efforts to recover the valuable oil from this byprod 
uct have not been successful in terms of ef?ciency or 
economy. For example, one approach involves 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 fur 
ther processing. Moreover, the volume of thin stillage present 
is generally 2 to 10 times greater than the syrup, Which 
requires considerable capital to purchase the number of cen 
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trifuges required. Together, these obstacles make attempts to 
recover oil from thin stillage highly inef?cient and uneco 
nomical. 
[0007] US. Pat. No. 5,250,182 (the disclosure of Which is 
incorporated herein by reference) describes the use of ?lters 
for removing substantially all solids and recovering lactic 
acid and glycerol from the thin stillage Without the need for 
evaporation. Despite eliminating a step in the conventional 
process, the proposal results in a more complicated arrange 
ment requiring multiple ?ltration steps. Wholesale elimina 
tion of the evaporator in the vast majority of existing plants is 
also unlikely and otherWise uneconomical. Filters, and espe 
cially the micro?ltration and ultra?ltration types proposed in 
this patent, are also susceptible to frequent plugging and thus 
disadvantageously increase the operating cost. For these rea 
sons, the ?ltration process proposed in this patent has not 
gained Widespread commercial acceptance. 
[0008] Accordingly, a need exists for a more e?icient and 
economical manner of recovering oil from a byproduct con 
taining it, such as thin stillage created during the dry milling 
process used to produce ethanol. 

SUMMARY OF THE INVENTION 

[0009] In accordance With one aspect of the invention, a 
method of processing a concentrated byproduct of a dry mill 
ing 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. 
[0010] 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 
further comprise separating the oil 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 2120 F. and, most preferably, at 
a temperature of about 1800 E; 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 greater than 50% and less than 90% 
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. 
[0011] In accordance With another aspect of the invention, 
a more speci?c method of processing concentrated thin stil 
lage created by a dry milling process for producing ethanol, 
such as from corn, is disclosed. The method comprises recov 
ering oil from the concentrated thin stillage having a moisture 
content of less than about 90% by Weight. 
[0012] In one embodiment, the recovering step comprises 
separating the oil from the concentrate using a disk stack 
centrifuge. The method may further include the step of drying 
the concentrate after the removing step. 
[0013] In accordance With still another aspect of the inven 
tion, a method of recovering oil from thin stillage is disclosed. 
The method comprises evaporating the thin stillage to create 
a concentrate having a moisture content of greater than 15% 
by Weight and less than about 90% by Weight. Oil is then 
recovered by centrifuging the concentrate, preferably using a 
disk stack centrifuge. 
[0014] In accordance With yet another aspect of the inven 
tion, a method of processing Whole stillage is disclosed. The 
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method comprises recovering thin stillage including oil and 
solids from the Whole stillage, concentrating the thin stillage 
including the solids, and recovering oil from the concentrate. 
[0015] 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 centrifuge, and a 
screen centrifuge. The concentrating step may comprise pro 
ces sing the thin stillage to a temperature of betWeen about 150 
and 2120 E, a pH of betWeen about 3 and 6, and a moisture 
content of less than 90%. The step of recovering oil comprises 
separating the oil from the concentrate using a centrifuge. The 
recovering and concentrating steps may be performed in a 
continuous fashion. The method may further include drying 
the concentrate after recovering oil. 
[0016] In accordance With a further aspect of the invention, 
a subsystem for use in a system for producing ethanol by dry 
milling and creating thin stillage as 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 moisture content of less than about 90% 
by Weight, and the centrifuge is a disk stack type. 
[0017] Still a further aspect of the invention is a subsystem 
for use in a system for producing ethanol by dry milling and 
creating thin stillage as a byproduct. The subsystem com 
prises an evaporator for evaporating the thin stillage to form a 
concentrate and means for recovering oil from the concen 
trate. In one embodiment, the recovering means comprises a 
centrifuge and, most preferably, a disk stack centrifuge. 
[0018] Yet a further aspect of the invention is the combina 
tion 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 
content of greater than 15% by Weight and less than about 
90% by Weight, and the centrifuge is a self-cleaning boWl type 
of disk stack centrifuge, a noZZle boWl disk stack centrifuge, 
or a horizontal centrifugal decanter 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a partially schematic ?oW chart illustrating 
the processing of co-products formed during the ethanol 
extraction process; 
[0020] FIG. 2 is a partially schematic ?oW chart illustrating 
the recovery of oil from a syrup formed by evaporating the 
thin stillage; 
[0021] FIG. 3 is a schematic vieW similar to FIG. 1; and 
[0022] FIG. 4 is a schematic vieW similar to FIG. 2. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] 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 described in the above-referenced ’182 patent). 
The byproduct, knoWn as “thin stillage,” is recovered by 
separating the distillers 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. 
Moisture is then removed from the un?ltered thin stillage to 
create a concentrate or syrup, such as through evaporation. 
Advantageously, usable oil is then easily recovered from this 
concentrated form of the byproduct through relatively simple 
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mechanical processing, Without the prior need for multiple 
stages of ?ltration or other expensive and complicated under 
takings. 
[0024] In one embodiment, oil is recovered from the con 
centrate by passing it through a centrifuge and, in particular, 
a disk stack centrifuge (and most preferably a self-cleaning 
boWl type). Preferably, the concentrate fed to the disk stack 
centrifuge is at a temperature of betWeen about 150 and 212° 
F. (and ideally 1800 F.) and a pH of betWeen about 3 and 6 
(ideally betWeen about 3 .5 and 4.5). As a result of the preced 
ing evaporation step, the concentrate has a moisture content 
of greater than 15% and less than about 90%, more preferably 
betWeen 30% and about 90%, and ideally about 60-85% by 
Weight. Under these process conditions, the disk stack cen 
trifuge is able to separate the oil in usable form from the 
concentrate in an ef?cient 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). 
[0025] Besides creating usable oil, the concentrate or syrup 
recovered from the disk stack centrifuge is considered more 
valuable. This is because the post-evaporation processing to 
recover or remove the oil improves the ef?ciency of the dry 
ing process used on the combined concentrate syrup and 
distillers Wet grains. A stable, ?oWable product for supple 
menting animal feed results, Which thus further complements 
the value of the oil recovered. 
[0026] TWo examples are presented beloW to demonstrate 
the e?icacy of the above-described method. 

EXAMPLE 1 

[0027] Reference is made to FIGS. 1 and 2 to illustrate 
schematically a ?rst example demonstrating the e?icacy of 
the present method. FIG. 1 represents one technique for pro 
cessing Whole stillage resulting from dry milling com to 
create distillers dried grains With solubles. The Whole stillage 
leftover after deriving 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 about 17% solids by Weight. The syrup is then 
recombined With the distillers Wet grains, introduced to a 
drum dryer, and dried to reduce the overall moisture content 
to approximately 10% by Weight. An estimated total value of 
the resulting distillers dried grains With solubles is $600.36 
per hour. 
[0028] FIG. 2 represents the inventive method and a related 
subsystem 10 for implementing it. Initial processing of the 
Whole stillage is done in the same fashion, and the mechani 
cally separated thin stillage is delivered to the evaporator 12 
forming 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 
“solids ejecting” one, such as an Alfa Laval Model No. 
AFPX510, AFPX513, or AFPX617 or equivalent device. At 
an infeed rate of approximately 35 gallons per minute, this 
centrifuge 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. 
[0029] Recombining the syrup (Which is substantially free 
of oil) from the centrifuge 14 With the distillers Wet grains and 
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drying in a drum dryer 16 to a moisture content of 10% by 
Weight results in a product having a value of $576.46 per hour. 
However, the 538 pounds per hour of oil recovered has a 
product value of approximately $102 per hour. Accordingly, 
the total product 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 use of the conven 
tional set-up shoWn in FIG. 1. Moreover, removal of the 
majority of the oil before the drying step makes the process 
more ef?cient, and results in an estimated energy savings of 
approximately 10%, or $26.27 per hour. As a result, product 
value per hour ($678.46) less the estimated dryer operating 
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 

[0030] Reference is made to FIGS. 3 and 4, Which illustrate 
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 ?gures, the syrup from 
the centrifuge 14 has a 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 grains to achieve an end product having 
a moisture content of less than 10% is only $158.92, or 
approximately 40% less. Assuming a savings in dryer e?i 
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 hour. This represents an approximate 15% 
increase over the corresponding value calculated for Example 
1. 
[0031] As should be appreciated, the above-described 
method and subsystem of the preferred embodiment essen 
tially 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 oil from thin stillage). Accordingly, instruc 
tions on hoW to implement the above-described method (in 
cluding the optimum process variables) may be provided 
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along With a centrifuge for use in an ethanol plant for forming 
the novel subsystem 10 disclosed herein. Such instructions 
result in the most ef?cient 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 optimum process conditions required to achieve a favor 
able result. 
[0032] The foregoing description provides illustration of 
the inventive concepts. The descriptions are not intended to be 
exhaustive or to limit the disclosed invention to the precise 
form disclosed. Modi?cations 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 effort to recover oil before drying. More 
over, in addition to a self-cleaning boWl 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 
bene?cial 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 com, the present invention may have utility With any 
other grain used in a dry milling process for producing etha 
nol, such as 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 modi?cations as are 
suited to the particular use contemplated. All such modi?ca 
tions and variations are Within the scope of the invention. 

In the claims: 
1. In a system for producing ethanol by dry milling and 

creating thin stillage as a byproduct, a subsystem comprising: 
an evaporator for evaporating the thin stillage to form a con 
centrate; and a disk stack centrifuge for receiving the concen 
trate and recovering oil therefrom. 

2. The subsystem according to claim 1, Wherein the con 
centrate has a moisture content of less than about 90% by 
Weight. 

3. In combination, a concentrate formed from thin stillage 
including oil and a disk stack centrifuge for removing at least 
a portion of the oil from the concentrate. 

4. The combination of claim 3, Wherein the concentrate has 
a moisture content of greater than 15% by Weight and less 
than about 90% by Weight. 

* * * * * 


