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s) 57) ABSTRACT
Correspondence Address: In one aspect of the invention, a method and related system
KING & SCHICKLI, PLLC efficiently and effectively recover a significant amount of
247 NORTH BROADWAY valuable, useable oil from byproducts formed during a dry
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milling process used for producing ethanol. The method may
include forming a concentrate from the byproduct and recov-

(21) Appl. No.: 11/856,150 ering oil from the concentrate. The step of forming the con-
centrate may comprise evaporating the byproduct using a
(22) Filed: Sep. 17, 2007 multi-stage evaporator, as well as recovering the oil before the
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(63) Continuation of application No. PCT/US2006/
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final stage ofthe evaporator. Further, the step of recovering oil
from the concentrate may comprise using a centrifuge and, in
particular, a disk stack centrifuge. Other aspects of the inven-
tion include related methods and subsystems for recovering
oil.

Whole Stillage CASE 1
"Mechanical Separation” "BEFQORE"
Molsture Content of Distillers Wet Grains: 65.0%
Solids Goncantration in Thin Stillage: 6.70%
Molisture Concentratlon in Syrup: 80.0%
GPM Lbs/Hr
Total Capacity 145 72,210
- Totat Molstura: 18 58,702
- Total Solids 27 13,508
Dlstiliers Wet Grains Thin Stillage
SPM Lbsihr % GEM Lbsthe %
Total Volume 57.5 28,634 Total Volume 87.5 43,576
Molsturs: T4 18,612  65.0% Moisture: 80.5 40,080 v2%
Tatal Sollia 2.4 10022 35% Qll Content: 14 566 13%
Solids: 53 2,020 6.70%
Evaporator Removes
26,146 Lbs/hr of Water, or
52 GPM of Water
$50.98 Oparating Cast ($/hr)
Syrup
GPM Lbs/ht %
Total Volume 35.0 17,430
Mlolsture: 280 13,944 80.0%
Olt Gantent: KL 566 22%
Soilds: 59 2,820 17%
Dried Product - having 10% moisture content {lbs/hr]: 15,009
Malsture to Evaporate (thathr): 31,055
or, In GPM: 62.4
Fual Raquited In Dryer (in Decatherms}: 52.4
Dryer Cperating Cost @ $5.00 Decatherm (S/hr}: $262.22
Product Value {Sthr): $600.36
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Whole Stillage CASE 1
"Mechanical Separation” "BEFORE"
Maistura Content of Distillers Wet Grains 65.0%
Solids Concentration in Thin Stillage! 6.70%
Moisture Concentration In Syrup 80.0%
GPM Lhs/Hr
Total Capacity 145 72,210
- Total Moisture 118 58,702
- Totai Solids 27 13,508
Distillers Wet Grains Thin Stillage
GPM Lbsihr % GPM Lbslhr %
Total Volume 57.5 28,634 Total Volume 87.5 43,576
Moistura: 374 18,612 65.0% Moisture: 80.5 40,080 92%
Total Sollds 20.1 10,022 as% 01l Content: 11 566 1.3%
Sollds: 59 2,020 6.70%
Evaporator Removes
26,146 Lbs/hr of Water, or
53 GPM of Water
$50.98 Qparating Gost [$/hr}
Syrup
GPM Lbsthr %
Total Volume 35.0 17,430
Malsture: 28.0 13,944 80.0%
Oil Conlent: 11 566 3.2%
Sollds; 59 2,920 1%
P
Fig. 1
Dried Praduct - having 10% molsture content (lbs/lr) 15,009
Molsture to Evaporate ((bsfhr) 31,055
or, In GPN: 62.4
Fuel Required In Dryer (in Decatherms} §2.4
Dryer Operating Cost @ $5.00 Decatherm ($/hr} $262.22
Product Value {5/hr): $600.36
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Whole Stillage CASE 1
"Mechanical Separation” “AFTER"
Moisture Content of Disti{lers Wet Grains: B5.0%
Solids Goneentratlon in Thin Stllage: 6.70%
Moisture Concentration In Syrup: B0.0%
] LbsiHr
Total Capacity 145 72,210
= Tetal Malsture 18 56,702
«Total Solids 13,508
Distillers Wet Grains Thin Stillage
GPM Lbsihr % GeM Lbsthr %
Total Volume 57.5 28,634 Total Volume 87.5 43,576
Molsture: 74 18,612 65.0% Molsture: B0,5 40,090 2%
Totat Sollds 2041 10,022 I5% Gil Content: 11 566 1.3%
j Solids: 53 2920 6.70%
, \[]T; 4 Evaparator Removes
f Qn' 26,146  Lbsihr of Water, or
g 53 GPM of Water
$50.98 Opurating Cost {$/hr)
[ O Syrup GPM Lbsfhr %
Total Volume 35.0 17,430
Molsturoz 28.0 13.944 80.0%
Ol Conteht: 11 560 3.2%
Sollds: 58 2,820 17%
Syrup (ibsihr]; 16,892 i 4
[Molstura: 82.5%
Molsture {Ibs/hr): 13,944
oN Cuntent {ibfhep: 28
Sallds Cantenl fhsfhr]: 2,920
Lhsfhr GFM
01l Recovered (lbs/hr): 538 1.1
{ Gil Value [$/hr): $102 |

Fig. 2

Dried Produst - having 10% moisture content {ibsfhr); 14,411
Molsture to Evaporata {Ibsthr}: 115
or, in GPM: 625
Fue! Required in Dryer (in Decatherms): 52.5
Dryer Operating Cost @ $5.00 Dacatherm ($/hr): $262.73
Product Value {$/hr): $576.46
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Whole Stillage CASE 2
"Mechanical Separation” "BEFORE"
Molisture Contant of Distillers Wet Gralns: 60.0%
Solids Concentration in Thin StHlage: 3.67%
Molstura Concentration in Syrup: €0.0%
GPM Lbs/Hr
Total Capacity 145 72,210
=~ Total Maolsture 118 58,702
L Tolal Solids 7 $3,500
Distillers Wet Grains Thin Stillage
Total Volume 56.9 28,325 Total Volume 88.1 43,885
folsture: 34.1 16835  60.0% Maistura: 83.7 41,767 95%
Tolal Sefids 2.8 11,330 40% Gl Content: 11 566 13%
Solids: 3.2 1,612 3.67%

Evaporator Removes
38,440 Lbs/hr of Waler, or

77 GPM of Water
$74.96 Oporating Cost {$/hr)
Syrup
GPM Lbsihr %

Total Volume 10.9 5,445

Moisture: 6.6 3,267 60,0%

Qll Contont: 14 566 10.4%

Solids: 1.2 1,612 0%

Fig. 3

Dried Product - having 10% moisture content (ths/hr): 15,009
Moisture to Evaporate (lbs/hr): 18,761
or, in GPM: 37.7
Fuel Required In Dryer {in Decatherms): 3.7
Dryer Operating Cost @ $5.00 Decatherm (§/hr}: $158.41
Product Value {$/hr): $600.36
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Whole Stillage CASE 2
"Mechanical Separation” "AFTER"
Moisture Content of Distillers Wet Grains: 60.0%
Solids Concentration In Thin Stillage: 3.67%
Moisture Concentration in Syrup: 60.0%
GPM LbsiHr
Total Capacity 145 72,210
- Total Molstura 118 58,702
- Total Sollds 13,508
Distillers Wet Grains Thin Stillage
GPM Lbs/hr % GPM Lbs/he %
Total Volume 56.9 28,325 Total Volume 8B.1 43,885
Molstura: 341 16935  50.0% Maolsture: 83.7 41,707 a5%
Total Solida 228 11,530 40% Qll Content: 1.1 560 13%
Sollds: 3.2 1,612 3.67%

Evaporalor Removes
38,440 Lbs/hr of Waler, or

77 GPM of Waler
$74.96 Operaling Cost ($/hr)
Syrup GPM Lbsihe %
Total Volume 10.9 5,445
Molstura: 6.6 3,267 60.0%
Oil Gontent: 11 568 10.4%
Sallds: 1,612 0%
Syrup (Ibs/hr): 4,907
Molsturs: 66.6%
Molsture {Ibs/hr): 3,267
Ol Contont {Ibihry: 28
Sallds Contant (Ibathrk: 1,612
Ltinths GPm
OH Recovered (Ibs/hr}: 538 1.1
[ Oil Value ($fhr): $102 |

Fig. 4

Dried Product « having 10% molsture content {ibsihr): 14,411
Maisture to Evaporate (lbsfhr): 16,621
or, In GPM: 37.8
Fuel Required in Dryer {in Decatherms}: 318
Dryor Oparating Cost @ $5.00 Dacatherm {$fhr): $158.92
Product Valug ($/hr): $576.46
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