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FOREWORD

This report describes work completed in February 1981 on a base
case flow sheet for an alcohol fuels plant that produces
50 million gal/yr of ethanol by the dilute acid hydrolysis of corn
stover. The design was used as the basis upon which Chem Systems
Inc. developed the program for acid hydrolysis process
simulation. The report presents a detailed description of the
plant, capital equipment costs, and process economics. The
project was funded wunder Solar Energy Research Institute Sub-
contract No. BK-9-8281-01 and managed by the Alcohol Fuels Program
Office.

Approved for

SOLAR ENERGY RESEARCH INSTITUTE

Clayton S. Smith, Manager
Solar Fuels and Chemicals Research
Division
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SUMMARY

Objective

The objective of this report 1is to present a detailed flow sheet (including
material and energy balances), capital cost estimate, and economic analysis of
a plant producing 50 million gal/yr of ethanol from corn stover. The flow
sheet allows identification of important research areas and serves as the
basis for a process simulation model.

Discussion

This report presents a flow sheet for a cellulose-to-ethanol plant utilizing

high-temperature dilute-acid hydrolysis. The process can be divided into six
sections: pretreatment, hydrolysis, fermentation, purification, carbon
dioxide recovery, and heat generation and waste treatment. In the pre-

treatment section, the raw corn stover undergoes steam explosion, the lignin
is extracted by ethanol extraction, and the amorphous five- and six-carbon
sugars removed in prehydrolysis. The crystalline cellulose is hydrolyzed in
the hydrolysis reactor. The sugar solution from the prehydcolysis and
hydrolysis sections 1is neutralized and fermented to carbon dioxide and ethanol
in a train of continuous fermenters. The ethanol 1is recovered by a distil-
lation process, and the carbon dioxide is <cleaned and liquified. The
unreacted solids and various waste streams are either burned or sent to the
waste pond.

Capital and operating costs estimates are developed for the plant, and the
total plant cost is estimated to be $236 million. The prime costs are heat
generation, pretreatment, and hydrolysis. The ethanol produced <costs
$3.60/gal. Elimination of the lignin solvent extraction step and the prefer-
mentation sugar concentration steps are recommended to reduce both the capital
investment and energy usage of the plant. Mote that the system described in
the report was not optimized. Instead it was configured to include a large
number of processing steps, not all of which would be included in the same
plant, in order to provide a basis for the coding of a simulation program.
The ethanol costs reported are therefore ouch greater than would be achieved
in an optimized system.

Conclusions

A base case acid hydrolysis plant for producing ethanol from corn stover was
designed. The plant design was a nonoptimized first approximation, and as
such, does not produce ethanol at a competitive cost. However, it serves as a
basis for further optimization and improvement.
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I.  INTRODUCTION AND SUMMARY

Chem Systems has completed a process design and economic evaluation of a
prototype ethanol from cellulose plant via dilute acid hydrolysis of corn
stover for the Solar Energy Research Institute under Work Order No.
XK-1-1001-1 of BOA Subcontract No. BK-9-8281-01. The process design is
for 50 million gallons per year of ethanol and the economics are on a
third quarter-1980 basis in a U.S. Gulf Coast location.

The prototype process is divided into six sections:

« Section 100 - Pretreatment

« Section 200 - Hydrolysis

« Section 300 - Fermentation

 Section 400 - Purification

« Section 500 - Carbon Dioxide Recovery

« Section 600 - Heat Generation and Waste Treatment

The pretreatment section consists of raw materials handling and storage,
steam explosion, lignin extraction, acid prehydrolysis in a plug flow
reactor (PFR) and solvent recovery. The hydrolysis section contains a
dilute acid hydrolysis PFR with recycle, product neutralization and
concentration of the resulting sugar solution. Included in the
fermentation section are detoxification, yeast preparation and continuous
cascade fermentation with yeast recycle. The dilute ethanol product is
purified by concentration in a beer still and then dehydrated by
azeotropic distillation with benzene in the purification section. The
carbon dioxide recovery section produces a liquid product from fermenter
off-gas. In the waste treatment section, steam is raised from the
combustion of some waste process streams and the remainder are treated
for disposal.

A detailed process description for this plant is presented in Section Il
along with the basis for design of major units, process flowsheets and
complete material balance.
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In Section 11l, the plant capital costs are presented, based on the
results of an Icarus COST run which is detailed in the appendix.
Consumption of raw materials and utilities derived from detailed heat and
material balances are also analyzed in this section and a cost of
production analysis is presented. An equivalent analysis for an
alternate case involving improved lignin extraction efficiency is also
presented.

The economics for the base case and the improved lignin extraction case
are summarized in Table 1-1. The base case ethanol sales price is $4.35
per gallon and improving the lignin extraction step reduces the sales
price to $3.63 per gallon. The costs associated with steam consumption
are the major contributors to these high values. There is considerable
room for process optimization and recommendations for improving the
ethanol from cellulose economics are discussed in Section IlI.



TABLE 1-1
MANUFACTURING COST SUMMARY
ETHANOL FROM CELLULOSE

(Third Quarter-1980)
50 Million Gallons/Year

Improved
Base Lignin
Case Extraction
Investment, $MM
Battery Limits 180.1 102.2
Offsites 128.4 94 1
Total fixed investment 236.5 196.3

i/Gallon Ethanol

Raw Materials and By-Products

Corn Stover @ 1.5 <t/lb 75.00 75.00
Sulfuric Acid @ 4.0 it/lb 13.41 13.41
Calcium Hydroxide @ 1.6 <£/lb 4.04 4.04
Carbon Dioxide @ 2.5 t/Ib (17.75) (17.75)
SCP @ 13.0 it/Ib (2.44) (2.44)
Catalyst and chemicals 5.40 0.20
Total net raw materials 77.66 72.46
Utilities 89.50 63.69
Operating Costs 15.49 14.79
Overhead Expenses 65.60 55.90
Cost of Production 248.3 2071

Sales price at 15% DCF 435.3 363.4

CHEM SVSTGNS IMG
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1l. PROC GN

A. Process Description

This section provides a process description of a plant designed to
produce 50 million gallons per year of anhydrous ethanol from corn
stover. Figures I1l1-1 through 11-6 are process flowsheets for the plant
and should be referred to with the following process descriptions. The
detailed material balance is located in the section following the process
flowsheets. The design basis for the major processing units is detailed
in Section 1I-B.

1. Pretreatment Section (Section 100) (Figure I11-1)
The pretreatment section can be subdivided into five subsections:

» Raw materials storage and handling
» Steam explosion
 Lignin extraction
§ Prehydrolysis
Solvent recovery

Corn stover is transferred from the storage area via a conveyor to a
feeder table, FT-102. The feeder table serves to spread and cut the
stover into coarse particles, whereupon a magnet removes any tramp
metal. The stover then passes over a 10 mesh screen, SC-104, removing
any fines which are sent to the cyclone, DC-106. The larger particles
are conveyed to a shredder, S-105, which shreds the stover into nominal
10 mesh size particles. The shredded stover is then conveyed to the
cyclone where impurities and dust are removed, and a feeder then
transfers the stover to the feed hopper, VT-111, prior to steam explosion
(Stream - 101).

The steam explosion pretreatment is a high pressure, rapid, batch process
where  steam cooks the stover for very short times (approximately 5
seconds), then explosively decompresses the material through a nozzle,
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separating the constituent components of the corn stover. Steam at
920°F and 600 psia is supplied to the explosion gun, EG-113. The
steam exploded product (Stream 103) is then sent to a cyclone, DC-114,
where some of the steam flashes along with any volatile byproducts formed
during steam explosion. Cook time in the explosion gun is kept as short
as possible to minimize the harmful degradation of hemicellulose and
cellulose, but is sufficiently long to produce approximately 70 percent
delignification. Following flashing in the cyclone, some of the steam
remains condensed and the wet solid is screw conveyed to the agitator
(Stream 105).

The steam exploded corn stover is cooled to 165°F prior to extraction
by a cooling jacket, HE-147, around the screw conveyor. The agitator,
APT-116, serves as a continuous solids-1iquid contactor in which ethanol
is added (Stream 106) at 165°F in a ratio of 33:1 to the soluble
lignin. Effective solids-liquid contacting is attained in the agitator
by use of raking of solids at the bottom of the vessel towards the middle
where they are air lifted to the top of the vessel and evenly distributed
through the liquid by launderers. Completely mixed slurry is
continuously removed by filter feed pump, CP-117, to a rotary vacuum
filter, F-118, which removes the bulk of the suspended solids with the
filtrate, containing the ethanol and extracted lignin (Stream 109), going
to a polishing filter. The filter bottoms (Stream 110) containing mostly
cellulose, hemicellulose and the other insolubles as well as some ethanol
is steam stripped, removing the remaining ethanol, in the screw conveyor,
CO-123, with the vapor stream (Stream 115) going to the solvent recovery
system. The polishing filter, F-121, removes any remaining solids,
sending the filtrate (Stream 113) to the solvent recovery system and the
filter bottoms (Stream 111) is joined with the previous filter bottoms
(Stream 110) to form the feed to the prehydrolysis slurry tank (Stream
112).

In the prehydrolysis slurry tank, APT-124, the stover is diluted to a 15
percent slurry and pumped to the prehydrolysis plug flow reactor (PFR),
R-126, where heat and sulfuric acid are added to bring the reactor
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conditions to284°F and 0.5 weight percent acid. Under these
relatively mild conditions virtually all the hemicellulose and amorphous
cellulose are converted to sugars almost instantaneously. Pressure in
the reactor is controlled at 30 psia so that no boiling occurs, and upon
leaving the PFR (Stream 121) the contents are quenched to 248°F in a
flash tank, VT-127. Some of the water and volatiles are flashed, leaving
the unreacted solids and water solubles to be pumped to a series of
centrifuging and filtering steps (Stream 123). Centrifuging with
repulping and recentrifuging, followed by a polishing filter step
recovers 99.5 percent of the solids including the cellulose, ash and
remaining lignin, which is then screw conveyed (Stream 133) to the plug
flow mix tank prior to hydrolysis. Approximately 95 percent of the
solubles are recovered in the separations, including the hemicellulose
pentoses and hexoses and amorphous cellulose hexoses which are pumped to
the neutralization section (Stream 134).

The ethanol-water vapor (stream 115) is condensed in HE-153 in the
miscella feed tank, APT-141. From there, it is cooled to 122°F and
pumped to the ethanol recovery column, TW-144, which is similar in design
to the rectification column in the distillation section. However, it
operates under a partial vacuum to keep the temperature in the column
relatively low to prevent polymerization of the lignin. TW-144 operates
at 122°F and5 psia and recovers approximately 98 percent of the
ethanol in the overheads. The recovered ethanol in the overheads (Stream
135) is 80 weight percent and is condensed in HE-148 and sent to the
recovered ethanol storage tank, VT-155. The recovered ethanol is
preheated in HE-158 by the hot filtrate from the polishing filter (Stream
113) and recycled back to the agitator. The lignin slurry is recovered
as still bottoms from TW-144 and sent to the lignin slurry tank, VT-152.
The lignin slurry is then pumped to a lignin centrifuge, CT-162, to be
separated into solid and liquid streams. The overflow (Stream 138),
which contains the majority of the ethanol lost in TW-144, is sent to an
ethanol still, TW-165, along with an ethanol stream (Stream 137) from
Section 600 which recovers most of the ethanol as distillate to be sent
to VT-155 (Stream 140). The bottoms from CT-162 are sent to Section
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600, Heat Generation (Stream 139). The bottoms from TW-165 contain toxic

substances and are sent to waste water processing in Section 600 (Stream
141).

2. Hydrolysis Section (Section 200) (Figure 11-2)
The hydrolysis section can be subdivided into three subsections:

* Hydrolysis
. Neutralization
. Concentration

The filter cake containing the cellulose (Stream 201) is sent to a nearly
identical PFR system for hydrolysis, however, reactor conditions are
446°F, one weight percent sulfuric acid, 0.2 minutes residence time
and 500 psia. Sulfuric acid is added in the plug flow mix tank, APT-202
(Stream 204), however the temperature is held below the reaction
temperature until steam heats the PFR, R-205, to 446°F. The PFR is a
double pipe, tubular, screw-conveyed reactor as is the prehydrolysis PFR,
with the biomass slurry in the inner pipe and steam in the outer pipe.
Yield of glucose is approximately 45 mole percent from cellulose, per
pass through the reactor. The PFR product (Stream 296) is then flashed
to 248°F and centrifuged and filtered as in the prehydrolysis
section. Ninety percent of the unreacted cellulose, which constitutes 44
percent of the inlet cellulose per pass, is recycled back to the plug
flow mix tank. The recycle stream increases the total conversion of
inlet cellulose to glucose to approximately 80 weight percent. The
unreacted solids purge (Stream 219) is sent to the heat generation
system. The filtrate, containing approximately 2.5 percent glucose is
combined with the filtrate from prehydrolysis (Stream 202) and sent to
the neutralization tank, APT-224.

The acidic sugar solution is then neutralized by addition of calcium
hydroxide pumped from a lime slurry tank, APT-225.
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Neutralization takes place at 248°F and the pH in APT-224 is
controlled such that a pH of 4.0 will result following concentration to
20 percent glucose prior to fermentation. The heat evolved during
neutralization is removed by a cooling jacket on APT-224. The product
(stream 225) is flashed to 212°F and 15 psia in VT-228 and filtered
in F-232 to remove the calcium sulfate formed during neutralization.

The neutralized sugar solution (Stream 230) is then concentrated to 20
weight percent glucose in a quadruple effect, forward feed evaporator,
VT-235 to VT-238, with the last effect operating under a partial vacuum
of 2 psia. The distillate is cooled to 100°F and sent to the waste
water treatment system (Stream 240).

3. Fermentation (Section 300) (Figure 11-3)
The fermentation section can be divided up into two subsections:

. Detoxification
. Fermentation

The concentrated sugar solution is passed through activated carbon
columns, TW-303, to remove any toxic materials and cooled to 85°F in

HE-307.

Fermentation takes place in a continuous cascade scheme. Three cascade
trains, containing five fermentation tanks each, are utilized. Each
train has a 50 percent capacity, with partial fermentation occurring in
each tank until complete fermentation is realized in the last tank in
each train. In this way, two trains are active at any one time, with the
third train down for sterilization. Fermentation time is 24 hours.
Yeast is separated from the ethanol product (Stream 303) by
centrifugation with 82 percent of the yeast being recycled back to the
fermenters. The heat evolved during ethanol formation is removed by
recirculation of the fermenter contents through a refrigerated cooler.
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HE-309, utilizing well water at 60°F as coolant. This also provides
agitation in the fermenter. Make-up yeast is added to the fermenters
(Stream 304) to offset yeast losses in the purge stream. During
fermentation, 95 percent of the glucose is utilized to produce ethanol,
at a weight percent conversion of 50 percent. The remaining 50 percent
is converted to carbon dioxide which is removed to the carbon dioxide
recovery system (Stream 302). Two percent of the glucose is consumed
during fermentation to grow more yeast at a rate of 10 percent of the
input yeast. The remaining 3 percent is converted into glycerol, fusel
oils (higher alcohols), acetic acid and aldehydes. The product ethanol
stream (Stream 306) contains 10.6 percent ethanol and is pumped to the
alcohol charge tanks, VT-312, prior to purification.

4. Purification Section (Section 400) (Figure [1-4)

The dilute beer feed from fermentation (Stream 401) undergoes a series of
preheating steps which preheats the feed from 90°F to 240°F.

The first preheating step utilizes a portion of the condensing vapors
from the overheads of the dehydration column, TW-418, in HE-411. The
warmed feed is further preheated in HE-402 by a portion of the overhead
vapors from the rectification column, TW-407. The final preheating step
utilizes heat exchange with the bottoms of TW-407 in HE-401. The heated
beer feed enters the rectification column, which operates at 55 psia.
This column is composed of 30 sieve trays in the top section of the
column and 30 disc and donut trays in the bottom section of the column.
The non-volatile soluble and suspended solids work their way down the

column and are removed from the bottom of the tower (Stream 403). The
temperature of the bottoms is approximately 280°F and, after cooling

to 212°F by preheating the feed, this stream is sent to Heat
Generation (Section 600). It contains the bulk of the xyloses formed
during prehydrolysis. The overhead from the rectification column (Stream

404) is the binary azeotrope of 94 percent ethanol and 6 percent water
and is wused to preheat the feed (Stream 405) and to reboil the

dehydration and stripper columns (Streams 407 and 408).
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Sufficient vapor is generated in the rectification column to supply all
the heating needs of these two columns as well as a portion of the
preheat requirement of the beer feed. Vapor condensate from the
rectification column overhead is collected in reflux drum VT-406 and used

as reflux in the rectification column. L/D for the rectification column
is 4.4.

The distillate from the rectification column (Stream 402) enters the
dehydration column, TW-418, which operates at essentially atmospheric
pressure. The anhydrous ethanol product is pumped from the bottom of
TW-418 and cooled to 100°F in HE-415 prior to storage.

The overhead from TW-418 (Stream 413) is the tertiary minimum boiling
azeotrope consisting of 18.5 percent ethanol, 7.5 percent water and 74.5
percent benzene at 148°F. A portion of the vapors is condensed in
the preheater condenser, HE-411. The remainder, as well as the overheads
from the stripper, TW-420 (Streams 415 and 420), are condensed in
HE-408. All the condensed vapors (Stream 417) are subcooled to 138°F
in HE-412 and pass into decanter HT-413 where they separate into two
layers. The upper layer is the hydrocarbon-rich layer and is pumped back
to TW-418 as reflux (Stream 418). The lower layer is the aqueous layer
and is pumped to TW-420 as feed (Stream 419), where the remaining
hydrocarbon and alcohol are stripped overhead and recycled to the
decanter, HT-413 (Stream 420). The stripper bottoms, essentially water,
are cooled and sent to the waste water treatment section.

Lights, such as aldehydes, produced in fermentation are effectively
removed in the distillation system by withdrawing a small purge from the
rectification column reflux (Stream 411). Fusel oils, also produced in
the fermentation section, add to the heating value of the alcohol and are
left in the product.
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5. Carbon Dioxide Recovery (Section 500) (Figure I1-5)

When sugars are fermented to ethanol, large quantities of carbon dioxide
are produced as a by-product of cell respiration. As the fermenters are
usually closed vessels, it is possible to collect the off-gas and recover
liquefied carbon dioxide for sale.

The carbon dioxide generated in the fermentation vessels (Stream 501)
passes through a foam trap to a low-pressure water scrubber where soluble
impurities are removed. The scrubbed gas is then compressed 300 psig in
a nonlubricated, reciprocating compressor. Depending on the design
pressure of the fermenters, it may be necessary to boost off-gas pressure
prior to water washing, using a rotary positive displacement compressor.

The compressed gas is deodorized in a twin-tower activated carbon
absorption system to remove remaining impurities arising from the
fermentation process. The carbon beds are periodically regenerated using
live steam or hot air. The purified gas is then chilled and dried in a
conventional alumina bed dryer system to a dew point of -60°C.

The dry gas passes to a low-temperature stripper-condenser system, where
the carbon dioxide is liquefied and separated from the noncondensible
gases, mainly oxygen, which are vented to the atmosphere. The pure
liguid carbon dioxide from the base of the stripper-condenser is then
subcooled and sent to storage (Stream 502), where it is maintained under
a pressure of about 300 psig.

6. Heat Generation and Waste Treatment (Section 600) (Figure 11-6)

The centrifuge bottoms from CT-162 (Stream 603), is joined with the
stripper bottoms (Stream 606) and the hydrolysis purge (Stream 602),
following flashing in VT-601. The lignin slurry is then preheated to
212°F using hot exhaust gases from the lignin boiler (Stream 628). A
multiple effect evaporator, T-605, 606, 607 and 608 concentrates the
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lignin slurry to 55 weight percent solids prior to entry (Stream 615)
into the lignin boiler, WTS-622, as fuel. The lignin boiler produces 600
psia steam. The vapor from the first effect (Stream 610) is returned to
ethanol still TW-165.

Various process waste streams, such as low level flash steam, are
condensed in HE-621 and sent to a waste treatment pond, along with other
liquid process  waste streams. The filter bottoms following
neutralization (Stream 624), containing mostly calcium sulfate is sent to
an offsite waste disposal landfill. Approximately two percent of the
ethanol produced is lost during processing and is combined with other
waste streams in Section 600. Additional process equipment would be
economically justified to recover much of this loss.
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B. Design Basis
A process design has been developed for a plant producing 50 million
gallons per year of ethanol from corn stover. It should be noted that no
attempt was made to optimize the overall process for this base case
model; thus, inefficiencies do exist.

I. Material Balance
The overall material balance was calculated using standard techniques
with good engineering practice and satisfies the following constraints as
well as those listed in Sections 100-600.

» Feed composition - Field dry corn stover:

Weight Fraction

Cellulose 0.263
Hemicellulose 0.227
Lignin 0.070
Protein 0.030
Soluble carbohydrates 0.053
Ash 0.039
Extractives 0.011
Water 0.307

Total 1.000
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Constituent composition
Weight Fraction

Cellulose 0.15 amorphous cellulose

0.85 crystalline cellulose
100 percent of cellulose is hexosan

Hemicellulose 0.71 pentosan
0.29 hexosan

[

Pretreatment (Section 100)

1.

Steam Explosion

The following parameters were used for the design of the steam
explosion section:

« steam requirement: 0.8 Ibs steam/lb dry feedstock
« pressure in explosion gun: 560 psia
 temperature in explosion gun: 478°F
t cooking time: 5 seconds
- conversions: 0.18 weight percent to xylose
1.3 weight percent to degradation products
« delignification: 70 percent

Assumptions:

« |otech experimental data < form the basis for the

xylose and degradation product conversions from hemicellulose
and cellulose.

* Hemicellulose and cellulose are converted to sugars and
degradation products according to the following reactions:
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+H20 -3H20 -H20
(a) pentosan --—-——-- xylose ----------- - furfural ---—-—-—-—-- » pseudolignin
132 150 96 + lignin 78
+H20 -3H20 -H20
(b) hexosan  --—--—-- glucose = --------- HMF - pseudolignin
162 180 126 +lignin 108

 No net glucose is formed within the operating range
considered (5-32 seconds cooking time) and decomposition of
cellulose does not occur.

» By lotech's analytical method, all pentosans lost are
reported as degradation products. The pentosan analysis
converts the pentosan and xylose present to furfural, which
is then measured and expressed as a pentosan equivalent. To
get the true value for pentosans remaining, the amount of
xyloses present must be sutracted, and the total pentoses
lost will be the sum of the xyloses and degradation products
formed.

* An equal weight percent of hemicellulosic hexosans are
coverted to degradation products as are pentosans converted
to xylose and degradation products.

* In vitro cellulose digestibility (IVCD) for corn stover

follows the same relationship to delignification as found
with hardwoods” ..

» Xylose formation from hardwood is the same as from corn
stover. This is a fair assumption, since the pentosan
percentage is approximately the same for both.
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2. Lignin Extraction

Agitator (APT-116)

 temperature: 165°F
pressure: 15 psia
t solvent feed: 80 percent ethanol

20 percent water

Filter (F-118)

e type: vacuum rotary drum with wash capability
0 capacity: 2300 gpm
o filter area: 5400 ft2
o filter rate: 30 Ib/hr ft2
o solids loading: 162,500 Ibs/hr
o 95 percent recovery
of solids

o 40 weight percent
solids in bottoms*
o wash efficiency: 97.5 percent for 2 wash volumes

3. Prehydrolysis

Plug Flow Reactors (R-126)

o temperature: 284°F

0 pressure: 92 psia

0o acid concentration: 0.5 weight percent in aqueous phase
o type: double pipe screw conveyer

o feed: 15 weight percent solids slurry

o residence time: 0.2 minutes

o heat transfer area: 932 ft2

o conversions:* 95 mole percent to sugars

5 mole percent to degradation products

*Press rolls or other equipment are likely to be required to achieve this high
solid levels.



Centrifuge (CT-129)

type:

overflow capacity:
solids loading:
temperature:
pressure:

Centrifuge (CT-134)

type:
overflow capacity:
solids loading:

temperature:
pressure:
Assumptions:
« All hemicellulose which

converted to pentoses,

23

remains following
hexoses and degradation products according

to the following reactions:

Sugar Formation

+H20
(@) pentosan = - -
C5H8°4 + H2°  —mmemmmeme- .
132 18
+H20

(b) hexosan

C6H10°5 + H2°
162 18

CHEN SYSTGNS IhC

solid bowl decanting
1875 gpm

84,100 Ibs/hr

248°F

30 psia

solid bowl decanting
425 gpm

80,000 Ibs/hr

248°F

30 psia

steam explosion is

xylose
C5H10°5

glucose
C6H12°6



24 CHEN SYSTEMS Ih(

Sugar Degradation

(c) xylose water +  furfural
C5H10°5 3H20 +  C4H30CHO
150 54 96
(d) glucose _ water + hydroxymethyl-2-furfuraldehyde
COHI2®6 ===—=———- - 3H20 + CHOHC4H30CHO
180 94 126

From the Kkinetics developed by Grethlein® for the

conditions of prehydrolysis, 95 mol percent conversion of
hemicellulose and amorphous cellulose is obtained almost
instantaneously. The remaining 5 mol percent goes to
degradation products.

The amorphous cellulose, which constitutes approximately 15
percent of the total cellulose, is converted to glucose and
degradation products in accordance with the same Kkinetics
and conversions as the hemicellulose.

Assumptions:

» Centrifuge and filter bottoms are 40 weight percent solids;
additional equipment, such as press rolls, may be required
to achieve this high solids level

e Centrifuges and filters remove 95 percent of input solids
as bottoms

* Filter wash efficiency of 97.5 percent for two wash volumes
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4. Solvent Recovery System

Solvent Recovery Column (TW-144)

feed temperature:

feed pressure: 6 psia
overhead temperature:
bottoms temperature:
overhead pressure:
bottoms pressure:
overhead composition:

©( average:

minimum theoretical trays:
actual theoretical trays:
L/D minimum:

L/D actual:

condenser duty:

reboiler duty:

Centrifuge (CT-129)

type:

overflow capacity:

solids loading:

temperature:

pressure:
Ethanol Still (TW-165)

feed temperature:

feed pressure:

overhead temperature:

bottoms temperature:
overhead composition:

CHEM SVSTGNS |hC

122°F

126°F

128°F

5 psia

7 psia

80 weight percent ethanol
20 weight percent water
2.457

6

13

1.32

1.68
869 x 106 BTU/hr

872 x 106 BTU/hr

solid bowl decanting
565 gpm
15,591
128°F

15 psia

Ibs/hr

128°F

15 psia

168°F

170°F

80 weight percent ethanol
20 weight percent water



. average:

* minimum theoretical trays:

 actual theoretical trays:
» condenser duty:
* reboiler duty:

Hydrolysis (Section 200)

Hydrolysis
Plug Flow Reactors (R-205)
e temperature:

. pressure:
. acid concentration:

 type
- feed:

. residence time:
. heat transfer area:

. conversions:

e recycle:

. total conversion:

CHGN SVSTGNS IhC

2.43

9

17

62.5 x 106 BTU/hr
74.2 x 106 BTU/hr

446°F

410 psia

| weight percent in aqueous
phase

double pipe, screw conveyed

6 weight percent pure
crystalline cellulose

15 weight

percent  solids

slurry

0.2 minutes

3,750 ft2

45 mole percent cellulose to
glucose per pass
44 mole percent
unreacted per pass

cellulose

Il mole percent cellulose to
degradation products
90 percent of
unreacted cellulose
80 weight percent cellulose
to glucose

recovered
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Centrifuge (CT-208)

type:

overflow capacity:
solids loading:
temperature:
pressure:

Centrifuge (CT-213)

type:

overflow capacity:
solids loading:
temperature:
pressure:

Assumptions:

CHCM SVSTENS |hC

solid bowl decanting
2100 gpm

218,805 Ibs/hr
248°F

30 psia

solid bowl decanting
2600 gpm

207,865 Ibs/hr
248°F

30 psia

« Centrifuge and filter bottoms are 40 weight percent solids;
additional equipment, such as press rolls, may be necessary

to achieve this high solids level
« Centrifuges and filter recover 95 percent of input solids

as bottoms

« Filter wash efficiency of 97.5 percent for two wash volumes

Neutralization

Neutralizer Tank (APT-224)

t temperature:
e  pressure:
- feed:

* Neutralization of the
according to the reaction:

acidic  sugar

248°F

30 psia
pH = 3.86

solution occurs
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Ca(OH)2 + H2S04 - > CaS04 + 2H20

AH = -13.4 kcal/mole water formed

3. Concentration

Multi-Effect Evaporator (VT 235, VT-236, VT-237, and VT-238)

- total evaporative capacity:  3xI06 Ibs H2o/hr
- feed glucose concentration: 2.5 weight percent
 product glucose

concentration: 20 weight percent

. Pressures:

steam chest first effect: 56 psia
steam chest second effect: 42 psia
steam chest third effect: 29 psia
steam chest fourth effect: 16 psia
vapor to condenser: 2 psia

Vapor Temperatures:

first effect: 271°F
second effect: 248°F
third effect: 215°F
fourth effect: 128°F
steam: 288°F
- Total condenser duty: 864 x 106 BTU/hr

IV. Fermentation (Section 300)

Fermenters (VT-308)

- feed 20 weight percent glucose at
85°F
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t fermentation time: 24 hours
 terminal alcohol
concentration 10.6 weight percent
§ pH at start of
fermentation: 4
pH at completion of
fermentation: 3.8
10 percent yeast production during fermentation
86 percent recycle of recovered yeast with 14 percent purge
for production of single protein (SCP)
yeast concentration in

fermenters 300 x 10® cells/cm?
- fresh yeast stock: 10 percent maximum,
50 x 10® cells/cm®

e conversions: 95 percent of glucose

converted to ethanol with 50
weight percent conversion.

3 percent of glucose
converted to glycerol with
traces of fusel oils, acetic
acid and aldehydes, with 350
weight percent conversion.

2 percent of glucose goes
towards yeast growth with 50
weight percent conversion.

50 weight percent conversion
of all glucose to carbon
dioxide.

 cooling: external with spiral heat ex-
changers. Coolants are well
water available at  60°F
and cooling tower water in
season with transitional
combined usage. Agitation is
provided by cooling circuit
circulation pump.



Assumptions:

t

CHEM SVSTGNS Ih(

The conversion of hexoses to ethanol via fermentation is
represented by the ideal equation:

Y.L LY J— 2C2H50H

2C02

A H = 517 BTU/Ib ethanol formed

Theoretical yield is 51

weight percent and, with yeast

recycle, 98 percent of theoretical is obtained. Therefore,
overall weight percent conversion to ethanol is 50 percent

Centrifuge bottoms is 30 percent solids
Centrifuge removes 95 percent of input solids

Purification (Section 400)

Rectification Column (TW-407)

feed temperature:

overhead composition:

overhead temperature:

overhead pressure:
bottoms temperature:
bottoms pressure:
L/D

number of trays:
tray type:

condenser duty:
reboiler duty:

240°F

94 weight percent ethanol

6 weight percent water

221°F

47 psia

277°F

51 psia

4.4

60

30 sieve plates at top of
column

30 disc and donuts at bottom

of column
96.5 x 106 BTU/hr
108.1 x 106 BTU/hr
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» steam requirement:

Dehydration Column (TW-418)

entramer;
feed:

feed temperature:
overhead composition:

t  overhead temperature:
bottoms composition:
bottoms temperature:
decanter compositions:

aqueous phase

CHGN SVSTGNS |hC

20 Ibs/gallon ethanol

94 weight percent ethanol
6 weight percent water
220°F

18.5 percent ethanol

74.0 percent benzene

7.5 percent water

148°F

anhydrous ethanol

181°F

organic phase

ethanol 50 percent 11 percent
benzene 8 percent 87 percent
water 42 percent 2 percent

decanter temperature: 138°F

column pressure: 15 psia

number of trays: 50

tray type: sieve plate

reboiler duty:
condenser duty:

Stripping Column (TW-420)

« feed temperature:
 overhead temperature:
*  bottoms temperature:
* number of trays:

e tray type:

* reboiler duty:
 condenser duty:

50.8 x 106 BTU/hr
53.9 x 106 BTU/hr

138°F
165°F
215°F
30

sieve plate
2.6 x 106 BTU/hr

2.3 x 106 BTU/hr
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Assumptions:

e 98.3 percent of ethanol recovered in rectification column
distillate.

« 100 percent of ethanol recovered in bottoms of dehydration
column.

« 90 percent of water from stripper feed is removed in
stripper bottoms.

»  Stripper bottoms is 100 percent water.

Heat Generation (Section 600)* «
Multiple Effect Evaporator (VT-605, 606, 607, 608)
 number of effects: 4

- total evaporative capacity: 234,300 Ibs/hr water
e pressures:

steam chest: 56 psia
steam chest: 42 psia
steam chest: 29 psia
steam chest: 16 psia
vapor to condenser: 2 psia
e vapor temperatures:
first effect: 271°F
second effect: 248°F
third effect: 215°F
fourth effect: 128°F
steam: 288°F
- total condenser duty: 84.5 x 106 BTU/hr

Lignin Boiler (WTS - 622)

e air requirement: 632,580 Ibs/hr plus 5 percent
excess
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« total heat duty: 816 x 106 BTU/hr

e« steam produced: 8.81 x 105 Ibs/hr

« flue gas capacity: 7.62 x 105 Ibs/hr

« flue gas composition: oxygen 1 percent
nitrogen 67 percent
carbon dioxide 24 percent
water vapor 8 percent

 flue gas temperature: maximum:  3390°F
exit: 275°F

Assumptions:

« complete combustion in lignin boiler
« 85 percent efficiency in lignin boiler
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STREAM NO.

(L.l,aétlﬁjlose

Hemicellulose
Lignin

Ash

Other

Sucrose

Xylose

Glucose
Furfural

HMF

Pseudo lignin
Ethanol

Sul furic Acid
Calciurn Hyde oxide
Calcium Sulfate
Yeast

Carbon Dioxide
Benzene
Glycerol

Fuse | Oil
Acetic Acid

TOTAL

ETHANOL FROM CELLULOSE MATERIAL BALANCE
FOR

SOLAR ENERGY RESEARCH INSTITUTE

PREPARED BY

CHEM SYSTEMS. INC.

101 102 103
Mol Ut Lbs/Hr Mots/Hr Lbs/Hr Mo 1s/Hr Lbs/Hr Mo 1s/Hr
10 95938 5329.9 173250 9625.0 269482 14971.2
162 82188 507.3 0 .0 82188 507.3
141 70937 503.1 0 .0 69902 495.8
H 21875 el 0 .0 22124 MM M
Hi* 12188 i 0 .0 12188 MMM
H11# 12812 MM* 0 .0 12812 MMM
342 16562 48.4 0 .0 16347 47.8
150 0 .0 0 .0 91 .6
ISO 0 .0 0 .0 166 .9
96 0 .0 0 .0 285 3.0
126 0 .0 0 .0 165 1.3
H# 0 .0 0 .0 0 .0
46 0 .0 0 .0 0 .0
98 0 .0 0 .0 0 .0
74 0 .0 0 .0 0 .0
136 0 .0 0 .0 0 .0
> 0 .0 0 .0 0 .0
44 0 .0 0 .0 0 .0
78 0 .0 0 .0 0 .0
92 0 .0 0 .0 0 .0
#HHK 0 .0 0 ] 0 .0
60 0 .0 0 .0 0 .0
312500 173250 485750

104

Lbs/Hr

78150

OCo 0o o0 OO ooocooocooocoDoooo o

78150

Mols/Hr

4341.7

OO OO0 OO ODODODODOCDOODOO O

105

Lbs/Hr

191332
82188
69902
22124
12188
12812
16347

91
166
285
165

0

OCoocoooocooo

407600

Mo 1s/Hr

10629.6
507.3
495.8

MMM
MMM
MMM

47.8

coocococcococococowWOOO



STREAM NO.

Uater

Cet lulose

Hemicellulose

Lignin

Ash

Other

Sucrose

Xylose

Glucose

Furfui al

HMF

Pseudolignin

Ethano |

Sulfuric Acid

Calcium Hydr oxide

Calcium Sulfate
east

Carbon Dioxide

Den z ene

Glycerog

Fusel” Oil

Acetic Acid

TOTAL

Mol Ut

18
162
141
«*#
«*»
XXX
342
150
180

126

XXX

46

106

Lbs/Hr

127766

51106

Cocoocoococoophococoococoocoococooococo

638830

ETHANOL. FROM CELLULOSE MATERIAL BALANCE
FOR

SOLAR ENERGY RESEARCH INSTITUTE

PREPARED BY

CHEM SYSTEMS, INC.

107 108
Mols/Hr Lbs/Hr Mo Is/Hr Lbs/Hr Mo Is/Hr
7098.1 319098 17727.7 487110 27061.7
0 82188 507.3 0 0
0 69902 495.8 0 0
0 22124 XXX 0 0
0 12188 XXX 0 0
0 12812 XXX 0 0
0 16347 47.8 0 0
0 91 .6 0 0
o 166 .9 0 0
.0 285 3.0 0 .0
.0 165 1.3 0 .0
0 0 0 0 0
11110.1 511064 11110.1 0 0
.0 0 .0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
o 0 .0 0 0
0 0 .0 0 0
0 0 .0 0 0
0 0 0 0 0
0 0 .0 0 0
1046430 487110

109
Lbs/Hr Mo Is/Hr
418196 23233.1
4109 25.4
3495 24.8
15707 XXX
609 XXX
12775 XXX
16300 a47.7
91 .6
165 .9
284 3.0
164 1.3
0 .0
507446 11031.4
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

979341

110
Lbs/Hr Mo Is/Hr
239851 13325.1
78079 482.0
66407 471.0
6415 XXX
11579 XXX
37 XXX
47 A
0 .0
0 .0
1 .0
0 .0
0 .0
3618 78.7
0 .0
0 .0
0 .0
0 .0
0 ]
0 .0
0 .0
0 .0
0 .0
406034



STREAM NO.

Hater
Cellulose
Hemice1lulose
Lignin

Ash

Other

Sucrose

Xylose

Glucose
Furfura

HMF

Pseudo 1ignin
Ethanol
Sulfuric Acid
Calcium Hydroxide
Calcium Sulfate
Yeast

Carbon Dioxide
Benzene
G1lycero |

Fuse! Oil
Acetic Acid

TOTAL

Mo 1 Ut

18
162
141

* ok ok

* ok ok

342
150
180
96
126
HHE
46
98
74
136
KX*
44

92
XXX

60

ETHANOL FROM CELLULOSE MATERIAL BALANCE

Lbs/Hr Mo 1s/Hr
5248 291.6
3904 24.1
3320 23.5

508 XXX
579 XXX
160 XXX
204 .6
1 .0

2 .0

4 .0

2 .0

0 .0
6365 1384
0 .0

0 .0

0 .0

0 .0

0 .0

0 .0

0 .0

0 .0

0 .0

20297

PREPARED BY

FOR

SOLAR ENERGY RESEARCH

CHEM SYSTEMS,

Lbs/Hr

245099
81983
69727

6923
12058
197
251

998

coococococococoWownlw—=

426233

Mo 1s/Hr

13616.6

506.

1

494.5
XXX
XXX
XXX

217.

co00coc000coc0o0Or cON

INSTITUTE

113

Lbs/Hr

412948

205

175
15201
30

12615

16096
90

163

280

162

0
501081

cCcocoocoocoocoocoo

959046

Mo 1s/Hr

22941.
1.
1.

6
3
2

XXX
XXX
XXX

47.

10893.

cococococO0O0oco_oWOOO

1

114

Lbs/Hr

12958

- E-E-E-—E-E-E-E- - NI IR Iy

12958

Mo 1s/Hr

719.9

©c00c0c00c0c0oc0oc00cPococod

115

Lbs/Hr

3107

998

CcoocoocoococoocoWoooooooooo o

13090

Mo(s/Hr

172.

217.

000000 c0ococPoc®oococcoo
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STREAM NO.

ater
E}eITquse
Hemicellulose
Liobin
Ash
Other
Sucrose

Gludose

Fur fura |

HMF
Pseudolignin
Ethanol
Sulfuric Acid

Calcium Hydr oxide

Calcium Sulfate
Yeast

Carbon dioxide
Benzene
Glycerol

Fuse | Oil
Acetic Acid

TOTAL

Mol Ut

18
162
141

ek

it
342
150
180

126

Fekk

46

74
136
44
78
92
*K*
60

ETHANOL FROM CELLULOSE MATERIAL BALANCE

116,
Lbs/Hr Mo 1s/Hr
416055 23114.2
205 1.3
175 1.2
15201 Fee*
12615 ft=*
16096 471
90 .6
163 .9
280 29
162 1.3
511064 il
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

972136

FOR

SOLAR ENERGY RESEARCH INSTITUTE

Iiss O==i=;= =i5==28===i=1=1=

PREPAREB BY
Iiri=rsisinIsns  r=t=

CHEM SYSTEMS, INC.

117 118
Lbs/Hr Mo 1s/Hr Lbs/Hr Mo 1s/Hr
245099 13616.6 780911 43383.9
81983 506.1 0 .0
69727 494.5 0 .0
6923 *e* 0 .0
12058 feltlt 0 .0
197 fefefe 0 ]
251 7 0 .0
1 .0 0 .0
3 .0 0 .0
5 A 0 .0
3 A 0 .0
0 .0 0 .0
9983 217.0 0 .0
0 .0 0 .0
0 .0 0 .0
0 .0 0 .0
0 .0 0 .0
0 .0 0 .0
0 .0 0 .0
0 .0 0 .0
0 .0 0 .0
0 .0 0 .0

426233 780911

Lbs/Hr

1035861
81983
69727

6823
12058
197
251

0

Coococoococoocoo0coo0cO0 o0

1206900

Mo 1s/Hr

57547.8
506.1
494.5

fefefe
fefefe
feltfe

coCoococoocoOCoococoocooconN

120

Lbs/Hr

520

oOocoocococoococoollloocoocooco o000 00

5205

Mols/Hr

53.

cocoocococo=o000cocoCoo®oocoo



STREAM NO.

Udler
Cellulose
Hemicellulose
l.ignin

Ash

Other

Sucrose

Xylose

Glucose
Furfura!

HMF

Pseudo 1ign in
Ethano |
Sulfuric Acid
Calcium Hydroxide
Calcium Sulfate
Yeast

Carbon Dioxide
Benzene
Gtycero!

Fusel Oil
Acetic Acid

TOTAL

Mol Ut

ETHANOL FROM CELLULOSE MATERIAL BALANCE

121
Lbs/Hr Mo 1s/Hr
1027097 57060.9
69686 430.2
0 .0
6823 #iHt
12058 HE*
197 HiHt
0 .0
53427 356.2
34541 191.9
1800 18.8
1273 10.1
0 .0
0 .0
5205 53.1
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

1212107

PREPARED DY

FOR

SOLAR ENERGY RESEARCH

CHEM SYSTEMS,

122

Lbs/Hr

41084

OO C0COCOCOCO0OO0OO0OOO0OOOO0OCOOOCOOOO

Mols/Hr

2282.4

coocoococoOCoocoocoocoocoocoocoocoocoo

INSTITUTE
INC.

123
Lbs/Hr Mo 1s/Hr
986013 54778.5
69686 430.2
0 .0
6823 #iHt
12058 e
0 .0
53427 356.2
34541 191.9
1800 18.8
1273 10.1
0 .0
0 .0
5205 53.1
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

1171023

124
Lbs/Hr Mo 1s/Hr
114981 6387.8
66202 408.7
0 .0
6482 it
11448 HH*
23 tf>*
0 .0
6184 41.2
4038 22.4
215 2.2
151 1.2
0 .0
0 .0
606 6.2
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

210330

125

Lbs/Hr Mo 1s/Hr
871032 48390.7
3484 21.5

0 .
341 Heex
610 ##
174 Hit
0 .0
47243 315.0
30503 169.5
1585 16.5
1122 8.9
0 .0
4599 100.0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

960693

(==}

[=/e)



STREAM NO.

Uater

Cel lulose
Hemicellulose
Lignin

Ash

Other

Suc.r ose

Xylose

Glucose
Furfura !

HMF

Pseudo 1ignin
Ethanol
Suifurir Aciid
Ca11ium Hydr oxide
Calcium Sulfate
Yeast

Carbon Dioxide
Benzene
Glycerol

Fusel Oil

Ace tic Acid

TOTAL

Mol Ut

18
162
141

Fhk

K*tt

342
150
180
96
126
titt*
46
98
74
136
HHE
44

92
#HHK

60

ETHANOL FROM CELLULOSE: MATERIAL BALANCE

FOR

SOLAR ENERGY RESEARCH

PREPARED DY

CHEM SYSTEMS,

INSTITUTE

126 127 128 129 130
Lbs/Hr Mo 1s/Hr Lbs/Hr Mo 1s/Hr Lbs/Hr Mo 1s/Hr Lbs/Hr Mo 1s/Hr Lbs/Hr Mo 1s/Hr
210330 11685.0 326222 18123.4 115889 6438.3 207*+22 11634.6 1080454 60025.2
0 .0 66202 408.7 62892 388.2 3310 20.4 6794 41.9
0 .0 0 .0 0 .0 0 .0 0 .0
0 .0 6482 it 6158 fadaied 324 i 665 “#H#
0 .0 11448 Hit- 10876 HHt 572 Hi# 1182 HiH#
0 .0 23 *#Ht 8 HiH 15 it 189 HHHt
0 .0 0 .0 0 .0 0 .0 0 .0
0 .0 6148 41.0 2206 14.7 3978 26.5 51221 341.5
(t .0 4038 22.4 1439 8.0 2599 14.4 33102 183.9
0 .0 215 n r 77 .8 138 1.4 1723 17.9
0 .0 151 1.2 54 4 97 .8 1219 9.7
0 .0 0 .0 0 .0 0 .0 0 .0
0 .0 606 13.2 216 4.7 390 8.5 4989 108.5
0 .0 0 .0 0 .0 0 .0 0 .0
0 .0 0 .0 0 .0 0 .0 0 .0
0 .0 0 .0 0 .0 0 .0 0 .0
0 .0 0 .0 0 .0 0 .0 0 .0
0 .0 0 .0 0 .0 0 .0 0 .0
0 0 0 .0 0 .0 0 .0 0 ]
0 .0 0 .0 0 .0 0 .0 0 .0
0 .0 0 .0 0 .0 0 .0 0 .0
0 .0 0 .0 1 .0 0 .0 0 .0
210330 421535 199815 220845 1181538

co
5>



STREAM NO.

Ua ter

Cel lulose
Hemicellulose
Lignin

Ash

Other

Sucrose

Xylose

Glucose

Eui fural

HMF

Pseudo lign in
Ethano |
Sulfuric Acid
Calcium Hydroxide
Calcium Sulfate
Yeast

Carbon Dioxide
Benzene
Glycerol,

Fusel Oil
Acetic Acid

TOTAL

Mo i

Ut

18
162
141

342
150
180
96
128
46
98
74
136
Fxkk
44
78
92
it
60

131

Lbs/Hr

24628

OO 0O OO0OOoODOoODOoODOOCOoOOODODODOODOO O

24628

ETHANOL FROM CELLULOSE MATERIAL BALANCE
FOR

SOLAR ENERGY RESEARCH INSTITUTE

PREPAREB BY

CHEM SYSTEMS, INC.

132 133
Mo 1s/Hr Lbs/Hr Mo 1s/Hr Lbs/Hr Mo 1s/Hr
1368.2 12287 682.6 128176 7120.9
.0 6454 39.8 69346 428.1
.0 0 .0 0 .0
0 632 «** 6790 ftftft
.0 1123 ft* 11999 ftftft
.0 0 .0 8 ftftft
.0 0 .0 0 .0
.0 14 A 2220 14.8
.0 9 .0 1448 8.0
.0 0 .0 77 .8
.0 0 .0 54 4
0 0 .0 0 .0
.0 0 .0 0 .0
.0 0 .0 217 2.2
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 0 .0 0 .0
20519 220335

134

Lbs/Hr Mo 1s/Hr

1092795 60710.8

340 21

0 .0

33 ftftft

59 ftftft

189 ftftft

0 .0

51207 341.4

33093 183.8

1723 17.9

1219 9.7

0 .0

0 .0

4988 50.9

0 .0

0 .0

0 .0

0 .0

0 .0

0 .0

0 .0

0 .0
1185646

135

Lbs/Hr

125211

50084

CocoocococoocoocooWooocoooooooo0 O

626054

Mo 1s/Hr

6956.

10887.

coococoocoococoo0oocoococoocooococoo o

2



STREAM NO,

Ua ter
Cellulose
Hemicellulose
Lignin

Ash

Oflhei

Suer ose

Xylose

Gfutiose

Fur fur a

HMF

Pseudo 1ignin
Ethanol

Suf fur it: Acid
Calcium Hydroxide
Calcium Sulfate
Yeast

Carbon Dioxide
Denz ene
Giycerol

fusel Oil
Acetic Acid

TOTAL

ETHANOL FROM CELLULOSE MATERIAL BALANCE

FOR
SOLAR ENERGY RESEARCH INSTITUTE
PREPARED DY
CHEM SYSTEMS, INC.
136 137 138
Mol Ut Lbs/Hr Mo 1s/Hr Lbs/Hr Mo 1s/Hr Lbs/Hr Mo 1s/Hr
18 290844 16158,0 41531 2307.3 270260 15014.4
162 205 1.3 0 .0 10 A
141 175 1.2 0 .0 9 A
okt 16001 MMM 0 .0 800 MMM
MMM 30 MMM 0 .0 1 MMM
MMM 12615 MMM 0 .0 11722 MMM
342 16096 471 0 .0 14957 43.7
150 90 .6 0 .0 84 .6
180 163 .9 0 .0 152 .8
96 280 29 0 .0 260 2.7
126 162 1.3 0 0 151 1.2
MMM 0 0 0 0 0 0
46 10221 1437 31.2 9498 206.5
98 0 .0 0 0 0 0
74 0 0 0 .0 0 .0
136 0 .0 0 .0 0 .0
MMM 0 .0 0 .0 0 .0
44 0 .0 0 .0 0 .0
78 0 .0 0 .0 0 .0
92 0 .0 0 .0 0 .0
MMM 0 .0 0 .0 0 .0
60 0 .0 0 .0 0 .0
346882 42968 307904

139

Lbs/Hr Mo 1s/Hr
20584 1143.6
195 12
166 1.2
15201 MMM
29 MMM
893 MMM
1139 3.3
6 0
1" 1

20
1" A
0 0
723 15.7
0 0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

38978

140

Lbs/Hr

2555

1022

=N NN N - E-E-E-E-E-E-E-E-E-E—-W_)

12776

Mol s/Hr

141.

222,

coocoocoocoocoococolNocooococooocoocoo

9



STREAM NO.

Water
Cel lulose
Memijcellulose
Lignin
Ash
Other
Sucrose
Xylose
Glucose
Furfural
HMF

seudo lignin

anol

Sulfuric Acid
Calcium Hydroxide
Calcium Sulfate
Yeast
Carbon Dioxide
% niene

Tycena
Fusel Oil
Acetic Acid

TOTAL

ETHANOL FROM CELLULOSE MATERIAL BALANCE
FOR

SOLAR ENERGY RESEARCH INSTITOTE

PREPARED BY

CHEM SYSTEMS, INC.

141
Mol Ut Lbs/Hr Mo | s/Hr Lbs/Hi Mols/Hr Lbs/Hr Mo Is/Hr Lbs/Hr
IS 309236 17179.8
162 10 1
141 9 R
*étt 800 *»*
1 «»K
KftK 11722 *xx
342 14957 43.7
150 84 6
ISO 152 .8
96 260 2.7
6 151 1.2
12« ) 3
46 714 15.5
98 0 0
74 (0 N
i b
44 0 M|
78 0 . 8
0 .
i 0 0
60 0 0
338096

Mo Is/Hr

Lbs/Hr

Mo Is/Hr

ro



STREAM NO.

Water
Cetfufose

Heini ce 1 1 ti (ose
Lignin

Ash

Olher

Sucrose

Xylose

Glucose

Fui fuval

HMF
Pseiidofignin
Ethanol
Suifuric Acid
Calcium Hydr oxide
Calcium Suifate
Yeast

Carbon Bio xide
Benzene
Glycerol

Fusel Oil
Acetic Acid

TOTAL

Mol

Uit

18
162
141

Ktt*

342
150
180
96
126
ttt*
46
98
74
136
44
78
92

Fehk

60

ETHANOL FROM CELLULOSE MATERIAL BALANCE

201
Lbs/Hr Mo 1s/Hr
128176 7120.9
69346 428.1
0 .0
6790 Ktf *
11999 *“tt*
8 Fedkei
0 .0
2220 14.8
1448 8.0
77 .8
54 4
0 .0
0 .0
217 2.2
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

220335

FOR

SOLAR ENERGY RESEARCH

PREPARED BY

CHEM SYSTEMS,

20
Lbs/Hr Mo 1s/Hr
1092795 60710.8
340 2.1
0 .0
33 *tf«
59 HHHt
189 fftt*
0 .0
51207 341.4
33093 183.8
1723 17.9
1219 9.7
0 .0
0 .0
4988 50.9
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
1185646

INSTITUTE

203

Lbs/Hr

1210075

[ = N R I I BN I BN BN )

1210075

Mo 1s/Hr

67226.4
.0

CoO 00O o oco o0 oo OoOO0COO0O

204

Lbs/Hr

1569

coococoococooco0Ooocococoocoococoocooco o

15690

Mols/Hr

Ccoocoococococo=_ocoococoo0cocoococo0ooo

205
Lbs/Hr Mols/Hr
1643848 91324.9
114436 706.4
0 .0
64976 HHE
114823 HHHt
8
0 .0
2220 14.8
3770 20.9
139 1.4
534 4.2
0 .0
0 .0
16607 169.5
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
1961361



STREAM NO.

Water

Cel 1uiree

Hem ice)1u(ose
Lignin

Ash

Other

Sucrose

Xylose

Glucose
Furfura

HMF

Pseudo 1ign in
Ethano !
Sulfuric Acid
Calcium Hydroxide
Calcium Suifate
Yeast

Carbon Dioxide
Benz ene
Glycerol

Fusel Oil
Acetic Acid

TOTAL

*xpt

206

Lbs/Hr

1638093
114436
0
64976
114823
8
0
0
58431
1560
12066
0

0
16607
0

oo ocooo

2021000

ETHANOL FROM CELLULOSE MATERIAL BALANCE

Mols/Hr

91005.

2

706.4

0

kK

it

coococcococoNlo o

FOR

PREPARE!*

SOLAR ENERGY RESEARCH

BY

CHEM SYSTEMS,

207

Lbs/Hr

360380

OO OO OCOCOO0OO0OOO0OO0OOOOCOOOO

360380

Mols/Hr

20021

A1
0
0
0
0
0
0
0
0

.0

.0
0
0
0
0
0
0
0
0
0
0
0

INSTITUTE

208
Lbs/Hr Mo 1s/Hr
1277713 70984 .1
50522 311.9
0 .0
64976 e
114823 Hek
8 E =
0 .0
0 .0
58431 324.6
1560 16.3
12066 95.8
0 .0
0 .0
16607 169.5
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

1596706

209
Lbs/Hr Mo 1s/Hr
306911 17050.6
47996 296.3
0 .0
61727 it
109082 it
0 .0
0 .0
0 .0
14035 78.0
375 3.9
2898 23.0
0 .0
0 .0
3989 40.7
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

547013

210
Lbs/Hr Mo 1s/Hr
970802 53933.4
2526 15.6
0 .0
3249 i
5741 Fexe
8 *tf tt
0 .0
0 .0
44396 246.6
1185 12.3
9168 72.8
0 .0
0 .0
12618 128.8
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

1049693



STREAM NO.

Uater

Cel fulose
Hemice t1ut nse
Lignin

Ash

O1llev

Suer use

Xylose

Glucose

Furfur af

HMF

Pseudo 1ign in
Ethanol
Suffuric Aciid
Calcium Hydr oxide
Calcium Sulfate
Yeast

Carbon Dioxide
Denzene
Glycerol

Fuse | Oil
Acetic Acid

TOTAL

Mol Ut

IS

136
trifif
44
78
92
trftf
60

211

Lbs/Hr

1276362

OO0 O0OO0OOoOCODODOOoODODOoODOOODOOCDOCCO O

1276362

ETHANOL. FROM CELLULOSE MATERIAL BALANCE

Mo 1s/Hr

70909.0

OO0 OoOOoOOoOCOoOOOOoOOOCOO0OOCDODODOO O

SOLAR ENERGY RESEARCH

FOR

INSTITUTE

PREPARED BY

CHEM SYSTEMS, INC.

211 " 13
Lbs/Hr Mo 1s/Hr Lbs/Hr Mo Is/Hr
1583273 87959.6 307660 17092.2
47996 296.3 45596 281.5
0 .0 0 0
61727 tf tf tf 58641 ttftf
109082 tftf tf 103628 trtf tf
0 .0 0 .0
0 .0 0 .0
0 .0 0 .0
14035 78.0 2727 15.1
375 3.9 73 .8
2898 23.0 563 4.5
0 .0 0 .0
0 .0 0 .0
3989 40.7 775 7.9
0 .0 0 .0
0 .0 0 .0
0 .0 0 . 0.
0 .0 0 .0
0 .0 0 .0
0 .0 0 .0
0 .0 0 .0
0 .0 0 .0

1823375 519663

214

Lbs/Hr

1275613
2400
0
3086
5454
0

0

0
11308
302
2335

3214

coocococoo

1303712

Mo 1s/Hr

70867.4
14.8

.0

tf tf tf

th tf tf

)]
® W N

=Y
coocococoococoWooll=NVNoc oo

W
N

215

Lbs/Hr Mo 1s/Hr

2246415 124800.8

4926 30.4
0 0
6335 thftf
11196 tf tf tf
8 ttff

0 0

0 0
55704 309.5
1487 15.5
11503 91.3
0 0

0 0
15832 161.6
0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 .0

2353406



STREAM NO.

Uater
Cetlufose
Hemice11ulose
Lignin

Asti

Other

Sucrose

Xylose

Glucose
Furfural

HMF

Pseudo 1ignin
Ethanol
Sulfuric Acid
Calcium Hydroxide
Calcium Sulfate
Yeast

Carbon Dioxide
Benzene
Gilycevol

Fusel Oil

Ace tic Acid

TOTAL

Mol Ut

18
142
141
**#
“#t
342
150

216

Lbs/Hr

64000

oo OoCcoOoOOCOCOOO0COCOOO0COOODODOO0OO0OOO

44000

ETHANOL FROM CELLULOSE MATERIAL BALANCE
FOR

SOLAR ENFRGY RESEARCH INSTITUTE

PREPARED BY

CHEM SYSTEMS, INC.

217 2:18
Mo Is/Hr Lbs/Hr Mols/Hr Lbs/Hr Mo 1s/Hr
3555.6 31971 1776.2 2278444 126580.2
.0 4680 28.9 246 1.5
.0 0 .0 0 .0
.0 6018 *tf« 317 tttf*
.0 10635 i 560 ttttt
.0 0 0 8 tttttt
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 19 A 55685 309.4
.0 1 .0 1486 15.5
.0 4 .0 11499 91.3
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 5 M 15827 161.5
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 0 .0 0 .0
53333 234407.?

219
Lbs/Hr Mo 1s/Hr
34034 1890.8
5184 32.0
0 .0
6473 tttttt
11439 tttttt
0 .0
0 .0
0 .0
*422 2.3
12 A
87 7
0 .0
0 .0
80 .8
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

57733

220
Lbs/Hr Mo Is/Hr
305597 16977.6
45090 278.3
0 .0
58186 tttttt
102824 tttttt
0 .0
0 .0
0 .0
2324 12.9
62 .6
480 3.8
0 .0
0 .0
700 71
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

515243



STREAM NO.

Water

Cel 1ulose
Hemicellulose
Lignin

Ash

Other

Sucrose

Xylose

Glucose

Furfur al

HMF

Pseudo lignin
Ethano !
Sulfuric Acid
Calcium Hydroxide
Cal cium Sulfate
Yeast

Carbon Dioxide
Benzene
Glycerol

Fusel Oil
Acetic Acid

TOTAL

Mo ! Ut

18
162
141
ttttt
ttttt
tttttt
342
150
180

96
126
tttttt

46

98

74

136
ttttt

ETHANOL. FROM CELLULOSE MATERIAL BALANCE

221
Lbs/Hr Mo 1s/Hr
3371239 187291.1
586 3.6
0 .0
340 tttttt
619 ittt
197 tttttt
0 .0
51207 341.4
88778 493.2
3209 33.4
12718 100.9
0 .0
0 .0
20815 212.4
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
3549708

PREPARED BY

FOR

SOLAR ENERGY RESEARCH

CHEM SYSTEMS,

222

Lbs/Hr

14525

R N e Nl N W N I NI

14525

Mo 1s/Hr

806.9

Poococococococcocc00000000a0

INSTITUTE

223

Lbs/Hr

1452

CcCoocoocooflocoo oo OO0 OoOO0CO0O OO

14525

Mols/Hr

196.

coococoococooWoooocooooocooocooo

224

Lbs/Hr

14525

1452

OCocoocoocoolocooooO0OoOoO OO O0O00 O

29050

Mo 1s/Hr

806.

196.

coocooococooWooooocoocooocooooo

9

22fj
Lbs/Hr Mo 1s/Hr
3392830 188490.6
586 3.6
0 )
340 tttttt
610 tttttt
197 tttttt
0 .0
51207 341.4
88778 493.2
3209 33.4
12718 100.9
0 .0
0 .0
1579 16.1
0 .0
26695 196.3
0 0
0 0
0 0
0 0
0 0
0 0
3578749



STREAM NO.

Haler

Cel { ulose

Heiii (cellulose
Lignin

Ash

Other

Sucrose

Xy1ose

Glucose
F'urfura!

HMF

Pseudo lignin
Ethano!
Sulfuric Acid
Calcium Hydr oxide
Calcium Sulfate
Yeast

Carbon Dioxide
Benzene
Glycerol

Fusel Oil
Acetic Acid

TOTAL

226

Lbs/Hr

135713

OO0 ODO0OOO0OO0OODOOOCOO0 O OO OO oo

135713

ETHANOL PROM CELLULOSE MATERIAL BALANCE
FOR

SOLAR ENERGY RESEARCH INSTITUTE

PREPARED BY

CHEM SYSTEMS, INC.

227 228

Mo 1s/Hr Lbs/Hr Mo 1s/Hr Lbs/Hr Mo(s/Hr
7539.6 3257117 180950.9 80514 4473.0
.0 586 3.6 0 .0
.0 0 . 0 0 .0
.0 340 fiftft 0 .0
.0 619 o 0 )
.0 197 ftftft 0 .0
.0 0 .0 0 .0
. 0 51207 3414 0 .0
.0 88778 493.2 0 .0
.0 3209 33.4 0 .0
.0 12718 100.9 0 .0
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 1570 16.0 0 .0
.0 0 .0 0 .0
.0 26695 196.3 0 .0
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 0 .0 0 .0

3443036 80514

909

Lbs/Hr

40210
557

0
333
588

0

0

15
26

2536

cocococoOCo--ocoh

67095

Mots/Hr

2233.

9

3.4

.0
ftftft
ftftft

186.

cocoOolo®o@Oos~oo

230
Lbs/Hr Mo | s/Hr
3297421 183190.1
29 9
0 .0
17 fiftft
31 fiftft
0 .0
0 .0
50992 339.9
88752 493.1
3208 33.4
12714 100.9
0 .0
0 .0
1578 16.1
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
3454742



STREAM NO.

Uater

Cel f(ifose
Hemiiieffufose
Lignin

Ash

Ollier

Sucrose

Xylose

Glucose
Furfura

HMF
Pseudolignin
Ethanol
Sulfuric Acid
Ca1lciurn Hydr oxide
Calcium Sulfate
Yeast

Carbon Dioxide
Benzene
Glycero

Fuse | Oil
Acelic Acid

TOTAL

Mol Ut

10
1A2
141

ek

tf F*Xk
titf tf
342
150
180

96
126
tftf tf

46

74
136
ttftf

44

78

92
tf tf tf

60

231

Lbs/Hr

665911

OO0 0o oo oo oo oo oo ooDoocooco o

665911

ETHANOL. FROM CELLULOSE MATERIAL BALANCE

Mo 1s/Hr

36995.1

coocoococoocococoOoococoococoocoocoococoo

FOR

SOLAR ENERGY RESEARCH

PREPARED BY

CHEM SYSTEMS,

232
Lbs/Hr Mo 1s/Hr
2631510 146195.0
29 .2
0 .0
17 tf tf tf
31 tftf tf
0 .0
0 .0
50992 339.9
88752 493.1
3208 334
12714 100.9
0 0
0 .0
1578 16.1
0 .0
0 .0
0 A
0 .0
0 .0
0 .0
0 .0
0 .0
2788831

INSTITUTE

233

Lbs/Hr

722430

OO0 00O O0OO0COCOOCOOOODOCOOD OO OO

722430

Mols/Hr

40135.0

cocoococoococoococoocococo®oococoocoocoOoo

234
Lbs/Hr Mo 1s/Hr
1909080 106060.0
29 .2
0 .0
17 tftftf
31 tf tf tf
0 .0
0 .0
50992 339.9
88752 493.1
3208 33.4
12714 100.9
0 .0
0 .0
1578 16.1
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
2066401

235

Lbs/Hr

778059

COO0OODODODOO0OCOoOOoOCOCDOOOCODOOOODOOO

778059

Mols/Hr

43225.5

CoO OO OO0 OODoOooOooocooCcooo ©



STREAM NO.

Water

Cel fuiose
Hemicel lu1ose
Lignin

Ash

Other

Suer ose

Xylose

Glucose
Furfura

HMF

Pse udo 1ignin
Ethanol
Sulfuric Acid
Calcium Hydroxide
Calcium Sulfate
Yeast

Carbon Dioxide
Benzene
Giycerof

Fuse ! Oil
Acetic Acid

TOTAL

Mol Ut

18
142
141

ft*tt
342
150
180

94
124

*okk

ETHANOL FROM CELLULOSE MATERIAL BALANCE
FOR

SOLAR ENERGY RESEARCH INSTITUTE

PREPARED BY

CHEM SYSTEMS, INC.

234 237 238
Lbs/Hr Mo 1s/Hr Lbs/Hr Mo 1s/Hr Lbs/Hr Mo 1s/Hr
1131021 42834.5 844114 47004.3 844114 47004.3
29 .2 0 .0 0 .0
0 .0 0 .0 0 .0
17 tf tf tf 0 .0 0 .0
31 tf tf tf 0 0 0 0
0 .0 0 .0 0 .0
0 .0 0 .0 0 .0
50992 339.9 0 .0 0 .0
88752 493.1 0 .0 0 .0
3208 334 0 .0 0 .0
12714 100.9 0 .0 0 .0
0 .0 0 .0 0 .0
0 .0 0 .0 0 .0
1578 14.1 0 .0 0 .0
0 .0 0 .0 0 .0
0 .0 0 .0 0 .0
0 .0 0 .0 0 .0
0 .0 0 .0 0 .0
0 .0 0 .0 0 .0
0 .0 0 .0 0 .0
0 .0 0 .0 0 .0
0 .0 0 .0 0 .0
1288342 844114 844114

239
Lbs/Hr Mols/Hr
284907 15828.2
29 .2
0 .0
17 tftf tf
31 tf tf tf
0 .0
0 .0
50992 339.9
88752 493.1
3208 334
12714 100.9
0 .0
0 .0
1578 14.1
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

442228

240

Lbs/Hr Mo 1s/Hr

3015514 147528.4

(=B W — B W — W — R — I I — I — I — B — B — Ry — )
CocB0oc0oc0ocbcbooc00bcc00O0

3015514



STREAM NO.

Ualer

Cel 1utose

Hem 1ce1lul use
Lignin

Ash

Olher

SuClose

Xy | ose

Glucose

fruv fura |

HMF

Pseudo lignin
Elhano
Suifuric Acid
Ca f cium Hydr oxide
Ca i cium Sulfate
Yeast

Carbon liinxide
benzene

61 ycero

Fusel Oil
Acetic Acid

TOTAL

Mo ! Ut

10
162
111
Hi#
it tttf
ititit
342
150
100

96
126
ititit

46

98

74
136
ititit

44

70

92
ititit

60

ETHANOL FROM CELLULOSE MATERIAL BALANCE

FOR

SOLAR ENERGY RESEARCH INSTITUTE

PREPAREIi BY

CHEM SYSTEMS, INC.

301 302 303
Lbs/Hr Mols/Hr Lbs/Hr Mo 1s/Hr Lbs/Hr Mo 1s/Hr
284907 15028.2 0 .0 315130 17507.2
29 .2 0 .0 187 1.2
0 .0 0 .0 0 .0
17 ititit 0 .0 110 ititit
31 ititit 0 .0 200 ititit
0 .0 0 .0 202 ititit
0 .0 0 .0 0 .0
50992 339.9 0 .0 52342 348.9
88752 493.1 0 .0 0 .0
3208 33.4 0 .0 3293 34.3
12714 100.9 0 .0 13051 103.6
0 .0 0 .0 0 .0
0 .0 0 .0 43273 940.7
1578 16.1 0 .0 1620 16.5
0 .0 0 .0 0 .0
0 .0 0 .0 8630 63.5
0 .0 0 .0 0880 ititit
0 .0 44376 1008.5 0 .0
0 .0 0 .0 0 .0
0 .0 0 .0 1363 14.8
0 .0 0 .0 0 .0
0 .0 0 .0 0 .0

442228 44376 448281

304

Lbs/Hr

459

CoocoocooNoOOOoOOOoOOOOOoOOoOOCCOoOOoOO ©

1186

Mo 1s/Hr

25.5
.0

ititi

FoOocococococoocococoo0cooo0o

oo ocoo

305

Lbs/Hr

34609
178

0

105
190

55172

Mols/Hr

1922.7
1.1

0

ititit
ititit

itit it

-
o

© W= o
oUlWlNo=collo



SI REAM NO.

Uater
Cel lulose
Hem ice) lulose
Mgnin
sh
ther

Suer ose
éYlose

ucose
Furtural
HMF
Pseudo lignin
Ethano |
Sulfuric Acid
Calcium Hydroxide
Calcium Sulfate
Yeast
Carbon Dioxide
enzene

lyceral.
Fuse | Oil
Acetic Acid

TOTAL

Mol

Ut

18
162
141

«»K

XXX
342
150
180

126

XXX
46
98

136

XXX

44

92

XXX

ETHANOL FROM CELLULOSE MATERIAL BALANCE

306
Lbs/Hr Mo Is/Hr
280521 15584.5
9 1
0 .0
5 XXX
10 XXX
196 XXX
0 .0
50772 338.5
0 .0
3194 33.3
12659 100.5
0 .0
41975 912.5
1571 16.0
0 .0
431 3.2
444 XXX
0 0
0 .0
1322 14.4
0 .0
0 .0

393109

FOR

SOLAR ENERGY RESEARCH INSTITUTE

PREPARED BY

CHEM SYSTEMS, INC.

307 300
Lbs/Hr Mo Is/Hr Lbs/Hr Mo Is/Hr
29764 1653.6 4845 269.2
158 1.0 20 A
0 .0 0 .0
93 XXX 12 XXX
169 XXX 21 XXX
5 XXX 1 XXX
0 .0 0 .0
1350 9.0 220 1.5
0 .0 0 .0
85 .9 14 1
337 2.7 55 4
0 .0 0 .0
1116 24 .3 182 4.0
42 4 7 A
0 .0 0 .0
7295 53.6 904 6.6
7265 XXX 1171 XXX
0 .0 0 .0
0 .0 0 .0
35 4 6 A
0 .0 0 .0
0 .0 0 .0
47714 7458

Lbs/Hr

Mo | s/Hr

Lbs/Hr

Mo Is/Hr



STREAM NO,

Uater
Ce tlulose
Hemi tip | In lose
LignIn
Ash
ilier
ucrose
Xylose
6 lucose
F urf ural
HMF
Pseudo lignin
Eihano |
sull uric Acid
Calcium Hydr oxide
Calcium Sulfate
Yeast
arbon Dioxide
enzene
Glycerol
Fuse | Oil
Ace tic: Acid

TOTAL

Mot Ut

18
162
141
HH
ttttt
ttttt
342
150
180

96
126
ttttt

46

98

74
136
ittt

44

78

92
ttttt

60

ETHANOL FROM CELLULOSE MATERIAL BALANCE

FOR

SOLAR ENEROY RESEARCH INSTITUTE

PREPARED BY

CHEM SYSTEMS, INC.

401 402 403
Lbs/Hr Mo 1s/Hr Lbs/Hr Mo 1s/Hr Lbs/Hr Mo 1s/Hr
28052‘!9 1 5584.E1> 26340 1 46.?6 277885 15438.2
. . A
0 0 0 0 0 0
5 tttttt 0 0 5 tttttt
10 tttttt 0 0 10 tttttt
196 tttttt 0 0 196 tttttt
0 0 0 .0 0 .0
50772 338.5 0 .0 50772 338.5
0 .0 0 .0 0 .0
3194 33.3 0 .0 3194 33.3
12659 100.5 0 .0 12659 100.5
0 .0 0 .0 0 .0
41975 912.5 41261 897.0 714 15.5
1571 16.0 0 .0 1571 16.0
0 .0 0 .0 0 .0
431 3.2 0 .0 431 3.2
444 ttttt 0 .0 444 tttttt
0 .0 0 0 0 .0
0 .0 0 .0 0 .0
1322 14.4 0 .0 1322 14,4
0 .0 0 .0 0 .0
0 .0 I .0 0 .0

393109 43895 349214

404

Lbs/Hr

11588

18155

cocooocoococooco0oocococo ocoocooo

193138

Mo 1s/Hr

643.

3946.

ccococo0OoOCoNococooco coocooo

8

405

Lbs/Hr

3721

5830

OO0 oo 0o OocO=_ 00000 oo OoOOD

62022

Mols/Hr

206.

1267.

coocoococoocococodphoQoocoo O

7



STREAM NO.

Uater

Cel futose
Hemicellulose
Lignin

Ash

Other

Sucrose

Xylose

Glucose
Furfura

HMF

Pseudo 1ignin
Ethano !
Sulfuric Acid
Cailcium Hydroxide
Calcium Sulfate
Yeast

Carbon Dioxide
Benzene
Glycerol

Fuse ! Oil
Acetic Acid

TOTAL

ETHANOL FROM CELLULOSE MATERIAL BALANCE

FOR

SOLAR ENEROY RESEARCH INSTITUTE

PREPARED BY

CHEM SYSTEMS, INC.

106 107 108

Mol Ut Lbs/Hr Mo 1s/Hr Lbs/Hr Mols/Hr Lbs/Hr Mo 1s/Hr

18 7869 137.2 7181 115.6 386
162
m!
Ititlt
Ititlt
312
150
180

96
126
Ititlt

16 12321

98

71
136
Ittt

1

78

92
ititit

60

2679.. 11720 251 7.. 601

cocoocoocococococoWoooocoocoocoocoocoo
cocococococococoWooooooocoooo
coococoocococoo=_ococoo0o0coo0co0o0co0o0o
coccoccocococoWoocococoocococoooo
cocoocoococococoocooNococoocoocoOoOo OO

131118 121682 6133

21.

131.

cocoococococoocoocolllocoocooocoococoocococo=

109

Lbs/Hr

7869

12321

cococoococoocoocoloocoocoocoococooco0o

131118

Mo 1s/Hr

137.

2679.

cocoococo®OoocoWoocoocoocooocoooocoo

2

110

Lbs/Hr

11588

18155

coocoococococoococoloocoocoocoocoocococoo

193138

Mo 1s/Hr

613.

3916.

cco@OCoococooNococoOCoocoooOo

8



STREAM NO.

Hater
Cellulose
Hemice! { ulose
L1ignin

Ash

Other

Sucv ose

Xylose

G f ucose
Furfura

HMF

Pseudo lignin
Ethanol
Sulfuric Acid
Cailcium Hydr oxide
Calcium Sulfate
Yeast

Carbon Dioxide
Benzene
Giycero

Fusel Oil

Are tic: Acid

TOTAL

ETHANOL FROM CELLULOSE MATERIAL BALANCE
FOR

SOLAR ENERGY RESEARCH INSTITUTE

PREPARED BY

CHEM SYSTEMS, INC.

411 412 413
Mol Ut Lbs/Hr Mols/Hr Lbs/Hr Mots/Hr Lbs/Hr Mols/Hr
18 0 .0 0 0 16439 913.3
162 0 .0 0 0 0 .0
141 0 .0 0 0 0 .0
N»K 0 ] 0 0 0 .0
*u« 0 .0 0 0 0 .0
it 0 .0 0 0 0 .0
342 0 .0 0 0 0 .0
150 0 .0 0 0 0 .0
180 0 .0 0 0 0 .0
96 0 .0 0 0 0 .0
126 0 .0 0 0 0 .0
KKM 0 .0 0 0 0 .0
46 0 .0 41261 0 43447 944.5
98 0 .0 0 0 0 .0
74 0 .0 0 0 0 .0
136 0 .0 0 0 0 .0
0 .0 0 0 0 .0
44 0 .0 0 0 0 .0
78 0 .0 0 0 174961 2243 .1
92 0 .0 0 0 0 .0
*«K 0 .0 0 0 0 .0
60 0 .0 0 0 0 .0

0 41261 234847

414

Lbs/Hr Mols/Hr

1688

446

1796

coolloocoocoo="ococococooocococoo o

24114

©
w
o

97.

230.

cPoWoDoococOb0ob0oocoooo

415

Lbs/Hr Mols/Hi

14751

Oocoocoocoocoocoococoocooco o

3898

15699

cooWoococoo

210733

819.

847.

2012.

cooWoocococollocoocococoocoocoocoocococ o

5



STREAM NO.

Ua ter

Cel (ulose
Hemice | lul ose
Lignin

Ash

Other

Sucrose

Xylose

Glucose
Furfural

HMF

Pseudo It gnin
Ethano |
Sulfuric Acid
Calcium Hydr o xide
Calcium Sulfate
Yeast

Carbon Dioxide
Benzene
Glycerol

Fusel Oil
Acetic Acid

TOTAL

Mol Ut

18
162
141
il
Ittt
Ittt
342
150
180

96
126
Ittt

46

98

74
136
Ittt

44

78

92
Ittt

60

41A

Lbs/Hr

15014

4439

15786

cocoo=_ococococooNoocoocoocoocooocoo oo

217267

ETHANOL. FROM CELLULOSE MATERIAL BALANCE

Mols/Hr

834.

965.

2023.

OCQocoWoOoocolCLoococoo®oocoocoo

1

FOR

SOLAR ENEROY RESEARCH

PREPARES BY

CHEM SYSTEMS,

a17

Lbs/Hr Mo 1s/Hr

16702 927.9

4885 1062.

17582 2254.

cocoooocococooWooooooooooo
cOONoQCoocoloPCoocococooco@ooo

241381

INSTITUTE

418

Lbs/Hr

14068

4347

17496

cocoo"ococococooNococoooocooooooOo

232506

Mols/Hr

781.

©
'
a

2243.

cocoo=0oco®OoNOoococo@Coocoooco

6

419

Lbs/Hr Mols/Hr

2634 146.3

540 117.

(o]
o
cocollocoocoooocoocoococooo oo

11.

00o"Rb0ocococUlcoOococOoocococoo

8905

420

Lbs/Hr Mo 1s/Hr

2371 131.7

540 117.

11.

]
o
ccoloocoocoocoMoocooocoocooocoo

00oc-_000cONlcocccoc®ooc0O0O

8642

cn
cr>



STREAM NO.

Uator
Cellulose
Hemicel1ulose
Lignin

Ash

Other

Sucrose

Xy1ose

Glucose
Furfural

HMF

Pseudo lignin
Ethano!
Suitfuric Acid
Calcium Hydroxide
Calcium Sulfate
Yeast

Carbon Dioxide
Benz ene
Glycerol

Fusel Oil
Acetic Acid

TOTAL

Mol UT

18
162
141

* ™

((**
<ttc«
342
150
180

96
126

46

98

74
136
««*
44
78
92

*k

60

«

421

Lbs/Hr
2371

OO OO0 oo oOoOoOoCoOCOoOoOCOODCODOODOCDOO O

2371

ETHANOL FROM CELLULOSE MATERIAL BALANCE
FOR

SOLAR ENERGY RESEARCH INSTITUTE

PREPARED BY

CHEM SYSTEMS, INC.

Mols/Hr Lbs/Hr Mols/Hr Lbs/Hr Mols/Hr Lbs/Hr

131.7

PocobococococbOoocococ0oo0Ooo

Mols/Hr

Lbs/Hr

Mols/Hr



STREAM NO.

Uater

Cel 1ulose
Hemice11u f ose
Lignin

Ash

Other

Sucrose

Xy1ose

Glucose
Furfura!

HMF

Pseudo lignin
Ethanol

Suifut ic Acid
Calcium Hydroxide
Calcium Sulfate
Yeast

Carbon Dioxide
Benzene
Gtycetof

Fuse i Oil
Acetic Acid

TOTAL

Mol Ut

501

Lbs/Hr

4437

cocoocooocoocoocoocoocoooo0o0oo0coo0co00

14376

ETHANOL FROM CELLULOSE MATERIAL BALANCE
FOR

SOLAR ENERGY RESEARCH INSTITUTE
PREPARED BY
CHEM SYSTEMS, INC.
502

Mols/Hr Lbs/Hr Mols/Hr Lbs/Hr Mols/Hr

1008. 4437 1008.

OQocoocolloco®PoococoocococooOoocoocooco
coocoflocoooococo0co00O0O00O00 OO
coocollcoPCoOCooococoocoococoococooco

44376

Lbs/Hr

Mols/Hr

Lbs/Hr

Mols/Hr



STREAM NO.

Ual er
Cellulose
Hemire | 1ulose
Lignin

Ash

Other

Sucrose

Xylose

G1ucose
Furfural

HMF

Pseudo 1ignin
Ethanol
Sulfuric Acid
Cailcium Hydr oxide
Calcium Sulfate
Yeast

Carbon Dioxide
Benzene
Glycerol

fruse! Oil
Acetic Acid

TOTAL

Mol Ut

10
162
141
Ititlt
Ititlt
Ittt
342
150
180

96
126
Ititlt

46

98

74
136
Ittt

44

78

92
ltitlt

60

ETHANOL FROM CELLULOSE MATERIAL BALANCE

FOR

SOLAR ENERGY RESEARCH INSTITUTE

PREPARED BY

CHEM SYSTEMS, INC.

601 602 603
Lbs/Hr Mo 1s/Hr Lbs/Hr Mo 1s/Hr Lbs/Hr Mo 1s/Hr
34034 1890.8 32673 1815.2 20584 1143.6
5186 32.0 5186 32.0 195 1.2
0 .0 0 .0 166 1.2
6473 Ititlt 6473 Ititit 15201 Ititit
11439 Ititlt 11439 Ittt 29 ItItlt
0 .0 0 .0 893 Ititit
0 .0 0 .0 1139 3.3
0 .0 0 .0 6 .0
422 2.3 1422 2.3 1 1
12 A 12 A 20 .2
87 7 87 7 1" A
0 .0 0 .0 0 .0
0 .0 0 .0 723 15.7
80 .8 80 .8 0 .0
0 .0 0 .0 0 .0
0 .0 0 .0 0 .0
0 .0 0 .0 0 .0
0 .0 0 .0 0 .0
0 .0 0 .0 0 .0
0 .0 0 .0 0 .0
0 .0 0 .0 0 .0
0 .0 0 .0 0 .0

57733 56372 38978

604
Lbs/Hr Mols/Hr
53257 2958.7
5381 33.2
166 1.2
21674 Ititlt
11468 Ittt
893 Ittt
1139 3.3
6 .0
433 2.4
32 .3
98 .8
0 .0
723 15.7
80 .8
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

95350

605

Lbs/Hr

1361

OO 0o 0o oD oo ooooocoocoocoo o

1361

Mols/Hr

75.6

CcCoocooccoocoococococoococoocoococo0o0



STREAM NO.

Udtcr

Cel lul ose
Hemice | luluse
Lignin

Ash

Other

Sucrose

Xylose

Glucose
Furfural

HMF

Pseudo | ignin
Ethanol
Sulfuric Acid
Calcium Hydroxi
Calcium Sulfate
Yeast

Carbon Dioxide
Elenzene
Glycerol

Fusel Oil
Acetic Acid

TOTAL

Mol Ut

18
162
141

Fokk

H#

342
150
180
96
126
46
98
74
136

44
78
92

Fekk

60

606

Lbs/Hr

277887
9

0

5

10

196

0

50772
0
3194
12659
0

714
1571

' 0
431
444

349214

ETHANOL FROM CELLULOSE MATERIAL DALANCE

Mols/Hr

15438.2
A

.0

E
KM#
ft**
.0
338.5
.0
33.3
100.5
.0
15.5
16.0

FOR

SOLAR ENERGY RESEARCH INSTITUTE

PREPARED DY

CHEM SYSTEMS, INC.

607 608
Lbs/Hr Mols/Hr Lbs/Hr Mols/Hr
331144 18396.9 331750 18430.6
5390 333 5390 33.3
166 1.2 166 1.2
21679 il 21679 it
11478 el 11478 HHt
1089 *tf* 1089 il
1139 3.3 1139 3.3
50778 338.5 50778 338.5
433 2.4 433 2.4
3226 33.6 3226 33.6
12757 101.2 12757 101.2
0 .0 0 .0
1437 31.2 1437 31.2
1651 16.8 0 .0
0 .0 0 .0
431 3.2 2722 20.0
444 **ft 444 it
0 .0 0 .0
0 .0 0 .0
1322 14.4 1322 14.4
0 .0 0 .0
0 .0 0 .0

444564 445810

609

Lbs/Hr

290219
5390
166
21679
11478
1089
1139
50778
433
3226
12757

402842

Mols/Hr

16123.3
33.3
1.2

Fedek
*K*
3.3
338.5

N
a

-\00
20
XK

N
tOQcococo

*
%

=y
N
cobhoo

610

Lbs/Hr

41531

143

CooooocoocooOoNODOoOOOOCOoODOOOO ©

42968

Mols/Hr

2307.

31.

CcCoococoocoocoocoNooocooocoocoooco o

3



STREAM NO.

Uater

Cel | ulose
Hemicel lulose
Lio»e*n

Ash

Other

Sucrose

Xylose

Ofucose
Furfural

HMF

Pseudo lignin
t'thano |

Sulf uric Acid
Calcium Hydroxide
Calcium Sulfate
Yeast

Carbon Dioxide
Benzene
Glycevol

Fuse | Oil
Acetic Acid

TOTAL

Mo 1 Ut

ETHANOL FROH CELLULOSE MATERIAL BALANCE
FOR

SOLAR ENERGY RESEARCH INSTITUTE

PREPAREIi BY

=K=:ris=n=ss=is: xrs:

CHEM SYSTEMS, INC.

611 612 613
Lbs/Hr Mo 1s/Hr Lbs/Hr Mols/Hr Lbs/Hr Mols/Hr
240183 13343.5 50036 2779.8 179114 9950.8
5390 33.3 0 .0 5390 33.3
166 1.2 0 .0 166 1.2
21679 faieied 0 .0 21679 thtf f
11478 *K* 0 .0 11478 tf tf tf
1089 titf* 0 .0 1089 tf tf tf
1139 3.3 0 .0 1139 3.3
50778 338.5 0 .0 50778 338.5
433 24 0 .0 433 24
3226 33.6 0 .0 3226 33.6
12757 101.2 0 .0 12757 101.2
0 0 0 .0 0 .0
0 0 0 .0 0 .0
0 0 0 .0 0 .0
0 .0 0 .0 0 .0
2722 20.0 0 .0 2722 20.0
444 t tf tf 0 .0 444 tftf tf
0 .0 0 .0 0 .0
0 .0 0 .0 0 .0
1322 14.4 0 .0 1322 14.4
0 .0 0 .0 0 .0
0 0 0 .0 0 .0

352806 50036 291737

614

Lbs/Hr

61069

R R I I - I N N N N NN

61069

Mols/Hr

3392.

coocooOQQoococoococococoocococoocoococococ o

7

615

Lbs/Hr

96848
5390
166
21679
11478
1089
1139
50778
433
3226
12757

209471

Mo 1s/Hr

5380.4
33.3

1.2
tf tf tf

thtf tf
tftf tf



STREAM NO.

Hater

Celt ulose
Hemire 11u(ose
Lignin

Ash

Other

Sucrose

Xy1ose

Glucose
Furfura !

HMF

Pseudo H gnin
Ethanol
Sulfuric: Acid
Calcium Hydr oxide
Calcium Sulfate
Yeast

Carbon Dioxide
Benzene
Giycerof

Fusel Oil
Acetic Acid

TOTAL

Mol Ut

10
162
141
*#*
Hit*
342
ISO
100

96
126
«

46

920

74
136
*ff*

44

70

92

Fokk

60

616

Lbs/Hr

02266

[ =B —IN——— B — B — N — I — B — B — B — R — B — I — I — Y R

82266

ETHANOL FROM CELLULOSE MATERIAL BALANCE
FOR

SOLAR ENERGY RESEARCH INSTITUTE

PREPARED BY

CHEM SYSTEMS, INC.

y 617 618
Mols/Hr Lbs/Hr Mols/Hr Lbs/Hr Mo 1s/Hr
4S70.3 193371 10742.8 0 0
.0 0 .0 0 0
.0 0 .0 0 0
.0 0 .0 0 0
.0 0 .0 0 0
.0 0 .0 0 0
.0 0 .0 0 0
.0 0 .0 0 0
.0 0 .0 0 0
.0 0 .0 0 0
.0 0 .0 0 .0
.0 0 .0 0 .0
.0 0 .0 0 0
.0 0 .0 0 0
.0 0 .0 0 0
.0 0 .0 0 0
.0 0 .0 0 0
.0 0 .0 0 0
.0 0 .0 0 0
.0 0 .0 0 0
.0 0 .0 0 0
.0 0 .0 0 0

193371

o

619

Lbs/Hr

001360

OO0 o0 OO0 OO0 OCOoOO0O0O0O00O00 O

081360

Mols/Hr

48964.4

coocococoocococococoococo@CoooOoolo

620

Lbs/Hr

70150

oo cCcoOocOoOO0COoOO0OoOOCOO0Co0oo0 ©

78150

Mols/Hr

4341.7

cococo@CoocoOoocococoo@Co®olOo o



STREAM NO.

Water

Cel 1uinse
Hemicel 1ulose
Lignin

Ash

Other

Suerose

Xylose

Glucose
Eurfuial

HMF

Pseudo 1ignin
Ethano !
Sulfuric Acid
Calciuni Hydroxide
Cailcium Sulfate
Yeast

Carbon Dioxide
Benzene
Glycerol

Euse! Oil
Acetic Acid

TOTAL

621

Lbs/Hr

135713

O 00O 0o oo oOoOoCcCoOoODoOoOooODoODoOODOO O

135713

ETHANOL FROM CELLULOSE MAIERIAL BALANCE
FOR

SOLAR ENERGY RESEARCH INSTITUTE

PREPAREIi BY

CHEM SYSTEMS, INC.

622 623

Mols/Hr Lbs/Hr Mols/Hr Lbs/Hr

7539.6 3015514 167528.6 2371

.0 0 .0 0
.0 0 .0 0
.0 0 .0 0
.0 0 .0 0
.0 0 .0 0
.0 0 .0 0
.0 0 .0 0
.0 0 .0 0
.0 0 .0 0
.0 0 .0 0
0 0 .0 0
.0 0 .0 0
.0 0 0 0
0 0 0 0
0 0 .0 0
.0 0 .0 0
.0 0 .0 0
.0 0 .0 0
.0 0 .0 0
.0 0 .0 o
.0 0 .0 0

3015514 2371

Mols/Hr

131.7

C OO0 OO0 OO0OOO0OO0oO0 ©

624
Lbs/Hr Mols/Hr
40210 2233.9
557 3.4
0 .0
333 HiHt
0 .0
0 .0
15 A
26 M
1 .0
4 .0
0 .0
0 .0
1 .0
0 .0
25360 186.5
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
67095

625

Lbs/Hr

309236
10
9

800
1

11722
14957
84
152
260

151
0

\l
-
o b

O oo o 0D oo o

338096

Mols/Hr

17179.

8
1
1

*fp*

Fhk

*##

43.

2.
1.

15.

cleNNo®

7

o
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STREAM NO.

Uater

Cel 1ulose
Henice11»1ose
Lignin

Ash

Other

Sucrose

Xylose

G ucose
Purfura!

HMF

Pseudo lignin
Ethanol
Suifuric Acid
Calcium Hydroxide
Calcium Sulfate
Yeast

Carbon Dioxide
Benzene
Glycerol

Fusel Oil
Acetic Acidl

TOTAI

Mol

Ut

10
162

141
Ktt*

*M*
342
150
ISO
96
126
#**
46
920
74
136
H
44
78

kK

60

ETHANOL FROM CELLULOSE MATERIAL BALANCE

<526
Lbs/Hr Mols/Hr
4045 269.2
20 A
0 .0
1 ftnft
0 .0
220 1.5
0 .0
14 A
55 4
0 .0
182 4.0
7 1
0 .0
904 6.6
1171 «»*
0 .0
0 .0
6 A
0 .0
0 .0

7450

PREPARED BY

FOR

SOLAR ENERGY RESEARCH

CHEM SYSTEMS,

627

Lbs/Hr

124

coocococooNocoocoOOoCcCOoOOoOOoOOoOOoO OO OO0

1247

Mols/Hr

16.

c0ocococlo®oococOolooccococOoo

INSTITUTE

620

Lbs/Hr

58536

18657

coocooocoocoocoocoococoocooco o0 ©

245115

Mols/Hr

3252.

4240.

cocoPhocoocoocococoocoocoocoocoococoocococo o

0

Lbs/Hr

Mols/Hr

Lbs/Hr

Mols/Hr
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I11. ECONOMIC EVALUATION

A. Introduction

A detailed cost analysis utilizing the ICARUS COST computer program has
been performed for the base case, 50 million gallon per year ethanol from
cellulose plant described in Section Il. Capital and operating costs, and
cost of production of ethanol are high for the base case, since it is not
an optimum design. The coal-fired steam system stands out as the major
cost item, comprising almost 41 percent of the total plant cost and 75
percent of the OSBL costs.

An alternate <case is examined based upon additional experimental
information concerning the extraction of lignin with ethanol. The base
case material balance and design uses an ethanol:lignin ratio of 33:1.
From recent information, the ratio might be approximately 15:1. The
economies of this higher efficiency lignin extraction case significantly
reduce costs compared to the base case. The high efficiency lignin
extraction case, may be more realistic if the extraction can be
efficiently performed at the lower solvent:1lignin value.

A brief discussion is included of suggested areas for optimization of
various process steps. It is felt that optimization can significantly
reduce the capital and operating costs compared to the cases described in
this report, and preliminary estimates are given for a potential optimum
process.
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B. Base Case Economics
1. Capital Cost Estimate

A total investment cost for the production of 50 million gallons per year
of ethanol from corn stover for the base case process described in
Section Il has been determined utilizing the ICARUS COST program. The
total cost is 236.5 million dollars on a third quarter 1980 basis. Of
this, 108.1 million dollars is the inside battery limits (ISBL) cost and
128.4 million dollars is for outside battery limits (OSBL).

A detailed equipment list for all major equipment items is included in
the appendix (Section 1V). The list includes the design specifications
for each item, including materials of construction, as well as an
estimated purchase price on a third quarter 1980 basis. The item numbers
on the lists are keyed to the process flowsheets and all major equipment
items shown on the flowsheets are included on the list. Section 500,
Carbon Dioxide Recovery System, is included as a complete package, known
cost item, and is added to the cost generated by the ICARUS program.

A breakdown of ISBL capital costs is given in Table I1ll-1. Offsites
include capital for storage, a steam system, a cooling water system and
miscellaneous items. Table I11-2 gives a breakdown of offsites cost.

2. Production Cost Estimate
a. Cost of Production Summary

Table 111-3 is a production cost analysis for the base case, 50 million
gallon per year ethanol from cellulose plant. The plant basis is third
quarter-1980 in a U.S. Gulf Coast location. Most of the items on the
cost of production form are self-explanatory. Additional comments
covering raw materials, products and utilities are presented in the
following sub-sections.
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TABLE 111-1

ISBL CAPITAL COST SUMMARY
Base Case, 3rd Quarter 1980

Amount Percent of
%) Total Cost
1. Purchased Equipment
Section 100 12,027,200 12.0
Section 200 14,923,600 14.9
Section 300 3,714,900 3.7
Section 400 1,478,100 14
Section 600 5,441,600 54
Section 900 81,600 0.1
37,667,000 37.5
2. Equipment Setting 532,400 0.5
3. Piping 17,263,700 17.3
4. Civil 2,181,900 2.2
5. Steel 1,168,400 1.2
6. Instrumentation 3,959,700 4.0
7. Electrical 3,589,000 3.6
8. Insulation 6,213,500 6.2
9. Paint 761,900 0.8
Total Field Cost “73,"337,500 73.2
Engineering 4,105,700 41
Construction Overhead 8,851,700 8.8
Bare Plant Cost 86,294,900 86.1
Contingencies 8,512,700 8.5
Contractor's Fee 2,561,400 2.5
Special Charges 2,938,000 2.9
Total 100,307,000 100.00
C02 Recovery System 7,800,000

1087107,UUU
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TABLE 111-2

OFFSITES CAPITAL COST
ETHANOL FROM CELLULOSE PROCESS

Base Case
Cost (S)
3rd Quarter
Item Description 1980
1. Storage Ethanol (14 days, 2,100,000 gallons) 617,000
Calcium hydroxide (14 days, 300,000 gallons) 143,000
Sulfuric acid (14 days, 500,000 gallons) 211,000
Yeast (14 days, 20,000 gallons) 47,000
Corn stover (14 days, 9,000,000 gallons) 2,149,000
Total storage —371577000
2. Steam System 1.6x106 Ibs/hr, coal fired 600 psig
saturated steam 96,000,000
3. Cooling Water
System 205,000 gpm 12,440,000
4. Buildings at 3.0% ISBL 2,957,100
5. General
Utilities at 5.0% ISBL 4,928,500
6. Site
Development at 3.0% ISBL 2,957,100
7. Piping at 3.0% ISBL 2,957,100
8. Pollution
Control at 2.0% ISBL 1,971,400
9. CO2 Recovery
System
Offsites 975,000

Total Offsites 128,353,200



69
TABLE 111-3

COST OF PRODUCTION ESTIMATE FOR ETHANOL
PROCESS- ACID HYDROLYSIS

CAPITAL SUMMARY

BAS 13 CAPITAL_CgSI AMILLION
location: U.S. Gulf Coast Battery Limits 103T1
3rd Quarter, 1980 Offsites 128 A

Capac ity: 50.0 miilion gallons/yr
149,336 me tric tons/yr Total Fixed Inv, 236.5
Str . Time: 3000 hours per year Working Capital 29.0

PRODUCTION COST SUMMARY

UNITS/ PRICE, ANNUAL CENTS/ DOLLARS/

RAW MATERIALS GALLON C/UNIT COST, *M GALLON MET TON
Corn Stoyer, Lb 50.0000 1.5 37,500
Sulfuric Acid, Lb 3.3520 4,0 6,704
Calciurn Hydr ., Lb 2,5240 1.6 2, 019
Catalyst & Chemicals 2,700
TOTAL RAU MATERIALS 48,923 97.85 327.60
UTILITIES
Power, Kwh 1.9130 3.0 2,870
Cooling Water, M Gal 1,9620 52 5,101
Process Water, M Gal . 0797 52.0 2, 072
Boiler Feedwtr, M Gal .0080 89.0 356
Steam, 200psig, M Lb o22» 268.0 2,975
Steam, 50psig, M Lb , 2377 264.0 31,376
TOTAL UTILITIES 44,750 89.50 299.66
OPERATING COSTS
Labor, 46 Men @ $ 21,900 10 M/S 1,007
Foremen, 9 Men @ $ 24, 900 1 M/S 224
Supervision, 1 Man @ $ 30,000 1 Man 30
Maint., Material & Labor 6% of ISBL 6,486
TOTAL OPERATING COST 7,747 15.49 51.88
OVERHEAD EXPENSES
Direct Overhead 45% Lab. & Sup. 563
Gen. Plant Overhead 65% Oper. Costs 5,036
Insurance, Prop. Tax 1.5% Tot. Fix. Inwv 3,543
Depreciation 10% ISBL + 10% OSBL 23,650
TOTAL OVERHEAD EXPENSES 32,801 65.60 219,65
TOTAL COST OF PRODUCTION 134,222 268.44 398.79
BY-PRODUCT CREDIT
Carbon Dioxide, Lb 7.1000 2.5 "8,875
SCP, Lb . 1874 13.0 “1,218
TOTAL BY-PRODUCT CREDIT "10,093 “20.19 67,59
NET COST OF PRODUCTION 124,129 248,26 831.20

SALES PRICE AT 15% DCF 435.3
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The discounted cash flow (DCF) analysis contains the following
assumptions:

Time of construction - 2 years with uniform expenditures of
capital throughout this period.

= Working capital, equivalent to four months production costs, is
available at completion of construction, and is discounted at the
same rate as the final DCF percentage. This is recovered at the
end of the ten-year life of the project.

» Total federal and local taxes at 50 percent.

* Depreciation is straight line, over a ten-year period, with no
salvage value for the plant.

» Cost of sales is 10 percent of the product selling price.

e A gradual sales build-up of 60 percent of capacity in the first
year, 80 percent in the second and 100 percent in the third year
onward.

Because of the manner in which the working capital is handled in the DCF
calculations, the interest rate on working capital does not appear as
separate item in the cost of production schedules.

The net cost of production for this prototype plant is $2.48 per gallon
of ethanol. Raw materials, utilities and overhead expenses contribute
significantly to this cost. The ethanol sales price at 15 percent DCF
return on investment is $4.35 per gallon.

b. Products

Table 111-4 summarizes the products and by-products of the base case
process.
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TABLE 111-4

PRODUCT SUMMARY

Ethanol 50.0 MM gallons/year
Yeast (SCP) 9.4 MM pounds/year
Carbon Dioxide 355.0 MM pounds/year

c. Raw Materials

The major raw materials and chemicals and catalyst requirements are

sumarized in Table I11-5.
TABLE 111-5
RAW MATERIALS SUMMARY
W Ibs/year
1. Corn Stover (Field dry, 20% moisture) 2500.0
2. Sulfuric Acid (100%) 167.6
3. Calcium Hydroxide 126.2
CATALYST AND CHEMICALS SUMMARY
Unit Price Annual Cost
($) Lbs/yr Li]
1. Makeup Yeast 0.45/1b 5,816,000 2,617,200
2. Activated Charcoal (arbitrary) 1.00/Ib 10,000 10,000
3. Benzene (arbitrary) 1.75/gal 100,000 25,000
Total 2,652,200
d. Utilities

The production cost analysis shows the yearly consumption of utilities.
These were calculated from the heat and material balances for the base
case process. Table 1lII-6 is an itemized breakdown of utilities

consumption by plant section. Table IlI-7 is a detailed list by
individual users of plant utilities.



TABLE 111-6
OVERALL UTILITY SUMMARY BASE CASE

Steam, Pounds/hr Power, Cooling Water, Process Water
30 PSIA ' ~600 PSIA HP GPM GPM
Section 100 879,589 156,794 173,250 4,026 77,050 3.006
Section 200 (360,380) 896,500 258,374 215,311 5,791 95,570 5,290
Section 300 767 2,280 1
Section 400 — — 128,273 — 126 4,175 4
Section 500 — — — 4,937 — —
Section 600 — 70,000 (492,799) (388,561) 380 25,340 —
Total 519,209 966,500 138,639 — 16,027 204,415 8,301
Yearly
Consumption 4,153,672 7,732,000 1,109,112 95,649,136 98,119,200 3,984,500
(M Lbs) (M Lbs) (M Lbs) (Kwh) (Mgal) (Mgal)
Per Gallon
Ethanol 83.07 154.64 22.18 — 1.913 1.962 0.080
(Lbs) (Lbs) (Lbs) (Kwh) (M gal) (M gal)
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EG-113
HE-145
HE-166

APT-124
R-125
VT-127
Subtotal Section 100
HE-204
R-205
HE-239
VT-206
Subtotal Section 200
HE-403
Subtotal Section 400

HE-609
WTS-622

Subtotal Section 600
Plant Total

Yearly consumption (Mibs)

TABLE

-7

BASE CASE UTILITY SUMMARY-STEAM

Name

Steam explosion

Solvent recovery reboiler

Ethanol still reboiler
Prehydrolysis slurry tank
Prehydrolysis PER
Prehydrolysis flash

Hydrolysis preheater
Hydrolysis PER
Evaporator reboiler
Hydrolysis flash

Rect. column reboiler

Evaporator reboiler
Lignin boiler

30 Psia

920,673

(41,084)

879,589

(360,380)
(360,380)

519,209

4,153,672

Pounds Per Hour

55 Psia

896,500

896,500

70,000

70,000
966,500
7,732,000

200 Psia

87,997
12,958
143,836

244,791
258,374

258,374
128,273
128,273

(492,799)
(492,799)
138,639
1,109,112

600 Psia
173,250

173,250

215,311

215,311

(388,561)
(388,561)

ONI SUBISAS N3HO



ltem 1

HE-153
HE-110
HE-148
HE-147
HE-168
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TABLE HI-7 (continued)

Name

Stripped solvent condenser

Feed cooler

Condenser
Pre-extraction cooler
Condenser

Subtotal Section 100

HE-243
HE-248

Condenser
Subcooler

Subtotal Section 200

HE-307
HE-309

Precooler
Cooler

Subtotal Section 300

HE-408
HE-412
HE-415
HE-419

Overhead condenser
Overhead subcooler
Product cooler

Waste water cooler

Subtotal Section 400

HE-613
HE-618
HE-621

Condenser
Subcooler
Condenser

Subtotal Section 600

Plant Total

Yearly Requirement (M gal)

GPM
600
1,010
69,430
1,020
4,990
77,050

69,090
26,480

95,570

1,190
1,090

2,280
3,900
100

155

20
4,175
6,750
1,900
16,690
25,340
204,415

98,119,200

CHCN SYSTCNS IMG

BASE CASE UTILITY SUMMARY-COOLING WATER (AVAILABLE AT 86QF)

IHOF1

25
25
25

25
25

25
25

25
25

25

25
25

25
25
25



F-118
APT-124
APT-132
F-137
VT-155
Subtotal Section

APT-202
APT-211
F-216
APT-225
F-232
Subtotal Section
APT-321
Subtotal Section
Subtotal Section
Plant Total

Yearly consumption
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TABLE 111 7 (continued)
BASE CASE UTILITY SUMMARY-PROCESS WATER

Filter wash

Prehydrolysis slurry tank
Repulping tank

Filter wash

Ethanol tank

100
Plug flow mix tank
Repulping tank
Filter wash

Lime slurry tank
Filter wash

200

Yeast makeup
300
500

(MGAL)

CHEN SVSTGNS IMC.

GPM
STS
1,560
420
50

3,006
2,420
2,550
130

30

160
5,290
1

1

4
8,301

3,984,480



ITEM

CR-195
FE-108
CO-112
CO-115
APT-116
CP-117
F-118
CP-119
CP-120
CO-122
CO-123
APT-124
CO-125
R-126
CO-128
CT-129
CO-130
CP-131
APT-132
CO-133
CT-134
CO-135
CP-136
CO-138
CP-139
CP-162
APT-141
CP-146
CP-149
APT-152
CP-159
CT-162
CP-164
CP-163
CP-169
CP-167
CP-157
CP-140
CP-154
CO-170
CO-171
CO-172
CP-143

TABLE HI-7 (continued)
BASE CASE UTILITY SUMMARY-POWER
NAME

Shredder

Feeder

Screw Conveyor
Screw Conveyor
Agitator

Filter Feed Pumps
Rotary Drum Filters
Wash Water Pumps
Screw Conveyors
Screw Conveyors
Screw Conveyors
Prehydrolysis Slurry Tank '
Screw Conveyors
Plug Flow Reactors
Screw Conveyors
Centrifuges

Screw Conveyors
Overflow Pumps
Repulping Tank
Screw Conveyors
Centrifuge

Screw Conveyor
Overflow Pumps
Screw Conveyors
Filtrate Pumps
Wash Water Pumps
Miscella Feed Tanks
Bottoms Pumps
Distillate Pump
Lignin Slurry Tanks
Lignin Slurry Pump
Lignin Centrifuge
Overflow Pump
Bottoms Pump
Reflux Pump
Reboiler Pump
Solvent Feed Pump
Filtrate Pump
Condensate Pump
Conveyor

Conveyor

Bucket Conveyor
Feed Pump

Subtotal Section 100

CHGI SVSTGNS IMC.

MOTOR HP

300
10

4,026



77

TABLE HI-7 (continued)
BASE CASE UTILITY SUMMARY-POWER

ITEM NAME

CO-201 Screw Conveyor
APT-202 Plug Flow Mix Tank
C0O-203 Screw Conveyors
R-205 Plug Flow Reactors
CO-207 Screw Conveyors
CT-208 Centrifuges
CO-209 Screw Conveyors
C0-210 Overflow Pumps
APT-211 Repulping Tank
CO-212 Screw Conveyors
CT-213 Centrifuges
CO-214 Screw Conveyors
CP-215 Overflow Pumps
CO-219 Screw Conveyors
C0-220 Screw Conveyor
CO-221 Screw Conveyor
CP-218 Wash Water Pump
APT-225 Lime Slurry Tank
CP-226 Lime Slurry Pump
APT-224 Neutralizer Tank
CP-227 Neutralizer Pump
CP-229 Filter Feed Pump
CP-222 Filtrate Pump
CP-231 Wash Water Pump
CO-234 Screw Conveyor
CP-233 Filtrate Pump
CP-244 Condensate Pump
CP-245 Distillate Pump

Subtotal Section 200

CP-302 Carbon Column Feed Pump
CP-306 Fermentation Feed Pump
CP-310 Fermenter Recirculation Pumps
CP-311 Alcohol Charge Pumps

CP-313 Distillation Feed Pump
CP-314 Centrifuge Feed Pumps

CP-317 Yeast Recycle Pumps

CP-331 Yeast Centrifuge Bottoms Pumps
CP-330 Fermenter Pumps

CP-324 Nutrient Mix Tank Pump

CP-325 Yeast Preparation Pump
CP-326 Yeast Tub Pump

CP-327 Culture Hold Tank Pump
APT-321 Yeast Preparation Tank
APT-320 Nutrient Mix Tank

APT-322 Yeast Tubs

Subtotal Section 300

CHEN SYSTEMS IMC.

MOTOR !

25
160
700
280

60

1,000
20

120
120
200
1,250
125
150

25
15

240
440

767
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TABLE 111-7 (continued)

BASE CASE UTILITY SUMMARY-POWER

ITEM NAME MOTOR HP
CP-405 Reboiler Pump 40
CP-406 Reflux Pump 40
CP-410 Reboiler Pump 10
CP-414 Reflux Pump 25
CP-418 Reboiler Pump 3
CP-421 Feed Pump 3
CP-422 Feed Pump 5
Section 400 Subtotal 126
Section 500 Subtotal 4,937
CP-602 Feed Pump 20
CP-604 Feed Pump 20
CP-617 Distillate Pump 15
CP-620 Wastee Water Pump 15
CP-616 Bottoms Pump 10
CP-625 By product Pump 250
APT-625 Neutralizer Tank 50
Section 600 Subtotal 380
Plant Total 16,027
Yearly Requirement (Kwh): 16,027x 0.746 x 8000 hr = 95,649,136

yr
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C. Alternative Case Economics-High Efficiency Lignin Extraction
1. Capital Cost Estimate

Additional information concerning the extraction of lignin with ethanol
indicates an ethanol to lignin ratio of approximately 15:1 may be
feasible, instead of the 33:1 used in the material balance and cost
estimate for the base case. This changes capital and operating costs
significantly. An estimate of the case utilizing the lower ratio reduces
the size of equipment in the solvent recovery systems and significantly
lowers the cost of the coal-fired steam boiler. Using an ethanol to
lignin ratio of 15:1 gives a total cost of $196.3 million of which $102.2
million is ISBL and $94.1million is OSBL. ISBL and OSBL capital cost
breakdowns for the reduced ethanol: lignin ratio case are summarized in
Table 111-8 and 111-9 respectively.

TABLE 111-8

ISBL CAPITAL COST SUMMARY WITH HIGH EFFICIENCY LIGNIN EXTRACTION

Purchased Equipment Amount ( $) Percent of Total Cost
Section 100 9,577,200 10.1
Section 200 14,923,600 15.8
Section 300 3,714,900 39.9
Section 400 1,478,100 1.6
Section 600 5,441,600 5.8
Section 900 81,600 A
35,197,000 37.3
Equipment Setting 502,800 5
Piping 16,537,500 17.5
Civil 2,097,900 2.2
Steel 1,094,300 1.2
Instrumentation 3,814,000 4.0
Electrical 3,480,300 3,6
Insulation 5,964,100 6.2
Paint 729,800 0.8
Total Field Cost "69;417,300 177
Engineering 3,836,500 4.1
Construction Overhead 8,271,300 8.8
Bare Plant Cost 81,525,100 86.1
Contingencies 7,954,500 8.5
Contractor's Fee 2,393,400 2.5
Special Charges 2,745,600 2.9
Total 94,364,600 100.00
C02 Recovery System 7,800,000
Total ISBL 1027164,600
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TABLE 111-9
OSBL CAPITAL COST SUMMARY WITH HIGH EFFICENCY LIGNIN EXTRACTION

ITEM Description Cost ($)
1. Storage Same as Table IlI-2 3,167,000
2. Steam System 1.074 x 106ibs/hr, coal fired

complete system, 600 psig

saturated steam 64,400,000
3. Cooling Water 163,000 gpm 10,961,000

System

4. Buildings at 3.0% ISBL 2,737,200
5. General Ultilities at 5.0% ISBL 5,562,000
6. Site Development at 3.0% ISBL 2,737,200
7. Piping at 3.0% ISBL 2,737,200
8. Polluution control at 2.0% ISBL 1,824,800
9. C02 Recovery 975,000

System Offsites
Total Offsites 94,101,400

2. Production Cost Estimate

a. Cost of Production Summary

Table 111-10 is a production cost analysis for the high efficiency lignin
extraction case. The plant basis is third quarter-1980 in a U.S. Gulf
Coast location. Summaries of raw materials, products and utilities are
presented in the following subsections.

The net cost of production for the high efficiency lignin extraction
variation of this prototype plant is $2.07 per gallon of ethanol. Raw
materials, utilities and overhead expenses still contribute significantly
to this cost, but steam costs have decreased markedly from the base
case. The ethanol sales price at 15 percent DCF return on investment is
$3.63 per gallon.

b. Products

The products and by products for the high efficiency lignin extraction
case are identical to those in the base case and are summarized in Table
1-4.
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TABLE

COST OF PRODUCTION
PROCESS-

1i-.10

ESTIMATE FOR ETHANOL

ACID HYDROLYSIS

CAPITAL SUMMARY

BASIS CAPITAL_COST
Location U.S. Gulf Coast Battery Limits
3rd Quarter, 1930 Offsites
Capa city 50.0 million gallons/yr
149,336 metric tons/yr Total Fixed Inv
Str.Time: 3000 hours per year Uorking Capita |
PRODUCTION COST SUMMARY
UNITS/ PRICE, ANNUAL CENTS/
RAU MATERIALS GALLON c/UNIT COST, *M GALLON
Corn Stover, Lb 50.0000 1.5 37,500
Sulfuric Acid, Lb 3.3520 4,0 6,704
Calcium Hydr., Lb 2.5240 1.6 2, 019
Catalyst & Chemicals 100
TOTAL RAU MATERIALS 46,323 92,65
UTILITIES
Power, Kwh 1.8630 3.0 2,794
Cooling Uater, M Gal 1.5650 52 4,069
Process Uater, M Gal . 0797 52.0 2,072
Boiler Feedwtr, M Gal , 0070 89.0 312
Steam, 200psig, M Lb .0145 268.0 1,943
Steam, 50psig, M Lb . 1574 264.0 20,777
TOTAL UTILITIES 31.967 63.93
OPERATING COSTS
Labor, 46 Men @ $ 21,900 10 M/S 1,007
Foremen, 9 Men @ $ 24,900 1 M/S 224
Supervision, 1 Man $ s 30,000 1 Man 30
Maint., Material & Labor 6% of ISBL 6,132
TOTAL OPERATING COST 7,393 14,79
OVERHEAD EXPENSES
Direct Overhead 45% Lab. & Sup. 568
Gen. Plant Overhead 65% Oper. Costs 4,806
Insurance, Prop. Tax 1.5% Tot. Fix. Inv. 2,945
Depreciation 10% ISBL + 10% OSBL 19,630
TOTAL OVERHEAD EXPENSES 27,943 55.90
TOTAL COST OF PRODUCTION 113,632 227.26
BY-PRODUCT CREDIT
Carbon Dioxide, Lb 7.1000 2.5 “3,375
SCP, Lb . 1874 13,0 1,218
TOTAL BY-PRODUCT CREDIT “10,093 “20.19
NET COST OF PRODUCTION 103,539 207.03
SALES PRICE AT 15% DCF 363.4

$MILLION
102.2
94,1

196.3
25,0

DOLLARS/
MET TON

310,19

214,06

49,51

187.15

760.91

“67,59

693.33
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c. Raw Materials

The major raw materials and catalyst and chemicals are summarized

in
Table 111-11. These will

be the same as for the base case except that
the by-product stream containing sucrose and soluble proteins (Stream

625) will be used as a yeast growth media in the Fermentation Section.
This will eliminate the need for makeup yeast as a chemical requirement.

TABLE 111-11
RAW MATERIALS SUMMARY
Same as in base case. Table IlI-5

CATALYST AND CHEMICALS SUMMARY

Unit Price Annual Cost
$) Lbs/yr (%)
1. Activated Charcoal (arbitrary) 1.00/Lb 10,000 10,000
2. Benzene (arbitrary) 1..75/Gal 100,000 25,000
Total 35,000
d. Ultilities

The production cost analysis shows the yearly consumption of utilities.

These are calculated from the material and heat balances and are based

upon an ethanol:lignin ratio of 15:1. Table II-12

is an itemized
breakdown of utilities consumption by plant section.

Table [111-13 shows
the changes from the base case for individual users of plant utilities.



Section 100
Section 200
Section 300
Section 400
Section 500
Section 600

Total
Yearly Consumption (MIbs)

Per Gallon Ethanol

30 PSIA

377,404
(360,380)

17,024
136,192
(M Lbs)

2.724
(Lbs)

TABLE 111-12

Steam, Pounds/hr

55 PSIA

896,500

70,000

966,500

7,732,000
(M Lbs)

154.64
(Lbs)

200 PSIA

156,794
258,374

(128,273)
(492,799)
90,642
725,136

(M Lbs)

14.503
(Lbs)

““600 PSIA

173,250
215,311

(388,561)

HIGH EFFICIENCY LIGNIN EXTRACTION OVERALL UTILITY SUMMARY

Power,
HP

3,611
5,791
767
126
4,937
380

15,612
93,172,416
(Kwh)

1.863
(Kwh)

Cooling Water,
GPM

35 690
95570
2280
4175
25,340
163,057
78,267,360

(Mgal)

1.565
(M gal)

Process Water,
GPM

3,006
5,29(1)

4

8,301 S

3,984,500
(Mgal)

0.080
(M gal)



Item

FG-113
HE-145
HE-166
APT-124
R-126
VT-127
Subtotal Section
Section
Section
Section

Subtotal
Subtotal
Subtotal

Plant Total

Yearly Consumption (MLBS)

HE-153
HE-110
HE-148
HE-147
HE-168

Subtotal
Subtotal
Subtotal
Subtotal
Subtotal

Section
Section
Section
Section
Section

Plant Total

Yearly Consumption (MGAL)

Subtotal
Subtotal
Subtotal
Subtotal

Section
Section
Section
Section

Plant Total

Yearly consumption (MGAL)

100

200
400
600

100
200
300
400
600

100
200
300
500

TABLE 111-13

UTILITY SUMMARY HIGH EFFICIENCY LIGNIN EXTRACTION
(Steam-Pounds per hour)

Name

Steam Explosion
Solvent recovery reboiler

Ethanol still
Prehydrolysis
Prehydrolysis
Prehydrolysis

reboiler
Slurry Tank
PFR

Flash

(COOLING WATER (AVAILABLE AT 86°F)

Stripped Solvent Cond.

Feed Cooler
Condenser

Pre-Extraction Cooler

Condenser

PROCESS WATER

30 PSIA 55 PSIA
418,488 —
( 41,084) —
377,404 N
(360,380) 896,500
—_ 70,000
17,024 996,500
136,192 7,732,000
GPM T(°F)
300 25
550 25
31,560 25
1,020 25
2,260 25
35,690
95,570
2,280
4,175
25,340
163,057
78,267,360
GPM
3,006
5,290
1
4
8,301
3,984,480

200 PSI 600 PSI
— 173,250
40,000 I
12,958 —
143,836 —
196,794 173,250
258,374 215,311
128,273 —
(492,799) (388,561)
90,642 —
725,136 —



Iltem

CR-105
FE-108
CO-112
CO-115
APT-116
CP-117
F-118
CP-119
CO-120
CO-122
CO-123
APT-124
CO-125
R-126
CO-128
CT-129
CO-130
CP-131
APT-132
CO-133
CO-134
CO-135
CP-136
CO-138
CP-139
CP-161
APT-141
CP-146
CP-149
APT-152
CP-159
CT-162
CP-164
GP-163
CP-169
CP-167
CP-157
CP-140
CP-154
CO-170
CO-171
CO-172
CP-143
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TABLE HI-13 (continued)

POWER
Name

Shredder

Feeder

Screw Conveyor
Screw Conveyor
Agitator

Filter Feed Pumps
Rotary Drum Filters
Wash Water Pumps
Screw Conveyors
Screw Conveyors
Screw Conveyors
Prehydrolysis Slurry Tank
Screw Coinveyors
Plug Flow Reactors
Screw Conveyors
Centrifuges

Screw Conveyors
Overflow Pumps
Repulping Tank
Screw Conveyors
Centrifuge

Screw Conveyor
Overflow Pumps
Screw Conveyors
Filtrate Pumps
Wash Water Pumps
Miscella Feed Tanks
Bottoms Pumps
Distillate Pumps
Lignin Slurry Tanks
Lignin Slurry Pump
Lignin Centrifuge
Overflow Pump
Bottoms Pump
Reflux Pump
Reboiler Pump
Solvent Feed Pump
Filtrate Pump
Condensate Pump
Conveyor

Conveyor

Bucket Conveyor
Feed Pump

CHE€I1 SVSTGNS IMC.



Subtotal
Subtotal
Subtotal
Subtotal
Subtotal
Subtotal

Plant

Section
Section
Section
Section
Section
Section

Total

Yearly requirement (KWH):
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TABLE 111-13 (continued)

POWER

Motor HP
100 3,611
200 5,791
300 767
400 126
500 4 937
600 380

15,612

15,612 x 0.746 x 8000 hr = 93,172,416
yr

CHCN SYSTEMS IMC.
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D. Preliminary Optimization Analysis

It is important to state that the base case process described in this
report is not intended to represent on optimun design; indeed the design
basis chosen is perhaps the most complex and thus one of the most energy
and capital intensive of any of the various potential pathways towards
producing ethanol from cellulose by acid hydrolysis. Performing a
detailed design and economic analysis on the most complex process
facilitates the task of optimization, for it clarifies the impact of
process inefficiencies and byproduct credits. The design and economic
results from this process have revealed the following conclusions
concerning optimization of various process steps:

1. Solvent extraction of lignin is apparently not economically
feasible. This step is one of the most capital and energy
intensive in the process, consuming approximately 460,000 pounds
per hour of steam and 14.5 million dollars in ISBL capital costs
alone, in addition to its effect on OSBL costs (most specifically
the steam load on the coal boiler). While it is true that much
of the low pressure steam (30 psia) is generated by the process,
this steam could be better utilized for preheating elsewhere in
the process. The advantage of having this step in the process is
speculative at best. It is claimed by some that not allowing the
lignin to contact the acid in hydrolysis and prehydrolysis gives
it a high value as a byproduct for use as a chemical feedstock.
This has yet to be demonstrated. Certainly utilizing the lignin
as fuel at b5<fc/lb cannot justify the additional cost of the
solvent extraction step. Removal of the lignin prior to
hydrolysis does not appear necessary in order to operate a
recycle reactor, as long as high solids content (35-40 weight
percent) can be effectively conveyed through the reactor, as in
an extruder or screw conveyor type, and the recycle stream is not
intolerably high.
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Concentration of the sugar solutions resulting from prehydrolysis
and hydrolysis consumes approximately 900,000 Ibs/hr of steam,

and involves a capital ISBLcost of 15 million dollars. By
operating the prehydrolysis and hydrolysis sections at35 weight
percent slurry, concentration requirements ( steam and capital

costs) can be decreased by approximately 60 per cent. In
addition, the steam requirements for heating the biomass slurry
up to reaction temperature is also decreased, corresponding with
the increased solids concentration in the prehydrolysis and
hydrolysis sections. These gains will be offset somewhat by the
necessity of utilizing an extruder or Stake type reactor which
are expensive; however, it is believed that this will be minor in
comparison to the savings, obtained in steam consumption, ISBL
and OSBL capital costs.

Other areas of optimization in the hydrolysis and prehydrolysis
section are the repulping dilution step following centrifuging
which acts as a wash, and the percent recycle in the hydrolysis
reactor. Maximum recovery of sugars results from high dilution
during repulping, however this will result in increased
concentration requirements. Optimization of this step is
possible by varying the amount of dilution during repulping.
Maximum glucose yields in the hydrolysis reactor are obtained at
maximum tolerable recycle, which is limited by the buildup of
inerts in the reactor. The presence of significant amounts of
lignin in the reactor due to the elimination of the lignin
extraction step will necessitate increasing the purge on the
recycle. Ths will have the effect of limiting the buildup of
solids in the reactor to a tolerable level and, decrease the
maximum yield of glucose in the reactor. Increasing the purge
will also allow for increased utilization of the purge stream,
which contains significant amounts of lignin and unreacted
cellulose, as a boiler fuel, thus reducing the steam load on the
coal-fired boiler.
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4. Incorporation of a water wash step prior to prehydrolysis will
enable recovery of much of the soluble carbohydrates which
constitute a significant part of corn stover. These soluble
carbohydrates are primarily sucrose, which can be fermented to
ethanol along with the glucose. Utilization of sucrose will
essentially offset the sugar losses suffered in hydrolysis by
reduction of the recycle and by reduction of the repulping wash
step. No additional capital costs are incurred, since the
equipment for the solvent extraction step is identical, to that

required for the water wash step. In addition, feedstock
requirements and plant throughput are unchanged from the base
case.

5. Approximately two percent of the ethanol yield is currently lost
in waste streams within Section 600 of the base case plant. It
should be economically justifiable to recover this product, which
would reduce plant equipment size, utilities and raw materials
accordingly for a fixed plant capacity.

The above conclusions have resulted in the following preliminary design
basis changes for an optimized cellulose to ethanol plant using corn
stover as a feedstock.e

« No solvent extraction of lignin.

- Water wash prior to prehydrolysis at a ratio of 3:1, water to dry
corn stover.

« 35 weight percent solids in prehydrolysis and hydrolysis.

- Utilization of Stake-type reactors for prehydrolysis and
hydrolysis (assuming development of reactors which are designed
for 500 psia and short residence times).

 Hydrolysis recycle of 50 percent with 50 percent purge.

 Fermentation of sucrose to ethanol.

« Utilization of stillage bottoms (xylose) and yeast purge as ani-
mal feed (assuming removel HMF and furfural below toxic levels).
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* Preheat steam explosion and prehydrolysis feed with hydrolysis
flash steam.

This preliminary design basis for an optimized process indicates the
general direction in which the optimization should be carried out. The
design and material and energy balances will be investigated utilizing
the computer model developed for the base case, changing the various
process steps and design parameters as desired. In this manner,
optimization of the various process steps can be carried out quickly.

A preliminary analysis of the capital costs for an optimized plant
indicates total capital costs in the range of 120-140 million dollars
with the most significant savings being realized by the reduction of the
coal-fired boiler steam capacity from one million pounds per hour to
approximately 400,000 pounds per hour. This will also significantly
decrease operating costs and cost of production of the ethanol product.
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IV. APPENDIX
A. Major Equipment Specifications and Costs

The following is a detailed equipment list and capital cost summary for
all major process equipment required to produce 50 million gallons per
year of ethanol via dilute acid hydrolysis of corn stover. This listing
is the result of an Icarus COST run for the base case prototype plant on
a third quarter-1980 basis. Major equipment is listed by section and
keyed to the item numbers shown on the flowsheets. Section 500, Carbon
Dioxide Recovery, is considered a package unit and is not included within
this listing.



ITEM NAME

SCPEEN

SHREUOER
<M ITEMS

OUST CYCLONE

OUST COLLECTOR

EEEOER

EEEO HOPPER

SCREW CONVEYOR
t=0 (5) ITEMS

STEAM EXPLOSION GUN

Vs

CR

ocC

ocC

EE

vT

co

APP.NO.

-10*.

-10S

-106

-10 L

-108

-111

-112

SECTION 100 PHFTREATMENT

EQUIPMENT

CAPACIIY

40.00

100.00

100.00

312500.0

30000.00

32.00

LIST

MAT'L EOIIIPM{.NI
ITEM TYPE

Cs SIETFR-I

TPM Cs HAMMFR-HED
CEM Ccs CYCLONE
CEM Cs CLOTH HAY
LHS/HR A285C ROTARY

GAL Cs CYLINDER
TPH Cs SCREW

15.00
2.50
710

8X34
75.00
4400

45.00
2000

2000
0.050
6500

24
10.00
5100

15.00
7.00
0.31

27900

10.00
2.00
50.00
1500

SO ET
HP
LHS

60.00 IN DIA

(TOTAL WT.)

SIZE
HP

LHS (TOTAL WT.)

IN DIA 2.50 IN H20
LHS (TOTAL WT.)

SO ET
AIR/MEDIA RATIO
LHS (TOTAL WT.)

IN SIZE
HP 8.00 HPM
LHS (TOTAL WT.)

ET DIA 2270 FT HT
PSIG 150.00 DEG E
INCHES THICK

LHS (TOTAL WT.)

ET LG

HP
LBS/CU FT
LHS (TOTAL WT.)

14.00 IN IMA

PURCHASE 0
EQUIPMENT
COST

7000

74800

11600

18700

26000



ITEM NAME

4=110645. . (5) ITEMS

(2) ITEMS 4=0

SCREW CONVEYOR
(2) ITEMS 4=0

PRF EXTRACTION COOLER

(2) ITEMS
AGITATOR
(3) ITEMS

FILTER FEED PUMP A«R
(12) ITEMS

FILTER
(3) ITEMS

SFCHON I no

FuUlll PMtN
APP.NO. CAPACITY
assaa
VT -113 350.00 GAL
DC -ll<* 27650.00 CFM
co -115 105.00 TPM
HE -147
APT-116 12000.00 GAL
CP -117 400.00 GPM
11H

PHF Kit AIMfcNT
f LIST
MAT'L EOIIIPMF.NT
ITFM TYPE
axsar
Ccs CY| INDFR 4.00
15.00
0.31
1900
CS CYCLONF 60.00
<»500

Ccs SCREW 10.00

SIZE=

SsSsaaaxzxs rssasszsxas

FT DJ|A 3.72 FlI HI
PSIG 400.00 DEG F
INCHES THICK

LHS (TOIAL WT.)

IN OTA 2.50 IN H20
LUS (TOTAL WT.I

FT LG 24.00 IN O1A

5.00 HP

50.00
J700

A2H5C ONE SCREW 350.00
*11.50
40.00
15.00

1.38
75,900

1116107
14.85
VO0.00

CS MIXER

JO4SF AVS-MEOIUM 75.00
15.00

Voo

V00.00
10.00
40300

(o] ROTY-DRUM

LOS/CU FT
LHS (TOIAL wT.l

SO FT

FT DIA 16.00 FT HI
HP 51 .00 RPM
PSIG 650.00 DEG F
INCHES THICK

LHS (TOTAL WT.)
REYNOLDS NUMBER

FT FLUID DEPTH

PSIG JACKET PRES

FT HD  200.00 DEG F
HP 1750.00 RPM
LHS (TOTAL WT.)
INCLUDES MOTOR
DRIVER

SO FT
HP IHO0.00 RPM
LHS (TOTAL WT.)

PUMCHASFIJ
E01)|PMENT
cosT

ni0645:;

124600

346500:

T4HO00

331200



ITEM NAME

WASH WATER RUMP
(12) ITEMS

WASH WATER TANK

SCREW CONVEYOR
(21 ITEMS

POLISHING EILTER
(?) ITEMS

SCREW CONVEYOR

(2) ITEMS

SCREW CONVEYOR
(2) ITEMS

A+B

APP.NO.

CcP

A

co

co

co

PREHYOROLYSIS SLURRY TANK
APT- 12"

-119

-109

-120

-121

-122

-123

SECTION 100 PRETREATMENT
EQUIPMENT

CAPACITY

175.00

75000.00

205.00

10.00

215.00

12000.00

GPM

GAL

TPH

TPH

TPH

GAL

LIST

MAT'L EOIIPMENT

ITFM TYPE

30<*SE AVS-MEDIUM

(o]

(o]

Cs

Cs

Cs

Cs

CYLINDER

SCREW

LEAE-WET

SCREW

SCREW

MIXER

75.00
7.50
710

17.50
7.00
0.38

76400

50.00
50.00
50.00

7400

275.00
3300

10.00
2.00
50.00
760

20.00
20.00
50.00

4600

11.50
40.00
15.00

1.38
75900

1116107

14.84
90.00

SIZE

ET H)  150.00 DEG E
HP 1750.00 RPM
LHS (TOTAL WT.)
INCLUDES MOTOR
DRIVER

ET DIA 41.69 ET HT
PSIG 150.00 DEG E
INCHES THICK

LBS (TOTAL wrT.l

ET LG
HP

LBS/CU ET
LBS (TOTAL WT.)

24.00 IN DIA

SO FT

LBS (TOTAL WT.)

ET LG 9.00 IN DIA
HP
LBS/CU ET

LHS (TOTAL WT.)

FT LG 24.00 IN DIA
HP
LBS/CU FT

LHS (TOTAL WT.)

ET 01A  16.00 FT HT
HP 51.00 RPM
PSIG 650.00 DEG E
INCHES THICK

LHS (TOTAL WT.)
REYNOLDS NUMBER

ET FLUID DEPTH

PSIG JACKET PRES

PURCHASED
EQUIPMENT
COST

2HHO00

77000

25200

49400

3800

15400

115500



SECTION 100 ~AWETHEATMENT

EQUIPMENT

ITEM NAME APP.NO. CAPACITY MAT'L
SCPEW CONVEYOR

(5) ITEMS CO 125  121.00 TPH $S316

PLUG FLOW PREHYOROLYSIS REACTOR
(S) ITEMS CO -17?6 121.00 TPH SSJ16

FLASH TANK
VT -127 13000.00 GAL EPLCS

SCREW CONVEYOR

(A) ITEMS CO -12b  1A6.00 TPH $S316
CENTRIFUGE
(A) ITEMS CT -129 ss

SCREW CONVEYOR
(A) ITEMS CcO -130 105.00 TPH S$S316

LIST

EQUIPMENT
ITEM TYPE

SCPEW

SCREW

CYLINDER

SCREW

SOLID HOWL

SCREW

25.00
15.00
50.00

5100

10.00
5.00
50.00
3700

11.00
30.00

0.19
13700

15.00
10.00
50.00

A100

5A.00
70.00
250.00
3A600

15.00
7.50
50.00
A] 00

fT LG 2A.00 IN 01A
HP

LHS/CU FT

LHS (TOTAL WIL.)

FT LG 2A.00 IN DIA
HP

LHS/CU FT

LBS (TOTAL WT.)

fT DIA  18.29 ET HT
PSIG 325.00 UEG E
INCHES THICK

LHS (TOTAL WT.)

FT LG 2A.00 IN DIA
HP

LHS/CU EI

LHS (TOTAL wT.)

IN DIA
IN LONG

HP

LHS (TOTAL WL.)
INCLUDES MOTOR
DRIVER

FT LG  2A.00 IN DIA
HP

LHS/CU EI

LHS (TOTAL WT.)

PURCHASE 0
EQUIPMENT
cosT

180000

80500

25100

90800

1369200

90800



ITEM NAME

OVERFLOW PUMP

(8) ITEMS

REPULPING TANK

SCREW CONVEYOR

(2) ITEMS

CENTRIFUGE

SCREW CONVEYOR

OVERFLOW PUMP

(2> ITEMS

==s=ss

A*8

A“H

APP.NO.

essssss

CP -131

APT-132

co -133

CT -13**

coO -135

CP -136

SECTION 100 PRETREATMENT

EOUIPMENT
CAPACITY MAT»L
SSsssxXsSsSssssBSsS S=S=S
600.00 GPM HAST
10000.00 GAL EPLCS
106.00 TPH S$S316
SS
100.00 TPH S$S316
450.00 GPM HAST

LIST

EQUIPMENT
ITEM TYPE
XS3SSXS3SS

100.00
20.00
1100

AVS-MEOIUM

11.00
40.00
15.00
1.25
66900
1046963
13.70
90.00

MIXEH

10.00
5.00
50.00
3700

SCREW

54.00
70.00
250.00
34600

SOl ID BOWL

10.00
5.00
50.00
3700

SCREW

100.00
20.00
1000

AVS-MEOIUM

SIZE

FT HO 285.00 OEG F
HP 1750.00 RPM
LHS (TOTAL WT.)
INCLUDES MO 10R
DRIVER

FT DIA  15.00 FT HI
HP 52.00 RPM
PSIG 650.00 OEG F

INCHES THICK
LBS (TOTAL WT.I
REYNOLDS NUMBER
FT FLUID DEPTH
PSIG JACKET PRES

FT LG

HP
LBS/CU ET
LHS (TOTAL wT.)

24.00 IN DIA

IN DIA
IN LONG

HP

LBS (TOTAL wT.)
INCLUDES MOTOR
DRIVER

FT LG 24.00 IN DIA
HP
LHS/CU ET

IHS (TOTAL wT.)

FT HD  285.00 UEG F
HP 1750.00 RPM
LHS (TOTAL WT.)
INCLUDES MOTOR
DRIVER

PURCHASED
EQUIPMENT
Cos |

57600

114 700

32200

342300

16100

13600



ITEM NAME

=XS=S==S=;S=ZZSZ=SBCS3S3SS

POLISHING EILTEN

12> ITEMS

SCPEW CONVEYOH

(2) ITEMS

FILTRATE PUMP  A*B
14) ITEMS

WASH WATER TANK

WASH WATER PUMP  A*ti

(4) ITEMS

M1SCELLA FEED TANK

(11) ITEMS

APP.NO.

BSS33ZS

F

co

cp

VT

CcpP

-137

-13B

-139

-160

-161

APT-141

SECIION 100 PHFTHEATM{fNI

EOUIPMT NI
CAPACIIT MAT'L

33SSS33SSS333S3 35333

§S8316
11.00 TPH SS3I6
1200.00 GPM HAST
S000.00 GAL Ccs
50.00 GPM 304SF
12000.0 GAL (o]

LIST

EQUIPMENT
HEM TYPE

S |1 2 E

S3I3IIISIISI BzsS3IBS3IS555S5555Z53Z3333CS55SS5

LEAF-WEI 275,00

3300

SCPEW 30.00
2.00
50.00

1500

AVS-MEDIUM 100.00
40.00

1500

CYIINOEK 8.00
7.00
o.3i

7400

AVS-LOW 75.00
1.50

580

MIXEH 11.50
40.00
15.00

1.38
75900

1116107

14.84

90.00

SO FT

LHS (TOTAL WT.)

FT LG 9.00 IN 014
HP
LHS/CU FT

LHS (TOTAL WT.)

FT HO  285.00 OEG F
HP 1750.00 RPM
LHS (TOTAL WT.)
INCLUDES MOTOR
ORIVFH

ET DIA  13.30 FI HT
PSIG 150.00 OEG F
INCHES THICK

LBS (TOTAL WT.)

FT HO  150.00 OEG F
HP 1150.00 RPM
LHS (TOTAL WT.)
INCLUDES MOTOR
ORIVFR

FT O1A 16 .00 FT HI
HP 51 .00 RPM
PSIG 650.00 UEG F
INCHES THICK

LHS (TOTAI WT.)
REYNOLDS NUMBER

FT FLUID DEPTH

PSIG JACKET PRES

PURCHASED
EOUIPMENT
COST

74000

24400

38000

10600

8000

.1270500



SECTION 100 T'HETHt AIMENT
EQUIPMENT LIST
ITEM NAME APP.NO.

CAPACITY MAT'L EOUIPMENT

ITEM TYPE

ETHANOL HECOVEWY COLUMN EEFO PUMP A'H

(12) ITEMS CP ~1A3  A0O.00 GPM 30ASF AV«;-MEO1UM
COOLEH
HE -110 30AS EIXEO-T-S
" iif., bl
BOTTOMS PUMP A*B . -IPO  2008*00 O c? C.:
(12) ITEMS jU ¢ CP -1A6  125.00 GPM 30ASF AVS-MEOIUM
CONDENSEP
(6) ITEMS it HE -1A8 30AS FIXFO-T-S
DISTILLATE PUMP A*R
(12) ITEMS CP -1A9  A25.00 GPM 30ASF AVS-MEOIUM

1SO.00
25.00
1100

2H29
HEM
150.00
650.00
32.00
7.00
650.00
1.00
20.00
1A900

150.00
7.50
BOO

12620
BEM
150.00
650.00
39.00
7.00
650.00
1.00
60.00
A6800

100.00
15.00
950

TT HO  200.00 DEG F
HP 1750.00 PPM
LHS (TOTAL WT.)
INCLUDES MOTOP
OBIVEP

SO FT
TEMA TYPt
PSIG SHELL PPESS
OEG F SHfLIL. TEMP

IN DIA  20.00 FT LG
PSIG TUBE PRESS

DEG F TUBE TEMP

INCH TUBE 00

FEET TUBE LENGTH
LBS (TOIAL WT.)

A285C SHELL

ET HO  150.00 DEG F
HP 1750.00 PPM
LHS (TOTAL WT.)
INCLUDES MO(OP
DRIVER

SO FT
TEMA TYPE
PSIG SHELL PRESS
DEG F SHELL TEMP

IN DIA 60.00 FT LG
PSIG TUBE PRESS

DEG F TUBE TEMP

INCH TUBE UD

FEET TUBE IFNGIH
LHS (TOTAI WT.)

A285C SHELL

FT HU  150.00 OEG F
HP 11S0.00 RPM
LHS (TOTAL wT.)

INCLUDES MOTOR
DRIVER

PURCHASED
EOUIPMENT
COST

AAAOO

61700

32A00

1161000

37200



SECTION 100 PRETHEATMENT

EOUIPMENT LIST
ITEM NAME APP.NO. CAPACITY MAT'L EOUIPMENT
ITEM TYPE
STEAM EJECTOR
(6) ITEMS EJ -150 Cs SINGLE sTG

LIGNIN SLURRY TANK

(6) ITEMS APT-152 12000.00 GAL

LIGNIN SLURRY PUMP A*B

<2> ITEMS CP -ISO  £>50.00 GPM
LIGNIN CENTRIFUGE
CT -162
OVERFLOW PUMP  A*D
(2) ITEMS CP -16~  600.00 GPM

CS MIXER

30ASE AVS-MEOIUM

SS SOLID HOWL

JO4SE AVS-MEOIUM

225.00
250.00

1 .50
40 .00
15.00
1.38
75900
1116107
15 .84
90.00

100.00

0

54.00
70.00
250.00
34600

100.00
20.00
1100

SIZE

LHS AIR/HR

MM HG

fT DIA 16 .00 FT HT
HP 52.00 RPM
PSIG 650.00 UEG F

INCHES THICK
LHS (TOTAL WT.I
REYNOLDS NUMHEH
FT FLUID DEPTH
PSIG JACKET PRES

FT HD  150.00 UEG F
HP 1750.00 RPM
LBS (TOTAL WT.)
INCLUDES MOTOR

DRIVER
IN DIA

IN LONG

HP

LHS (TOTAL WT.)
INCLUDES MOTOR
DRIVER

TT HD  150.00 DEG E
HP 1750.00 RPM

LHS (TOTAL WT.)
INCLUDES MOTOR
URIVf R

PURCHASED
EOUIPME NT
CcosT

7800

1461200

7400

342300

7000



SECTION 100 PWETWEATMENT
EOUIPMENT LIST
PURCHASED
ITEM NAME APP.NO. CAPACITY MAT'L EQUIPMENT SIZE EQUIPMENT
ITEM TYPE COST

ROTTOMS PUMP A+B
(2) ITEMS CP -1<S3 75.00 GPM cs 4A00
5.00 HP 87.00 RPM

320 LBS (TOIAL WT.)

CONDENSER
HE -16B 304S EIXEO-T-S 2020 SO FT A2H5C SHELL 42900

BEM  TEMA TYPE
150.00 PSIG SHELL PRESS
650.00 OEG F SHELL TEMP
27.00 IN O1A  20.00 FT LG
7.00 PSIG TUBE PRESS
650.00 DEG F TUBE 1FMP
1.00 INCH TUBE 00
20.00 FEET TUBE LENGTH
11000 LHS (TOTAL WT.)
REFLUX PUMP A*B
(2) ITEMS CP -169 325.00 6PM cs AVS-MEOIUM 100.00 FT HO  200.00 OEG E 6600
15.00 HP 1750.00 RPM
920 LHS (TOTAL WT.)
INCLUDES MOTOR
DRIVER

REROILER
HE -166 304S FIXEO-T-S 636 SO FT SS30A SHELL 31400

BEM TEMA TYPE
150.00 PSIG SHELL PRESS
650.00 OEG F SHELL TEMP
24.00 IN DIA H.00 ET LG
300.00 PSIG TUNE PRESS
650.00 DEG F TUBE TEMP
1.00 INCH TUHE 00
B.00 FEET TUHE LENGTH
6000 LHS (TOTAL wT.)
REBOILER PUMP A+B
(2) ITEMS CP -167 600.00 GPM JOASF AVS-MEOIUM 100.00 ET HD  200.00 UEG F 7000
20.00 HP 1750.00 RPM
1100 LHS (TOTAL wT.)
INCLUDES MOTOR
DRIVER



ITEM

(2)

(4)

NAME APP.NO.
RECOVEPED ETHANOL STORAGE TANK
VT -155
SOLVENT FEED PUMP A*B
ITEMS CP -157
SOLVENT HEATER
HE -158
FILTRATE PUMP A*H
ITEMS CP -1A0
CONDENSER
HE -153

SECTION 100 PHETHfATMENT

EOUIPMENT

CAPACITY

95000.00 GAL

1600.00 GPM

1100.00 GPM

1HsST
MAT'L EQUIPMENT
ITEM TYPE

Cs CYLINDER 17.50
7.00
0.5b

116500

30ASE AVS-MEDIUM 75.00
AO.00

1600

30AS FIXFO-T-S A071
BEM
150.00
650.00
38.00
7.00
650.00
1.00
20.00
20000
304SF AVS-MEOIUM 75.00
30.00
1300

30AS FIXFO-T-S

90

BFil
150.00
650.00
10.00
7.00
650.00
1.00
20.00
2100

SIZE

FT DIA 52.80 FT HT
PSIG 200.00 DEG f
INCHES THICK

LBS (TOTAI PT.)

FT HD  200.00 DEG F
HP 1750.00 RPM
LBS (TOTAL WT.)
INCLUDES MOTOR
DRIVER

SO FT
TEMA TYPE
PSIG SHELL PRESS
DEG F SHFLL TEMP

IN DIA 20.00 FT LG
PSIG TUHE PRESS

OEG F TUHE. TEMP

INCH TUBE OD

FEET TUHE LENGTH
LBS (TOTAL WT.I

A285C SHELL

FT HD 200.00 OEG F
HP 1750.00 RPM
LHS (TOTAL WT.)
INCLUDES MOTOR
DRIVER

SO FT
TEMA TYPE
PSIG SHELL PRESS
DEG F SHELL TEMP
INDIA  20.00 FI LG
PSIG IUHF PRESS

DEG F TUBE TEMP

INCH TUHE DO

FFFI TUBE LENGTH
LHS ((DIAL WT.)

SS30A SHELL

PURCHASED
F UUIPMENT
CcosT

110900

10200

86200

16800

9800



ITEM NAME

CONDENSATE PUMP A*fi
(?) ITEMS

CONVEYOR

CONVEYOR

RUCKET CONVEYOR

ETHANOL STILL

ETHANOL RECOVERY COLUMN
(6) ITEMS

APP.NO.

CcP

co

co

co

™

-ISA

-170

-171

172

-165

-14A

SECTION 100 PWETHIATMfcNT

EOUIPMENT
CAPACITY MAT*L
35.00 GPM 30ASF
160.00 TPH Cs
160.00 TPH (o]
160.00 TPH Cs
SS30A
SSJOA

LIST

EQUIPMENT
ITEM TYPE

AVS-LOW

OPEN MELT

OPEN WELT

CONT-BKT-L

SIEVE TRAY

VA| VE TRAY

S0.00

S10

50.00
2.00
360.00
2P00

25.00
2.00
360.00
2700

25.00

10.00

20X8
5A00

12.00
17

24
7.00
0.38
64300

15.00
15

24
-15.00
0.56
116700

SIZE

FT HP  2S0.00 OEG E
HP 1150.00 RPM
LHS (TOTAL WT.)
INCLUDES MOTOR
DRIVER

ET LG 2A.00 IN W
HP 1750.00 RPM
ET/MIN 1 SECT'N
LHS (TOTAL WT.)

ET LG 2A.00 IN w
HP 1750.00 RPM
FT/MIN 1 SECT'N
LBS (TOTAL WT.)

ET LONG

HP

IN BUCKET SIZE
LBS (TOTAL wT.)

ET DTA  47.00 El HT
TRAYS A2H5C SHELL
IN TRAY SPACING
PSIG 200.00 OEG E
INCHES THICK

LHS (TOTAL WT.)

El DIA 43.00 El HT
TRAYS A285C SHELL
IN TRAY SPACING
PSIG 150.00 OEG E
INCHES THICK

LHS (TOTAL WT.)

PURCHASED
EQUIPMENT
CcosT

3400

19800

19000

10900

133900

1233000



ITEM NAME

3=3SS=X=SS=====r=
REBOILER IM ITEMS

SECTION 100 PNETWFATMENT

EQUIPMENT LIST
APP.NO CAPACITY MAT*L EQUIPMENT
ITEM TYPE
HE -1A5 JOAS FIXED-T-S

2317

S$S30<*
HEM
30.00
300.00
*«6.00
-15.00
150.00
1.00
H.00
30600

PURCHASE (-
s I 7 F EQUIPMENT
coSsT
SO ET PFW SHELL *767200
SHELLS
SHELL MATERIAL
TEMA TYPE

PSIG SHELL PRESS
OEG F SHELL TFMP

IN DIA B.00 FT LG
PSIG TUBE PRESS

OEG F TUBE TEMp'

INCH TUBE 00

EEET TUHE LENGTH

LHS (TOTAL WT.)



ITEM NAME

SCREW CONVEYOR

PLUG FLOW MIX TANK
(4) ITEMS

SCREW CONVEYOR
(7) ITEMS

HYOROLSIS PREHEATER

PLUG FLOW REACTOR
(7) ITEMS

SECTION POO HYDROLYSIS

EOUIPMENT LIST
APP.NO. CAPACITY MAT'L EQUIPMENT
ITEM TYPE
Co -?01 110.00 TPH S§S316 SCREW

APT-202 10000.00 GAL EPLCS MIXER

CoO -203 14 0.00 TPH S§S316 SCREW
HE -204 HASIB FIXED-T-S
CO -20S RBO.OO TPH S§831H SCREW

50.00
25.00
50.00

7400

11.50
,40.00
15.00
1. 38
759 00
1116107
147 4
00.00

25.00
100,00
50.00
5100

1334
BEM
150.00
650.00
22.00
225.00
400.00
1.00
20.00
H900

10.00
40.00
50.00

3700

SIZE

FT LG

HP
LHS/CU TT
LBS (TOIAL wT.)

24.00 IN 01A

FT O1A  16.00 FI HT
HP 52.00 RPM
PSIG 650.00 DEG F
INCHES THICK

LBS (TOTAL WT.)
REYNOLDS NUMBER

ET FLUID OFPIH

PSIG JACKET PRES

TT LG

HP
LBS/CU ET
LHS (TOTAL WT.)

24.00 IN DIA

SO FT
IEMA TYPT
PSIG SHELL PRESS
DEG F SHELL TEMP

IN DIA 20.00 FT LG
PSIG TUHE PRESS

DEG F IUHF TEMP

INCH TUBE OD

FFET TUBE LENGTH
LUS (TOTAL WT.)

A2B5C SHELL

ET LG

HP
LHS/CU ET
LHS (TOIAL wT.)

24.00 IN 01A

PURCHASE D
EOUIPMENT
cos1

69300

458800

158900

149300

112700



TsSFTsS»» T

REBOILER

SECTION 100 PHETREATMENT

EQUIPNMENT LIST
NAME APP.NO. CAPACITY MAT’L EQUIPMENT
ITEM TYPE
=*=s=s=«fi*ss»==rs aiesssss 33SSBZ=s:=SXS==B SSVMSV BBxBSSSBS
1) HEMS HE -1A5 J04S FIXEO-T-S

2317

S$830<*
HEM
30.00
300.00
46.00
-15.00
150.00
1.00
H.00
30600

PE}RCHASEO

s 1 7 E EQUIPMENT
cos|

SO FT PER SHELL <#67200

SHELLS

SHELL MATERIAL

TEMA TYPE

PSIG SHELL PRESS
OEG F SHELL TEMP

IN DIA fl.OO FT LG
PSIG TUBE PRE-SS

OEG F TUHE TEMP

INCH TUBE 00

FEET TUHE LENGTH
LHS (TOTAL WT.>



ITEM NAME

SCREW CONVEYOR

PLUG FLOW MIX TANK
(4) ITEMS

SCREW CONVEYOR
(7) ITEMS

HYOROLSIS PREHEATER

PLUG FLOW REACTOR
(7) ITEMS

SECTION 7?00 HYOHOLYSIS

EOUIPMENT LIST
APP.NO. CAPACITY MAT'L EQUIPMENT
ITEM TYPE

Cco -?01 110.00 TPH SS316 SCREW

APT-202 10000.00 GAL EPLCS MIXER

CO -203 140.00 TPH S$S316 SCREW

HE -204 HASIB FIXEO-T-S

CO -20S OHO.00 TPH §S310 SCREW

50.00
25.00
50.00

7400

11.50
,40.00
15.00
1. 38
75900
1116107
T4 -84
90.00

25.00
100.00
50.00
5100

1334
BEM
iso.oo
650.00
22.00
225.00
400.00
1.00
20.00
8900

10.00
40.00
50.00

3700

SITE

FT 10 24.00 IN OIA
HP

LHS/CU FT

LBS (TOIAL wT.)

FT OIA  16.00 FI HT
HP 52.00 RPM
PSIG 650.00 OEG F
INCHFS THICK

LBS (TOTAL WT.)
REYNOLOS NUMHEH

FT FLUID OFPIH

PSIG JACKET PRES

FT LO 24.00 IN OIA
HP

LBS/CU FT

LBS (TOTAL WT.)

sQ FT  A2BSC SHELL
TEMA TYPF

PSIG SHELL PRESS
OEG F SHELL TEMP

IN OIA 20.00 FT LG
PSIG TUBE PRESS

OEG F IUHF TEMP
INCH TUHE 00

FFET TUBE LENGTH
LBS (TOTAL WT.)

FT LG  24.00 IN OIA
HP

LHS/CU FT

LHS (TOTAL wT.)

PURCHASE 0
EOUIPMENT
CcosT

69300

458800

158900

149300

112700



ITFM NAME

FLASH TANK

SCREW CONVEYOR

(8) ITEMS
CENTRIFUGE
(4] ITEMS

SCREW CONVEYOR
(41 ITEMS

OVERFLOW PUMP A*B
(8) ITEMS

REPULPING TANK
(3) ITEMS

APP.NO.

vT

co

CT

co

CcpP

-?0b

-207

-208

-209

-210

APT-211

SECTION “~00 HYDROLYSIS
EOCOUIPMENI (1ST
CAPAC 11Y MAT*L EOUIPMENT
ITFM TYPE
Z0000.00 GAL EPLCS CYLINDER
100.00 TPH S$S316 SCREW
S§ SOLID HOWL
70.00 TPH S$S316 SCREW
600.00 GPM HAST AVS-HIGH
12000.00 GAL EPLCS MIXER

13.0n
S0.00

0.38
25200

15.00
7.50
50.00
4)00

54.00
70.00
250.00
34600

15.00
5.00
50.00
3200

150.00
30.00
1000

11.00
40.00
15.00
1. 25
669 00
1046963
13.70
90.00

SIiI=ZE=

FT OIA 20.14 M HI
PSIG 500.00 UEG E
INCHFS THICK

LHS (TOTAL WT.)

FT LG IN OIA
HP
LHS/CU ET

LHS (TOTAL WT.)

24.00

IN DIA

IN LONG

HP

LHS (TOTAL WIL.I
INCLUDES MOTOR
DRIVER

ET LG

HP
LHS/CU FT
LHS (TOTAL WT.)

20.00 IN DIA

FT HD 285.00 DEG F
HP 3500.00 RPM
LHS (TOTAL WT.)
INCLUDES MOTOR
DRIVER

FT OIA  15.00 El HT
HP 52.00 RPM
PSIG 650.00 DEG f
INCHFS IHICK

LHS (TOTAL WT.)
REYNOLDS NIIMHER

F1 FLUID DEPTH

PSIG JACKET PRES

PURCHASED
EOU1PMFNT
Ccos |

3820(1

1H1600

1369200

71600

50400

346500



ITEM NAME

SCPEW CONVEYOR

(10) ITEMS

CENTRIFUGE
(5) ITEMS

SCREW CONVEYOR
(S) ITEMS

OVERFLOW PUMP A*P
(10) ITEMS

POLISHING FILTER
(3) ITEMS

SCREW CONVEYOH
(3) ITEMS

SCREW CONVEYOR

APP.NO.

co

CT

co

cP

co

-212

-213

-215

-216

-219

StCTION 200 HYDROLYSIS

EOUIPMENT
CAPACITY MAT'L
93.00 TPH S$S8316
SS
55.00 TPH S$S316
000.00 GPM HAST
SS316
9.00 TPH S$S8316

LIST

EQUIPMENT
ITEM TYPE

SCREW

SOL 10 HOWL

SCREW

AVS-HIGH

LEAE-WET

SCREW

29.00
20.00
50.00

3900

59.00
TO.00
250.00
39600

100.00
25.00
50.00

9500

150.00
30.00
1000

900.00
9900

10.00
2.00
50.00
900

SIZE

FT LG

HP
LBS/CU FT
LHS (TOTAL WT.)

20.00 IN OIA

IN OTA

IN LONG

HP

LHS (TOTAL WT.)
INCLUDES MOTOR
DRIVER

ET LG

HP
LHS/CU FT
LHS (TOTAL WT.)

1IB.00 IN OIA

ET HD  2H5.00 UEG F
HP 3500.00 RPM
LHS (TOTAL WT.)
INCLUDES MOTOR
DRIVER

SQ FT

LBS (TOTAL WT.)

FT LG

HP
LHS/CU FT
LHS (TOTAL WL.)

10.00 IN DIA

HUPCHAST 1)
EQUIPMENT
CcosT

279000

1711500

973500

63000

12H900

19700



ITEM NAME

SCREW CONVEYOR

WASH WATER TANK

WASH WATER PUMP A*B
(61 ITEMS

LIME SLURRY TANK

(2) ITEMS

LIME SLURRY PUMP A*fl
(2) ITEMS

SECTION ~n0 HYOROLYSTS

EOUIPMENT
APP.NO. CAPACITY MAT'L
CcOo -?20 260.00 TPH SS316
co -?71 30.00 TPH SS3l16
VT -217 25000.00 GAL (o]
CP -218 50.00 GPM 30ASE
APT-225 12000.00 GAL Cs
CP -226 50.00 GPM Cs

LIST

EOUIPMENT
ITEM TYPE

SCPEW

SCREW

CYLINDER

AVS-MEOIUM

MIXER

AVS-MEDIUM

SIZE

2<*.00 ET LG IN DIA
25.00 HP
50.00 LHS/CU FT

3900 LHS (TOTAL WT.>

20.00

100.00 ET LG 1A.00 IN DIA
15.00 HP
50.00 LHS/CU FT

7800 LHS (TOTAL WT.I

14.00 ET DIA 2171 fT HT
7.00 PSIG 150.00 OEG f
0.3i INCHFS THICK

25100 LBS (TOTAL WT.)

75.00 ET HO  150.00 DEG F

1.50 HP 1750.00 RPM

590 LHS (TOTAL WT.)
INCLUDES MOTOR

DRIVER

11.50 ET DIA
40.00 HP 52 .00 RPM
15 .00 PSIG 650.00 DEG E
1 .38 INCHFS THICK

75900 LHS (TOTAL WT.)
1116107 REYNOLDS NUMBER

14 .84 ET FLUID DEPTH

90.00 PSIG JACKET PR1S

1)6.00 ET HT

75.00 ET HO  150.00 DEG E
3.00 HP 1750.00 RPM
610 LHS (TOIAL WT.)

INCLUDES MOTOR
DRIVER

PURCHASED
EOUIPMENT
CcosT

27400

69200

31000

12000

231000



ITEM

NEUTRALIZEP TANK

(11) ITEMS

NEUTRALIZER POMP A»B

(2) ITEMS

FLASH TANK

FILTER FEED PUMP A™B

(6) ITEMS

FILTER
(3) ITEMS

FILTRATE TANK

NAME

APP.NO.

APT-224

CcpP

vT

CcP

vT

-227

-228

-229

-232

-223

SECTION iJOO HYDHOLYSTS

EOUIPMENI
CAPACITY MAT'L
10000.0 GAL EPLCS
7000.00 GPM S$S8304
3S000.00 GAL SS304
1550.00 GPM JO4SF

S$S31h

70000.00 GAL EPLCS

LIST

EQUIPMENT
HEM TYPE

11.00

4 0.00
15.00
1.25
66900
1046963
13.70
90.00

MIXER

CENTHIE-M 75.00
200.00

4300

16.00

30.00
0.31

31200

CYLINDER

75.00
40.00
1500

AVS-MEDIUM

450.00
8800

LEAF-WET

17.50
30.00
0.38

74500

CYLINDER

SIZE

FT IMA  15.00 FT HI
HP 52 .00 RPM
PSIG 650.00 OEG F
INCHFS THICK

LHS (TOTAL wT.)
REYNOLDS NUMhFR

FT FLUID OFPIH

PSIG JACKET PRES

FT HD  285.00 DEG f
HP 1800.00 RPM
LHS (TOTAL RT.)
INCLUDES MOTOR

DRIVER

FT DIA 23.27 FT HT
PSIG 2H5.00 DEG F
INCHES THICK

LHS (TOTAL WT.)

FT HD 250.00 DEG F
HP 1750.00 RPM
LHS (TOTAL WT.l
INCLUDES MOTOR
DRIVER

SO FT
LHS (TOIAL WT.)

F1 DIA 3891 FT HI
PSIG 285.00 DEG F
INCHES IHICK

LHS (TOTAL wT.)

PURCHASE D
EOUIPMENI
Ccos|

1261700

33400

79000

30600

134100

9)400



ITEM NAME

FILTRATE PUMP
(2) ITEMS

A*R

WASH WATER TANK

WASH WATER PUMP A+B

(6) ITEMS

SCREW CONVEYOR
(3) ITEMS

FILTRATE PUMP
(6) ITEMS

A*R

FIRST EFFECT
(5) ITEMS

SECTION 200 HYOHOLrSIS

EQUIPMENT

APP.NO. CAPACITY MAT'L
CP -222 4700.00 GPM S$S304
VT -230 30000.00 GAL Cs

CP -231 75.00 GPM 304SF
co -234 11.00 TPH SS316
CP -233 2300.00 GPM SS304
VT -235 9bh0.00 GAL SS304

LIST

EQUIPMENT
ITEM TYPE

CENTRIF-M

CYLINDER

AVS-MEDIUM

SCREW

CENTRIF-M

CYLINDER

75.00
125.00
3000

15.00
7.00
0.31

27900

75.00
3.00
620

50.00
3.00
50.00
2200

100.00
75.00
1900

7.40
45.00
0.19
8400

IT HD 285.00 UEG F
HP 1800.00 RPM
LBS (TOTAL WT.)
INCLUDES MOTOR
DRIVER

FT OIA 22.70 FT HT
PSIG 150.00 UEG F
INCHFS THICK

LHS (TOTAL WT.)

ET HD  150.00 DEG F
HP 1750.00 WPM
LBS (TOTAL WT.)
INCLUDES MOTOR
DRIVER

FT LG IN OIA
HP
LHS/CU FT

LHS (TOTAI

9.00

wT.)

FT HD  250.00 OEG F
HP 1800.00 RPM
LHS (TOTAI WT.)
INCLUDES MO|OH
DRIVER

FT DIA  30.00 FT HT
PSIG 300.00 DEG F
INCHES THICK

LHS (TOTAL WT.)

PURCHASED
EQUIPMENT
cos)

23000

34J00

12600

60300

42600

125000



ITEM NAME

SECOND EFFECT
<5> ITEMS

THIRD EFFECT
(51 ITEMS

FOURTH EFFECT
(S) ITEMS

CONDENSATE PUMP A*8
(2) ITEMS

DISTILLATE PUMP A»B
(2) ITEMS

DISTILLATE TANK

APP.NO.

vT

\'A)

VT

CcpP

CP

vT

-236

-237

-238

-244

-247

-246

SECTION 200 HYDHOLYSTS

EOUIPMENT LIST
CAPACITY MAT'L EOIIIPMENT
ITEM TYPF
11860.00 GAL SS304 CYLINDER
1A920.00 GAL SS304 CYLINDER
59430.00 GAL SS304 CYLINDER
1700.00 GPM 304SF AVS-MEDIUM
6100.00 GPM SS304 CENTRIF-M
375000.0 GAL Ccs CYLINDER

8.20
25.00
0.19
12300

9.20
7.00
0.19
13900

17.00
-15.00
0.50
97500

100.00
60.00
1800

100.00
200.00
4000

35.00
7.00
0.47

287500

FT DIA  30.00 FT Hf
PSIG 275.00 DEG F
INCHFS THICK

LBS (TOTAL WT.)

FT UIA  30.00 FT HT
PSIG 250.00 OEG F
INCHFS THICK

LBS (TOTAL WT.)

FT DIA  35.00 FT HT
PSIG 150.00 DEG F
INCHES THICK

LBS (TOTAL WT.)

FT HD  150.00 DEG F
HP 1750.00 RPM
LBS (TOTAL WT.)
INCLUDES MOTOR
DRIVER

FT HD  250.00 DEG F
HP 1800.00 RPM
LHS (TOTAL wT.)
INCLUDES MOTOR
DRIVER

FT DIA 5211 FT HT
PSIG 250.00 UEG F
IN THICK (AVG)

LHS (TOTAL WT.)
INCLUDES FIELD
ERECTION BY

VENDOR

PURCHASED
EOUIPMFNT
cosl

164000

183000

969500

12400

T1400

390500



ITEM NAME

STEAM EJECTOR
(5) ITEMS

REHOILER

REROILER

REBOILER

APP.NO.

EJ -250

HE -2A2

HE -2A1

HE -240

E

SECTION ?00 HYDROLYSIS

WUl RME€E

CAHACIlY

N T LIST
MAT'L EOIIRMFNI
ITFM TYRE

Cs SINGLE STG

30AS EIXED-T-S

3045 FIYEO-T-S

304S EIXEO-T-S

250.00
100.00

2307
F>
SS304
HEM
-15.00
150.00
46.00
7.00
250.00
1.00
6.00
87600
2304
6
SS304
HEM
7.00
250.00
46.00
25.00
275.00
1.00
8.00
116800
2451
8
SS304
HEM
25.00
275.00
47.00
45.00
100.00
1.00
8.00
123200

PURCHASED
SIZE EUU1PMFNT
LUST

LHS AIR/HR 9500
MM HG

SO ET PER SHFLL 455300
SHELLS

SHELL MATERIAL

TEMA TYPE

PSIG SHELL PRESS
OEG E SHELL TEMP

IN OIA 8.00 FT LG
PSIG TUHE PRESS

DEG E TURF TEMP

INCH TUHE 00

FEET TUBE LENGTH
LHS (TOTAL wT.)

SQ ET PER SHELL 610600
SHELLS

SHELL MATERIAL

TEMA TYPE

PSIG SHELL PRESS
OEG E SHELL TFMP

IN OIA 8.00 ET LG
PSIG TUHE PRESS

OEG F TUBE TFMP

INCH TUBE OD

FEET TUBE LENGTH

LHS (TOTAL WT))

SQ FT PER SMELL 658700
SHFLI §

SHELL MATERIAL

TEMA TYPE

PSIG SHELL PRESS

UEG F SHELL TEMP

IN IMA 8.00 ET LG
PSIG TUHE PRESS

UEG F TUHE TEMP

INCH TUHE 00

FEET 1UHE LENGTH

LHS (TOTAL wT.)



SECTION 200 HYDWOLYSTS
EOUIPMENT LIST
PURCHASED
ITEM NAME APP.NO. CAPACITY MAT'L EQUIPMENT s 1 2 E EOUIPMFNT
ITEM TYPE COST

MEROILER HE -239 30AS EIXEO-T-S 230H SQ ET PER SHELL 572600
7 SHELLS
SS30A SHELL MATERIAL
HEM  TEMA TYPE
AS.00 PSIG SHELL PRESS
300.00 OEG F SHELL TFMP
A6.00 IN OIA 8.00 ET LG
65.00 PSIG TUHE PRESS
325.00 OEG E TUBE TEMP
1.00 INCH TUHE 00
8.00 EEET TUHE LENGTH
105700 LHS (TOTAL WT.I
CONDENSER HE -?243 30AS FIXED-T-S 17379 SQ ET PER SHELL 1005100
A SHELLS
A285C SHELL MATERIAL
HEM  IEMA JYPE
-15.00 PSIG SHELL PRESS
150.00 OEG F SHELL TEMP
A6.00 IN OIA 60.00 FT LG
7.00 PSIG TUHE PRESS
150.00 OEG E TUHE TEMP
1.00 INCH TUHE 00
60.00 EEET TUBE LENGTH
252000 LBS (TOTAL WT.)
SUBCOOLER HE -2A8 30AS EIXtO-T-S 15702 SQ ET PER SHFLL AAAAOO
2 SHELLS
A28SC SHELL MATERIAL
HEM  TEMA TYPE
7.00 PSIG SHELL PRESS
250.00 OEG E SHELL TEMP
A3.00 IN OIA 60.00 FT LG
7.00 PSIG TUHE PRESS
150.00 OEG F TUHE TEMP
1.00 INCH TUHE 00
60.00 FEET TUHE LENGTH
106A00 LHS (TOTAL wT.)



ITEM

CARBON

CARBON
12) ITEMS

CARBON
(2) ITEMS

CARBON

NAME

COLUMN FEED TANK

APP.NO.

SECTION J00 FERMENTATION

EOUIPMENT

CAPACITY

VT -301 40000.00 GAL

COLUMN FEED PUMP A*B

CP -302

COLUMN

™ -303

COLUMN SURGE TANK

625.00 GPM

VT -305 40000.00 GAL

FERMENTATION COOLER

HE -307

LIST

MAT'L EQUIPMENT
ITEM TYPE

Cs CYLINDER

304SF AVS-LOW

(o] PACKED

(o] CYLINDER

304S FIXEO-T-S

16.00
7.00
0.31

34100

75.00
15.00
1100

4.50
15.00
ACT-C
10.00
0.25
6100

16.00
7.00
0.31

34100

1975
BEM
150.00
650.00
27.00
7.00
650.00
1.00
20.00
10900

SIZE
FT DIA 26.60 T| HI
PSIG 150.00 UEG F

INCHES THICK
LBS (TOTAL WT.)

FT HD  150.00 OEG F
HP 1150.00 RPM
LBS (TOTAL WT.)
INCLUDES MOTOR

DRIVER
FT DIA 1S.00 FT HT
PSIG 650.00 DEG F

PACKING TYPE
FT PACKING HT
INCHES THICK
LBS (TOTAL WT.
LESS PACKING)

FT OIA 26.60 FT HT
PSIG 150.00 DEG F
INCHES THICK

LBS (TOTAL WT.)

SO FT
TEMA TYPE
PSIG SHFLL PKFSS
DEG F SHELL TEMP

IN DIA 20.00 FT LG
PSIG TUHE PRESS

DFG F TUBE T(HP

INCH TUBE OD

FFET IUHF LENGTH
LHS (TO1At WT.)

A2H5C SHELL

PURCHASED
EOUIPMFNT
COST

41100

7200

30400

41 100

42300



SECTION JOO FEHMENTAT ION

EOUIPMENT LIST
ITEM NAME APP.NO. CAPACITY MAT'L EOIIPMENT
ITFM TYPE

FERMENTATION FEED PUMP A'B

12) ITEMS CP -306 625.00 GPM 30**SF  AVS-LOW
FERMENTERS

(15) ITEMS VT -308 100000.0 GAL cs CYLINDER
FERMENTER COOLERS

(15) ITEMS HE -309 SS30*. SPIRAL PLT
FERMENTER RECIRCULATION PUMP A*B

(30) ITEMS CP -310 350.00 GPM 304SF AVS-MEOIUM
ALCOHOL CHARGE PUMP A«B

(6) ITEMS CP -311  350.00 GPM JOASF AVS-MEOIUM
ALCOHOL CHARGE TANK

(T) ITEMS VT -312 150000.0 GAL cs CYLINDER
DISTILLATION FEED PUMP A*B

(6) ITEMS CP -313  350.00 GPM 30ASF AVS-MEUIUM

75.00
15.00
1100

17.50
7.00
0.56

120100

<*50.00
7.00

150.00
20.00
1000

150.00
20.00
1000

17.50
7.00
0.A7

1<*5500

150.00
20.00
1000

SIZE

FT HD  150.00 DEG F
HP 1150.00 RPM
LBS (TOTAL WT.)
INCLUDES MOTOR

DRIVER

FT DIA 55.58 FT HT
PSIG 150.00 OEG F
INCHFS THICK

LHS (101AL WT.)

sQ FT
PSI

FT HD 150.00 DEG F
HP 1750.00 RPM
LBS (TOTAL WL.)
INCLUDES MOTOR
DRIVER

FT HD  150.00 UEG F
HP 1750.00 RPM
LBS (TOTAL WT.)
INCLUDES MOTOR

DRIVER
Fl DIA 83.17 F ( HT
PSIG 150.00 DEG F

IN THICK (AVG)
LBS (TOIAL WT.)

FT HD  150.00 DFG F
HP 1750.00 WPM
LBS (TOIAL WT.)
INCLUDES MOIOR

DRI VFP

PURCHASED

EQ85’§I|IENT

7200

1707000

265500

102000

20<*00

<*05000

?n<*oo



SECTION JOO FERMENTATION

EQUIPMENT

ITEM NAME APP.NO.

CENTRIEUGE EEEO PUMP AR

(4) ITEMS CP -314 42S.00
YEAST CENTRIEUGE
(2) ITEMS CT -315
YEAST HoLD TANK
VT -316 12000.00
YEAST RECYCLE PUMP A*B
(4) ITEMS CP -317 50.00

YEAST CENTRIFUGE BOTTOMS PUMP A*H

(4) ITEMS CP -331 65.00
FERMENTER PUMP AcE)
(30) ITEMS CP -330  400.00

NUTRIENT MIX TANK PUMP AeH

CAPACITY

GPM

GAL

GPM

GPM

GPM

LIST

MAT'L EQUIPMENT
ITEM TYPE

304SE AVS-MEDIUM

CS DISK

(o] CYLINDER

304SE AVS-LOW

304SE AVS-LOW

304SE AVS-MEDIUM

150.00
25.00
1100

15.00

11.00
7.00
0.31

16900

75.00
1.50
580

75.00
2.00
610

185.00
25.00
1100

SIZE

fT HD  150.00 OFG F
HP 1750.00 RPM
LBS (TOTAL wT.)
INCLUDES MOTOR
DRIVER

IN HOWL DIAMETER

ET DIA  16.HH ET HT
PSIG 150.00 DEG E
INCHES THICK

LHS (TOTAL WT.)

FT HD  150.00 OEG E
HP 1150.00 RPM
LHS (TOTAL WT.)
INCLUDES MOTOR

DRIVER

ET HO  150.00 DEG
HP 1150.00 RPM
LHS (IOTAI WT.)
INCLUDES MOTOR
DRIVER

ET HD  150.00 DEG E

HP 1750.00 RPM
LHS (TOIAL WT.)
INCLUDES MOTOR
DRIVER

PURCHASED
EOUIPMENI
COS1

14B00

231000

22200

8000

8000

111000



ITEM NAME APP.NO.

(2) ITEMS CP -324

YEAST PREPAPATION PUMP A*B
(2) ITEMS CP -325

YEAST TUB PUMP A*B
(6) ITEMS CP -326

CULTURE HOLD TANK PUMP A«B
(4) ITEMS CP -327

YEAST PREPARATION COOLER
HE -37?H

YEAST PREPARATION REFRIGERATOR
HE -329

CULTURE HLD TNK (2) ITEM> APT-323

SECTION 300 7ERMENT AT ION

EQUIPMENT

CAPACITY MAT'L
50.00 OPM 304SF
50.00 GPM 304ST
50.00 GPM 304SF
50.00 GPM 304SF
$S104

S$S304

500.00 GAL Cs

LIST

EQUIPMENT
ITEM TYPE

AVS-LOW

AVS-LOW

AVS-MEDIUM

AVS-ME01UM

SPIRAL PLT

SPIRAL PLT

JACKETED

50.00
1.00
490

50.00
1.00
490

1H5.00

760

185.00
5.00
760

50.00
7.00

50.00
7.00
4.50
3.00

50.00
0.50
0.13
5900

349523
3.74
90.00

SI1=ZE=

Add e

TT HD 150.00 DEG F
HP 1150.00 RPM
LBS (TOIAL WT.)
INCLUDES MOTOR
ORIVFR

FT HO  150.00 DEG F
HP 1150.00 RPM
IBS (TOIAL WT.)
INCLUDES MOTOR
DRIVER

FT HD 150.00 DEG F
HP 1750.00 RPM
LBS (TOTAL WT.)
INCLUDES MOTOR
DRIVER

FT HD 150.00 DEG E
HP 1750.00 RPM
LHS (TOTAL WT.)
INCLUDES MOTOR
DRIVER

SO FT
PSI

SO FI

PSI

FT DIA 5.00 FT HT
HP H/2.00 RPM
PSIG 275.00 DEG F
INCHES THICK

§S304 CLAD

LBS (TOTAL WT.>
REYNOLDS NUMHEH

FT FLUID DEPIH

PSIG JACKF T PRtS

PURCHASED
EQUIPMFNT
COST

3400

3400

15600

10400

4500

4500

23600



SFC1I0N 300 FERMENTATION
EOUIPMENT LIST

MAT'L EOIIPMFNT
ITrM TYPE

SZSSSSSSSSSZSKSSSSS=SC Cczzzzzz SSZZSZZSZSZsSzZzZZ ZZ3IZZ ZZSIZZZZS

ITEM NAME APP.NO. CAPACITY

YEAST PREPARATION TANK APT-321 300.00 GAL Ccs JACKETED
NUTRIENT MIX TANK APT-320 600.00 GAL Cs JACKETED
YEAST TUB 13) ITEMS APT-322 5000.00 GAL CS JACKETED

<*.00
3.00
50.00
0.AA
0.13
*900
115A332
3.09
90.00

<*.50
5.00
50.00
0.50
0.13
6700
1<*06333
<*.09
90.00

8.50
25.00
50.00

0.9<*

0.13
33400

827886
11.04
90.00

S 1 Z 7

IT DIA 5.00 FT HT
HP 94A.00 RPM
PSIG 2/5.00 DEG E

INCHES THICK
$S304 CLAD

LBS (TOTAL WT.)
REYNOLDS NUMBER
FT FLUID DEPTH
PSIG JACKET PRES

FT DIA 6.00 FT HT
HP 910.00 RPM
PSIG 275.00 DEG F
INCHFS THICK

$S304 CLAD

LBS (TOTAL WT.)
REYNOLDS NUMBER

FT FLUID DEPIH

PSIG JACKET PRFS

FT 01A  13.00 FT HT
HP 67.00 RPM
PSIG 275.00 DEG F
INCHFS THICK

$S30<* CLAD

LHS (TOTAL WT.)
REYNOLDS NUMBER

FT FLUID DEPTH

PSIG JACKET PRES

PURCHASED
(OUIPMENT
cosT

21 700

26600

272 700



StCTION <*00 PURIFICATION

EUUIPMtNT LIST
ITEM NAME APP.NO. CAPACITY MAT'L EQUIPMENT
ITEM TYPE
RECTIFICATION COLUMN PREHEATER
HE -AO1 30AS FIXEU-T-S

RECTIFICATION COLUMN PREHEATER CONDENSER
HE -A02 30AS FIXED-T-S

RECTIFICATION COLUMN REHOILER
HE -403 304S FIXED-T-S

RECTIFICATION COLUMN REHOILER PUMP AeH
(2) ITEMS CP -404 3500.00 GPM S$S304 CENTRIF-T

1450
HEM
150.00
650.00
23.00
75.00
650.00
1.00
20.00
8100

763

HEM
150.00
650.00
18.00
75.00
650.00
1.00
20.00
5600

18RO
HEM
150.00
650.00
41.00
150.00
650.00
1.00
H.00

15500

30.00
40.00
1600

SQ FT SS304 SHELL
TEMA TYPF

PSIG SHELL PRF SS
DEG F SHELL TFMP

IN DIA 20.00 FT LG
PSIG TUBE PRESS

DEG F TUBE TFMP

INCH TUHE OU

FEET TUBE LENGTH
LHS (TOTAL WT.I

SO FT $S304 SHELL
TEMA TYPE

PSIG SHELL PRESS

DEG F SHELL TEMP

IN DIA 20.00 ET LG
PSIG TUHE PRESS

DEG F TUHE TEMP

INCH TUHE 00

FFET TUHE LENGTH
LHS (TOTAL WT.)

SO FT A285C SHELL
TEMA TYPE

PSIG SHELL PRESS
DEG F SHELL TEMP

IN DIA 8.00 FT LG
PSIG TUHE PRESS

DEG F TUBE TEMP
INCH TUBE OD

FEET TUBE LENGTH
LHS (TOTAL WT.)

FT HD 350.00 DEG F
HP 3600.00 RPM
LHS (TOTAL wT.)
INCLUDES TURHINE
DPIVFR

PURCHASE )
EQUIPMENT
cosT

38400

24400

70200

17000



SECTION 400 HUMIFICATION

EQUIPMENT

ITEM NAME APP.NO. CAPACITY

RECTIEICATION COLUMN REFLUX PUMP A»R

(2) ITEMS CP -405 650.00 GPM
RECTIFICATION COLUMN REFLUX DRUM
VT -406 1100.00 GAL

DEHYDRATION COLUMN OVERHEAD CONDENSER
HE -408

DEHYDRATION COLUMN REHOILER
(2) ITEMS HE -409

DEHYDRATION COLUMN REHOILER PUMP A*8
(2) ITEMS CP -410 1000.00 GPM

LIST

MAT»L EQUIPMENT
ITEM TYPE

304SF AVS-MEDIUM

§S304 CYLINDER

A 214 FIXED-T-S

304S FIXEO-T-S

JO4SF AVS—-HIGH

1 TO.00
40.00
1400

6.00
75.00
0.25
2800

7205
HEM
150.00
650.00
42.00
7.00
650.00
1.00
30.00
34800

4232
HEM
150.00
650.00
45.00
12.00
650.00
1.00
15.00
23100

30.00
10.00
610

ST ZE

FT HO  275.00 DEG F
HP 1750.00 RPM
LHS (TOTAL WT.)
INCLUDES MOTOR

DRIVER
ET DIA 5.00 FT HT
PSIG 275.00 DEG F

INCHFS THICK
LHS (TOTAL WT.)

sQ FT $S304 SHELL
TEMA TYPE

PSIG SHELL PRESS
DEG F SHELL TEMP
INDIA  30.00 ET LG
PSIG TUHE PRESS

DEG F TUHE TEMP

INCH TUBE OD

FEET TUHE LENGTH
LHS (TOTAL WT.)

sQ FT $S304 SHELL
TEMA TYPF

PSIG SHELL PRESS
DEG F SHELI TFMP

IN DIA 15.00 FT LG
PSIG TUHE PRESS

DEG F TUHE TEMP
INCH TUHE DO

FEET TUHE LENGTH
LHS (TOTAL wT.)

FT HD 350.00 DEG E
HP 3500.00 RPM
LBS (To'fAL WT.)

INCLUDES MOTOR
DRIVER

PURCHASE D
EOUIPME NT
cosT

9200

8400

77200

244600

4200



SECTION 90n INTERCOM RUMNO

OPERATIONAL UNIT HULK REPORT

BULK DIRECT OIRECI TOTAL
BULK ITEM OESCRIPI ION MAT'L DESIGN OATA MATERIAL LABOR 1 ABOR (SUHrONIRACT
ORIGIN SYMBOL COST(it MANHOURS COST(At r.osi (it
SSSCESSSSSBSSSSSSZSSSSSXSSS S3XS3  3XSsSaaSSXBS33XSSSXSS3SS3SSSSSa 33333333
- ou INSTRUMENT TESTING 0. A SJ. bJ.
- ou INSTRUMENT RUNSITHAYStPANELS 0. bA B02. HO?.
H/S- HL PAD ?5.0 ET LG ?5.0 ET W ?B?7?. 10B 133M. A1S9.
- us ELECTRICAL TESTING 0. 1 10. 10.
- PC) «* SUBSTATION REF NO 0 Ll 638377. A?19 $9006. 69A333.
- PO == MAIN SUBSTATION e~ ?2?2H71. IS77? 7 SB7. 2S029H.
- PO TRANSMISSION LINES 38A?, 207 ?JB9. 6231.
- PO 69 KV OIL CIRCUIT HRKH S369S. 39 SbO. SA2AS.
- MS ELECTRICAL TESTING b 0. S9 BA9 - BA9.
- MP PANEL INSTRUMENTS S$39119. 0 0. b3AI19.
- MP 11? FOOT PANEL 16U001. 1300 18772. 186773.
- M BACK UP POWER SUPPLY ) 367 3. 0 0. 36/3.
_ MP INSTRUMENT TESTING 0. 91 1266. 1266.

- ou ROTATING EUUIP SPARE PARTS H1S97. 0 0. B1S92.



