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Yeast Hydrolyzate Toxicity Trial

Report on work carried out under unsolicited proposal change
order number 1 modification to Subcontract number ZX-3-03096-2.

A critical area of uncertainty in the acid based wood to ethanol
technology is +he fermentability of the hydrolyzate. Wood acid
hydrolyzates have in the past been fermented to alcohol in high
yield (Reference 5). Hydrolyzate from the Dartmouth reactor has
been shown to be fermentable in yields of 97% using common yeast
strains adapted to the hydrolyzate (Reference 26). Adaptation of
the yeast is of course only possible providing the hydrolyzate
contains no extraneous organics acutely toxic to the veast. It
has been found by Dartmouth researchers and others that
over-neutralization of the acid hydrolyzate to pH 10 with lime
and reacidification to a "near neutral pH (say 5) while boiling
at a temperature of 212°F precipitated out toxic extraneous
organics and resulted in a hydrolyzate mixture to which the yeast
could be acclimatized. It was the intent of this work to show
that the acid hydrolyzate preparation scheme proposed in the
process removed the acutely toxic organics from the raw
hydrolyzate and to show that the yeast strains used by the
Japanese designers of the fermentation system could survive
exposure to the prepared hydrolyzate. It was also intended to
show that the yeast entrapment polymer suffered no corrosion or
degredation in the hydrolyzate. The scope of work was therefore:
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(1) To produce 20 liters of raw hydrolyzate from the Darmouth

(2)

(3)

(4)

(6)

reactor.

To prepare this by neutralization to pH 10 and
reacidification to pH S5 while boiling.

To separate out the lignin/tar residual solids by
centrifugation.

To concentrate the hydrolyzate stream to 6.5 percent by
weight fermentable sugars by boiling off excess water.
(This step was also intended to replace the steam stripping
step used in the process.)

To package one liter of the hydrolyzate and transport it to
Japan. The hydrolyzate was acidified to pH 2 to preserve it
during shipment. It was neutralized before toxicity trials
were carried out.

To test the exposure of yeast and the entrapping pelymer to
the hydrolyzate at the JGC/Ransai Paint laboratories in
Japan.

Results

(1)

{2)

22 liters of Dartmouth hydrolyzate were produced in a single
operating campaign at 240°F, 1.2% acidity and 8.24 seconds
residence time. The fermentable sugar vield was 50% of
theoretical the furfural yield was 84.5% of theoretical on
pentose sugar.

Hydrolyzate was pH adjusted while boiling. The procedure
took l%.hours.
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£ (3} The hydrolyzate was then concentrated by boiling of excess
water. Vapors were condensed and collected for analysis.
The sugar concentration was monitored during evaporation by
carrying out DNS reducing sugar analysis. The procedure
took 3 hours. |

(4) The final sugar concentration was found by glucose oxidase
and by liquid chromatograph (HPLC) to be zero (even though
the DNS test indicated a level of 6.5%).

£ &
oo

L (5) On confirmation of zero sugar by a second HPLC analysis it
was concluded that the reducing sugars had degraded on

prolonged boiling in the presence of extraneous organics.

(6) It was décided to add glucose to the hydrolyzate and
o transmit the "spiked" samples to Japan to complete the
trial. It was felt that this would still be a useful and
conservative test since the hydrolyzate now contained not
only extraneous organics from the original hydrolysis but
also extraneous organics produced on degredation of the
reducing sugars. Reducing sugar content of the "spiked"
£ hydrolyzate was confirmed twice by HPLC at MIT and Dartmouth
- (by Professor Grethlein); and by glucose oxidose test.

(7) Results of the Japanese tests showed that the yeast survived
exposure to the reneutralized hydrolyzate at pH 5.2 and that
the polymer beads suffered no damage on exposure to the
hydrolyzate. No fermentation activity was observed as would

i, ' be expected on first exposure of the veast.
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Attachments

(1) Analysis of raw Dartmouth hydrolyzate for fermentability
trial.

(2) Analysis of concentrated hydrolyzate sent to Japan.

(3) Telex from Japan stating results of test.
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Dilution Factor F

where T

Wall Temperature °C

230
239
247
240

Ml Feed/ml Reactor Effluent

1.0355-1.713 x 10°T

Reactor temperature in °C and is
equal to reactor wall temperature
measured on thermocouple +2°
correction factor to get reactor

temperature.

T = 232 F = .638
241 .622
249 .609
242 .621
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Dartmouth Reactor Extended Operation Trial

Introduction

Seventy gallons of hydrolyzate were required to carry out
hydroclone and centrifuge testing under Change Order No. 2 to
subcontract 2X-3-03096-2. It was decided to produce as much as
possible of this in one continuous campaign and to take the
opportunity to investigate the stability of the Dartmouth reactor
over an extended period of operation. This would also provide
the opportunity to confirm that consistently high yields of
fermentable sugars were possible over an extended operating
campaign. Three attempts to operate the reactor in such a manner
were made. The first two were unsuccessful due to blockage
problems. (See attached report from R.D. Sexton who witnessed
the May 24 and June 15 trials on behalf of Badger.) The third
attempt was’reasonably successful resulting in two consecutive
campaigns each of 2 hours in duration. The first two campaigns
were terminated due to severe blockége of the exit orifice and
condenser. The third, with a cyclone vapor separator on the
reactor outlet, gave good stability over the 2 hours of operation
but e§hibited increasing tar deposition at the separator ligquid
cutlet. 90 gallons of hydrolyzate were produced: approximately
45 from the first and second campaigns, and 45 from the third.
These were stored and shipped in drums A and B respectively.
Fermentable sugar yields were 53.4% and 58.5% respectively.
Furfural yield obtained from the first campaign was 50% on xylose
or 78.8% of theoretical. A report of the two campaigns is given
in the attached communication from Professor H.E. Grethlein,
Dartmouth College. -
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Attachments

(1) Report on first hydrolyzate production trial by R.D. Sexton.
(2) Report on second campaign by R.D. Sexton.

(3) Report on second and third campaign trials by Professor
H.E. Grethlein, Dartmouth College.

S
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cc: #A.3. nlein

BADGER ENGINEERS, INC.

MEMORANDUM
July 3, 1984

Z0: S.W. Fitzpatrick
TROM R.D. Sexton
SUBJECT: Badger Jdb No. E-0461, SERI

Hydrolyzate Production For Hydroclone Trials
Irip Report For 24 & 25 May 1984 - Visit To Dartmouth

Introduction

The purpose of the visit was to witness the production of hydrolyzate for
3adger's subsequent use in vendor testing of hydroclones. Prof. Alvin Converse
cf Dartmouth's Thayer School of Engineering had overall responsibility for the
project but delegated to lab technician Hermann Ertl the immediace responsibil-
ity for setting up, running and controlling the production runs because of his
srior experience with building and running the equipment. During this visit, no

“zaterial of sufficient quality was produced but much was learned 'about the oper-

zting methods used for the Dartmouth process and their effects on long term (i.e,
ore than 10 minutes) operationm.

cav 1-24 May

3:30 a.m.~Ran the system with steam and water only and tightened all leaking
fittings except for possible leak hidden under insulation of steam line. This
could, however, just be wet insulation steaming off as it is heated up.

=:00 a.m.~-At desired flow rates (still just water and steam) could not get aver-
22e reactor temperature above 250°¢ (range was 247 to 252, cycling back and forth).
steam safety valve on boiler was lifting at 800 psi, a deviation from previous

- éxperience., Valve had been set to lift at 800 psi but was lifting at 850 in

zctual operation until now. Valve had been removed, cleaned, and reinstalled just
crior to my visit and now works much better. .

*:15 a.m.-Another orifice assembly (see Appendix I) was installed but pressure
<rop was too high and it restricted the steam flow so that reactor wall tempera-
ture was only 245°C at 720 psi.

10:30 a.m.- Changed leaking drainvalve and installed another orifice-same result;
tried adjusting orifice-temperature still at 245°C.

=1:00 a.m.- Tried a less efficient orifice, got steady 251°¢ wall temperature but
-2actor pressure was 600 psi and therefore the steam was not condensing in the
Teactor.

-1:30 a.m.~ Tried another orifice assembly, got 250°C outside wall temperature.
\zherefore about 252°C inside according to Ertl) at 660 psi. This was satisfac-
=2r7 to start slurry feed.

-~:35 a.m.- Started slurry feed. Residence time was 7 seconds, acid concentration

~3s 1 percent, reactor 0.D. was l3.mm. S3urry was 10. weight percent Wilner 170

mardwood mixed with water with a Charles Ross & Son mixer in 10 liter batches
Z.2., 10, liters of water with one kilogram of wood). Wilner 170 (Wilner Wood

olucts, Norway, ME 04268) was used instead of Wilner 060 as had been used in

-
-
-
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the past because thers wasn't enough 060 on hand to make the desired 100. galloms
of hydrolyzate. The only differance between the two Wilner producets is particle
size discribucion, with 170 being ccarser. This particular wood flour had been
scorad at Dartmouth for one year and had an assumed moisture content of 7 wt. per-
caat per Ercl., After mixing 7 to 10 minutes and allowing to stand for three
aianuces che gsettled proportions (by volume) wera 30 percantc foam in a layer at
the top, 30 percent liquid containing some suspended solids in che middle layer,
and 40 percent solids settled az the bottom.
11:37 a.m.~ Reactor temperature flucutacing between 230 and 253° c, pressure be-
tween 870 and 680 psig. Collected sample No. 1 to test settleabilicy-settled ac
saze rate as hydrolyzate sample that I had brought wich =e. This hydrolyzate
sample had been wmade by Dartmouth for Badger earlier chis year.
L1:40 a.m.- RXR temp. 246-248°C. According to Ertl this cooler wall temperature
is because of coking. on the ins;de wall.
11:46 a.m.~ RXR tem. 243-245°%C, RX®R press. 700 psig. Collacced sample No. J-
<9ntained much mora solid material than sample ¥o. 1 and =ost of the solids
ilsaced. — .
11:48 a.m.- 238°C 710 psi-plugging evident so shuctdown. [ saved; intact, 3 por-
zion of the material plugging the reactor. It contaired some unreacted wood
because the acid was shutoff before the flow of slurry was stopged.

3:30 p.a.~ Reassembled and started up on water and staam. Tamperature 240- 250° c,
fluctuaring. Shutdown and disassembled steam mixer. Took cut small amount of
crud and turmed aixer around when reinstalled. Mixer is svometrical so this
1s ok to do.

-:J0 o.m.~ 251-255°C, 700- psi om water and steam, so scarted vary diluce slurry
Zaad. -

-:15 o.3.- Temperature fell to 213-240°C, 700 psi; stopped slurrvy and went back
10 watar faed only. Stayed steady at 228-230°C but sceam valve is now wide open
50 this is cthe highest achievable temperature. Ertl noticaed 3 raspy vibration
iz the steam injector that had never happened hefore.

=:30 o.m.~ Shutdown. Ertl will clean steam injector cvermizht in a heated
2laaning solution. I scraped. and kept samples of car frem osrifice assembly.

2w 2-=13 May
also presenc today was Michael Karpuk of SERI

Zrel reinstalled the steam injector and ran the svysca=_cn sceam and water.
Thara was still the problem of temperature cyclxng 2.0=2227C, 230-2&O°C, but
123-203%¢.  Erel said raspy vibration ncise from injeczor is zuch different chan
“n2n it was new. The injector is made of solid zircomium, =zaczined at Dartmouzh
vt welded ar Teladyne/WAH. It cannot be opened for izspezzicn. Zirconium is
corrosion resistant but is not erosion resistanc. If che =zixer is eroded it may
> longer be condensing the steam properly. See appendix II Ior zirconium steaz
iniactor construction details. '
Zrosion caused the old style sceam injector co £2il zl:3. This was the

~.iti-nole assembly made of 316SS. I borrowed this ol: asse::ly o taka back tao
3zizar for inspection and it will be returned to Dart=duc:

2 steam control valve was on pressure contral. wz 1vcling time for che

In N iA
T:aCI07 temperatura was L3 seconds. Wwe aoted chat the Scilzr' 3 control cycle
vi3 also L3 saconds with che boilar pressure operatin: in 2 rznze from 730 to
3.2 35iz. We atrempted to retuna the pressure concro.lzr I. =3:2 :he raacesar
téTzaragure steady. After ratun-qg wa still had avelinma: 1.I-2 53°¢C aC‘OUO osi;
2.3-21J7 ac 350 psi; 164-166°C az 170 osi.
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|
l“ﬂi"' 3y -

—




—_— -

BADGER ENGINEERS, INC.

Ertl noted that when the boiler operated at a higher pressure the steam
- condensed better and the system was more stable. With Prof. Converse's permis-
S sion we removed the safety valve from the boiler at 1:00 p.m. The boiler had
racently been hydrotested to 2700 psig and test-operated at 1500 psig in pre-
paration for obtaining a higher boiler pressure rating. A new safety valve will
take 12 to 16 weeks to be delivered.

1:25 p.m.-Started system again on water and steam with a smaller orifice assembly.
e Rk% temperature was 247.8-250.0°C at 750 psig.
1:30 p.m.-Started dilute surry feed at RXR temperature 245-253°C at 700 psig.
1:35 p.m. -850 p51g, collected sample No.-l
1:39 p.m.-248° C, 900. psig
1:40 p.m.~940 p51g
1:46 p, “m.~-238° c, 1100 psig; switched to water only feed; by increasing pump rpm,
ran up system pressure to 1800 psig and blew out the plug so that with water only
- =vscem was at 250°C, 680 psig; started dilute slurry again.
1:30 p.m.-Pressure rising again; shutdown. Decided to replace orifice assembly.
~r:l cannot recall ever before running above 240°C for more than a few minutes.
I reminded him of Dartmouth's producing about 5 gallons of hydrolyzate at 250-
258°C earlier this year, 1 gallon of which is still stored in Dartmouth's refri-
serator. Ertl and Converse couldn't recall which of them did that particular
production run or if there were any operating difficulties associated with it.
=:25 p.m.-Restarted with two back-to-back zirconium orifice plates with lmm ori-
fice diameter; sys:em at 250°C at 580 psig.
2:30 p.m=s251. 5° C, 590 psig-dilute slurry feed-collected sample No. 1; solids
Jloacad and saw much unreacted material. Checked and found that pressure was be-
low the saturation pressure so that steam was passing through the reactor and the
. residence time was shorter than the calculated 7. seconds.
P 2:40 p.m.-Started again with labyrinthe orifica and dilute slurry; 261° C, 713 psig;
I collected sample No. 2.

P 2:43 g.m.-Z?O C, 820 psig; collected sample No. 3.
bt 2335 2.m.-265 C, 750 psig; collected sample No. 4.

{: After one hour, samples 2, 3, and 4 had not even begun to settle; much col-~
& -oidal material remained suspended.

Continued to run on dilute slurry until 3:30 p.m.-no pressure rise observed
sut product still poor.

The hydrolyzate samples were divided as follows:
. Jate Sample No. Disposition
3-24 1 (control) Dartmouth to analyze and keep as control
- 3-2 2 Badger kept
E; 5«25 -1 Badger kept
3-2 1 Badger kept
- 3-25 2 Dartmouth to analyze
{ 3=25 3 Dartmouth to analyze
LY 3=25 4 Split-Badger kept one, Dartmouth to analyze the other.

I left written instructions for Converse and Ertl to follow next week:

s 1.) Analyze Samples left (4 total, 1 marked control)
2.) After analysis on all 4 is complete, report results to S.W. Fitzpatrick
of Badger and agree upon production run parametars and method of operation.
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3.) A. Produce 100 gallons of hydrolyzate with same secrling charactar-
isctics as sample marked concrol. ‘
B. Check contents of product collection bucket by sampling and
settling during collection time and transfer bucker contents
to storage drum only if settleability is sacisfactory.

I agreed to send a copy of the analyses to M. Karpuk of SERI. They will be
ransoictad through H.V. Kershaw, Project Manager for Badger.

In addition to the samples mentioned earlier, I also brought back:

Bag of Wilner 170 wood flour )

Bottle of 15. weight percent slurry (Wilner 170)
Bottle of 20. weight percent slurry (Wilmer 170)
Bag of wood grinds (needle-like) made by SERI.

[}

e

R.3J. Sexton
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APPENDIX I

LABYRINTHE ORIFICE ASSEMBLY (see also illustratioms)

The assembly is a stack of orifice plates of two types and of varying thick-
nesses held within a housing which can be coupled to the end of the reactor. The
orifice plates are of zirconium and are kept in alignment with a pin that passes
through a guidehole near the edge of each plate. Type I orifice is a single
a0le, 1.2 mm diameter slightly offset from the center. Tyze II orifice has a hole
near the edge of the plate with channels engraved on both sides of the plate. Ome
side has a channel of square cross section 1.2 mm x 1.2mm. The other side has an
involute-shape large area channel 1.2 mm deep. Both channels are oriented so that
if a Type II orifice plate is sandwiched by two Type I plates, the flow will be
suided through the first Type I orifice through the channel across the surface of
zhe Type II orifice, through the Type II orifice, back through the channel across
the other surface of the Type II orifice, and finally through the second Type I
crifice. Any number of combinations of Type I & II orifices that will fitr within
the housing may be used. The stack is compressed (no gaskets) within the housing
o minimize bypass flow between the outside of the stack of plates and the housing.
~here is a 2 mm annular space between the inside wall of the housing and the plates.

Different overall pressure drops can be achieved by varving.the number of each
cvpe orifice used and by orienting the Type II plates so that the involute chan-
~als face one way or the other.
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cc: E.S. Kiein

BADGER ENGINEERS, INC.

3!

MEMORANDUM

June 29, 1984

TO: S. W. Fitzpatrick

FRCM: R. D. Sexton

SUBJECT: Badger Job No. E-0461, SERI
Bydrolyzate Prcduction for Hydrcclone Trials
Trip Report for 15 June 1984 Visit to Dartmouth

The purpose of the trip was to witness the production of wood
hydrolyzate by Dartmouth's acid hydrolysis process and to
verify the suitability of the product for subsequent testing
by hydroclone venders.

The process was directly supervised by Prof. Alvin Converse L
and operated by the Thayer School lab technician, Fermann Ertl,
with the assistance of graduate students John Ward and Bill Grous.
About 16@® callons of hydrolyzate produced two days ago had

been collected in a drum and grab samples of the same material
taken during production had been set aside. The material had
been prcduced at 250°C (wall temp.), 7 seconds residence time,

1% acid and the woed slurry contained the acid prior to being -
pumped. Depending on the temperature, the product samples

showed both floating and sinking solids. The higher the :
temperature the fewer floating solids; at lower temperatures 4

(say 245°C and less) there were more floating sclids and more
sclid material overall. Of the sinking solids there were two ™

Xinds distinguished bv their light or dark color. None of
the solids had dissclved when allowed tc stand in kerosene
for 24 hours. When spun in a centrifuge for 60 seconds all
solids sank and the dark-colored solids were collectad
separately at the bottom. Dark solids amcunted to about

10 percent of total solids. The product drum contained much foam.
Samples were withdrawn from the érum in long glass double
open-ended tubes in an effort to determine how much settling
had occurred. No clear liquid could be found at any level.
The drum contained only those batches of procduction which,
when centrifugally spun, showed few solids indicating gecod
conversicn.




BADGER ENGINEERS, INC.

At 10:30 AM a production run was bequn, usinc feed made up as
follows: 12 L water, 1l kg Wilner 170, 205 g sulfuric acid
97%. A single zirconium orifice plate with 1 mm diameter
orifice was installed.

Press., PSIG
Time Wall Temp., C RXR Boiler ,
10:30 AM  249.8-250.8, 4 sec cycling 560 770-800, 30 sec cycling

Because of the low RXR pressure, steam was not condensing,
residence time and conversions were low, and product
contained much solid material, all floating. Product

was rejected. No vibration from steam injector.

= 10:30 AM 254.4-254.6, no cycling 630

Product contained both floating and sinking solids.
Small solids fraction when spun down. Two kinds
(colors) of solids. Product kept and added to drum.
No vibration from steam injector.

11:10 AaM  250.8-251.6 700

All solids floating again. Large fraction of solids
- when spun. Product rejected, Steam pressure control
e valve wide open. System is plugging up.

(" 11:15 aM shutdown

S After disassembly, reactor showed plucoing at both
ends but not in the middle. The outlet (top) plug
was tight material, extending halfway down the
reactor, with a 1.5 mm ¢ channel in the center.
The inlet (lower) plug was fluffy material and

o extended up into the reactor about 3 inches.

Plugging is a common feature of this process.
Converse recalled that 5 years ago Dartmouth made
£ 20 gallons of hydrolyzate for and could
éﬁ only make 6 or 7 gallons at a time before shutdown
was necessary due to plugging. Dartmouth is unsure
of the effect of presently using Wilner 170 feedstock
instead of Wilner 060 that had been used in the past.
They could run longer if the boiler was run at a
higher pressure but this is presently not allowed
by Dartmouth's Insurance Company.




BADGER ENGINEERS. INC.

Dartmouth asked if they would be paid in full if they
put in the time and materials but could only make
30 gallons. I cave nc answer.

.In a telephone conversation with R. Sandel it was agreed

that:

1. Dartmouth should make 30 gallons now for immediate
shipment to Derr-Oliver and later make 60 gallons
for shipment to Bauer in July.

2. Badger would like to get whatever analyses have

been made by Dartmouth for each run or day's -

operation, including material balances, solids
content, - ligquid composition (EPLC analyses) in
order to help understand reproducibility.

3. Badger wculd like to get samples of the tar.

4. We should agree con a "standard test" so we can
consistently compare settling. We should compare
settling of fresh material with the same material
at the time Dorr-Oliver starts their test and
after D~0O has processed it so that the effects
of time and processing on settlability can be
judged. Dartmouth should retain 1 gallon of
hydrolysate from the material it will ship to D-O.

Converse and I agreed on the following settling test
procedure:

1. Using 12 ml tubes, spin for 60 seccnds to de-
aerate and pack solids. Measure hich, low and
average heicght of sclid-liguid interface.

2. Resuspend by careful stirring so as not to re-
aerate. Measure interface height after 1, 2,
24 and 48 hours.

I left written instructions with Converse as follows:

"Please provide the following informaticn on each
run (if it is available) that went into making up
the bulk sample:

- Run parameters (RXR temp., RXR press., residence
time, percent acid, percent solids, zand whatever
else ycu nocrmally record).

- Product analyses ("standard" settling test, solids
content, liguid compeosition.) Please retain
1 gallon sample for retesting at later times. This
will help us to understand reprcducibility cf results.”
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BADGER ENGINEERS, INC.

Converse said they would report percent glucose, xylose, EMF,
and furfural and percent glucose yield.

At 3 p.m. another productlon run was begun, using the labyrinthe
orifice .assembly.

Time wall Temp., C RXR Press., psig Spin Test
3:00 p.m. 254.6-255.2 730 Very Good-Few Solids
' 252.2
250.2-253.4, Good-Few Solids
. 20 sec..
cyecling
3:08 249.2
3:09 248.6
246.2
244.8
3:12 243.6 730 (constant) Poor-Increased Solids
3:12 Shutdown

Dartmouth will continue next week going back to using the single
zirconium plate orifice and making 6 to 8 gallons at a time,
following my written instructions. They will continue to try to
get the the insurance company to agree to increasinc the boiler
pressure rating.

I received a sample of the tar drilled out from the upper end of
the reactor.

é.D. Sexton

RDS: 1w




Summary Report om Preparation of Large Samples of Hvdrelvzate for Badger

Hans E. Grethlein

A large quantity of hydrolyzate for Badger was prepared. Two 45 gallon
Drums labeled A and B were shipped to Dorr-Oliver, Inc. in Stzanford, Connecti-
cut., The history of Drums A and B is given below.

The specifications were to produce a sample that has high glucose yield
ard goed settling characteristics as was observed in :hé sample of 20L we
prepared for Badger in November 1983.

It was difficult to operate the reactor for more than 4 to § gallons of
product hydrolyzate before the reactor or heat exchanger after the orifice
Slecked. During the pericd of time from May 22 to June 22, we tried many runs
ard finally evolved a procedure that is reasonable to produce large samples.

There are two fai;ure modes of the reactor: 1) the solids plug inside the
reactor usually by building up a wall layer in the reactor until the flow path
is just a narrow channel ac the center of the tube and 2' zhave is a blockage
27 solids at the cold end of the heat exchanger zfcer ther have passed through
tke let down orifice. The heat exchanger blockage can cczur aftar a relatively
short time of operaticn. The wall build up in che reaczor is indicataed by wida
teTperature variation between the top and bottom cf ths resacter. Normally,
ifase agree to within a degree centigrade.

The use of various orifice sizes and types did ncs cvaredme the plugging

wih similar results with regard to plugging the reac=z:-:.

During the pericd while these changes wera made ==z ~vizralyzace that had
Teasonable yield was accumulated in Drum A to about 43 ga_lcns. The summary of
resules is given in Table 1. Drum A is the accumulaticz o7 runs from June 13
T¢ June 18 with a yield generally abeve 50%. This inzrs=amzal approach was toe
lator intensive, so a procedurs was developed that allcwel z larger sample 2o
2e prepared before the reactor plugged as discussed bel:w.

ihe solids content for selected samples is given ir Tz3la 2. The settling
iharacteristics vary and are sensitive to veaczor ccniizizns. The setzling
ve.uzes are given in Table 3 and photos of the frash.w =:ixzs slurcy afzer 24

rs of settling are given in Figure 1,

riolem. Two mesh sizes of Wilner mixed hardwood (grzc:z “47 and 170) were used

Es
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The normal flow rate is about 800 mL/min, which gives an average velocity
of 0.6 ft/sec or a Reynolds rumber of 1700. This low velocity was considered
part of the problem in allowing the solids to stick to the reactor wall. So
the reactor length was increased from 87.5 cm to 132.5 cm. on June 18 with a
corresponding pump RPM increase to keep the same residence time while increas-
ing the velocity to .70 ft/sec. After a short time the system failed in the
heat exchanger because tars when cocled can form a plug. Consequently, we
rercoved the heat exchanger and flashed the reactor effluent through a cyclone
separator. The steam was vented to the atmosphere and the liquid collected at
100°c. ' o

One could see the dramatic appearance of tar in the hot flashed liquid
siurry as the reactor temperature passed a critical point corresponding to
about 30% yield. in fact, the tars even plugged the exit of the cyclone
separator because the cyclone does not have net pressure with the vent open to
thke atmosphere,

The final procedure omn June 22 involved a frequent reaming of the exit
cona orf the cyclone to keep the tar from building up. Now about 25 to 30
gallons were made in one afternoon instead of 2 to 4 gallons per run. The
finzl failure under the new procedure is the wall build up of solids in the
raactor, but the rate of buildup Is slower than before due to the modest
izcrease in velocity. Since the Badger design will use about 10 ft/sec, the
wall build up may not occur, but some pilot plant work is needed here. The
caterial in Drum B is obtained with the cyclone.

Ome important change in the settling characteristics is noticed when using
t-e cyclone - the solids all settle to the bottom. The foamy solids that are
otczined with the heat exchanger are due to the mixing of non-condensables with
the slurry in the heat exchanger. The hydrolyzate foams easily and so a fairly
statle phase of floating solids can form. The cyclone clearly disengages the
slurry from the gas phase. _

The effects of the cyclone is noticed in Table | for sample for June 20
and later. The sugar concentrations increased due to the steam flashed from
the cyclone and the furfural concentration in the hvdrolyzate is lower than
before due to the partial flashing with the steam. The yield calculation is ar
estimate based on the effective steam dilution factor (0.873) for the combined
steam injection and flashing in the cyclone. During the run on June 22, when

atcut I5 gallons was made, the run was prolonged by decreasing the pump RPM as




the ra2actor prassure Increased due to wall build up to keep about a consctant

3lucose cuncentration in the reactor effluent, as measured cn-line with a

. it /ﬁ

glucose analyzer.
For the record, the HPLC analysis of samples taken during the various runs

':&"&n‘i:jg
»

ot

2s well as the Drums A and B are given in the Appendix. The HPLC sample

ks

aumbers are defined in Table 1.
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TABLE 2:

Sample ID
Drum A

Drum B

6/13 = 2

6/14 - 3

6/15 - 5
Run # 11/6
6/18 - 1
6/18 - 2
6/21 - 2
6/22 ; 2

Feed 6/21

Solids of Badger Samples

(g/kg]
li.

"~

18,

[97]

11.3

ur

l1.

13.4

10.8

r—
£~
.

(V)




)

.
e
S

e

e

TABLE 3: Settling of Badger Samoles ' ;
50 ml Samples. Settled Level in Graduated Cylinder

HPLC No. 'Samvle 15 1 houi 2 hours 24 hours

l Drum & 46 = 30% 46 - 26 47 - 22

2 Drum B 48 46.5 33 -
3 6/13 = 1 18 11 L7 i
4 6/13 = 2 45 - 33 45 - 28 45 = 20 -
5 6/146 - 3 43 = 22 43 - 26 45 - 20 )

6 6/15 = & 8 -4 13 =5 26 =11 %%
7 6/15 = 5 20 15.5 11

8 6/15 - 6#11 18 - 0 20 -0 22 -0 j?
9 §/18 = 1 46-= 29 L - 26 45 - 18

10 6/18 = 2 16 12 . 9

14 6/21 = 1 48 45.5 S} 3
15 6/21 - 2 49 47 30 o

—

16 6/21 = 3 48 46 34.5 3
17 6/22 - 1 49 47 40

18 6/22 - 2 49 47.5 38

19 6/22 - 3 49 38 38
20 6/22 - 4 49 49 4865

*NOTE: Two nuzbers give the upper and lower boundarv of clear liquid where

thera are two solid phases, one on top and cne settled.
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Figure 1: Phocos of Freshly Stirred Hydrolvzate After 24 hours of Settling om

June 27, 1984. Sample Identification is the HPLC No.

Photo b)

Photo a) Sampoles 1, 2, 3, 4, 5, 6, and 7

Samples 8, 9,

10, 14, 15, 16, 17, 18, 19 and 20
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Economic Feasibility Study Appendix IV
of an Acid Based Ethanol Plant Page 1

Lignin/Tar Separation Trials

Report on Change Order Number 2 to
Subcontract Number ZX-3-03096-2

Acid hydrolysis of lignocellulosic material using the Dartmouth
plug flow reactor results in a hydrolyzate stream comprising
lignin and tar solids in an aqueous acidic sugar stream.
Separation and washing of the solids represents an important
processing step. The key requirement is to remove the solids
while minimizing losses of fermentable sugar in the cake liquors.
Wash water must be minimized in the process since this dilutes
the hydrolyzate stream going to fermentation and leads to
excessive energy requirements for either distillation of a dilute
alcohol beer or concentration of the fermentation feed. Further
requirements for the separation were to maximize the solids
recovery since they form a major fraction of the fuel for the
boilers and to minimize the water content of the solids cake
since this water must be removed by drying in order to give
efficient combustion in the boiler.




Economic Feasibility Study ' Appendix IV
of an Acid Based Ethanol Plant ‘ Page 2

Preliminarv Testing

Various unit operations for separation and washing were examined
in a preliminary study. These were filtration, froth flotation,
hydroclenes, and centrifugation.

In a preliminary exercise the above methods were assessed by test
at vendors or at Badger's Weymouth Laboratory. The conclusion of
this pfeliminary work was that two methods looked promising:
hydroclones and centrifugation. The other two options were
eliminated for the following reasons: A

FPiltration

Samples cf hydrolyzate produced at Dartmouth were used in
filtration tests in Badger's Weymouth Laberatory. Tests were
carried ocut in a 4" Buchner funnel with a variety of filter
cloths. The hydrolyzate was found to be extremely slow filtering
due to blinding of the cloth even after addition cf a
flocculating agent. The apparent specific cake resistance was
measured  at 2.1 x 10-14 le. Filter tests performed at Bird
Machine Company, Inc. on a sample of the hvdrolyzate resulted

[
3

the same qualitative conclusions (report attached).

1
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Economic Feasibility Study Appendix IV
of an Acid Based Ethanol Plant Page 3

Froth Flotation

Dartmouth hydrolyzate sample were sent to three manufacturers of
flotation equipment. Krofta Engineering Corporation, Linatex
Corporation of America, and Komline-Sanderson, Inc. Tests at all
three laboratories showed that froth flotation was a suitable
primary method of solids separation. Approximate capital costs
were generated for a system using froth flotation as the primary
means of separation followed by centrifuges for washing and
dewatering. Consideration of the capital costs involved revealed
that this Was not a cost-effective means of separation.

From preliminary consideration, centrifuges and hydroclones were
found to be the most suitable separation methods.

Centrifuges

Merco washing centrifuges appeared to be a suitable means of
separation and washing. These machines built by Dorr Oliver,
Inc. are capable of handling large feed volumes for over 600 gpm
while carrying out a high efficiency pseudo-displacement wash on
the separated solids. Calculations suggested that with the high
efficiency wash three stages of centrifuges would be required to
give a 99% recovery of sugars using a wash water addition rate of
20% of the feed hydrolyzate flow.
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Preliminary tests at vendors' laboratories (Bird Machine,
MA; Sharples, NY; and Dorr Oliver) indicated that the use of
centrifuges for separation was promising (see attached
vendors reports).

ik
G

o
kel

A further witnessed trial at cne of the vendor's laboratories
using Dartmouth hydrolyzate was planned.

et

Hydroclones L

On initial consideration hydrcclones appeared to be the most gg
attractive option allowing a number of counter-current stages of
washingyénd separation for relatively low capital cost.
Calculations indicated that with ten stages of hydrocclones, 99.6%
recovery of sugars was possible with a wash water addition rate =
of only 20% of the feed hydrolyzate flow. Samples of Dartmouth
hydrolyzate were sent to two manufacturers of hydroclones,

C.E. Bauer and Dorr Oliver for preliminary testing. On
preliminary inspection of the samples both vendors indicated that
hydroly;ate separation locked feasible. It was planned to carry
out large scale witnessed trials to determine hydroclone
separation performance in continucus coperation.

Hvdroclone and Centrifuge Trials at Dorr Oliver

An additional unsolicited proposal for Change Order No. 2 was
made to SERI to tast the two separation methods which had been
identified in the preliminary testing exercise. It was planned
to produce 70 gallons of hydrolyzate for two continuous
hydroclone tests. A report on the hydrolyzate production
campaign is given in Appendix III.




Economic Feasibility Study Appendix IV
of an Acid Based Ethanol Plant Page 5

The hydrolyzate was planned to be shipped to one manufacture;,
and if the hydroclone tests were successful to the second
manufacturer for a confirmatory trial. It was planned to use a
portion of the hydrolyzate for centrifuge trials. It was decided
to carry out the first trials at Dorr Oliver since this would

provide an early opportunity to witness the test for the Merco
centrifuge as well.

To determine whether the settling characteristics of the

hydrolyzate slurry changes over time gravity settling tests were

carried out during production of the hydrolvzate at Dartmouth and
again at the vendors' laboratories.

Results

The results of both the hydroclone trial and centrifuge tests are

contained in the attached report from Dorr Oliver. The results
can be summarized as follows:

(1) A significant increase in the gravity settling rate was
observed over the period between production and testing at
Dorr Oliver. This is thought to be due to disengagement of
air from the solids during standing and shipment. This
conclusion was reinforced by the Bbservation that when
samples were remixed with air at the vendor's laboratory the
slower settling was again observed. Air entrainment was
observed to have no effect on centrifuge settling rate

- (centrifugal force causes extremely rapid disengagement of
air). . ' ‘
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(2)

Hydroclones do not separate the lignin/tar solids from the
hydrolyzate. The failure of this trial in the light of
preliminary favorable indications is thought tc be due to
floc disintegration in the high shear regime created in the
hydrocloneél Although in the earlier preliminary tests,
flocs appeared to settle well under gravity the extremely
fine-particles created on floc disintegration do not. Some
separation was cbserved with the hydroclone evidenced by the
darker color of the underflow. This was due to separation
of gritty tarry material.

(3) Centrifuge spin tests worked well on the hydrolyzate
indicating that this is an ideal application for
centrifuges. On the basis of this test, a separation system
using Merco centrifuges for separation and a solid bowl
centrifuge £or dewatering has been specified by Dorr Oliver.
This system gives complete removal of the lignin/tar solids
and 99% recovery of sugars using a wash water flow of only
20% of the hydrolyzate feed stream.

Attachments

(1) Filtration and centrifugation test report f£rom Bird Machine
Company, Inc.

(2) Centrifugal separation test repcrts Zrom Sharples.

{3) Dorr Qliver test report on the hydroclone and the centrifuge

test.
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BII'D MACHINE COMPANY, INC.

5 3 PACES
CUSTOMER: Badger PRGE _3 " 7 A
REPORT NO. 10552

SPIlt! TUBE TEST o
Ls received, 10 ml, 240°F

sec cc Cake % Vol Cake Cake Cond Eff Cond
o
ig 1000 x G 10 1.5 15 0 sl. cldy.
’ 30 1.2 12 C clear
60 1.05 10.5 0 "
: 120 0.9 9 0.05 "
e 180 0.8 8 0.05 "
300 0.7 7 0.05 "
- 480 0.67 6.7 0.05 "o
2000 x G 60 1.0 10 0.05 clear
120 0.9 9 0.05 "
— 180 0.8 8 0.1 "
. 300 0.6 6 0.1 "

The solids settle out readily in a reasonable time but the solids have
little bulk even with extended spin time.

A sample of this material spun for 2000 x G for 3 minutes produced a cake
containing 25.3% TS by weight.




BII'D MACHINE COMPANY, INC.

cusToMgR: Badger PAGE .4 _ F 7

REPORT NO. 10552

SPIN TUBE TEST
10 mL, Lod0 x G, 240°F

Time % Solids in Supernate 3 Solids in Settled Cake ﬁ;
SUSPENDED TS _
2
L I 0.9 8.7 §§
2 10 0.5 3.0 ’
3 20 0.4 10.2
5 40 0.2 18.0 _
s
Time 3 Recoverv (Comparison of Supernéte to Feed)
L 3 25.0 )
2 Lo 58.3
3 20 66.7
4 30 ‘ 75.0 -

S 40 83.3
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BII'D MACHINE COMPANY, INC.

CUSTOMER: Badger _ PAGE 5 IF 7

REPORT NO. _ 10553

Only a trace amount of cake is collected on the Bird Young leaf
(rotary drum filter leaf) and spitback is a problem. The filtrate
is dirty with a K-15 cloth and only a few mls are collected.

The filtration time is long on the Bird Pannevis leaf {belt
filter) with a thin cake collected.

Since this material is not
characteristics will he ma

slurry. The filtration ra
tribution.

typical in particle size, the filtration
rkedly different with the typical production
te is influenced by particle size dis-

The sample as received is a poor application for vacuum filtration.

MAM:cg
Typed 3/28/84
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COL Letter $1842
, : ‘ Page 2

BADGER ENGINEERS, INC.

! a SUBSIOIARY OF THE BAOGER COMPANY, INC.

Tet, (817} 494.7000

: ONE BROADWAY, CAMBRIOGE, MASSACHUSETTS 02142
Teiex 92-1442 h

February 28, 1984

Mr. J. Gould
Pennwalt{ Corporation
B 355 Mearns Road
Warminster, Pennsylvania 18974

i Dear Mr. Gould:

I was recently discussing a possible application of
Sharples centrifuges with your Mr. Edward Trump. The
application involves separation and washing of lignin
_ residue from the ocutflow stream of a high temperature wood
P hydrolysis reactor as part of a U.S. D.O.E. feasibility
.- study on chemicals production from wood. Mr. Trump
P suggested that I forward a sample of the resactor product
7 to your laboratory for a preliminary assessment.

Enclosed herewith is a 250 ml sample of hydrolysate
marked "BADGER SAMPLE 250°C" along with a guestionnaire
form.

ST

3
H
&

Due to experimental limitations, the solids concentra-
tion in the sample is approximately 2% by weight. The
commercial scale reactor will produce a slurry effluent
containing approximately 5% by weight.

e Yours sincerely,

SADGER ENGINEZRS, INC.
/ / .

SWF:sh
Enclosure

(AWCMW
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Badger Engineers
SUBJECT Cambridge, Massachusetts

0ATE March 20, 1s84
TO \C. E. Trumo

— Jerry Gould oL #1642
iN RS Clarification of Hydrolysate (Fuel Alcchol)

cemesto  R. Moll, 0. S. Hammond, A. Letki, J. Sacks, file

Dear Ted:

Refer to the attached lettsr and flow schematics from S. W. Fitzpatrick
of Badger Engineers for process details.

The maximum tamgerature of {eed to the centrifuge will be 225°F (108°C).

The submitted sample was avaluatad with a bottle cantrifuge; details are
attached. .

[¥ the samples returned to the client ars accsotable shan, ignaring
metallurgy, a Super-0-Cantar couid bSe recommended 2t a fairly high effactiva
rata, e.g. °-3800 at 3-4 gpm.

Very wruly ycurs,

AT

Jeryy A:ou il

JG:sw
Attach.
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DORR-OLIVER T
- ¥ - . WESTPORT, CONNECTICUT 08380

DORR-OLIVER INCORPORATED TEL. 203 358-3800

* iy

3
i

August 16, 1984

Badger Engineers, Inc.
One Broadway
Cambridge, MA 02142

Attention: Mr. S. W. Fitzpatrick

ke

Reference: Countercurrent Washing of Lignin E

Dear Mr., Fitzpatrick: -

Please find enclosed three (3) copies of Lab. Order 84041 =
describing the results of the 10mm DorrClone testwork that vou

witnessed at our laboratory. Although the tests showed that 10mm Ee

DorrClones could not make the separation desired, spindown tests ;

showed that a Merco Disc-Nozzle Centrifuge acpears to.be a ‘
promising alternative. The Merco Centrifuge woulé also give an
effective washing capability. The samples collacted during the
DorrxClone tests have besn sent to you under sezarate cover,

For your expected flowrates of 705102 #/hr of lignin slurry
and 131964 #/hr of wash water, we would racs-cmerd a 3 stage
countercurrent wash with cur Model H-36 Merco Centrifuge. Two (2)
H=36 centrifuges would 2e required Zor each stage. Budget pricing
for these centrifuges weuld be $1,630,000. Two (2) Model 25L
MerccBowl Centrifuges wculd be required to thicken the Merco
underflow from 25% solids to a 50% cake. 3udc icing for two
(2) Model 25L MerccBcwl Cantrifuges would be S

For the one-fifth scale plant, the equismant would be
correspondingly smaller. Three (3) stages c? Mzrco Model H-30 ' e
centrifuges would be required. Budget pricing for three (3) H-30
centrifuges would be $550,000. One (1) Model 22IL MercoBowl
Centrifuge would be required for dewatering of the Merco
underflow. Budget pricing Zor this unit would e $150,000.




r

DORR-OLIVER T=>

Badger Engineers, Inc.
Mr. S. W. Fitzpatrick
August 16, 1984

Page 2

The one-twenty fifth scale demonstration plant would require
three (3) stages of the Model H-20 Merco Centrifuge. Budget
pricing for these units would be $350,000. In addition, one (1)
Model 12L MercoBowl would be required for dewatering the merco
underflow. Budget pricing for this unit would be $63,000.

As we discussed, small scale laboratory egquipment is
available on a rental basis for further process sizing
requirements. I enclose bulletins MB-1 and 2612 describing the
Merco and MercoBowl Centrifuges and their features in detail. I
look forward tc working with you in the next stace of pilot
development and thank you for your interest in Dcrr-Oliver process
equipment.

vVery truly yours,

; . PV
. 4 . . \_

Michael J. Smith,
Resident Manager

Eastern Region
MJS:pk

Enclosures
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prepared by DORR-OLIVER LABORATORIES for

Badger Engineers, Inc.
Cambridge, MA 02142

BORR-OLIVER order mumber-
LO sso41 July 23, 1984
RECOVERY OF LIGNIN
WITH A
10mm DORRCLONE
- | A laboratory tr:ial was conducted for Badger
: Engineers, Incorporated to determine the feasibii-
t ity of using a 10 millimeter DorrClone to recover
lignin from an acidic siurry.
1 Due to excessive foaming of the slurry, and the
tendency of the lignin to absorb gas and float,
the 10 millimeter DorrClone was not an effective
f‘ means of concentration.

A laboratory centrifugal spin test was performed
on the samples giving promising resuits for the
use of a Merco disc-nozzle centrifuge or Merco
Bowl solid-bowl centrifuge.

. CONFIDENTIAL
This Publication contsing information of a confidentisl nature deemed propristary to

Dorr-Gliver incorporated, its subsidisries and affiliated companies. it PUrpose s to
: provida technicsl guidance and/or information {al for Dorr-Oliver personne! onty in
. the conduct of the company’s business, and (b) in any case where this Publication

< and/or the test work referred to therein was preparsd and/or performed for another
company, for that other company in the conduct of its business. Such information is

not to be disciosed, in whols or in part, to any other persons, NOr is it to be used for
Er-ng_ any other purpose. ‘

i : Page 1 of 4




prepared by DORR-OLIVER LABORATORIES

DORR-JLIVER

’ order number: O 38041 July 23, 1984

CLIENT

Badger. Engineers, Incorporated
One Broadway )
Cambridge, MA 02142

SAMPLE

Two 30-gallon drums of siurry (labeled Drum A
and Drum B) were received at the Springdale
Deveiopment Center from Dartmouth College. The
samples are the product from a reactor utilizing
wood chips and acid. Each of the samples contain
lignin (solid) in an acidic solution (pH of approx-
imateiy 1.0).

OBJECTIVE

To determine the feasibility of using a 10 mm
CorrClone to recover lignin from an acidic slurry.

SUMMARY AND RECOMMENDATIONS

1. Due to the foaming of the siurry and the
tendency of the lignin to absort gas and
float, the 10 mm DorrClone is not a suitable
means to recover the lignin.

l. Total solids analysis were done on samples
from Drum A and 8. The resuits were
2.98% TS (Drum A) and 4.38% TS {Orum
B).

3. A laboratory spin test was performed on
Both sampies using a clinical cantrifuge.
The results indicate the use of a Merco
disc-nozzle centrifuge to be very promising..
A pilot test is recommended.

-4
F~
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prepared by DORR-OLIVER LABORATORIES

order number: | (y 34041 July 23, 1984

V.  DETAILS
A.  INTRODUCTION

The test slurry was used as is from each
drum. The slurry was then fed to a Doxie
5 unit in an effort to remove the lignin.
The overflow and underflow were mixed in
the feed tank, reconstructing the feed and
thus allowing continuous operation.

i (Figure 1).
o B. = PROCEDURE
'* 1. _Gently mix Drum A slurry with
. wooden paddle.
2, Add approximately 10 galions of
sampie from Drum A to tank.
- 3. Start pump with by-pass valve open
S and feed valve open.
g, Increase feed pressure to

f:

approximately 40 psi by closing the
by-pass vaive.

5. Restrict underflow with a needle
valve to give approximately an 80/20
flow split and results in a higher
underflow concentration.

6. Sample feed, overflow, and.
E‘ ' underflow.

7. Measure overflow and underflow
capacity with stop watch and cali-
brated bucket and record resuits
(Figure 2).

8. Adjust the underflow needle valve to
obtain another flowsplit and repeat
= Steps 6 and 7.

s Page 3 of 4




prepared by DORR-OLIVER LABORATORIES

JORR-QLIVER | omtermmse:  LO 83041 July 23, 1984
9. Return siurry to Drum A.
10, Repeat Steps 1 through 9 for
Drum B.
V1. DISCUSSION

The primary negative factor encountered in the
trial runs was foaming of the siurry which resuit-
ed in flotation of the solids rather than settling.
The foaming is due to the tendency of the lignin
to absorb gas when the slurry is very slightly
agitated. As a resuit, the 10mm DorrClone was
not effective in recovering the solids.

Samples from Drum A and B were put in two 15cc
graduated test tubes and spum in a clinical
centrifuge at 50C force for 30 seconds. The
settled volume and centrate clarity were notad
(Figure 3). This procedure was repeated for a 1
minute spin. The assessment of centrifugal
capability was made using the centrate quality
(Figure 4). From the resuits obtained, a Merco
disc-nozzle centrifuge or a Merco Bowi solid-bowi
centrifuge has good possibilities. A pilot test is
in order at this point to establish separation
performance, maximum throughput capacity, and
full scale requirements.

DORR-QLIVER LABORATOCRIES

WY~

J@n r, Peetars

Checked and Approved:

o
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Figure 2

Doxie Test Data

Run Drum AP(B) - Q'Flow . U'Flow Split Tem Sample Jars (4)
(Psi) "{gpm) - {gpm]) UrF) I"C; -
. 22
1 A 37 5.6 ° 0.2 97/3 23 |
2R R
F 0] u
i
2 A 31 ) 3.0 1.1 73/27 - Y
. . ///: e A
F o] u
_ —
707
3 B8 33 2.25 1.1 67/33 -
ZN/2RZ
F 0] u
v A 77
4 8 33 2.6 0.75 78/22 29 /; % ?
. L] - I
7N
F 0 u
Notes:
(1) Solids are floc-like.
{2) Slurry in tank remained unagitated for 1 hour between run 3 and 4 to let the foam
dissipate.
{3) The pressu‘re drop is the highest that could be obtaihed with the present pump on

the test stand.

The sampies coilected wera aobserved one nour iater.




e Figure 3

Spin Test Data

Drum A Drum B
30 Second Spin 2.5 ml Solids 5.2 ml Solids
in 15 ml Total in 16 ml Total
1 Minute Spin 2.2 mi Solids 4,4 ml Solids
g in 15.5 ml Total in 15 ml Total
Notes:
(1) Approximately 0.5 to 1 mi of solids are a darker brown.
(2) Very loosely packed solids.
‘" (3) Centrate is clear in all spins.
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Economic Feasibility Study ' Appendix V
of an Acid Based Ethanol Plant Page 1

Calculation for Assessment of Technical Risk from
Point of View of Cost Growth and Performance Shortfall

Based on Methodology from Rand Report R-2569=-DOE
September 1981

(1) Present Estimate

Estimate the Rand cost growth factor based on present level
of research and development and commercial plant cost
estimate as defined by Badger report of September 1984,

Percent New

© Variable Definition: "Percent of capital cost in
technology proven in commercial use." Range:. 0-100

© Assume Hydrolysis unit is only unit unproven in
commercial use.

0 From Cost Estimate: 21.,74/103.4 x 100 = 21




Economic Feasibility Study Appendix V i
of an Acid Based Ethanol Plant Page 2 T

Impurities

O Variable Definiticn: "Assessment by industry process )
engineers of difficulties with process impurities
encountered during development."” Range: 0 = None, 24
5 = Major

o Variable includes impurities build up as it relates to
catalyst deactivation and corrosion.

o Plant has two major liquid recycle loops (from stillate
evaporation and from furfural recovery).

© Recycle loops present catalyst (yveast) deactivation and
equipment sizing/capacity problems. Prediction of ~
hydrolyzate fermentability is an area of tachnical y
uncertainty affected by impurity build up.

o Corrosion is not expectad to be a problem since plant
definition includes reascnable use of stainless steel.

© Judged Value: Medium~high because of understanding of )
yeast inhibition. .

o Use 3.
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Economic Feasibility Study Appendix Vv
of an Acid Based Ethanol Plant Page 3

Complexity
o Variable Definition: "Simply a count of the number of

continuously linked process steps or block units in the
plant.”

0 Block Units Include: Feedstock handling, hydrolysis,
fermentation, ethanol purification, furfural recovery,
offsite tankage, waste treatment, utilities.

0 Use 8.

.Inclusiveness

o Variable Definition: "Percentage of three items
included in the scope of an estimate." Range: 0-100

© All items were addressed in Badger estimate as items of
cost to be estimated, and were included in from our

number. Could argue value is 100.

o Use 90.




Economic Feasibility Study Appendix V i
of an Acid Based Ethanol Plant Page 4 '

=
Project Definition

© Variable Definition: "Levels of engineering and _
site-specific information included in estimate." ?g
Range: 2 = Most, 8 = Least x4

© Study not site-specific, however, environmental impact .
minimized by design. -

o Use 6. .
3

|

£

Process Development Stage

© Variable Definition: "Selection of stage of process .
development from four categories.” Range: 0 if proven =
at commercial or precommercial, 1 if at R&D stage. '

o Choose stage " (2) Development: A coordinated R&D
program is underway."

¢ Use 1.




2

Economic Feasibility Study
"0f an Acid Based Ethanol Plant

Cost Growth

o Intercept

o {(Percent New = 21) x -0.00297

© (Impurities -"3) x 0.02125

0 (Complexity = 8) x -0.01137

© (Inclusiveness = 90) x +0.00111

0 (Project Definition = 6) x (Process
Development Stage = 1) x -0.06361

o

Cost Growth

Appendix Vv

1.12196
-0.06237
-0.06375
-0.09096
+0.0999
~0.38166

0.62312

S

Page 5




Economic Feasibility Study Appendix V
* of an Acid Based Ethanol Plant Page 6

(2) With Demonstration Unit

(This is an integrated demonstration plant encompassing all
the major process units.)

What can be expected in reduction in cost growth ratio from
building and operating the demonstration unit.

Cost Growth

1

s I

Intercept 1.12196
Percent New - Unchanged at 32 -0.06237
Impurities - Assume that demono will -0.02125
increase understanding of effect of

recycle on fermentability. Therefcre

decrease value to 1 (1) x -0.02125

Complexity - Unchanged at 8 -0.09096
Inclusiveness - Unchanged at 90 +0.0999

Project Definition - Slightly

increased site-specific information

available say reduce to 5.

Process Develcpment Stage - Increase -0.20055

stage of development tc (3).
Precommercialization: "Pilot work of
demonstration type and there are
sufficient data to start design on a
commercial unit.” (5) (=0.04011)

Cost Growth

0.84673
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Economic Feasibility Study Appendix V
of an Acid Based Ethanol Plant Page 7

(3)

With Site=-Specific Study

(A description of a typical site-specific study is given on
page 14 of this Appendix.)

What can be expected in reduction of cost growth ratio from
completing a site-specific study.

Cost Growth

Intercept 1.12196

o

0 Percent New - Unchanged at 21 -0.06237
© Impurities - Unchanged at 3 -0.06375
0 Complexity = Unchanged at 8 -0.09096
© Inclusiveness - Increased to 100 +0.111

(100) x +0.00111

0 Project Definition - Reduced to 4
Level of Engineering: (2) Study
design (Moderate Basis). ' _
Quality of Information: (2) Preliminary
or limited work.

o Process Development Stage - Unchanged -0.2544
at R&D Stage (2)
(4) x -0.06361 0.805




Economic Feasibility Study

Appendix V -

of an Acid Based Ethanol Plant Page 8

(4)

With Both -
What can be expected in reduction of cost growth from both
the building and operating of the demonstration unit and 55
completing the site-specific study. 5
Cost Growth i i
Intercept 1,12196
Percent New - Unchanged at 32 -0.06237 ;
Impurities -~ Reduce to 1 (Demo) -0.02125 23
Complexity - Unchanged at 8 -0.09096 =

Inclusiveness - Increase to 100 (Study) +0.111
Project Definition - Reduce to 4 (Study)

Process Development Stage - Increase .
to (3) precommercialization, (Demo)
(4) x -0.04011 -0.1604

o Cost Growth 0.898

0O O 0 0o 0 0 O




Economic Feasibility Study Appendix V
of an Acid Based Ethanol Plant Page 9

Calculation of Technical Risk from
Point of View of View of Performance Shortfall

Based on the Rand Methodology from Rand Report R-2569-DOE
* September 1981

(1) Present Estimate

Estimate the most likely plant performance in months 7-12
after startup as a percentage of design assumed in Badger
study.

New Steps

0 Variable Definition: Number of process units that
incorporate technology unproven in commercial use.

O Assume uncertainty lies in hydrolysis unit. Since

hydrolysis unit covers many steps treat as two units.

0 Assume 2.




Economic Feasibility Study ~ Appendix V ™
of an Acid Based Ethanol Plant Page 10 i

g2
Balance Eguations
o Variable Definition: Percentage of heat and material
balance equations based on actual data from prior 3
plants. i

© Data obtained from Darmouth reactor performance.

© Fermentation, ethanol purification, furfural recovery
and feedstock handling data based on previously tested

technology but with many differences. ' %%
© Use 40% for this. 2
i)

Waste

© Variable Definition: Assessment by industry process
engineers of difficulties with waste handling
encountered during development.

© Plant designed to limit waste to solid landfill and =
vents. However, actual magnitude of waste problem or o~
of local constraints unknown in practice. Sy

O Allow 2.5.




Economic Feasibility Study Appendix V
of'an Acid Based Ethanol Plant Page 11

Solids

© Variable Definition: Designates that a plant processes
primarily solid feedstocks.

O Wood chips in solid feedstock.
o Use 1.

Performance Shortfall

o Intercept 85.77
o New Steps 2 x =9.69 -19.38
. O Balance Equations 40 x .33 +13.2
0 Waste 2.5 x 4.12 -10.3
0o Solids 1 x =-17.91 -17.91

51.4




Econcmic Feasibility Study
of an Acid Based Ethanol Plant

(2)

With Demonstration Unit

. Appendix V

Page 12

What can be gained in the increase in expected performance
as a percent of design from bulldlng and operating the

demonstration unit.

Performance Shortfall

¢ Intercept

O New Steps - Demonstration plant
increases understanding of all steps
in hydrolysis - reduce to zero.

© Balance Equations - Assume most heat
and material balances can be
confirmed during demonstration phase -
increase to 90%.

0 Waste - Demonstration plant allows
confirmation of assumptions about
wastes generated. However, not
site-specific - reduce to 1.0.

0 Solids - Remains at 1

85.77
Zero

+29,7

- 4,12

-=17.18

93.44

S I v S |
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Economic Feasibility Study
of an Acid Based Ethanol Plant

(3) With Site-Specific Study

Appendix V
Page 13

What can be gained in the increase in expected performance

as a percentage of design from carrying out a site~-specific

study.

Performance Shortfall

Intercept
New Steps - Remains at 2
Balance Equations - Remains at 40%

0O 0 0o O

Waste - Allows site-specific
environmental factors to be
defined - reduce to 2.

O 8Solids - Remains at 1

(4) With Both

85.77
-19.38
+13.2
- 8.24

=17.91

53.44

What can be gained in the increase in expected performance
as a percent of design from both building and operating of a
demonstration unit and completing the site-specific study.

Performance Shortfall

Intercept

New Steps - Zero
Balance Equations 90%
Waste - Zero

Sclids 1

0O 0 0 0o o

85.77
Zero
29.7
Zero

17.91

97.56




Economic Feasibility Study Appendix V
of an Acid Based Ethanol Plant Page 14

Description of Typical Site-Specific Study

A typical site-specific study would define four major items not
included in the.present conceptual design study:

(1) Identify all major technical and project execution issues
requiring resolution before initiation of or during the
design.

(2) Define all the necessary facilities (verify technical
feasibility).

(3) Present an execution plan including schedule for
engineering, procurement, and especially fabrication and
construction.

(3) Present a realistic investment cost and project cash flow
(verify commercial feasibility, allowing negotiation of
realistic value for feedstock).

Some of the issues that would be addressed in a site-specific
Phase 0 study of the first commercial plant for the hydrolysis

technology would be:

(1) Encgineerinc

0 basic design data and design codes for site
modifications for specific feedstocks, definitions
of feedstock delivery, and product shipment systems

© environmental and safety requirements




Economic Feasibility Study Appendix VI
of an Acid Based Ethanol Plant Page 1

Details of Economic Analysis Calculations

The following pages explain the detailed economic calculations
used in the Badger and SERI economic analysis. Footnotes follow
the computer calculations to explain the method and assumptions
used.

The pages of calculations are as follows:

Summary Sheet for Raw Data
Analysis of Revenues

Analysis of Costs of Sales
Investment Summary

Proforma Income Statement
Cash Flow Analysis B
Plant Operating Cost Data
Cost Data During Construction

Finally, examples of the sensitivity analysis printout is given
for the Badge: and SERI based calculations.

Where major differences between the SERI and Badger parameters
exist these are highlighted in the footnotes. .
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Economic Feasibility Study
of an Acid Based Ethanol Plant

Summary Sheet for Raw Data

Appendix VI
Page 2
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Economic Feasibility Study Appendix VI

of an Acid Based Ethanol Plagt

Page 3

Econcmic Assessment Data

Notes:

(1)

(2)

(3)

(3)

(6)

(7)

Base Year - Inflation and escalation if included in
the analysis begin in the base year.

Starting Date - Depreciation calculations use the
starting date as the basis.

Estimated Capital Costs - This represents the total
depreciable investment required. The method of
estimating is given in Appendix VII and capital
cost components are given in Section 5.0 of the
main report.

Land Cost - Land cost is nondepreciable and is

included in the economic calculations as a separate
item.

Interest During Construction - Interest during
construction including past years is capitalized
and included as total depreciable investment.

Tax Credits - Total tax credits amount to 20% of
depreciable capital investment. 10% from
investment tax credit, 10% from business energy tax
credit. SERI based calculations do not take the
10% business enercy credit,.

Percent Equity - Badger calculations have been
carried out on the basis of 100% equity. SERT
based calculations use 70% equity, 30% debt.
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(8)

(9)

(10)

(11)

(12)

(13)
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Page 4

Inflation Rate - Badger calculations have used zero
inflation rate. SERI based calculations use a 7%

inflation rate.

Escalation Rate on Capital - SERI have requested
that an escalation rate of 1% on capital be used in
the calculations. The Badger based calculation

does not include escalation.

Interest During Construction - Interest due during
construction is compounded monthly (SERI
calculation).

Escalation Rate on Operations - SERI have requested
that an escalation rate of 1.5% on operations be
used in the calculations. The Badger based

calculation does not include escalation.

Working Capital - Working capital is computed using
the following formula:

30 Days Accounts Receivable
+Cash (10% Accounts Payable)

+15
+30
-30
-30
-30
-390

Days
Days
Days
Days
Days
Days

Inventories
Maintenance and Spares
Wages

Raw Materials
Maintenance and Labor
Taxes

Tax Rate - The tax rate used in calculations

given by

SERI.

is
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|

(14) salvage -~ A 10% salvage value at the end of the
project is taken in the Badger calculation. The
SERI calculation assumes zero salvage value.

(15) Product Costs - These costs are FOB plant.

(16) Product Volumes - The ethanol production volume at
100% design is 26.2 million gallons per year
(nominal capacity is 25 million gallons). The
figure given here of 27.5 million gallons includes

5% gasoline (purchased as 87% octane gasoline)
blended as denaturant.
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Analysis of Revenues

Notes: (1) Year Start and Number - Plant construction begins
in year zero ana is complete mid-way through year
two. The correspondence with calendar vears is
indicated.

(2) Plant Availability - Plant availability is defined
as that portion of a year that plant is available
N for operation. Since project duration is assumed
to be 15 years plant is available for only half of
year 17.

. (3) Stream Factor - Stream factor is defined as that

( percentage of design capacity at which the plant

- operates during operating year. This actual
production will be stream factor times plant
availability times design capacity. The SERI based
calculation uses a constant stream factor of 100%

from startup. The Badger analysis uses a gradual
increase over three years: 50%, 80%, 100%, etc.
The figures shown above reflect the average stream
factor for the year, e.g., (50%+80%) — 2 = 5%,

25 (4) 1Inflation and Escalation - This analysis is

. prepared for constant dollar DCF accordingly for
the Badger calculation zero inflation assumed.
Inflation index is expressed relative to year =1,
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(5)

(6)

Product Volumes - Actual production is design

capacity modified by plant availability and stream
factor.

Seiling Prices - Constant dollar analysis for
determining DCF 1984 dollars. Land £ill is
indicated as a negative value because charges will
be incurred for collection and disposal by outside
contractor.

Total Revenue - Total revenue line is carried over
to Proforma Income Statement.
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Analvsis of Cost of Sales

Notes:

(1)

(2)

(3)

(4)

(3)

Cost of Sales - These are divided into costs that
behave as variable and costs that behave as fixed
fﬁr ease in calculating cost of sales at reduced
Plant operating rates.

Raw Material Quantities - These are discussed in
text and prorated with fractions of reduced
operating years.

Unit Costs - These are discussed in the text and
are in 1984 constant dollars.

Fixed Costs - Fixed costs include direct labor and
other items which might be considered variable. To
be conservative it is assumed that these costs are
fixed during all years at levels corresponding to
100% production.

Total Cost of Sales - This is carried over %o
proforma income statement. This item includes
straight line depreciation of depreciable assets
for book purposes. This is adjusted to a tax basis
for DCF calculations.
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Investment Summary

Notes:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Investment Summary - Contains a summary of all
ipvestment figures contained in other schedules.

Gross Investment - Gross investment in plant and
equipment corresponds to construction schedule of
30 months. ‘

Average Gross Investment - This is defined as the
average of gross investment at the beginning and
end of the operating vear. It is used for the
purpose of calculating a yearly ROI (simple) based
on book /proforma) income.

Depreciation Summary - Reflects accelerated
depreciation for plant, equipment, buildings.

Beok Depreciation - This is 15 year straight line.

Average Net‘Investment - This is defined as the
average value of net investment at the beginning
and end of the vear (tax depreciated investment).
It is used for calculating a noticnal interest
charged to the proforma income statement. It is
netted out for DCF calculation.

Interest - Interest is charged to proforma income

statement calculated at 13% of average net

investment (tax basis).
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Page 190
=y
)

Proforma Income Statement -
Notes: (1) Proforma Income Statement - This is produced to "
indicate the incremental impact of this project on gé

"the income statement of an existing company. This M

statement contains two major departures from DCF f}

analysis: interest charged at a rate of 13% of +the i

average net investment (tax basis) during operating ey

year; and income tax is based on an income
reflecting national interest. Tax is allowed to be
negative because it assumes that the ccmpany
operating the facility will be capable of employing
tax losses.

g

(2) Revenues and Cost of Sales - This is taken directly “,ﬁ
from supporting schedule. ‘

(3) Distribution - It is uncommon for a venture of this
kind to simply produce product FOB plant.
Generally, it will have distribution expenses and
investment associated with distribution equipment.
Since this is site-specific and dependent on b
specific customer bases it is not included in the :
present calculation. Selling price is +thus FOB
plant.

(4) Selling G and A ~ This is the general and
administrative overhead costs of production.
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of an Acid Based Ethanol Plant Page 11
)
a
Cash Flow Analvsis =
Notes: (1) Sources and Uses Statement - This is used to

ey

calculate IRR discounted cash flow internal rate of
return). This analysis assumes 100% equity, that v
is, the IRR reflects a rate of return for total £
capital consumed.

RS

i

(2) Net Profit Before Taxes - This is taken directly e
from the proforma income statement. Accordingly,
NPBT have notional interest and book depreciation

subtracted from it, which are noncash expenses;
these are added back in within the statement.

(3) Accelerated Tax Depreciation ~ This is employed as
discussed in the text. It is assumed in the Badger
analysis that the tax benefit of accelerated
depreciation can be utilized by the venture owning
the facility. (Otherwise, there would be a tax

- loss carry forward, as used in the SERI based
analysis.)

(4) Adjusted Profit Before Taxes - This is calculated
to determine the actual taxes due before investment
and business energy tax credits. t shoculd be
noted that interest s not deducted for
determination of taxes. It is assumed that the
hurdle rate for the IRR will reflect an overall
cost of Capital for an existing operating company

/(i.e., capital structure, debt, equity, and
interest for the existing entity are reflected in a
cost of capital). The recovery of $13.98 mm i
salvage value is a taxable event in year 17.
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(5)

(6)
w (1)

iy

(8)

¥

o

T g
" G 4 F Mo tin .

5"“7'7"

LR,

P

Tax Credits - An investment tax credit of 10% of
plant investment is assumed. In the Badger
analysis an additional 10% business energy credit
is also taken during the first operating year. It
ié assumed that this venture would gqualify due to
its nature. The DCF is given credit for the tax
credits during the first operating year (see

note 2).

Uses of Funds - This is derived from "Investment
Summary" schedule. Working capital of $8.5 million
is required in the first operating year and is
recovered in the last operating vear. Land is
treated similarly.

Net Cash Flow - This reflects total capital flowing
in and out of the venture. It reflects a total
return on capital (see note 1).

Cumulative Cash Flow - Cumulative cash flow is used
to calculate simply payback period, again assuming

that the owning company can utilize all tax losses

incurred (Badger basis).
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1

Plant Operating Cost Date

Notes: (1) Plant Operating Cost Data - This is a schedule which
calculates IRR in direct manner. This analysis
ties compietely with the IRR calculation in
previous schedules but simply eliminates interim or
redundant calculations.

- (2) Overall cash Flow (Single) - This is the cash flow
of the venture under the assumption that the
project is a single venture and use of tax losses
and tax credits must therefore be deferred until
the single venture itself consumes them. This
basis is used in the SERI based economic analysis.

i | (3) Overall cash Flow (Multiple) - This is identical to
' the cash flow determined in earlier schedules. It
assumes that the plant is operated by an existing

company with other profitable projects against
E? which losses and tax credits can be written off as
5
h soon as they occur.

on B s

,
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Cost Data During Construction

Notes: (1)

(2)
¢
_; (3)
.
ro\
v (4)
{
E; (5)
e
(6)

A B A

I

Monthly Drawdown - Funds to cover construction,
land, tax, and interest payments are paid in equal
amounts eéch month throughout the construction
phase.

Tax Credits - Tax credits allowed are taken as 10%
investment tax credit plus 10% business'energy
credit, the percentage being of the total
depreciable investment.

The Badger Analysis has been conducted using 100%
eguity.

Cost Data During Construction - Covers all costs
including interest on loans for construction and
land purchase incurred during the construction

phase which can be capitalized. 1If construction

ends sometime during a year, the proportion of
interest charges incurred in the fraction of the
year representing the end of the construction phase
can be capitalized.

Costs of Plant - Covers depreciable investment in
plant and equipment including capitalized interest
on loans.

Costs of Land - Land is nondepreciable.
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Page 15

A summary of the SERI based economic calculations is given in the
following pages.
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SERI ECONOMIC PARAMETERS

Raw Data

Calculation Summary
and
Sensitivity Analyses
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Economic Feasibility Study Appendix VII
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General Estimating Procedure

Basic Capital Cost Estimate

Working with équipment lists, plot plans and specifications, the

£ Badger Estimating Department concluded a factor estimate for a

L 25 million gallon per year wood chips to ethanol plant. Separate
. estimates of direct costs were made for each defined area of the
g? plant. The total project summary sheet combines all the direct

) costs by area, as well as the total direct costs, i.e.,

a engineering and field indirect accounts. A typical worksheet is
Li given in Appendix VII.

r

E; The basic factor estimate was accomplished in the following

steps:

© Equipment material costs were developed for each piece of
equipment using vendor quotation or in-house Badger data.
Quotations were obtained for very expensive items and item

r unigue to this type of plant, (example: grinders and chip
i cleaners).

© Each piece of equipment has been multiplied by an
installation factor to arrive at a total direct installed

i cost of a U.S. Gulf Coast (USGC) basis. Installation

E‘ factors were applied to the equipment costs to account for

the costs of piping and valving, instrumentation and

{ controls, structural steel, electrical, all civil work

L

including foundations, insulation, painting and the like.

These factors are determined by utilizing historical Badger

data for similar projects.
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of an Acid Based Ethanol Plant Page 2

© By utilizing historical project cost data, the total direct
cost has been broken down into material cost, labor cost and
labor manhours. Historical data has also been used to break
down the total field manhours into direct hire and
subcontrac% manhours.

o Field indirect costs have been established from historical
Badger data and based on direct manhours.

0 Engineering costs have been based mainly on number of
equipment pieces and modified by equipment size, cost,

repetition and the like.

Reduced Capacitv Plant

An estimate has been made for a reduced capacity plant -

5 million gallon per year. Using equipment lists prepared for
this capacity, estimating procedures followed were the same as
those used for the base estimate - 25 million gallon per year.
In many cases equipment costs were exponentially scaled from the

base estimate, rather than based on a separate vendor guota.

£
SIS )

[

——
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Other Costs

In addition to the base estimate cost, allowances were made for
the following items: (see Appendix V)

Departmental Overhead

General and Administrative Overhead

Land (Included Separately in Economic Analysis)

Taxes

Spare Parts

Startup Allowance

Fee

Plant Transfer from U.S. Gulf Coast to Mid-west
Contingency (To Arrive at "Most Likely" Estimate Figure)

O 0O 0O O 0O 0O 0O 0 O

Appendix VII




Econeomic Feasibility Study
of an Acid Based Ethanol Plant

SERI: 25 Million Gallon Per Yesar Base Case

Area Item Number

Major Items with Basis for Capital Cost

100

200

3¢C0

400

500

Description

GM-104 A/B/S Front End Leader

GS-105
GM=106

MsS-201
MR=-202
MS-203
MB-216

PD-201 A/B/S
GG-202 A/B/C

GA=-204
GC-~209
GC=-214
GC=-215
GF-220
GsS-231
GA-224

As-301
MR=-301
PB~-309
GZ~-312

AS—-401
AS-402
PC-402

TT-403
TT-413
GZ-401

As~-301
MS-502
TY-501

A/B

A/B

A/B
A/S

A/8

Magnetic Clip Cleaner
Switch Engines

Slurry Vessel
Hydrolysis Reactor

High Pressure Flash Drum
Chip Feed Bin

Hydrolysis Feed Pump

Grinder

High Pressure Feeder
Primary Lignin Centrifuge
Lignin Centrifuge
Primary Gypsum Hydroclone
Gypsum Filter

Wood Grinds Beet Feeder
Lime Mix Tank Agitator

Scrubber

Fermenter

Recycle Blower

Yeast Immobilizing Unit

Beer Column

Rectification Column

Sugar Stripper Vapor
Compressor

Beer Column Rebeilers

Feed Preheater

Molecular Sieve

Azeo Column
Solvent Decanter
Azeo Column Prsheater

Appendix VII
Page 4

Method of Estimating

Quote by Caterpillar
Quote by Dings Magnetic
Quote by Plymouth Locomotive

Quote by Jayco/Vrieco

Quote by Teledyne/Chung Wah
QCffice Estimate

Office Estimate

Quote by Worthington

Quecte by Bauer

Quote by Ingersoll Rand
Quote by Dorr Oliver
Quote by Dorr Qliver
Quote by Bauer

Quote by Bird Centrifuge
Quote ty X-Tron

Quote by Lightnin

Office Estimate

Qffice Estimate

Quote by Roots-Dresser
Quaote by JGC

QCffice ZTstimate
Qffice EZstimate
Qffice Estimate

OCffice Estimate
Office Estimate
Quote by Kemp

Office Estimate
Qffice Estimate
Qffice Estimats

- ]




Economic Feasibility Study Appendix VII
~ of an Acid Based Ethanol Plant Page 5

SERI: 25 Million Gallon Per Year Base Case
Major Items with Basis for Capital Cost

Area Item Number Description Method of Estimating
600 Buildings Office Estimate
Railroad Spur Office Estimate
Roads . Office Estimate
Fire Loop Office Estimate
e Tank Dikes Office Estimate
{g MT-607 Fire Water Tank , Office Estimate
700 MT-707 Biotreater Office Estimate
PE-~704 Evaporation Vacuum System COffice Estimate
PB-712 A/S Aeration Blowers Office Estimate
= GV-708 Secondary Clarifier Office Estimate
r{' 800 HB-801 A/B Boiler Quote from Zurn
Lo GZ-811 Turbogenerator Quote From Turbodyne
i;‘ GT-812 Cooling Tower Quote from Marley
HC-803 Biofuel System Quote from Flakt
e PP~808 A/S High Pressure Boiler Office Estimate
E9 Feed Water Pump
# PP-812 A-H Cooling Tower Pumps Office Estimate
GV-806 Deaerator Office Estimate

gl o




czrewr _SERI

BARGER

ESTIMATE SUMMARY SHEST

CASE I
GRAND SUMMARY

tocaTION _US GULF COAST 2084

PLANT 1.0 MM GAL/YR WOOD

TCO ETHANQL

Page 1 of 42
EsT. No. .E20461
D108 3-0 GEI. ™ § oa ]

LATS,
I | 8/26/84] wwB

DESCRIPTION

¥ | MANHO
2CS| s/C

MANHCURS
DIRECY

MATERIAL
$

LABOR

TCWERS

26,000

DRUMS, TANKS & fEACY.

EL]

334,300

PUMPS, COMPR., EiG.

€3

216,700

HEAT ZXCIANGERS

33

303,400

SPECIAL ZQUIPMENT

48

503,300

HEATERS & STACKS

TOTAL EQUIPMENT (A=H)

1as

1,612,700

PIPING.

STROCTURES

ELECTRICAL

LISTRUMENTATION

FIREDROCTECTICN

BUILDINGS

PCUNDATICNS & EARTHWORK

SEWERS

S$I=x CEVETLOPMENT

_INSULATICN

NZW}OCCWWNNIU(‘J mﬂd'ﬂxi‘ﬂ
.

PAINTING

TOTAL (C-R) ACCCUNTS

I

TCTAL (A=T) ACCOUNZIS

PORTABLE SQUIZ/WRENSE SPARES

| 74,300

3,845,000

4,578,000

120,300

7 INSURANCE & TAXES

!

¥ | CVERSEAS SHISPING

TCOTAL V & W ACCCUNTS

X TSMPORARY CONSTIUCTION i

b4 FIZLD CPPICE

Z EQUID., TOOLS & SUPPLI=S

TCeTAL X, ¥,

& T ACCCUNTS

345,000

8] JCME QFTICZ INCL G & &, OQUED

25,990

3,297 .000

GRAND TOTAL

1

2,310,000

Tor exclusions, see overall

summary listing.

Zxcl.

Gaa, CVHD

3,000,000

a&em

.
ot B
£ e “

¥
gt

{




20 -

29 -

40 -

NO.

19

28

30

39

42

E-0461
8/20/84

-

ESTIMATE SUMMARY SHEET INDEX

ESTIMATE

Case I, 1.0 MM GPY

Casg II, 1.0 MM GPY Alternate

Base Commercial Unit, 5.0 MM GPY
Alternate Commercial Unit, 5.0 MM GPf
Base Commerci;l Unit, 25.0 MM GPY

Alternate Commercial Unit, 25.0 MM GPY
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r)&mnm,'v\ g
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CLIENT

LOCATION

PLANT

SERI

BADGER
ESTIMATE SUMMARY SHEET

CASE I
300 AREA

USGC, 2084

FERMENTATION UNIT

Page 4 of 42

E-0461

EST. NO.

IS SURY

o

DATE . |
I_16/26/84 rjgﬁB

DESCRIPTION

MANHDURJ>MANHOURS

s/C

DIRECT

MATEZRIAL
$

LABOR

TOWERS 1

4,000

DRUMS, TANKS & REACT. 8

26,000

PUMPS, COMPR., ETC. | 13

28,000

HEAT EXCHANGERS 3

17,000

SPECIAL EQUIPMENT 10

16,000

HEATERS & STACXS -

TOTAL EQUIPMENT (A-H)| 35

161,000

P

ELECTRICAL

STRUCTURES

INSTRUMENTATION

FPIREPROTECTION

BUILDINGS

POUNDATIONS & EARTHWORK

SEWERS

SITE DEVELOPMENT

INSULATION

WZUHOQW'II'}QM,U(\' mﬂd'ﬂ:‘3='§

PAINTING

TOTAL (C-R) ACCOUNTS

TOTAL (A~T) ACCOUNTS

245,000

INSURANCE & TAXES

OVERSEAS SHIPPING

TOTAL V & W ACCOUNTS

TEMPORARY CONSTRUCTION

FIELD OFFICE

EQUIP., TOCLS & SUPPLIES

TOTAL X, Y, & 2 ACCOUNTS

[« 13184 £ = ¢,

HOME OFFICE

GRAND TOTAL




CLIZNT

LOCATION

PLANT

BADGER

ESTIMATE SUMMARY SHEET

SERI

CASE I
400 AREA

USGC, 2084

ETHANCL UNIT

m. No'

AT

I

Page

S of 42

E-Q461

i)

s

TE

DESCRIPTION

s/C DIRECT

LABCR

TCWERS

DRUMS, TANXS & >

PUMPS, COMPR., =iC.

HEAT EXCHANGZRS

SPECIAL PMENT

mﬂrl'ﬂltid‘a

HEATERS & STACKS

.—-l
[%] BN KB 1 [ g% o] *

TOTAL EQUIDMENT (A-H)

STRUCZURES

ELECTRICAL

INSTRUMENTATION

BUIIDINGS

PIREPROTECTION

FCUNDATICHS 5§ EARTHWORK

SEWERS

SITS DEVETOPMENT

NZUHOQHIINWNDDI

DISULATICN

PAINTING

TCTAL (C-R) ACCOUNTS

TCTAL (A=T

290,000

INSURANCE & TAXES

N

OVERSZAS SHIZPING

TCOTAL V7 & W ACCOUNTS

TEMPCRARY CONSTROUCTICN

NSNS

FIZID CFPICE

EQUIP., TOOLS & SUPPLIES

ZOTAL £, 7, & Z ACCCUNTS

HCME QFFICE

GRAND TOTAL

N




T 32TLIMINARY

BADGER

TSTIMATING -

T AANSMITTAL FORM

" GAPITAL COST ESTIMATE

TILE N0./JCB NO.:

TRANSHMITTAL DATZ:

£-0451
3/20/84 13

SUE I
7/2/84 ISSUE I

S DEPT: PROJECT - o e o
FEQUESTED 3Y waMZ: H.S. KLEIN \T= RLQUESTED 6/11/84
CLIENT : SERI PEISONNEL SALES: _E2.J. Wwhirtshead
WOOD TO ALCOHOL 4
PLANT TYPE : DEMONSTRATION UNIT PROCISS:: S.W. FTirzratrick
1.0, 5.0 & 25.0 MM GPY
CAPACITY OF ALCOHOL ) PROJECT: H.S. Klei
ik f’”
SITE LOCATION USGC ZSTIMATE MADE 3Y: :4.'.»:. rvn_kav-?//
ROVED BYW i~
AN
TITIMATE TOR: s ACTTURACY CC I 33A5IS ZXNCLUSISNE TRCHM
: CASTITAL CCST
See Attachments ad 3 INSTAMNTANEQUS COSTS CVERHZIAD, G & A
AS PSR _ 3 QRT. 138 4 TUTTRE ISCALATION
+ % ; » TALS
PRCCGCTIVITY 303 SPARE PARTS
* 3 TALYST & CHEMICALS
JCB SITE START~C?
+ 3 CONTINGENCY
C3GC/HCUSTCN 20 .A.LTV
JTAL (A-Z)M+L + N . S e
OVED @ _ Q0 % - e
Z3TIMATING APPROACH: 3CO2=:
CAPACITY VS. CAPITAL COST CURVE 3Y PROCISS THIT X QISITES
] ZXPONENTIAL CAPACITY/CCST ADJUSTMENT OF BREVICGCS PR0JECT JTILITIES
ESC:sLATE PREVICUS PRCJECT COSTS CN AN CVERALL 3asSIS TANKAGZ
£ __ TACTOR ZSTIMATE, 3ASID ON OFFICE ESTIMATED ZEUIEMENT WASTE TISATMENT
TACTOR ESTIMATE, WITEH QUCTES FOR MAJOR EZQUIBMENT ITTHS ¥ CTHER 5UCH as:
X CTHER: ALLOWANCES FOR BELCW-THE-LINE CLIENT ITEMS ALL CTHER CLIENT
C7sTs (BELCW-
THE-LINE)
MMENTS : { Cam.t:al cost estimates for this 1.0 ! 3emonstracion unit *:a‘:av'::een c2de for Case T

\ @ minimumcora/cost unit and Case II, a zaximized scope/cost anit /u,..“-:.es (and,
ssue 1 ’umce, having a low operating cos%). ":‘mse 2 casas reprasant an cotindiscic

‘(Case I) versus a cessimistic (Case II) apgroach.

“Capital Cost estimates have been made 56r 2 commer=ial units - 3.0 § 23.0 M G2Y
33T Tr \of alcohol. Additicnally, an alternats for each capacliiy has Zsen estiza=ed.
SSeL, Lil—— . o - -

; Below~the-line casts for each cagacizy, as well as that of Issue I, 3re sicwn

—cn an attached table.

PUR03E Preliminary ZAD for initiation of U.3. Government's SISTRISCTICH (Zxcluding
appropriacion study. 30/°35u fu:.-..a;:y
wpe zneets
o
J'-F.(

ALTS/? QCC:..S/??CJ“C"‘
TMDTIZATED A3SCVE

-te D
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czrent _SERI

BADGER
ESTIMATE SUMMARY SHEET

CASE I

100 AREA

LOCATION _USGC, 2084

PLANT

FEED UNIT

Page

2 of 42

EST. NO., 220461

e WATE
I 6/26/84

MANHOURJ MANHCURS

DESCRIPTION PCS ¢ s/C

DIRECT

MATERIAL

LABCR

SOWERS -
DRUMS, TANKS & REACT.

PUMPS, COMPR., ETC.

HEAT EXCHANGERS

SPECTAL EQUIPMENT 4

38,000

HEATERS & STACXKS

TOTAL EQUIPMENT (A-HY 4

38,000

P

STROCTURES

ELECTRICAL

INSTRUMENTATION

FPIREPROTECTION

BUILDINGS

OQNNNNUO' mnam:x»g
L]

POUNDATIONS & EARTHWORK

SEWNERS

alz jn

SITY DEVELOPMENT

INSULATION

PAINTING

TOTAL (C-R} ACCCUNTS

TOTAL (A=T) ACCOUNTS

88,000

INSURANCZ & TAXES

OVERSEAS ' SHIPPING

TOTAL V & W ACCOUNTS

TEMPORARY CONSTRUCTION

3 O

FIEID QFFICE

EQUIP., TOOLS & SUPPLIES

TOTAL X, Y, & 2 ACCOUNTS

HOME OFFICZ

GRAND TOTAL

+ Portable Equipment

100,000




——

BADGER

ESTIMATE SUMMARY SHEETY
CASE T

cureyr SERL

200 AREA

zocarzon __USGC. 2084

PLANT

ACID HYDROLYSIS UNIT

Page 3 of 42

£ST. NO. ..Ez0461

oy

I |6/26/84

MWB

s

i

DESCRIPTION PCS|

S/C

DIRECT

MATERIAL
]

TOWERS 1

17,000

ORUMS, TANKS & REACT. 17

283,000

?EEPS. EEEFiﬁTAEEE. EEE

181,000

HEAT EXCHANGERS 13

159,000

SPECIAL EQUIPMENT 32

mia [+3]9] K[

300,000

HEATERS & STACSS -

T

TOTAL EQUIPMENT (A-H)| o8

920,000

C PIPING.

STRUCTURES

SLECTRICAL

INSTIUMENTATICON

FIREPROTECTICN

BUIIOINGS

POCNDATICNS & EZARTINCRX

SENRAS

s z}ao o mlm w mlq

SITS DEVEIOPMENT

DISULATICN

PAINTING

TCTAL {(C-R) ACCIUNTS

TOTAL (A-T) ACCCUNTS

INSURANCE & TAXES

CVERSEAS SHIPPING

ICTAL V & W ACCOUNTS

TEMPORARY CONSTRUCTION |

FIZID CFFICE

2QUI3., TCCLS & SUPBLIES

TOTAL X, ¥, & 2 ACCCOUNTS

HOME QFFICE

GRAND TOTAL

‘.n-}g

9
43
o
i




.

-

CLIENT

BADGER

ESTIMATE SUMMARY SHEET

SERI

CASE I

500 AREA

LOCATION __USGC, 2084

PLANT

FURFURAL UNIT

"Page 6 of 42

EST. XO. E-0461

ISSUR!  DATE

BY_

I

6/26/84

MWB

7%

RACC?.

DESCRIPTION P

s/C

MANHOURS
DIRECT

MATERIAL
S

LABOR

TOTAL

TOWERS

24,000

DRUMS, TANKS & REACT.

17,000

PUMPS, COMPR., ETC.

8,000

HEAT EXCHANGZRS

48,000

i [ ol X

SPECIAL EQUIPMENT

i j jolof ol ﬂ -*

-

HEATERS & STACXS

-T—

TOTAL EQUIPMENT (A~H){ 13

97,000

?

STRUCTURES

ELECTRICAL

INSTRUMENTATION

FIREPROTECTION

BUILDINGS

POUNDATIONS & EARTHWORK

SEWERS

S1TEF DEVELOPMENT

AIZ O IGlwiEimlo

INSULATION

PAINTING

TOTAL (C-R) ACCOUNTS

TOTAL (A-T) ACCOUNTS

270,000

INSURANCE & TAXES

OVERSEAS SEIPPING

TOTAL V_& W_ACCOUNTS

TEMPORARY CONSTRUCTION

(ST 0}

FIELD QFFICE

EQUIP., TOOLS & SUPPLIES

TOTAL X, ¥, & Z ACCCUNTS

HOME CFFICE

GRAND TOTAL




LOCATION

PLANT

SERI

BADGER

ESTIMATE SUMMARY SHEET

CASE I
50C_ AREA

USGC, 2084

TANKAGE BUILDING

EST. NO.

Page 7 of 42

E-Q461

N ;
N

— av

I a/28/84

DESCRIPTION

MATERIAL
DIRECY 3

TCWERS

CRUMS, TANKS & REACS.

73,000

PUMPS, COMPR., Z7C.

10,3500

8,200

SPECIAL EQUIDMENT

S00

HEATERS & STACKS

TCTAL EQUIPMENT (A=~H)| 1

Py
a
TEAT EXCIANGERS e
1
0

89,000

21DTNG

STRUCTURES

ELECTRICAL -

INSTRUMENTATION

FIREPROTECTICN

BUILOINGS

PCUNDATIONS & EARTENORX

POCIN"QWNUQI mﬂd'ﬂ:‘?‘g
»

SEWERS

(11

S$ITS CEVEICPMENT

TNSULATZCN

wora

PAINTING

TCTAL ACCCUNTS

300,000

ALLOW FOR BUILDING

50,000

TOTAL (A=T) ACCT

360,000

INSURANCE & TAXES

&

QVERSEAS SHIPPING

TOTAL ¥V & W ACCCUNTS

TEMPORARY CONSTRUCTICN

[37 L2 k3

PIZID CFPICE

2QUI3., TCCLS & SUPPLIES

ZCTAL X, ¥, & 2 ACCIUNTS

(0}

HOME OFPICZ

GRAND TOTAL

~

£

By

f




Page 8 of 42

BADGER
ESTIMATE SUMMARY SHEET
CASE I
700 AREA

CLIERT SERI EST. NO. E-0461

LocaTzon  USGC, 2084 1ssuRl pare lay  lewmoy

I $6/26/84 | MWB

PLANT ENVIRONMENTAL UNIT ' TR

# MANHOURJ MANHOURS| MATERIAL LABOR TOTAL
ACCT.| DESCRIPTION PCS| s/C DIRECT $ $ $

_TOWERS

x|

DROMS, TANKS & REACT. 21,300

PUMPS, COMPR., EIC. - 2,200

HEAT EXCHANGERS 21,200

SPECIAL EQUIPMENT 149,000

E AR ]G]

HEATERS & STACXS

S ool

213,700

e TOTAL EQUIPMENT (A-H)

c | P

STRUCTURES

ELECTRICAL

INSTRUMENTATION

FIREPROTECTION

BUILDINGS

FOUNDATIONS & EARTHWORKX

SEWERS

] o] 14 mlmwmlo

SITE DEVELOPMENT

INSULATION

b 4

PAINTING
& TOTAL (C-R) ACCOUNTS

TOTAL (A-T) ACCOUNTS 350,000

S ————————

<

INSURANCE & TAXES
W | -GVERSEAS SHIPPING
TOTAL V & W ACCOUNTS

X__| TEMPORARY CONSTRUCTION
4 Y [ FIEID OFFICE

2 | EQUIP., TOOLS & SUPPLIES
TOTAL X, Y, & 2 ACCOUNTS
U__| HOME OFFICE

r

GRAND TOTAL




' BADGZR

ESTIMATE SUMMARY SHEET

CASE II
GRAND SUMMARY
GRASS ROOT 21ANT

SERT

USGC, 2084

1.0 MM GAL/YR WCOD TO ETHANGOL

Fage 9 of 42

EST. MO, .E=0461

IS carslax

I 8/26/341 )

{

¢ uasaouas{uanacuns

DESCRIPTICN s/C DIRECT

-

MATERIAL
$

66,300

TCWERS B
DRUMS, TANKS & RBACT 601 -

856,200

PUMPS, COMPR., SiC.

=13,300

HEAT ZXCHANGZRS 38

316,000

SPECIAL EQUIPMENT 73

2,857,000

HEATERS & STACKS -1

_430,000

TOTAL EQUIPMENT (A~H)
SIPINe

4,649,200

tlfj sl Aol X ﬁ

STROCTURES

ELICTRICAL

THSTAROMENTATICH

PIREZIROTECTICH

3UILDINGS

POUNDATICHS & EARTHWORX

SEWERS

SITZ DEVELOPMENT

INSULATICN

iz lnjo fafw]wlx m,

PAINTING

TCTAL (C-R} ACCCUNTS

TCTAL (A-T 220,600

8,804,000

4,396,000 { 13,200,000

PORT. Z0./WHS SPRS/LA3 EQ.

220,000

e ey et
v INSURANCE & TAXES

A CVERSEAS SHIPPING

| _TOTAL V_&_W_ACCOUNTS

K TEMPORARY CONMSTRUCTICON

I FIZI0 QOFPICE

z EQUIP., TCCLS & SUPPLIES

2,300,000

I2TaL X, ¥, & 2 ACCOUNTS
HOME CFPICZ INCL Gaa , CVAL]

133,000

5,390,300

| GRAND TOTAL

22,180,000

For exclusions, see overall summary listing.

Excl.

o~

=37 . 9

QVHD 19,830,000

is.}

£3

gt




I

o

[

.CLIENT

LOCATION

PLANT

BADGER

Page 10 of 42

ESTIMATE SUMMARY SHEET

SERI

CASE II
100 AREA

USGC, 2084

FEED UNIT

EST. NO.

E-0461

BY

DATE
I 6/26/84

MWB

DESCRIPTION PCS

MANHOURS} MANHOURS

s/C DIRECT

MATERIAL LABOR

TCOWERS

DRUMS, TANKS & REACT ]

PUMPS, COMPR., ETC.

HEAT EXCHANGERS

SPECIAL EQUIPMENT 5

46,000

HEATERS & STACKS

-—a-_

TOTAL EQUIPMENT (A-H)| 5

46,000

P2

STRUCTURES

ELECTRICAL

INSTRUMENTATION

FPIREPROTECTION

BUILDINGS

FOUNDATIONS & EARTHWORK

SEWERS

SITE DEVELOPMENT

A 1 O IG TR0

INSULATION

PAINTING

TOTAL (C-R) ACCOUNTS

TOTAL (A-T) ACCOUNTS

100,000

<3

INSURANCE & TAXES

OVERSEAS SHIPPING

TOTAL V & W ACCOUNTS

TEMPORARY CONSTRUCTION

N'ﬁN

FIELD OFFICE

EQUIP., TOOLS & SUPPLIES

TOTAL X, Y, & 2 ACCOUNTS

HOME OFFICE

GRAND TCTAL

+ Portable Equipment

100,000




LCCATION

PLANT

BADGER

ESTIMATE SUMMARY SHEES?

SERI

CASE II
200 AREA

UscC, 2Q84

" ACID HYDROLYSIS UNIT

EST

I

. No .

bl

Page

11 of 42

E=0461

DATE. |
8/26/84

DESCRIPTION

PCSy

s/C DIRECY

MATERIAL

$

LABOR

TOWERS 1

17,000

ORUMS, TANXS &

- o

17

283,000

SUMPS, COMPR., ETC. | 35

161,000

HEAT EXCHANGZRS

122,000

SPECIAL EQUIDMENT

32

300,000

HEATERS & STACXKS -

D
(4]

220,000

TOTAL EQUIDMENT (A-H)
: .

-~ o

STRUCTURES

ELECTRICAL

INSTROMENTATION

PIREPRCTECTICN

BUIZDINGS

FCUNDATIONS & EZARTHWORK

SENERS

SIZ= DEVEIOPMENT

:UZUHOQN"JNNDA‘A, mnd'o:xvg
*

INSULATION

PAINTING

TCTAL (C-R)} ACCOUNTS

TCTAL (A-T) AGLOUNTS

2,575,000

INSURANCE & TAXES

W

CVERSEAS SHIPPING

TCTAL V & ¥ ACCCUNTS

TEMPORARY CONSTRUCTICN

FIZID CPPICE

(3] L

EQUI?., TCQL3 & SUPPLIES

ISTAL X, 7, s 2 ACCOUNTS

}

HOME OFYICZ

GRAND TOTAL

o LA iR




[

a—

RELE,
4

r

CLIENT

BADGER

ESTIMATE SUMMARY SHEET

SERI

CASE IT
300 AREA

LocaTon  USGC, 2084

PLANT

FERMENTATION UNIT

Page 12 of 42

«

Estr’ NO. 2-0461

135St

DATS _LRX
I [6/26/841MWB

DESCRIPTION PCS

MANBOURJ MANHOURS
s/C DIRECT

MATZRIAL
$

LABOR

TOTAL

TCOWERS 1

4,000

DRUMS, TANXS & REACT. g

96,000

PUMPS, COMPR., EIC. |13

28,000

HEAT EXCHANGERS 3

17,000

SPECIAL EQUIPMENT 11

26,000

HEATERS & STACXS -

TOTAL . EQUIPMENT (A~H) 36

171,000

PIP

STRUCTURES

ELECTRICAL

INSTRUMENTATION

FIREPROTECTION

BUILDINGS

FOUNDATICNS & EARTHWORK

SEWERS

SITE DEVELOPMENT

>
mzwnummxmuJ mndm:»ﬁ

INSULATICON

PAINTING

TOTAL (C-R) ACCOUNTS

TOTAL (A-T) ACCOUNTS

570,000

£ B

INSURANCE & TAXES

OVERSEAS SHIPPING

TOTAL V & W ACCOUNTS

TEMPCRARY CONSTRUCTION

Nl

FIELD OFFICE

EQUIP., TOCLS & SUPPLIES

TOTAL X, ¥ & 2 ACCOUNTS

(@]

HOME OFFICE

GRAND TOTAL

Laboratory Egquipment

100,000




CLIZNT

LOCATION

PLANT

SERI

BADGER
ESTIMATE SUMMARY SHEET
CAaSE II

400 AREA

————————

Uscg, 2084

ETHANOL UNIT

Page 13 of 42

EST. WO.

E-0461

ot

I 16/26/84IMWB

8y

DESCRIPTION

PY

s/C

| MATERIAL
DIRECT s

LABCR

TCWERS

21,500

DROMS, TANKS & REACS

28,000

suMps, COMPR., ETC.

15,3Q0

HEAT EXCHANGERS

63,000

SPECIAL SQUIPMENT

300,000

HEATZRS & STACSS

-

[¥] llk“
< jlojojos »

TCTAL EQUIPMENT (A~H)

828,800

STRUCTURES

ELZCTRICAL

~ ITNSTRUMENTATICR

PIREDPRCTECTION

BUILIINGS

TOUNMDATIONS & ZARTEWORX

SEWERS

SI7TS DEVEILCPMENT

wmmoum‘ummunl u:nd*u::vg;
L ]

INSULATICN

PAINTING

TOTAL (C-]) ACCOUNTS

TOTAL (A=T) ACCOUNTS

1,200,000

v INSURANCE 5 TAXES
p. OVERSEAS SHIPPING

TOTAL V & W ACTOUNTS

i

X | TEeMPCRARY CCNSTRUCTION
b4 PIELO OFFYICE
Z EQUIP., TCQL3 & SUPPLIES |

TOTAL X, ¥, & 2 ACCCUNTS |
g ZCME CFPICE

GRAND TOTAL |

e hok

fEl




. Page 14 of 42

BADGER
- ESTIMATE SUMMARY SHEET
- CASE II

500. AREA

CLIENT SERI EST. NO. __ E-0461

. oN__ USGC, 2084 T
: zocaT: N A

PLANT FURFURAL UNIT

HANHO(JRJ MANHOURS| MATERIAL LABOR TOTAL

DESCRIPTION P s/C DIRECT S $ ' $

TOWERS 24,000

DRUMS, TANKS & REACT.] 17,000

PUMPS, COMPR., EIC.
HEAT EXCHANGERS
SPECIAL EDUIPMENT
HEATERS & STACYS

8,000
48,000

WG oo 8%

TOTAL EQUIPMENT (A~H)| 18 97,000

PID

STRUCTURES

ELECTRICAL

INSTRUMENTATION

FIREPROTECTION

BUILDINGS
FOUNDATIONS & EARTHWORK
SENERS

SITE DEVELOPMENT
INSULATION
PAINTING
TOTAL (C-R) ACCOUNTS

r,,_

-
Al o igiwliglximlo NOHVKB‘Q

By

TOTAL (A=-T) ACCOUNTS 270,000

INSURANCE & TAXES
W OVERSEAS SHIPPING
TOTAL V & W ACCOUNTS

A
<

TEMPORARY CONSTRUCTION
FIEID COFFICE

EQUIP., TOOLS & SUPPLIES
IOTAL X, Y, & Z ACCOUNTS
HOME CFFICE

S —

(2] O

(o]

—
o

GRAND TOTAL




CLIENT

saGzR
ESTIMATE SUMMARY SHEST

CASE II

600 AREA

SERI

LocaTToN_ USGS, 2084

PLANT

TANKAGE BUILDING

fage 15 of 42

EST. NO. =246l

LSSURS DACE.
T

6/26/84

qﬁ
:

AWB

L .HINEOURJVMANHOURS MATEZRIAL

DESCRIPTION PCS, s/C DIRECY $

LABOR

TCWERS
DRUMS, TANKS & REACS. 11 177,600

PUMPS, COMPR., EoC. | 1L 25,500

HEAT EXCHANGERS 1 &,000

SPECIAL ESQUIPMENT 2 1,000

HEATSRS & STACKS - -

TOTAL EQUIPMENT (A-H)| 25 203,600

ELZCTRICAL

STRUCTURES

INSTROMENTATICN

PIREIROTECTICON

SUILDINGS

POUNDATIONS & EARTHWORX

SENERS

$ITE DEUVEIOPMENT

mzaxpnmmwwlua mﬂd'ﬂxi‘ﬁ
.

INSULATICN

PAINTING

TCTAL ACCIUNTS

800,000

SBUITDINGS/RCOADS

830, 0C0

TOTAL (A-T) ACCCUNTS

1,83C,000

INSURANCE & TAXES

,_.

QUERSEAS SHIZPING {

TOTAL V_& W _SCCOUNTS

TENPORARY CONSTRODCTICN

[31 [ E7

FIZIO QFFICES

ZQ0IP., TCOLS & SUPPLIES

ICTAL X, 7, & 2 ACCCUUNTS

(&1

HOME _QFPICE \

GRAND TC :

k3
s

1
i
i
2

tﬁf

i
Gaedl




CLIENT

LOCATION

PLANT

BADGER

ESTIMATE SUMMARY SHEET

SERL

"CASE II
700 AREA

USGC, 2084

ENVIRONMENTAL UNIT

EST. NO.

Page 16 of 42

E-0461

i

IV

BY

SBs)-bu
I 6/26/84

MWB

ACCT.

DESCRIPTION

MANHOURJ>MANBOURS
s/C DIRECT

MATERIAL

LABCR

TOTAL

TOWERS

DRUMS, TANKS & REACT. o

189,000

PUMPS, COMPR., EiC. 13

53,000

HEAT EXCHANGERS 3

23,000

SPECIAL EQUIPMENT Q

i 1A | o] X

271,000

HEATERS & STACXS -

T

TOTAL EQUIPMENT (A-B)| 3,

336,000

PIPIM

STRUCTURES

ELECTRICAL

INSTRUMENTATION

FIREPROTECTION

BUTILDINGS

FOUNDATIONS & EARTHWORX

SEWERS

SITE DEVELOPMENT

I N0 G eI - sl o

INSULATION

PAINTING

TOTAL (C-R) ACCOUNTS

TOTAL (A=-T) ACCO S

1,655,000

INSURANCE & TAXES

OVERSEAS SHIPPING

TOTAL V & W_ACCOUNTS

TEMPORARY CONSTRUCTION

FIZID OFFICE

3 B £

EQUIP., TOOLS & SUPPLIES

TOTAL X, Y, & Z ACCOUNTS

HOME OFFICE

GRAND TOTAL




BADGER

CASE II
800 AREA

CZIﬁNT SERI

LOCATION USGEC, 2084

PLANT UTILITIES

=ST.

Issnﬂ' DATS

I

Page 17 of 42

No .

£-0461

i
[

-} 4

6/26/34

MWB

DESCRIPTICN Py A R

MATZRIAL

LABOR

TCWERS

DRUMS, TANKS & REACRd 7

85,000

TS, CoeR, TR T

223,000

HEAT EXCHANGZRS -

-

SPECIAL EQUIPMENT n

318,000

HEATERS & STA S

TOTAL EQUIPMENT (A=-H)| 29

80€,000

>

&

STAOCORES

ELoCoRICAL

TUSTROMENTATICN

PINEPROTECTION

AUILIOINGS

TOUNDATIONS & EARTEWORK

SENERS

SIZ% OEVELOPMENT

THSULATICN

WZUIQ‘CW"J')‘NU41 mﬂ'i’ﬂi‘i‘ﬁ
*

PAINTING

TOTAL (C-R) ACCOUNTS )

TOTAL (A=7] ACCCUNTS

V| INSURANCE & TAXES

L OVERSEAS SHIFPPING

.v&-%rY’ - W Acms :

— RARY CCHSTRUCTICN

PIILD AFFICE

3] I3 S

EQUIP., TCOLS & SUPPLLZ

TOTAL X, ¥, & 2 ACCCUNTS |

)

GRAND TCTAL !




=

CLIENT

‘LOCATION

PLANT

BADGER

ESTIMATE SUMMARY SHEET

SERI

CASE II
800 AREA

_USGC, 2084

BOILERS, HB-801 A/B

EST.

TSeR DATE | BY

Page 18 of 42

NO. E=0461

I

6/26/841 MWB

RCCT.

DESCRIPTION PCS |

MANHOURJ>MANHOURS

s/C DIRECT

LABOR

TOWERS

DRUMS, ZANKS & REACT.

PUMPS, COMPR., ETC.

HEAT EXCHANGERS

SPECIAL EQUIPMENT

[ S

1,070,000

HEATERS & STACXS

40,000

1,110,000

TOTAL EQUIPMENT (A~H)[ 3
PIPING

STRUCTURES

ELECTRICAL

INSTRUMENTATION

FPIREPROTECTION

BUILDINGS

FOUNDATIONS & EARTHWORK

SEWERS

SITE DEVELOPMENT

INSULATICON

NZUHOQM"]NMIUO' wmla ol X

BPAINTING

TOTAL (C-R) ACCOUNTS

TOTAL (A=T) ACCOUNTS

2,800,000

INSURANCE & TAXES

OVERSEAS SHIPPING

TOTAL V & W ACCOUNTS

TEMPCRARY CONSTRUCTION

FIEID QFFICE

EQUIP., TOOLS & SUPPLIES

TOTAL X, ¥, & Z ACCOUNTS

HOME OFFICE

GRAND TOTAL




BADGER

ESTIMATE SUMMARY SHEET

CASE II
800_AREA

staye  TURBOGENERATOR GZ-81l

Page 19 of 42

m. m' 3-046v;’

I 8/26/84

MWB

. ¥
DESCRIPTION PCS |

s/C

DIRECY

MATZRIAL

TCWERS

DRUMS, TANKS & REACT.]

PUHPS, mnco &EEQ

HEAT EXCHANGZERS

SPECIAL EQUIPMENT L

325,000

HEATERS & STACKS

TOTAL EQUIPMENT (A-H) 1

325,000

2

STRUCTURES

ELZCTRICAL

TNSTROMENTATICR

PIREIROTECTICN

BUILDINGS

FOUNDATICNS & ZARTHWORK

SENERS

[ SI7= DEvELoPMENT

DISULATICH

WZI&OQN"JNNOA‘.’ Q) |2 o] I

PAINTING

TCTAL (C-R) ACTCUNTS

TOTAL {(A~T )

700,000

k.

TEMPORARY CONSTRUCTICN

ST ] Fo

PIZID QFPIC2

ZQUID., TOOLS & SUPPLIZS

§

:

T X, Y, & 2 ACCDUNTS

ol

SCME CFFIC2

GRAND TOTAL

|

pris e

-

EREReS:

i

A

t:‘{
b dunecoibli -

»3

M
LSRR

1




[y

CLIENT

LOCATION

PLANT

BADGER
ESTIMATE SUMMARY SHEET

TOTAL PLANT
GRAND SUMMARY

(AREAS - 100 THRU 800)

SERI

USGC, 2084

5 MM GAL/YR OF ETHANOL

BASE

CASE

EST. NO.

Page 20

of 42

E-0461

DATE

RY CHED .

)
I

8/15/84

MWB

el
==

RCCT.

DESCRIPTION

PCS

MANHOURS
s/C

MANHOURS
DIRECT

MATERIAL
S

LABOR

TOTAL

TOWERS 6

272,000

DRUMS, TANKS & REACT. 75

1,811,200

PUMPS, COMPR., ETC. |17g

1,580,900

HEAT EXCHANGERS 42

1,637,300

SPECIAL EQUIPMENT 83

6,652,600

HEATERS & STACKS >

2,900,000

PIPING

TOTAL EQUIPMENT (A-H)|3g1

14,854,000

STRUCTURES

ELECTRICAL

INSTRUMENTATION

FIREPROTECTION

BUILDINGS

FOUNDATIONS & EARTHWORK

SEWERS

SITE DEVELOPMENT

INSULATION

%UZU‘IPOQW'UN(’]UOI e IR e D i e

PAINTING

SUBTOTAL (A-T) ACCOUNTS

24,420,000

12,440,000

36,860,000

PQORTAR E & LAB EQUTP.

290,000

290,000

TOTAL (A-T) ACCOUNTS

520,000

24,710,000

12,440,000

37,15C,000

INSURANCE & TAXES

OVERSEAS SHIPPING

TOTAL V & W ACCCUNTS

TEMPORARY CONSTRUCTION

FIELD QFFICE

EQUIP., TOOLS & SUPPLIES

TOTAL X, ¥, & 2 ACCOUNTS

5,100,000

HOME OFFICE (EXCL. G & A +

QVHD)

230,000

€,750,000

GRAND TOTAL

49,000,000

For exclusions, see overall summary listing.




Page 21 of 42

3anczR
ESTIMATE SUMMARY SHEET

AREA 100 . S

CLIZNT SERI EST. NOo.__E-0461

LocaTION __USGC, 2084 1ssuel nare lav  lewwn —
- T 8/13/84 i

PLANT 5 MM GAL/YR OF ETEANOL BASE CASE wrd
FEED UNIT

: . MANHOU'R% MANHOURS| MATERIAL LABOR TOTAL
T.| DESCRIPTION PCS§{ s/C DIRECT $ $ $ ,
DRUMS, TANKS & REACT. :
PUMPS, COMPR., &ZTC. 1 ‘ 3,000
HEAT EXCHANGERS Ry
SPECIAL EQUIPMENT 7 " 33,000
ZEATERS & STACKS
TOTAL EQUIPMENT (A-H)| 8 96,000
PIPING

STRUCTORES
ELECTRICAL
INSTRUMENTATION
TIREPROTECTION
BUILDINGS )
FOUNDATIONS & ZARTHWORK .
SEWERS

SITE DEVETOPMENT
INSULATICN

PAINTING

TOTAL (C-R) ACCCUNTS

0
I

mﬂri“lfiﬁ’q

o
ki

;()ZUHOQ(D"J?GNDQI

TCTAL (A=T) ACCOUNTS . 200,000

INSURANCE & TAXES A
QVERSZAS SHIPPING
TCTAL 7 & W ACCCOUNTS | i

i<

TEMPORARY CONSTRUCTION
TIELD OFFICE

EQUI®., TOOLS & SUPPLIES
TOTAL X, ¥, & 2 ACCOUNTS
HOME OFFICE

|31 B4

o

GRAND TCTAL | ' i !

Portable Equip. 12¢,000




CLIENT

LOCATION

BADGER
ESTIMATE SUMMARY SHEET

SERI

AREA 300

UsGC, 2084

5 MM GAL/YR OF ETHANOL

FERMENTATION UNIT

BASE CASE

Page 23 of 42

EST. NO.__E=0461

13

DATE BY (@3 enl

I 18/15/84 | MwB

TN

ACCT.

DESCRIPTION PCS

MANHQURJ MANHCURS

s/C

DIRECT

MATERIAL
$

LABOR TOTAL

TOWERS 1

18,000

DRUMS, TANKS & REACT. 10

240,000

PUMPS, COMPR., ETC. 28

300,000

HEAT ZXCHANGERS 3

30,000

SPECIAL EQUIDMENT 13

180,000

HEATERS & STACKS -

TOTAL EQUIPMENT (A~-H)| 35

828,000

PIPING

———

STRUCTURES

SLECTRICAL

INSTRUMENTATION

PIREPROTECTION

BUILDINGS

TOUNDATIONS & ZARTHWORK

SEWERS

SITE DEVELOPMENT

WZ(AIOQW"JWNUOI M 3 o] )

TNSULATICN

SAINTING

TOTAL (C-R) ACCOUNTS |

TOTAL (A-T) ACCCUNTS

2,110,000

INSURANCZ & TAXES

QVERSEAS SHIPPING

TOTAL ¥V & W ACCCOUNTS

TEMPORARY CONSTRUCTTION

[ ] 12°F P2

FIZLD CFTICE

EQUIP., TOOLS & SUPPLIZ=S

TCTAL X, 7, & Z ACCCUNTS

HOME OFTICE

GRAND TOTAL

{

Laboratory Equigz. 120,200

4

v

1

A

5 S b




prmT

&

CLIENT

LOCATION

PLANT

BADGER
ESTIMATE SUMMARY SHEET

SERI

AREZA 400Q

USGC, 2084

5 MM GAL/YR OF ETHANOL

ETHANOL UNIT

BASE CASE

Page 24 of 42

EST. No.__E=0461

DATE Y

I 8/15/84 |MWB

Qe O

R
3

DESCRIPTION BCS

MANHOURS| MANHOURS

s/C

DIRECT

MATERIAL
$

LABOR TOTAL

TOWERS 2

94,000

DRUMS, TANKS & REACT.| g

44,000

PUMPS, COMPR., ETC. 17

302,000

HEAT EXCHANGERS 10

310,000

SPECIAL EQUIPMENT 1

850,000

HEATERS & STACKS -

TOTAL EQUIPMENT (A-H)| 35

1,700,000

PIPING

STRUCTURES

ELECTRICAL

INSTRUMENTATION

FIREPROTECTION

BUILDINGS

FOUNDATIONS & EARTHWORK

SEWERS

SITE DEVELOPMENT

INSULATION

wiz juolujw]alxio]o nl mia (s ]v] i

PAINTING

TOTAL (C-R) ACCOUNTS

TOTAL (A-T) ACCOUNTS

3,100,000

INSURANCE & TAXES

CVERSEAS SHIPPING

TOTAL V & W ACCOUNTS

TEMPORARY CONSTRUCTION

FIELD OFFICE

EQUIP., TOOLS & SUPPLIES

ICTAL X, Y, & 2 ACCOUNTS

HCME OFFICE

GRAND TOTAL




CLIENT

BADRGER

ESTIMATE SUMMARY SHEET

SERI

AREA 300

1ocATION __USGC, 2084

PLANT

5 MM GAL/YR QF ETHANOL

BASE CASE

FURFURAL

Page 25

of 42

EST. NO..—E220461

Issusl paTe

34 XD .

‘I 18/15/84

MWB

MYk

ACCT.

MANHOGRJ MANHQOURS

s/C

DIRECT

MATERIAL
$

LABOR

TOTAL

TCWERS

25,000

. i

DESCRIPTION PCS
2
2.

DRUMS, TANKS & REACT.

37,000

PUMPS, COMPR., BXC. | 12

13,000

HEAT EXCIANGERS 8

215,000

SPECTIAL EQUIPMENT -

HEATERS & STACS -

PIPING

TOTAL EQUIPMENT (A-#) 24

360,000

STRUCTURES

ELECTRICAL

INSTROMENTATICN

FIREPRCTECTICN

BUILDINGS

FOUNDATICONS & SARTHWORX

SEWERS

SITE DEVELOPMENT

WZUHOH(H'Q?ENUOI MG 2 | o] K[>

_INSULATICN

ZAINTING

TOTAL (C-R) ACCOUNTS |

TCTAL (A=T) ACCGUNTS

2730,0C0

INSURANCE & TAXES

CVERSEAS SHIPPING

TOTAL V & W ACCOUNTS :

TEMPORARY CONSTRUCTICON

FIZID CFPICE

(ST G 1]

EQUI2., TCOLS & SUPPLIZS

IOTAL X, ¥, & 2 ACCCUNTS

z

HOME QFTICE

GRAND TOTAL |

2]

i -

&
Rt

R ﬁ:ﬂ
Sonsi

£




]

Ty

e

BADGER

ESTIMATE SUMMARY SHEET

SERI

AREA 600

USGC, 2084

5 MM GAL/YR OF ETHANOL

BASE CASE

TANK STORAGE & BUILDINGS

Page 26 of 42

EST. NO...E=-0461

DATE BY CHXD .

I |8/15/84 | MWB

Dy

RCCT.

DESCRIPTION

PCS |

MANHOURS| MANHOURS

s/C

DIRECT

MATERIAL

LABOR TOTAL

TOWERS -

DRUMS, TANKS & REACT. ')-

430,000

PUMPS, COMPR., ETC. =2

29,000

HEAT EXCHANGERS 1

19,000

SPECIAL EQUIPMENT 2

2,000

mio | | o] Xl

HEATERS & STACKS -

TOTAL EQUIPMENT (A-H)| 37

480,000

PIPING

STRUCTURES

ELECTRICAL

INSTRUMENTATION

FIREPROTECTION

BUILDINGS

FOUNDATIONS & EARTHWORK

,SEWERS

SITE DEVELOPMENT

wlZ PO jGjwiaixkiEm|olo

INSULATION

PAINTING

SUBTOTAL (A-T) ACCOUNTS

1,300,000

BUILDINGS & ROADS

1,600,000

TOTAL (A-T) ACCOUNTS

INSURANCE & TAXES

2,300,000

OVERSEAS SHIPPING

TOTAL V_& W ACCOUNTS

TEMPORARY CONSTRUCTION

NI

FIELD OFFICE

EQUIP., TOOLS & SUPPLIES

TOTAL X, ¥, & 2 ACCOUNTS

HOME OFFICE

GRAND TOTAL




CLIZNT

LOCATICON

PLANT

BADGER

ESTIMATE SUMMARY SHEET

SERL

AREA 700

USGC, 2084

S MM GAL/YR OF ETHANOL

BASE -CASE

ENVIRONMENTAL

EST.

1S SUE

NO.

Page 27 of 42

E-Q461

pare =y

CIKD,

I

8/15/84 [uwB

Pyea /2

PCCT.

DESCRIPTICON PCS|

MANHOURJ MANHCURS

s/C

DIRECT

MATERIAL

LABOR

TOTAL

TOWERS -

DRUMS, TANKS & REACT.

230,200

DGMPS, COMER., ETC.

150,900

HEAT ZXCHANGERS 7

473,300

SPECIAL TQUIPMENT

241,800

HEATERS & STACXKS -

2IPING

TOTAL EQUIPMENT (A-H)

1,156,000

STRUCTURES

ELECTRICAL

INSTROMENTATION

PIREPROTECTICN

BUILDINGS

TCUNDATICNS & EARTHWCRK

SEWERS

SITE DEVELCPMENT

:ozmyoc.m'qmmunl 1Y ST Y Y BT

INSUTATICN

PAINTING

TOTAL (C-R) ACCOUNTS

3,140

2800

|

- - _ i
TOTAL (A=T) ACCOUNTS 1
|

i

TNSORANCE 5 TAXES

CVERSEAS SHIPPING

TCTAL V & W ACCOUNTS

TEMPORARY CONSTROCTION

PIZLD QFFICE

EQUIP., TCOLS & SUPPLIZES

TOTAL X, ¥, & 2 ACCCUNTS

HCOME CFFICE

GRAND TOTAL




r Page 28 of 42

BADGER
= i ESTIMATE SUMMARY SHEET

AREA 800

CLIENT SERT : EST. NO.__E-0461

- LOCATTON _ USGC, 2084 sU DATE BY __ICHXD

I 8/15/84{ MWB

PLANT 5 MM GAL/YR OF ETHANOL BASE CASE Msh

A INCL. BOILERS, FLAKT UNIT, TURBO
' GENERATOR AND OTHER UTILITIES

# | MANHOURS| MANHOURS| MATERIAL LABOR TOTAL
h\CCT., DESCRIPTION PCS 4 s/C DIRECT $ $ $

TOWERS - -

DRUMS, TANKS & REACT.| 7 83,000

PUMPS, COMPR., ETC. 21 512,000
HEAT EXCHANGERS - -

SPECIAL EQUIPMENT 16 3,575,000

HEATERS & STACKS 2 2,900,000

TOTAL EQUIPMENT (A-H)| 46 7,070,000

PIPING

STRUCTURES

ELECTRICAL

INSTRUMENTATION

FIREPROTECTION

BUILDINGS

FOUNDATIONS & EARTHWORK

SEWERS

SITE DEVELOPMENT
INSULATION

PAINTING

TOTAL (C-R) ACCOUNTS

NZUHO"—JW":INNUOI min 3oy X

TOTAL (A-T) ACCOUNTS 17,340,000

v INSURANCE & TAXES
i W ‘OVERSEAS SHIPPING
- TOTAL V & W ACCOUNTS

TEMPORARY CONSTRUCTION
FIELD QFFICE e

EQUIP., TOOLS & SUPPLIES
IOTAL X, Y, & Z ACCOUNTS
U HOME OFFICE

(3 O B

GRAND TOTAL

(et




g

CLIENT

Page 29 of 42

BADGER
ESTIMATE SUMMARY SHEET

TCTAL PLANT
GRAND SUMMARY

(AREAS 100 THRU 80Q)

LOCATION _ USGC, 2084 ‘ ISSUHR DATE |8y ICHKD

PLANT

I 8/15/84 I MWB

S MM GAL/YR COF ETHANOL TERNATE CASE oo

-

ACCT.

. # | MANHOURS] MANHOURS| MATERIAL LABCR TOTAL
DESCRIPTION PCS| s/C DIRECT $ $ $

TOWERS 8 272,000

DROMS, TANKS & REACT. 72 . 1,811,200

PUMPS, COMPR., ETC. 176 1,580,900

HEAT EXCHANGERS 42 1,637,300

SPECIAL EQUIPMENT 32 : 4,582,600

e AN IE B L B b

HEATERS & STACKS 1 ' 1,580,000

PIPING

TOTAL EQUIPMENT (A-H){379 11,464,000

STRUCTURES

ELECTRICAL

INSTROMENTATION

FIREPROTECTICN

3UILDINGS

POUNDATIONS & EARTHWORK

SEWERS

SITE DEVELOPMENT

INSULATION

;uzm;oa.mrqmm!cln

PATNTING

SUSTCTAL (A=T) ACCOUNTS 128,310,000 , 3,350,0C0 29,260,800
o

ORTABLE EOQ. & L&B ECUIZ. 290,000 - 290,000

.
}

TCTAL (A-T) ACCOUNTS ! 4151000 12,630,000 | 2,950,000 22,530,000
- i

TNSURANCE & TAXes

~q

QVERSEAS SHIPPING

TCTAL ¥V & W ACCOUNTS

TEMPORARY CCONSTRUCTICN

PIZLD QFFICE

[3] L F

EQUI2., TCOLS & SUPPLIES

TOTAL X, Y, & 2 ACCZUNTS 4,000,000

J

HOME CFPICE (Excr.. G 5 A +|ovHD) 228,000 5,650,000

GRAND TOTAL | | 40,200,000

For exclusions, see overall summary listing.

¥
]

Fioim

=3
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.
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CLIENT

LOCATION

PLANT

BADGER

ESTIMATE SUMMARY SHEET

SERI

AREA 800

USGC, 2084

5 MM GAL/YR OF ETHANOL

ALTERNATE CASE

INCL. BOILER, FLAKT UNIT, OTHER UTIL.

Page 30 of 42

EST. No._Ez0461

ISSUE

QATE

BY ICHKR .,

I

8/15/84

MWB

L

ACCT.

DESCRIPTION "PCS |

MANHOURS] MANHOURS

s/C

DIRECT

MATERIAL
$

LABOR

TOTAL

A

TOWERS -

DRUMS, TANKS & REACT. 7

83,000

PUMPS, COMPR., ETC. 21

512,000

HEAT EXCHANGERS -

mia 3R

SPECIAL EQUIPMENT 15

1,505,000

HEATERS & STACKS 1

1,580,000

PIPING

TOTAL EQUIPMENT (A~-H)| 44

3,680,000

STRUCTURES

ELECTRICAL

INSTRUMENTATION

FIREPROTECTION

BUILDINGS

FOUNDATIONS & EARTHWORK

SEWERS

SITE DEVELOPMENT

whz o jajwiglkim]olol

INSULATION

PAINTING

TOTAL (C-R) ACCOUNTS

TOTAL (A-T) ACCOUNTS

. 9,740,000

v

INSURANCE & TAXES

OVERSEAS SHIPPING

TOTAL Vv & W ACCOUNTS

TEMPORARY CONSTRUCTION

FIELD OFFICE

(31 I o)

EQUIP., TOOLS & SUPPLIES

TOTAL X, Y, & 2 ACCOUNTS

HOME OFFICE

GRAND TOTAL




. BADGZR
ESTIMATE SUMMARY SHEET
TOTAL PranT

GRAND SUMMARY
(AREAS 10C THRU 800)

CLIENT _SERI

rocaTroN _USGS, 2084

SLANT 25 MM GAL/YR OF STHANOL

BASE CASE

Page 31 of 42

EST. NO._E-0461

SUElL_DATE

=) d CHXD

I.18/15/84

MWB

¥ MANHOURJVMANHOURS
DESCRIPTION PCS s/C

MATERIAL
DIRECT $

LABOR

TCWERS & 730,090

DRUMS, TANKS & REACT. 76 3,768,900

PUMPS, COMPR., EZTC. {180 3,476,800

HEAT EXCHANGERS 45 4,441,000

SPECIAL EQUIPMENT 105 17,331,700

HEATERS & STACKS 2 10,400,000

TOTAL EQUIPMENT (A~H){424 40,348,400

PIPING

STRUCTURES

ELECTRICAL

INSTRUMENTATION

FIREPROTECTICN

BUILDINGS

FQUNDATIONS & ZARTHWORK

SEWERS

SITE DEVELOPMENT

INSULATION

NZ(AOC—.WWNNUOI mmra'n'xzug
[ ]

SPAINTING |

SUBTOTAL (A-T) ACCOUNTS | 338,080,000

24,500,000

83,380,290

FORTABLE =C. & LAas8 ZQUID. 500,000

-

£00.200

1,030}00Q0Q 59,680,000

TOTAL (A-T) ACCOUNTS

24,500,000

84,250,009

T INSURANCE & TAXES

=

__QVERSEAS SEIPPING {

TOTAL V & W ACCCUNTS |

TEMPORARY CONSTRUCTION

FIELD CFPICE

NSEN

EQUIZ., TOOLS & SUPPLIES

TCTAL X, ¥, § Z ACCCUNTS

s ——

$,380,C00

-
-+

g HOME CFFICE (EXCL. G & A 4 CviD) 330,004

2.540,000

GRAND TOTAL | 1

1103,400,300

for exclusions, see overall summary listing.
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L

CLIENT

BADGER

ESTIMATE SUMMARY SHEET

SERI

AREA 100

LOCATION _USCG, 2084

PLANT

25 MM GAL/YR OF ETHANOL

BASE CASE

FEED UNIT

Page 32 of 42

EST. NO. __E=0461

suel pate ey lemxp

I _18/15/84|MwB

RCCT.

DESCRIPTION PCS

MANHOURS]
s/C

MANHOURS
DIRECT

MATERIAL

LABOR TOTAL

TOWERS

DRUMS, TANKS & REACT.

PUMPS, COMPR., ETC.

3,000

HEAT EXCHANGERS

SPECIAL EQUIPMENT

124,000

mic 1)) X

HEATERS & STACXS

@t =gt

TOTAL EQUIPMENT (A-H)

197,000

PIPING

STRUCTURES

ELECTRICAL

INSTRUMENTATION

PIREPROTECTION

BUILDINGS

FOUNDATIONS & EARTHWORK

SEWERS

SITE DEVELOPMENT

INSULATION

| o jajwigix]mioln

PAINTING

TOTAL (C-R) ACCOUNTS

TOTAL (A-T) ACCOUNTS

390,000

INSURANCE & TAXES

OVERSEAS SHIPPING

TOTAL V & W ACCOUNTS

TEMPORARY CONSTRUCTION

FIELD OFFICE

EQUIP., TOOLS & SUPPLIES

TOTAL X, Y, & 2 ACCOUNTS

HOME QOFFICE

GRAND TOTAL




C g

CLIENT

BADGER

ESTIMATE SUMMARY SHEET

SERI

AREA 200

LOCATION UsSGC, 2084

BLANT

25 MM GAL/YR OF ETHANOL

BASE CASE

ACID HYDRCLYSIS UNIT

EST. NO.

TSSU

fage 33 of 42

E-Q461

RATS Y

fantes)

I

8/15/84

RCCT.

DESCRIPTION PCS.

MANHOURJ MANHOURS
s/C

DIRECT

MATERIAL
$

LABOR

TOTAL

TOWERS 1

193,800

DRUMS, TANKS & REACT. 27

1,475,000

PUMPS, COMPR., ETC. 47

380,000

HEAT EXCHANGERS 13

1,514,000

SPECIAL EQUIDMENT 34

5,034,000

AT LT]

HEATERS & STACXS -

TCTAL EQUIPMENT (A-H)| 142

8,796,000

PIBING

STRUCTURES

ELECTRICAL

INSTRUMENTATICN

FIREPROTECTICN

30ILOINGS

FOUNDATIONS & EARTHWORR

SEWERS

SITE DEVELORMENT

INSULATION

w |z ju o jajwlmlxiejola

PAINTING

TOTAL (C-R) ACCOUNTS }

TOTAL (aA-T) ACCOUNTS

“

~3
~d

,

-

00,C00

INSURANCE & TALES

COVERSERS SHIPPING

TOTAL V & W ACCOUNTS

TEMPCORARY CONSTRUCTICN

FIZLD CFPICE

EQUIP., TOCLS & SUPPLIES

IOTAL X, ¥, & 2 ACCOUNTS

HOME OFFICE

GRAND TOTAL

b

s

n

o
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ey
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]

CLIENT

BADGER
ESTIMATE SUMMARY SHEET

SERI

AREA 300

LOCATION

PLANT

USGC, 2Q84

25 MM GAL/YR OF ETHANOL

FERMENTATION UNIT

BASE CASE

Page 34

EST. NO.

of 42

E-0461

SSU DATE

BY CHED .,

I _i8/15/84

MWB

ands

—

RACCT.

DESCRIPTION PCS

MANHOURS
s/C

MANHOURS
DIRECT

MATERIAL
$

LABOR

TOTAL

TOWERS 1

45,000

DRUMS, TANKS & REACT. 13-

625,000

PUMPS, COMPR., ETC. | 32

490,000

HEAT EXCHANGERS

230,000

mia A | o] X

SPECIAL EQUIPMENT

o

478,000

HEATERS & STACKS

TOTAL EQUIPMENT (A-H) gg

1. 868,000

PIPING

STRUCTURES

ELECTRICAL

INSTRUMENTATION

FIREPROTECTION

BUILDINGS

FOUNDATIONS & EARTHWORK

SEWERS

SITE DEVELOBMENT

WIZ O IGIw iR olo

INSULATION

PAINTING

TOTAL (C-R) ACCOUNTS

TOTAL (A~T) ACCOUNTS

INSURANCE & TAXES

4,180,000

OVERSEAS SHIPPING

TOTAL V & W ACCOUNTS

TEMPORARY CONSTRUCTION

FIELD COFFICE

(3 O o

EggIP., TOOLS & SUPPLIES

TOTAL X, Y, & Z ACCOUNTS

HOME QFFICE

GRAND TOTAL




ﬁrﬁ

BADGER
ESTIMATE SUMMARY SHEET

SERI

AREA 400

tocaTIon  USGS, 2084

PLANT

25 MM GAL/YR OF ETHANOL

ETHANCL UNIT

BASE CASE

Page 35 of 42

EST. NO. __E=0461

1=

e

DATE lav  lcuxp

-
L

8/15/84] MWB
- Hird,

ACCT.

DESCRIPTICN

o

a

Mamcbas( MANHOURS

s/C

DIRECT

MATERIAL
s

LABOR TOTAL

TCWERS

247,000

DRUMS, TANKS & REACT.

117,000

PUMPS, CCMPR., ETC.

797,000

HEAT SXCHANGZERS

824,000

SPECIAL EQUIPMENT

2,500,000

HEATERS & STACXS

PIPING

=] Y 159 L PN Y e s

TOTAL EQUIPMENT (A-H)

4,485,000

STRUCTURES

ELECTRICAL.

INSTRUMENTATION

FIREPROTECTION

3UILDINGS

FOUNDATIONS & EARTHWORK

SEWERS

SITE DEVELOPMENT

ﬁ:zmpqm'uwmonl mla |3 o] =l

INSULATICN

PAINTING

3

TCTAL (C-R) ACCQOUNTS

o
]

TOTAL (A=T) ACCOUNTS

7,500,000

’V

INSURANCZ & TAX=S

QVERSEAS SHIPPING

TOTAL V & W ACCCUNTS

TEMPORARY CONSTRUCTION

FIZLD CFFICE

EQUIP., TCOLS & SUPPLIZS

TCTAL X, Y. & Z ACCOUNTS

JOME QOFFICE

I

GRAND TOTAL

i »y’?")

7

e
[

o
#

;5
E)
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BADGER
ESTIMATE SUMMARY SHEET

CLIENT

SERI

AREA 500

LOCATION

USGC,

2084

PLANT

25 MM GAL/YR OF ETHANOL

Page 36 of 42

E-~-0461

EST. NO.

BASE CASE

FURFURAL UNIT

IS

DATE

BY CHXD .

I_18/15/84

MWB

B
4

DESCRIPTION PCS

MANHOURJ MANHOURS

s/C

DIRECT

MATERIAL
$

LABOR

TOTAL

TOWERS e

243,000

DRUMS, TANKS & REACT. 2

- 29,000

PUMPS, COMBR., £1C. 12

35,000

HEAT EXCHANGERS 8

561,000

mia ] o) X

SPECIAL EQUIPMENT -

HEATERS & STACKS =

TOTAL EQUIPMENT (A-H) 24

5407000

PIPING

STRUCTURES

ELECTRICAL

INSTRUMENTATION

FIREPROTECTION

BUILDINGS

FOUNDATIONS & EARTHWORK

SEWERS

SITE DEVELOPMENT

Wl o gl giximlola

INSULATION

PAINTING

TOTAL (C-R) ACCOUNTS

TOTAL (A-T) ACCOUNIS

2,100,000

INSURANCE & TAXES

OVERSEAS SHIPPING

TOTAL V & W ACCOUNTS

TEMPORARY CONSTRUCTION -

FIELD OFFICE

EQUIP., TOOLS & SUPPLIES

TOTAL X, ¥, & Z ACCOUNTS

HOME OFFICE

GRAND TOTAL




3ADGER
SSTIMATE SUMMARY SHEET
AREA 600

SERI

rocaTIon . USGC, 2084

25 GAL/YR OF ETHANOL
TANK STORAGE & BUILDINGS

PLANT BASE CASE

EST.

SSU

Page

NO.

37 of 42

E~Q461

DATE

By

8/15/84

MWB

# umomg MANHOURS| MATERIAL

RCCT. | DESCRIPTION PCS | s/C DIRECT S

LABOR

TOTAL

~DRUMS, TANKS & REACT. 12 633,000

FUMPS, COMPR., ETC. 22 76,000

HEAT EXCIANGERS 1 $Q,000

SPECIAL EQUIDMENT 2 7,000

HEATERS & STACXS - -

TOTAL EQUIDPMENT (A-H)| 37 786,000

PIOING )

STRUCTURES

ELZCTRICAL

INSTRUMENTATION

FIREPROTECTION

BUILDINGS

POUNDATICONS & ZARTHWORR

SEWERS

SITE OEVELCPMENT

INSULATICON

ol jujo fa | w]m]x m(3(1 R Y 1B S

PAINTING

SUBTQTATL, (A-T) ACCOUNTS

3,180,000

SLEGS/R0ADS/BIPE RACKS |

2,000,200

TOTAL (A-~T) ACCOUNTS I

280,200

v INSURANCE & TAXES

W QVERSEAS SHIPPING

TOTAL V & W ACCCUNTS

X TEMPORARY CONSTRUCTICON

7 | TIZID OFFICE

Z | EQUIP., TCOLS & SUPPLIES

ICTAL X, 7, & 2 ACCOUNTS

g HOME QFTICE

GPAND TOTAL | |

3

Hued i
B Lo

{
!
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|

Page 38 of 42

BADGER
ESTIMATE SUMMARY SHEET
AREA 700

CLIENT SERI . EST . No. : E‘O46l

LOCATION __USGC. 2984 ssuel pare lay  louxp

25 I 18/15/84| MwB
PLANT MM GAL/YR OF ETHANOL BASE CASE 7

ENVIRONMENTAL UNIT

B mmouasl MANHOURS| MATERIAL LABOR TOTAL
ACCT.| DESCRIPTION pcs| s/c DIRECT $ $ $
TOWERS , = ‘ =
DRUMS, TANKS & REACT. o 615,900
PGMPS, COMPR., ETC. 30 356,800
HEAT EXCHANGERS 7 1,262,000
SPECIAL EQUIPMENT 12 646,700
HEATERS & STACKS - ) =
TOTAL EQUIPMENT (A-H)| co 2,871,400
T PIPING
STRUCTURES

ELECTRICAL
INSTRUMENTATION
FIREPROTECTION
BUILDINGS

FOUNDATIONS & EARTHWORK
SEWERS

SITE DEVELOPMENT
INSULATION

PAINTING

TOTAL (C-R) ACCOUNTS

s 3] o) x>

AlZ jnpolalu=glAlmlo]n

TOTAL (A-T) ACCOUNTS 6,830,000

5 INSURANCE & TAXES
W OVERSEAS SHIPPING
TOTAL V & W ACCOUNTS

TEMPORARY CONSTRUCTION
FIELD OFFICE

EQUIP., TOOLS & SUPPLIES
TOTAL X, Y. & 2 ACCOUNTS
U | HOME OFFICE

316 Eud

GRAND TOTAL




LCCATION

PLANT

SERI

USGC, 2084

25 MM GAL/YR OF ETHANOL

BASE CASE

INCL. BOILERS, FLAKT UNIT, TURBO
GENERATOR § OTHER UTILITIES

-

DESCRIPTICN BCS.

Page 39 of 42

EST. NO.

2=0461

1S DATE

BY XD,

I _18/15/84

L{WB

/%

——

MANHOURJ MANHOURS

s/C

DIRECT

MATERIAL
$

LABOR

. T0TAL

TCWERS

DRUMS, TANKS & REACT. 7

184,000

PUMPS, COMPR., ETC. 39

1,139,000

EEAT EXCEANGERS -

SPECTAL EQUIPMENT 14

3,684,000

HEATERS & STACXS >

10,400,000

TCTAL EQUIPMENT (A-H)| 32

20,405,000

PIPING

STROCTURES

ELECTRICAL-

INSTRUMENTATION

FIREPROTECTION

3UILDINGS

PCUNDATIONS & EARTHWORK

SEWERS

SITE DEVELOPMENT

WL )0 [GlolgixIol0 mma'ux:t‘g

INSULATION

PRINTING

SUBTQTAL (A=T) ACCOUNTS

36,500,000

BUILDINGS & STRUCTURES

3,2C0,000

TCTAL (A=-T) ACCCUNTS

39,700,000

INSURANCE & TALES

QVERSZAS.: SHIPPING

TOTAL V_& W_ACCOGNTS

TEMPCRARY CONSTRUCTICN

NS

FIEIO CFFICE

EQUIZ., TOOLS & SUPPLIES

TOTAL X, ¥, & 2 ACCOUNTS

(o]

HOME CFFICE

GRAND TOTAL |

-':‘g”’




I

[

P

L

soinald

CLIENT

LOCATION _ USGC,

PLANT

SERI

BADGER

ESTIMATE SUMMARY SHEET

TOTAL PLANT
GRAND SUMMARY

(AREAS 100 THRU 800)

2084

25 MM GAL/YR OF ETHANOL

ALTERNATE CASE

Page 40 of 42

EST. NO.

E-0461

DATE

BY

I 18/15/84

PCCT.

DESCRIPTION

PCS

MANHOURS] MANHOURS
s/C DIRECT

MATERIAL
$

LABOR

TOTAL

TOWERS

730,000

DRUMS, TANKS & REACT.

85

3,949,900

PUMPS, COMPR., ETC.

203

3,604,800

HEAT EXCHANGERS

46

4,484,000

mlo ] ol =l

SPECIAL EQUIPMENT

1i0

15,302,700

HEATERS & STACKS

8,870,000

TOTAL EQUIPMENT (A-H)

452

36,941,400

PIPING

STRUCTURES

ELECTRICAL

INSTRUMENTATION

FIREPROTECTION

BUILDINGS

o G wl"abximjolO

FOUNDATIONS & EARTHWORK

SEWERS

(]

o1z

_SITE DEVEIOEMENT

INSULATION

PAINTING

SUBTOTAL (A-T) ACCOUNTS

55,592,000

23,800,000

79,392,000

- PORTABLE EQ. & LAB EQUIP

600,000

600,000

TOTAL (A-T) ACCOUNTS

1,000,000

56,192,000

23,800,000

79,992,000

INSURANCE & TAXES

"OVERSEAS SHIPPING

TOTAL V & W ACCCOUNTS

TEMPORARY CONSTRUCTION

FIELD CFFICE

EQUIP., TOOLS & SUPPLIES

TOTAL X, ¥, & 2 ACCOUNTS

9,500,000

HOME OFFICE (EXCL. G& A

+ OVHD) 337,000

9,808,000

GRAND TOTAL

99,300,000

For exclusions, see overall summary listing.




CLIENT __SERI

BADGER

ESTIMATE SUMMARY SHEET

AREA 800

LCCATION_  _USGC, 2084

PLANT

25 MM GAL/YR OF ETHANOL

ALTE

RNATE

CASE

[S

INCL. BOILERS, FLAKT UNIT, TURBO

GENERATCR, & QTHER OmMTT ImToo

Page 41 of 42

EST. NOC.

£-0451

N H
1

I133sus]

pare  |ay

CIXD .

I 8/15/84 vwB

Prper

DESCRIPTION

s/cC

MANHOURS] MANHOURS
DIRECT

MATERIAL
$

LABCR

TCWERS -

DRUMS, TANKS & REACT. 7

184,000

PUMPS, COMPR., ETC.

1,081,000

HEAT EXCHANGERS -

SPECIAL ZQUIDPMENT

| [l

6,432,000

HEATERS & STACES

2,870,000

[VER N E F N

TOTAL EQUIPMENT (A=H)

wn

16,567,000

PIPING

STRUCTURES

ELECTRICAL

INSTRUMENTATION

PIREPROTECTION

BUILDINGS

FOUNDATIONS & EARTHWORX

SEWERS

SITE DEVELOPMENT

INSULATTON

w3
:uzwroqmmwmonl mma'v:iawa
.

PAINTING

SUBTCTAL (A-T) ACCCUNTS

31,800,000

BUILDINGS s STRUCTURES

2,600,000

TOTAL (A-T) ACCCUNTS

34,400,000

. INSURANCE & TAXES
W OVERSEAS SHIPPING
TOTAL V & W ACCCUNTS
X TEMPORARY CONSTRUCTION
4 FIZLD OFFICD
2 EQUIP., TCOLS & SUPPLIZS
TOTAL X, ¥, & 2 ACCOUNTS
U HOME OFFICE

GRAND TCOTAL

s
{

3

K,

ound

n

£

£k

gy

wy

T




