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1 .O Executive Summary 

The Process Development Unit (PDU) was operated with a corn fiber feedstock for approximately 30 days using 
the h o c o  Pretreatment Reactor (APR), the .seed fermentation train, fermentation support equipment, and the 
main 9000-L fermenters, with occasional operation of the distillation and centrifugation systems. The distillation 
column and centrifuge were operated to provide some experience with these units before Task 3. The run utilized 
the yeast strain L1400 to ferment glucose to ethanol in the 9000-L fennenters using the simultaneous 
saccharification and fermentation (SSF) process. The APR and fermentation equipment operated continuously 
from Nov. 2 through Nov. 22. However, contamination was a problem throughout this run. The fermentation 
train was shut down on Nov. 22 because of contamination and thoroughly cleaned and resterilized. From Nov. 
25 through Dec. 1, the fermentation train was restarted using staged addtion of the feeds (i.e., pretreated 
feedstock, inoculum, CSL, enzyme) in an attempt to identify the source of the contamination. 

The APR was operated continuously tkroughout the 30 day run with only minor shutdowns. The longest 
shutdown (14 hours) was caused by a problem with the feeder. 

Glucose yields remained somewhat constant between 
25%-35%, and xylose yields (as total soluble xylose) ranged from 1 5 Y ~ 7 5 %  throughout the run. All of these 
concentrations are below the target range for effective pretreatment. Higher yields were obtained when 
pretreatment severity was increased by increasing the temperature. Carbon balance data on three pretreatment 
samples were within + 10%. of complete closure, although, individual component carbon balances were more 
variable. Several tests also proved that phosphoric acid was not an effective acid for pretreating biomass. 

Glucose, ethanol, and lactic acid were monitored during operation of the 9000-L ferrnenters. These 
measurements, along with sterility checks of the broth, confirmed that contaminants were continuously present 
during the fermentation. Coupled with inadequate pretreatment, this led to low ethanol yields between 
10%-23%, and high levels of lactic and acetic acids. Several attempts to control the contamination with heat 
treatments and antibiotics did not work. Low conversion of the available six-carbon sugars was attributed to 
inadequate conversion of the starch oligomers. This problem will be solved in future runs by addition of 
glucoamylase. Additional ethanol production from this extra glucose as well as from the corn screenings should 
help control the contamination problem by making the yeast healthier. 

Many of the objectives for this run were successfully met, such as, reducing operating labor, achieving target 
residence time and solids levels in the 9000-L fennenters, add steady and uninterrupted operation of the APR. 
The run served to prove performance and operation of equipment molfied during Task 1 and also identify some 
new and existing problems that still need to be solved (e.g., CSL and enzyme transfer systems). As with the last 
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3.1 Procedures and Operating Conditions 

3.1.1 Feed Handlinflretreatment Operating Conditions 

Corn fiber was obtained from a corn wet-milling facility (Casco, Canada), frozen and shipped to the PDU in 55- 
gal drums in a refrigerated trailer. Table I shows the operating conditions at each APR sample point for this run. 
Raw corn fiber dry solids concentration varied from 39%- 41 %. The APR was fed at a constant rate of 170 wet 
Ibh (82 kg/h). Adjustments were made in the steam flow rate, valve water flow rate and temperature as shown 
in Table 1 to obtain better conversion to monomeric sugars. The flow rate of a sulfuric acid solution 
was maintained nearly constant throughout the run. On Nov. 23, the acid was switched from sulfuric to 
phosphoric and switched back to sulfuric on Nov. 25. 

I 

3.1.2 Fermentation Operating Conditions 

Operating conditions for the seed train are shown in Table 2. L1400 was grown by successive transfers from a 
small shake flask to alarger shake flask, and then to the 20-L, 16O-L, and 1450-L fermenters, respectively. There 
was no pH control in the shake flask. pH was controlled at 5 with 3.0 molar NaOH in the 20-L and 160-1, 
fermenters and with 50% NaOH in the 1450-L fermenter. Inoculum from the 1450-L fermenter was transferred 
to the seed hold tanks to await addition to first 9000-L fermenter. The seed tanks were agitated at 50 rprn, 
maintained at a gauge pressure of 0.33 bar, and cooled with circulating water. 

Fermentation conditions in the 9000-L fermenters are also presented in Table 2. Corn steep liquor (CSL) and 
enzyme additions were made to only the fust 9000-L fermenter. The assumed cellulose concentration in the feed 
was only 50% of the true value, so the initial enzyme loading was closer to 5 IU/g. When data on the cellulose 
concentration of the feed was available, after about 7 days into the run, the enzyme loading was corrected to 10 
IU/g A 10% (w/w) inoculum was also added to first 9000-L fermenter from the seed hold tanks. pH was 
controlled using 50% NaOH. Level was controlled in the 9000-L fermenters to maintain a residence time of 36 
h in each vessel. Solids concentrations (as total solids from corn fiber only) were generally 26%-30% after 
dilution of the pretreated corn fiber by enzyme and inoculum. 

3.2 Run History 

A time line for this run is shown in Figures 2 and 3. Operation of the APR began at 8 :OO on Nov. 2 and the unit 
continued to feed the first 9000-L fermenter until 1O:OO on Nov. 22. The APR again began feedmg the 
fermentation train at 5:OO on Nov. 25 and continued until 7:OO on Dec 1. The APR continued to operate in the 
intervening period for testing, but did not feed the fermentation train. Minor shutdowns of the APR occurred 
throughout the run because of frozen feedstock, plugs in the transfer line, and steam blowbacks. A more serious 
shutdown occurred on Nov. 18 for 14 hours because of a problem with the Doering screw feeder. 

Seed train fermenters were operated as shown on the time line. Inoculum was f i s t  prepared in the 20-L 
fermenter on Nov. 1 and was operated thereafter as needed to maintain a viable seed supply. The 1450-L 
fernenter was successfully operated in the “draw and fill” mode to provide inoculum to the f is t  9000-L 
fermenter (V-455A). Operation of the first 9000-L fermenter began on Nov. 2 and continued until Nov. 22. The 
9000-L fermenters were then shut down, cleaned, and resterilized in preparation for a contamination check run 
that began on Nov. 25. 

The purpose of the contamjnaton check run was to isolate the source of the contamination by sequentially adding 
feeds to the main fermentation train, allowing sufficient time between additions for a contaminant to grow. The 
run began onNov. 25 at 5:OO with filling of the first 9000-L fermenter with pretreated corn fiber. Samples were 
taken every 6 h and checked for contaminants. After 48 h, CSL was added to the fermenter, followed 36 h later 
with hoculum and finally 36 h later with enzyme. 

NREYAmoco C W A  Protected Informdion 3 











The best separation achieved from the centrifuge on this broth was a cake slurry with approximately 34% total 
solids and a clear effluent with 18% total solids. This was at a minimum back drive speed and fluctuating feed 
rate due to dynamic plugging of the control valve. The separation will likely be improved once the feed rate 
control is improved and better digested material is available. 

3.3.5 Utilities 

Lack of a heated chemical storage facility coupled with improper handling of sodium hydroxide caused the entire 
starting supply of caustic to freeze. This hampered pH control during the first few days of the run, but was 
quickly solved. Better communication with the chemical supplier will avoid this type of problem in the future. 
Obtaining a constant supply of bleach for the scrubber from the NREL stochoom was also a challenge. Another 
supplier is being sought to handle the PDVs large demand during runs and a larger reservoir for both the scrubber 
chemicals (caustic and bleach or peroxide) is envisioned. 

The utilities, on the whole, were consistent and adequate. The old cooling water (CW) system, slated to be 
replaced at the conclusion of this ruu, caused slow cooldowns in the fermenters, but otherwise handled the 
fermentation load. When both fermentation and distillation was run, the CW pumps went out on overload. By 
valving off non-essential vessels, distillation was rn on a few selected days. The new CW system will be 
essential for batch deactivations of the recombinant organism. 

The deionized water system, used to produce steam for the APR, required frequent recharges of the resin. The 
system is being expanded to double its original size to reduce recharge frequency. 

4.0 Key Results 

The following sections presents key results obtained during operation of the pilot plant. 

4.1 Pretreatment I 

The composition of corn fiber used in this run (P95 1 10 1 CF) as well as in earlier runs are shown in Table 3. Note 
that extractives include some protein solubilized during the extraction process. The composition of Lots 2 and 
3 (P951101CF) are very similar. However, Lot 1 taken during startup of the corn wet-milling plant has 
significantly higher levels of glucose and starch, which may be attributed to inadequate starch hydrolysis. 

A measurement of glucose in the pretreated material with the YSI Glucose Analyzer was implemented during 
this run to track pretreatment performance. A comparison of YSI and HPLC results are shown in Figure 4 for 
different operators. At low levels (less than 2.0 g/L), the two techniques do not give comparable values. 
However, at higher concentrations, the values are generally fairly close. There were a few wide deviations 
among some of the operators, but training and standardization of the YSI method should increase the reliability 
of these results. The results do show that the YSI can be used to measure monomeric glucose levels in the 
pretreated material. 

Figure 5 shows sugar production from the APR as a function of run time (time zero is defined as time of 
inoculation of the fist 9000-L fermenter). As indicated on the plot from a run time of -25-50 hours, the APR 
was operated at a temperature range of. From 50-275 hours, the temperature was
During the latter period the stream rate was reduced from 17 kg/h to 10 kgh, but this was also the longest period 
with nearly constant operating conditions. The temperature was then raised to at 275 hours and 
held until 375 hours. Operating conditions were more variable during the later part of the run. Data from 
samples not ran in the analytical laboratory are missing from 360-380 hours. Corn fiber Lot 1 was used from 
the beginning of the run until 160 hours, thereafter, Lots 2 and 3 with nearly identical compositions were used 
for the rest of the run. 
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The steadily decreasing sugar levels during the fist part of the run (up to 160 hours) indicate decreasing 
pretreatment performance. 
Another possible contributor is a change in corn fiber composition for lot 1, 
which could have occurred because of material was obtained during startup of the plant. From 1 6 G 2 7 0  hours, 
the performance of the unit was fairly steady with some fluctuations in the total soluble xylose values. The 
temperature increase at 275 hours increased total soluble xylose as well as monomeric glucose and xylose levels. 
The reaction temperature was lowered because of a pumping problem between 4 0 0 4 2 5  hours resulting in lower 
sugar levels. Additionally, a switch was made to phosphoric acid at 5 10 hours that also produced lower sugar 
levels (this will be discussed later). 

Figure 6 shows some of the other sugars and acetic acid concentrations in the pretreated material. In general, all 
these components track with each other with higher levels indicating a more severe pretreatment. 

Figures 7 and 8 present glucose and xylose yields (percent of available sugar converted to soluble sugar). As 
expected, glucose yields are somewhat constant and indicate the conversion of starch to glucose. At more severe 
pretreatment conditions7 there is more glucose perhaps because of complete conversion of the starch and some 
of the cellulose. Xylose yield varied with the severity of the pretreatment, ranging from 12%-75%. The target 
conversion of glucose is 55%-60%, which represents all of the starch and some of the cellulose. The target 
conversion of xylose is 85% minimum. Clearly, pretreatment in this run was inadequate. 

The data at 493 hours for a mixed sulfuriclphosphoric acid pretreatment shows a loss in performance when 
compared to the previous point at the same operating condition. The data at 51 6 hours is for a phosphoric acid 
only pretreatment? however, the acid concentration in the feed tank was increased to 10% (compared to 6% for 
sulfuric), the acid flow rate was increased to 50 kgh  (compared to 28 k g h  for sulfuric), and the feed rate was 
decreased to 61 k g h  (compared to 82 kg/h for sulfuric). All of these changes increase the severity of the 
pretreatment, but the data shows no dramatic improvement in conversion. 

Aspen Plus was used to model the behavior of several acids as shown in Table 4. The three values give the 
percent acid ionized, hydrogen ion concentration (weight %), and hydrogen ion concentration relative to sulfuric 
acid at the given temperame. Both sulfuric and nitric acid are well ionized, but both acetic and phosphoric being 
weak acids do not ionize as well. It was assumed that acetic acid was present in an acidic medium and so the acid 
did not ionize. Particularly important is the decrease in percent ionization and hydrogen ion concentration at the 
higher temperature for phosphoric acid. At 220"C, the hydrogen ion concentration for a phosphoric acid solution 
is only 2% of the comparable sulfuric acid solution, which explains the lack of conversion seen in the above data. 
Hydrogen ion concentration for sulfuric acid decreases at higher temperatures because the equilibrium shifts to 
the bisulfate ion. Note that the hydrogen ion concentration is signtficantly higher in a nitric acid solution when 
compared to sulfuric acid, particularly at the higher temperature. 

, 

Table 4. Ionization and Hydrown Ion Concentrations of Various Acids at I .O Weight Percent 

Acid Temperature ( O  C) 

21 220 

Acetic *o.o/ 0.01 0.0 
__ 

0.01 0.01 0.0 

Phosphoric 26.11 0.0761 0.23 1.71 0.0051 0.02 

sulfuric 1001 0.3551 1.0 1001 0.2911 1.0 

Nitric 1001 0.4531 1.35 98.61 0.4461 1.53 
*% Ionization/ H' Concentration (wt. %) 1 IT Concentration Relative to &SO, IT Concentration at Temperature 
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glucose utilization by the yeast during the initial stages of the fermentation wil l  produce higher ethanol 
concentrations, which should inhibit the contaminants. This can be achieved by adding glucoamylase to the 
fermentation, which will quickly convert starch oligomers to monomeric glucose. Adding corn screenings to the 
corn fiber will also boost monomeric glucose levels. Using the recombinant L1400 yeast will help with 
contamination control because the yeast will consume xylose. Arabinose was consumed in the last run by the 
contaminants. Adding yeast to the fermentation during their active exponential growth phase would eliminate 
any lag in growth and ethanol production. Eliminating air to the fermenters and using recycled CO, or nitrogen 
instead may help increase ethanol yields in the second and third fermenters by maintaining a more anaerobic 
environment. 

/ I _  . , , . . , . . . . . ~ ,- . . . - -  - - - -  . , .  
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5.0 Review of Run Specifications I 

The following is the list of criteria for success defined in the Task 2 run specification, and a short discussion of 
how each of these criteria were met. 

1. The APR and SSF train must operate for 10 days and should reach steady state for a minimum of 2 
consecutive days. 

Both the APR and SSF train operated for the required 10 days as shown on the time lines (Figures 2 and 
3). The APR appeared to reach a steady state from Nov. 11 (run time 180 hours) through Nov. 13 (255 
hours), well encompassing the required 2 days. The SSF train did not achieve steady state (defined as 
steady state ethanol production) because of contamination. 

2. There should be no interruption of operation for longer than 6 hours and the total of all intemptions should 
be no longer than 12 hours out of the best 10 consecutive days (including the 2 days at steady state). 

The APR operated for 10 days from Nov. 6 to NOVA 6 with only one minor 3 hour shutdown for a plug 
in the transfer line. This interval included the 2 days of steady state operation. There was no 
interruption in operation of the SSF train. 

3. The SSF section must be contamination free for at least 7 of the 10 days (90% of living cells are yeast and 
95% of the products are produced by the yeast). 

The SSF train did not meet either of the two above criteria. Concentrations of contaminants quickly 
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increased to values greater than the yeast cells and produced significant quantities of lactic and acetic 
acid. 

4. R y  three stages of SSF with a residence time of 1 day to within *1 h. 

The SSF tr;lin was run with three stages and residence time was controlled at 36 f I h after solving some 
initial startup and control tuning difficulties (see Figure 10). The residence time was increased to 36 
hours because of APR throughput limitations. 

5 .  Dry feed rate should be 1 tonld within f 25%. 

The dry feed rate was approximately 1700 lb/d well within the f 25%. 

6. The total solids in the first SSF tank should be at least 25%. 

The total solids in the first SSF tank was greater than 25% (see Figure 11). 

7. Close carbon balance around pretreatment and SSF to within f 15%. 
. .~.. 

The overat! carbon recoveries in the pretreatment sampies were good .to i 1 O%, however, indvidual 
component balances showed much wider variability. The overall carbon recovery for a fermentation 
sample was 82%. 

8. Operate the PDU with 3 operators/shift. 

The PDU was successfully operated with 3 operators/shift. 

6.0 Major Problem and Post Run Issues 

The following is a list of sigmfm.nt problems and issues encountered during this run and steps that will be taken 
to resolve these problems before the next run. 

0 

0 APR acid conirol system 
Level probes in the acid tank that were to initiate refilling of the tank did not function correctly, causing 
the tank to completely empty. Signal connections were checked and corrected and it is anticipated that 
this step will solve the problem. A new control system may be required if the problem persist. 

CSL transfer system 
The pneumatic system for transfer of the CSL did not function well. A pump and associated control 
system will be added to replace the pneumatic transfer system. 
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Enyme transfer system 
The flow rate measurement from the enzyme flowmeter was somewhat erratic during this run. The 
position of flowmeter will be changed and a check valve will be added to improve and stabilize flow 
through the meter. This should improve the flow rate measurement. 

Contamination 
Contamhation resulted in low ethanol yields and sigmficant levels of other by-products (lactic and acetic 
acid). The first step is to identify the source of the contamination. Additional checking will be done on 
pretreated material and other contamination sources (e.g., cooling water, seal water, enzyme, CSL, acid 
and base supplies). New media and incubation techniques will be tested on the pretreated material to 
determine $highly-resistant organisms are not being killed during pretreatment. 

Changes in procedures and operating conditions will be done to make the fermentation less favorable 
for contaminaut growth. These changes include inoculating the fermentation with yeast during their 
exponential growth phase, thus, reducing the lag in yeast growth and increasing ethanol production rate. 
Increasing initial glucose levels in the fermentation by using glucoamylase, which should also increase 
ethanol levels. Higher ethanol levels may inhibit the contaminant and keep it under control. 

9000-L fermenter back pressure control 
Large air flow rates (50-1 50 Lh) are required to maintain pressure in the 9000-L ferkenters. This 
may enhance bacterial growth, particularly in the back-end fermenters. The back-pressure control valves 
will be replaced with valves having tighter shutoff characteristics to reduce or eliminate supplemental 
air. 

Carbon balance closure 
Improvements are desired in overall and individual carbon balance information for both pretreatment 
and SSF. These results depend on both flow rate measurements and analytical results. Work will 
proceed on collecting flow rate measurements from the APR (i.e., feedstock, acid, steam, valve water 
and flush water flow rates) on the DACS. This may provide more reliable data for the calculation of 
APR and SSF carbon balances. The measurement of the caustic addition rate to fermentation is also 
being automated to improve the SSF carbon balance. Finally, the use of the mass spectrometer for 
measuring ethanol concentration in the fermentation vent gases should improve the SSF balance. The 
system is expected to be operational for Task 4. 

Errors in analytical results will also be examined to determine appropriate confidence intervals for the 
carbon balance information. Additionally, a €€PAEC-PAD @gh Performance Anion Exchange 
Chromatography - pulsed Amphomeeic Detection) system will be tested to see if this technique provides 
better analytical results. 

DACSResets 
During the run, the fermenters were unexpectantly kicked out of m mode into a system shutdown mode 
causing loss of control of temperature and pH. Although, the cause is not hown, it is theorized that 
power fluctuations are causing these problems. An audible alarm will be added to the DACS to alert the 
operator of changes in operating modes. 

7.0 summary 

Several of the key objectives for this run were successfully met, including implementation of mechanical fixes 
completed during Task 1, sustained mechanical operation of the equipment for over 10 days, meeting target feed 
rate, solid concentration and residence time goals in SSF, and operating with reduced labor. The APR operated 
successfully for the entire run. 
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Planned follow-up testing will provide sufficient data for analyzing the performance 
of the APR. 

Overall carbon balance closure for the APR during this 
run was better than previous runs and within the target f. 15%. The wide variability in carbon balance closures 
for the individual sugars was disappointing. Better laboratory procedures and automating flow rate 
measurements should improve fume carbon balances. 

The overall mechanical performance of the fermentation systems were good, except for the lingering problems 
with CSL and enzyme transfer systems. Solutions will be in place before Task 4. The most significant problem 
with this run was contamination that produced low ethanol yields. Several attempts at heat pasteurization and 
use of an antibiotic failed to control the problem. Identification of the source is still necessary to develop an 
effective control strategy. However, future runs will use the enzyme, glucoamylase, to achieve rapid hydrolysis 
of starch oligomers to glucose. Achieving higher ethanol levels should improve the chances of controlling 
contamination. 
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PDU Pretreatment Materfal Bolance 

Run # P951 lOlCF 
Dote: 11/4/99 
The: 14:OO 
R U ~  cordmom: : Flash Farklemp. (0 

Feed flow Rot;e (5A-2C-5 Irglh): 

Steam 
Acld Row Rate m-201-1 . k g m  

ume to fla* Tank m-201-3 kglhl: 
Valve Water (kgm 

Water to Funp ocam): 
RaA Vaper WgW. 

82.0 Feed solids concentration (9): 40.0 
17.6 V.201 Add ConcenlratlonPX): 6.0 
26.8 Ume CmcentrafBon (W 
0.0 

0.0 
21.6 

1 .o Hydrofylahe hKlhWB Soddr @k 

Gkrcora 
Mannose 
Galactose 
Xylose 
Arablnose 

A c d c  Add 
Formic Acld 
L a c k  Add 

Lignh 
Furfural 
HMF 

447 4 m 9 0  42.9 134.740 27.6 8.8 71.58 227.329 46.6 
0.3 3.277 0 0,wo 0.0 0.0 0 0 . m  0.0 
3 32.771 2.04 6.470 19.7 5.8 11.5 36.523 111.4 

13.3 145.285 14.08 44.225 30.4 16.0 54.04 174.165 119.9 
12.5 136.547 4.59 14.417 10.6 32.2 44.29 140.660 103.0 

6.9 108.162 

2.2 6.987 
0 0,000 

3.28 10.417 

0.4 0.3 

379.998 77.6 
0.OOO 0.0 

42.993 131.2 
218.390 150.3 
155.077 113.6 

7.275 

10.417 

10 45.574 42. I 161.052 146.9 
0 0,wo 0.0 0.1 0.1 0.0 

3.95 17.921 3.4 

Totd 72.8 914.332 82.5 315,338 34.5 659.576 72. I 0.4 0.0 975.202 
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PDU Pretreatment Moterlal Balance 

Run # W51101 CF 
Date: 1 1 /61% 
The: 22:oo 
hn condmonl: Temp (C) : flash lank Temp. (-3: 100 

Add Concentronon 0: 

Feed flow Rate (5A-206 kglh): 82.0 Feed Sdldr Cencontroflon (%): 39.0 
S t e m  mgM: 10.0 V-20T Add Concentrollon(%): 6.0 

Acld RcwRolo(FF201-1.k’g/h): 28.0 Ume Concsntrallon 13): 
0.0 

V a h  wdw mum): 1 .O wrdputo  hldh~o Midl 6): 14,M 
Water to b n p  &g/h): 0.0 

R a h  V m  RgM: 20.4 

Ume to Floh Tam (fl-201-3 kg/h): 

Calcidaled Re~lh: 
Ptetreohnent SOII& conc. pk): 31,7915: 

Soldr Soklhllzed 03: 53.72 

Glucoie: 1.24 
Xylotsi 20.32 

Gloctorei 22.64 
Aloblnose: 73.89 
Momore: tDIV/OI 

Moncrmerflotal Sugor Roflo 13); 

Carbon Bolmce: Retre~hent 

Gbcose 44.7 476.003 31.74 156.441 32.9 0 ,7  56.61 159.864 33.6 
Mannose 0.3 3.195 0 0 . m  0.0 0,o 0 o.oO0 0.0 

xylose 13,3 141.653 25.63 126.326 89.2 3,O 14.91 42.105 29,? 
Galactose 3 31.952 4.58 22.574 70.6 0.0 3.71 10.477 32,8 

Arablnose 12,5 133.133 1 1  54.217 40.7 16.8 22.71 64.132 48.2 

AceBc Acld 
Formlc AcH 
Lack Acld 

Lfgnln 
Furlural 
HMF 

ro td 

19,46 137.639 130.5 

72.8 891.474 84.4 497.196 55.8 

1.13 3.191 0:3 0.2 

5,9i 16,689 
0 0.000 

316.305 66.4 
0.000 0.0 

33.051 703.4 
166.431 110.9 
1 18.349 88.9 

3.361 

16,689 

30.4 178.163 168.9 10 40,524 
0 0,000 0.0 ’ 0.0 0.0 0.0 
0 0,000 0.0 

336.983 37.8 0.2 0.0 634.349 

Ignores proteln 
Insoluble sollds level wos Interpolated from nearest amllable data to the glven Hme polnt 
C - RECOVERY: 93.59% 
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PDU Pretreatment Mderlaf Balance 

Run I: P951 l O l c f  
Date: 1111 7/95 
The: 600 
RWI condinm: Temp C c l :   flash IciW Temp. t o .  100 

Add Concentmtbn pb): 

hplt Dato: 

feed flow Role GA-2Ob kgm 82.0 feed Wldr Concml~don oh): 40.0 
Steam to 10.0 V-201 ACW Corcentrdon m): 6.0 

~ Acld Row Rate (n-201-1. kern: 28.0 Ume Concentrollon %I: 
Ume b floh T& cFN1-3 kgw 

Woter to  hmp (kern: 

0.0 
Valve Water OCgW: 6,O Hydrdylote h m W e  Soldl CQ: 12.4 1 

0.0 
floh V q m  (kglh): 25.2 

Glucose 
Mannose 
Golac tme 
Xylose 
Arablnose 

Acelc Acld 
Formlc Ackl 
Lack A d d  

tlgnln 
Fwfurd 
HMF 

Totd 

36.5 398.716 37.78 148.031 37.1 8.4 56.71 156.831 39.3 
0 0.000 0 0.000 0.0 0.0 0 o.Oo0 0.0 
4 43.695 2.4 10.187 23.3 4.0 12.03 33.249 76.1 

19.7 215.197 i s m  70.606 32.8 21.1 59.02 163.219 75.8 
16 174.780 5.59 2 t . m  12.5 36.2 45.33 125.360 71.7 

3.?3 8.656 0.6 0.5 
0 0,000 

1.9 5.254 

306.482 76.9 

43,456 99.5 
233,826 108.7 
147.263 84.3 

0,000 

9.118 

5.254 

11.2 175.567 24.25 136.350 77.7 10 39.685 22.6 176.035 100,3 
0 0 . m  0.0 0.1 0.2 0.0 

0.41 1.620 0.4 

79.1 1007.954 83.4 387.078 38.4 533.894 53.0 0.6 0. I 92 Id3A 

Ignores proteln 

c. RfCOMRY: 91.42% 

NMUArnoco CRADA Protected Informotlon 



lrpl Doh: 

C a m e  om o m 0  o m  O m O # D w / l Y  om 3 5 4  14 115 14 125 
G w o s  1 7 4  -547 972  om o m  0 0  0 0  o m  O D  smo I I V L ~  ? a  410501 1 5 0 5  61543 168 1836 la7 498 4J7  110041 wp56 

Gnklme 4 43495 m o  om o m  0 0  00  o m  0 0  41 415 I V I  1 0 4 1  ras  a i o  ~ o o b  8 1 5  m o d ?  I1 93 
Mormon, o 0003 rwja am o m  rmm 0 0  o m r a v i a  O W  om om #mm1 om o m  ~ m w  o m  ID~.’M 
Xrk- 196 1141a two om o m  DO  n o  o m  0 0  114 105 1711 414lV 202 4539 164469 198 1WloB 3 N 
AlUMnaa 158 l715VS ID20 0 0 0  O m  00  0 0  O m  0 0  111 5v5 601 16541 l l 5  1V45 llld30 885 l lbl l l  24 90 

L W  1 1 1  l?3W Imo om o m  00 0 0  113 WV 2104 d 3 B B I  142 bm 51634 258 l145lf 17 19 

bmO ? U S  IODO 
I m O  0876 IODO 

om om 0 0  o m  011v rmo 
I W  SJM V B I  aim a073 I J  

om o m  O D  OIM 007s imo 
115  4068 9 6 4  0503 0183 3 4  

1865 
0 070 

0 l7V 
a 459 
5031 
0075 

1506 T a w  ?a 10 
0.10 O W  0.W 

J?.?50 3?,750 
1-94 I. IVJ ?, 191 
644 14.411 14.411 
b J 1  1J.V56 I1 VM 
0.03 0 . m  O m 0  

23.VJ 
001 

21.86 
1.w 
783  
1.a2 

9m 

10134 10 I O * ? , W  ? I D 2  219445 1 5 1  6J3.945 741 IU.3W dS 40 lorot 0 1 9  1011.941 97.5 

fIRELIAmoco CRADAFmlectsd hformatbn 
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