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1. Executive Summary: 
The focus of this project was an overall process improvement through the enhancement 
of the co-product streams.  The enhancement of the process operations and co-products 
will increase both ethanol production and the value of other process outputs and reduces 
the amount of waste byproducts.  This leads to a more economical and environmentally 
sound alternative to landfill disposal of MSW.  These enhancements can greatly increase 
the commercial potential for the production of ethanol from MSW by the Masada CES 
OxyNol™ process (Masada).  Both technological and economical issues were considered 
for steps throughout the conversion process. 
 
The research efforts of this project are varied but synergistic.  The project investigated 
many of the operations involved in the Masada process with the overall goal of process 
improvements.  The general goal of the testing was to improve co-product quality, 
improve conversions efficiencies, minimize process losses, increase energy efficiency, 
and mitigate process and commercialization risks. 
 
The project was divided into 16 subtasks as described in general terms below.  All these 
tasks are interrelated but not necessarily interdependent. 
 
2. Project goals & objectives and accomplishments: 
 
The focus of this project was the overall process improvement through enhancement of 
the co-product streams.  
 
This project is divided into 16 subtasks and outcomes for each sub-tasks as follows:  
 
Task 1: Develop Detailed Test Protocol: A test protocol was developed for several of the 
project tasks. These protocols were continually refined as testing proceeded, and as 
process improvements were identified and integrated into the overall process design.  
 
Task 2: Design Hydrolysis System: A test system for the hydrolysis process was 
developed with TVA based on the Masada process. Additional systems were developed 
for portions of the hydrolysis and ethanol production process.  
 
Task 3: Equipment Procurement/Installation: In March, 2007, Masada won a bid to 
purchase TVA’s biomass pilot plant facilities and equipment for $300,000.  The 
decommissioning and relocating the TVA biomass to fuels pilot plant facilities and 
equipment in Muscle Shoals, Alabama to Auburn University’s E.V. Smith research 
campus in Tallasee, Alabama is pending.  Masada has donated the TVA pilot plant 
facilities and equipment.  Auburn University is responsible for decommissioning and 
moving the equipment in the pilot facilities to Auburn, to date the decommissioning and 
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relocation has not been completed.  In addition, Masada has paid Auburn $500,000 under 
a sponsored research commitment to support Masada’s waste-to-ethanol technology 
research in biofuels. 
 
Task 4: Raw Material Procurement:  Masada procured raw MSW and waste water 
treatment Biosolids from several facilities with similar operational parameters to the 
Masada process design.  Arrangements were made for the procurement of MSW from 
several appropriate sort facilities.  Biosolids materials were procured for Task 5 testing 
from several facilities were sludge characteristics were typical of the material to be 
processed in the Masada facility.  
 
Several vendors of commercial equipment were identified for preprocessing and moisture 
reduction in the feedstock. Technology evaluation was based on cost, energy efficiency 
and operability within the Masada process constraints. A testing protocol was developed 
to evaluate drying.  A preferred vendor of equipment for MSW feed drying and 
preparation was identified.  Feed drying facilities were reviewed and are suitable for the 
Masada process testing. The vendor’s experience with similar applications was also 
reviewed to ensure a suitable level of relevant experience.  
 
 
Task 5: Biosolids Processing: A preliminary evaluation of biosolids processing options 
was developed. This analysis suggested several minor modifications to the biosolids 
processing that will result in a more fuel-efficient process with the generated residue 
having higher value fuel than previous modeling suggested. 
 
A scope for testing process modifications was developed. Preliminary testing was 
completed, including the analytical characterization of several sludge materials. Sludge 
characterization included the following physical and chemical characterization.  
 

! Proximate analysis 
! Ultimate analysis 
! Btu value 
! Bulk density 
! Moisture content 

 
This analysis was performed by a suitable third-party laboratory and as part of vendor 
testing.  
 
TVA completed a laboratory bench scale evaluation of process alternatives. This testing 
involved processing under several conditions and analysis of the feed, processed 
biosolids, condensate, and off gases generated with varying process conditions. Several 
different temperature and acidification level combinations were tested at TVA using 
laboratory scale glass equipment.  
 
Process testing was conducted under the supervision of Harris Group Inc., Masada’s 
process engineer, and completed at the pilot scale at the Komline-Sanderson (KS) test 
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facility in High Bridge New Jersey and at Syangro Technologies, Inc. in Waterbury, 
Connecticut. The KS was identified as having suitable equipment for the Masada process 
and having a pilot-sized unit that can be used to test and optimize the process. The KS 
tested real sludge received from multiple locations with potential to provide sludge to the 
commercial facility. This sludge came from a variety of different waste treatment 
processes representing the range of expected sludge materials for a commercial Masada 
facility. Testing by KS included evaluation of equipment sizing based on design material 
flow and heat transfer characteristics of the sludge. During this testing multiple off-gas, 
sludge feed and products samples were collected and analyzed, allowing the more 
complete characterization of the process.  
 
Masada was able to  

! Determine material handling characteristics of blended sludge and of cooked and 
dried acidified biosolids. 

! Verify that the vendor equipment is suitable for processing sludge without 
plugging and/or fouling.  

! Determine heat transfer characteristics of acidified biosolids at various levels of 
moisture content.  

! Confirm changes in sludge characteristics with addition of acid and heating.  
! Develop additional fuel analysis for various blends of acidified biosolids.  
! Dispel concerns with potential fouling of the dryer by sludge from the Zimpro 

process.  
 

Critical improvements in the biosolids process portion of the Masada process was 
integrated into the commercial design of the Masada facility. These changes 
resulted in reductions in both capital and operating costs while providing a higher 
value biosolid fuel production.  

 
Pilot testing has verified the suitability and performance of the vendor equipment.  Harris 
Group Inc. oversaw the development of the selection of the vendor, the test protocol and 
the analysis of the test run data.  The trip report filed by Harris Group, Inc. with Masada 
Resource Group, LLC is attached as Appendix A. 
 
 
Task 6: Hydrolysis: A protocol for hydrolysis testing was developed.  Earlier tests had 
focused on determining the minimum batch size that can be effectively processed in the 
TVA facility to optimize the use of available sample material.  Several hydrolysis tests 
were completed at TVA and hydrolysis sample analysis was completed, allowing 
conversion to be determined.  In addition to completing experimental sample analysis 
TVA also generated several numerical tools/programs used to evaluate conversion and 
trends in glucose yield as a function of hydrolysis parameters.  
 
Additional process optimization included testing the conversion as a function of reaction 
time, and as a function of the amount of dilution water added during the hydrolysis 
reaction.  
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Harris Group, Inc., Masada Resource Groups process engineers evaluated the hydrolysis 
testing that was conducted at the Tennessee Valley Authority Pilot plant in 2000 and 
2001.  A project memorandum from Harris Group Inc. is included as Appendix B 
 
Task 7: Filtration/Lignin Production: Additional testing was completed to assess and 
optimize the lignin filtration, particularly for the hydrolysis material generated in Tasks 6 
and 12. These tests further defined filtration parameters, provided material for 
downstream process testing, confirmed and or rejected operational design assumptions, 
and analyze the lignin-biosolid fuel.  
 
 
Task 8: Acid/Sugar Separation: Testing under Task 8 was defined. The preferred vendor 
for this process Osmonics, Inc. (n.k.a. GE Osmonics) provided the testing services and 
equipment.   Osmonics provided sample size requirements for various test alternatives 
and provided their insight into the commercial impact of process enhancements affecting 
this separation process. Two levels of testing were evaluated; chromatic pulse testing, and 
pilot testing.  
 
Because indications in the design of Masada’s New York project indicated that the 
evaporation system for dilute acid was potentially compromised by remnant sugars (trace 
amounts <1% by wt.) in the eluted permeate from the chromatographic separation unit.  
Evaporation of acid has important and significant economic and environmental benefits 
for the Masada process through acid recycling and reduction of fresh acid purchase and 
delivery. 
 
The nominal composition of the acid-sugar mixture entering the Osmonics process 
testing system was:  Sulfuric Acid 8%; Glucose 0.6%; Xylose 0.1%, Mannose 0.1%. 
 
Performance targets for the system was nominally:  Minimum acid-sugar ratio 20:1; 
Optimized acid-sugar ratio 25:1; Increase in sugar concentration of 7 to 8 X input values; 
Working pressure through put of 440 GPM. 
 
Results showed that the Osmonics spiral-wound membrane systems retained sugar at 
targeted values while allowing acid to pass through the filtration membranes.  The Hytrex 
II® is a 5 µ nominal pore size and is nest able within stainless steel housing that achieved 
acceptable flow rates at pressures of 30-bar and above as similarly deployed in industrial 
settings. 
 
Liquid Chromatographic analysis performed by Osmonics, Inc. for Masada Resource 
Group are included as Appendix C. 
 
Task 9: Neutralization/Gypsum Production: Several alternative technologies were 
identified for this aspect of the process.  Vendors for the various technologies were 
identified and preliminary testing was done to evaluate these technologies.  These 
preliminary assessments were used by Seattle University in developing their evaluation 
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protocols for the technologies they assessed ( see Appendix H).  A general analysis of 
technology alternatives was conducted based on previous test results, and anticipated 
commercial performance specifications provided by the vendors.  Testing on critical 
process issues identified was conducted and led to operational and performance criteria 
for the selection of a preferred vendor for the Masada process. 
 
A preferred technology has been tentatively selected based on technical and economical 
feasibility, based on modeling for the Masada process.  Other technologies evaluated had 
technical drawbacks or required further development and were not considered as viable 
for commercialization at this time.  
 
Further evaluation of the Masada neutralization process had taken place. Testing of this 
new process concept indicates better process performance as defined by cake dryness and 
loss of sugar in the cake.  
 
A cost estimate based on the testing results was completed to compare the new concept to 
the existing neutralization and gypsum removal process. This analysis indicates that a 
capital cost savings of over $4.5 million dollars could be realized by implementation of 
the new process concept. The new process will reduce the annual operating costs and the 
process will take up less space, a key consideration for the Masada process at some 
locations.  
 
Two phases of process testing have been completed. This testing utilized a simulation 
solution designed to mimic the actual Masada process solution. The simulation solution is 
based on analytical data produced in previous testing programs. Samples from both 
phases of neutralization were tested by TVA for pH, ion content, and sugar concentration. 
TVA also analyzed the moisture content of the precipitate gypsum cake.  
 
TVA also completed calcium sulfate solubility versus temperature studies with 
hydrolyzate and stillage. This testing was completed as part of an overall evaluation of 
neutralization and its impacts on other processes within the Masada design. 
 
All the process enhancements have been incorporated into the Masada process design.  
Test results on Acid Neutralization and Gypsum Dewatering conducted for Kvaerner 
Process on behalf of Masada Resource Group by EMICO Baker Hughes are attached as 
Appendix D. 
 
 
Task 10: Sugar Concentration:  
 
The solubility issues that impact neutralization were evaluated. This testing studied the 
solubility of key chemical species in the feed and product solutions from sugar 
concentration.  
 
Testing under this task was primarily to take place at Auburn University to provide 
samples for fermentation testing.  
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An alternative technology proposed by a vendor was also evaluated. The process details 
are given in Quarterly Report for the Co-Product Enhancement and Development for the 
Masada OxyNol Process Project, Second Quarter of 2003. 
 
Testing by a proposed vendor, was conducted in early 2003 and the 
report by  as Appendix E. 
 
 
Task 11: Acid Concentration: Bench scale testing on the acid concentration process has 
been successfully completed on two separate dilute acid solutions. 
 
A suitable vendor with both laboratory and pilot plant capacities was identified for testing 
and evaluation of the acid concentration process.  
 
The bench scale test results confirmed that the material can be evaporated to the specific 
concentration. 
 
The pilot testing was completed, processing approximately 500 gallons of dilute acid into 
concentrated acid. The testing provided an indication of the impact of changing the final 
acid concentration on the processing. The pilot process is a triple effect evaporator. The 
first stage of processing was completed with pre-concentration of the dilute material to an 
intermediate concentration. All the dilute material was successfully processed. Final 
concentration was completed. Several processing runs were completed with various 
concentration targeted. Final concentrations were achieved that both met and exceeded 
the process specifications.  
 
Two vendors systems were evaluated by Masada for applicability to the OxyNol process.  
This evaluation included a visit by Masada personnel and contracted process engineers to 
the   However, no detailed process data were 
released to Masada or its process engineers in accordance with commercial 
agreements with   TVA also completed preliminary tests conducted with acid 
product to evaluate process for destroying organics than can otherwise cause fouling in 
the acid re-concentration process.  
 
Masada identified a process enhancement that significantly reduces the amount of 
residual sugar in the acid product prior to acid concentration for recycle within the 
hydrolysis process. This improvement reduces the level of residual contamination of the 
acid catalysts, significantly improving the potential performance characteristics of the 
acid evaporative concentration unit. For the implementation of this enhancement, several 
vendors have been identified and with suitable technologies for the evaporative re-
concentration process.  Testing on synthetic samples designed to mimic the commercial 
solution have been performed by several vendors. 
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Task 12: Hydrolysis with Re-concentrated Acid: A phase one scope of work for this 
testing was developed and defined.  TVA conducted this testing using both small scale 
and larger scale laboratory reactors to complete the hydrolysis reaction.   This testing was 
continued at Auburn University. 
 
This testing included side-by-side tests with re-concentrated and fresh acid to confirm 
previous experiments that indicated that hydrolysis yields are not adversely effected by 
the use of recycled acid. 
 
 
Task 13: Fermentation: Several aspects of fermentation have been tested. A small test 
was performed to evaluate dried yeast addition rates.  Evaluation of these tests included 
determination of glucose conversion and counting viability yeast cells. The results of 
these preliminary tests were used for preparation of the inoculum for 16-liter 
fermentation tests and defined the yeast usage for future testing.  
 
TVA performed several flask fermentations to evaluate ammonium neutralized 
hydrolyzate as an alternative option to lime neutralization.  
Studies included larger scale fermentations to confirm the ability of standard yeast to 
convert the Masada hydrolyzate and allowed the collection of CO2 fermentation off-gas 
for complete analytical characterization.  The primary focus of these tests was to collect 
CO2 for analysis.  During these tests TVA collected several CO2 samples that were 
analyzed by a third-party.  The CO2 from both sets of testing was analyzed for non-
condensable gases, volatile hydrocarbons, volatile sulfur compounds, volatile oxygenates 
and benzene, oxides or nitrogen, and others.  
 
Two reports are included as Appendices F and G. 
 
 
Task 14: Distillation/Wastewater Production: Samples from the preliminary 
fermentation process testing were collected.  These samples were derived from flask 
scale fermentation testing and were distilled at TVA using a Roto-Vap setup.  Samples 
were analyzed by TVA and provided to Seattle University for characterization in 
preparation for treatment studies on larger samples.  
 
Latter, TVA completed stillage preparation using the fermentation broth.  TVA processed 
five batches and added water to produce a representative sample of stillage from a 
fermentation process.  TVA also completed a full and detailed analysis of the beer, 
ethanol, and stillage streams.  
 
 
Task 15: Wastewater Treatment: The following is a chronological order of activities 
involved in this task: 
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A general scope of work at Seattle University was developed.  Participation of 
commercial process technology vendors was incorporated in this task with the vendors 
supplying technical support and materials.  
 
The Seattle University team designed a fill-and-draw treatment system based on 
specifications provided by a commercial waste treatment technology vendor.  The 
University team procured equipment for the treatment test system and developed a testing 
protocol.  Seattle University completed system assembly and began shakedown testing 
using a simulated wastewater.  The commercial system vendor also supplied a sample of 
its commercial activated sludge for use in the treatment testing.  
 
Experimental reactors were constructed.  A total of six reactors were built.  Initially all 
six reactors were operated in the same manner.  Ultimately, three of the reactors were 
used to test Masada wastewater and three acted as experimental controls using synthetic 
feed. 
 
Reactors were started with the addition of methanogenic bacteria granules to a growth 
medium.  The medium contained and latter provided sufficient nutrients.  Each reactor 
was operated at a hydraulic residence time of 15 days.  During this period, the test setup 
was taken through a shakedown phase.  Initial reactor related problems were identified 
and solved.  Methane gas production was consistently within 15 percent of theoretical 
range, indicating that the system operated properly using the synthetic feed. 
 
Testing of the initial stillage sample from Masada was performed.  The parameters that 
were analyzed included pH, alkalinity, five-day biochemical oxygen demand (BOD5), 
chemical oxygen demand (COD), volatile solids, total suspended solids, and dissolved 
sulfate.  Problems were encountered with the spectrophotometer that will be utilized to 
assess total kjeldahl nitrogen and total phosphorous concentrations and results were thus 
inconclusive with regards to total kjeldahl nitrogen concentrations. 
 
A selected vendor supplied a scope of parameters to be tested and budget for non-
biological treatment alternatives. The scope included lab scale processing, material 
characterization, and sample analysis.  
 
Seattle University team completed its study of the wastewater digestion process. Testing 
showed that a suitable system for anaerobic digestion can be developed and deployed that 
properly controls pH in the digester.  
 
Vendor testing was also completed using a non-biological treatment alternative.  Testing 
successfully demonstrated the process, which will greatly enhance the recycling of the 
water within the Masada process and eliminate much of the facility waste water discharge 
and reduce water consumption and further minimize the environmental footprint of the 
Masada process. 
 
Samples of the vendor process streams were provided to TVA and a third-party 
laboratory.  Analysis showed the suitability of the water produced for use within the 
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Masada process and that the byproduct stream characteristics make it a suitable fuel 
material for the production of process steam and/or electrical energy. 
 
 
Seattle Universities Report Co-Product Enhancement and Development for the Masada 
OxyNol Process, June 2002b is attached as Appendix H. 
 
 
Task 16: Evaluation: Analysis of the samples produced and testing results were used to 
evaluate the impact of processing alternatives and optimization of the economics and 
technical performance of the Masada process.  
 
TVA has completed the analysis on a set of 14 samples.  Analytical methods used include 
ICP, IC, TOM, conductivity, and HPLC.  The analysis was utilized to evaluate process 
performance. 
 
 
Masada Resource Group, LLC continues to work with Auburn University on further 
refinements to the Masada OxyNol Process and for new markets for commercial 
application of the Masada OxyNol Process, such as the development of a modified 
process to address paper sludge disposal for the paper manufacturing market. 
 
No additional patents were developed as a direct result of the research efforts conducted 
under this award. 
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Kvaerner Hydrolysis Conversion Range Memo 

May 6th, 2002 
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May 16,2001 

Kvaerner Process 
7909 Park wood Circle Drive 
Houston, TX 77036 

email: ed.gerber@kvaerner.com 

Attention: Ed Gerber 

Subject: Testing Letter Report 

Reference: MASADA / Orange Recycling Facility 
Acid Neutralization / Gypsum Dewatering Testing 

Dear Ed: 

Following is a brief letter report outlining the results ofour recent testing.  
 

Background 

MASADA has developed a treatment process for conversion of municipal solid waste (MSW) to ethanol. 
The primary unit operations involve acid digestion of the biomass, acid recovery, neutralization, 
evaporation and fermentation. Baker Process' involvement in the process deals primarily with the acid 
neutralization of the material following acid recovery. Baker Process was contracted to neutralize 
approximately 800-1,000 gallons of the weak acid/strong sugar solution following the acid recovery 
operation and perform additional testing necessary for equipment sizing and prediction of process 
performance related to the acid neutralization. 

Testing 

A small-scale continuous sedimentation pilot apparatus including recycle of precipitated solids was used. 
for neutralization of the acid/sugar solution. High calci11.lJ1--.lime was used for neutralization to 

for the samples tested. A small portlon(;'fthe overflow material from the sedimentation 
apparatus was collected for subsequent bench-scale testing necessary for equipment sizing and process 
performance analysis. The balance of this overflow material was filtered with the filtrate collected and 
refrigerated for subsequent testing by other vendors. 

Summary of Results 

For a full-scale processing rate of approximately

16703 SE McGillivray Blvd. Suite 225. Vancouver. WA 98683. T: 360.604.2777. F: 360.604.2778 

mailto:ed.gerber@kvaerner.com


Page 2 of3 

Technical Specification 99-10544-7006, Rev C dated February 2 /6#200 I, expected process results would 
be as follows: 

Parameter Units Value 

Clarified Effluent (to Evaporators) 
TSS mgIL 

/Soluble Ca mglL 1
\'" Soluble S04 mg/L <

HBF Filter Cake (coarse material) 
Cake Solids wt% 
Cake Production (dry solids) lb/h 

• Filter Press Cake (fine material) 
Cake Solids wt% 
Cake Production (dry solids) Iblh 

Lime Consumption (as CaO) Ib/h 

Flocculant Dosage lb/ton dry solids 

Overall Sugar Recovery % 
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Other 

Chemical Analysis of Treated Effluent 
Units Targed 1 H# Analysis 

Sulfate mg/L 
Ca&# mg/L 
Cr mg/L 
Fe mg/L 
Ni mg/L 
AI %7() mg/L 
Mg mg/L 
Cu mg/L 
Zn mg/L 
Na mg/L 

Notes: 
1. Target values were provided by Harris Group. 

 

We look forward to working with you further on the project. Please feel free to contact me if you should 
have any questions or need additional information. 

fcc: JQhIlLukas",HGlle 
Sincerely, Bill Timmins-SLCle 
BAKER PROCESS Jim Allen-SLC/e 

Vaughn Weston-SLCle 
Gene Haas Kurt Wilson-SLC/e 
District ManagerlNorthwest U.S. Don Taylor-SLCle 
Chemical Engineer/Sales file 
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Acid Recovery and Sugar Concentration 

 

June 2003 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







































































Appendix F 

Kvaerner Hydrolyzate Fermentation Testing TVA 

May 7th, 2002 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Project 42010 Masada Resource Group  
K vaerner EPC Package Birmingham, Alabama  

May 2002 

 
  

PROJECT MEMORANDUM 42010/05 
MASADA PROCESS FERMENTATION TESTING 
PILOT PLANT HYDROLYZATE (2000/01) 
FERMENT A TION (2001/02) 

1. SUMMARY 

'Ihe results of the 2001/02 fermentation trials at TV A are presented here, These 
fermentation tests used pilot-plant-produced MS\V-derived sugars made from the 
Masada process. The tests focused on the inYestigation of nutrient options and 
optimization of the nutrient source and concentration, Fermentation testing shows 
that corn steep liquor (CSL) is an effective nutrient, CSL can be used as a 
replacement for the more expensive TV A-deyeloped nutrient mix. \Vith CSL added 
at the 1 0 level to both the inoculum and the fermentation, an over 98% ethanol yield'0 

at 24 hours ,,vas observed for testing at the 16-liter scale. Using CSL only in the 
inoculum or in the inoculum and at a reduced rate in the fermentation results in 
yields in excess of 90°0 but with fermentation time increasing with decreasing CSL 
concentrations. As plyviouslv demonstrated, the TVA nutrient mix also results in 
fermentation efficiencies in excess of 90%. As with the CSL, adding the TVA 
nutrient to only the inoculum results in an increased time to achieve full glucose 
utilization and higher ethanol yields. 

Several sources of CSL were tested with sirnilarly effective fermentation regardless 
of the CSL source. Flask scale testing also resulted in over 90% ethanol yields with 
CSL as the nutrient source. The average ethanol yield is 98.5% for tests using CSL in 
both the inoculum and the fermentation broth when data from flask tests in 
February 2002 with Cerestar CSL and 16-liter tests in March 2002 with GPC CSL are 
considered, 

This experimental data indicate that an (weI' 90% yield of ethanol (as a function of 
glucose and l1"1annOSe conversion) has been consistenth' achieved using the MSW-
derived sugar source and CSL nutrient sources, \Vhen is added at the full 1 % 
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rate to both the inoculum and the broth, ethanol yields in excess of 95% are 
observed. 

2. INTRODUCTION 

Extensive fermentation testing has taken place at TV A using MSW-derived sugars. 
Previous studies primarilv used a nutrient mix optimized by TV A for the 
fermentation of hydrolysis-derived substrates. More recent studies investigated 
alternative nutrient sources. These studies used a MSW-derived hydrolysis sugar. 
This sugar was produced during the 2000/01 Masada process pilot trials designed to 
mimic the con1mercial process as closely as possible for the pilot operation. 

A number of nutrients were tested based on the likelihood of success and estimated 
nutrient costs. Table 1 shows an estimation of the nutrient costs for some potential 
options. 'The most cost-effective nutrients 'were selected for further testing. The 
TV A nutrient mix was tested as a controL Corn steep liquor from several different 
sources was tested and biopeptides were tested. Yeast Food P was tested at the flask 
level with encouraging results, but was not further tested due to the high nutrient 
cost. The Alltech yeast food grain was not tested as no samples \vere available for 
TV A to use in test fermentations. 

Table 1 
Estimated Nutrient Costs 
Basis: WinGEMS Rev-W, 4/1/02 (65% MRF) 

.. I 
Nutrient Inoculum 

===-=$ 48,327 
TVA 460,75
Yeast Food P $3,044,192 

f--Biopeptides -101N'--+___$ 8,268 
AYF Grain - low $ 9,114 

d 
I' 

Biopeptides - high I' $ 34,521····· , 
AYF Grain - high $ 38,052 

Nutrient add to: 
Inoculum and Inoculum and 50%  
Fermentation to Fermentation  
$ 531,592_-t--- $ 289,959 I 
$ 5,068,352 $ 2,764,556 
$33,486,112 $18,265,152
$ 90,952 $ 49,610 
$ 1 00,258 $ 54,686 
$ 379,727 --+- $ 207,1-24----1 
$ 418,576 $ 228,314 

3. RESULTS 

The results from the 2001/02 fermentation trials at TVA are summarized in the 
attached graphs. Detailed reports from TV A on these trials will be included in the 
design report appendix. Testing '.yas conducted at the flask scale for preliminary 
evaluation and in the 16-liter fermentation test units for confirmation of flask results. 
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The results from the 16-liter fermentation are presented first because they are the 
most commercialh' relevant. 

Figure lA 16-Liter Fermentations 

Here the results for the 16-1iter fermentation tests are shown. The 
ethanol \'ields are shown as a function of fermentation time for several 
different concentrations of CSL in the fermentation broth. The figure 
sho\;\'s that bv 24 hours over ethanol \'ield was observed when . . 
CSL was added to both the inoculum and the fermentation at the full 
rate. As the CSL rate to the fermentation was reduced to 30% and 0%, 
the time for the fermentation to complete increased to 38 and 60 hours, 
respectively. This figure shows 90+% conversions can be achieved 
using CSL in place of the TV A nutrient mix and that less than a full 
addition of to the fermentation can be effective. 

In all cased the sugar was Masada process derived, the inoculum rate 
was 10%, and 1 CSL was added as a nutrient to the inoculum. Rates 
of nutrient (CSL) added to the fermentation varied. 

Figure 2A 16-Liter Fermentation 

In this figure the ethanol Yields and glucose utilization for the three 
16-liter fermentation tests are shown, As expected, the ethanol vield 
and glucose utilization track each other in all experiments. This data is 
the same as shown in Figure lA, which presents the fermentation time 
as a function of amount of added as a nutrient. In these cases CSL 
from GPC was used as the nutrient. Glucose utilization is defined as 
1 minus the amount of glucose remaining, divided by the amount of 
glucose at the start of fermentation. 

Figure 3A Corn Steep Liquor versus TVA Nutrients 

In this figure the ethanol Y'ield using the TVA nutrient mix is 
compared to the ethanol yield when CSL from two sources is used as 
the nutrient. Ethanol yields in excess of are reported for all the 
experiments. The data is from flask scale experiments, with the 
exception of the last GPC nutrient experiment, which is from a 16-liter 
test. These experiments demonstrate that CSL from both sources is at 
least as effective as the TV A nutrient mix. For these experiments, 
nutrients were added both to the inoculum and the fermentation broth. 

Several of the flask experiments using GPC as the nutrient resulted in 
ethanol vields in excess of 100%. TV A indicated that several factors 
could lead to this results including the conversion of some C-5 sugars, 
analytical accuracy limitations, and the potential unaccounted for 
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