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EXECUTIVE SUMMARY

The economical feasibility of integrating a 23.5 million gallon per year (MMGPY) cellulose conversion facility into the existing 60 MMGPY Chief Ethanol Fuels grain alcohol production facility has been reviewed.  

The project, under current market and technical conditions, does not generate a positive return on investment because of the following factors:

· The capital cost for the proposed facility is over $6/annual anhydrous gallon of alcohol produced vs. $1.50 to $1.80/annual anhydrous gallon of alcohol produced for current dry  grain milling fuel alcohol facilities of similar capacities.       

· The cash manufacturing cost, using corn stover as the feedstock to the NREL provided  technology, is approximately $1.88/gallon of denatured alcohol vs. $0.90/gallon of denatured alcohol for current stand-alone dry milling alcohol facilities of similar capacity using corn at $2.10/bushel.

The major factors contributing to the very high capital and production costs are the complex and difficult pretreatment process, expensive incineration and turbogeneration equipment, the cellulase enzyme cost and the corn stover feedstock cost.  

In order to break even and begin generating a positive cash flow, the following improvements need to be made:

· reduction in capital expenditure of 50%

· reduction in overall chemical cost of $0.20/gallon 

· improvement in alcohol yield of 20%

· reduction in feedstock cost (collection and transport) of $10/dry short ton

· capital loan obtained at the prime lending rate (approximately 8.5%)

We feel that, although aggressive, these improvement targets are achievable and have been selected based on our experience in the development of the grain based fuel alcohol industry.
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PROJECT OBJECTIVE & DESCRIPTION

A study was undertaken to determine the feasibility of integrating a biomass conversion facility into the existing Chief Ethanol Fuels plant in Hastings, Nebraska.  This facility would hydrolyze biomass to sugars and ferment the resulting C5 and C6 sugars to fuel alcohol as the main product.  A by-product of the process would be lignin which would be incinerated and used to generate steam and electricity.  The steam and electricity would then be used in the process to reduce the cost of utilities.

The site specific business potential of producing ethanol from biomass at the Chief facility was evaluated.  The biomass conversion process was integrated into the existing grain-processing infrastructure.  The potential to take advantage of the grain-processing infrastructure in place at the Chief plant site and also the existing ethanol transport infrastructure for product delivery was investigated.        

In addition to evaluating the economic and technical feasibility of integrating the NREL developed biomass conversion process into the existing Chief facility, suggestions for further research and development are discussed .

This work has been carried out by:

Vogelbusch U.S.A., Inc.

10810 Old Katy Road, Suite 107

Houston, TX  77043

with the participation and assistance of:

Chief Ethanol Fuels, Inc.

East Highway #6

Hastings, NE  68902

TASK 1  FEEDSTOCK DESCRIPTION

The feedstock for the existing Chief Ethanol facility is primarily milo with some corn depending on pricing and availability.  The plant is presently producing 60 million gallons of fuel alcohol per year.

After discussions with Chief personnel, a meeting with local area farmers and a review of the available Nebraska crop data it was determined that a nominal plant capacity of 23.5 MMGPY would fit within the existing facility and site constraints as well as allow for a direct comparison of information received from a commercial source.

The corresponding daily usage of corn stover for the proposed facility is estimated to be 850 dry metric tonnes per day based on a yield of 300 litres of alcohol per dry metric tonne of stover.  This yield was discussed with and confirmed to be valid for the purposes of this study by NREL.  It is a balance between the NREL findings and best of industry information.

According to data presented by the University of Nebraska (Lincoln) in 1990 under the title "Nebraska Survey of Biomass", the necessary corn stover would be available within a 20-25 mile radius of the Hastings facility in Adams, Clay and Hall counties.  This is felt to be an acceptable supply radius for transport of the bales of stover.

In order to further evaluate the potential corn stover supply and determine a site specific landed raw material cost a meeting was held on May 19, 1999 in Hastings, Nebraska with local area farmers.  The attendees of this meeting and the organizations which they represented were:

Attendee


Organization(s) Represented
Dave Grams


Farmer / KAPPA (Kearney Area Ag. Producers Assoc.)

Steve Mercer


Farmer / KAPPA

Dennis Scamehorn

Farmer / Nebraska Corn Growers Association

Craig Hollister


Farmer / Adams & Webster County Corn Growers Assoc.

Roger Burken


Chief Ethanol Fuels

Duane Kristensen

            Chief Ethanol Fuels

John Trumpeter

            Chief Ethanol Fuels

Gunter Brodl


Vogelbusch U.S.A., Inc.

Pam Tetarenko

            Vogelbusch U.S.A., Inc.

The objective of the meeting was to discuss the practical impact and trade-offs of collecting corn stover.  The members of the group had previous experience with the collection of corn stover on a trail basis for a paper making facility in Kearney, Nebraska.  Their findings are summarized as follows: 

1.  Harvestable yield is 2 short tons dry matter/acre (1.5 short tons/acre from frozen ground).  This is approximately 40% of harvested corn weight (i.e., 400 tons stover per 1000 tons corn).

2.  Square bales 3'x4'x8' are preferred for ease of handling and stacking.  The weight is approximately 900 pounds of dry weight per bale (400 kg). A plant of 23.5 MMGPY capacity would process approximately 2100 bales of stover per day.

3. The stover was collected by a custom harvester contracted by the paper producer.  Equipment used included a baler and stacker unit (hydraulic squeeze) to load bales.

4. The cost of harvesting, baling and stacking on the farmer's property or loading on trucks was $27/dry short ton.

5.  The storage time required to cover through to the end of the next harvest would be 14-16 months.  The square bales could be stacked 9 high.  To lease land for storage purposes to provide space for 2000 short tons would cost approximately $300-$500 per annum.

6.  Transport costs to the plant within a radius of 25 miles are assumed as $8.50 - $9.00/dry ton (from Hettenhaus, Bioenergy Report).

7.  The return to the farmers would need to be further negotiated but initial indications are that it would need to be at least $7.50-$10/dry short ton in order to assure sustained supply and to cover mineral loss ($3-$5/dry short ton).

8.  At present, corn stover competes with hay for animal feed.  Some cattle farmers graze the stalks; on more sandy soil it is used for organic matter buildup and there are even a few farmers who still burn the fields.

Adding points 4, 6 and 7 together, the final landed cost at the Chief facility would be $43-$46/dry ton corn stover.

Given the size, density and stacking characteristics of the bales, and allowing for access of loading and unloading equipment from tractor-trailers, it is estimated that an area of a minimum of half an acre is required to store a day's production worth of corn stover.  Given the climatic conditions during winter , we recommend at least six (6) days of storage on site.  This would require three (3) acres.    This additional land is available on grounds, already owned by Chief, adjacent to the existing plant.  
In addition to the experiences of the local Hastings farmers, the logistics and feasibility of collecting corn stover have been well presented in the paper by David A. Glassner, James Hettenhaus and Thomas Schechinger entitled "Corn Stover Collection Project" in the publication BioEnergy '98 for a pilot program in Harlan, Iowa.

Although the basis of this study is corn stover, wheat straw is also a  potential cellulose feedstock for the Chief facility.  Since harvest of wheat occurs approximately two months before the corn harvest, the extra storage requirements for corn stover could be reduced or possibly eliminated resulting in cost savings.

TASK 2  FACILITY DESCRIPTION

PFD's and Material Balance

The basis for the site specific material balance has been to factor the material balance supplied in NREL/TP-580-26157 for all areas outside of distillation and evaporation.  The distillation and evaporation areas have been simulated by Vogelbusch distillation specialists, and the material balance corresponds to our standard Vogelbusch fuel ethanol distillation system.  The original NREL material balance has also been adjusted to reflect corn stover instead of wood chips and outside purchase of cellulase enzyme.

The modifications to the front end design are minor.  A new Area 100 PFD has been developed to reflect the handling of corn stover as opposed to wood chips.   An additional seed vessel (WT-301B) has been added to Area 300 in order to provide the capability to do on-line cleaning/sterilization of one vessel while the other is in service. The cellulase enzyme will be purchased from a commercial source and not manufactured by Chief Ethanol Fuels and therefore the original NREL Area 400 PFD's are not included in this feasibility study.  The current beerwell (T-306) had a residence time of 8 minutes.  This has been increased to 4 hours in order to provide the inventory required to safely start-up or shutdown the distillation system.

The enzyme cost used in this study is $.30/gallon of alcohol produced.  This cost information has been supplied by NREL and is based on pilot plant data.  

Several modifications have been made to the distillation and evaporation area (Area 500) to improve operation and to lower capital costs. A separate stripping column (D-503) has been added in place of the bottom stripping section of the rectifying column (D-502) to lower costs. Additionally, side vapor draws have been added to D-502 to prevent the accumulation of high boiling byproducts. A mist eliminator (T-502) has been added to remove liquid carryover or slugs of liquid from the alcohol vapor feed to dehydration. Liquid carryover to the molecular sieve beds significantly affects performance. Ethanol content in the bottoms streams of the beer column (D-501) and stripping column (D-503) have been reduced from 500 ppm to 100 ppm. Finally, to minimize emissions, a degas cooler (H-504A) has been added downstream of the beer column overhead condenser (H-504).

Modifications to the molecular sieve unit include the addition of a dehydrated alcohol cooler and the removal of the purge/product exchanger. The purge recycle stream will be heated with the stripping column bottoms in the plate and frame exchanger H-502. The vacuum pump has been replaced with a two stage jet ejector package. 

Streams containing solids tend to foul equipment and require occasional cleaning. Therefore, several changes were made to allow for uninterrupted operation of distillation during equipment cleanings. The beer column feed interchange exchanger (H-512 A/B) has been changed from a plate exchanger to a spiral exchanger.  A plate and frame exchanger is not suitable in this service due to excessive fouling and plugging. A second beer column reboiler and pump have been added along with a direct steam line to the beer column (D-501). When one of the shell and tube reboilers is off line for cleaning, operation can continue using direct steam, or alternatively, beer feed rates can be reduced to distillation.  Additionally, an evaporator feed flash tank (T-520) has been added to provide 12 hours of residence time to allow continuous operation of distillation while the evaporators are being cleaned. 

Several improvements have also been implemented in the evaporation area. Process conditions have been changed so that two of the five shells have been eliminated, and the soluble solids concentration in the concentrated lignin has been increased to 32%. This may be overly aggressive for a present facility as discussions with NREL indicate a belief that approximately 28% is as high as has been previously tested for pumpability but we are assuming this will be achievable for an nth facility.   A required steam condensate flash drum (T-517) has also been added to allow for pumping of condensate. In addition, a necessary vacuum pump package (M-501) has been included. 

Equipment List Notes

The equipment list for the Chief facility has been compiled using our standard Vogelbusch (VB) format.  The equipment for all areas, other than corn stover handling and distillation,  is based on the original NREL specifications with a scaling factor applied to account for the different capacity.  The corn stover handling and milling equipment was specified and cost estimated based on our previous involvement in a feasibility study for use of baled switchgrass as a feedstock for fuel alcohol production and subsequent discussion with ABB Raymond.  ABB Raymond is a leading supplier of air-swept, impact mill systems for fine grinding of various products, including sunflower hulls and wood waste.  The distillation equipment has been selected and sized based on our internal simulation and standard fuel ethanol distillation design.

The extensive VB equipment cost data base was used for estimating the cost of items which are similar to equipment that either we or our clients have purchased recently.  It was necessary to used scaled factors supplied in NREL/TP-580-26157 (July 1999) for items for which we have little or no relative cost data.  The equipment list clearly indicates when scaled factors were used.

The equipment list with cost data provides both a hybrid cost estimate employing Vogelbusch cost estimates and scaled cost estimates where appropriate as well as a completely scaled cost estimate for comparison purposes.

We have also included a cost column with installed equipment prices based on factors supplied in NREL/TP-580-26157 for comparison purposes.  However, these factors were confirmed by NREL to not include electrical/wiring costs.  The internal VB installation factors have been used for the final report.

Although individual costs for some items vary substantially, the final equipment costs (and installed equipment costs) for the two cost estimating exercises are remarkably similar.

Following are more detailed notes in regards to the technical differences summarized at the beginning of this section.  Only those process areas impacted are presented: 

AREA 100 – Stover Handling and Milling

The process proposed for size reduction of corn stover, delivered in bales to the plant site, has been substantially changed from that proposed for wood chips.  The scheme incorporates a flat storage building for storage of the bales.  The bales are fed to a two-stage shredding system, followed by air-swept, impact hammermills.  Four identical trains, each with a capacity of 33%, are to be used so that routine and non-routine maintenance can be performed on any one train without impacting plant throughput.  The milled stover is pneumatically conveyed to a weigh belt for precise metering of feedstock to Area 200 – Preparation.   

AREA 300 – Fermentation

Based on VB experience dealing with beer containing insoluble solids, welded plate VICARB heat exchangers have been selected for this area.   

Our experience also shows that much more uniform agitation is achieved with the use of top-mounted agitators.  As a result, we have specified one top-mounted agitator for each of the 18 SSCF fermenters rather than the two side-mounted agitators used in NREL/TP-580-26157.

AREA 400 – Cellulase Production

It was decided that cellulase will be purchased from an industrial enzyme supplier rather than producing the enzyme on site.  As a result, this area was eliminated and the cost used in the proformas for enzymes was taken to be $0.30/gallon of ethanol.  This cost is based on the NREL cost to produce the cellulase enzyme in the pilot plant.  Comparison with a commercial supplier showed a much different cost however.  The cellulase enzymes on the market today cost well over $1.00/gallon of ethanol produced and would render the project unviable.  As this plant is intended to be an nth generation plant, we have completed the final proformas using $0.30/gallon.  This is a critical area that requires further investigation in regards to both on-site production and improvements in commercial supply/cost.

AREA 500 – Distillation/Evaporation/Molecular Sieve Dehydration

Since our scheme in this area differs substantially from that proposed in NREL/TP-580-26157, we have included our database cost estimate for two spiral heat exchangers in the completely scaled estimate as well so that the comparison remains valid.

An evaporator feed tank with enough residence time to do periodic cleaning of the evaporator without impacting plant throughput is also included in both estimates.

Integration with the Existing Facility

Raw materials and the two processes up to the end of fermentation (including the Beer Column) are fundamentally different (i.e., different organisms utilized, recovery of DDGS).  Therefore, internal process integration has not been reviewed.   The following factors have been reviewed: 

Utilities

The possibility of sharing steam back and forth between the existing process and the proposed cellulose conversion process has been reviewed.  The current Chief boilers produce sufficient steam to start the cellulose plant.  For ongoing operation, exhaust steam from the turbogenerator will be used.

The electricity required for the process is supplied, in part, by the turbogenerator in Area 800.  There will be a small deficit in electricity available vs. electricity required.  The electricity required has been determined by factoring the original NREL base case to adjust for capacity. The deficit will be made up by supplying natural gas to the boiler.   At a cost of $2.50/MMBTU for natural gas vs. a cost of $44/dry ton of stover, it is not cost effective to utilize excess stover as boiler fuel.

The cooling towers will remain separate due to the fact that the existing cooling tower is running at capacity and the cost savings of expanding this unit versus the cost of a new cooling tower would likely be offset by the increased cost to replace the existing cooling water piping which is too small to handle the distribution for both plants.

Product Mix and Marketing Structure

The expanded process does not introduce any "new" products from a sales perspective and therefore the existing marketing structure would remain essentially as is.  The absence of air in the Z. mobilis fermentation could potentially make the overall carbon dioxide produced more attractive to CO2 processors. The existing CO2 is currently scrubbed of alcohol and organic acids and then vented to the atmosphere.  Since Chief does not currently sell CO2, the decision has been made to not include the sale of CO2 in the projections for this project at this stage.

Organizational Infrastructure

The existing lab facilities, maintenance, management and administration systems would not require any major changes.  Additional manpower to operate the cellulose facility has been included in the proformas.

Water Treatment

The current waste water system is operating at maximum capacity.  A separate water treatment facility has been included in the cost of the cellulose conversion process plant.

Alcohol Storage & Loadout

Alcohol storage and loadout facilities could be shared.

TASK 3  CAPITAL AND OPERATING COST REFINEMENT

The installed capital cost and cash manufacturing cost for the proposed facility have been estimated.  Under the current market and technical conditions, the project does not generate a positive return on investment because of the following factors:

· The capital cost for the proposed facility is over $6/annual anhydrous gallon of alcohol produced vs. $1.50 to $1.80/annual anhydrous gallon of alcohol produced for current dry  grain milling fuel alcohol facilities of similar capacities.       

· The cash manufacturing cost is approximately $1.88/gallon of denatured alcohol vs.  $0.90/gallon of denatured alcohol for current stand-alone dry milling alcohol facilities of similar capacity using corn at $2.10/bushel.

The detailed cost data and financial summaries are presented in the Financial Proformas and Sensitivity Analysis section.
TASK 4  & 5  FINANCIAL PROFORMAS & SENSITIVITY ANALYSIS

A financial analysis of the long-term operation of the proposed cellulose conversion facility to be located adjacent to the existing Chief Ethanol Fuels grain to fuel alcohol facility in Hastings, Nebraska has also been prepared.   

A "Base Case"  evaluation, incorporating site specific capital costs, operating costs, feedstock costs, and final products market value is provided.

Also included is a "Target Case", which makes the following adjustments to the "Base Case":

· Ethanol yield from stover is increased 20%

· Delivered stover price is reduced by $10 per dry U.S. ton

· Chemical costs are reduced from $0.50 to $0.30 per anhydrous ethanol gallon

· Installed cost of the facility is reduced from $6.22 to $3.00 per annual gallon

· Loan interest rate is reduced from 10% to the current prime lending rate of 8.5%

Each analysis consists of the following:

· Sources and Application of Funds (Year 1)

· Sources and Application of Funds (Year 2)

· Balance Sheet (Years 1 through 12)

· Income Statement (Years 1 through 12)

· Cash Flow Statement (Years 1 through 12)

· Pricing Sensitivity Matrix - Average Annual Pre-tax Income (Years 3 through 12)

· Pricing Sensitivity Matrix - Average Annual Cash Flow (Years 3 through 12)

In regards to the "Target Case", we feel that the targets stated are aggressive, but achievable, for the following reasons:  

· Ethanol yield

The ethanol yield used in this study is an average of the current NREL yield and the current best of industry.  Therefore, we feel it is reasonable to assume that the average yield will continue to move towards the current best of industry.  

· Delivered stover price

The site specific feedstock cost used for this study is higher than the feedstock cost determined in a parallel field study conducted in a different location.  For this reason, we feel it is reasonable to assume that the overall collection and transport costs will continue to improve and become more consistent from state to state.  

· Chemical cost reduction

We feel that an anticipated higher demand for cellulase enzymes will lead to improved production technologies and reduced prices.  This trend has been very dramatically demonstrated with almost all enzymes which have found large-scale industrial applications.  

We also feel that it is reasonable to assume that as the pretreatment technology continues to improve there will be a reduction in the usage of other chemicals (i.e., ammonia and sulfuric acid).

· Capital and cost reductions

The targets for capital cost improvements reflect our experience in the development of the grain alcohol industry over the past 20 years.   For example, in 1980 the installed capital cost to build a comparable grain alcohol facility was $3.00 - $3.50/annual gallon anhydrous alcohol.  This same facility can now be constructed for approximately $1.50 - $1.80/annual gallon anhydrous alcohol.   Taking inflation into consideration would show an even more dramatic decrease in capital cost.  

· Loan interest rate

Both state and federal governments have shown a willingness in the past to support renewable fuel projects with grants, guarantees, and low interest loans. For this reason, we feel it is reasonable to assume that, at the very least, a loan at the current prime lending rate of 8.5% could be secured for the proposed biomass-to-ethanol project.

The detailed financial projections for both cases are presented in the Financial Proformas and Sensitivity Analysis section.

CONCLUSIONS

The concept of building biomass-conversion facilities next to existing ethanol plant sites is certainly worthy of investigation.  However,  based on the costs and prices determined in this report, a nominal 23,000,000 gallon per year fuel ethanol facility proposed for the Chief Ethanol Fuels facility in Nebraska loses an average of over $22,000,000 per year for the first ten years of full operation.

Unfortunately, the proposed project, as presented, is not economically feasible.  The items of specific concern are as follows:

· The facility is too expensive to build.  The estimated capital investment of approximately $6.22/annual gallon of ethanol production reflects a need to further review the process technology as well as the equipment required.  Grain alcohol plants of similar capacity can be constructed for approximately $1.80-$2.00/gallon.

· The chemical and enzyme costs of $0.50/gallon of ethanol are cost prohibitive.  Current state-of-the-art  corn-to-ethanol facilities have a chemical and enzyme cost of approximately $0.10/gallon.  The primary culprit is the cellulase enzyme.  The $0.50/gallon already assumes the less costly option of producing enzyme on site at the NREL pilot plant cost of $0.30/gallon of ethanol.  As discussed previously, the currently available commercial enzymes would result in enzyme costs alone of greater than $1.00/gallon ethanol which would render the project infeasible.  Although it is likely safe to assume that cellulase costs will dramatically decrease as demand (and competition) increase, at this time, the option to produce the enzyme on-site should not be ruled out.

· The landed corn stover cost at the Chief facility of $43-$46/dry ton is too expensive. Even the previously published figure of $32/dry ton, which is an anticipated cost in the Iowa area, is cost prohibitive with current technology.  At $44/dry ton, the cost of corn stover required to produce ethanol (not including any additional stover used for boiler fuel) is nearly $0.61/gallon of ethanol.  Using a typical corn-to-ethanol yield of 2.6 gallons/bushel for comparison, this is approximately equivalent to corn at $1.60/bushel.  Although the use of corn stover results in little or no byproduct credit, treating and burning lignin for steam does result in an elecricity and natural gas savings or "credit" of about $0.15/gallon of ethanol.  On the other hand, DDGS selling at $100/ton would result in a credit of $0.35/gallon of ethanol.  Comparing corn and corn stover on a feedstock and byproduct/energy credit basis, it follows that corn stover at $44/dry ton is roughly equivalent to corn at $2.10/bushel. However, corn stover costs would need to be much lower in order to justify the increased capital investment and operating costs associated with the proposed biomass project.

RECOMMENDATIONS
Some or all of the following are necessary in order to make corn stover (or any cellulose containing material, for that matter) attractive as a feedstock for the production of fuel ethanol:

· An alternative or modified process that would result in much reduced capital and enzyme/chemical costs needs to be identified.  To address the capital cost issues further, technical development work is required.  The dilute acid process, with the very difficult to define overliming step, requires expensive materials of construction as well as expensive individual process items such as the Ion Exchange System.   

· Enzyme costs need to be addressed further.  The state of the current industry, in regards to commercial enzyme supply, makes the option to produce cellulase enzymes on site an important one to review further.   The current enzyme industry does not have the production plants on line to supply a full-fledged cellulose conversion industry at this time.  There will be a transition period for the first few cellulose plants that needs to be planned for.  It is uncertain how scaleable the current enzyme processes are as well.  Technical enhancements may need to be developed in this area.

· Methods to reduce feedstock cost must be identified.  This could be corn stover, another harvested crop, or some waste product.

· In regards to corn stover and other cellulose sources with similar physical characteristics, pilot plant research with these specific feedstocks needs to be conducted.  The work, to date, has primarily involved wood chips and while some useful parallels can be drawn, the handling and pre-processing (i.e., shredding, screening, etc.) of different materials needs to be addressed in more detail.

· The robustness of the zymomonas to "upsets" in process conditions needs to be investigated further.   

· Governmental investment, either in the form of low interest loans or grants, which would help to offset the high initial capital cost required, would be one approach to reaching the commercialization stage.

· A state or federal production incentive (over and above the current federal excise tax exemption) is one possible way to help offset high operating costs.

· Alternative uses for lignin (rather than the current scheme of burning it for steam production) need to be developed.  This would increase revenues in the form of byproduct credits and decrease initial capital costs associated with lignin incineration equipment.

· Explore the possibility of selling the scrubbed carbon dioxide from both the proposed facility and the existing facility to a third party.   A carbon dioxide processor may be interested in locating a facility adjacent to the ethanol plant.

CLOSING SUMMARY

In this study we have strived to provide an unbiased and realistic assessment of the economics of conversion of corn stover to ethanol in a typical situation. We have not attempted to critique or change current technology but have pointed out possibilities for improvements by comparison of available information from various sources.

When undertaking a study of a complexity such as this one, there is a danger of losing the original purpose and goals of the project as a result of focusing on details. 

The principle goals of this project were:

A.
Provide the grain processing industry the opportunity to explore the business potential of converting biomass to sugars via hydrolysis and fermentation to products such as ethanol.

By selecting a partner from the ethanol industry who was centrally located in the Corn Belt, we feel we could examine a representative case for the alcohol industry. Not only was it possible to look at the synergy between an existing grain alcohol plant and a future biomass alcohol plant but it was also possible to gain insights on how such an undertaking would fit in with the farming community.

While much work needs to be done to improve the economics of the biomass to alcohol technology, we feel that in the medium to long term there is tremendous potential for future utilization of such an emerging process.   Given the uncertainties which are prevalent in the world energy and food supply for the next century, the use of an agricultural co-product which is readily available will certainly remain attractive.

Agricultural wastes are not subject to the wide price fluctuations of commodities which are traded on the world market and would have a steadying influence on the price of ethanol fuels.

B.
Take advantage of the grain processing infrastructure by investigating the location of biomass conversion facilities at existing plant sites.

While there are obvious synergies in terms of infrastructure and shared facilities, the study shows that these advantages would not outweigh the selection of a site based on its own merits. It is felt that the biomass to alcohol facilities will need to be considerably larger in size to reduce specific capital costs and, therefore, co-location on existing facilities might not be advantageous. The selection of sites will, in all probability, be governed by the availability of the cheapest possible raw materials. We feel that the initial biomass alcohol plants will use waste products which are available at no cost or even at a credit to the operation. These plants will, in all likelihood, be situated away from existing alcohol plants. 

The experience gained from those initial plants and the resulting improvements in technology will then make it possible to design second-generation plants which are larger in size and utilize more widely available raw materials. These activities coupled with on-going research of both fundamental and practical aspects should make it possible to arrive at economically feasible solutions which can then more readily be integrated with existing grain alcohol facilities.

C.
Obtain feedback from the grain processing industry to guide the research and development activities for biomass conversion and commercialization. 

We have identified the three major areas which affect the economics as capital costs, raw material costs and chemical (enzyme) costs. 

The improvements in capital costs will involve not only improvements in basic technology to streamline the process, especially the pre-treatment and fermentation sections of the plant, but will also require the input of industry to provide the know-how to reduce equipment and construction costs. In this respect, a continued and even closer cooperation between research institutes and industry sources would be helpful.

The selection of feedstocks and improvements in harvesting technology are already being investigated. We feel some effort should be made to see if the mineral content of the agricultural wastes can be recycled onto the land so as to avoid depletion of vital elements.

On the other hand, it is felt that the waste materials produced by the existing “overliming” process will be more and more detrimental as time goes on. Any successful biomass-to-ethanol facility will have minimal environmental impact, as well as a positive role in reducing greenhouse gas effects. Further research is required to find alternatives to avoid or remove inhibitory side products.

Further research into enzyme production technology and possible designs of simple and cost effective co-production of enzymes on site should also be a major focus for future development efforts.

As a final thought, we would say that biomass to ethanol technology is one of many alternate energy routes and we are of the opinion that all of them will be needed simultaneously in some form or another in the future. We, therefore, look at this emerging technology as complementary to the existing grain alcohol technology rather than as a replacement. By combining the resources of research institutes with the experience and know-how of the grain alcohol industry, the biomass research projects of today will form the basis of a new industry in the not-too-distant future.
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