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Opportunity Summary

AC-PABE has developed a conceptual design and preliminary financial projections for a sludge-to-ethanol process using 100 dry metric tons per day of kraft mill sludge. This results in an annual fuel ethanol production of approximately 2,310,000 gallons per year.

AC-PABE will be the catalyst to identify a Partner Mill and other entities interested in being involved in finalizing the project design and finance structure and initiating detailed design, construction, and hand-over. Preliminary discussions have been made with potential investor firms, operators, and E&C/EPC firms.

A Partner Mill is the first commitment needed to advance the project to next phase. The minimum commitment of the Partner Mill includes a site for the plant, a long-term commitment of paper sludge, and agreement to supply certain utilities. Other Project Partners (which may include the Partner Mill) would provide resources to move the project towards preliminary engineering, financing, and construction. 

Preliminary financial projections are strong. Highlights include a capital budget of $17.8 million and gross annual ethanol sales revenues of $6.94 million (with $1.01 per gallon tax credit). Gross operating profit is estimated at $3.66 million annually. Under assumed capital structure, a simple debt coverage ratio between 3 and 5 is estimated.

Intellectual property rights and proprietary process design ownership appear strong subject to project participants due diligence findings.

Project milestones, development risks and mitigations, and a preliminary schedule are identified.  

The sludge-to-ethanol process has high impact potential across the pulp-and-paper industrial sector. Mills will benefit from a new revenue stream, minimal disruption of existing operations, value-added conversion of a waste stream (sludge), and potentially better use of a waste existing feedstock, fixed assets, and operating staff.

Ethanol remains a strong commodity with viable Southeast outlets through local brokers. Landmark federal legislation is in-place to mandate ethanol production targets to support energy and security policies. Incentives include a $1.01 per gallon tax credit for cellulosic ethanol, accelerated depreciation, and small producers credits. 

Today’s engineering and construction market appears favorable to proceed quickly with the project. Cost increases in construction materials have eased, the process appears suitable for modularization of certain systems, and co-location with Partner Mill reduces the need to install utility and ancillary systems (helping to maintain a manageable capital budget).

Background
Auburn University’s Alabama Center for Pulp and Bioresource Engineering (AC-PABE, http://www.eng.auburn.edu/center/pnp/pnp.htm) has a two-decade long history of supporting education, training, and technology advances for the pulp and paper industry. The missions of AC-PABE are to provide undergraduate, graduate and continuing education in science and engineering relevant to the needs of the pulp, paper and bio-resource industries, to conduct fundamental and applied research in line with the industry’s research agenda, to develop and transfer technology to the industry consistent with the industry’s technology vision and to provide timely technical information to the operating sector of the industry.

AC-PABE is a leader in promoting advances in biorefinery development based on research and applied technology and system integration using the industry and world-class research resources based in Auburn’s chemical engineering department.  The overarching theme of AC-PABE's multidisciplinary research program is the realization of the highest possible sustainable value from our nation’s forest-based biomass. The emphasis is on advanced materials development, energy efficiency enhancement, environmental engineering, fiber recycling, alternative fiber resources, process simulation and control, and product quality improvement. The objective is to give US industry information and technology that will ensure its international competitiveness while providing a maximum return to society.

In 2007 AC-PABE was awarded a grant from the Alabama Department of Agriculture and Industries to utilize mature research work for development of high-impact processes for the state’s pulp-and-paper industry. The work by Dr. Y.Y. Lee
 in enzymes applied to cellulose conversion is regarded as world-class. In particular, Dr. Lee’s recent work focuses on simultaneous saccharification and co-fermentation (SSCF) enzymes.  His work with publicly available SSCF enzymes (Tridoderma reesei RUT-30) formed the basis from which AC-PABE commissioned a Phase I Feasibility Study (“Phase 1 Study”) for converting 100 (dry) metric tones per day of primary and recycle sludge to fuel grade ethanol. 

The Phase I feasibility report was accepted by AC-PABE in May 2008. Discussions with industry contacts and candidate mills initiated during the drafting of the Phase I Feasibility and continued into the third quarter 2008. As market issues changed and public policy emphasis and incentives shifted to waste derived ethanol evolved AC-PABE decided to update the Phase I feasibility report in November 2008. 

AC-PABE contracted with NeoSources Inc. (http://www.neosources.com/) to conduct the Phase I feasibility report. Dr. Brian Chen who is an Auburn alumnus with his doctorate in chemical engineering leads NeoSources. NeoSources is an engineering company with its main offices near Shanghai and a US office near Houston. Their experience is in industrial process and fermentation and distillation, in particular. NeoSources worked with Dr. Lee and his research team to develop a conceptual design for this paper sludge-to-ethanol project. David Webster, P.E., (principal of Ark Resources, LLC) provided additional support as a development consultant to AC-PABE. 

The result of this collaboration and study of converting paper sludge-to-ethanol is a promising project, due to the fact that the sludge is essentially a pretreated cellulose material. It can be used directly in the SSCF process for making ethanol after ash removal. The work is based on publicly available enzymes.

AC-PABE’s Roll

AC-PABE plays a unique supporting role as catalyst for this project under its mission to advance the interests of the pulp-and-paper industry. Neither AC-PABE nor Auburn University will be an investor in this project. Assuming the Project Partners are committed to proceeding towards preliminary engineering, AC-PABE will expend a limited amount of funds and personnel resources to finalize the feasibility report for a Partner Mill site.  

AC-PABE is available to continue to provide advisory support to the project if additional testing, interpretation, or business plan development is required from Project Partners. Auburn is also available to support with expertise and facilities individual vendor trials. AC-PABE is willing to discuss with Project Partners the degree of support and any additional work under a negotiated agreement.

Project Partners and Professional Firms
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AC-PABE has determined a Partner Mill is the first commitment needed to advance the project to the final feasibility stage. The minimum commitment of the Partner Mill includes a site for the plant, a minimum long-term commitment of paper sludge, and agreement to supply utilities. The cost of utilities and installation of utilities at the Partner Mill is a commercial discussion between the Partner Mill and other Project Partners. A minimum sludge commitment is needed to finalize the project feasibility report and to begin work to define the scope and capacity of the mill-specific design. 

Other Project Partners (which may include the Partner Mill) would provide resources to move the project towards preliminary engineering and financing, and also the ability to arranging financing of the project’s capital structure. Masada Resource Group LLC has indicated to AC-PABE that it is interested in participating in the project.

Commercial negotiations are the responsibility of the Project Partners and Partner Mill. AC-PABE would be pleased to participate in commercial discussions if it is invited to participate. 

NeoSources Inc. can play an important role in the project. It has developed the conceptual design of the SSCF process including enzyme propagation, SSCF system, and dehydration and distillation. Its engineering resources are well qualified and it offer valuable engineering support services, procurement management, and QA/QC service to confirm compliance to project specifications role for China-source equipment. NeoSources has exhibited a particular strength in ethanol production and distillation.

AC-PABE has had preliminary discussions with two qualified E&C/EPC firms who indicate an interest in pursuing this project. Selection of the E&C/EPC firm is a decision of the Project Partners. Similarly, AC-PABE has introduced the project to firms interested in developing the operations plan and possibly providing operating staff. Alabama-based ethanol brokers and blending terminals (in Jefferson and Greene Counties) are also available to discuss the project.

Summary of Plant Conceptual Design

The conceptual design accomplished by NeoSources assumes processing of 100 Metric Tons (110 Short Ton) of dry Sludge solids per day. Dr. Lee’s works indicates a conversion of 70 gallons of fuel ethanol from 1 metric ton (1.1 short ton) dry primary or recycle sludge solids based on the constituents of the kraft mill sludge used in the testing. This results in an annual fuel ethanol production of approximately 2,310,000 gallons per year (7,000 Metric Ton per Year) based on 330 Working Days. 

Plant Location

The sludge-to-ethanol process will be co-located on a site at an operating paper mill. The Partner Mill will provide utilities such as steam, water, wastewater treatment, scales, and electrical power.

Paper Sludge Constituents – Basis of Testing & Design

The conceptual design for the plant uses primary sludge and, if available, recycle sludge from a kraft mill. Newsprint mills with larger recycle volumes may require pre-treatment of sludge to reduce lignin and ash content.

The tested sludge is described in the following table.

	Components, %
	Primary Sludge
	Recycle Sludge

	Glucan
	46.9%
	49.8%

	Xylan
	10.1%
	10.0%

	Galactan
	0.4%
	0.3%

	Arabinan
	0.0%
	0.0%

	Mannan
	1.3%
	1.6%

	K-Lignin  
	4.7%
	2.4%

	Acid-Soluble Lignin
	0.5%
	0.5%

	Ash
	35.0%
	36.0%


A reduction of ash is required to reduce the solids deadload in the process and to increase the availability of fiber to the hydrolysis reaction. The presence of ash in the feedstock creates two challenges for the process.

First, ash will attach to cellulase enzyme and this bond reduces enzyme activity permanently. Without de-ashing higher enzyme loading would be required. Second, ash will accumulate in the fermentation reactor, resulting in high solid content in the system, lower alcohol levels, and poor material and heat transfer. Based on current lab test in Auburn University, chemical engineering department, about 40% of total solid can be removed by water washing with about 20% fiber loss. This feasibility study uses the de-ashing separation data from Auburn’s work. AC-PABE expects that vendor trial will be needed to confirm the performance of de-ashing equipment. 
Comparison to Corn Stover

Comparing with the composition of the tested sludge of corn stover, typical kraft mill sludge contains higher cellulose and less hemicellulose and lignin. It can be directly used for making bioethanol without pretreatment for separating hemicellulose from cellulose.

Paper Sludge-to-Ethanol Process Description

Process Battery Limits

The Phase I Study assumes a process battery limit at the Partner Mill. The process battery limit includes receipt of sludge feedstock through ethanol product uploading to truck container, as shown in Figure 1. Ash is discharged for landfilling. The stillage is sent to wastewater treatment system. CO2 is scrubbed and vented since recovery is not considered viable due to the small plant size. Water, wastewater treatment, steam, and electrical power are provided via the Partner Mill. Enzyme/microorganism (including nutrients) are purchased on the market. 
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Figure 1 Process Battery Limit

Process Summary 

The conceptual design considers six main process systems that are summarized below.

AREA 100 - Ash Removal Unit (ARU)

The slurry sludge (at about 10% solids) from the pulp mill is conveyed to a vacuum belt filter for partially removing caustic liquid presented in the feedstock. The wet cake is mixed with water to produce slurry mash with about 2% of solid content that is then sent to an ash separator for two-stage ash separation. 

Ash removed from the separators is settled in a sand water tank. Overflow water is recycled back to the ash separators. The settled ash solids are discharged for landfilling at a location provided by the Partner Mill.

The dirty water in the fiber slurry mash (after ash removal) is removed to create a cake of about 25% solids. After conveyance to another vessel, additional fresh water is added to reduce the solids to about 5% solid content. This process step helps remove the dirty, alkaline water remaining from the de-ashing steps and helps create a more uniform fiber slurry feedstock. The fiber slurry is then pre-heated and sterilized with steam.
AREA 200 – SACCHARIFICATION & FERMENTATION UNIT (SFU)

The sterilized fiber slurry flows to two saccharification tanks. Tanks are filled sequentially in two steps. First, the dilute fiber slurry (approximately 5% solids) flows directly from the sterilizer partially filling each tank. A second concentrated fiber slurry stream (about 25% solids) is fed to each tank to complete the charging. The tank is then closed and a partial hydrolysis is accomplished before discharging to downstream fermenters. The saccharification system is a continuous process that delivers partially hydrolyzed slurry to fermentation system. 
Organism Propagation: The SSCF microorganism E-Coli is a type of bacteria. This study assumes that the small commercial production of this microorganism will require an on-site propagation system as part of the SFU. A three-stage system of seed propagation is applied for the process. The first seed tank receives a small raw sugar source for fast E-Coli propagation. The mixture is then sent to the second seed tank and blended with a portion of the partially hydrolyzed fiber slurry. The third seed tank receives an additional feed of partially hydrolyzed slurry to complete the propagation. 

SSCF (simultaneous saccharification and co-fermentation) process is conducted in the fermentation tank that converts remaining cellulose and hemicellulose into C6 and C5 sugars by cellulase enzyme. Recombinant E. Coli converts these sugars to bioethanol in the same system. The fermentation system consists of four fermenters. Each fermenter is configured with internal agitator that keeps slurry in the fermenter in a uniform condition. Fermentation is maintained at 36°C by a cooling system. 
The cooled fiber slurry mash from the partial hydrolysis system flows to one of a battery of four fermenters. Nutrients and actively growing E-Coli from the propagation system are added separately to the fermenter during filling. The fermenter contents are cooled to remove heat generated by fermentation. The carbon dioxide generated during fermentation is scrubbed and vented.  

Fermentation is complete within 72 hours, with alcohol level of about 5% (wt) in the fermentation beer. When fermentation is complete, the beer is sterilized and a centrifuge removes the majority of solid in the beer (heavy stillage) before the beer flows into beer tank V202.  Heavy stillage (with approximately 33% of solid content) is potentially marketable but is assumed in the Phase I to require landfilling by the mill. The beer tank provides surge capacity between fermentation and distillation. 
SECTION 300 – DISTILLATION (DTU)

The distillation unit consists of two columns. The stripper column enriches the ethanol to about 40% v/v. The rectifier purifies ethanol to near azeotropic condition. The distillation design includes heat integration to pre-heat the beer. A reboiler is used to heat the stripper column. Light stillage draw (or “bottoms”) is taken off the bottom stream of the stripper column and sent to the exiting wastewater treatment system in pulp mill (approximately 360 MT per day with little solid content). This light stillage can be fed to an anaerobic digester if this system is available or desired. 

Overhead vapor from the pressurized rectifier column is divided into two streams. One stream is sent to dehydration unit for removing remaining water. The second stream is condensed in stripper reboiler and pumped back to the top of the distillation column as reflux.

Thermal energy for the rectify column is provided by steam to the rectifier reboiler.  Water from the base of the rectifier column is used to preheat regenerant from dehydration unit before recycle to the Ash Removal Unit (ARU). 
The fusel oils that accumulate in the rectify column are removed via a side draw from the column.  The fusel oil is separated and the aqueous layer is transferred to the mol sieve. The upper fusel oil layer is blended with the motor fuel grade ethanol product. 

SECTION 400 – DEHYDRATION (DHU)

Hydrous ethanol vapor is drawn from near the top of the rectifier column and is superheated. Superheating prevents liquid from entering the mol sieve units that would decrease the system’s adsorption efficiency.

The superheated ethanol vapor flows to Mol Sieve Absorber where incoming water is adsorbed on the molecular sieve material.  Ethanol vapor at a minimum concentration of 99.3 wt % of ethanol exits the mol sieve units. The mol sieve units are cycled so that one is regenerating while the other is adsorbing water from the hydrous ethanol vapor stream. Any uncondensed vapor and entrained liquid is recycled back into the process.

The anhydrous ethanol product combines with the fusel oil stream is sent to Product Cooler and Product Filter by Product Pump for final treatment before arriving at the fuel ethanol Product Tank in Tank Farm Unit.  

AREA 500 – TANK FARM (TFU)

Final product is sent the product tanks in Tank Farm Unit. After denaturing with unleaded gasoline, the fuel ethanol is sent to metering pump and tanker truck loading station (OSBL process battery limits). Any off-spec ethanol is sent back to rectifier column as reflux.

AREA 600 – WATER UNIT (WTU)

This unit includes cooling water system and chiller. The cooling water system is responsible for supplying cooling water to the whole ethanol plant, inside the battery limit. A chiller is used to produce chill water that is used in dehydration unit.

Waste Discharge to Mill

The solid waste from ash removal unit can be discharged for landfilling. The solid from centrifuge may potentially be used as fertilizer. The stillage can be sent to wastewater treatment unit, or anaerobic digester if there is an existing one. 

Potential waste streams exiting the process battery limit requiring handling and disposal by the mill include (approximately quantities
):

· Wet ash waste: 840 MT / day, with about 5% solid content
· Waste water light stillage: 360 MT / day
· Sludge wastewater: 600 MT / day
· Heavy stillage: 39 MT / day, with solid content of 33% 

Note that heavy stillage may be a saleable product for animal feed or soil enhancement. Further study is required to evaluate its uses within the mill’s market area.
Cleaning and Controls

The conceptual design includes consideration of clean-in-place (CIP) system and automated controls. Optimization and simplification of these systems can be examined with the Partner Mill and other project partners since the scale of this project is rather small. Additionally, the operating strategy of the plant will influence the choice of such systems that briefly are described below.

The CIP System is automated for cleaning and sterilizing fermentation system, saccharification system, enzyme seed tanks, and related process piping. The DCS Control System assumed in the conceptual design uses advanced technology for operating control to provide simple and accurate, stable and reliable operation. 
Financial Highlights

AU-PABE and NeoSources have considered basic financial parameters of a generic project based on the assumptions in the Phase I feasibility study. Of course, the commercial structure of the project among Project Partners (including the Partner Mill) are not yet defined so AC-PABE felt it was premature to assumed how those parties would treat certain tax credits, accelerated depreciation, and soft development costs. Nevertheless, the primary capital budget, operating costs, and financial scenarios examined by AC-PABE appear strong assuming one agrees with the assumptions in the analysis.

Highlights of the basic financial picture of the project include (approximate values):

Capital budget


$17.80 million

Revenue (gross)
:

$6.94
million annual

Operating profit:

$3.66
million annual

Debt Coverage Ratios

>4
at 50:50 
(equity:debt)






>3 
at 30:70 
(equity:debt)


Enzymes are a significant expense and need to be discussed with suppliers to finalize the mill-specific pro-forma. AC-PABE’s knowledge of the market indicates suppliers’ price for enzymes are decreasing as evidenced by recent public announcements
 although a vendor quote was not confirmed. A cost of $0.50 per gallon of production was assumed for the basic financial model. Management of the cost of enzymes is also accomplished via the on-site propagation system assuming no licensing barriers exist for the publicly available SSCF enzyme. This last point needs to be confirmed.

Operating personnel budget is premised on sharing Partner Mill management and O&M staff but assigning full time qualified engineers and operators to the sludge-to-ethanol plant. 

Details of the financial model and parameters may be found in the Phase I Study.

Intellectual Property Opportunity

AC-PABE has expended funds received through Auburn University to accomplish the research and to deliver the Phase I feasibility report. Auburn University has given preliminary indications that it may not wish to secure any patents on this process. Additionally, when the Project Partners refine and optimize the preliminary engineering package, AC-PABE assumes the Project Partners will secure ownership of any proprietary designs and know-how under agreements with the selected engineering firm. Nonetheless, AC-PABE advises potential Project Partners (including the Partner Mill) to evaluate to their own satisfaction any rights to intellectual property arising from this opportunity including discussions with Auburn’s appropriate offices.

High Impact Potential
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Implementation of a project using the sludge-to-ethanol process is harmonious with the mission of AC-PABE. Alabama and surrounding states represent a world-scale concentration of pulp-and-paper mills. Replication of the initial project appears feasible among these many assets. The revenue enhancement and strong economics will add to mill revenues with minimum disruption of on-going businesses. Co-location of the process at mills helps keep capital costs low and may help optimize certain portions of a mill’s steam and utility systems. Finally, governmental support of cellulosic ethanol production plants is strong, supported by national policies, federal tax credits, and other incentives.
Fuel Ethanol Market

Project Partners are advised to examine the trends and future outlook of the US fuel ethanol market and to conduct their own due diligence. Current USA production exceeds 9 billion gallons per year almost exclusively from corn.

The Southeast USA has a handful of operating ethanol production plants. None are located in Alabama and Mississippi.
 Although suppliers fluctuate it is fair to say that it is likely a large portion of the ethanol sold in the Southeast is imported. The Energy Information Administration reports
 ethanol imports to the Gulf Coast PADD3 rose from near zero in 2005 to 1,762 and 1,368 thousand annual barrels in 2006 and 2007, respectively. Ethanol imports volumes for Gulf Coast PAD D3
 in 2008 indicate a rebound to the higher 2006 levels: nearly 1,800 thousand barrels. For comparison, total US imports of ethanol in 2007 were approximately 10,500 thousand barrels.

Between 2001 and 2007, U.S. fuel ethanol production capacity grew 220% from 1.9 billion to 6.1 billion gallons. Much of this growth is driven by government energy and security policies, regulation, and legislation that actively support the ethanol industry including ethanol mandates and attractive investment incentives.

Federal legislation in the last 12 months supporting cellulosic ethanol includes the Energy Independence and Security Act in December 2007 and the 2008 Farm Bill. Incentives for cellulosic ethanol, summarized below by an industry trade group, include: 

· Mandate for 36 billion gallons per year of ethanol by 2022.

· Included in the mandate is a requirement for 16 billion gallons of cellulosic ethanol. 

· Cellulosic ethanol may have a tax credit of up to $1.01 per gallon

· Accelerated depreciation for cellulosic ethanol plants

· Credits for small producers credits (with annual cap)

Fuel blenders also may apply for the federal excise tax credit for blending ethanol with gasoline under the Volumetric Ethanol Excise Tax Credit (VEETC).

The American Coalition for Ethanol summarizes the accelerated depreciation provisions by saying “a taxpayer to take a depreciation deduction of 50% of the adjusted basis of a new cellulosic ethanol plant in the year it is put in service.  The accelerated depreciation applies only to cellulosic ethanol plants that break down cellulose through enzymatic processes (as opposed to gasification).  Any portion of the cost financed through tax-exempt bonds is exempted from the depreciation allowance.”

The CEO of the Renewable Fuel Associations (RFA) summarizes the recent ethanol policy and incentives this way:

The specifics of the legislation with respect to ethanol and renewable fuels are quite significant. Building upon the grain-based ethanol industry the United States has developed, the EISA of 2007 expanded the Renewable Fuels Standard (RFS) from 7.5 billion gallons of required annual renewable fuel use in 2012 to 36 billion gallons of renewable fuels use annually by 2022. That volume represents approximately 20 percent of the total projected motor fuel market in the United States in 2022. 

The expansion of the RFS carves out specific markets for ethanol and renewable fuels based on feedstocks used for production and greenhouse gas emissions. For example, corn-based ethanol is limited to 15 billion gallons annually beginning in 2015 and must meet a 20 percent greenhouse gas emission reduction compared to gasoline. The remaining 21 billion gallons must come from advanced biofuels, including cellulosic ethanol, and achieve greenhouse gas reductions exceeding 50 percent. Specifically, the RFS requires the use of 16 billion gallons of ethanol derived from cellulosic sources annually by 2022. In addition, these gallons must lower greenhouse gas emissions by 60 percent.

For the preliminary financial projections in this Project Report only the cellulosic ethanol tax credit has been assumed to apply to revenue since Project Partners will develop their own commercial opinions and methods of treating this tax credit and other incentive programs based on their agreed commercial structure and financing approach.

Project Milestones & Next Steps

To advance to project towards construction, AC-PABE suggests the following milestones:
· Milestone IA: Identify a Partner Mill for co-location and utility supply.

· Milestone IB: Identify project partners for funding / finance, development management, E&C/EPC, operating and ethanol marketing roles.

· Milestone IIA: Update the Phase I Study to a mill-specific Final Feasibility including adjustments in the conceptual design and capital budget to accommodate the characteristics of a Partner Mill’s sludge, utility interfaces, and site area. 

· Milestone IIB: Perform a Check Estimate using the services of an E&C/EPC firm as guidance on and confirmation of the capital budget (target: Class 35).

· Milestone IIIA: Commission a Front End Engineering Design (FEED) package for preliminary design, optimization, pricing of the project (target Class 10 or better). Secure regulatory approvals. Develop operating plan.

· Milestone IIIB: Update and finalize project financial pro-forma. Determine project capital structure. Secure commitments for debt and equity.

· Milestone IV: Project Partners close finance package. Detailed engineering is initiated. Construction begins.

Initial planning schedule suggests Milestones I and II can be accomplished in approximately two months after resources are committed. The duration to achieve Milestone III is approximately four months and will likely be governed by the scope of work and schedule confirmed by the E&C/EPC FEED proposal for consideration by the Project Partners. Milestone IV is achieved upon financial closing for the project. The time for detailed design, construction, and start-up is estimated at nine months but this duration will be agreed between the Project Partners and their E&C/EPC firm. The time to complete construction and hand-over the project depends, in part, by the delivery schedule of equipment requiring long lead-time and by other items such as available construction manpower, permit approvals, and other items.
Partner Mill Involvement 

As noted earlier, AC-PABE believes the next immediate step necessary to proceed with the project is to secure the commitment of a Partner Mill who provides (at least) a project site (approximately two to three acres for the process battery limits) and a long-term quantity commitment of sludge suitable for conversion. If the Partner Mill is not a kraft mill, some pre-treatment of paper sludge may be required to reduce lignin and to reduce higher ash content. AC-PABE will advise on appropriate pre-treatment systems based on the mill’s process, sludge characterization, and other information.

The minimum annual sludge commitment may be more or less than the conceptual design amount of 100 MT per day (dry) but the commitment should consider the mill’s future plans for fiber recovery if any exist since the sludge-to-ethanol plant final design, cost, and financing will depend upon this supply over the course of the investment. 

Completion of the Mill-specific Final Feasibility Study

After a Partner Mill has agreed to pursue this project, refinements to the Phase I feasibility report will be needed to accommodate mill-specific conditions. The end product will be a mill-specific Final Feasibility Study. The items needed to complete the feasibility study for a particular mill involve the key following items: 

· Location(s) for the sludge-to-ethanol plant on the Mill site.

· Supply, location, and availability of water, steam, wastewater treatment, landfills, and other existing OSBL utility supply systems.

· Optimization of the de-ashing system (the ARU) may involve the connection to existing gravity tables, dewatering presses, or screw presses. Vendor trial of de-ashing equipment may require the support of mill personnel. 

· Additional clarity on SSCF enzyme cost should be sought; or an alternative use of separate saccharification and yeast fermentation may be considered.

· Refinement of project economics based on a specific site location and cost to supply utility services or operators by the Partner Mill.

Depending upon its commercial role, the Partner Mill may also be asked to provide the following information and support as the project progresses into the preliminary engineering stage (or FEED stage, described below):

· Sludge feedstock physical characteristics (moisture, ash content, fiber range) and variability over time. Additional assays may need to be performed by AC-PABE. 

· Property or leasehold boundary lines and topographic survey of the site.

· Geotechnical report based on preliminary site plan and layout data. (A follow-up report may be needed before construction.)

· Site data such as actual location, elevation, ambient design conditions etc.

· Professional services for environmental permits based on

· NeoSources estimates, and

· Factual data provided by the E&C/EPC firm.

· Utility data, availability and specifications for power, fresh water and wastewater disposal requirements, natural gas or other sources of utilities to be incorporated in the plant.

· Other site-specific permits that may be required such as wetlands, archeological or items such as Phase I and Phase II environmental assessments, as required.

· Finalize contracting approach, operations / logistics planning, and financing plan.

To the extent possible, these items should be addressed in the Final Feasibility study. Of particular note at this stage is careful consideration of the sludge feedstock quality.  Note, too, that design work will assume a basis for sludge composition. Process performance variations associated with changes in sludge make-up will need to be considered in the preliminary design and contingencies of the project (e.g., convertible fiber to ethanol, ash content, contaminants, etc.)

Preliminary / Front End Engineering Design (FEED) package  

Technical documentation listed below characterizes the information that will be developed by a qualified E&C/EPC firm engaged by the Project Partners as a basis for the plant definition and for the preparation of a construction cost and contract under a front-end engineering design (FEED). Ownership of proprietary information developed under the FEED is assumed to be with the purchasers of the FEED package but intellectual property rights (among all parties) should be clarified up-front.
	
	
	Primary Responsibility (ISBL)

	
	Project description, scope, and responsibility matrix. 
	E&C
	

	
	Process description, Plant Design Basis, PFD's & Preliminary P&ID's.
	E&C
	

	
	Energy and material balance
	
	

	
	Air emission and waste water effluent quantities and characteristics suitable for permit preparation 
	E&C
	

	
	G.A. Drawings, equipment layouts, and Site Plan including underground utility.
	E&C
	

	
	Utility interface details at BL (locations, connection points, delivery pressures, available power etc.)
	
	Mill (OSBL)

	
	Equipment list and critical equipment reference drawings.
	E&C
	

	
	Process & Utility Piping, Pipe rack routings & pipeline supported by each rack.
	E&C
	Mill

	
	Topographic survey, U/G utility connections, and Soil report & preliminary foundation system.
	
	Mill

	
	Electrical Equipment List & Electrical Design Criteria (lighting, grounding, power distribution, single lines)
	E&C
	

	
	Instrumentation List & DCS 
	E&C
	

	
	Bldg. Reference Drawings & structural steel. 
	E&C
	

	
	Design/Build packages, Spec’s  & description (e.g., modular units, tanks, etc.)
	E&C
	

	
	Plant infrastructures & utilities (steam, water, gas, etc.)
	E&C
	Mill

	
	Applicable construction material specifications.
	E&C
	

	
	Equipment lead times & construction package release dates (preliminary schedule).
	E&C
	

	
	Insulation, Heat tracing Requirements & Spec's.
	E&C
	

	
	Plant Checkout, Start- Up & Performance Test Responsibilities.
	E&C
	

	
	Operating and Logistics Plan
	
	Mill / Partners

	
	Product sales agreement with ethanol broker
	
	 Partners


ISBL = Inside battery limits. OSBL = Outside battery limits.

“Battery Limits” are provisionally defined in the Phase 1 feasibility report.
For planning purposes a cost of $250,000 should be reserved for initiating the FEED work. This cost is a budget for guidance since no request for proposal has been issued. The E&C/EPC firm will provide a proposal based on the scope of work and document deliverables. AC-PABE anticipates that the primary deliverable for the FEED is a turnkey-type negotiated contract acceptable to the Project Partners and their financing entities. 

The FEED may be staged in a series of three or four front-end packages that allow the Project Partners a series of decision points as project risks and mitigations are applied and as the project design is defined, optimized, and priced. 

ACPABE has had preliminary discussions with qualified E&C/EPC candidates who would be pleased to discuss providing FEL/FEED services for this project.

Other Necessary Items

A number of important items necessary for overall project development will be needed following development of the project’s commercial structure, anticipated financing strategy, and engagement of an E&C/EPC firm. These include: 

· HAZOP reviews associated with existing operations

· Insurance coverage(s)

· Process performance risk management

· Operational contingency plans for sludge disposal

· Estimated emissions for permit applications

Risks and Mitigations

Ash Separation Unit: Vendors have been identified who indicate to have systems available for “de-ashing” the paper sludge to acceptable levels. Outreach has been made to two entities, one in USA and one in China. The Partner Mill’s sludge will need to be assayed and testing to move forward with these possibilities or to develop alternate suppliers.

Process Performance Guarantee: Advisors to AC-PABE indicate that the markets for third-party insurance to cover process performance are extremely limited if any can be secured at all. Project Partners will need to assess coverage and reserves for this item under their commercial structure. 

Sludge Feedstock Variability: The Partner Mill and AC-PABE will need to quantify the variability of sludge feedstock so that the process design can accommodate changes in feedstock composition. The mitigation steps may involve process controls, increased capacity of certain process equipment (e.g., de-ashing) or allowances for changes in waste stream quantities.

SSCF microorganism: The cost and arrangements to supply the SSCF organism as well as on-site propagation need to be confirmed with qualified vendors.

Alternate Process Configurations

AC-PABE has considered one primary alternative to the SSCF-based process configuration. The alternate process configuration would conceptually utilize a simultaneous saccharification and fermentation (SSF) process to accomplish in two steps cellulose hydrolysis and fermentation. In this arrangement, standard SSF enzymes accomplish hydrolysis and traditional yeast fermentation converts sugar to alcohol “beer” prior to dehydration and distillation. The Phase 1 feasibility study does not include this alternate approach and additional examination would be required to understand the conversion yields and cost. Benefits of this approach (under the broad assumption that SSF conversion yields are similar to the SSF approach, i.e., 5% alcohol “beer”) would be a lower perception of process risk from potential investors and a better-defined cost for the SSF hydrolysis chemical cost. Disadvantages include the addition of more process equipment and reactors and possibly more operating resources. 

-end-
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� See: http://www.eng.auburn.edu/users/yylee/YYL3.html


� One metric ton equals approximately 265 gallons of water.


� Assumes ethanol at $2.00 per gallon plus $1.00 per gallon cellulosic ethanol tax credit. Sludge revenue is $0.00.


� Defined simply as annual operating profit divided by annual debt repayment (20 years, 6% simple interest) where the total debt equals the Capital Budget.


� See, for illustration purposes: http://www.ethanolrfa.org/objects/documents/108/novozymes_050414.pdf


� � HYPERLINK "http://www.ethanolrfa.org/industry/locations/" ��http://www.ethanolrfa.org/industry/locations/�. Sourced November 11, 2008.


� � HYPERLINK "http://tonto.eia.doe.gov/dnav/pet/pet_move_imp_a_EPOOXE_IM0_mbbl_a.htm" ��http://tonto.eia.doe.gov/dnav/pet/pet_move_imp_a_EPOOXE_IM0_mbbl_a.htm�. Sourced November 20, 2008.


� PAD District III (Gulf Coast): Alabama, Arkansas, Louisiana, Mississippi, New Mexico, Texas. http://tonto.eia.doe.gov/oog/info/twip/padddef.html


� August 27, 2007;  � HYPERLINK "http://www.ethanolstatistics.com/Ethanol_Reports/The_United_States_Ethanol_Market.aspx" ��http://www.ethanolstatistics.com/Ethanol_Reports/The_United_States_Ethanol_Market.aspx�. Sourced November 10, 2008.


� See: http://www.ethanolrfa.org/resource/cellulosic/documents/CellulosicBiofuelProducerCreditBrief.pdf


� See: http://www.ethanolrfa.org/policy/regulations/federal/septc/documents/SEPTCPublication0601.pdf


� See: “Special Depreciation Allowance for Cellulosic Biomass Ethanol Plant Property”; � HYPERLINK "http://www.ethanol.org/index.php?id=78&parentid=26" ��http://www.ethanol.org/index.php?id=78&parentid=26�. Sourced November 19, 2008.


� January 21, 2008; � HYPERLINK "http://www.ethanolstatistics.com/Market_Commentary/RFA/US_Takes_Historic_Energy_Steps_210108_1.aspx" ��http://www.ethanolstatistics.com/Market_Commentary/RFA/US_Takes_Historic_Energy_Steps_210108_1.aspx�. Sourced November 10, 2008
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