
Northern California Rice Field

Alcohol Fuels from Biomass �
Assessment of Production Technologies

July 2007

Dennis Schuetzle, Gregory Tamblyn and Frederick Tornatore
TSS Consultants (www.tssconsultants.com)

2724 Kilgore Road, Rancho Cordova, CA 95670

Thomas MacDonald
California Energy Commission

1416 9th Street, Sacramento California 95814

Western Governor�s Association
National Biomass State and Regional Partnership Report

www.westgov.org



TABLE OF CONTENTS

INTRODUCTION....................................................................................................1

EXECUTIVE SUMMARY .......................................................................................3

SECTION 1.  ALCOHOL FUELS AS BIOENERGY OPTIONS ..............................6

SECTION 2.  PAST CALIFORNIA BIOMASS-TO-ALCOHOL PROJECTS..........11

SECTION 3.  THERMOCHEMICAL TECHNOLOGIES FOR ALCOHOL FUEL
PRODUCTION.....................................................................................................24

SECTION 4. BIOCHEMICAL TECHNOLOGIES FOR ALCOHOL FUEL
PRODUCTION.....................................................................................................29

SECTION 5.  INTEGRATED THERMOCHEMICAL AND BIOCHEMICAL
CONVERSION AND OTHER EMERGING PROCESSES ...................................34

SECTION 6.  5E APPROACH FOR THE ASSESSMENT OF BIOMASS
CONVERSION TECHNOLOGIES........................................................................36

SECTION 7.  5E ASSESSMENT OF THERMOCHEMICAL AND BIOCHEMICAL
CONVERSION PROCESSES..............................................................................39

SECTION 8.  OPPORTUNITIES AND CHALLENGES FOR ALCOHOL FUEL
PRODUCTION FROM BIOMASS ........................................................................45

SECTION 9. GOVERNMENT ROLES AND INITIATIVES ..................................53

SECTION 10. CONCLUSIONS AND RECOMMENDATIONS ............................55

SECTION 11.  REFERENCES.............................................................................59



APPENDIX 1.  TECHNOLOGY DEVELOPER PROFILES ..................................62

Nova Fuels, Fresno, CA������������������������.63

Pearson Bioenergy Technologies, Aberdeen, MS�������������.64

Power Energy Fuels, Inc., Lakewood, CO������������ ����.. 65

Range Fuels, Inc., Denver, CO���������������������.67

Thermo Conversions, Denver, CO��������������������68

Bioversion Industries, Mississauga, Ontario, Canada����������� ...69

Enerkem Technologies, Inc, Montreal, Quebec, Canada���������� .70

Standard Alcohol Company of America, Inc., Durango, CO���������.71

SVG GmbH, Spreetal, Germany��������������������...72

Syntec Biofuels, Inc., Burnaby, British Columbia, Canada��������� ...73

Thermogenics, Inc., Albuquerque, NM������������������.74

ThermoChem Recovery International, Inc., Baltimore, MD���������..75

Blue Fire Ethanol, Inc., Irvine, CA�������������������� .77

Bioenergy International, LLC, Norwell, MA���������������� ..79

Brelsford Engineering, Inc., Bozeman, MT����������������..80

Celunol Corp., Dedham, MA����������������������..81

Dedini Industrias de Base, Piracicaiba, SP, Brazil�������������.82

HFTA/ University of California Forest Products Lab, Livermore, CA....................84

Losunoco, Inc., Fort Lauderdale, FL������������������� .85

Masada Resource Group, LLC, Birmingham, AL�������������... 87

Paszner Technologies, Surrey, British Columbia, Canada��������� ..89



Petrobras, Rio de Janeiro, Brazil�������������������� ..90

Pure Energy Corp., Paramus, NJ.........................................................................92

Xethanol Corp., New York, NY.............................................................................93

Abengoa S.A., Sevilla, Spain���������������������� .95

Archer Daniels Midland Corp, Decatur, IL������ ����������... 96

SEKAB Group, Ormskoldsvik, Sweden������������������ 98

Iogen Corp., Ottawa, Ontario, Canada������������������ .99

PureVision Technology, Inc., Fort Lupton, CO�������������� .101

RITE/Honda R&D Co., Kyoto, Japan������������������ .102

Colusa Biomass Energy Corp., Colusa, CA.......................................................104

DuPont and Co./POET, Wilmington, DE/Sioux Falls, SD��������� ...105

BioGasol ApS, Lyngby, Denmark�������������������� 107

Swan Biomass Company, Glen Ellen, IL���� ������������.. .108

Mascoma Corp., Cambridge, MA������������������� ...109

Genotypes, Inc., Pacifica, CA.............................................................................111

Waste-To-Energy, Paso Robles, CA..................................................................113

Bioengineering Resources, Inc., Fayetteville, AR...............................................115

APPENDIX 2.  CALIFORNIA ETHANOL PRODUCTION PROJECTS...............117



LIST OF TABLES

Table 1 �  Categories of Biomass Conversion Technologies and Their
Direct and Secondary Products 9

Table 2 �  Categories of Technologies for the Conversion of Biogas
(Biosyngas and Biomethane) to Liquid Fuels 10

Table 3 �  Syngas Quality and Conditioning Requirements for Catalytic
Conversion to Methanol 26

Table 4 �  Syngas Quality Requirements for Engines 28

Table 5 � Comparison of Thermochemical and Biochemical Systems 40

Table 6 �  Estimates of Annually Available Biomass in California 48

LIST OF FIGURES

Figure 1 �  Potential Biofuel and Bioenergy Pathways 6

Figure 2 � Thermochemical Conversion Processes Compared to
Conventional Combustion Processes 24

Figure 3 �  System Components of Biochemical Conversion Processes 30

Figure 4 � Biomass Resource Potential from Forest and Agricultural
Resources 46

Figure A1 � Nova Fuels Process Flow Illustration 64

Figure A2 �  Pearson Technologies Process Flow Diagram 65

Figure A3 �  PEFI Fuel Process Diagram 66

Figure A4 �  Enerkem Process Diagram 71

Figure A5 �  Syntec Biofuels Inc. Technology 74

Figure A6 �  Thermogenics Inc. Technology 75

Figure A7 �  TRI PulseEnhanced Technology 76

Figure A8 � BlueFire/Arkenol Technology 79



Figure A9 � BEI Process 81

Figure A10 � Dedini Hidrolise Rapida (DHR) Process 83

Figure A11 � Losonoco Wood-to-Ethanol by Dilute Acid Hydrolysis 87

Figure A12 � MRG CES OxyNol Process 89

Figure A13 � Petrobras Biomass-to-Ethanol Technology 91

Figure A14 � PEC Biomass-to-Ethanol Technology 93

Figure A15 � Abengoa Biomass-to-Ethanol Technology 96

Figure A16 � Iogen Biomass-to-Ethanol Process 101

Figure A17 � PureVision Process 102

Figure A18 � RITE/Honda Process 104

Figure A19 � DuPont Process 107

Figure A20 � Biogasol Technology 108

Figure A21 � Genotypes Technology 112

Figure A22 �  Waste-To-Energy Technology Diagram

Figure A23 �  BRI Technology Diagram

114

116



1

INTRODUCTION

The State of California has maintained for decades an active interest in the production
and application of alcohol fuels for transportation energy.  This has included efforts
toward development of technologies for producing ethanol and other alcohol fuels from
biomass.  Past studies and projects conducted by the California Energy Commission
(CEC), academic institutions and other California organizations have sought to
advance the timetable for commercial projects in the state to produce alcohol fuels,
along with electricity and other products, from cellulosic biomass resources.

The Western Governor�s Association (WGA), through its Western Regional Biomass
Energy Program, is also promoting the increased use of bioenergy and biobased
products through the conversion of biomass residuals from forest health projects and
commercial agriculture.  In 2006, WGA engaged the CEC to study and report on the
status and outlook for technologies under active development for conversion of
cellulosic biomass feedstocks to ethanol or other alcohol fuels.  This report contains
the results of that study, which was conducted by TSS Consultants and CEC staff.

The purpose of this study is to further the understanding of the progress to date and
development status of biomass-to-alcohol (bioalcohol) production technologies, and to
help guide continued development activities in California, the Western region and
elsewhere. Specific objectives outlined for the study are to:

(1) Review and evaluate candidate technologies for producing ethanol and other
alcohols from cellulosic biomass feedstocks, describing development progress
to date and future prospects for these technologies.

(2) Review and summarize relevant past bioalcohol production technology projects
studied or proposed in California.

(3) Identify opportunities for new projects involving applications of candidate
bioalcohol production technologies using California�s cellulosic biomass
resources.

(4) Identify remaining regulatory, economic and institutional obstacles to bioalcohol
project development and describe state and federal government roles in
addressing these challenges.

This study report presents the results of a wide-ranging investigation of bioalcohol
production technologies under development worldwide.  A survey conducted as part of
the study is summarized in the form of individual profiles of 38 active technology
developers in the U.S., Canada and several other countries. A number of these
developers have operated pilot-scale and demonstration facilities, however, none have
produced ethanol on a commercial scale.

The study�s key analysis involves application of a unique methodology, called �5E�
assessment, to evaluate key features of the various categories of bioalcohol
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technologies under development. This approach was used to generally evaluate some
of the principal technologies under development, using information compiled from
developers and from publicly available reports and publications. The profiles of active
developers of cellulosic biomass-to-alcohol technologies are presented in Appendix I.
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EXECUTIVE SUMMARY

This report provides a perspective on the potential viability of various technological
approaches for the production of alcohol fuels (bioalcohols) from renewable biomass
(cellulosic) resources in California and the Western United States. Included is a
historical review of several biomass-to-alcohol fuel projects that have been pursued in
California. One reason such projects have yet to achieve commercial reality -- in
California and elsewhere -- is that the principal conversion technologies underlying
these ventures have not been adequately assessed for their scientific and engineering
basis, energy efficiency, environmental impacts, economic viability, and socio-political
effectiveness. Progress toward commercialization and deployment of such
technologies requires more complete assessment of all these technology aspects,
applying appropriate evaluation methodology to sufficient technical data.

To address the above need, a �5E� assessment approach (Schuetzle, 2007) was
developed and applied to evaluate the potential viability of technologies under active
development for the production of bioalcohol fuels from cellulosic biomass. The
components of this 5E assessment methodology are: E1 � validation of technical
performance and stage of development; E2 �  estimation of energy efficiency; E3 �
environmental impact assessment; E4 �  economic analysis; and E5 �  appraisal of
socio-political effectiveness.

Hundreds of organizations worldwide have engaged in the development of
technologies for the conversion of biomass materials to bioenergy, including electricity
and process heat as well as various biofuels.  The report separates these bioenergy
technologies into fifteen different categories based on the technology characteristics
and type(s) of bioenergy produced. Those technologies designed to produce ethanol
or other alcohols, either as primary or secondary products, were selected as the focus
for further study. Organizations that have concentrated their efforts on the production
of bioalcohols were specifically identified and information on these organizations and
their technologies was gathered directly from them and/or from other various sources
of published information.

Results of the 5E assessment are provided generically for the technology categories
where available data was found to be adequate to perform such an assessment. In
many cases, technology developers have either not yet acquired some of this required
data or keep this data confidential; thus the study does not comprise a complete or
equally applied assessment of all candidate technologies. The report�s
recommendations include further study needs in those cases where sufficient data for
complete 5E assessment are not available.

On the basis of this assessment approach, technologies are identified that appear to
have the most promising potential applicability for the conversion of biomass
resources to bioalcohols in California and the Western region. Of these, it is
concluded that the thermochemical conversion technology with the highest probability
for near-term success is an integrated pyrolysis/steam reforming process incorporating
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syngas to bioalcohol and electricity co-production systems. It is expected that the
bioalcohols directly produced from these thermochemical processes will be comprised
of an 80-85 % ethanol/10-15% methanol mix, with smaller percentages of other higher
alcohols possibly present as well.  Distillation can be employed to separate ethanol
from such a mixed alcohol product if necessary.  However, this adds to the costs,
energy intensity and environmental impacts of the production facilities, and therefore is
best avoided. Thus, steps to gain acceptance of mixed alcohol fuels by the
automotive industry and regulatory agencies must also be pursued to fully realize the
opportunity these technologies represent for bioalcohol fuel production.

The 5E assessment indicates that the above thermochemical process will be capable
of producing bioalcohols in facilities using as little as 250 dry tons (DT) per day of
biomass at a production cost of less than $1.50/gallon.  Furthermore, this process
should be able to produce ethanol at an average of $1.12/gallon for a 500 DTPD plant.
Improvements in this thermochemical technology have the potential of reducing
ethanol production costs to below $1.00/gallon by 2012, where biomass feedstock can
be supplied at $35/ DT.

Other thermochemical conversion processes that incorporate air or oxygen typically
produce syngas that has a low BTU value (<300 BTU/cubic ft.) and high
concentrations of tars, particulate and other contaminants.  Although these types of
technologies have been used for over seventy years for the large scale production of
fuels, electricity and chemical feedstocks from renewable and fossil biomass, it is not
believed that these technologies are viable for bioalcohol fuel production in smaller-
scale plants (200-1,000 DT/day).

Biochemical conversion processes that utilize enzymatic hydrolysis of lignocellulose,
followed by fermentation of the simple sugars, are currently estimated to have the
potential for producing ethanol at approximately $2.24/gallon for a 2,200 BDT/day
plant. Simpler biochemical conversion processes have been studied for nearly 100
years that utilize acid hydrolysis for the conversion of cellulose to sugars, followed by
the fermentation of the sugars to bioethanol.  Projected improvements in biochemical
conversion processes have the potential of reducing ethanol production costs below
$1.50/gallon for 2,000 BDT/day or larger plants by 2012.

These thermochemical and biochemical technologies are expected to serve different
needs and applications. Examples of prospective California applications include the
conversion of forest biomass, agriculture waste, urban green waste and wastewater
plant solids to bioalcohols, electricity and heat. Many different varieties of purpose-
grown cellulosic energy crops could be used in the longer term.

Biochemical technologies appear most applicable where large volumes of a biomass
feedstock of consistent quality are available. Examples include corn- and sugarcane-
growing regions where residues from these crops are abundant and conventional
ethanol production facilities already exist or are planned. Since thermochemical
processes require much less biomass for economic viability, they are adaptable for the
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distributed production of bioalcohols and electricity.  In addition, the thermochemical
approach can be used for the conversion of nearly any biomass feedstocks.

Several novel technologies have also been under development for the conversion of
biomass to bioalcohols. These include processes that employ specially-developed
organisms (e.g., bacteria or yeasts) to produce alcohols, some using shallow pond
systems capturing solar energy, some using syngas from a gasification process.
These are examples of potential future technologies that require further research and
scientific validation before their ultimate potential can be determined.

The U.S. Department of Energy (DOE) recently announced (February 2007) an
investment of up to $385 million for the demonstration and deployment of six
biorefinery projects incorporating both biochemical and thermochemical conversion
technologies in California, Florida, Georgia, Idaho, Iowa and Kansas.  The total
investment in these six technologies is projected to total more than $1.2 billion over
the next four years.  The DOE grant program will provide a significant boost to the
advancement of such conversion technologies. The technology developers
represented by these six DOE grants (Abengoa, BRI, BlueFire, DuPont, Iogen, and
Range Fuels) are among the 38 active technology developers profiled in Appendix I of
this report.

Additional opportunities are summarized for the commercialization of technologies in
California and the Western United States for alcohol fuel production from biomass
feedstocks.  The impact of high energy prices, geopolitical uncertainty, the growing
focus on clean energy technologies and concern about global climate change are
driving substantial increases in funding from the public and private sectors.  There has
never before been such a wide-ranging opportunity for technological advancements in
the area of renewable and clean fuels and electricity.

Although U.S. government and private sector support has been increasing rapidly,
much greater financial support for research, development, demonstration and
deployment of renewable biomass to alcohol fuel and electricity production
technologies will almost certainly be necessary to assure their commercial success.
And, while the majority of active development projects identified by this study are in
North America, growing interest in Asia, Europe and South America is also apparent.
This suggests the likelihood of increasing worldwide competition for the lead in
bioenergy technology development.
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SECTION 1 - ALCOHOL FUELS AS BIOENERGY OPTIONS

Figure 1 is a simplified illustration of the technology options available for energy
production from biomass (bioenergy pathways). Biofuels represent some of the most
attractive of these pathways, since they represent effective means of supplying liquid
transportation fuels from renewable resources. Some of the same biomass feedstocks
applicable to biofuel conversion processes can also be used for electricity (biopower)
generation, as well as for production of food products, animal feed and various other
beneficial products or byproducts.  Of the biofuel options, alcohol fuels offer the most
proven and practicable alternative for the gasoline market, which accounts for three-
fourths of on-road fuel usage, and over one-half of all transportation energy use in the
U.S.

Figure 1 - Potential Biofuel and Bioenergy Pathways
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This study examines the pathways for the two principal technological approaches (or
�technology platforms�) under development for producing ethanol and other
bioalcohols, including mixed alcohols, from cellulosic biomass feedstocks. Cellulose is
the primary material that makes up the cell walls of plants, and is the raw material for
many manufactured goods, such as paper, cellophane, and fabrics like rayon.  Using
either biochemical or thermochemical processes, cellulosic materials �  derived either
from various types of agricultural, forestry or municipal wastes and residues, or from
many different types of cultivated energy crops �  can undergo conversion to ethanol
and other bioalcohols. However, unlike conventional processes producing ethanol
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from corn, sugarcane and other sugar and starch crops and residues, none of the
processes for producing alcohol fuels from cellulosic feedstocks are yet commercially
applied. This study was undertaken to identify, review and evaluate the technologies
currently under development for production of bioalcohols from cellulosic feedstocks.

Categorization of Biomass Conversion Technologies

An estimated 450 organizations worldwide have developed technologies for the
conversion of biomass to biopower and/or biofuels.  These technologies, summarized
in Tables 1 and 2, utilize either thermochemical or biochemical processes, or
integrations of both. Table 1 includes six categories of thermochemical processes (I-
VI), four categories of biochemical processes (VII-X), and two categories of integrated
processes (XI-XII). Table 2 includes three additional processes (XIII-XV) that apply
biogas, such as landfill gas, wastewater treatment plant digester gas, or animal
manure-derived gas, for bioenergy production.

Table 1 lists six categories of thermochemical processes for the conversion of
renewable biomass to biofuels and/or biopower. Of these, Categories I-III includes the
technologies most relevant for this study �  namely, those designed for bioalcohol
production. These processes produce a synthetic gas (syngas) via gasification or
pyrolysis, which can then be used to produce alcohols in a catalytic process.

Category IV technologies produce a crude, unrefined biofuel.  The refining of this
crude biofuel to produce an alcohol would require costly refining processes, thus
eliminating this approach for the production of bioalcohols. The Category V and VI
technologies produce biopower and/or heat and not fuels, and therefore are not
examined further in this report, other than included for purposes of comparison with
bioalcohol production technologies in a later section of the report.

The thermochemical conversion processes that incorporate air or oxygen (Category II-
VI technologies) typically produce syngas that has a low BTU value (<300 BTU/cubic
ft.) and potentially high concentrations of tars, particulate and other contaminants.
Although these types of technologies have been used for over seventy years for the
large-scale production (> $1 billion plants) of electricity, fuels and chemicals from
fossil-based feedstocks, these technologies appear less viable for alcohol fuel
production, and for smaller-scale production plants (200-1,000 BTD/day). Thus,
Category I technologies, employing pyrolysis/steam reforming processes (no oxygen
or air); appear to be the most promising thermochemical approach for producing
alcohol fuels from biomass.

Table 1 lists four categories of biochemical processes for producing fuels from
biomass.  These processes employ anaerobic digestion to produce methane
(Category VII), chemical and physical methods to produce sugars from cellulosic
materials (Category VIII), enzymes to produce sugars from cellulosic materials
(Category IX), or a variety of microbiological processes to produce methane, alcohols
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and hydrogen from biomass (Category X). Of these, the main technologies relevant for
this study are acid hydrolysis and enzymatic hydrolysis (Categories VIII and IX), which
produce alcohols by breaking down cellulose into component sugars that are then
fermented.

The principal thermochemical and biochemical processes for bioalcohol production are
described in more detail in Sections 3 and 4, respectively. An estimated fifty or more
organizations worldwide have concentrated their efforts on the production of
bioalcohols employing such processes. Information about these organizations and
their technology development activities and progress, as well as the characteristics
and available data on their technologies was collected as a major part of this project.
This effort included a standardized survey/data request sent to all identified developers
of biomass-to-alcohol production technologies. Only publicly-releasable information
about individual developers and their technologies was collected, excluding any
confidential or proprietary data. Responses to this direct information request were
supplemented with information obtained from other public sources, including published
papers, websites and media reports. The resulting information is summarized in
Appendix I (Technology Developer Profiles).
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Table 1 �  Categories of Biomass Conversion Technologies and
 Their Direct and Secondary Products

Category Conversion Technologies Primary
Products

Secondary
Products
(Energy)

Secondary
Products
(Fuels)

THERMOCHEMICAL
PROCESSES

I Pyrolysis/Steam Reforming
(no oxygen or air)

Biosyngas Electricity
& Heat

Bioethanol, Mixed
Bioalcohols, Biodiesel
(See Table 2)

II Gasification
(with oxygen or air)

Biosyngas Electricity
& Heat

Bioethanol, Mixed
Bioalcohols, Biodiesel
(See Table 2)

III High Temperature (>3500oF)
Gasification (with oxygen or air)

Biosyngas Electricity
& Heat

Bioethanol, Mixed
Bioalcohols, Biodiesel
(See Table 2)

IV Thermal Pyrolysis
 (no oxygen or air)

Unrefined
Biofuels

None Refined Biodiesel

V Thermal Oxidation (combustion
at/or near stochiometry)

Heat Electricity None

VI Integrated Thermochemical
Conversion/Oxidation

Heat Electricity None

BIOCHEMICAL
PROCESSES

VII Anaerobic Digestion Biomethane None Bioethanol, Mixed
Bioalcohols, Biodiesel
(See Table 2)

VIII Biochemical (acid hydrolysis/
fermentation)

Sugars None Bioethanol

IX Biochemical (enzyme hydrolysis/
fermentation)

Sugars None Bioethanol

X Other Biological Processes Biomethane,
Biohydrogen,
Bioalcohols

None None

INTEGRATED
PROCESSES

XI Integrated Bio-Refinery (VII-X)
with generation of electricity and
heat from waste materials

Bioalcohols Electricity
and
Heat

Bioethanol

XII Fermentation of Syngas from
Thermochemical Processes

Bioethanol None None
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Table 2 �  Categories of Technologies for the Conversion of Biogas
(Biosyngas and Biomethane) to Liquid Fuels

Category Conversion Technologies Biogas
Reactant

Products
(Fuels)

Products
(Energy)

XIII Thermochemical Processes
(Catalysis) Biosyngas Bioalcohols &

Biodiesel
Electricity
& Heat

XIV Thermochemical Processes
(Reforming and Catalysis) Biomethane Bioalcohols &

Diesel
Electricity
& Heat

XV Biochemical Processes Biosyngas,
Biomethane Bioalcohols
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SECTION 2 - PAST CALIFORNIA BIOMASS-TO-ALCOHOL
PROJECTS

Sacramento Ethanol and Power Cogeneration Project

In May 1994, the CEC, after a 20-month public regulatory process, granted
certification for construction of the Sacramento Ethanol and Power Cogeneration
Project (SEPCO). This project was proposed to be a joint venture between the
Sacramento Municipal Utility District (SMUD) and a company formed for the project
known as Sacramento Ethanol Partners (SEP). The project involved a 150 MW
natural gas fired electricity cogeneration facility, to be operated by SMUD, and a 12
million gallons/year rice-straw-to-ethanol plant to be operated by SEP.  The site of the
proposed project was a 90-acre tract in Rio Linda, California, a northern suburb of
Sacramento. The SMUD/SEP partnership dissolved before the project was built, and
the CEC certification ultimately expired. The ethanol plant proponents, having
retained rights to the project site, petitioned the CEC in 1999 for an extension of the
five-year period allowed to begin construction of a licensed project, but ultimately
withdrew this request. The CEC formally closed its site evaluation case involving the
SEPCO project in April 2000.

The ethanol plant component of SEPCO was designed to convert 408 tons per day of
rice straw and other cellulosic agricultural residue into approximately 35,000 gallons
per day of fuel grade ethanol. The conversion technology to be used for ethanol
production was the Arkenol concentrated acid hydrolysis technology (now Blue Fire
Ethanol); the parent company of Arkenol, ARK Energy, was the principal member of
SEP. At the time, this project was seen not only as the first commercial cellulosic
biomass-to-ethanol plant, but also as a key part of the solution to the rice straw
disposal problem facing California�s rice growing industry in the face of regulations
banning most field burning of such agricultural residues.

SEPCO was essentially two separate yet linked projects with different owners united
by a contractual arrangement, sharing a site and various operational synergies,
including process heat and power supplied to the ethanol plant by the cogeneration
plant, shared water supply and waste disposal provisions, etc. Normally, the CEC
would only have licensing jurisdiction over the power plant and a new natural gas
pipeline associated with the project (which was also approved), while  Sacramento
County would be the permitting agency for the ethanol facility. However, the CEC and
Sacramento County entered into a Memorandum of Understanding which provided
that the CEC would be the lead agency on the county’s behalf for environmental
review of the ethanol plant, thus essentially treating SEPCO as a single project for
environmental and site review purposes. The CEC environmental studies and
documents for the overall project served as the functional equivalent of an
Environmental Impact Report for Sacramento County�s approval of the ethanol plant.
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The SEPCO Project, while not constructed, serves as a landmark case study of a fully
reviewed and permitted cellulosic biomass-to-ethanol and electric generation project in
California. Although 12 years have passed, there are still numerous similarities to
some of today�s biorefinery project concepts. The voluminous project documentation
developed by the project proponents, consultants and vendors, the CEC and others
includes information and analysis on a variety of subjects potentially still relevant and
useful to the pursuit of bioalcohol and other types of bioenergy projects in California
and elsewhere.

Among the aspects of the SEPCO Project that offer valuable experience and
applicable lessons going forward are:

� Environmental Analysis and Mitigation Measures �  Detailed environmental
analysis was conducted on a full range of issues, including air quality, water
supply and water quality, hydrology, and biological resources. Issuance of an
air quality permit for the entire project was based on emission offsets to be
obtained via the discontinuation of rice straw burning resulting from use of rice
straw as the ethanol plant feedstock. Flood plain concerns resulted in
modifications to the facility site plan. Original plans to use groundwater wells
were changed to use of surface water; water supply arrangements included
mitigation measures at the Sacramento River water intake to protect salmon.
Various other mitigation measures were adopted involving several different
endangered species found on the site.

� Public Acceptance and Health and Safety Issues �  The suburban site location
engendered considerable public interest and some local opposition to the
project. A review of a number of alternative sites was conducted. Land use,
traffic, noise, fire protection, visual impacts, and hazardous material transport
and storage issues were all addressed. An initial incompatible use
determination was resolved with a county zoning amendment. Several changes
in on-site use of chemical materials were instituted. An intervener petition for a
thirty-year epidemiological study of project impacts on workers and nearby
residents was rejected.

� Project Integration Issues �  The unique features of the project, combining rice
straw to ethanol production and electricity cogeneration, posed a number of
considerations not previously encountered in CEC or other California regulatory
proceedings. Reliability of the unproven cellulosic ethanol production process
stood to affect both the cogeneration performance and emission offset viability
of the power plant. Various issues associated with the feedstock supply plan
based on the yet-to-be-demonstrated use of rice straw were addressed.

In the end, the range of site and environmental issues raised during the SEPCO
Project regulatory proceeding were successfully resolved and the project was
approved for construction, despite its unconventional technology features and location
in a developing suburban community. Whether the project did not go forward because
of complexities of the joint venture approach and multiple parties involved, or because
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the technological approach was too advanced for the time, or due to other reasons
remains debatable. But as an early test case of the California regulatory process for
permitting a biorefinery-type facility combining new bioalcohol production technology
and electricity generation, the project serves as an instructive example and at least a
partial success story.

Reference documents on the SEPCO Project (housed in the CEC Library) are listed
below:

� SEPCO Project Application for Certification, August 1992

� SEPCO Project Application for Certification (Appendices), August 1992

� SEPCO Project Data Adequacy Responses, October 1992

� SMUD Cogeneration Pipeline Project Application for Certification, May 1993

� Presiding Member�s Proposed Decision on the SEPCO Project, March 1994

� Revised Presiding Member�s Proposed Decision on the SEPCO Project, April
1994

� Commission Decision on the SEPCO Project, May 1994

� Commission Decision on the SMUD Cogeneration Pipeline Project, May 1994

� Commission Decision on Modifications to the License for the SEPCO Project,
December 1996

Gridley Ethanol Project

The Gridley Ethanol Project (GEP) was initiated as a potential solution to the rice straw
disposal problem in the Sacramento Valley region of California. Gridley is located in
Butte County in the heart of California�s rice growing area, and its economy is uniquely
dependent on rice production and markets.

The rice straw disposal problem became acute with legislative mandates to
significantly reduce the amount of rice straw burning after the fall rice harvest.  The
Rice Straw Burning Reduction Act of 1991 (AB 1378) mandated a reduction in rice
straw burning by the year 2000 to no more than 25% of the planted acreage.  The
California rice straw burning phase down has proceeded as required by the statute,
with growers burning less than the statutory limitations.  Other open-field burning laws
and regulations further limit the actual rice straw acreage burned annually.  The total
rice acreage burned annually has declined from 303,000 acres in 1992, the first year
of the phase down, to slightly less than 72,000 acres in 2002.

Despite the ongoing reduction of rice straw burning, no alternative market or disposal
option sufficient to handle the quantities of rice straw being produced has yet
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emerged, and large volumes of this material continue to accumulate. Without a viable
market alternative to dispose of the rice straw, the phaseout of rice straw burning
could render useless thousands of acres of rice lands, since in these hard clay-pan
soils, no other crops have been successful. Production of ethanol from rice straw
continues to be seen as a potential solution.

The GEP conceptually began in 1994 and was formalized in February 1996, when a
National Renewable Energy Laboratory (NREL) contract was awarded for this project.
The GEP team originally consisted of the following partners:

� National Renewable Energy Laboratory

� Stone and Webster Engineering �  subcontractor to NREL

� SWAN Biomass Company �  providing conversion technology, process design

� TSS Consultants �  providing feedstock supply analysis, site evaluation,
environmental assessment and permitting

� California Institute of Food & Agricultural Research �  consultation on enzymes,
membranes, and thermal conversion of rice straw

� Northern California Power Agency � power market assessment

� Sacramento Municipal Utility District �  consultation of power generating
technology

� Hass-Cal Industries �  consultation on separation of silica and lignin

� City of Gridley �  project �sponsor�

The GEP objectives were to validate the economic production of ethanol from rice
straw, acquire additional cost� share funding for the development and ultimate
construction of a rice straw-to-ethanol facility, and acquire financial commitments from
the private sector to design, construct, and operate a commercial ethanol production
facility in the Gridley area.  Gridley operates a municipal utility, with responsibility for
delivering electrical power to the community; thus integration with electric power
generation has been of interest to the GEP.

The original concept of the GEP facility involved application of an enzymatic hydrolysis
process, under development by Swan Biomass, to produce ethanol.  Lignin remaining
from the hydrolysis process was to be utilized as combustion fuel for firing the facility�s
boiler for the production of steam and electricity to be used on site, with excess steam
potentially used by adjacent facilities.  Excess electricity would be supplied to the
municipal utility and/or sold to the grid.

During 1996 and early 1997, work on Phase I of the GEP was conducted.  The
purpose of Phase I was to perform an initial screening of the technical and economic
feasibility of a commercial rice straw-to-ethanol facility in the Gridley area.  Phase II
was to acquire financial and site commitments, perform pilot plant studies of the Swan
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conversion technology at NREL, prepare a preliminary engineering package, evaluate
the economics and risks, and finally to prepare an implementation plan to
commercialize the process.  Phase II was to lead to a �go/no go� decision regarding
the construction of the GEP.

In early 1997, the original conversion technology developer (Swan) withdrew from the
project and moved on to other projects.  However, since Phase I tasks had been
completed and a rice straw-to-ethanol facility appeared feasible, NREL authorized the
GEP to identify a potential owner/operator of the GEP facility.  In mid-1997, the City of
Gridley selected BC International (BCI) of Dedham, Massachusetts to provide the
conversion technology and be the owner/operator of the GEP facility.  The BCI
technology was principally acid hydrolysis and fermentation, with lignin as a co-
product.  BCI was also developing a test facility in Jennings, LA where testing of
Gridley rice straw for conversion to ethanol would be conducted.  In 1998, rice straw
was shipped from California to the BCI Jennings facility for testing.

During the progress of Phases I and II, it was determined that project economics with
the then-current state of conversion technology would be enhanced by making the
GEP a cogeneration facility.  The GEP was tentatively to be sited next to an existing
biomass power plant in Oroville (still within the Gridley region), which uses orchard
prunings and forest wastes as feedstock.  It was believed that this co-location would
reduce the costs and improve the efficiency of both the power plant and the proposed
ethanol facility. Orchard prunings and forest wastes could also potentially be supplied
as a backup and supplemental feedstock to the ethanol plant, thereby reducing the
risks in supplying a seasonal feedstock (rice straw) for year-round operations.  The
biomass power plant’s use of lignin from the ethanol facility as a supplemental fuel
could also potentially reduce the air emissions of the power plant.  In 1999 and 2000,
project work continued for GEP, particularly on the environmental impact assessment,
permitting, and rice straw collection and processing (as feedstock for ethanol
production facility).  Construction of the GEP was projected to commence in early
2002 with operations to begin in late 2003.

The collection and processing of rice straw became a paramount consideration,
particularly for the economics and operations of the proposed GEP.  Infrastructure to
harvest rice straw for use in the GEP was virtually nonexistent.  Processing of the rice
straw for use as feedstock (i.e., grinding) presented technical challenges due to the
high silica content of rice straw.  Rice straw supply studies indicated that the rice straw
would cost over $30.00/bone dry ton (BDT) to be delivered to the facility.  This did not
include the grinding and processing of the rice straw at the facility.  To produce the 23
million gallons of ethanol would require 300,000 dry tons of rice straw (some of which
could be provided by orchard and forest wood wastes).

During the same time, environmental permitting and impact assessment indicated
some potentially higher costs for the GEP than originally anticipated.  Wastewater from
the GEP would have to be discharged to the local municipal wastewater treatment
plant.  Connecting to the plant and discharging wastewater would cost several million
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dollars.  Plus, in order to discharge to the wastewater plant, the GEP would also have
to conduct wastewater pretreatment.  This added another several million dollars.
Additional air emission control equipment would be needed for the project that was not
previously anticipated.  This, combined with the technical uncertainties connected with
the BCI two stage dilute sulfuric acid conversion technology, led the GEP to reach a
critical milestone in November 2001: the BCI acid hydrolysis technology was not
judged to be financially viable for use by the GEP. Thus, a decision was made to
investigate the use of a gasification technology to create syngas that could be
converted to ethanol or other fuels. This evaluation, done in June 2002, indicated that
switching from the dilute sulfuric acid process to a gasification process could have the
following advantages:

� Increased yields of ethanol, with associated reductions in feedstock and other
operating costs per gallon of ethanol produced

� Lower capital investment cost

� Fewer air emissions and wastewater effluents

� Reduced feedstock requirements, which better fit the initial needs of Butte
County for disposing of a critical mass of rice straw

Another decision was made at this time regarding the GEP site location. The
proposed GEP facility would be sited in the City of Gridley as a result of a new Gridley
industrial site becoming available, shorter transportation hauling distances from the
rice fields, significantly reduced wastewater disposal costs and available infrastructure
to better support the proposed facility.

The gasification technology tentatively selected at the time was the Pearson
Technology.  Continued funding support from NREL was used, and augmented, to
fund pilot testing at the Pearson facility in Aberdeen, MS.   The testing was reported by
TSS Consultants in a report prepared for NREL (TSS, 2005).  Although the projections
made in June 2002 appear to be overstated somewhat, continuing analysis by the
GEP project team favored the use of a gasification system. The GEP was able to get
funding augmentation directly from the U.S. Department of Energy to continue to
pursue the gasification pathway to ethanol production.  The GEP project team
investigated several gasification technology companies and developers and, in
December 2006, issued a Request for Proposals to construct and operate a
thermochemical conversion system using rice straw to produce electricity in Gridley.
Selection of a submitted technology is to occur in summer 2007. This RFP is to
initially apply a gasification system using rice straw to produce electricity (and waste
heat).  The GEP team intends to implement the syngas-to-ethanol production as a
subsequent step.

In light of the need to have a proven system to convert syngas to ethanol, the GEP
team submitted a proposal to the CEC Public Interest Energy Research (PIER)
Program in Early 2007. This project, which was awarded a CEC grant in April 2007,



17

will use matching funds from the U.S. Department of Energy to demonstrate an
integrated biofuels and energy production system for potential application to the GEP.

This project will support the construction, demonstration and validation of a cost-
effective and energy efficient biomass conversion system as follows:

� Demonstrate that a 200 ton/day commercial scale thermochemical conversion
system will be able to produce clean syngas suitable for catalytic conversion to
ethanol.

� Validate commercial viability of a three-way catalyst (patents pending) for
conversion of syngas to ethanol.

� Build and validate a demonstration scale syngas to ethanol production system.

� Integrate the demonstration scale syngas to ethanol production system with the
commercial thermochemical conversion system to create an Integrated Biofuels
and Energy Production System.

� Carry out validation studies on the integrated system.

� Develop a commercialization plan based upon the validated system.

Some key aspects of the GEP to date that offer valuable experience and applicable
lessons going forward are:

� Technology developer claims need verification

Third-party review of technology claims are critical, as technology claims
and testing in developers� own labs are subject to scrutiny.  Technology
developers may not have adequate equipment and expertise to scientifically
verify their technology.  Such verification is crucial in attracting project
financing, as well as permitting and other project approvals.

� Public agency funding mechanisms do not always synchronize well with
technology development

Although public funding resources have been available, technology
development projects involving emerging technologies being examined for
potential deployment may still suffer from lack of adequate funding.  Timing
of available funding resources may also not be consistent with the evolving
nature of emerging technologies.  Public funding agencies need to be
flexible in the use of their project funding to be able to address necessary
changes in technologies as they develop.

� Emerging technology projects utilizing biomass resources are extremely
complex
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Not only are the production technologies themselves typically complex,
there are numerous other critical components to utilizing biomass resources
�  resource economics (which includes harvesting, collection, transporting,
and processing), optimal siting to decrease transportation costs (and thus
improving project economics and community acceptance), difficulties in
permitting due to lack of knowledge of potential air, water, and waste
emissions from emerging technologies, and market uncertainty for both
principal products (i.e., fuels) and potential byproducts.  All of these aspects
need serious review and are resource intensive.

Reference documents on the GEP (housed in the CEC Library) are listed below:

Report: Gridley Ethanol Demonstration Project Utilizing Biomass Gasification
Technology:  Pilot Plant Gasifier and Syngas Conversion Testing, February
2005, NREL/SR-510-37581.

Report: Gridley Ethanol Demonstration Project Utilizing Gasification
Technology Feedstock Supply Plan:  July 2004, NREL/SR 510-36403

Presentation:  City of Gridley Ethanol Demonstration Project Technical
Assessment �  Conversion of Rice Straw to Ethanol; presented to U.S.
Department of Energy, Washington D.C. May 17, 2005 by TSS Consultants,
unpublished

Presentation:  Preliminary Environmental Assessment & CEQA/NEPA Review
Process; presented to U.S. Department of Energy, Washington D.C. May 17,
2005 by TSS Consultants

Status Report:  Proposed Gridley Ethanol Project Status Report, June 2002;
prepared by TSS Consultants

Status Report:  Proposed Gridley Ethanol Project Status Report, June 2001;
prepared by TSS Consultants

Status Report:  Subcontract No. ZCO-0-30019-01 Gridley Ethanol Project
Development, prepared by BC International, March 2001

Status Report:  Chronology of Events for the Gridley Project, February 1996 to
October 2000; prepared by TSS (undated)

Status Report: Phase II of the Feasibility Study for Rice Straw-to-Ethanol
Gridley, California, Progress Report by Task, Prepared by TSS Consultants,
July 1999
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Report: Feasibility Study for Rice Straw-To-Ethanol in Gridley, California Phase
II, Task 5.1.1 - Early Discernment of Environmental Impact Issues; prepared by
TSS Consultants under Stone & Webster Subcontract No. PS-026443, Under
NREL Subcontract No. ZCG 6-15143-01, Under DOE Prime Contract No. DE-
AC36-83CH10093, January 1999

Report: Feasibility Study for Rice Straw-To-Ethanol in Gridley, California Phase
II, Task 2.0 �  Feedstock Supply Plan; prepared by TSS Consultants under
Stone & Webster Subcontract No. PS-026443, Under NREL Subcontract No.
ZCG 6-15143-01, Under DOE Prime Contract No. DE-AC36-83CH10093,
January 1999

Report: Feasibility Study For Rice Straw-To-Ethanol in Gridley, California
Phase I, Task 4 �  Project Interest Report; prepared by Stone & Webster
Engineering Corporation, NREL Subcontract No. ZCG 6-15143-01, Under DOE
Prime Contract No. DE-AC36-83CH10093, March 1997

Report: Feasibility Study For Rice Straw-To-Ethanol in Gridley, California
Phase I, Task 6 �  Preliminary Engineering and Economic Report; prepared by
Stone & Webster Engineering Corporation, NREL Subcontract No. ZCG 6-
15143-01, Under DOE Prime Contract No. DE-AC36-83CH10093, March 1997

Report: Feasibility Study for Rice Straw-To-Ethanol in Gridley, California Phase
I Task 7 Risk Assessment/Project Definition; prepared by Stone & Webster
Engineering Corporation, NREL Subcontract No. ZCG 6-15143-01, Under DOE
Prime Contract No. DE-AC36-83CH10093, March 1997

Report: Feasibility Study For Rice Straw-To-Ethanol in Gridley, California
Phase II Work Plan; prepared by Stone & Webster Engineering Corporation,
NREL Subcontract No. ZCG 6-15143-01, Under DOE Prime Contract No. DE-
AC36-83CH10093, March 1997

Report: Feasibility Study for Rice Straw-To-Ethanol in Gridley, California Phase
I, Task 2 �  Power Market Assessment; prepared by Northern California Power
Agency under Stone & Webster Subcontract No. PS-026443, Under NREL
Subcontract No. ZCG 6-15143-01, Under DOE Prime Contract No. DE-AC36-
83CH10093, October 1996

Report: Feasibility Study For Rice Straw-To-Ethanol in Gridley, California
Phase I, Task 3 �  Preliminary Site Identification Report; prepared by TSS
Consultants under Stone & Webster Subcontract No. PS-026443, Under NREL
Subcontract No. ZCG 6-15143-01, Under DOE Prime Contract No. DE-AC36-
83CH10093, October 1996

Memorandum: Gridley �  Summary of Initial Results for Sub Task 1.1, Ethanol
Market Assessment; prepared by SWAN Biomass Company, October 1996
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Report: Proposed Gridley Ethanol Facility Phase I Feasibility Study Draft, Task
6.6 Environmental Evaluation, prepared by TSS Consultants, Letter
Subcontract No. PS-026443 to NREL Subcontract No. ZCG 6-15143-01, Under
DOE Prime Contract No. DE-AC36-83CH10093, August 1996

Report: Feasibility Study for Rice Straw-To-Ethanol in Gridley, California Phase
I Summary; prepared by Stone & Webster Engineering Corporation, NREL
Subcontract No. ZCG 6-15143-01, Under DOE Prime Contract No. DE-AC36-
83CH10093, March 1996

Presentation:  Feasibility Study for Rice Straw-to-Ethanol Production in Gridley
California; prepared by Stone & Webster Engineering Corporation, March 1996

Technical Proposal: Feasibility Study for City of Gridley Agrifuels and
Chemicals, Gridley, California; prepared by Stone & Webster Engineering
Corporation for NREL, July 1995

Collins Pine Cogeneration Project

The Collins Pine Cogeneration Project was an offshoot of the Northeastern California
Ethanol Manufacturing Feasibility Study (1997) prepared for the Quincy Library Group
(QLG).  The QLG was formed in the early 1990�s as an attempt to bring together
competing forces in regards to forest management in the Plumas, Lassen, and Tahoe
National Forests of California.  The proposed forest resource management activities
by the QLG were federally legislated by the Quincy Library Group Forest Recovery
and Economic Stability Act of 1997.  This federal legislation was intended to reduce
the risk of catastrophic wildfire in the northern Sierra Nevada forests.

In response to growing concerns regarding how biomass resources are managed and
how catastrophic fire could be reduce or avoided, the QLG put forth a plan to reduce
fire danger by removing biomass from the forest to fuel an ethanol cogeneration
facility. The QLG, together with U.S. Department of Energy, NREL, and other project
partners, initiated a study to determine the economic, environmental, and regulatory
feasibility of a facility designed to process forestry wastes into ethanol. Four proposed
sites were evaluated for such a project, located in or near the Sierra Nevada California
communities of Westwood, Chester, Greenville, and Loyalton.  The Quincy Project�s
seven major tasks are listed below:

� Feedstock supply and delivery systems

� Site selection

� Design and cost estimates

� Financial evaluation and sensitivity analysis
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� Environmental issues

� Market issues

� Socioeconomic impacts

The conclusion of the work done by the stakeholders indicated that there was
adequate feedstock to support a biomass to ethanol project.  The selection of Chester,
California and the existing Collins Pine Companies� saw mill site spurred the funding of
further feasibility assessments from 1998 to 2001. These efforts were funded by the
CEC and the U.S. Department of Energy.

During 1998 to 2001, the CEC co-funded the economic and technical feasibility study
of integrating a biomass to ethanol facility with the existing Collins Pine plant in
Chester.  This sawmill includes an existing boiler system using fuel from sawmill
operations to produce process heat and electricity.  The proposed CEC-funded project
was to prepare a feasibility study similar to the GEP to determine the economic and
technical feasibility of producing 20 million gallons per year of ethanol using forest
remediation (thinning the forest to reduce wildfire danger) and wood wastes as
feedstock.

Specific technical and economic goals of the Collins Pines ethanol project set forth by
the CEC were:

� Determine whether the ethanol facility can produce up to 20 million gallons per
year of ethanol from softwood feedstock using the BCI acid hydrolysis
technology.

� Determine whether lignin from the ethanol facility can partially displace the
existing fuel of Collins Pine biomass power plant by 30 percent to 60 percent.

� Reduce the cost of electricity production at the Collins Pine biomass power
plant by at least 1.5 cents/kWh.

� Identify at least one co-product, other than lignin or ethanol, which can be
produced by the ethanol facility and has a value of at least $2/pound.

A Phase I work plan, similar to the GEP was conducted to ascertain the preliminary
feasibility of producing ethanol and power at the Collins Pines, Chester facility. BC
International of Dedham, Massachusetts, the same technology supplier as the GEP
(described above) was to conduct testing of wood waste at its Jennings, LA test
facility. However, the project was terminated before this was completed. The CEC
issued a stop work order in September 2001 upon determination by CEC project
management that progress and performance by some of the key participants was not
fulfilling project objectives.
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Among the aspects of the Collins Pine project that offer valuable experience and
applicable lessons going forward are:

� Forest residue supplies in California could supply a cellulosic ethanol project (or
projects), if sufficient forest thinning operations were conducted on both private
and federal forestlands. However, such facilities require long term supply
contracts, 10 years or more, to effectively attract financing.  This is a particularly
difficult thing to do for federal forestlands.  There are initiatives afoot in the U.S.
Department of Agriculture and U.S. Department of the Interior to allow the
federal government to enter into such long-term contracts, but these initiatives
are not yet fully realized.

� Technology developer claims need verification (as described above for the
Gridley Ethanol Project)

� Economic stability and/or fortitude of technology developers need to be
confirmed. Many of the emerging technology companies in recent years have
been relatively small business concerns, with limited funding resources.
Emerging technologies, often fraught with potential changes and subsequent
unforeseen costs, can severely stress business finances causing project delays
and failures.  Although this may be changing as funding of emerging
technologies for cellulosic biomass-to-alcohol fuels is experiencing a big
upswing, it is nonetheless prudent for project developers, particularly in public-
funded projects, to scrutinize their technology provider�s economic stability.

Reference documents on the Collins Pine Project (housed in the CEC Library) are
listed below:

CEC Project Description

CEC Project Fact Sheet

Report: CEC/Collins Pine Subcontract, Interim Report, Executive Summary;
prepared by BC International, July 2001

Report: Collins Pine Electricity Market Assessment, prepared by TSS
Consultants, April 2001

Presentation:  Collins Pine Ethanol Project Lignin Residue Characterization,
prepared by National Renewable Energy Laboratory, November 29, 2000

Report: Power/Ethanol Cogeneration Basis of Design Report; Contract #500-
98-043 of the CEC Public Interest Energy Research (PIER) Program, prepared
by BC International, April 2000

Presentation:  Collins Pines Cogeneration Project; prepared by TSS
Consultants, February 9, 2000,
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Presentation:  Collins Pine Cogeneration Project; prepared by California
Institute of Food and Agricultural Research,  presented at CEC Project Review
Meeting November 29, 1999

Memorandum: Collins Pines Project; prepared by BC International, September
9, 1999

Report: Collins Pine Ethanol Project, Early Discernment of Environmental
Impact Issues,  Phase I, Task 2.5.1.1; Contract #500-98-043 of the California
Energy Commission, Public Interest Energy Research (PIER) Program,
prepared by TSS Consultants, August 2000

Report: Northeastern California Ethanol Manufacturing Feasibility Study;
prepared by The Quincy Library Group, California Energy Commission,
California Institute of Food and Agricultural Research, Plumas Corporation, TSS
Consultants, and National Renewable Energy Laboratory, November 1997

Report: Quincy Library Group Northeastern California Ethanol Manufacturing
Feasibility Study, Feedstock Supply and Delivery Systems, Final Report;
prepared by TSS Consultants, June 1997




