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Task 1 Summary:

Task 1 involved documenting federd, state and locally relevant information for the proposed Linpac
Biomass/Cogen facility project. A literature search and investigation for relevant materials was
successfully conducted providing for information and documentation that can be used to support
the remaining tasks and project work. The materials collected include:

Books/Handbooks/Proceedings/Symposium Publication
Articles/Publications

Internet Accessible Websites/Documents

News/Press Releases

Linpac/RRSI/CCI/Enron/CEPES In-house Data

The literature search has been successfully completed, and the documentation and information are
suitable for usein later project tasks to meet task requirements and act as appropriate references.
Theinitia review of the literature search materials and project partner in-house materials provides
for areasonable assumption that anaerobic digestion technology is suitable for usein biogas
production, that CCl's BTA technology can be used as the basis for the project, that awide variety
of biomass feedstocks, including animal manures and related biomass, can be used as raw material
supply for an anaerobic digestion, and that the biogas is a valuable fuel that can act as a substitute
that can be competitive with market natural gas purchases for steam and power cogeneration.

Anaerobic digestion is essentially microbial action on organic material in the absence of significant
oxygen, with the goal to produce methane for use asfuel. A wide range of organic materials may
be successfully processed in an anaerobic digester. Aninitial review of the literature and
documentation on biogas generation indicates that animal manures, agricultural crop residues,
animal renderings, food processing waste, human manures, industrial pulp and paper waste, forest
products residuals, commercial waste, MSW and other biomass organic materials are often usable
as feedstocks for biogas generation.

Aninitia review of the CCl literature for the BTA anaerobic digestion process and asite review of
the CCI Newmarket facility suggests that application of the technology in the SERBEP regionis
potentialy feasible and beneficial. The CCI process targeted for the facility will use atwo stage
process. In the two stage version, the feedstock consistency and operating temperature of the two
stages are different from each other. While the digestion process depends on extremely complex
interactions of many kinds microbes and materials, operation of anaerobic digestion systems does
not require detailed knowledge of these interactions. Basic principles of process flow, temperature
control and feedstock quality monitoring may be followed to achieve afairly predictable outcome.
This patented BTA technology has been found to offer some of the best process efficiencies. The
biogasis suitable for use as fuel and areplacement for natural gasin a cogeneration facility.

More in-depth study and comparison of this information against the proposed technology and
facility work results will be important to make a solid feasibility assessment.
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Anaerobic Digestion for Biogas Production

Thefacility intends to use CCl's BTA anaerobic digestion technology as the process basis. Based
on provided CCI data, the literature search and available documentation including the other project
partners in-house materias, a general description of atypical anaerobic digestion process for biogas
production can be provided asfollows:

Anaerobic Digestion

Anaerobic digestion is essentially microbial action on organic material in the absence of significant
oxygen. In some cases, the goa isto reduce BOD/COD of wastewater. In others, including this
project, the goa isto produce methane for use asfuel.

Feedstock Materials

A wide range of organic materials may be successfully processed in an anaerobic digester. Animal
manures, anima parts and renderings, agricultural residuas, human fecal waste, food processing
scraps, spoiled fruits and vegetables, plant and wood pul p, waste paper, even municipal solid waste
(MSW) have al been used to generate biogas. Many of these biomass feedstocks currently
represent environmental disposal problems with regard to watersheds and landfill considerations.
The use of anaerobic digestion technology can provide a viable solution to waste problems while
producing a valuable renewable energy from these materials.

Digestion Conditions

Anaerobic digesters are typically operated at elevated temperatures to reduce digestion time,
although a slow digestion is also possible at room temperature. The material to be digested is
typically mixed in adurry with low solids content, typical in the range of 0.5% to 10% solids by
weight. Larger solid materials are typically broken up to increase surface areafor digestion.
Mesophilic bacteria operate optimally somewhere between 35 and 50C, while thermophilic bacteria
operate best in the range 60 to 75C. Digesters may be operated in a single stage or atwo-stage
fashion. In the two stage version, the feedstock consistency and operating temperature of the two
stages are different from each other. The CCI process targeted for the facility will use atwo stage
process. While the digestion process depends on extremely complex interactions of many kinds
microbes and materials, operation of anaerobic digestion systems does not require detailed
knowledge of these interactions. Basic principles of process flow, temperature control and
feedstock quality monitoring may be followed to achieve afairly predictable outcome.

Two or Three Sage Digestion Process

Numerous varieties of bacteriaand other microorganisms can exist and even flourish in an aerobic
setting. The exact populations of particular species vary significantly with the material undergoing
digestion, temperature, populations of other species and anumber of other factors. Very roughly,
the microbes can be classified into hydrolyzing, acid-forming and methane-forming varieties, with
each type acting approximately in succession on starches and cellulose. The digestion succession
is somewhat different in the cases of proteins and other materials, but typically there are two to three
steps in the breakdown or digestion process, with different bacteriainvolved in different steps of the
digestion.

Products formed on compl etion of digestion

If the digestion process is allowed to approach completion, methane and carbon dioxide will
typically be the predominant gases, along with smaller amounts of ammonia and hydrogen sulfide.
The gas generated by biopower digesterstypically contains 50-75% methane, with carbon dioxide
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making up most of the balance. The solids remaining will include bacterial cell matter aswell as
undigestible material, suspended in water. These can be converted to a high quality compost.

Biogas Quality and Use

In order to use the biogas for power generation, removal of excess moisture from the gas aswell as
scrubbing of any significant detrimental quantities of toxic hydrogen sulfide may be required. For
some types of combustion, carbon dioxide percentage in the biogas may also need to be reduced
from the biogas. The biogas is then suitable for use as fuel and as a viable replacement for Linpac's
purchased natural gas or in green power production

Literature and | nformational Search Results:

A literature search and investigation for relevant materials was successfully conducted providing for
information and documentation that can be used to support the remaining tasks and project work.

A partia, preliminary summary of significant bibliographic referencesisincluded in Appendix A of
thisreport. Copies of specific articles or materials can be obtained from RRSI upon request. The
materials were collected from the following sources.

Books/Handbooks/Proceedings/Symposium Publication
Magazine Articles/Publications

Internet Accessable WebsitesDocuments

Recent News/Press Releases
Linpac/RRSI/CCI/Enron/CEPES In-house Data

For Task 1, in-house materials and data from the project partners has provided a good baseline for
future project task requirements and reference. The materials provide are applicable to the
technology and provide engineering and technical information useful for future task work. The
general literature search has provided excellent background materials and documentation which has
turned up important information about anaerobic digestion technology for biogas generation and
production, and disposition of key facility residuals such as compost. Additional information
pertaining to the regulatory environment, energy market, compost market and related project
peripheral concerns has been obtained.

Aninitia review of the CClI literature for the BTA anaerobic digestion process and a site review of
the CCl Newmarket facility suggests that application of the technology in the SERBEP region is
potentialy feasible and beneficial. This patented anaerobic digestion technology has been found to
offer some of the best process efficiencies observed. It appears to be capable of delivering ahigh
quality biogas product from avariety of biomass feedstocks including animal manures and other
related wastes. Given appropriate feedstocks and "recipes’, the facility residuals will consist of a
biomass byproduct that provides a good solid residual material appropriate for composting and
sae.

Aninitial survey of literature on biogas generation indicates that animal manures, agricultura crop
residues, animal renderings, food processing waste, human manures, industrial pulp and paper
waste, forest products residuals and other organic materials are often usable as feedstocks for
biogas generation. Some industrial pulp and paper by products must be handled with care as
feedstocks because of the presence of residual biocides, which adversaly affect the microbes which
carry out anaerobic digestion. For a continuously operating anaerobic digestion system such as
that implemented by CCI/BTA, various “recipes’ or mixes of arange of feedstocks are devel oped
for optimum performance. Industry data categorized by SIC code suggest that a variety of viable
feedstocks may be available in the region of probable facility siting near Linpac Paper in Cowpens,
S.C. region.
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Solid organic residuals are expected from biogas production facility in most cases, suitable for
biomass compost production. Depending on the feedstocks, severa residuals from the biogas
generation process may be obtained, some of which may be marketable. 1n addition to the compost
fraction, marketable facility residuals may include plastics, metals, duminum and glass. First,
depending on the feedstocks, there may be reject material not appropriate for digesting. Thisis
particularly true if mixed municipal solid waste (MSW) or other mixed solid waste is used as
feedstock. These rgjects may in some cases be sorted into recyclable materials and non-recyclable
materials. Markets may be sought for reject plastics, metals and glass. Other miscellaneous reject
materials would most likely be landfilled. Liquid residuals may also arise from the digestion
process, depending on the water balance in the digestion process the liquid residua may be an
excellent fertilizer appropriate for land application. Land application isregulated at the federa and
state levels, and appropriate permits must be obtained.

Conclusions:

The literature search has been successfully completed, and the documentation and information are
suitable for usein later project tasks to meet task requirements and act as appropriate references.
Theinitial review of the literature search materials and project partner in-house materias provides
for the following:

» itisreasonable to assume that anaerobic digestion technology is suitable for
use in biogas production, and CCI's BTA technology is a viable technology
that based on preliminary indication can be used as the basis for this project.

» awide variety of biomass feedstocks, including anima manures and related
biomass, can be used as raw materia supply for an anaerobic digestion.

» s0lid organic residuals from the facility can be converted into a high quality
compost for usein soil amendment and silviculture industry(s).

» biogasisavaluablefudl that can act as asubstitute that can be competitive
with market natural gas purchases for steam and power cogeneration.

The information found will beincorporated into and act as reference for future technical,
engineering and project development tasks. More in-depth study and comparison of this
information against the proposed technology and facility will be important to make a solid
feasibility assessment.
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I nter net Accessabl e Websites/Documents

*** AgStar, www.epa.gov/agstar

Minnesota — Biofuels and Ethanol

Resour ces, www.me3.org

National Association of State Energy Officials, www.naseo.org

Alternative fuels data center, www.afdc.nrel .gov

Amercian Bioener gy Assoc, www.biomass.org

American Farm Bureau, www.fb.com

Ethanol Producers & Consumers, www.ethanol.mt.org

Renewable Fuels Assoc., www.ethanolrfa.org

USDA, www.usda.gov

National Biodiesel Board, www.nbb.org

Oak Ridge-Bioenergy Feedstock Development Program, www.esd.ornl.gov/bfdp
Regional Biomass Ener gy Program, //rredc.nrel.gov/biomass/doe/rbep/
Governor’s Ethanol Coalition, www.ethanol-gec.org

NAL/USDA Biofuels, www.nal.usda.gov/ttic/biofuels

Bioener gy I nitiative, www.eren.doe.gov/bioenergy initiative; www.bioproducts-bioenergy.gov
Bioener gy Feedstock Development Program, www.esd.ornl.gov/bfdp/bfdpmain.html
Biomass Power Program, www.eren.doe.gov/biopower

Regional Biomass Energy Program, www.ott.doe.gov/of d/biomass.html
Southeastern Regional Biomass Energy Program, serbep.org

South Carolina Ener gy Office, state.sc.us/energy

Biomass Ener gy Resear ch WWW, www.doe.gov/ber/berhome.html

Biomass Resour ce Information Clearinghouse, //rrdec.nrel.gov/biomass
American Bioener gy association, www.biomass.org

Electric Power Research I nstitute, www.epri.com

Renewable Energy Annual, www.eia.doe.gov

Sour ces of Information on Renewable Ener gy, www.americangreen.org

Biomass Resear ch, www.nrel .gov/research

Sour ces of Information on Renewable Ener gy, www.americangreen.org

Biomass Resear ch, www.nrel .gov/research

South Carolina Agricultural Statistics, //cherokee.agecon.clemson.edu/ag_stat.htm
Bioener gy Update, www.bioenergyupdate.com

Energy Links, Ces.iisc.ernet.in/hpg/envis/Energylinks97.html




ElA's Pages for: Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi,
Missouri, North Carolina, South Carolina, Tennessee, Virgina and West Virgina,
www.ea.doe.gov.html

Futur e Biomass Resour ces, http://rredc.nrcl.gov/biomass/doe/rbep/ms_biomass/future.html
Prosper Business Development Cor p, www.4prosper.com
Altra Energy Technologies I nc, www.altranet.com
AMerican Direct Access eXchange, www.amdax.com
APB Energy, Inc., www.apbenergy.com

Automated Power Exchange, www.apx.com

Aquila Energy (Utilicor p), www.aguilaenergy.com
Associated Systems, I nc., www.assocys.com
Checkfree.com, www.checkfree.com

ChooseEner gy.com, www.chooseenergy.com
Colorado Wind Power, www.cogreenpower.org
Conectiv, www.conectiv.com

ConneXt, www.connext.com

Continental Power Exchange, www.cpex.com
Solstice, www.crest.org

Data Transmission Network Corp., www.dtnergy.com
Keystone Ener gy Services, www.earthchoice.com
e-ChoiceNet, www.e-choicenet.com
ElectricityChoice.com, www.electricitychoice.com
Ener com, www.enercomusa.com

Energy.com, www.energy.com

EnergyChoice, www.energychoice.com

ENERGY guide, www.energyguide.com

Energy Interactive, I nc., www.energyinteractive.com
Ener gyOn.com, www.energyon.com

Ener gyPortal.com, www.energyportal .com

Ener gyPrism.com, www.energyprism.com

Ener metrix.com, www.enermetrix.com

Enron, www.enrononline.com

Essential.com, www.essential.com

Exelon Ener gy, www.exeloncorp.com

Clean N’ Green Ener gy, www.go-green.com

Green-e Renewable Electricity Program administered by the Center for Resour ce
Solutions, www.green-e.org

Greenmountain.com, www.greenmountain.com
HoustonStreet.com, www.houstonstreet.com

| nventur e.com, www.inventure.com/energy
CelINet Data Systems, www.myenergyinfo.com
Natsour ce, www.natsource.com




Nexus, www.nexusenergy.com

New York Mercantile Exchange, www.nymex.com
OM Technology, www.omtechnology.com

Power Direct (AES), www.powerdirect.com
Commonwealth Energy Corp., www.powersavers.com
SCT Utility Systems, www.sctcorp.com

Silicon Ener gy, www.siliconenergy.com

Association of Power Exchanges, www.theapex.com
Usour ce, www.unitil.com/unitil/index.htm

Utili Save.com, www.utilisave.com

Utility.com, www.utility.com

Weather Trade, www.wesathertrade.com




