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NOTICE
This report was prepared as an account of work sponsored by an agency of the United
States Government. The Southern States Energy Board, nor United States Government, nor
any agency thereof, nor any of their employees or contractors, makes any warranty, express
or implied, or assumes any legal liability of responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or that its use
would not infringe privately-owned rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or otherwise, does
not necessarily constitute or imply its endorsement, recommendation, or favoring by the
Southern States Energy Board or the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or reflect those
of the Southern States Energy Board, or the United States Government, or any agency
thereof.

This project is supported by the Southeastern Biomass State and Regional Partnership (SEBSRP) and
administered by the Southern States Energy Board (SSEB) for the United States Department of Energy.

Note: References to SERBEP in this document refer to the U.S. Department of Energy (DOE)/Southern
States Energy Board (SSEB) Southeastern Regional Biomass Energy Program, which preceded the
DOE/SSEB Southeast Biomass State and Regional Partnership (SEBSRP).
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Foreword

The South Carolina Energy Office (SCEO) is a unit of the State Budget and Control
Board. Established in law by the South Carolina Energy Conservation and Efficiency
Act of 1992, the Energy Office has the mission of increasing energy efficiency and
diversity, enhancing environmental quality and saving energy dollars for South Carolina.

Through its various programs and initiatives, the SCEO improves energy efficiency and
deploys renewable energy projects. Its efficiency measures and programs are saving
taxpayers over $70 million in the public sector alone. Workshops, financial aid
programs, technical assistance activities and numerous publications and information
activities assist and inform industrial, commercial, public sector and individual
consumers in saving energy dollars and minimizing energy-related pollution.

Biomass Energy Potential in South Carolina: A Conspectus of Relevant Information

is one of several activities in which the SCEO is partnering with the US Department of
Energy, the Southern States Energy Board, and a host of others to identify and pursue
opportunities to improve South Carolina’s economy, environment and energy security
through greater use of biomass energy.

Other biomass energy activities of the SCEO and its partners include formation and
staffing of the South Carolina Biomass Council, implementation of a South Carolina
Biomass Market Development Project, computation of macro-level metrics pertaining to
potential economic and environmental benefits of biomass energy potential in the state,
and studies on the feasibility of developing energy from poultry manure and litter, from
waste water sewage facilities, and from used cooking oil and waste animal fats.

This conspectus is a general survey and digest of information relevant to biomass energy
in South Carolina. Because it is Web-based and constantly updated as new information is
gathered, it is a dynamic document. The most current version of the report is maintained
on the SCEO website at www.energy.sc.gov. The online report provides links that allow
the reader to access document summaries, and, in most cases, full-length documents
referred to in the report.

Key SCEO staff responsible for preparation of this conspectus includes Erika Hartwig,
John F. Clark, Michael Hughes, and Elizabeth Renedo.

We invite and encourage readers to correct errors, provide additional information and
submit any other input that will assist in increasing the scope and accuracy of this
document and its value toward the goal of increasing biomass energy production and use
in South Carolina. Please send all comments to ehartwig@energy.sc.gov. Additional
contact information is provided at www.energy.sc.gov.
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Biomass Energy Potential in South Carolina:
A Conspectus of Relevant Information

Introduction

The creation of energy from organic renewable materials in the form of gas, liquid or
solid holds tremendous beneficial potential for South Carolina. Biomass energy can be
created from a variety of processes including, but not limited to: direct combustion of
biomass to produce process steam and/or electricity; collection of natural biomass
decomposition products such as methane; and conversion of biomass materials to create
transportation fuels such as ethanol and biodiesel.

The South Carolina Energy Office (SCEQO) and other public and private organizations
have encouraged production of biomass energy in the state for over 25 years. A
significant number of studies and reports have been produced, both in South Carolina and
in other states with similar biomass resources. Nevertheless, measurable progress in
South Carolina in the use of biomass energy resources has been slight.

Greater use of biomass energy resources in South Carolina is important for several
reasons:

1. Economic Development: South Carolina produces no fossil fuels and thus
imports the vast majority of its primary energy resources from other states and
nations. Greater use of fuels derived from within the state will result in greater
income multipliers from energy expenditures and thus boost economic expansion
within the state, especially for the rural sector greatly in need of economic
stimulus.

2. Energy Security: The transportation sector relies almost entirely on petroleum,
nearly 70 percent of which is imported from foreign sources. An overwhelming
majority of foreign petroleum reserves are in the Middle East and other countries
that are problematic for US energy dependence, such as Nigeria, Venezuela and
Saudi Arabia. International supply, pipeline disruptions and price volatility put
the country and the state at a high level of infrastructure vulnerability.

3. Environmental Enhancement: Almost two-thirds of all energy in the state is
derived from fossil fuels (coal, oil and natural gas). Combustion of fossil fuels
for energy releases harmful air emissions, in addition to creating problems
associated with leaks and waste disposal. Fossil fuels contaminate air, water and
land, create health problems, and have negative impacts on fish and wildlife.
They cause crop and forest damage, and inflict enormous economic costs
associated with environmental impacts. Nuclear power, providing almost a third
of the state’s primary energy needs, has safety problems associated with nuclear
waste disposal. Biomass energy resources generally have far less adverse
environmental impacts, and, in some cases, conversion of biomass into useful




energy mitigates other environmental problems, such as collecting and using
harmful methane gases from landfills, animal manure, municipal sewage, and
utilizing wood wastes, as well as construction and demolition debris, that would
otherwise be buried in landfills.

Biomass Energy Potential in South Carolina: A Conspectus of Relevant Information
summarizes studies conducted on various actual and potential feedstock resources in
South Carolina and the Southeast, as well as relevant non-regional studies and other
pertinent information. The report describes the existing information base, as well as
information gaps, about the potential for three broad categories of biomass energy
feedstocks: (1) resources for direct combustion of biomass to produce process steam
and/or electricity; (2) resources for methane production; and (3) resources for production
of ethanol or biodiesel transportation fuel. Ultimately, this report and other efforts will
enhance biomass energy production and consumption in South Carolina.

The SCEO intends for Biomass Energy Potential in South Carolina: A Conspectus of
Relevant Information to be a dynamic, on-going document. As additional existing and
new information is identified and compiled, it will be incorporated into the report, which
will serve as a primary information resource for future biomass energy production and
use in South Carolina. The most current version of the report is maintained on the SCEO
website at www.energy.sc.gov. The online report provides links that allow the reader to
access document summaries, and, in most cases, full-length documents referred to in the
report.




|. Potential for Direct Combustion of Solid Biomass

A. Woody Biomass

Bioenergy in the Southeast: Status, Opportunities and Challenges by The Southeast
Bioenergy Roundtable was a work plan intended to further studies of the economic and
environmental advantages of biomass energy.

Among the studies, Robert A. Harris et al. produced a definitive report, Potential for
Biomass Energy Development in South Carolina, completed in 2004 for the South
Carolina Forestry Commission. The study describes the amounts, locations, and types of
forest biomass and agricultural crop residues available. Forest biomass includes: logging
residues, pre-commercial thinning, commercial thinning, southern scrub oak, mill
residues, urban wood waste, forestry biomass, and agricultural wastes and byproducts.
Harris describes available biomass-to-energy technologies, costs for transportation,
potential job creation, and economic benefits. Harris identified 22 million tons of forest
biomass available annually for energy use, equivalent to powering ten 40 megawatt
biomass power plants, potentially displacing 4.8 million tons of coal (1/3 of all coal used
for power production in South Carolina).

Most dedicated biomass fueled power generators use direct-combustion boilers coupled
with steam turbines (see Figure 1). These generators typically possess a biomass
combustion chamber with equipment to evenly distribute biomass fuel over a grate which
separates the ash from the burning biomass. The generated heat creates steam in an
adjoining high-pressure water tube boiler which feeds process steam through a multi-
stage steam turbine.

Direct Combustion / Steam Turbine System

Exhaust
FURNACEEBQILER

Steam

TUREINE

PREPARATION r

Elactrici
Biomass oy

GENERATOR

Condensate

Figure 1: The most common biomass fueled power generator is a direct
combustion/steam turbine system. Figure courtesy of the US Department of Energy,
Energy Efficiency and Renewable Energy Program.

Another biomass generator is a simple cycle gas turbine. This generator uses a primary
chamber devoid of air to gasify the biomass, which then passes into a secondary
combustion chamber where the gas is used to produce heat (see Figure 2). These plants
tend to be inefficient, small, and expensive compared to traditional power generation
from coal and natural gas. However, a more efficient and less expensive form of biomass
power is known as a combined-cycle biomass gasification system (see Figure 3).



Biomass is converted to a gas, in an atmosphere of steam or air, and produces a medium-
to low-energy content gas. This biogas powers the combined-cycle power generation
plant similar to the simple cycle. Unfortunately, these plants have not yet reached
America, but with further study could be a reliable form of biomass power generation.
The University of South Carolina (USC) plans to build a simple cycle gas turbine on their
Columbia campus to go online in fall 2008. The plant will produce approximately one
megawatt of electricity, equaling about 85 percent of campus energy needs. The USC
plant will utilize 10-20 million tons of biomass over the course of its operating life and
save almost $2 million annually. (For more information about this and other wood-
burning processes, please see Wood Energy Guide for Agricultural and Small
Commercial Applications by Larry Jahn, et al.)
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Figure 2: Simple cycle gas turbine electric generator, more expensive and less efficient

form of biomass energy. Figure courtesy of the US Department of Energy, Energy
Efficiency and Renewable Energy Program and the University of South Carolina.
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Figure 3: Combined-cycle generating unit, most efficient and less expensive form of
biomass energy. Figure courtesy of the US Department of Energy, Energy Efficiency and
Renewable Energy Program.



Using woody biomass for co-firing in coal-fired power plants has also been described as
a source of power in the Harris report, but further study is needed. Co-firing involves
mixing woody biomass with coal to reduce the amount of coal used in the process. Co-
firing has been tested with a variety of boiler technologies. Though it decreases efficiency
by a marginal amount, it increases air quality significantly. The main problems identified
with co-firing are the logistics of storage, handling, and preparing the biomass fuel, as
well as safely and efficiently adding the fuel to the combustion chamber. At the date of
publication, no coal-fired power plants intend to use co-firing in South Carolina.
However, new incentives exist for utilities and co-firing with woody biomass is a much
more viable option. New research conducted by Agri-Tech Producers and North Carolina
State University has introduced an economical method to treat wood through a
torrefaction process, which allows the wood to be comparable in heating value and
consistency to coal.

The Primer on Wood Biomass for Energy by Richard Bergman, et al., explains the
environmental and economic advantages of using woody biomass. Environmental: 1)
when compared to fossil fuels, wood is a renewable resource creating a sustainable and
dependable supply with proper forest management; 2) wood burning releases fewer
carbon emissions; 3) wood emissions contain minimal metal and sulfur; and 4) minimal
byproduct (ash) is created. Economic: 1) A comparatively lower fuel cost; and 2) less
life-cycle costs of a biomass combustion system versus a fossil fuel system. The Primer
also discusses the three scales of wood fuel operations: 1) space heat; 2) electricity and
cogeneration related to micro, small, medium, and large power generation facilities; and
3) thermal and electric power in the residential, commercial, municipality, industrial, and
utility areas of use. The Primer recommends that decision-makers analyze the feasibility
of biomass before undertaking a major economic analysis.

According to a report by Timothy Young, Analyzing Market Constraints in Woody
Biomass Energy Production, there are five major constraints to using industrial wood
energy by the non-forest products sector. These include: 1) lack of knowledge and poor
perception; 2) high capital cost of conversion; 3) problems with wood fuel handling; 4)
concerns about the availability of a long-term supply; and 5) lack of knowledge about the
proper operation of a wood energy system. The study theorized these constraints prevent
non-forest product industries and institutions from using wood energy, but in reality,
barriers could be overcome with government assistance and information dissemination.

Already many operations have realized the benefits of wood fuel and the SCEO website,
www.energy.sc.gov, lists a regularly-updated inventory of known users of wood waste
for energy (see Appendix A). According to these inventories, 62 commercial and
industrial operations in South Carolina use 4 million tons of woody biomass annually for
energy purposes. According to a report titled Analysis of Renewable Energy Potential in
South Carolina and published in 2007 by the Central Electric Power Cooperative, Inc. in
conjunction with La Capra Associates, Inc., it is estimated that 360 MW of electricity is
produced by direct-fired boilers and combined heat and power (CHP) projects. According
to the report the state has enough logging residues and wood waste to support an
additional 423 to 1,599 MW of electricity.
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Despite concerns, operators do not need to construct new facilities to utilize wood waste.
Boiler Retrofit for Biomass Energy, a report by Georgia Technical Research Institute,
demonstrated that a simple retrofit of an existing boiler could reduce reliance on
expensive fossil fuels by making use of sawdust from a local sawmill. Concerns about
fuel reliability and temperature burdens were unfounded as the plant management was
satisfied with the system and reported natural gas fuel bill reductions by 75 percent over
the initial four-month period of operation.

Existing and upcoming biomass projects include:

= Santee Cooper announced plans in July 2008 to purchase electricity from 50 MW
biomass energy operation. Details have not been publicized.

= Carolina Soya, a soybean crushing facility in Estill utilizes two waste
wood/glycerin boilers that combined produce 70,000 Ibs of steam an hour, and
use 70,000 tons of waste wood a year. The waste wood comes from local
sawmills and includes materials like bark, scrap wood, and glycerin, which is a
by-product of biodiesel production. A biodiesel plant, Ecogy Biofuels LLC, has
been constructed near the soy oil production facility and will provide the glycerin,
which will reduce wood requirements significantly at Carolina Soya.

B. Agricultural Crops and Residues

Alternately, agricultural wastes and energy crops have been identified as a source of fuel
for electrical generation in Regional Assessment of Non-Forestry Related Biomass
Resources, Summary Volume by Jaycor, Inc. The study collected and developed county-
level information on the availability of non-forestry biomass wastes and residues. The
report helps potential biomass users locate resources and understand methods of
collection, transportation and conversion cost data, which could also assist decision-
makers with prudent economic decisions.

More studies need to be conducted to better understand the economic benefits of
agricultural wastes and energy crops in South Carolina. The report, Potential for Biomass
Energy Development in South Carolina, by Robert Harris et al., showed that no economic
incentives currently exist to derive biomass from crop residues because federal law
requires at least 30 percent of the soil surface be covered by plant residues to control
erosion and maintain soil productivity. Additionally, due to the seasonality and low
energy density of crop residues, it may not be as reliable and economical when compared
to forest biomass.

Switchgrass and other tall canes have been called bioenergy crops because of their
potential to be grown solely for energy use. Clemson University is currently studying a
1,000 acre plot of switchgrass in Florence for management and best practices. Arundo
donax (Giant Reed) is being studied at the University of South Carolina for its potential
as a bioenergy crop. According to the Central Electric Power Cooperative, Inc. report, the
state could produce between 36 to 318 MW of electricity from agricultural crop residues
and switchgrass.

C. Municipal Solid Waste



According to the South Carolina Renewable Energy Combustion Facilities inventory,
only one example of combustion of municipal solid waste for energy exists. The
Montenay Charleston facility in North Charleston burns 220,000 tons of solid waste per
year, which is roughly 75 percent of the waste produced in Charleston County. The
majority of the generated steam is used to produce 92,600 MWh/year, of which 70,000
MWh is sold to Progress Energy. Around 285,000 Ibs of steam per year is sold to the US
Navy, and the rest is used to generate electricity. The Montenay Charleston contract with
Charleston County expires in 2009. A facility in Hampton, South Carolina was
constructed in the 1980s to provide steam to a local manufacturing plant, but this facility
converted to a medical waste incinerator and is now closed. The Wellman Energy Plant
in Johnsonville at one time burned municipal solid waste, but now generates power from
in-waste produced by the plant, according to Case Studies of Biomass Energy Facilities
in the Southeastern U.S. by Meridian Corporation.

According to the S.C. Solid Waste Management Annual Report, in fiscal year 2007 South
Carolina sent 6,558,129 tons of solid waste to permitted landfills. If this municipal waste
were to be burned for waste-to-energy purposes similar to a plant in Hempstead, N.Y ., it
could generate 3,891,470 MWh of energy. However, the economic and environmental
considerations of combusting municipal solid waste for energy purposes make this form
of energy less desirable. According to the Environment Protection Agency, burning 6.5
million tons of municipal solid waste would produce approximately 5.6 million tons of
carbon dioxide and other noxious chemicals and gases. Landfill-gas-to-energy projects
(discussed in section I1.E. of this report) and energy savings from recycling appear to be
preferable energy derivatives from municipal solid waste.

However, if recovered properly, a portion of municipal solid waste could generate power
in a more environmentally feasible way. According to the study, Recycling Wood Waste
for Use as Biomass Fuel, by Charles Johnson of Alabama, due to the high costs of
landfill space it was economically feasible to recover wood waste from citizens in a
curbside pickup program and convert the wood waste into biomass fuel for an industrial
boiler in Anniston. The program was a success and the city was able to recoup initial
startup costs in two years while conserving non-renewable fuels that would have been
used to generate the electricity. A Sourcebook on Needs Assessment and Evaluation of
Mobile, Multi-Community Wood Waste Processing for the Southeastern Regional
Biomass Energy Program by the TVA Environmental Research Center reached the same
conclusion, but recommended a private contractor be employed to handle the wood waste
because of existing and historical political barriers to inter-municipal cooperation. A
report by C.T. Donovan Associates, Inc., called A Sourcebook on Wood Waste Recovery
and Recycling in the Southeast, provides a starting point for generators, recyclers and end
users to evaluate the planning, policy and regulatory approach needed to begin wood
waste processing and combustion for fuel.

D. Waste Tires

Some believe waste tires are another form of biomass energy and due to their abundance
could generate a reliable supply of power. The SC Solid Waste Management Annual
Report estimated 83,000 tons of tires were recycled in fiscal year 2007, which included



the incineration of tires for energy. Two known factories in South Carolina use tire-
derived fuel to generate onsite power. International Paper Company in Richland County
uses 20,000 tons of tire-derived fuel each year to produce steam. The Blue Circle Cement
Waste Tire Processing Facility in Harleyville also incinerates tires as a secondary fuel for
the cement-making process. Burning tires releases similar air pollutants as fossil fuel-
based power generators and therefore is not an environmentally preferred alternative.
Despite the existence of waste tire incineration in South Carolina, no known studies have
evaluated the environmental and economic feasibility of burning waste tires on a large
scale.

The Savannah River Site announced plans in 2007 to replace a coal plant with waste
wood boiler as the coal plant was too large for SRS’s reduced steam requirements,
resulting in venting of excess steam and reduced plant efficiency. Ameresco will replace
this and two fuel back-up fuel oil boilers with two 120,000 pph biofuel BFB boilers w/
SNCR control, one 100,000 pph packaged fuel oil boiler for backup energy generation
only, and one 18 MW condensing Turbine. The Site will use forest residue within the
geographic region, tires and wood palettes from Three Rivers Landfill. The landfill will
provide up to 200 tons of unprocessed tires and 84 tons of palettes per week.

E. Construction and Demolition Debris

The final type of solid biomass waste is construction and demolition debris. In fiscal year
2007, according to the SC Solid Waste Management Annual Report, approximately 2.3
million tons of construction and demolition debris were sent to South Carolina landfills.
No known studies have evaluated the economic and environmental feasibility of burning
construction and demolition debris in South Carolina and no known facilities in South
Carolina use this waste for fuel.



Il. Potential for Methane Production

In addition to burning biomass for power, energy can be produced from the biogases
released during the decomposition process. Animal and human fecal waste, food service
and processing byproducts, and pulp and paper residuals create biogas, but have been
underutilized in South Carolina. Landfill-gas-to-energy facilities, however, have been
extremely successful in South Carolina, but represent a small portion of total green power
readily available.

A. Animal Waste

Methane can be produced from animal wastes in a process known as anaerobic digestion
(see Figure 4). The process works best in an airtight container containing a mixture of
bacteria normally present in animal wastes. The bacteria break down the waste, such as
fat and protein, into simpler molecules. The final product is a biogas containing methane
and carbon dioxide, which can be used for heating or electricity production in a modified
internal combustion engine or an advanced gasification technique to fuel a gas turbine.
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Figure 4: The process of anaerobic digestion in an airtight container with appropriate
bacteria produce biogas, particularly methane. Figure courtesy of the Department of
Energy, Energy Efficiency and Renewable Energy Program.

Animal manure was identified by the study, Animal Manure and Related Biomass
Feedstock Market Assessment and Preliminary Feasibility Study for a Paper Mill
Biomass/CoGen Facility produced by LINPAC, as the most available source of feedstock
in the state, and though transfer costs might be high, changing regulation could make it
more economical. The report lists, sector by sector, quantities of waste available.
According to the report an estimated 32,000,000 tons of animal waste are available in the
state each year, not including poultry manure. Anaerobic digestion was shown to be
economically feasible and environmentally beneficial. LINPAC recommended using a
gas combustion turbine/cogeneration system, and despite high capital costs, the system
had a positive return on investment.



In a report commissioned in FY06 by the South Carolina Energy Office (SCEO),
Availability of Poultry Manure as a Potential Bio-Fuel Feedstock for Energy Production,
Dr. Joseph Flora identified between 400,000 to 700,000 dry tons of poultry litter
produced each year. The majority comes from chicken broiler facilities, followed by
turkey facilities. According to a cost analysis in the study, small-scale gasification
appears to be the most economically viable means of utilizing poultry litter for biomass
energy. Anaerobic digestion is also possible, but the energy would be more expensive
and would require a longer start-up period and frequent maintenance, and the biogas
would need to be used immediately since it cannot be stored.

According to the report by Central Electric Power Cooperative, Inc. 32 to 44 MW of
electricity could be produced from swine and poultry wastes from technologies such as
an anaerobic digester coupled with a combustion engine generator or co-fired with direct-
fired applications.

The conversion of agricultural waste and crops to electricity is one of the fastest growing
renewable energy industries in Europe. In Germany, 3,500 biogas plants already are
producing 1,100 MW with a projected growth to 9,500 MW by 2020. Unfortunately, this
technology has not been successful in the US because of substantially lower electricity
prices, lack of subsidies and long term price guarantees, and high capital and operating
costs for these facilities. If agricultural waste and crops are to be used successfully as a
significant source of electricity in South Carolina, a different approach that produces
large quantities of electricity at competitive prices is required. The SC Institute of Energy
Studies is working with Santee Cooper to demonstrate a prototype bioenergy park
module that:
= Produces utility scale power from a combination of swine waste and energy crops;
= Forms the basis for multi-module, multi-megawatt centralized facilities
throughout SC and the US that can produce electricity at near market rates;
= Provides the potential for new jobs and attracts new renewable energy companies
to SC;
= Provides additional revenue for SC farmers from existing waste streams and
crops; and
= Improves the quality of South Carolina's air and water through the elimination of
the odors and methane that are released from existing farm waste treatment
facilities.
The prototype system is planned to be in operation by the end of 2009.

B. Animal Residuals, Food Service and Processing Byproducts

Though information gaps exist for methane potential from animal residuals, food service
byproducts, and food processing byproducts in South Carolina, they are readily available
for electricity generation through anaerobic digestion. According to the report, Animal
Manure and Related Biomass Feedstock Market Assessment and Preliminary Feasibility
Study for a Paper Mill Biomass/CoGen Facility produced by LINPAC, approximately
169,000 tons of animal residual and food waste are generated each year in South
Carolina. A small portion of these food service and processing byproducts are used as
animal feed and fertilizers, but a significant portion is sent to landfills. More study is
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needed to understand the economic potential for these forms of green power in South
Carolina.

C. Pulp and Paper Manufacturing Wastes

The pulp and paper industry produce large amounts of wood residues as a result of
logging and processing operations. Plants are made of lignin, hemicellulose and cellulose
fiber. Due to the chemical and physical properties of lignin, it breaks down easier than
cellulose. Pulping separates the lignin and cellulose fibers to create paper. The leftover
materials can be used to create energy for the paper mill. The report, Animal Manure and
Related Biomass Feedstock Market Assessment and Preliminary Feasibility Study for a
Paper Mill Biomass/CoGen Facility by LINPAC, estimates South Carolina produces
approximately 250,000 tons of pulp and paper waste a year. Due to its homogenous
nature, cellulose is an excellent source of feedstock for anaerobic digestion in a biomass
cogeneration facility. However, care must be taken to modify current plant wastewater
treatment procedures, as oftentimes biocides are used to prevent bacterial buildup in
pipes which would alter the effectiveness of anaerobic digestion processes.

D. Human Waste

Sewage and human fecal waste have always been a contentious issue for city planners
and finding an environmentally sound way to dispose of this waste has proven difficult.
The anaerobic digestion of sewage sludge produces biogas similar to that produced by
animal waste, with about 50-60 percent methane. Methane is compressed, purified and
stored in a container known as a gasometer, and then transported to a gas engine to
produce electricity (see Figure 5).
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Figure 5: Sewage anaerobic digestion system, methane collection, and energy production
process. Figure courtesy of GE Power.
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A study conducted on behalf of the South Carolina Energy Office examined the
feasibility of extracting methane from sewage in South Carolina. Bioenergy from
Municipal Sludge Study Report by Hayes, Seay, Mattern & Mattern, Inc. determined the
amount and locations of potentially recoverable useful energy from sewage treatment
facilities in South Carolina, along with an analysis of economics and barriers of
recovering and utilizing such energy. The study determined that approximately 100,000
dry tons of sludge is produced annually in South Carolina. This equates to approximately
1.5 trillion BTU’s or 0.44 billion kWh of energy (or the equivalent of 44,000 homes).

E. Landfill Gas

Landfill gas accounts for almost all of the green power available to South Carolina
households and businesses. Since 1999, the SCEO has partnered with the US
Environmental Protection Agency’s Landfill Outreach Program (LMOP) in an effort to
reclaim and use landfill gas in the state. Concentrated efforts on the Landfill Gas to
Energy Program (LFGTE) projects have resulted in significant energy and environmental
benefits to the state. Landfill gas is produced in a similar manner to anaerobic digestion.
The anaerobic conditions within a landfill produce methane and other gases naturally,
and these gases migrate to tubes deep within the landfill. The tubes transport the gas to
collection stations on the surface, where it goes through a cleaning process to remove
harmful and corrosive chemicals prior to electricity generation (see Figure 6).

Landfill site
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Figure 6: Landfill gas generation process. Figure courtesy of GE Power.
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In July 2008 Santee Cooper reached a key milestone in energy produced with landfill
methane gas—more than 250,000 megawatt-hours had been produced through this
renewable energy process. Santee Cooper is the only utility in the state producing
electricity through landfill gas-generating facilities. Landfill methane gas-generation is
part of Santee Cooper Green, the utility’s initiative to go green and help its customers go
green, save energy and save money. Last fall, Santee Cooper announced an aggressive
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goal to generate 40 percent of its energy — four times current levels — from non-
greenhouse gas emitting resources, biomass fuels, energy efficiency and conservation by
2020.

As trash in landfills decomposes, it produces methane gas, which can be converted into
energy through a process that also reduces greenhouse gas emissions. Plans are ongoing
to bring additional facilities online with up to 45 MWs of generation projected in the
future. The first Green Power generating facility was built in Horry County in 2001.
Santee Cooper now operates three landfill gas-generating facilities throughout South
Carolina-Horry, Lee and Richland counties and will soon start-up a fourth facility in
Anderson county. A fifth location has been announced in Georgetown County.
= Horry County Landfill Generating Station near Conway — 3 MW
= Lee County Landfill (Allied Waste) - 5.4 MW. The project will expand to 10.0
MW in 2009 and 14.5 MW in 2012.
= Screaming Eagle Road Landfill (Waste Management) in Richland County - 5.5
MW. Another 1.6 MW engine will be added in 2009 and 2011 to produce a total
of 8.7 MW on site.
= Anderson Regional Landfill in Richland County — anticipated capacity is 3.2 MW
to be installed in late summer 2008.
= Georgetown County Landfill — anticipated capacity is 1.6 MW to be installed in
2009.
In addition to Santee Cooper, private companies are also utilizing landfill gas. BMW’s
South Carolina car assembly plant uses landfill gas (LFG) from Waste Management’s
Palmetto Landfill to fuel four gas turbine cogeneration units (4.8 megawatt capacity) and
recovers 72 MMBtu/hr of hot water. The project cost approximately $12 million and was
coordinated by BMW Manufacturing Co., LLC, Ameresco, Durr Systems, Inc., SCEO,
and Waste Management, Inc. The turbines fulfill about 25 percent of the plant’s electrical
needs and nearly all of its thermal needs. For these outstanding environmental efforts,
BMW was awarded LMOP’s 2003 Project of the Year.

With excess landfill gas available and a continued desire to be environmentally
responsible, BMW turned to the largest consumer of energy in the entire plant: the paint
shop. Employing Durr Systems, the original designer of the paint shop, BMW converted
equipment to burn LFG and still had enough excess LFG to burn in one of three boiler
systems. This effort earned BMW Manufacturing recognition as LMOP’s 2006 Energy
Partner of the Year.
The project’s highlights include:
o Nearly 70 percent of BMW’s energy consumption comes from LFG.
o World’s first automotive paint shop to integrate use of LFG in process equipment.
e A 9.5-mile pipeline crosses a river, two creeks, an interstate, and BMW'’s test
track, delivering about 4,800 scfm of filtered and dehydrated landfill gas.
« Protection from rising and fluctuating natural gas prices over a 20-year contract,
saving the company on average one million dollars a year.
e According to BMW, a reduction of carbon dioxide emissions equivalent to
driving 105 million miles per year, or more than 4,000 times around the earth.
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Additionally, MethaneCredit obtained the landfill gas rights for Greenwood County
Landfill and will sell the gas to FujiFilm. MethaneCredit is currently developing the site
and will install a 3.5 mile long pipe. The gas will be used to produce process steam that
will generate up to 60% of the energy needs at FujiFilm’s manufacturing plant in
Greenwood. The project is expected to be complete in late 2008.

Finally, Three Rivers Solid Waste Authority in Aiken County will sell landfill gas to

Kimberly-Clark. Siemens is developing the project that is expected to produce between 1
to 3MW-equivalent of gas.
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[1l. Potential for Production of Ethanol and Biodiesel Fuel

South Carolina depends almost exclusively on petroleum-based fuels to power its
vehicles. As noted in the introduction of this report, nearly 70 percent of those
petroleum-based fuels are imported from foreign sources, leaving South Carolina
vulnerable to a volatile petroleum market. However, South Carolina does have available
biomass resources to produce alternative fuels and a growing infrastructure to distribute
them.

The 1996 Southeastern Biomass State and Regional Partnership (SEBSRP) report
Regional Energy and Economic Self-Sufficiency Indicators in the Southeastern United
States, analyzed the amount and types of energy used throughout the Southeast. It
concluded that the Southeast region consumes more petroleum than any other energy
resource, and that between 1960 and 1996, the use of petroleum resources rose by 138
percent. Increasing the production and use of alternative fuels such as ethanol and
biodiesel in South Carolina will offset dependence on imported petroleum and create
economic opportunity in the state.

The SC Energy Office, in partnership with the Palmetto State Clean Fuels Coalition, has
aggressively marketed ethanol and biodiesel in the state. Successes in promoting ethanol
infrastructure through education, outreach and funding opportunities has allowed South
Carolina to have the highest concentration of biofuel pumps with a total of 55 publicly-
accessible E85 pumps and 52 publicly-accessible biodiesel pumps. An updated list of
publicly-accessible pumps is available on the Palmetto State Clean Fuels Coalition
website at www.palmettocleanfuels.org.

Between July 2007 and June 2008, the SC Department of Revenue reported that
approximately 43 million gallons of ethanol and 1.5 million gallons of biodiesel were
sold in South Carolina — the largest quantity by far since alternative fuel tracking began
in 2000 and representing 1.5 percent of the motor fuels sold in the state during that
period. Since 2000, approximately 67,000,000 gallons of ethanol, biodiesel, and
compressed natural gas have been used in the place of conventional fossil fuels.

The PSCFC funded a total of nine of the aforementioned E85 stations with monies set
aside by the South Carolina Department of Health and Environmental Control (DHEC)
from an environmental fine against Willamette Industries. And another seven pumps with
funds allocated through the 2007 US Department of Energy Southeast Ethanol and
Biodiesel Infrastructure Corridor Grant.

In addition to publicly accessible refueling stations that both consumers and the
government can use, a number of governmental entities have E85 and B20 infrastructure
for restricted use by local, state and federal government entities. The first E85 station
came about as a result of the partnership between DHEC, the South Carolina Energy
Office and the PSCFC, as DHEC constructed the first ethanol refueling station in
Columbia in 2001. This station, located at the DHEC refueling facility at 2600 Bull
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Street, allows state and local government fleets to refuel at the site. DHEC currently
averages sale of about 30,000 E85 gallons a year at this site.

As of January 1, 2008 all diesel pumps controlled by the state are now required to utilize
at least 5% biodiesel blends in the tanks. Many tanks also contain B20 to meet federal
regulations. The SC General Assembly approved a 15-year replacement cycle for school
buses, which is expected to reequip South Carolina’s aging fleet — considered to be
among the oldest in the nation. Pollution, among other factors, was a large reason for
replacing the older buses with newer vehicles with improved emission controls.

In a move to reduce air emissions, in fall 2008 all South Carolina school buses will use a
blend of biodiesel and ultra low-sulfur diesel fuel, effectively reducing soot emissions by
about 10 percent from standard diesel fuel. The contract for biodiesel was recently
awarded to United Energy Distributors out of Aiken, one of the largest biofuels
distributors in the state. According to Don Tudor of the SC Department of Education, the
department expects to use over 2.4 million gallons of biodiesel after the first year — nearly
double the amount used by the entire state in 2006. The department is currently testing
equipment and buses with lower blends of biodiesel and will eventually increase the
blend to twenty percent.

Between July 2005 and June 2008 the State of South Carolina used approximately
100,000 gallons of E85 (85 percent ethanol, 15 percent gasoline) and 200,000 gallons of
B100 (100 percent biodiesel).

A. Corn

Corn is the major feedstock for ethanol manufactured in the United States. In 1990, the
SEBSRP produced a report, The Regional Assessment of Non-Forestry Related Biomass
Resources, which collected and developed county-level data analyzing the availability of
non-forestry biomass wastes and residues. The main objective of the study was to
develop a comprehensive inventory of all available non-forestry biomass resources in the
southeastern region. The data collected assist potential biomass users in identifying local
biomass resources. The information, in conjunction with detailed collection,
transportation and conversion cost data, helps potential users make prudent economic
decisions on converting to biomass energy.

The project gathered data on many types of biomass resources at the county level,
including those that can be used to produce transportation fuels such as corn. According
to the report, South Carolina produces 4.5 percent of the Southeast’s non-forestry
biomass, including an average of 502,105 tons of corn per year. This low level of corn
production makes South Carolina what is known as a “corn deficit state.” Therefore, it
may be more beneficial for South Carolina to focus on other energy crops that can be
used to produce ethanol, such as switchgrass.

Case Studies of Biomass Energy Facilities in the Southeastern U.S., a 1986 report by the

Meridian Corporation, identified a South Carolina ethanol project among its case studies.
Beginning in 1985, the Wateree Correctional Institute had an ethanol facility capable of
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producing 250,000 gallons of fuel per year. The $450,000 facility has since closed. The
purpose of the Wateree Correctional Institute ethanol project according to the report was
“to demonstrate to farmers and other agribusiness interests the value and viability of
ethanol production.” The facility processed 100,000 bushels of corn per year into ethanol
fuel using standard fermentation and distillation processes. The distiller’s grain, a
protein-rich byproduct of the process, was used to feed the prison’s farm animals, leaving
no disposable waste. The operation was closed in 1987 for political reasons. While it
was in operation during the mid-1980s, the facility’s main difficulty was finding a market
for its ethanol because gasoline was cheap and demand for ethanol was low. However, in
today’s marketplace, there is a greater demand for ethanol fuel.

The boards of Atlantic Ethanol, LLC, Mid-Atlantic Ethanol, LLC, Florida Ethanol, LLC
and Palmetto Agri-Fuels, LLC, announced in September 2007 that their members
recently approved a merger and consolidation of the four companies to form East Coast
Ethanol, LLC. Prior to the merger, each of the four companies was separately developing
a single 110 million gallon per year fuel ethanol production facility. East Coast Ethanol,
LLC will now assume the financing, construction and operation of the four new ethanol
production facilities being developed in the Southeast, including a plant in Chester
County, South Carolina. It is expected that Fagen, Inc. will design and build all four of
the planned ethanol production facilities.

B. Soybeans

Soybeans are often used as a feedstock for the production of biodiesel fuel. According to
Bioenergy in the Southeast: Status, Opportunities and Challenges, given an average of
30- to 40-bushel-per-acre yields, 46-62 gallons of biodiesel fuel can be produced from
one acre of soybeans. According to the South Carolina Department of Agriculture,
530,000 acres of soybeans were harvested in South Carolina in 2004, with a yield of 29
bushels per acre.

There are currently two biodiesel facilities in South Carolina that produce biodiesel from
soy oil. These include:
= Carolina Biofuels, a division of the Taylors, South Carolina-based company
Carolina Polymers, rolled out their first load of biodiesel fuel on March 14, 2006.
Carolina Biofuels manufacturing facilities are currently in full operation, and
though starting at 10 million gallons of biodiesel fuel expect to grow to over 40
million gallons annually. A large percentage of the fuel produced at Carolina
Biofuels is sold to World Energy Alternatives, LLC which is leading global
supplier of biodiesel located out of Massachusetts. Carolina Biofuels supports
South Carolina industry by using locally-grown soybeans to make their fuel, and
as production ramps up, they will create between 20 and 30 jobs in the Taylors
area.
= Carolina Soya, LLC is a soybean processing plant in Estill. Carolina Soya
processes soybeans, extracts the crude oil and hulls, and produces soybean meal
as feed ingredients in poultry rations and other animal feeds marketed throughout
the Carolinas, Georgia, and Florida. The company processes one out of every
three bushels of soybeans grown in South Carolina and Georgia. Currently the

17



facility produces 15,000,000 gallons of crude soy oil, which is sold to Carolina
Biodiesel, Verde Biofuels, LLC, and Farmers and Truckers Biodiesel. Carolina
Soya will invest $13 million to add a soybean oil refinery and a waste wood boiler
to its existing soybean processing plant. In late 2006, Carolina Soya had a
groundbreaking and announced plans to partner with Ecogy Biofuels, LLC —a
division of Knightsbridge. The company built a biodiesel plant across the street
and utilizes Carolina Soya’s soy oil in a pipeline under the road to produce
biodiesel. Construction of the Ecogy Biofuels, LLC plant was completed in late
2007 and began selling fuel in January 2008. The plant will produce between 20-
30 million gallons of fuel annually. Ecogy Biofuels has also researched
alternative oils, including oils derived from algae.

Another report, Biodiesel Fuels Demonstration During 1996 Olympics in Athens,
Georgia, evaluates biodiesel fuel. The project measured the fuel economy of two transit
buses powered by B20 in the Athens, Georgia-area during the 1996 Olympics. Although
feedstocks required to produce the biodiesel fuel used during the demonstration included
both vegetable and animal fats, the results are applicable to all B20 fuel that meets
American Society of Testing and Materials (ASTM) standards for biodiesel made from
any feedstock, including soybeans, one of the most commonly used feedstocks.

The demonstration had the following objectives: 1) demonstrate biodiesel as an available
clean fuel; 2) demonstrate low capital cost associated with conversion of vehicles and
support facilities to biodiesel; 3) demonstrate long-term reliability and practicality of
biodiesel fuel through daily use in public transit; 4) provide displays inside and outside of
buses describing the project to riders; and 5) distribute news releases describing the
project, attracting media attention. The biodiesel demonstration was a success, proving
the alternative fuel has many benefits: it is biodegradable and emits few pollutants; its use
reduces dependence on foreign oil; it provides additional markets for domestically-grown
agricultural products such as soybeans, peanuts, and rendered animal tallow; it can easily
be used in regular diesel engines without any modifications; and, it is completely safe.
The study also found that the fuel mileage of the two buses operating on biodiesel
received similar, and sometimes improved fuel mileage during the demonstration period,
further supporting the efficacy of biodiesel as a mass transit fuel.

In 1995, SERBEP conducted a study to investigate the effect of fueling diesel engines
with biodiesel made from soybeans in blends ranging from 0 to 100 percent biodiesel.
The resulting report, Fueling Engines with Soydiesel/Diesel Fuel Blends, refers to
biodiesel as “soydiesel.” Specifically, the study sought to: 1) disseminate state-of-the-art
information about soydiesel technology; 2) exhibit soydiesel-fueled vehicles at fairs,
shows, and conventions across the state of Missouri; and 3) compare engine exhaust
emissions of diesel engines that have been fueled with blends of soydiesel and diesel fuel.

According to the report, there were small differences in power when tractor engines were
fueled with different blends of soydiesel fuel. These increased as the concentration of
soydiesel increased, with the greatest reduction of power occurring when the engines
were fueled with 100 percent soydiesel. The report also noted a number of emissions
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improvements that resulted from the use of soydiesel. Smoke was reduced as the
concentration of soydiesel increased, and carbon monoxide, nitrogen oxide and
hydrocarbon emissions were also reduced linearly for all blends.

C. Waste Fat and Grease

Yellow grease (waste cooking grease), brown grease (waste trap grease) and rendered
animal fat can be used as feedstocks for production of biodiesel fuel. The SCEO
produced a report, An Assessment of the Restaurant Grease Collection and Rendering
Industry in South Carolina, which identified over eight million gallons of yellow grease
available in the state through a survey of waste grease collectors.

Furman University students are turning castoff dining hall grease into an environmentally
friendly fuel that will supply about half the campus' diesel needs for its lawnmowers,
backhoes and tractors. The students are making the fuel for about 60 cents a gallon and
sell it at a mark-up to Furman’s Services Department to raise money for their
organization, Environmental Action Group (EAG). EAG can produce 55 gallons of fuel
over two days with about three hours of student labor. Furman students will produce
about 2,500 gallons a year. The main limitation is that they don't have more dining hall
grease.

The Animal Co-Products Research and Education Center at Clemson University is
currently studying the use of waste animal fats. The Center is working to identify new
markets for the animal co-products industry and to resolve such issues as using animal
fats and oils for the biodiesel industry. Currently, the high free fatty acid (FFA) content
prevents many biodiesel plants from being able to utilize rendered animal fats and oils.

In May 2007, Southeast BioDiesel will begin commercially selling biodiesel made from
poultry fats in North Charleston. Southeast BioDiesel is the only facility in the state
equipped to accept poultry fats. The company’s grand opening was October 27, 2006.
Southeast Biodiesel capacity is around four million gallons a year and the company has
plans to expand production once there is more demand in the Charleston area.

D. Cotton and Textile Residues

In 1991, the Tennessee Valley Authority (TVA) conducted a study at Mississippi State
University to determine the usefulness of cottonseed processing wastes in the creation of
sugars, which can be distilled into ethanol through a process called concentrated acid
hydrolysis. Due to the elevated cost of disposing of cotton gin trash (CGT) and
cottonseed waste treated with sulphuric acid, a common step in the ginning process, sale
of this waste to an ethanol plant is likely to be appealing to cotton farmers.

According to the report, Evaluation of Cotton Seed Processing Wastes as Feedstocks for
the Tennessee Valley Authority (TVA) Concentrated Acid Hydrolysis Process, CGT and
cottonseed waste are good ethanol feedstocks. The study estimated that each 500-pound
bale of cotton includes approximately 150 pounds of these wastes, which yield
approximately 85-90 percent sugars in the concentrated acid hydrolysis process. The
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estimated cost of a 50-ton-per-day concentrated acid hydrolysis plant is $15 million, with
an estimated return on investment of 15 percent.

Because South Carolina is one of the 14 major cotton-producing states in the nation,
harvesting 420,000 bales in 2005, CGT and cottonseed wastes are plentiful here.
However, the South Carolina Department of Agriculture notes that CGT and cottonseed
wastes produced in South Carolina are used in the manufacturing sector. Thus, although
cotton waste is abundant in South Carolina, waste may not be readily available for use in
ethanol production.

In 1999, SEBSRP published the report Non-synthetic Cellulosic Textile Feedstock
Resource Assessment, describing the potential for converting CGT and non-synthetic
textile mill residues to ethanol in the Southeastern United States. It summarizes available
and emerging technology for the production of ethanol from lignocellulosic materials. In
addition, the study characterizes the chemical properties of CGT and textile mill residue
as being potentially useful feedstocks for the production of ethanol. The report also
supplies a table listing the average annual cotton and CGT production in the Southeastern
United States for 25-, 10-, and 5-year periods.

According to the study, estimated ethanol yields from CGT ranging from 44 to 55 gallons
of ethanol per dry ton of CGT will not justify an ethanol facility. The total quantity of
CGT produced is large at 500,000 dry tons annually in the Southeastern region alone.
The overall quantity of textile mill residue generated in the Southeastern region is
170,000 dry tons per year. According to the study, the combined ethanol potential from
CGT and textile mill residue is not sufficient to justify installation of an ethanol
production facility dedicated to the use of CGT and non-synthetic textile wastes as
feedstocks in any of the states studied. Transportation is a major factor.

The report concludes with the following recommendations from the findings of the study:

1. The data developed for this report should be merged with existing databases on
the production, users and cost of lignocellulosic biomass for the United States as a
whole, with the possible addition and update of other cotton-producing states;

2. Further disaggregating all potential lipocellulosic resource data to a county level
would allow a location analysis to further identify counties that have a
lignocellulosic resource base compatible with the installation of an ethanol plan;

3. Performing test runs in ethanol production pilot plants will determine actual
ethanol potential from these lignocellulosic materials and improve understanding
of the processing and fermentation characteristics on a step-by-step level,

4. Further lab testing should evaluate the survival and growth of fermentation
organisms using textile residue as media;

5. The compatibility of textile mill waste with feeder mechanisms of current ethanol
technology should be evaluated to determine any modifications that may be
required to handling and processing equipment;

6. This report should be disseminated to cotton producing and processing
organizations as a potential first step to developing alternative uses, such as
ethanol, for their agricultural and manufacturing co-products.
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E. Other Potential Crop Resources

Another SEBSRP publication, a book called Wood Energy in the United States,
Applications, Technologies, Incentives, and Policies, briefly addresses the potential use
of wood as a feedstock for the production of ethanol. However, because it focuses on
solid wood energy, liquid fuel potential is not a major component of the book. It
mentions that woody biomass can be used to create ethanol, but is a poor choice of
feedstock due to its low sugar content. Another liquid fuel that can be made from woody
biomass is pyrolysis oil, which can substitute for Number 2 or Number 6 petroleum-
based fuel oils. Pyrolysis oil is made through a form of gasification in which the gases
are immediately quenched and liquefied. The report mentions that several prototypes of
this process exist in the United States and Canada, but does not include detailed
information about them.

A 2003 report by Ralph Overend of the National Renewable Energy Laboratory entitled
Biomass Conversion Technologies, addresses the use of several different feedstocks for
the production of ethanol. One area of focus in the report is a comparison of corn and
sugar cane as feedstocks. Corn is most commonly used as a feedstock in the United
States, and sugar cane is most commonly used in Brazil. According to the report, a ton of
sugar cane produces between 125 and 140 kilograms of raw sugar, and between 70 and
80 liters of ethanol. It states that a ton of corn with a starch content of 70-75 percent will
produce between 440 (wet corn milling) and 460 (dry corn milling) liters of ethanol. It
also addresses the costs associated with ethanol production from corn versus sugar cane
feedstocks, concluding that large production facilities are favorable. Also, according to
the report, it costs approximately 30 percent more to run a corn-based ethanol plant than
one that produces ethanol from sugar cane due to the higher number of process steps
required for corn-based production. However, the corn process also creates byproducts
that can be sold for animal feed, offsetting some of the increased costs.

The Biomass Conversion Technologies report identifies lignocellulosics such as wood,
straw and grasses as other potential ethanol feedstocks, but notes this as a major research
and development area. These feedstocks contain approximately 40 to 50 percent
cellulose and 25 to 30 percent hemicellulose. These substances produce amounts of
ethanol that are comparable to corn, around 440 to 460 liters per ton. The report does not
address the economic feasibility of using these feedstocks to produce ethanol, but it does
assert that the development of technologies to simultaneously remove the sugars and
distill ethanol from lignocellulosics will be a key to producing low-cost ethanol in the
future.

Since South Carolina is not a major producer of either corn or sugar cane, lignocellulosic
feedstocks may be better candidates for ethanol production in the state. According to
Potential for Biomass Energy Development in South Carolina, there is significant
lignocellulosic biomass created as a byproduct of agriculture in South Carolina each year,
including 224,721 annual tons of wheat residue, 238,424 annual tons of soybean residue
and 196,113 annual tons of cotton residue. The report includes evaluations of the
amounts of biomass produced in each South Carolina county and the potential economic
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impact of collecting the biomass and using it for the production of electricity. The report
does not address the use of biomass for the production of liquid fuels.

In February 2007, California dot-com billionaire Vinod Khosla, owner of Range Fuels
Inc., announced plans to break ground on the nation’s first wood-to-ethanol factory in the
Georgia town of Soperton, appropriately nicknamed the “Million Pines City,” in spring
2008. Range Fuels Inc.’s estimated $225 million project will convert pine tree waste into
ethanol that one day might help run the state’s cars, trucks, and tractors. The company’s
system, called K2, uses a two step thermo-chemical conversion process: The first step
converts biomass to synthetic gas and the second step converts the gas to ethanol.

Other feedstocks currently being researched in South Carolina include sweet potatoes,
sweet sorghum, algae, and rapeseed.
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V. State Biomass Legislation and Organizations

A. 2008 Biomass Energy Legislation

Act No. 261 of 2008, also known as H.3649, the Energy Freedom and Rural
Development Act, generated by the recommendations of the SC Biomass Council and the
Strategic and Tactical Research on Energy Independence Commission, passed out of the
SC General Assembly in June 2008 with improvements to 2007 legislation. Some of the
highlights of the legislation include:

e Incentive payments beginning in 2009 for retailers of alternative fuel such as
biodiesel and E85 ethanol ranging from $0.05 to $0.25 per gallon;

e Incentive payments beginning in 2008 for biomass energy users ranging from
$0.01 per kwh or $0.30 per therm;

e Income tax credit of up to $2,000 for plug-in hybrid vehicles purchases;

e Income tax credits of up to $100,000 for research and development of renewable
fuel feedstocks best suited for South Carolina such as cellulosic ethanol and
algae-based biodiesel;

e Creates an additional $0.10 per gallon tax credit for non-soy and non-corn based
biofuels to make South Carolina specific feedstocks more competitive;

e Income tax credit worth up to 25 percent of the cost of the equipment and
installation for the construction of a building and equipment used in the
intermediate steps of renewable fuel production such as milling, crushing,
distillation, and handling of feedstocks; and an

e Income tax credit worth up to 25 percent for the purchase and installation of
biomass energy equipment used to create power from a biomass resource
including wood and wood waste, agricultural and animal waste, sewage, landfill
gas, and other organic materials.

Other relevant acts in the 2008 session include:

= Act No. 203 which will require the State of South Carolina to give purchasing
preference to hybrid, plug-in hybrid, biodiesel, hydrogen fuel cell and flex-fuel
vehicles when the performance, quality and life cycle costs are comparable to
other available motor vehicles.

= Act No. 338 allows S.C. gas suppliers to continue to blend fuel with ethanol
instead of buying a pre-blended version from national oil companies.

= H.3395 requires the SC Office of Regulatory Staff and the SC Energy Office to
write a report about state net metering policies by January 2009 and provide
recommendations about how to improve net metering and interconnection
policies.

B. South Carolina Climate, Energy & Commerce Advisory Committee
Governor Sanford issued Executive Order 2007-04 on February 16, 2007, establishing
the South Carolina Climate, Energy & Commerce Advisory Committee (CECAC), due to
the recognition of potential implications of global climate change on the economy,
environment and quality of life in South Carolina.
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The Committee is composed of members representing a broad range of stakeholders
including: industry, environmental groups, government agencies, academic institutions,
agriculture, forestry, coastal interests, real estate, tourism, banking, insurance and other
sectors. The non-profit Center for Climate Strategies (www.climatestrategies.us) will
provide facilitation and technical support. Additional citizens in South Carolina compose
five other working groups that will do additional work outside of the committee
framework.

Among the technical working groups (TWGs) are the Agriculture, Forestry, and Waste
Technical Working Group and the Transportation and Land Use Planning Technical
Working Group which represent the interests of biomass energy and alternative fuels. For
more information, please visit www.scclimatechange.us. The CECEC expects to submit
the final report to Governor Sanford in August 2008.

C. South Carolina Biomass Council

Another project of the SCEOQ is the formation of the South Carolina Biomass Council,
which brings together stakeholders interested in achieving significant market penetration
of biomass technologies and bio-based products. The Biomass Council used committees
and working groups to develop and advocate a plan to increase use of biomass energy in
South Carolina.

Each committee and working group analyzed feedstock availability, current energy
production and use, economics of energy production from the feedstocks, and
environmental costs and benefits, and then determined the barriers to production and use,
which culminated into the group’s final recommendations. Many of those
recommendations have since been incorporated into the Energy Freedom and Rural
Development Act, mentioned above.

Membership dues for the council range from $25 for regular members to $250 for
corporate members. The council holds quarterly meetings at the Clemson Extension
Sandhills Research and Education Center in Columbia. To learn more about the SC
Biomass Council or to become a member, please visit www.schiomass.org.
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Conclusion

Landfill gas and combustion of waste wood by the forest products industry are the
greatest biomass energy success stories thus far in South Carolina, and both products
offer tremendous potential for future growth. Landfill gas opportunities have been well
identified, and expansion of use of this resource is ongoing. With regard to woody
biomass, the best untapped areas of potential are in use of this resource by non-forest
products consumers who can switch from coal and natural gas.

Other clear opportunities are in the production of ethanol and biodiesel from corn and
soybeans. Studies are now underway to determine the economic impact of biomass
energy development in South Carolina and will be released in the near future.

Clearly, some additional analysis is needed to assess the environmental and economic
viability of many forms of biomass energy production, and technology improvements are
also needed before certain forms of biomass energy are feasible. However, many forms
of biomass energy are already commercially available. The state only utilizes a small
percent of its biomass energy capabilities and much more could be done right now. The
major obstacles to overcome are not a lack of studies or need for the development of new
technologies. The most significant present-day obstacle is a lack of understanding by
policymakers, energy users and potential energy producers of the viability and magnitude
of the opportunity for South Carolina if it makes a stellar effort to overcome institutional
barriers and make full use of its indigenous biomass energy potential. Hopefully, this
Conspectus, the work of the South Carolina Biomass Council and other stakeholder
groups are giant steps toward optimizing the state’s biomass energy future.
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