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ABSTRACT

The Usability of Switchgrass, Rice Straw, and LoggResidue as Feedstocks for Power
Generation in East Texas. (May 2007)
Sung Wook Hong, B.A., Korea University

Chair of Advisory Committee: Dr. Bruce A. McCarl

This thesis examines the economic implications sihg agriculturally based
feedstock for bio-energy production in East Tex@gecifically | examined the use of
switchgrass, rice straw, and logging residue aseeddtock for electrical power
generation in East Texas replacing coal.

To examine the effects of such a substitution, mnrenmental bio-complexity
approach is used to analyze the interactions ofaltural, technological, economic, and
environmental factors. In particular, lifecycle isés (LCA) and Cost-Benefit analysis
is used.

The results show that as we use more bio-energpdaer generation, we will
get less Greenhouse Gas (GHG) emission, whichbeithn environmental benefit in the
long run. The main problem is that cost increa€esrent biomass feedstock production
costs are generally too high for biomass feedstodkeplace coal in power generation.
However | find that GHG offset prices can make kass economically attractive. In

particular GHG offset prices and forgiveness fax #missions from combustion based



on photosynthetic absorption would raise the ppeeple would be willing to pay for

biomass feedstock making it competitive.
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CHAPTER |

INTRODUCTION

1.1 Climate Change and the Kyoto Protocol

Climate change is one of the greatest environmesaial and economic threats
facing the Earth. The Earth’s global average serf@mperature has been increasing
since 1861. Over the twentieth century the globalage temperature has increased by
0.6 £ 0.2° C and it is projected to continue risimigh a forecast increase ranging from
1.5°C to 4.5°C by the end of this century (Interggonmental Panel on Climate Change,
2001). Such a temperature rise is likely to gemesatious consequences for humanity
and other life forms alike, including a rise in $exgels of an estimated 9 to 88 cm by the
end of this century, which will endanger coastaaarand small islands, and a greater
frequency and severity of extreme weather eventerdovernmental Panel on Climate
Change, 1996). Human activities that contributelfmate change include the burning of
fossil fuels and deforestation, both of which caas@ssions of carbon dioxide (GO
the main greenhouse gas.

The Kyoto Protocol to the United Nations Framew@Qénvention on Climate
Change strengthens the international responsentatel changeAdopted by consensus
at the third session of the Conference of the &ami December 1997, it contains legally

binding emissions targets for Annex | countriesvédeped countries) for the post-20th

This thesis follows the style @éfmerican Journal of Agricultural Economics



century. By arresting and reversing the upwarddnengreenhouse gas emissions that
started in these countries 150 years ago, the éaloppomises to move the international
community one step closer to achieving the Conwveidi ultimate objective of
preventing "dangerous anthropogenic [man-madetference with the climate system”.
The developed countries committed themselves taciad their collective emissions of
greenhouse gases by at least 3¥is group target will be achieved through cut§ @
by the US, 8% by the European Union, and 6% by Ganidungary, Japan, and Poland.
Russia, New Zealand, and Ukraine are to stabilimsr temissions. Each country’s
emissions target must be achieved by the perio®Qfi8-2012. In particular, an
international emissions trading regime will be bBshed allowing industrialized
countries to buy and sell emissions credits ambegselves. They will also be able to
acquire emission reduction units by financing aertkinds of projects in other
developed countries through a mechanism known ias lhoplementation. They will be
able to pursue emissions cuts in a wide range ohauic sectors. The Protocol
encourages governments to cooperate with one andthprove energy efficiency,
reform the energy and transportation sectors, ptemenewable forms of energy, phase
out inappropriate fiscal measures and market ineptdns, limit methane emissions
from waste management and energy systems, anatpfotests and other carbon sinks.
There are so many countries just beginning to addtiee overriding reality of
the need to exploit more sustainable and politicadicure energy resources. The supply
of fossil fuels is shifting geographically as ekigtsources are depleted and new, more

economic resources are opened up. This changgendence on imported energy will



grow rapidly in the next decade. The politics oiemnmental protection, especially
with regard to Climate Change is forcing governraetat initiate programs to reduce
carbon emissions, improve energy efficiency andia@ixpess carbon intensive energy
sources. Bio-energy is at the center of these @saag the only renewable carbon fuel
with the potential to address the full range ofrggemarkets including heat, electricity
and transport. The renewable energy strategiehefUnited States expect the bio-
energy sector to be pre-eminent in the global ntafke secure, indigenous and
renewable energy supplies in the next century anpdaty a vital role in underpinning the

overall transition to sustainable energy.

1.2 Objectives

The main objective of the study is to economica&lsaluate the possibility for
generating electric power from agricultural and e&ir biomass in East Texas.
Specifically, the study will assess the economist€@nd benefits of electric power
production using switchgrass, rice straw and loggesidues.

The economic estimation will consider the costemérgy production, feedstock
production, and greenhouse gas emission mitigatkdeo a life cycle assessment
approach will be applied to this analysis.

The study will analyze electricity generation ofeegy by utilizing biomass. In
this study, two scenarios will be examined for &leity generation:

a) Fired alone using biomass



b) Co-firing using coal and biomass (i.e., suppletimg coal usage in coal-fired
boilers with biomass sources).
The study will propose a framework that can be useassist regional planners
in their decision-making process regarding whetitenot to pursue a sustainable bio-

energy strategy and what types of feedstock to 00

1.3 Organization of the Thesis

The remaining chapters are organized as followap€n 1l presents a literature
review on the issues related to biomass as a feedd$or generating electricity and
reducing greenhouse gas emissions. Chapter lddotres the methodology that will be
used to develop the analysis of the usability oftdwgrass, rice straw and logging
residue as alternative feedstock for generatingtrétgy in East Texas region. Chapter
IV presents the economic analyses on each of tiee tleedstocks. Chapter V draws

conclusions and outlines future studies.



CHAPTER Il

LITERATURE REVIEW

The pros and cons of using biomass feedstock ferggnpurposes have been
discussed in many United States and internaticialies. Here we present a literature
review on environmental and economic issues intioslawith biomass feedstock for

generating electricity.

2.1 Biomass and Bio-energy Systems

Biomass or bio-enerdyvas the early principal source of energy usagh wairly
man burning wood to cook food and to provide hAapresent, wood is still one of the
largest biomass energy resources but reliance wmast greatly diminished during the
20" century. Biomass is often argued to be the largesist diverse and readily
exploitable resource. Biomass comes from a widgeaf sources: all water and land-
based vegetation and trees, and all waste bioniaksas municipal solid waste (MSW),
municipal bio-solids (sewage), animal waste (mas)urdorestry and agricultural
residues, and certain types of industrial wastdasdet al, 2004). Even the fumes from
landfills can be used as a biomass energy source.

Biomass has a potential to improve the environnmeartd economic issues in

relation with energy producing processes. From éneironmental point of view,

! Bio-energy is the energy generated using biomastenas a feedstock.



biomass, especially energy crops, can benefit tivrament through reduction in air
and water pollution, soil quality improvement anail serosion reduction reference.
Biomass requires less fertilizers and pesticidas thaditional agricultural crops. It also
reduces the soil erosion as well as water pollubpcutting back the agricultural runoff
to the nearby water bodies. For example, since semeegy crops are replanted only
every 10 years, less soil erosion plowing is needé¢ghenstein and Write (1994)
estimated an approximate 95% reduction in eroaatesrand a 90% reduction in the use
of pesticides in the production of herbaceous gnergps relative to annual row crops.
Finally, there is the important issue of the biosmasipact on concentrations of
atmospheric C® The population increase and anthropogenic aesvguch as energy
consumption, land use changes due to urbanizataversion of forests to agricultural
and pasture lands contribute to atmospheric G@ld-up (Hohenstein et al, 1994).
According to the United Nations Intergovernmentah® on Climate Change, “about
three-quarters of the anthropogenic emissions of 8@he atmosphere during the past
20 years are due to fossil fuel burning. The regiredominantly due to land-use change,
especially deforestation”. Numerous studies ardw biomass reduces air pollution
through participation in the carbon cycle. It reelsie@nergy generation carbon dioxide
emissions by 90% compared to fossil fuels. It asbstantially reduces amounts of
sulfur dioxide and other pollutants in the air. idj Hargrove and Vanderlan (1998)
argued that switching to biomass-fueled power glambuld reduce net emissions by
95%. From an economic point of view, biomass enevilybecome more widely used

only if they are economically competitive with trdohal energy sources. The estimated



market price of biomass-derived energy versus theket price of fossil fuel-derived
energy, is a key constraint to the commercial ds®amass feedstock to produce energy
in the U.S. (Walsh M.E., 1998). Biomass energy degtends on numerous factors, such
as the feedstock type, availability and yieldsp$gortation costs and etc. In addition, the
process of converting the bio-fuels into energydse® be reliable and efficient. The
cost-effectiveness of bio-fuels as an energy resodepends largely on site-specific
circumstances. Since bio-fuels have low energyestmter ton compared to fossil fuels,
they must be used close to their source of prodmdid minimize transportation and
handling costs (Klass, 2004). Additionally, redaatiin the cost of the conversion
processes through introduction of more advanceahtdogies could be a big factor in

reducing the cost of bio-fuel energy.

2.2 Biomass Source

There are many types of plants in the world, andymeays they can be used for
energy production. In general, there are four typkebiomass: plants that are grown
specifically for energy use which are commonly e&lenergy crops (e.g., switchgrass,
willow, hybrid-poplar) and residues from plantsttla@e used for other purposes (e.g.
residuals from corn, wheat etc.), conventional potsl that can be diverted to energy
generation like trees, corn, wheat, sugarcane gndudtural wastes such as manure,
milling byproducts, and bagasse. According to thaek QRidge National Laboratory
estimations, the total world biomass resourceshamge comprising of 99% of crop

biomass and 80% of forest biomass (ORNL, 2004).



The choice of plant species as biomass feedstagbsndls largely upon the end-
use and the bio-conversion option of interest, eagnbustion, gasification, pyrolysis,
fermentation or mechanical extraction of oils (Mcidey, 2002). The plants that have
been selected by the U.S. Department of Energfuftiier development as energy crops
are mostly perennials such as switchgrass, willod poplar. They were selected for
their advantageous environmental qualities suchrasion control, soil organic matter
build-up and reduced fertilizer and pesticide regumients (ORNL, 2004).

In this study, we examine selected biomass feekistdch is perennial grasses
switchgrass, rice straw and logging residues. Thes#stocks are selected because they
have high potential to the biomass feedstock of Eagas region. These feedstocks are

discussed in the following sections.

2.3 Switchgrass as Bio-energy
Switchgrass is a native plant to North America wehigrgrows naturally from

Canada to deep into Mexico, mostly as a prairisgrBecause it is native, switchgrass
is resistant to many pests and plant diseases.also capable of producing high yields
with very low applications of fertilizer. Accordintp Bransby (2004), switchgrass is
“very tolerant of poor soils, flooding and droughthich are widespread agricultural
problems in the southeast of Texas”. It grows faapturing lots of solar energy and
turning it into chemical energy such as cellulds# tan be liquified, gasified, or burned
directly. Switchgrass reaches deep into the sailwWater, and uses the water very

efficiently. It is an adaptable perennial grassalihionce established in a field, can be



harvested as a cash crop, either annually or sexngdly, for 10 years or more before
replanting is needed. In addition, switchgrass rabiymrequires herbicide use only
during the establishment year, whereas corn andrahnual crops require annual
applications (McLaughlin et al., 1998). With itstwerk of stems and roots it holds onto
soils so it slows down runoff and anchors soilsit@vgrass can also filter runoffs from
the fields planted with traditional row crops. Fetample, buffer strips, planted along
stream banks and around wetlands, could removeoaditles, pesticides, and fertilizer
residues from surface water before they reach glwater or streams.

Switchgrass removes carbon dioxide £c@om the air as it grows, therefore it
has the potential to reduce the build-up of thiseghouse gas in the atmosphere and
lower the risk of global warming. Unlike fossil fsge which simply release more and
more CQ that has been stocked in geologic storage for andliof years, energy crop
switchgrass recycles GOver and over again, with each year's cycle of ¢jnaamd use.

Switchgrass has been researched extensively asagefarop particularly in
Midwestern and Northeastern U.S (Vogel, and MastE988). However, until recently
little research has been done on switchgrass a®mabs or forage crop in Texas.
According to Faidley (1995), there are nineteenlioml hectares that are potentially
suited for switchgrass production in Texas. TheaBe&Xgricultural Experimental Station
was chosen by the U.S. Department of Energy Bionfessdstock Development
Program in 1992 as one of three regional cultizard management testing centers to
focus on switchgrass as a bioenergy feedstock (amd et al, 1999). The five-year

trial comparing commercially available switchgrasstivars in five locations in four
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physiographic regions of Texas (e.g. Stephen#&zville, Dallas, Temple, and College
Station) reported that Alamo switchgrass is thet-bdapted commercially available
switchgrass cultivar for biomass feedstock produrcin Texas. Therefore, the Alamo

cultivar is used for switchgrass potential analysiEast Texas in this paper.

2.4 Rice Straw as Bio-energy

Rice straw is a source of biomass used today ferggn It is mainly disposed by
field burning, and only 40 percent of rice straw used for steam and/or power
production. Rice straw gets accumulated during haesesting process. Average stem
weight ranges from 1.3g to 2.6g and higher stengtetorresponds to higher yield but
lower stand density (Summers et al, 2002). Fortggrd of biomass is in the internode
sections of the stem, 53% is in the leaf and she#h in the nodes and 3% in the
panicle (excluding hull and seed). Since many mtog®e vary by botanical fraction,
height of cut influences both the yield and compasiof the straw. The ability to
predict the amount and composition of the biomaatenal allows for greater control in
the design and mobilization of the harvesting syiste

Rice is heavily produced in areas of East Texal 84800 acres, and rice straw

yielding is approximately 8,399.185 tons/year tbasld be an important biomass source.
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2.5 Logging Residue as Bio-energy

Residues from the wood products and forestry inthssare the largest source of
biomass used today for energy. They supply abo% 6#the total used in the United
States (Climate Change Technologies, 2000).

Logging residues get accumulated during wood h&énggesprocess and are
defined as woody biomass separated from the deswedd assortments during
harvesting and usually left in the forest, inclglioranches, tops, stumps, and even the
under-sized trees left standing or felled (Weihetal, 2005).

Various industrial and consumer products can bdenfeom logging residues.
They can be combusted, fermented, or used in lutmea (to make carbon and
hydrogen) for the production of energy or to pragdaels or industrial chemicals
(Burden et al 2003). The vast majority of Texase$ts are located in East Texas. This
part of the state is the home and heart of Texasfandustry. Forest land dominates the
landscape of East Texas, where forests are 56%eofand. Wastes generated by the
forest products industry of East Texas include iloggesidues left behind after harvest

as well as bark, wood chips, and sawdust genegditedls (Dreesen et al, 2000)).

2.6 Electric Power Generation

The United States currently obtains more than 5%%scelectricity from coal,
and coal-fired power plants consume 87% of all Wt8al produced (U.S. DOE).
Traditional coal-fired power plants emit toxic cheals and greenhouse gases into the

atmosphere, and create toxic and nuclear wastd-fiGadh power plants are responsible
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for 93.4% and 80.2% of power production related 8@d NQ emissions, respectively
(Mann M.K. and P. Spath, 2001). Additionally, caalesponsible for 35.8% of all GO
emission and 73.5% of all G@mission from power plants (U.S. DOE 1998). Ixds
electricity is generated by using coal and lignée,well as natural and nuclear power.
For example, according to state summary of Texasr&@mmental Profiles in Electricity
in Texas, in 2000, 46% of electricity came fromunal-gas-fired plants, 41% came from
coal-powered plants and 13% came from nuclear-paavetants. Since 1995, 56 new
power plants have been built in the state with lago14 approved power plants being on
hold, all of which were to use fossil fuels as seuof energy. The Texas power plants
release a total of 263 million tons of greenhouas mto the air each year (Texas
Environmental Profiles, 2005). In contrast, a bissifired power plant emits Ganto
the atmosphere, which is then removed from atmaospbg biomass plant growth

through photosynthesis (McCarl et al, 2000).

2.7 Electric Power Generation from Biomass

Electricity may be produced from a variety of bi@maresources, including
woody and herbaceous energy crops grown in dedigd#antations, wood-, municipal-,
and agricultural wastes, and other bio-processedsgyand liquids. Forest products and
other biomass are currently being used for coneerdo electric power through
conventional combustion technology. The biomassgvanwdustrial plants in the U.S.
are composed of about 350 plants with combined aigpaf about 7,800 megawatts,

according to a DOE database. In addition, accortbrigepartment of Energy in Oregon
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State, another 650 industrial plants generateradggtwith biomass for their own use. It
is estimated that 50,000 megawatts of bio-powerdctne generated by 2010 using
advanced technologies and improved feedstock sgpli

The primary technologies for the conversion of bassto electricity production
are direct combustion, co-firing, gasification, goytolysis. Several organizations such
as the Electric Power Research Institute, the Gase&ch Institute, the National
Renewable Energy Laboratory, Battelle Columbus invhte industry have conducted
research to characterize these biomass conveessandlogies.

Most of today’'s biomass power plants are of diremtnbustion type. Direct
combustion involves the oxidation of coal or biosasth air, giving off hot flue gases
that are used to produce steam. Steam is useddoiqe electricity in a Rankine cycle.
Older direct combustion systems were based onbpiteer technology using stationary
grates. The majority of utility power boilers nowservice are fired by pulverized coal,
cyclone, or stokergrate systems. Increasingly, sam-cycle power plants are using
fluidized bed and improved pulverized systems.

Co-firing involves substituting biomass for a portiof coal in an existing power
plant furnace. It is the most economic near terrmoapfor introducing new biomass
power generation (Biomass Program: Electric Powendgation in US DOE). Because
much of the existing power plant equipment can $eduwithout major modifications,
co-firing is far less expensive than building a f@amass power plant. Compared to the
coal it replaces, biomass reduces sulfur dioxida ) Shitrogen oxides (N9, and other

emissions. Coal-fired power plants generally haighdr efficiencies, lower capital
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requirements, and lower electricity generating £dsan combusting the same fuels in
dedicated biomass and waste fuel power plants. |[dbal availability and cost of
biomass and waste resources are principal factodetermining the feasibility of co-
firing at a specific site. Optimal sites for coHfig are those areas where there is enough
available biomass or waste to easily support tiael lef co-firing and where the cost of
the resource is less than that of coal. StudiethbyElectric Power Research Institute
have indicated that co-firing with biomass at levep to 15 percent can be economical
when the difference in costs between coal and vi®adthe range of $0.25 to $0.40 per
million BTU. However, when coal costs ranges froin0® to $1.50 per million BTU, it

is difficult for biomass to compete.

Texas has an immense amount of biomass resourdgz@muces and uses more
electricity than any other state in the U.S. (TexXasvironmental Profiles, 2005).
However, no biomass-fired electricity generatingnplexists in the state. Two scenarios
of producing electric power from biomass that avestdered in this study are:

a) Fired alone switchgrass, rice straw or loggiegidues in an existing power

plant

b) Co-firing switchgrass, rice straw or loggingideges with coal in an existing

power plant.
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2.8 Case Study — East Texas

The East Texas region is selected to evaluatedhmplexity of concerns related
to fossil fuels usage and examine the role of lalsfun addressing these concerns. The
East Texas area resides in one of the nation’srigaricultural states, Texas. The area

has vast agricultural and forest acreage.

Fig. 1 Study Area
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Figure 1 shows the study area. It includes the wesiof Orange, Harris, Liberty,
Hardin, Chambers, Galveston, and Jefferson thapareof the area known historically
as the rice producing area. Rice farmers in thesates are facing various production
process challenges. The 1996 Farm Bill and redultearket environment have put an
increasing economic pressure on rice farmers. Ngnaal a consequence of reducing
governmental payment rates for rice, increasing pmdition for water, lacking of
economically viable rotation crops and rising cosiscomply with governmental
programs and environmental regulations, there heena tremendous drop in rice
production in Texas (Balas et al., 1993). For eXanihe rice acreage in seven counties
that fall into the study area has dropped from B2,@cres in 1995 to 44,450 acres in
2002 (Texas Agricultural Statistics Service, 200R)irthermore, the average market
price for Texas rice has dropped sharply sincepisk in 1996 from $10 per
hundredweight to $6 per hundredweight in 2000 (LCRRB03). As a result of these
challenges farmers have indicated an interestémredtive crop production (Barta, 1998).
Forest producers are facing similar challenges ared also looking for alternative
production possibilities as pulp prices currendil.fOne of the options for farmers and
forest producers to face their challenges wouldobearticipate in the nation’s biomass-
to-energy effort by selling their biomass feedsttknergy producing facilities.

Another reason, why the East Texas region is saleaould be the projected
economic development and population growth in EBsxas which has and will
substantially increase the future electricity arah$portation fuel demand in the region.

According to the population projections estimatgdtbe Texas Water Development
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Board, the population of Texas is expected to réxth million people by year 2010
and 28.8 million by year 2020. The population pcopns for the study region of 44
counties indicate that the area population wilt@ase from 5.78 million in 2000 to 6.67
millions in year 2010 and 7.73 millions in year ROETWDB, 2003). Meeting the
growing demand by using fossil fuels would conttédbuo the already serious air
pollution and water contamination problems and eawious environmental and health
problems in the region. Moreover, air pollution Edst Texas region exceeds national
pollution standards (SECO Fact Sheet, No. 25) ancequired to use oxygenates in
gasoline.

Along with the above mentioned challenges and amsceEast Texas offers
great opportunities for bioenergy strategies. Fitsrvast 12-million-acre forest industry
to its huge grain and fiber farms, the region hly endowed with biomass (Texas
Energy Planning Council, 2004). In addition, thedarction potential for energy crops
for Texas is estimated to be 9,140,000 dry tons y@ar (State Bioenergy, 2004).
According to Texas Energy Overview, an estimate@ ®lion kwh of electricity could
be generated using renewable biomass fuels in T@&kas would be enough electricity
to fully supply the annual needs of 3,018,000 ayeraomes, or 30 percent of the
residential electricity use in Texas (State BioggeP004).

Furthermore, the state has a varied physiographghairings a wide variety of
weather to the region. Because of its expansive tapdgraphically diverse nature,
Texas offers continental, marine and mountain-tgiimates (The handbook of Texas

on-line, 2005). Precipitation is not evenly distted over the state. However, East



18

Texas is considered as one of the wettest regioths average annual rainfall of 44.2
inches (The handbook of Texas on-line, 2005). Tigh rainfall gives rise to a very
important lumbering industry, and a good supplygadsses for livestock grazing and
agricultural yields. Energy crops like switchgrasgjich will be investigated in this
study, require substantial rainfall and/or irrigatiand the region are believed to create

favorable conditions for their production.
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CHAPTER Il

METHODOLOGY

In this study several methodologies and modeliogrigues will be employed to
estimate the economic and environmental impacts@ménergy production in the study

area. The main categories used are Life Cycle Assest (LCA) and simple budgeting.

3.1 Life Cycle Assessment (LCA)

LCA has emerged as a valuable decision-supportféoddoth policy makers and
industry in assessing the cradle-to-grave impalkcespgyoduct or process (GDRC, 2004).
LCA takes into account the environmental burdes®aated with a product or service
by identifying and quantifying energy and materialed and wastes released to the
environment. More specifically, the assessmentunies the entire life cycle of the
product or service: encompassing, extracting andcgssing raw materials;
manufacturing, transportation and distribution;,ugeuse, maintenance; recycling, and
final disposal. In addition, it assists in idenitify and evaluating opportunities to affect
environmental improvements. One of the key adva#ad using LCA is that it allows a
direct comparison between two products or serwadls regards to the environmental
and energy impact (LCA).

LCA has been employed to research similar problentise U.S. and worldwide.
For example, Mann and Spath conducted an LCA ohfred power systems that co-

fires wood residue and captured all processes sacefor the operation of the power
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plant, including raw material extraction, feed @egiion, transportation, and waste
disposal and recycling. Qiet al used LCA unified with an economic analysis to
examine the competitiveness of switchgrass as mdse resource in comparison with
the energy sources that biomass would replaceydimgy coal. Analysts from the U.S.

National Bioenergy Center at NREL also employed LiGAletermine the environmental

impacts of biomass conversion technologies, usingraalle-to-grave approach that
includes biomass feedstock growth, harvest, corugrand product use.

In this study, LCA analysis will be couples with aaonomic analysis and will
be utilized to examine the economic, environmeata energy implications of replacing
coal with switchgrass, rice straw and woody ressduehe electricity generation process.
Specifically, LCA will be used to quantify the eggrand other resource consumption
and greenhouse gas emissions from the feedstodkigion processes up to the point of

burning those feedstocks to generate electricity.

3.2 Cost-Benefit Analysis

Cost-benefit analysis is a technique to ‘assess rdtative desirability of
competing alternatives in terms of the economic tivaio society’ (Sinden and
Thampapillai, 1995). It is widely used in governrm#mwoughout the world to assist with
choices involving public and private projects ovgamment programs because it has the

most developed theoretical foundation of the abéeldechniques.
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3.2.1 Theoretical Basis of Cost-Benefit Analysis
This foundation begins with an ethical view (Sindamd Thampapillai, 1995)
that:
m Activities to be undertaken or goods to be produskould be assessed in
terms of their usefulness to humans.
m Usefulness should be judged in terms of usefulteswividuals, as judged by
those individuals who will best know their own waglé.

m The welfare of all individuals in society mustibeluded.

The technique is therefore human centered and ithdlistic. That is, the
analyst or the agency should have no role in detemgn what is useful, only in
observing what all individual humans in society dfiuseful. Alternative ethical
frameworks might see a normative view imposed ashat is good for society or for the
ecology. Cost-benefit analysis is agnostic on thesees, and is only concerned with

measuring how people do value things, not how #euld value them.
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CHAPTER IV

ANALYSIS OF BIOMASS FEEDSTOCK

4.1 Yields and Production Cost of Biomass Fegtock

Many factors affect yield, including plant chaexgstics, soil characteristics,
climate factors (rainfall, temperature frost fidggeys temperature extremes among other
factors), solar radiation, fertilizer, herbicidedgmesticide use, and management practices
(such as planting and harvesting schedules, tilaigetices, and harvesting methods). In
addition, for woody crops the number of trees mdnper acre, the number of years
between harvests and the use of coppicing (re-grdndm the stump instead of
replanting), are the important factors (King et &P99). In this section issues such as
feedstock availability, yield and feedstock budgetdl be discussed for each of

feedstock considered as a potential biomass sauieast Texas region.

4.1.1 Switchgrass

Switchgrass is as a perennial grass with high pialefor energy production.
Switchgrass yield performance has been researchethhy scientists.

McLaughlin and Kszos (2005) report that currentrage annual yields from
switchgrass in small plots over multiple years &tlS locations from 4.2 to 10.2 dry
tons per acre, with most locations having an avelsgween 5.5 and 8 dry tons per acre.

Switchgrass production trials established in vagitacations in Texas during

1992 to 1996 have revealed that the Alamo cultivas the best adapted switchgrass
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producing yields of 3.6 to 8 dry tons per acre (fason et al, 1999). Based on the
Walsh et al., average yield results for the Sou#inB region, which includes Texas,
exhibits yield of 5.8 dry tons per acre with a stdife of 10 years. In addition it grows
well in East Texas and since that is a high rainagion has no need for additional
irrigation.

Switchgrass production costs in this study are tthfsom Qin et al (2006). For
the scenario of converting rice land to switchgrase use the Qin et al (2006)
production process assumptions but modified thieildg to 5.8 tons per acre per year.
So we assume that switchgrass is established gnlanol, harvested loose for hauling
and chopping, and transported by compression irdadutes. In general, establishment
of switchgrass requires a two-year period. It isuased that approximately 25% of the
fields are not successfully established duringfitse year and reseeding is carried out
for these fields (Ney et al., 2002). Establishméamntludes seeding of the fields,
application of herbicides and lime, and soil pragian, and it is assumed that the field
equipment such as herbicide applicator and naltill-are used. Further maintenance of
switchgrass fields is assumed to be a relativaely dost process which mainly includes
fertilizer application and mechanical weed contiidlese operations require a fertilizer
spreader and a sickle mower. A Mower-conditionet sitage chopper with a wagon is
assumed to be are utilized for harvesting aloné& Yabse hauling and chopping. The
switchgrass budget cost for the yield of 5.8 toas qicre reflecting the establishment,

maintenance, and harvesting amounts to $ 174.92qver or $ 30.16 per ton.
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4.1.2 Rice Straw

Straw makes up about 50% of the dry weight of a pant, with a significant
variation from 40% to 60% according to the cultigd cultivation method. For every
tone of grain harvested, about 1.35 tones of ti@sremain in the field (Summers et al,
2002). Rice straw has a high potential as a soofrtignocellulosic biomass because of
the high yield of rice straw per hectare. The prapo of recoverable straw depends on
the technique of reaping and harvesting (manuah@chanical) and on the condition of
the field (wet or dry) and crop (lodged or not).cAib 5.6 - 6.7 t ha (2.5 - 3 tons per acre)
of dry straw is an average net production (Kadaral,e2000). The rice acreage in East
Texas is estimated about 210,000 acres in 2001aglM&%ater Resource Institute, 2001).
The yield of rice straw is calculated from the doling formula,

Residue after harvest = Yield * Straw-to-@rRiatio* Weight Conversion Factor.
Straw-to-Grain Ratios is 1.27 and the weight cosieer factor is assumed to be 0.05
taken from Summers et al (2003).

According to USDA National Agricultural StatisticServices the East Texas
region average rice harvested acres for what year5a,800 acres and yields are
2,916,020 hundredweights.

Table 1 represents Average Annual Production Rit@wSin East Texas
Counties in 2002. Annual average rice straw pradocin East Texas is 185,167.27

hundredweights/year or 8,399.185 ton/year.
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Table 1. Average Annual Production Rice Stra&st Texas Counties in 2002

County Harvested Yield Productiqn Rice straw
(acres) (pounds/acre) (hundredweights) (hundredweights)
Bowie 1,700 6,760 115,000 7,302.5
Chambers 16,000 5,530 885,000 56,197.5
Galveston 1,000 8,300 83,000 5,270.5
Harrison 1,600 6,250 100,000 6,350
Jefferson 19,900 5,230 1,041,000 66,103.5
Liberty 10,500 6,400 672,000 42,672
Orange 1,100 1,820 20,020 1,271.27

The method commonly used to harvest and handlestiev is baling, and even
this has been done only on a limited basis becafisee lack of demand for the rice
straw.

If rice straw were to be harvested on a large seatetal harvest system as
discussed by Horsfield et al (1977) and Dobie e(1873) is likely to arise. Such a
system removes both straw and grain in a singleatipae and hauls it to a designated
location at the edge of the field, the farmsteadhe grain elevator for separation. The
major pieces of equipment needed consist of actoll@levice, a stationary or modified
combine, straw drying equipment, and a large balee. grain collected can be separated
from the straw outside the field with the unthreshiee unloaded to form long, high

piles. A combine with a modified feeding device Wwbprocess these piles, threshing the
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rice and dropping the straw in an adjacent pile.akrduct beneath the straw pile would
then let natural or heated air to be blown throtighpile to dry the straw.

In this study, harvest assumptions of rice stragvthe following: swathing into
windrows, baling in large square bales, and motangpad side for transport. Harvesting

costs are $13.54 per ton based on Fife and Mill@89) and Summers (2003).

4.1.3 Logging Residue

The volumes of logging residues in the study areaazailable from the Texas
Forest Service (Xu and Carraway, 2005). Residua datimates are based on a mill
survey conducted by the Texas Forest Service amaoa utilization study published by
(Bentley and Johnson, 2004). The Texas Forest &eincludes stumps, tops, limbs, and
unutilized cull trees in defining the logging rased types. Cass, Harrison, Nacogdoches,
Panola, Cherokee, Tyler, Polk, Jasper, AngelinaNeéwton have been identified as top
potential producers of logging residue. In 2003ptal of 3.38 million tons of logging
residues were produced in East Texas, 68.8 pefoamt softwood and 31.2 percent
from hardwood. Total amount of logging residuesEast Texas in 2003 were 3.38
million tons.

Table 2 shows the average annual recoverable Igggsidues in east Texas

counties.
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Table 2. Average Annual Recoverable Logging Re=sdn East Texas Counties

Recoverable Logging

Recoverable Logging

County Residue (tons) County Residue (tons)
Anderson 53,993 Nacogdoches 139,210
Angelina 168,107 Newton 154,996
Bowie 89,018 Orange 24,202
Camp 18,056 Panola 125,525
Cass 191,250 Polk 228,443
Chambers 6,672 Red River 57,526
Cherokee 123,558 Rusk 113,314
Franklin 3,954 Sabine 81,825
Gregg 27,510 San Augustine 120,066
Hardin 129,780 San Jacinto 58,308
Harris 34,190 Shelby 101,969
Harrison 140,493 Smith 61,013
Henderson 16,967 Titus 16,775
Houston 94,972 Trinity 118,393
Jasper 227,954 Tyler 252,882
Jefferson 26,607 Upshur 36,604
Liberty 78,016 Van Zandt 7,324
Marion 88,836 Walker 59,486
Montgomery 64,506 Wood 19,647
Morris 21,953 Total 3,383,900
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To calculate the approximate yield of logging residoer acre we divide the
volumes of residue from the above acreage by thaterforest land acreage from the
2003 Forest Inventory Analysis (FIA). Logging rasedharvest cost of $8.71 per ton is
taken from the Forest Residues Transportation Ggsilodel (FRTCM) (Rummer,
2001). This cost estimate accounts for all fixeatjable and labor costs involved in the
logging residue harvest process and does not cemsioists involved during forest

establishment, maintenance and tree harvest stages.

4.2 Power Plant Requirement and Cost for Bioass Feedstock

McCarl et al. (2000) assumed that the annual enegyirement for a 100 MW
power plant is 7 trillion Btu (TBtu). In this studwe use that assumption. The following
Higher Heating Values (HHV) and moisture levels avased to calculate the thousands
of tons of wet biomass required to provide 7 TBansually. Following Table 3 shows

Higher Heating Values (HHV) and moisture leveleath feedstock.

Table 3. Higher Heating Values (HHV) and Moistueyels of Each Feedstock

Biomass HHV HHV units Moisture
Percent

Switchgrass 15991 kJ/kg wet 11.99%
Rice straw 15200 kJ/kg dry 15%

Logging Residues 4500 Btu/lb wet 50.00%
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Using the conversion factors of 0.9478171 Btu/k07.98474 kg/ton, and

1.1023113 ton/tonne, the amounts of feedstockttleal 00 MW plant would require for

its annual operations are shown in Table 4.

Table 4. Annually Required Quantity of Feedstatkhe 100MW Power Plant

Feedstock Btu/ton Tons
Switchgrass 13,749,785 509,099
Rice Straw 13,069,147 630,108
Logging Residues 9,000,000 777,778

Subsequently, the amounts of feedstock requirefire alone, 5%-, 10%-, and

15% co-firing (mass basis) scenarios are showralners.

Table 5. Annually Required Quantity of FeedstaskScenario at the 100MW Plant

Feedstock Fired Alone 5% co-firing  10% co-firing  15% co-fign
(wet tons)
Switchgrass 509,099 25,454 .95 50,909.9 76,364.85
Rice Straw 630,108 31,505.4 63,010.8 94,516.2
Logging Residues 777,778 38,888.9 77,777.8 116/666.

4.3 Hauling Distance and Costs
4.3.1 Hauling Distance
Hauling distance is one of the major barriers fr&vent biomass from becoming an

energy source on a commercial scale. The averagmgalistances that are used in this
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study were calculated following McCarl et al (200@)o relied on a formula derived by
French (1960). Namely, given a rectangular roadesysa per square mile density of
biomass production (BD), a plant requirement ofdvist of biomass, and a biomass yield

per acre in BTUs Y, the average hauling distangd@bnula is:

05
Distance= 0.4714* : Mass
(640* Biomas Density* BiomassYiel d perAcre)

where ‘Distance’ is the average hauling distanag ‘Mass’ is the amount of biomass
required for the energy production. Obviously, @neerage distance changes as the
amount of feedstock required to produce energygesn

Switchgrass average hauling distance was calculadedy a required mass of
509,099 tons, yield of 5.8 tons/acre (Kiniry et 2005) and the 10% density. The
assumption of 10% density is justified becauseeruly there are no switchgrass fields
grown as conventional crops but what is the ricesdg in the counties where it would
be replaced.

For rice straw, average hauling distance was catedlusing the required mass
of 630,108 tons, yield of 3 tons/acre (Kadam et28l00). And biomass density was
3.8% based on a procedure used in the FASOM mdeledt, the 2001 acreage for rice
and the total acres by county were downloaded fworine USDA data. The top 5 rice
producing counties were then selected. The selextedity combined acreage totals
were then added and then the result was dividatdgum of the selected counties total

acreage to yield a weighted average rice strawitydios the agricultural region.
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For logging residue, densities by FASOM regionengetermined by calculating
a weighted average stand rotation from the FASO#sttian data. One was divided by
the average stand rotation and the result was phiatfiby 0.8 yielding the logging
residue density. The 0.8 is the practical foressdg for forest lands as determined from
the map, Forest Density in the Conterminous U.S. Rdvironmental Protection Agency.
Yields are 1000 cuft per acre which were convetteihns per acre using the factors of

27.5 Ibs per cuft for softwood and 33.0 Ibs pet éuf hardwood (Carpenter, 1980).

Table 6. Average Hauling Distances for Switchgrésse Straw and Logging Residues

Average Hauling

Feedstock Combustion Type Distance (miles)
Fired alone 17.46
5% co-firing 3.90
Switchgrass
10% co-firing 5.52
15% co-firing 6.76
Fired alone 43.808
5% co-firing 9.796
Rice Straw
10% co-firing 13.853
15% co-firing 16.967
Fired alone 5.05
5% co-firing 1.129
Logging residue
10% co-firing 1.597
15% co-firing 1.956

Notice that the distance does not change lineaitly the increase in the co-firing ratio.
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In turn the average hauling distance for hauling tésidues to power plant for
residue fired alone and co-fired at 5%, 10%, anth.1%able 6 presents the average

hauling distances for all the scenarios.

4.3.2 Hauling Cost

Transportation from field edge to plant gate repnés a significant cost and
source of added embodied energy. The larger the pfed the more diffuse the resource,
the greater the impact on cost and embodied enefgyansportation. The cost of
hauling biomass from a field to a power plant isgédy a function of the hauling
distance. In addition, increasing the co-firingaatill also increase the hauling cost as
it will require collecting biomass from a largednas from the plant location given the
same bio-density. Noon et al estimated the avesagtehgrass transportation cost in
Alabama to be $8.00/dry tonne for 25 miles hautdirgjance (Noon et al, 1996). Graham
and others at Oak Ridge National Laboratory evatligite cost of delivering wood chips
to different size plants in Tennessee. Their trartggion cost estimates ranged from $7
to $16 per dry ton, accounting for 18% to 29% afnpgate cost (Graham et al, 1997
and Downing and Graham, 1996). James et al (20@hpuated the transportation costs
by adding a fixed cost of $5.50 to a variable ais$0.088 per mile. With these costs a
50 mile haul cost would be about $10/ton, which wgscal of what is found in the
Pacific Northwest. The three different feedstockameined in this study have different
hauling distance and transportation consideratiddence, the hauling costs are

estimated differently for each case.
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To calculate the hauling costs per ton of feedsteek utilized the formula
derived by McCarl et al (2000):

(Fixed Load Cost+ 2x AverageDistancex Cost per Mile)
Load Size

Hauling Cost=

Average Distance is from the hauling distances fiadmove in Table 6. Using
these distances in the above formula we calculdtedogging residue hauling costs for
East Texas region. The truck load size was assumdae 14, 20 and 25 tons for
switchgrass, rice straw and logging residue, raspy.

Switchgrass hauling parameters are taken from Qal €006). Based on these
parameters, cost per mile was calculated incluthedfixed, variable and labor costs of
the hauling process. Switchgrass is assumed tahelopped, and compressed into a
module at the farm for hauling in a module truckeTfixed load cost included all
harvest costs through module building. Switchgrasasiling cost per mile, which
accounts for all fixed costs, was then calculatefile62 per mile.

For rice straw, according to Sokhansanj (2006), lihgucost parameters
assumptions are the following: fixed load costs&8@, cost per mile is $2.20, and load
size is 20 ton. Harvesting cost is $13.54 per @sed on Summers study.

The hauling cost parameters (fixed load cost, pestmile, and load size) for
logging residue were taken from the Forest ResidUuasisportation Costing Model
(Rummer, 2001). We assumed that residue was ldagledknuckle-boom loader into a
container truck and hauled 2.5 miles to a disk mhipfor chipping. Then, the disk

chipper was directly loading chipped residue ta2@ tubic yard van-type truck which
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was then transported to bio-energy producing tgciliThis model was amended to
produce cost per mile from its standard model tesWHixed load cost included all
harvest costs through the chipping process. Tableregents the hauling costs for

switchgrass, rice straw and logging residue.

Table 7. The Hauling Costs for Biomass Feedstock

Feedstock Combustion Type Hauling Cost ($/ton)
Fired alone 7.00
5% co-firing 3.86
Switchgrass
10% co-firing 4.23
15% co-firing 4.52
Fired alone 14.138
5% co-firing 6.655
Rice Straw
10% co-firing 7.548
15% co-firing 8.233
Fired alone 9.955
5% co-firing 3.236
Logging Residues
10% co-firing 4.359
15% co-firing 5.006

As we can see from the table, costs per ton desr@aso-firing ratio increases,

in general. This happens due to the spread of stk over the longer hauling distance.
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The hauling costs per ton were then multiplied Hy tequired biomass quantity

to determine the supplying cost for a 100 MW poplant. The results are presented in

Table 8.

Table 8. Annual Hauling Cost for Biomass Feedstock

Annual Hauling Cost

Feedstock Combustion Type ($/power plant)
Fired alone 3,563,693
5% co-firing 98,256
Switchgrass

10% co-firing 215,348

15% co-firing 345,169
Fired alone 8,908,466
5% co-firing 209,668

Rice Straw

10% co-firing 475,605

15% co-firing 778,151
Fired alone 7,803,806
5% co-firing 2,541,530

Softwood Residues

10% co-firing 3,414,331

15% co-firing 3,921,981
Fired alone 7,613,303
5% co-firing 2,456,064

Hardwood Residues
10% co-firing 3,333,178
15% co-firing 3,833,076
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4.4 Greenhouse Gas Emissions

Biomass feedstock requires fossil fuel inputs farious stages of their
production processes. The major fossil fuel endrgyuts include fertilizer (mostly
nitrogen which is made from natural gas), fossilfused in operating equipments
during the planting, maintenance, and harvestiagest, and transporting feedstock to
bio-refineries (Cook, and Beyea, 2000). These kiesed energies are one of the main
sources of anthropogenic @Cemissions. This section provides the analysis of
greenhouse gas emissions associated with switghgragluction and logging residues
harvest. We do not include analysis of emissiotestead to the rice straw production here
because rice straw is a byproduct of the rice,raredstraw is not specifically grown for
energy generation usage. However, we will quantig/greenhouse gas emissions from
harvesting, hauling and using rice straw at therggn@roducing stage in the power
generating plants. We take a similar approach wetfard to the logging residues. We do
not consider emissions related to the forest pricalu@rocess. We only account for the
emissions which accumulate the logging residuendutihe harvest stage and haul it to
the power plant.

The analysis of GHG emissions associated with thpgration of switchgrass is
adopted from Qin et al (2006). Their switchgrasspration process takes into account
the total mix of activities required for growing gehgrass and transporting it to a bio-
energy plant. Qin et al (2006) analyzed the varjpathways for switchgrass production
for the lowest GHG emissions and concluded thawbtttenal combination of activities

was establishing switchgrass after exiting croppimgrvesting switchgrass loose for
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hauling and chopping, then transporting after casgion into modules. All these
activities require inputs such as fossil fuels, mloals, fertilizers and herbicides that
produce GHG emissions. Table 9 summarizes the gneompsumption and the
greenhouse gas emissions accumulated from macloperations, except transportation,

for switchgrass production process:

Table 9. GHG Emissions and Energy Consumptiom fRkseparation of Switchgrass

Switchgrass _ Energy ~CO, N2O CH, CO-eq

reparation Alternative Consumption emissions  emissions  emissions  emissions

prep operations (Btu/kg (grams/kg (grams/kg  (grams/kg (grams/kg

stage : ; ; ; ;

switchgrass) switchgrass) switchgrass) switchgrass) switchgrass)

Establishment ~&-CoP 5 0.4 0.9E-5 0.5E-3 0.4
Fields

Growth Growth 24 1.9 4.5E-5 2.4E-3 2.0
Loose,

Harvest 22‘3"”9 59 4.7 1.1E-4 0.5E-2 4.8
chopping

Source: Qin et al. (2006)

Energy consumption for above listed activities swpgo 87 Btu/kg. Adding to
this the energy consumption of 447 Btu/kg of swgtess derived from use of lime and
chemicals, total energy consumption is 534 Btu/kgvatchgrass.

Adding up the C@equivalent emissions from switchgrass productictiviies
and usage of lime and chemicals we arrived ata tdt198.2 grams of C&2equivalent
emissions per kilogram of switchgrass. Table 10wsh@&HG Emissions and energy

consumption from use of lime and chemicals.
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Table 10. GHG Emissions and Energy Consumptiom fdse of Lime and Chemicals

Emission species Energy CO, N.O CH, CO»-Eq

Emissions and energy consumption
from fertilizer and Atrazine 441 28.2 2.03E-1 6.5E-02 89.9
(g or btu /kg switchgrass)

Emissions and energy consumption
from agriculture lime 6 9.2 1E-05 5E-04 9.2
(g or btu/kg switchgrass)

Emissions and energy consumption
from all chemicals 447 374  2.03E-01 6.5E-02 99.1
(g or btu/kg switchgrass)

Source: Qin et al. (2005)

Applying these estimates to the amount of switcégthat can be produced by
East Texas counties converting rice to switchgresdave the annual results shown in

Table 11.

Table 11. Annual Energy Consumption and GHG Eiomssfrom Switchgrass

Preparation in East Texas

) Total Energy  Total CQ Total ;O Total CH, Total CO-eq.
) Switchgrass ] o o o o
Region consumption  Emissions Emissions Emissions Emissions

(tons/year)
(Btu/year)  (gramsl/year) (grams/year) (grams/year) (grams/year)

East

Texas 215088.4 1.04392E+11  8.664E+09  39642358.1 142226062.0742E+10

In the case of rice straw, another procedure wed ts quantify the greenhouse
gas emissions related to the harvest of rice sttBwmmers et al evaluated GHG

emissions during the rice straw harvest. Their éstiig scenario assumed rice straw
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harvesting process is comprised of: swathing intalvows, baling in large square bales,
and moving to road side for transport. The restl@HG emission factors are shown in
Table 12. Table 13 represents the annual fuelwwoption and GHG emissions from

rice straw harvest.

Table 12. Emission Factors during Harvest of taw

Operation CO2 Emissions NO, Emissions CH, Emissions  CO,-eq. Emissions
(g/ka) (g/ka) (g/ka) (g/ka)
Swathing 5.156 0.128 0.003 5.210
Ranking 1.238 0.012 0.001 1.249
Bailing 5.952 0.109 0.002 5.990
Roadsiding 2.527 0.045 0.001 2.543
Total 14.873 0.294 0.007 14.992

Source : M.D. Summers et al.

Tablel3. Annual Fuel Consumption and GHG Emissfoims Rice Straw Harvest

i Rice straw Total CGQ Total NQ, Total CH, TOtal COr
Region (tons/year) emissions (g/kg) emissions (g/kg) emissions (g/kg) qulvalent
emissions (g/kg)
East
Texas 8399.187 124,921,114 2,469,361 58794.31 1.26E+08

A different procedure was used to quantify theeghouse gas emissions related
to the harvest of logging residues. The ForestdRes Transportation Costing Model
(FRTCM) (Rummer, 2001) was utilized to evaluate ltgging residue harvest scenario.

This spreadsheet calculator is designed to helpsuseate scenarios by comparing
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alternative methods of moving biomass from the dtwdo a bio-energy facility and
allows estimating loading and hauling costs fofedént combinations of equipment as
well as consideration of several other operatidins. available from the USDA Forest
Service website. We assumed that logging residuere Wwaded by a knuckleboom
loader into a container truck and hauled 2.5 ntikea disk chipper for chipping. Then,
the disk chipper was directly loading chipped rasitb a 120 cubic yard van-type truck,
which was then transported to bio-energy produdexglity. The gallons of diesel
required per ton of harvested residue were theerahted from the model as 0.99
gal/ton. In order to express the emissions frongilog residue harvest in grams per
kilogram of logging residue, additional adjustmentgre made to the FRTCM.
Specifically, we made adjustments to load size, wlegght of diesel, conversions to
kilograms, and moisture content. Finally, the diem®mounts were multiplied by the
following diesel emission factors to get the togdidue emissions:, 3188.068276 grams
of Carbon Dioxide per kilogram of diesel, 0.08 gsaof Methane per kilogram of diesel
and 0.107918583 Nitrous Oxide grams of Methanekgegram of diesel (Wang and
Santini, 2000). Table 14 summarizes the resultenafssion calculations. Table 15
represents the annual fuel consumption and GHG semnis from logging residue

harvest.

Table 14. GHG Emissions from Collection of LoggiRgsidues per kg of Residue

Energy

consumption COx(g/kg) N.O(g/’kg) CHy(g/kg)
(Btu/kg)

CO-Eq.
emission (g/kg)

Logging residue 137.5 11.28 0.00038 0.00028 11.403
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Table 15. Annual Fuel Consumption and GHG Emissioom Logging Residue

Harvest

Total CQ-
Equivalent
emissions (g/kg)

Recoverable
Region logging residue
(wet tons)

Total CQ Total NbO Total CH,
emissions (g/kg) emissions (g/kg) emissions (g/kg)

East

Texas 3,383,900 40,428,158,593 1,368,524.514 1014486.644 4.04E+10

4.4.1 GHG Emissions from Hauling Biomass Feedstock

Greenhouse gases are emitted during the biomasistée& establishment,
maintenance, harvest, hauling and combustion stddese we present estimates for
emissions from hauling the feedstock to the powantp Switchgrass hauling emissions

were adapted from Qin et al (2006), shown in Tdléle

Table 16. GHG Emission from Hauling Switchgrass

CO, N>O CH, COreq
Biomass emissions emissions emissions  emissions
(9/ko) (9/ko) (9/ko) (9/ko)
Fired-alone 13.21 0.0008 0.0148 13.78
5% 8.73 0.0005 0.0098 9.105
Switchgrass
10% 9.26 0.0005 0.0104 9.663
15% 9.67 0.0006 0.0108 10.09

Emissions from hauling rice straw were adapted Gwjitass model by Qin et al

(2006). Here we assume to use 20 ton load sizk.truc
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Table 17. GHG Emission from Hauling Rice Straw

CO N>O CH,4 COeq
Biomass emissions emissions emissions  emissions
(9/kg) (9/kg) (9/kg) (9/kg)
Fired-alone 15.35 0.001 0.017 16.01
5% 7.48 0.0004 0.0084 7.797
Rice straw

10% 8.41 0.0005 0.0094 8.776

15% 9.13 0.0005 0.0102 9.528

Table 17 shows the GHG emission from hauling ritevs Emissions from
hauling logging residue were estimated using th&eER Model. We first determined
the gallons of diesel required to haul a ton ofvhsted feedstock. This was done by
dividing twice the average hauling distance bykriwel efficiency, which was assumed
at 5 miles per gallon. Table 18 represent theutating result of GHG emissions from

hauling logging residue to the power plant

Table 18. GHG Emissions from Hauling Logging Hesi to the Power Plant

CO, N,O CH;, COreq
Biomass emissions emissions emissions  emissions
(9/kg) (9/kg) (9/kg) (9/kg)

Fired-alone 0.461 1.56E-05 1.16E-05 4.60E-01

0 - - -
Logging 5% 0.103 3.49E-06 2.58E-06 1.03E-01

Residue 10% 0.146  4.93E-06 3.65E-06  1.46E-01

15% 0.178 6.04E-06 4.48E-06 1.78E-01
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4.4.2 GHG Emissions from Combustion of Biomass Festibck

Numerous studies indicate that biomass fuels peosigbstantial environmental
benefits through absorbing carbon dioxide duringwgh and emitting it during
combustion (McCarl et al, 2000 and Demirbas, 2(J@4yraph showing the recycling
process will be good]. This way biomass fuels pgréite in the atmospheric carbon
dioxide recycling and do not contribute to the poblgreenhouse gas emissions. In
essence, biomass consumes the same amount,df@®the atmosphere during growth
as is released during combustion (Demirbas, 200Whgrefore, biomass is considered a
zero net carbon dioxide emission fuel source. Banple, the switchgrass carbon
content is 42.04 percent by weight, or 420.4 gabon per kilogram of switchgrass.
Assuming that all the carbon in switchgrass is eoted from CQ through the
photosynthesis process, the £@ed by switchgrass can be calculated from thigocar
content of switchgrass. This calculation by Qiralet2006) is equal to 1540.5 g @Ky
of switchgrass. We further assume that this casitinbe released during combustion.
However, since combustion emissions match the glgatbetic uptake, overall there
will be net zero emissions from burning biomasshassole feedstock at the power plant
(Qin et al, 2006). This analysis also holds faerstraw and logging residue as the
switchgrass burned alone case was constructed lmmsedtrapolation of results from
wood-fired power generation.

Overall, all three biomass feedstock contribute G©, emission during the
combustion process. In contrast, combustion of gealerates significant amounts of

emissions, even though coal-fired steam power twile the utility power industry in
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the U.S. have much better heat rates than bionrassHoilers (For example, coal-fired
steam power boilers have heat rates ranging fré®13.7 MJ/kWh equating to HHV
efficiency 25% to over 37%, on a net station hate basis, whereas existing biomass
power plants have heat rates from 13.7 to 21.1 Wb/kor even higher, which
correspond to HHV efficiencies from 25% to 17% owér (Hughes, 2000)). Carbon
dioxide emissions from coal were derived by Qimleusing the U.S.EPA (2002) report
and are summarized in Table 19. Table 20 is shdvencialculated result of GHG

emission from switchgrass, and logging residue agstibn.

Table 19. GHG Emission from Coal Combustion

Emission species CO N2O CH, SO (6{0)
Emission factors 2085 00313 0022 17.16  0.25
(g/kg coal)

Emissions

(g/kWhr) 935 0.0145 0.010 7.69 0.12

Table 20. GHG Emission from Switchgrass, and Logdresidue Combustion

Emission species CO N.O CH, SQ NOy (6{0)

g/kg switchgrass 1525 0.09 0.14 0.17 3.37 4.12
g/kWhr by switchgrass 1660 0.10 0.16 0.19 3.66 4.49
g/kg logging residue 1755 0.12 0.19 0.22 1.98 5.40

g/kWhr by logging residue 1509 0.10 0.16 0.19 1.704.64
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For rice straw, the methodology for estimating gremise gas emissions from
combustion of rice straw is consistent with the iRed 1996 IPCC Guidelines
(IPCC/UNEP/OECDI/IEA, 1997). In order to estimatee tamounts of carbon and
nitrogen released during combustion, the followeggiations were used:
Carbon Released = (Residue/Crop Product Rati@ry Matter Content of the
Residue) XBurning Efficiency) x(Carbon Content of the
Residue) XCombustion Efficiency)

Nitrogen Released = (Residue/Crop Product Rati@ry Matter Content of the
Residue) x (Burning Efficiency) ¢Carbon Content of the

Residue) ¥Combustion Efficiency)

Table 21. Assumptions for Estimating EmissiosfRice Straw Combustion

. . Dry matter fraction Carbon fraction Nitrogen fraction
Residue/Crop Ratio (%) (%) (%)

Rice 1.27 0.91 0.3806 0.0072

The assumed parameters are shown Table 21. Thenguefficiency and

combustion efficiency for rice straw were assuntedd 0.93 and 0.88, respectively.

Table 22. Greenhouse Gas Emission Ratios

Greenhouse Gas GO CH, CO N,O NGO,

Emission Ratio 3.67 0.005 0.060 0.007 0.121
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Table 22 shows the GHG emission ratio each emidsiciors. GHG emissions

from combustion rice straw are derived by abovenfda, which is shown Table 23.

Table 23. GHG Emission from Rice Straw Combustion

Emission species CO N.O CH, NOx CcO
g/kg rice straw 1320 0.477 1.80 0.82 21.60
g/kWhr rice straw 1188 0.4293 1.62 0.738 19.44

4.4.3 GHG Emissions from Co-firing Cases
The following analysis is based on the retrofittang existing coal fired boiler to
us the switchgrass, or rice straw or logging resids co-firing feedstock. We examined

all three biomass feedstock at 5, 10 and 15% agfir

Table 24. Emissions from Biomass Feedstock Goefiscenarios

Cofiring Ratio — 5%

Emission Species CO,(g/kwWh) N,O(g/kWh) CH(g/kwh)
Switchgrass 971.2838 0.018235 0.016995
Rice Straw 947.6535 0.034802 0.09038
Logging Residue 963.695 0.018493 0.01754
Cofiring Ratio — 10%

Emission Species CO,(g/kWh) N,O(g/kWh) CHy(g/kWh)
Switchgrass 1007.57 0.022434 0.024125
Rice Straw 960.3095 0.055567 0.170895
Logging Residue 992.3926 0.02295 0.025215
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Table 24 continued

Cofiring Ratio - 15%

Emission Species CO,(g/kWh) NO(g/kWh) CHi(g/kWh)
Switchgrass 1043.857 0.026632 0.031255
Rice Straw 972.9656 0.076332 0.25141

Logging Residue 1021.09 0.027407 0.03289

4.5 Sequestration of Carbon Dioxide

Carbon sequestration occurs in the soil during chwitass production.
McLaughlin et al. analyzed soil carbon gains in Hod. Their studies indicated that
carbon accumulation is comparable to, or greai®n the 1.1 tonne carbon per hectare-
year reported for perennial grasses (McLaughlinakt 1998). Several years of
switchgrass cultivation are required to realize biemefit of soil carbon sequestration
(Ma et al, 2000). Using a conservative estimatitwe, credit for soil carbon dioxide
sequestration was 179.9 g/kg switchgrass (Qin ,e2@06). However, switchgrass is
grown for 10 years on the same fields,2@@cumulation in the soil is likely to reach a

saturation value, which should be taken into actmin any long-term studies.

4.6 Coal

According to D.O.E report Texas need 69,810,003 tohcoal for generating
electricity and generated 99,866,000 MWhr of eleityrz. And Coal average price is
$26.56/ton ($1.32 Million Btu) at 2004. According®in et al., 0.44844 Kg of coal need

for LKWh generate electricity.
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In this study, we use the assumption that is asdugeMcCarl et al. (2000) that
the annual energy requirement for a 100 MW powantpis 7 trillion Btu (TBtu). We
can calculate required Coal quantity to producerilfion Btu. According to my
calculation, required Coal quantity is 345,942 tdPer Unit Cost of Coal is $26.56/ton,

and Total Cost per year is $9,188,219.52/year.

4.6.1 GHG Emissions from Coal before Combustion

Stages of Coal from mine to generating power argded by Mining,
Transportation, and Combustion. Greenhouse gasesmitted during stages. Coal
Mining and Transportation stage emissions were tadafrom GREET Model, were

shown Table 25.

Table 25. GHG Emission from Coal Mining and Tizorsation

Emission species CO N.O CH, CO—Eq
Emission factors (g/kg coal) 64.246 0.00303 2.6024 124.9997

Coal Combustion stage Emission describes at Chépter.4.2 GHG Emissions
from combustion of biomass feedstock. Here, Cateulatal GHG Emission from Coal

during whole life cycle. The results are represgimerable 26.

Table 26. GHG Emission from Coal

Emission species CO N.O CH, CO-Eq
Emission factors (g/kg coal)  2213.946 0.0373 5.2272 2345.217
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4.7 Total Cost of Biomass Feedstock
We calculate total cost of biomass feedstock ugiegollowing method.
For switchgrass,
per unit cost ($/ton) = Production Cost + Harvegtost + Hauling Cost
For rice straw and logging residue,
Per unit cost ($/ton) = Collecting Cost + Haulingst

Where, Production Cost = Establishment Cost + Maianhce Cost.

Unit Cost of Switchgrass is $30.16 per ton whichmigre expensive than other
feedstock. Because Switchgrass is newly cultivatiea] unit cost includes Production
Cost. Rice Straw and Logging Residue are curreatijivated, so we just include
Collecting Cost and Hauling Cost. Table 27 and &&8 show the total unit cost and

annually cost of biomass feedstock. Figure 2 arepBesent them graphically.

Table. 27. Total Unit Cost of Biomass Feedstock

Fired-Alone 5% Cofiring 10% Cofiring 15% Cofiring

($/ton) ($/ton) ($/ton) ($/ton)
Switchgrass 37.16 34.02 34.39 34.68
Rice Straw 27.68 20.19 21.09 21.77

Logging Residue 18.67 11.95 13.07 13.72
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Fig 2. The Total Cost per Unit of Biomass Feedsto

Table. 28. Total Annual Cost of Biomass Feedst@Ar{inually Required Amount)

5% Cofiring  10% Cofiring 15% Cofiring

Fired-Alone
Switchgrass 18918118.84 865977.399 1750791.461 3334898
Rice Straw 17440129.22 636251.553 1328771.75 205298

Logging Residue  14517226.37 464566.7994 1016478.06800200.457
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Fig 3. The Total Cost per Year of Biomass Feetksto

4.8 Total GHG Emission until Generating Electricty
At Chapter 1V, 4.4 Greenhouse Gas Emissions, vweadir found GHG Emission
from each biomass feedstock. The summation of da@omass feedstock’'s GHG

Emission and compare to Coal at Table 29 and Figure

Table 29. Total GHG Emission from Biomass Feetkstmd Coal

Emission species CO N.O CH, COEq.
Coal 2213.946 0.0373 5.2272 2345217
(9/kg)
Switchgass 1620.01 0.49697 0.2932 1809.755
(9/kg)
Rice Straw 1350.233 0.772 1.824 1407.762
(9/kg)

Logging Residue

1766.741 0.1204 0.19029 1842.328
(g/kg)
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4.9 Lifecycle GHG Emission Relative to Co-firingRatio

The equations for calculate Lifecycle GHG emisg@mimout CQ) are as follows.

Switchgrass Case : Emission of Q@zE'E +ZE.M +ZE.H +ZE.T+ZE.C—ZSe

10

Where E.E is Emission from Establishment,

E.M is Emission from Maintenance,
E.H is Emission from Harvesting,

E.T is Emission from Hauling,

E.C is Emission from Coal combustion

Se is Sequestration from soill.
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Rice Straw Case : Emission of QQZE.H +ZE.T+ZE.C

Where E.H is Emission from Harvesting,
E.T is Emission from Hauling,

E.C is Emission from Coal combustion.

Logging Residue Case : Emission of;_GOZE.H +ZE.T+ZE.C

Where E.H is Emission from Harvesting,
E.T is Emission from Hauling,

E.C is Emission from Coal combustion.

All Cases do not consider Emission from Biomassi$eeck combustion,
because all of biomass feedstock do,@@arbon dioxide) offset during they grow. That
amounts are almost same as the amount of Emission@ombustion.

Table 30 and Figure 4 show the quantity of LifeeyGHG Emission with co-
firing ratio from each biomass feedstock and teeadrof lifecycle GHG emissions with
the co-firing ratio. The simulated relation giveknear function during the low co-firing
ratio from 5, 10, and 15% as

Switchgrass case : Emission of GO 9.117 * co-firing % + 934.997
Rice straw case : Emission of SO 9.350 * co-firing % + 934.997
Logging residue case : Emission of £6- 9.249 * co-firing % + 934.997
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Table 30. Lifecycle GHG Emission (about §@om Biomass Feedstock (g/Kg)

Co-firing Ratio Switchgrass Rice Straw Logging Rles
5% 889.4122 888.2475 888.7523
10% 843.827 841.4977 842.5072
15% 798.2418 794.7478 796.262
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300 +

Lifecycle GHG Emission (g/Kg)

200 -

100 -

0 20 40 60 80 100 120

Co-firing %
—— Switchgrass —— Rice straw —— Logging residue

Fig 5. Lifecycle GHG Emissions as a Function off€ing Ratio
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CHAPTER V

GHG INVESTIGATION

5.1 Breakeven Price between Biomass and Coal Reg

Currently, the price of biomass is currently do ttemparison in a table not
competitive compared with the price of coal and ltve thermal efficiency of biomass
makes the situation even worse. The economic issw®mmercializing biomass for
power generation. Co-firing can much better imprdive situation, but the economic
barrier is still unsurpassable without stimulatipglicy such as taking COoffset
subsidy or imposing C{Xax. Therefore, the breakeven price can be a &fnddex for
making policy.

Figure 6 shows the breakeven price of switchgrass, straw, logging residue
and coal without other subsidy. If we take the agercoal price of 26.56 $/ton, then the
breakeven switchgrass price must be about 10.%h $dr it to replace coal, which is
much lower than the real cost. However, Rice Saad Logging Residue do not need to
consider cultivate costs (Establishment cost andhter@ance cost). So their costs are
relatively cheaper than Switchgrass. Consequethitypreakeven rice straw price must
be about 13.23 $/ton, and the breakeven logginduegprice must be about 13.85 $/ton,
which is little different to the real cost. The fsis also shows that even if switchgrass,
rice straw, and logging residue have productiorntsc(37.16 $/ton, 27.68 $/ton, 18.67
$/ton, respectively), switchgrass can match up withl only when the price of coal

reaches 90.24 $/ton, rice straw can match up wedd only when the price of coal
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reaches 55.56 $/ton, and logging residue can maichith coal only when the price of
coal reaches 35.8 $/ton. In Switchgrass case,dheprice needed is much higher than
current average level of coal price. In Rice Stewd Logging Residue case, the coal

price needed is little higher than current aveilagel of coal prices.
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Fig 6. Effect of Biomass Feedstock and Coal @edBreaks Even

5.2 CQ Offset Subsidy

The high cost of producing biomass is a big obstéat biomass to become a
practical method to mitigate GHG emissions from pogeneration (Qin et al, 2006).
Lifecycle analyses of biomass and co-firing systeithh biomass and coal indicate that
biomass will generate less GHG emissions thanlfassis. But co-firing system would
only be beneficial. The reasons is the costs ofmbss fired alone plant (modification

cost, additional labor costs, maintenance costs) ate more than expensive to operate
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the co-firing plant. For these reasons, A0 fset Subsidy is needed for biomass which
would be made the commercialization.

The major costs in the co-firing system include tst of fuel and the capital
cost of modification of the power plant to requideidmass to be co-firing with coal.
However, the important thing is that valuing the JGSifset is included in the cost of
biomass. The calculation of GOffset subsidy is based on the idea that gengratual
amount of electricity.

According to previous chapters, we can know asabdiring Ratio increase, the
CO; reduction quantity is increase. The equation ob @@uction quantity is the same
as follows.

In Switchgrass case, the @@duction quantity is equal to

ZGHG Emission- Z LifecycleGHG Emissiont+ ZCarbon Sequestrabn Quantity
In Rice Straw and Logging Residue case,

The CQ reduction quantity :ZGHG Emission—z LifecycleGHG Emission

Table 31 and Figure 7 show the £€duction quantity of switchgrass, rice

straw, logging residue as co-firing ratio.

Table 31. The C©Reduction Quantity from Biomass Feedstock (g/KQg)

Co-firing Ratio Switchgrass Rice Straw Logging Rles
5% 262.936 59.406 75.448
10% 345.973 118.812 150.895

15% 429.009 178.218 226.342
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Policy makers can use the g@duction quantity from Biomass feedstock as an
index of measurement of subsidy. One of the mefbodubsidy is policy makers assign
the Carbon prices. That means the cost of coal atene is made to be equal to the cost
of biomass fired alone or the cost of biomass dagiwith coal after C@offset subsidy

is added.

5.3 Biomass Fired Alone

Currently the application of biomass as the sol&re® of fuel for power plants
with large capacity is not common or economicaln(@i al, 2006). These power plants
are not very competitive without research innovagior subsidies (McCarl et al, 2000).
In addition, bio-fuels have higher volatility, lowsulfur and ash content, and a lower

heating value compared to coal. Some bio-fuelsheae a relatively high alkaline metal
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content, and are also rich in chlorine and silidal¢on, 2001). This nature of biomass
brings other problems to power generation sucHaagmg and fouling which make the
biomass only a less attractive investment alteveaths mentioned earlier, a 100 MW
power plant requires about seven trillion BTUs dnid in turn would require burning
509,099 tons of switchgrass, 630,108 tons of ricaws or 777,778 tons of logging
residues. Based on our estimations of biomass ptatuand hauling costs, the cost of a
ton of biomass feedstock delivered to the powentphaould be: $37.16 for switchgrass,
$27.678 for rice straw, and $18.665 for a ton afgiog residues, respectively. This
translates into the total cost of delivering thawad required amount of feedstock to the
power plant of $18,918,118.8r switchgrass, $17,440,129.28@r rice straw, and
$14,517,319.7 for logging residues. Additionallye amount of required coal is 345,942
ton per year, and the annual cost of coal firech@lpower plant is $9,188,219.52 per
year at same conditions. Figure 8 represent thearoosts of biomass feedstock and

coal graphically.
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Fig 8. Annual Costs of Biomass Feedstock and Coal
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In addition, comparing the biomass availabilitygast Texas counties with a 100
MW power plant biomass requirement reveals thaicé growing counties decided to
switch land to grow switchgrass, individually thesould not be able to supply the
required amount of biomass feedstock. Furtherntbese counties would not be able to
support the power plant even if they jointly supdltheir annual switchgrass production.
The total amount of joint annual switchgrass praidumctops 215,088.42 tons which is
almost 42 percents of the plant requirement of @@®tons. This analysis indicates that
East Texas rice producing counties can not cugresupport a 100 MW rice straw fired
biomass power plant. However, co-firing could bmare feasible alternative for these
counties.

In contrast, our estimates of logging residue iagichat although the counties
are rich in forest land they would not be ablendividually supply the required amount
of logging residue (777,778 tons) for generatirgceicity, they could jointly generate
about 3.3 million tons of logging residue for bimsa Significantly large average
hauling distances that were estimated in Chapteshidv that transportation cost could
be a main obstacle in delivering feedstock to thegr plant. In addition, choosing a
location for a power plant which would minimize tleedstock hauling costs and still be
economically feasible may be a significant chalkeng

In the long run, the technological improvements amdincrease in biomass
availability and costs could make this alternatiwable. In this case, construction of
biomass-only power plant in East Texas will requeveral important considerations.

The feedstock availability analysis in the forashrcounties shows that Angelina, Cass,
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Jasper, Newton, Polk, and Tyler are each able pplgwover 100,000 tons of logging
residue to the power plant with Tyler County pronglthe largest volume, 168,588 tons
per year. In addition, Tyler County is surroundathwseveral other counties (e.g. Hardin,
Harrison, Nacogdoches, San Augustine, and Triniyich could be also considered as
second large suppliers of logging residue biomassuming that the biomass feedstock
is uniformly spread over the forest acreage ofd@hssunties, a potential location for a
power plant could be proposed in the Tyler Couftye additional possibility would be
to assume that a power plant would be receivingpuarbiomass feedstock. In this case,
we would consider locating a power plant in Champétardin, Harris, Jefferson,
Liberty, or Orange County, i.e. counties which cbsiipply switchgrass, rice straw and
logging residue to a power plant. However, our $eck estimates for these counties
indicate that this case is also infeasible. Nonegheke counties can generate enough
biomass to support the annual operations of theMW@0Opower plants.

In summary, the co-firing alternative appears tah® most feasible in the East
Texas region. Moreover, some recent studies pravatdco-firing could also overcome
the problems of stemming from the biomass natug &agging, fouling) and perhaps

is also environmentally beneficial (Boylan et &0BR).

5.4 Co-firing
Co-firing of biomass in retrofitted coal-fired powglants generally have higher
efficiencies, lower capital requirements, and loedectricity costs than combusting the

same fuels in dedicated biomass plants (Nelsonl)2d®e local availability and cost of
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biomass feedstock are the most important factordebermining the feasibility of co-

firing at a specific location. In addition, the patial for co-firing biomass with an

existing coal plant is highly dependent on the adfstransportation from the areas of
lowest cost biomass production to coal plants setefor co-firing.

The following analysis is based on the retrofitaof existing coal fired boiler to
allow the introduction of switchgrass, rice stramlagging residue biomass feed stream.
We adjusted the biomass required amounts, greeahgas emissions, and feedstock
cost by the co-firing ratio. Co-firing budgets wereated for all three biomass feedstock
at 5%, 10% and 15% co-firing.

The feedstock costs at the power plant gate acelledd based on the feedstock
production and hauling costs estimated for our demsk in earlier sections. For
example, switchgrass per ton costs at the plaet gt $25.35 for 5%, $25.72 for 10%,
and $26.01 for 15% co-firing cases, costs for staw case are $20.105 for 5%,
$21.088 for 10%, and $21.773 for 15% co-firing sasgame costs for a ton of logging
residue are $11.946, $13.069, and $13.716, respfctiThe cost goes up as the co-
firing ratio increases. This is mainly because rafréasing hauling distance from the
farm or forest site to the power plant gate.

Further, the analysis of feedstock potential oftHaxas counties to support the
annual power plant operations shows that the cesiméinged differently in this respect.
With regard to co-firing coal with 5% of switchgsasonly Chambers, Jefferson and
Liberty counties demonstrate the adequate potenfidh 10% co-firing, it is only

Chambers and Jefferson counties, and only Jeffe€samty has a potential to support
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the 15% co-firing operation. In terms of rice stramgain Chambers, Jefferson and
Liberty counties show the potential for only 5% foorg cases. Logging residue
potential analysis indicate that only Cass, Jaspetk, and Tyler counties have a
biomass potential for all three co-firing cases.gélima, Cherokee, Hardin, Harrison,
Nacogdoches, Newton, Panola, San Augustine, amdty gounties present a potential
for only 5% and 10% co-firing cases, and Houstomeltty, Marion, Rusk, Sabine,

Shelby, Smith, and Walker counties can supply besar only 5% co-firing case.

5.5 Future Work

We examine the economic, energy and GHG issuesiafyswitchgrass, rice
straw, and logging residue as alternate or suppitane feedstock for power generation
using an integrated approach. Progress in evafy@&oonomic issues associated with
biomass feedstock has been made, but deficiendiesxsst. In particular it is important
to quantify and value the social and private besdgand costs) that might result from
large-scale production and use of biomass feedstock

For the future work analytical needs include,

1. Improved biomass feedstock supply and demanaesu

N

. Improved understanding of the implications ofhdacompetition between

biomass feedstock and conventional crops

w

. Estimates of the farm income and rural employmepacts of producing
biomass feedstock

4. Estimates of the impact of competing uses erptite of biomass feedstock
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5. Evaluation of the role risk plays in farmer d®mns to produce biomass

feedstock
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CHAPTER VI

SUMMARY

In this thesis an integrated analysis was done éxaimined the economic
implications of using agriculturally based feed&wdor bioenergy production in East
Texas. Specifically | examined the use of switelsgr rice straw, and logging residue as
feedstocks for electrical power generation in Hastas as a replacement for coal fired
power generation. Life cycle analysis and Cost-Beasalysis were used.

Considering the total cost of a ton of biomass $emtk delivered to the power
plant | found logging residue is the cheapest ef fikledstocks. However the required
guantity of biomass feedstock and energy efficiesdgast with switchgrass. But | find
that of the volumes of rice straw and switchgrasalable would not be sufficient to
support the required quantity for a solely firedveo plant. Consequently, co-firing is
likely the only feasible alternative with thosedstocks in East Texas.

In the logging residue case, the counties in Eaga3 are not individually able to
supply the required amount of logging residue femayating electricity, but they could
jointly supply the required quantity. Both casesed alone and co-firing, could be
feasible in the region.

As we use more bio-energy for power generationywileget less GHG emission,
which will be an environmental benefit in the longn. The main problem is cost.
Biomass feedstock production, harvesting and hguloosts are too high to

commercialize biomass feedstock for power generattm, | examined the break-even
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price relative to coal. Switchgrass requires agthan the other feedstocks, because it
is not a byproduct requiring establishment, andnteaiance costs. Moreover, in the
logging residue case, | find the coal price neaedddwer than current average level of
coal price meaning there are cases where low degoéeco-firing is currently
economically feasible.

Bio-energy would also be made more competitive gy dcombination of a CO
GHG offset price that would penalize fossil fueewd an exemption from the tax for
renewable energy. | find GHG offset prices can enblomass economically feasible.
Such practices would raise the price people wowddwiling to pay for biomass
feedstock which the value of the GHG net emissiorbke fuels replaced.

In presenting this research | must note severalditrons that could be addressed
in future work. First, the results are driven bg tuality of the underlying data. Many
data were derived from assumptions and basic modets thus echo the quality and
accuracy of these assumptions and models. Secbedfirtdings reflect currently
available technologies and associated data. Howéeehnnology may evolve rapidly,
because of increased research efforts many of warehgovernment funded. Also,
progress in evaluating economic issues associafdd momass feedstock has been

made, but deficiencies still exist.



67

REFERENCES

Balas S., W. Dishman, Jr. D. Hunt., L.G. RaunRJrStallmann, and J.D. Woods. 1993.
Members, Steering Committee. “Future of the Texiae Rdustry. Executive
Summary.” Texas Agricultural Extension Service dratas Agricultural
Experiment Station. D-1417. September.

Barta P. 1998. “Rice Farmers Consider Shift to $@gmne."Wall Street Journal
(Eastern Edition). New York, NY: June 3, p. T. 1.

Bentley, J.W., and T.G. Johnson. 2004. “Easterra$dvarvest and utilization study.”
Resource Bulletin SRS-97. Asheville, NC: U.S. Dépaint of Agriculture, Forest

Service, Southern Research Station.

Boylan D., V. Bush, and D.Il. Bransby. 2000. “Swichss cofiring: pilot scale and field

evaluation.”Biomass and Bioenerg$9(6): 411-417.

Bransby D. 2004. “Switchgrass Profile.” Auburn Ugiisity. Available at:
http://bioenergy.ornl.gov/papers/misc/switchgrassfie.html.

Burden D. 2003. “Switchgrass Profile.” The Agricutil Marketing Resource Center,
lowa State University, Available at:
http://www.agmrc.org/agmrc/commodity/biomass/biomasn.

Carpenter. E.M. 1980. “Wood fuel potential from\ested area in the Eastern United
States.” USDA Forest Service Resource Bulletin NC-5
http://www.woodweb.com/knowledge _base/fpl_pdfs imt051.pdf.

Climate Change Technologies (CCT). 20Biamass EnergyAvailable at:
http://yosemite.epa.gov/oar/globalwarming.nsf/Uri§ayLookup/SHSUS5BNJXH/
$File/biomassenergy.pdf (Accessed July 10, 2004).

Cook J., and J. Beyea. 2000. “Bioenergy in the éthBtates: progress and possibilities.”
Biomass and Bioenerg$3(6): 441-455.



68

Demirbas A. 2004. “Combustion characteristics fiedeént biomass fuelsProgress in
Energy and Combustion Scien86(2): 219-230.

Dobie J.B., P.S. Parsons, and R.G. Curley. 19Aat&ns for handling and utilizing
rice straw."Transactions of the American Society of Agricultiagineers 16(3):
533-536.

Downing M., and R.L. Graham. 1996. “The potentighly and cost of biomass from
energy crops in the Tennessee Vallgidmass and Bioenerg¥1(4): 283-303.

Dreesen A.D., D.M. Burton, R.G. Merrifield, and CSmith. 2000. “Texas Forestry
Chart Book, The Forests and Forest Economy of Tékesgpartment of Forest
Science, Texas A&M University, Texas Agriculturai@eriment Station, Texas

Agricultural Extension Service.

Fife. L, and W. Miller. 1999. “Rice straw feedstoslpply studyor Colusa County,
California.” Woodland, CA, Rice Straw Feedstabhint Venture.

French B.C. 1960. “Some considerations in estingaagssembly cost functions for

agricultural processing operationgdurnal of Farm Economicg2(4): 767-778.

GDRC (Global Development Research Center). 200de ‘Cycle Assessment.”
Available at:  http://www.gdrc.org/uem/Ica/lcafice.html.

Graham R.L., W. Liu, M. Downing. 1997. “The effaftlocation and facility demand
on the marginal cost of delivered wood chips frarargy crops: a case study for the
State of Tennessee.” Oak Ridge National Laboraigfuels Systems Division:

U.S. Department of Energy.

Hohenstein W.G., and L.L. Write. 1994Biomass energy production in the United

States: an OverviewBiomass and Bioenerg@(3): 161-173.

Horsfield B.C., B.M. Jenkins, and C. Becker. 19Agricultural residue as an
alternative source of energy for the Pacific Gas Electric Company.” Research

report. University of California, Davis: DepartmaitAgricultural Engineering.



69

Hughes E. 2000. “Biomass cofiring: economics, poéind opportunities.Biomass and
Bioenergy,19(6): 457-465.

Intergovernmental Panel on Climate Change. 199b6if&e Change 1995: The IPCC
Second Assessment Report.” Volume 2 in: WatsonVRZinyowera, and R. Moss,
(eds.),Scientific-Technical Analyses of Impacts, Adaptetiand Mitigation of
Climate ChangeCambridge, England, Cambridge University Press.

Intergovernmental Panel on Climate Change. 200lint&le Change 2001: Mitigation,
IPCC Third Assessment Report.” in: Metz, B., O. [@aen, R. Swart and J. Pan,
(eds.),Contributions of IPCC Working Group |ICambridge, England, Cambridge

University Press.

Kadam K. L., L.H. Forrest, and W.A. Jacobson. 20&ice straw as a lignocellulosic
resource: collection, processing, transportatiod, environmental aspects.”
Biomass and Bioenerg$8(5): 369-389.

Kiniry J. R., K.A. Cassida, M.A., Hussey. J.P., IW.R. Ocumpaugh., J.C. Read, R. L.
Reed, M.A. Sanderson, B.C. Venuto, and J.R. WikiaB905. “Switchgrass
simulation by the ALMANAC model at diverse sitestire Southern US Biomass
and Bioenergy29(6): 419-425.

Klass D.L. 2004. “Biomass for renewable energy fusds.” Biomass Energy Research

Association website. Available at: http://www.be@g/about.html.

Kline D., T. Hargrove, and C. Vanderlan. 1998. “Treatment of Biomass Fuels in
Carbon Emissions Trading Systems.” Prepared foCeger for Clean Air Policy’s

Greenhouse Gas Emissions Trading Braintrust, Wegsbrin

Ma Z., Wood C.W., Bransby D.I. 2000. “Soil managemeénpacts on soil carbon
sequestration by switchgras&iomass and Bioenerg$8(6): 469-477.

Mann M., and P. Spath. 2001. “A Life Cycle Assesstitd Biomass Cofiring in a Coal-
Fired Power Plant.Clean Products and Process&$2): 81-91.



70

McCarl, B.A. and U. Schneider. 2000. “Agriculturetde in a greenhouse gas emission
mitigation world: An economic perspectivdReview of Agricultural Economics
22(1): 134-159.

McCarl B.A., D.M. Adams, R.J. Alig, and J.T. Chnkel2000. “Competitiveness of
biomass-fueled electrical power plant&hnals of Operations Resear@¥(1): 37-
55.

McKendry P. 2002 Energy production from biomass (part 1): overviéviomass.”
Bioresource Technolog¥3(1): 37-46.

McLaughlin S.B., and M.E. Walsh. 1998. “Evaluatiagvironmental Consequences of
Producing Herbaceous Crops for Bioener@idmass and Bioenerg$4(4): 317-
324.

Nelson R.G. 2001. “Environmental and economic asisalgf switchgrass production for
water quality improvement in Northeast Kansas. coim, NE: Western Biomass

Energy Program.

Noon C.E., M.J. Daly, R.L. Graham, and F.B. Zalf#9d. Transportation and site
location analysis for regional integrated biomasseasment (RIBAProceedings
of Bioenergy '96- The Seventh National Bioenerggf@@nce Nashville, TN, 15-
20 Sept, Southeastern Regional Biomass Energy &#mgp.487-493.

Oak Ridge National Laboratory. 2004. Bioenergy tnfation Network Website.
“Biomass: Frequently Asked Questigh&vailable at:

http://bioenergy.ornl.gov/fags/index.html.

Oregon State Department of Energy, “Part Il — Bissn@nergy considerations.”
Available at: www.oregon.gov/ENERGY/RENEW/Biomasszd/WFH/part2.pdf.

Qin X., T. Mohan, M.M. El-Halwagi, G.C. Cornfortand B.A. McCarl. 2006.

“Switchgrass as an alternate feedstock for poweegion: An environmental,



71

energy, and economic life-cycle analysis.” Cleanhfmlogies and Environmental

Policy, forthcoming, 2007.
Rummer B. 2001. “Forest Operations Research.” AnpAL, US Forest Service.

Sanderson M.A., R.L. Reed , W.R. Ocumpaugh, M.Asddy, G. Van Esbroeck, J.C.
Read, C.R. Tischler, and F.M. Hons. 1999. “Switelsgrcultivars and germplasm
for biomass feedstock production in Texdidresource Technologg,7(3): 209-
219.

SECO Fact Sheet, No. 25, Available at www.infindeer.org/pdf/FactSheet-25.pdf.

Sinden J.A., and D.J. Thampapillai. 1988roduction to Cost-Benefit AnalysiSydney

Longman.

Sokhansanj S. 2006. Agricultural Engineer, persoaaimunication, Environmental

Sciences Division, Oak Ridge National Laboratory.

State Bioenergy. 2004. “Texas bioenergy resourdesilable at:

http://www.eere.energy.gov/state _energy/tech_bismoama?state=TX.

Summers M. D., B.M. Jenkins, P.R. Hyde, J.F. Willgg R.G. Mutters, S.C. Scardacci,
and M.W. Hair. 2003. “Biomass production and altemain rice with implications

for straw harvesting and utilizatiorBiomass and Bioenerg24(3): 163-173.

Texas Agricultural Statistics Service. 2002. “TeRase Acreage.” Available at:

http://beaumont.tamu.edu/eLibrary/CropSurvey/20@2Rcreage.pdf.

Texas Energy Planning Council. 2004. “Texas En€@yggrview.” Available at:

http://www.rrc.state.tx.us/tepc/TexasEnergyOvervpif

Texas Environmental Profiles. 2005. “State Sumnsdri@vailable at:

http://www.texasep.org/html/nrg/nrg_2ele.html.

Texas Water Development Board. 2003. “2002 Statee\Rlan Data.” Available at:
http://www.twdb.state.tx.us/data/popwaterdemand3Bd6jections/popwaterdeman

dmain2.asp.



72

The handbook of Texas on-line. 2005. Available at:

http://www.tsha.utexas.edu/handbook /online.

U.S. DOE. 1998. Annual Energy Review, 1997. U.So@tment of Energy, Energy
Information Administration, DOE/EIA-03849(97), Wasgton, D.C.

U.S.EPA. 2002. Inventory of U.S. Greenhouse GassEions and Sinks 1990-2000,
EPA 430-R-02-003, April.

Vogel K.P., and R.A. Masters. 1998. “Developingtstwjrass into a biomass fuel crop
for the midwestern USA.Proceedings of BioEnergy 98 - Expanding Bioenergy
Partnerships Madison, WI, October 4-8.

Walsh M.E. 1998. “U.S. bioenergy crop economic gsial status and need®fomass
and Bioenergyl4(4): 341-350.

Walsh. M.E., D.G. De La Torre Ugarte, H. Shapoanil S.P. Slinsky. 2003. “Bioenergy
crop production in the United State&fvironmental and Resource Economics
24(4):313-333.

Wang M., and D. Santini. 2000. GREET transportafigal cycle analysis model,
version 1.5. Center for Transportation ResearcgpAne National Laboratory.

Xu W., and B. Carraway. 2005. “Biomass from loggiagidue and mill residue in east

Texas, 2003.” Texas Forest Service.



73

VITA
Name : Sung Wook Hong
Address : 1001 Harvey Rd. APT#97 €y Station, TX, 77840
Permanent Eun-Bit Samick APT 521-38®a-jung-Dong, Duk-yang-Gu,
Address : Goyang-Si, Kyung-gi-Do,rga (R.0.K)

Email Address : sungwook@tamu.edu

Education : B.A., Crop Science, Koraaudrsity, 2002
M.S., Agricultufatonomics, Texas A&M University, 2007

Experience :

(Summer 2000 - Summer 2001) Student Worker, Deyeant of Crop Science, Korea
University, Seoul, Korea
Research on classifying seeds in weed science lab
Research on DNA electric extraction of crops in
molecular breeding lab

(March 1995 — December 1996) Student Worker, Diepant of Crop Science, Korea
University, Seoul, Korea
Research on improving farm management in Korea

Honors and Awards :

Departmental Biofuel/Biosecurity Research Scholarbly Department of Agricultural
Economics, Texas A&M University, September 2005.

Departmental Scholarship by Department of AgriqaltEEconomics, Texas A&M
University, January 2005.

Departmental Biofuel/Biosecurity Research Scholarbly Department of Agricultural
Economics, Texas A&M University, September 2004.



