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Abstract

Across North Carolina, forest species compositias thanged substantially over the past
35 years. Oak species have declined while otheiep, especially red maple and sweetgum
have proliferated. This general trend is seensactioe state of North Carolina, though each of
the four physiographic regions of the state ha®igint factors that contribute to the specie
composition changes. Within oak stands, competitidhe understory and midstory can
significantly reduce oak regeneration. Mitigatcamnpetition with oak species through TSI can
generate biomass for energy. This project explpodsntial connections between oak
regeneration through conservation forestry and ¢instend improvement operations that target
red maple and sweetgum removals for biomass endrigig. project quantifies small-diameter
biomass of red maple and sweetgum trees in oakrdded stands across North Carolina.

Biomass supply estimates typically focus on avélabsidues from forest harvests or
from overstocked stands. This report is the fodbcus on biomass available from restoration
activities in hardwood stands. The standing stifckmall diameter red maple and sweetgum is
approximately 18,000,000 tons in North Carolina7®5,000 green tons on an annual basis.
However, because harvesting biomass in stand ineprent operations is expensive and because
of the distributed nature of the resource, limig@@ntities of biomass will be utilized by our
current biomass energy infrastructure. A supplylel@f the biomass facilities in the state
shows that only 87,000 green tons could be utiliZEde four facilities modeled in the scenario
could produce 53,000 MWh of electricity from theadable biomass. Utilization of all biomass
in high efficiency thermal applications could yidlgb00,000 MWh-equivalent of thermal
energy. A distributed network of biomass energlyzation, focusing on high efficiency thermal
applications appears necessary to realize th@dtdintial of North Carolina’s biomass resources.
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Background

Forest trends

Total acreage of forestland in the five southeastéates has remained roughly constant
over the past century after several centuries ofirte The North has actually seen an increase
in forest land as farms have been abandoned andriteeturns to forest once more. In the
Southeast, increase in forest land from reforestaif abandoned farm land has been largely
balanced by existing forests being converted teratises for a largely stable forest land are over
the past 100 years (FIA, 2002). However, the caitjpm of hardwood stands in the Southeast
region has changed significantly over the same pered, especially with regard to advanced
regeneration, or small diameter trees. The tymqailibrium vegetation in eastern forests was
oak-hickory or mixed oak-pine. However, oakxiércus spp.) have declined in many stands for
many reasons, both in hardwood and mixed pine-haodvorests. Other species have risen to
prominence in these stands including red mafxer(rubrum), but also tulip poplar
(Liriodendron tulipifera) and sweetgunlL{quidambar styraciflua) (McDonald et al, 2002).

Red maple populations have exploded over the gastin/, and they have become
sizeable components of many forest types withiir tla@ge, replacing the dominant oaks in both
the understory and midstory. Part of this increasg be attributed to the ability of red maple to
survive over a wide variety of site conditions (Abnrs, 1998). Red maple is also shade tolerant,
which allows it to survive under to canopy of otepecies, while shading out advanced
regeneration from oak species. A large increasehite-tailed deer over the past several
decades and increased deer browse may have caoatritaureduced oak regeneration. Deer
prefer oak mast and oak foliage over that of reglem@Abrams, 1998). Another factor for the

decline of oaks and increase in red maple may&suppression of fire, for which red maple is



not particularly well adapted (McDonald et al, 20B8ose et al, 2001). In particular, low
intensity ground fires allow greater regeneratibnak saplings by removing other species from
competition. Prescribed fire may play a critiaalerin reducing the prevalence of red maple
regeneration, but red maple is already well esthbtl in many hardwood forest stands. In
addition, prescribed fire may be difficult to bribgck to many forested areas. Using prescribed
fire is costly and it is often difficult to managmoke in a fragmented landscape. In addition, air
quality concerns can limit the ability of forest magers to use prescribed fire in many
communities in the state.

The increased prevalence of red maple and othediesirable species may concern
forest managers for two different reasons. Thestreay be marginal in merchantable size for
conventional timber products and may also prevahktregeneration. While many individual
specimens of red maple may be small, they nevexdbalan represent a large amount of woody
material in many hardwood stands. This biomas$ddoypothetically be harvested for energy
production while helping to promote oak regenerattomanaged hardwood stands.

Energy from biomass

Biomass is an alternative source of energy thareduce greenhouse gas emissions and
provide a reliable supply of energy. Several dewetl nations in Europe get substantial
amounts of their total energy from biomass, inalgdrinland, which obtains 20% of its energy
from wood (Hakkila, 2006), and Austria, which ob&il2% of its total energy from biomass
(BTEC, 2010). Currently, biomass is the largestreable energy source in the U.S. after hydro
power. Figure 1 shows the contribution from biosnfs the U.S. energy supply. Most of this
capacity comes from installed generation from tle®@avproducts industries, especially pulp and

paper. The pulp and paper industry has used wasid to fuel their operations for decades,



lowering their electricity costs and making useafaste product. It is important to note that
Figure 1 displays total energy consumption, rathan simply electricity consumption. Wood
fuels are still used for heating in many areaeflW.S., including the Northeast and the Great
Lakes states. Wood fuels have also increasedpalanty in recent years as the prices of fuel
oil have spiked, natural gas has remained volatite, environmental concerns over climate

change have become more prominent.

U.S. Energy Consumption by Energy Source, 2008
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Figure 1 shows U.S. energy consumption in 2009. Biomastenand wood combined make up one third of total
renewable energy production. Biofuels is primaciynposed of corn ethanol and soy biodiesel. Sotide

A major driver of renewable energy installationghe U.S. are renewable portfolio
standards (RPS) enacted by various states. Anf®E&s utilities to obtain a certain percentage
of their electricity production from qualifying rewable sources over a certain time frame.
North Carolina instituted a Renewable Energy andr§nEfficiency Portfolio Standard in

August of 2007, which mandates 12.5% of energy usé#ue state come from new renewable



sources or be offset through efficiency measure2d2i (2007 N.C. Sess. Law 2007-397).
Figure 2 investigates the current energy produdgtiddorth Carolina as of 2009. It is important
to note that the current biomass energy is domihlayecaptive plants producing energy for the

pulp and paper industry.

Energy Production by Energy Source in North
Carolina, 2009
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Figure 2 shows energy production in North Carolina in 200%e primary source of wood energy is the pulp and
paper industry.

In the southeastern U.S., it is projected thantlagor renewable energy source will be
from biomass resources. The southeast does netstilong onshore wind potential and has
limited solar potential due to cloud cover. Mamyieonmental groups have expressed concern
over the large increase in biomass energy thabieged for the state of North Carolina and for
the Southeast as a whole. The definition of refsvanergy included in NC Session Law 2007-
397 indicates that “wood waste” qualifies as a vatde biomass resource. However, the NC

Court of Appeals ruled in the summer of 2011 thiable trees qualify as renewable energy
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sources in a case that pitted the Environmenta¢isf Fund against Duke Energy. Duke
Energy sought to use whole tree of pulpwood sizeotéire in several coal fired power plants.
Biomass has potential to be co-fired in coal plattsatios up to 10% without substantial
changes in the boiler systems. This is seen litiegiin the southeast as a way to meet pollution
standards, in addition to the REPS in North Caglat the lowest cost. Another option is to
build standalone biomass facilities to producetelgty exclusively from the combustion of
wood or other biomass resources, though stand&aiigies typically have a lower efficiency
of combustion.
Carbon and biomass

While many groups currently advocate for biomasa earbon neutral energy source,
including forestry associations and energy tradeigs, there has been debate within the
scientific community over how carbon emissions frisiemass burning should be treated. The
traditional view of biomass energy is that it igfison neutral.” The carbon released by burning
trees is part of the active carbon cycle and woeldeleased eventually anyway, with the death
of the tree. In contrast, fossil fuels represambon that have been removed from the carbon
cycle and effectively stored for millennia. Howewmeéis important to consider the full
implications of biomass burning for energy. Hatresbiomass systemically reduces the
amount of carbon stored in the forest, with a t@sglincrease in atmospheric carbon. Much
greater amounts of carbon are added to the atmasplien producing energy from wood at
low efficiencies.

Biomass energy depletes carbon stocks in foredtng that carbon to the atmosphere.
This carbon is taken up again by regenerating terésit the result is a temporary increase in

atmospheric C@concentrations (Johnson, 2009). Therefore, bioreassyy can increase



emissions in the short term, before forests regeadully and accumulate the carbon released
during energy generation. The state of Massactsusetmissioned a study that concluded that
electricity from biomass would increase £€nissions over the short term (Manomet, 2010).
The study found that biomass combustion releas®&sr0re CQ per unit of energy produced
than coal combustion. While the study was pardictd the state of Massachusetts, it does show
that carbon accounting of biomass must be dondutlygre Biomass, and especially biofuels, can
also cause indirect carbon emissions through langtersion (Searchinger et al, 2008). As
agricultural land is used to grow biofuel cropsgs, or energy crops, new land must be found
for food crops, which results in the conversiowviogin forests. The impact from indirect land
use change can be a significant factor in the diveaiebon footprint of biomass energy
(Searchinger et al, 2008). Table 1 illustratesdifferences in emissions from producing 1
MWh of energy using a variety of fuels. The coadl @atural gas emissions rates are averages

from all plants in the country.

Table 1
CO, emissions rate (Ibs./MWh)
Coal* 2249
Natural gas* 1135
Biomasst 3327
CHP% 955

*Source: EPA (2007)
tSource: Matera (2010)

fCalculated assuming change from 24.4% to 85%
efficiency from regular biomass combustion

The increase in carbon emissions from biomass grkag produces electrical power
contains many complexities. Biomass energy rekeasarly double the Grer MWh of

electricity produced as coal and four times thatatiral gas. Therefore, the reference fuel to



which biomass is compared is important. In marglymes, biomass energy is assumed to
supplant coal, but this may not be accurate foar@hs and all markets. For example, in the
Northeast, natural gas is the dominant electrigpggeration source and heating oil is the
dominant heating source. Both may be the souremefgy replaced by additional biomass
generation. The carbon implications of adding aemenergy versus a business-as-usual
scenario therefore depend on the technology teplaced in each region.

Carbon emissions from biomass energy are alsoentlgrdifferent than that from fossil
fuels. Carbon present in biomass is part of thiw@acarbon cycle and is being continuously
cycled between the biosphere and atmosphere. $eetddhis carbon through biomass burning
only speeds the transition back to the atmosphéee of fossil fuels, on the other hand, releases
carbon that had been previously removed from thigeacarbon cycle and sequestered in
geologic formations. Thus, ancient carbon is s#daadding significantly to atmospheric
concentrations of carbon dioxide. However, whileniass while increase atmospheric carbon, a
steady state can be reached where continued eperdyction does not increase atmospheric
emissions.

The biomass technology and its related converditciency also determine the carbon
emissions of biomass energy. Combustion of bionmagasconventional boiler has an average
efficiency of 24.4%. Thermal technologies, suchhesAdvanced Wood Combustion (AWC)
used in much of Europe, and combined heat and p@é#P) can have efficiencies that reach
90% (Richter et al. 2009). Thus, for a given amairenergy produced, there are far fewer
carbon emissions. Finally, the source of biomé&ss factors into determining the cumulative
CO, emissions. Using waste wood or logging slash framvesting operations results in no net

CO, emissions, because these wood sources would leaeenghosed anyway in a relatively
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short time period (Manomet, 2010). All of thesetéas, the biomass source, the combustion
technology, the displaced energy generation, amdntierent difference between active and
fossilized carbon are important to consider whdautating the CQ emissions of biomass
energy.

Sustainability

Sustainability of biomass harvesting for energy &lae raised concerns. Slash and other
low-value wood, collectively termed logging residuwvhich are left on site, perform many
valuable ecosystem services. Logging residuesiratdrients, especially in the foliage, which
are recycled into the soil upon decomposition efrésidues. Nitrogen is especially recycled in
this way. Residues also perform other importanehies, such as reducing erosion on a
harvested site, and protecting water quality. €Ress, especially coarse woody debris, also
provide habitat for small animals and insects, Wtace important to ecosystem functions. The
Forest Guild has proposed sustainability guidelfioesnany biomass harvesting operations for
different regions of the country, to prevent theldgon of ecosystem services after biomass
harvests.

In May of 2011, the EPA proposed to defer regutatbgreenhouse gas emissions from
biomass plants for three years. The proposedrdéfgas opened to public comment, with many
environmental groups opposed to the deferral, whéay forestry groups supported the decision
by the EPA. Some of the comments are instructsvi® @he role of small-diameter trees,
conservation forestry, and ecosystem restoratidmamass energy. The Director of U.S.
Government Relations at the Nature Conservancylantice President of Public Policy at the
National Audubon Society commented that “In camgyour conservation work, we conduct or

support many habitat restoration projects that stagd to benefit from new biomass energy
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markets. For instance, some projects remove sneak tand other biomass from forest
landscapes to reduce catastrophic fire risks.Herdbcations, our organizations are restoring
degraded agricultural lands by planting perenniasges. If the biomass materials produced and
harvested through these activities could be solidenergy facilities for conversion to low
carbon energy, additional resources would be avail@ carry out these conservation projects”,
(Bendick and Daulton, 2011). From these commaénitsclear that a large landowner, like the
Nature Conservancy, is considering selling smallrditer trees as biomass in order to off-set
some of the costs of land maintenance and restorati

The removal of small-diameter trees for use as bgsmmay also be preferable from a
carbon perspective, as well. Small trees currdrdlye no market. Thus, when they are removed
to promote regeneration or to restore the natiosystem, they are typically left in the forest to
decompose. Diverting this resource to a biomassggrfacility would release the carbon, but
only slightly faster than if left to decompose matly. One concern is that with a market for
small-diameter trees, removal would increase gredlowever, these removals are used to
promote regeneration and growth of high-value ssge@nd may actually increase the carbon
uptake of the forest, in response to forest thigniAt the present time, the amount of biomass

available from restoration practices is unknown.

Objective

There have been several biomass estimates thatri@duded the forested lands in North
Carolina. The first major study was conductedh®yWSDA and the DOE to investigate the
potential contribution to total biomass availalilior all feedstocks across the country (Perlack

et al, 2005). The billion-ton study was not as madiomass inventory but a study of the
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feasibility of producing a billion tons of biomaagear. Forest biomass estimates were
aggregated for the entire country and were compobegkidues from traditional forest
harvesting operations and a small percentage tihgapleemed to be overstocked (Perlack et
al, 2005). Additional studies have focused momeavay on Southeastern states, including
North Carolina. A recent estimate of current biemavailability in North Carolina found 2.8
million dry tons available for energy productiona| et al, 2009). However, this analysis
estimated only forest residues of on-going haragsbperations. Biomass potential of less
desirable species in hardwood stands, particutdmhon-merchantable trees has not been
investigated.

This project will attempt to understand the chaimgeardwood forest composition over
the past 60 years on the state level, using famgentory information for North Carolina. This
information may be valuable to landowners and fomesnagers throughout the state. The in-
depth analysis in North Carolina will also allow fgeneral comparison to other states in the
Southeast that have similar physiographic provindggsunderstanding the changing
composition of hardwood stands, it will be possibl@nalyze the amount of biomass currently
composed of low value species, which may be réstgoak and hickory regeneration. This
project will provide an estimate of available bi@sdor energy production using only low value
hardwood species that can be obtained from standitly and improvement operations in
mixed hardwood stands. The project incorporatesdéa of conservation forestry and
managing forests for multiple uses. Removal of i@e species, such as red maple and
sweetgum, provides biomass but can also improveetipeneration and growth of high value
species within the stand. For example, oak magpisally considered more conducive to

wildlife. Oak is also a high value timber produdtherefore, oak regeneration is important when

13



managing a forest for wildlife or timber or managior multiple uses. Ultimately, this project
will provide an estimate of total available biomaskile providing forest managers with
information on a possible market for low value wdbdt can be removed in Timber Stand

Improvement (TSI) practices.

Methods

Forest Inventory and Analysis (FIA)

The US Forest Service undertakes the Forest Inseata Analysis (FIA) which is a
continuous inventory of the nation’s forests. Fi& began in 1936, providing constant data on
the composition of North Carolina forests overldmst 80 years. The FIA program uses forest
plots scattered through public and private landsughout the state to analyze changes in the
forest structure and species composition. Botedimd and non-forested lands are sampled,
though tree data is only available for plots thatgreater than 25% forested. Up until the
1990s, a statewide survey was conducted about é@eygars. In 1999, the FIA shifted from a
periodic state by state survey to an annual invgridbeach state, providing increasing fine
temporal resolution to the data. The annual sulwels at a sampling of sites across the state in
each year, with all sites being surveyed in a &sar period. This method is preferred because it
can give greater temporal detail on changes ifdiest. FIA gathers information in four
distinct regions in North Carolina that correspoodghly to physiographic provinces: the
mountains, the piedmont, and the northern and souitoastal plain. The data is then broken
down by county estimates, but this spatial resofutif the data does not match the resolution in
which it was collected. Therefore, the projectused on North Carolina as a whole, broken

down by region rather than county. Long term teeimdspecies composition within North
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Carolina’s forests are important to couple with tirstory of forest management to determine the
cause of changing forest composition.

The FIA sampling method begins with satellite reens¢nsing. Land use and land cover
classification is used to determine areas withlaintand cover. The different forest
classifications are used in developing the sectrad@ of sampling using ground plots. Ground
plots, or Phase 2 plots, are designed to covea@d sample area. Current inventories use a
standard fixed radius plot and subplot layout f&r $ampling process, which is standard across
the country. Older inventories used a combinadibiixed radius and prism plots for tree
selection, though the current method has beeraceince the mid-1990s. Each sampling
location consists of four plots, each consistinghoée different size nested plots, referred to as
macroplots, subplots, and microplots. Figure kgia description of a standard FIA sampling
plot with the locations and diameters of each plthe three different size plots all measure trees
in different size classes. The microplots meaasllrgees between 1 inch and 5 inches in
diameter, while the subplots measure all trees@Banches in diameter. The macroplots

measure larger trees, though the size cutoff vanesng plot locations and forest types.
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Figure 3. The subplot layout of a standard FIA Phase Zpdiamlocation. Source: FIA Database User Manual,
4.0 (2010).

The division of data into four physiographic prases is also important for the analysis
of changing species composition. Oaks, and inrge¢tiee oak-hickory forest, dominated in the
Piedmont region. The mountains historically wesenthated by oaks as well, though other
species, such as sugar maple and white pine wasgedsent. Each province has a different
historic species composition. The primary hardwfmodsts in the state were throughout the
Piedmont and mountains, though the species of lmrdsvalso differed between these two
regions. Therefore the greatest decline in oakistlaa largest increase in low value species are
expected in the piedmont and mountain provinceélefnventory data.

The northern and southern coastal plain were hestily dominated by pine forests and
mixed oak-pine forests. Today, pine plantatiomscmmon in the coastal plain and mixed
hardwood forests are much rarer. Pine plantatioihslso make reduce the usefulness of small-

diameter trees as a source of biomass. In hardfaredts, these small diameter trees can be
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removed as part of stand improvement operatiormsveder, pine plantations typically have

short rotations and regenerating species may na& tiae to grow to sufficient size to be worth
harvesting. In addition, there is no reason toaesthe small-diameter biomass before a final
harvest. However, the biomass from small diamegdes could contribute to the total biomass
removed from a site, such as tops and limbs, ibmass harvest was added to a more traditional
sawtimber or pulpwood harvest.

Data from the Forest Service’s FIA was obtainednftbe online database. The FIA
“TREE” database contains all individual recordsgampled trees. In North Carolina, this
information is available from the 1974, 1984, 19&0J 2002 periodic inventories, as well as the
recent annual inventories that have taken placa #0603-2010 (FIA, 2008). The data three
periodic surveys undertaken in North Carolina beft®74 have been lost. Several publications
were written on the periodic survey data of 19385l and 1954 by the Forest Service and were
obtained from the Forest Service archives to supeid the existing data. This data is only
useful in evaluating trends in the overall spec@sposition.

FIA data contains information on the sampling aitel plot locations, and includes tree
species, diameter (DBH), height, stem biomassbtomass, stump biomass, and belowground
biomass. Diameter and height are reported foryevee, though biomass is not calculated for
every tree. For small diameter trees (<5 incheslpBampled in each FIA microplot, biomass
values are constant and based solely upon diam€&kexse missing values could be filled in
based on the diameter of the tree in each recbiné. biomass of pulpwood size trees between 5
and 8 inches in diameter was calculated in orderftom the economic analysis of stand
improvement operations. Therefore, it was necgdsaletermine a relationship between DBH

and biomass for the two species of interest, replerand sweetgum.
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For pulpwood-sized trees, between 5 inches andl&min diameter, the FIA uses a
series of twelve equations sourced from the acadbterature to determine total biomass in
each tree (FIADB, 2010). However, the relationdigpiveen a combination variable of DBH
and height and biomass were strong. Tree recordsoth species that included both DBH and a
calculation of biomass were aggregated and regidedend the equation for this relationship.
For each species, all tree records that contairigdd, Deight, and biomass in the Annual
surveys, which represent the most recent data atkanologies, were used in the regression to
identify the relationship. The regression founel telationship between a combination variable
(diameter * height) and the total aboveground bissngatem biomass + top biomass). The
Appendix contains a further explanation of the esgrons and shows the plot of the regressions
for each species and region.

Estimates of current biomass supply from small-@ntrees will necessarily use the
most recent data. Therefore, only this data is@ppate to use in determining the relationship
between diameter and height, and biomass. A difteregression was performed for each of the
four sampling regions in North Carolina simply besa of how the data were aggregated. Itis
possible that regional variations exist betweemei@r, height, and their relationship to
biomass. FIA biomass calculations, however, ussistent equations across the country, so no
regional differences were expected. The regressjoiations resulting from the analyses were
used to populate the missing pulpwood biomass sdhrered maple and sweetgum in each
region.

After calculating biomass values for individualegsesampled, it was necessary to scale
up to the biomass available in each acre. FlAutates a factor TPA_UNADJ that allows

individual tree data to be scaled up to an actee factor is calculated using Equation 1:
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TPA = 1/(N*A) 1)
where N is the number of subplots, and A is tha afeeach subplot. The biomass from each
tree record is multiplied by the factor TPA_UNAI@Jdcale up to the estimated biomass
available on an acre. The amount of biomass dn aae is then sorted by forest type, which
must be obtained from the COND table from the FhRfilter was applied to retain only the
estimates of biomass for hardwood stands, speltyficak dominated stands. The total biomass
available from small-diameter red maple and swerttjees was scaled up to the region level.
The FIA uses one sample plot for approximately ¢®&36 acres. The sample plots are
distributed by so that each forest type meetsréi&ionship between total acres and number of
sample plots. Therefore, the amount of biomags tooth tree species was summed for each
region, both in total and only including oak staraisd was multiplied by 5936 to scale the plot
level data up to the regional level. FIA biomassneates are in dry pounds, which were
converted to tons to enable a comparison with ticadil biomass estimates. The results are
displayed in both dry and green tons in order tdifate such a comparison.

The statewide stock of biomass also needed toinected to a sustainable rate, where
biomass could be removed every year. FIA data doescluded age with individual tree
records. Age can be obtained for selected trees\aral species for each inventory year. Red
maple did not have any age related data, and sweedges were charted from the last 5 annual
inventories. A relationship between diameter agel @ diameter height was regressed. The age
at diameter height is several years lower thanrtieeage. 2.5 years were added to find the
average age necessary for a sweetgum tree to 5eaches in diameter, which is the limit for
our low-value biomass estimate. The total amotiaivailable biomass was divided by the

average time needed for a sweetgum tree to reaamaximum diameter to arrive at a

19



sustainable harvest rate. No data for red mapteavailable so the same rate was used for both
species.
Energy analysis

Standalone biomass facilities within the stateendentified as Craven County Wood
Energy and Green Power Kenansville (ORNL, 2011})leathere is a plant currently on hold in
Hertford County. In addition, Duke Energy recendgt-fired biomass with coal at a rate of 10%
in the Buck Steam Station in Rowan County, Northoliaa. These four facilities were used to
conduct an analysis of biomass demand from cufaeilities in North Carolina and the
potential for low-value biomass from TSI operatidode utilized. Two of these facilities are
not currently producing power, the proposed Hedtfolant and the Duke co-firing operation, but
could produce energy from biomass in the futureesk plants are currently the only standalone
facilities using biomass in the state. The pulg paper industry has large biomass capacity, but
these plants are considered captive plants. Tdradss produces large amounts of steam for
industrial processes and electricity generationnlearly all is consumed by the facilities
themselves.

ArcGIS was used to create a map of the four bigmpénts. The plants were isolated
using Google Earth to find the exact location facteplant. A shapefile was created to include
the locations of the biomass plants within theest&8hapefiles of the counties of North Carolina
and all major roads in North Carolina were obtaifrech NC OneMap. The road layer was used
to create a road network that covered the staloah Carolina. The network layer was
necessary to determine biomass source areas aeachdndividual plant. Typically, biomass
must be sourced from within 50 miles of a facititybe economical (source). However, this is

not a straight-line distance, but a haul distanb@nsportation is the largest component of the
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total cost of delivered biomass (Galik et al. 2008herefore, a 50 mile road network must be
established to determine the area within econonhigal distance. Aggregate area within haul
distance was found for 5 mile distances up to 9@srior all four facilities. Overlapping wood
supply sheds for different facilities were taketoiaccount by including their area only once,
while all out of state area was excluded. The @aa within the 50 mile road network buffer is

displayed in Figure 3.
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North Carolina Energy Facilities Using Biomass

Legend

Plants using biomass
Type
@ Standalone Biomass
Co-fire

7 Proposed

I 50 mile buffer
- NC Counties

Figure 4 displays four biomass facilities in the state oftNaCarolina. Two are standalone biomass fadlitiet produce electricity. One is a coal firetveo
plant that Duke Energy used to co-fire biomass,jdatrrently operating solely on coal. The fougtla proposed biomass facility to produce eleityribat has
been put on hold.
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Total available biomass inside each componertt@ttpply shed was estimated. Total
biomass included that available from TSI operatiamd from forest residues after typical forest
harvests, which were obtained from Connor and Joh(2011). The spatial distribution of low-
value biomass from hardwood TSI operations wasawailable. Each FIA plot has general
location information associated with it. Howewveagch plot represents 5936 acres of the same
forest type in the same region. Spatial data Wsxsreot available with the forest residues total.
Therefore, an even distribution of residues actiosstate was assumed for the sake of the
biomass aggregation. While there is spatial hgeeity in the availability of these biomass
residues, the supply sheds for the biomass fadldre large, making an average value an
appropriate estimate of actual biomass supply.

Supply curves were generated using the amoumwei/blue biomass, residues, and
aggregate biomass available to the four facilgiegarticular prices. The delivered price per
green ton was assumed to start at $17.25 for residod increase $0.16 per ton-mile (Galik et
al. 2009). Biomass from low-value trees from TBé@tions are more expensive to harvest,
typically costing twice as much to harvest as foresidues (EPA, 2008). Therefore, the starting
price for low-value wood from thinnings startedba8.93 per green ton. The total biomass
needed by the facilities was also graphed to shberevsupply met demand, assuming all
demand is met with these two biomass resources.emargy generated from these four facilities
was calculated using the total amount of biomass by each plant. The amount of biomass
needed each year per MW of capacity is approximai@J000 green tons (Wiltsee, 2000).
Conversion rates of 4250 Btu/green Ib. and 140Q0kB¢h, (Wiltsee, 2000) corresponding to

24.4% thermal efficiency) were used to calculataltenergy production from these four plants.
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The total energy available from the wood from ardhated network of high efficiency thermal

applications was also calculated for comparison.

Results
Species composition trends

FIA data shows a clear trend in the compositiofoddsts in North Carolina from 1974 to
the present, especially in the Piedmont and Moostaggions. The proportion of total stems
comprised of oak species declines substantially thheeperiod in both regions. The Piedmont
sees a decline from just over 20% to 13.5%. Imtbentains, the decline is even more
dramatic. In 1974, oaks comprised approximately@&0of the total trees within the region.
Present data indicates that this proportion habnaetcto 19%. Figures 2 and 3 illustrate the
decline of oak species and the rise in prominefespecially red maple, but also sweetgum,

within the Piedmont and Mountain regions.
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Changing species composition in NC Piedmont
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Figure 5 shows the percentage of total stems belongingd¢b species or species group using FIA data shee t
1974 survey to the present annual surveys.
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Figure 6 shows the percentage of total stems belongingth species from the 1974 FIA inventory to the @nés
annual inventories. The prominence of oaks deglara the amount of red maple increases.
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Within the northern and southern Coastal Plaingctienge in the species composition
reflected a different mechanism. The forests ef@oastal Plain are historically pine forests, or
mixed oak and pine. Therefore, the proportionakin 1974 is not nearly as high in the
Coastal Plain as in the other two regions in th&est Though, the dramatic decline in oak
species is not apparent in these two regions, dakkecline as a proportion of overall trees.
This decline does not seem to be correlated wittamatic increase in red maple or sweetgum.
The species dynamics in these regions are sligmiye complicated. This is not altogether
unexpected as oak species generally change froRididenont to the Coastal Plain. Closer to
the coast are more turkey oaks, which share hahkitatpine species, as well as coastal species
such as live oaks. However, the biomass estinfiaiesthese two regions will still be included
into the total estimate of biomass from small-ditaneed maple and sweetgum from hardwood
stands. Red maple and sweetgum that have indittpaine stands can still be harvested to
provide biomass for energy. However, this biomaidisnot be included in estimates of
available biomass through hardwood stand improvémgerations. Stand improvement
operations in pine, such as pre-commercial thirgjisglvage harvests, or other thinnings can
harvest small-diameter red maple and sweetgumidondss purposes. Figures 4 and 5 show the
changes in species composition in the northerrsanthern coastal plains of North Carolina

since 1974.
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Change in species composition in NC southern
coastal plain
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Figure 7 shows the percentage of total stems belongingc¢b species from the 1974 FIA inventory to the gnés
annual inventories. The prominence of oaks deglimi¢h the increase of loblolly pine.

Change in species composition in NC northern
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Figure 8 shows the percentage of total stems belongingth species from the 1974 FIA inventory to the @nés
annual inventories. Oaks make up a small propogidotal stems, but decline with the increastblolly pine.
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Biomass estimates

Changing species composition, especially in theiMains and Piedmont regions of the
state, show an increasing amount of red maple @edtgum, while oaks are declining. The
Mountains, however, have little to no sweetgumng@eslightly out of the range of the species.
In the Coastal Plain, a decline in the number &fstams can be explained by the increase in
loblolly pine plantations. In the Piedmont and Mtains, the story appears to be more
complicated. Small red maple and sweetgum treespycthe mid-story in a forest can restrict
the regeneration of oaks, by not allowing enoughtlto reach the seedlings. This analysis
investigated the total amount of standing biomassnall-diameter red maple and sweetgum
trees across the state. This total amount of bismas constrained to find the amount available
solely from hardwood stands. Table 2 summarizesdhbults of the analysis and projects the

amount of biomass available across the state.

Table 2
Live Biomass from small-diameter trees (<5 in. Diameter)
Biomass - all Biomass - oak Oak stands
stands (dry tons) |stands (dry tons) |[(greentons) [Available*
Southern Red maple 5,021,388 1,123,725 2,247,451 1,460,843
Coastal Plain [Sweetgum 3,561,226 1,085,620 2,171,240 1,411,306
Northern Red maple 5,966,735 1,194,226 2,388,453 1,552,494
Coastal Plain [Sweetgum 4,292,395 1,029,571 2,059,142 1,338,443
Red maple 4,752,750 2,959,014 5,918,027] 3,846,718
Piedmont Sweetgum 4,438,187 2,746,043 5,492,085| 3,569,855
Red maple 4,322,957 3,830,712 7,661,424] 4,979,925
Mountains
Totals: 32,355,637 13,968,911 27,937,823| 18,159,585
* includes 65% utilization rate
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Using the FIA data from the last 5 annual surveysch each cover 20% of the state,
there are an estimated 18 million tons of avail&benass from small diameter red maple and
sweetgum trees in oak stands. The utilizationisatsed to estimate how much of the small
diameter biomass would be available on the statd te generate energy. On individual sites
where harvests take place, the actual recoveryoofidss material will be much higher.

However, some sights will be too far from biomaaslities to make a harvest viable, while
some landowners may not want to participate indstarprovement operations if they have other
management objectives besides timber.

A sustainable harvest rate was calculated usiagelationship between age and diameter
shown in Figure 7. Sweetgum takes an average.6f\#ars to achieve a diameter of 5 inches.
However, this is the age at diameter height, omiebers. Therefore, 2.5 years were added to the
total in order to reflect the average age of a sgver tree that has a diameter of 5 inches. Table
3 displays the average amount of low-value bionfrass red maple and sweetgum available on

an annual basis.
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Diameter-Agerelationship in sweetgum
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Figure 9 shows the relationship between diameter and age/éetgum trees in North Carolina sampled in the
annual inventory years from 2005-2010.

Table 3
Sustainable annual removal of low-value species
Biomass - all Biomass - oak Oak stands
stands (dry tons) |stands (dry tons) |[(greentons) [Available*
Southern Red maple 200,856 44,949 89,898 58,434
Coastal Plain [Sweetgum 142,449 43,425 86,850 56,452
Northern Red maple 238,669 47,769 95,538 62,100
Coastal Plain [Sweetgum 171,696 41,183 82,366 53,538
Red maple 190,110 118,361 236,721 153,869
Piedmont Sweetgum 177,527 109,842 219,683 142,794
Red maple 172,918 153,228 306,457 199,197
Mountains
Totals: 1,294,225 558,756 1,117,513 726,383
* includes 65% utilization rate

The 726,000 green tons of available biomass isiliged across the state, making it

difficult to economically deliver large quantitiessthe few biomass energy facilities in North
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Carolina. In addition, biomass from stand improeat or thinning operations is more
expensive to harvest than other sources of biorsash, as forest residues. Forest residues can
be more easily gathered and delivered for chipdumgng harvesting operations, leading to a
lower cost. Figure 8 shows supply curves of redithiomass and biomass from thinnings. The
biomass from thinnings assumes a harvesting castdliouble that of biomass from harvest
residues. Transportation costs, which comprisdtitle of biomass costs, are assumed to be the

same for each source of biomass.

Supply curves for biomass facilities
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Figure 10 shows the biomass supply curves for the biomadktitzs in the Piedmont and Coastal Plain. Supply
curves from residues are also plotted. Assumesdhge transportation costs, but the harvest costimfings is
twice that of residues.

In stand improvement operations to promote oakmegion, it may also be necessary to

remove a certain percentage of pulpwood in ordectoeve the necessary light regime. Table 4
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estimates the biomass available in red maple aeeétsrm pulpwood trees less than 8 inches in
diameter. The larger pulpwood trees (up to 10esghvould likely be left to mature into
sawtimber. Pulpwood sized trees would likely netused for biomass energy, but could fetch a
higher price as clean chips or as pulpwood. Taidctalso contribute to landowner income in
stand improvement operations. The total biomaagable in oak stands from pulpwood less

than 8 inches in diameter is summarized in Table 3.

Table 4
Biomass from pulpwood under 8 inches
Biomass - all Biomass - oak Oak stands
stands (dry tons) [stands (dry tons) [(green tons)
Southern Red maple 3,095,119 800,472 1,600,945
Coastal Plain |Sweetgum 2,405,061 957,985 1,915,969
Northern Red maple 3,463,325 641,598 1,283,195
Coastal Plain |Sweetgum 2,873,904 576,702 1,153,404
Red maple 3,557,072 2,604,701 5,209,401
Piedmont Sweetgum 3,399,526 2,217,895 4,435,791
Red maple 4,453,499 3,967,133 7,934,266
Mountains
Totals: 23,247,505 11,766,486 23,532,972

The financial impact on the landowner was alsowated for biomass removal in TSI
operations. A stumpage value of $1 per green @smwged considering that areas with more
developed biomass markets, particularly near tombass energy facility in New Bern, stumpage
for biomass can reach this level. Analysis offh& data indicates that an average site has only
5 tons of biomass in low-value species. Howeveuyraber of sites with the highest density of
small-diameter trees have between 20 and 30 dsydbhiomass per acre. When harvested, this
amounts to rough 40 to 60 green tons of biomassach acre of the stands with the highest

stocking.
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The amount received for small diameter biomags @gldition to any revenue from
pulpwood on the site. Analysis of the FIA dataicades an average site has approximately 20
tons of pulpwood of red maple and sweetgum, whaahds a significantly higher price than
does waste wood for biomass. In 2010, the prize meduced from its high before the recession,
but still averaged $4.29 per ton for hardwood pupd: Therefore an average landowner who
removed the small-diameter and small pulpwood toéesd maple and sweetgum could receive
approximately $85 per acre to offset the costhefstand improvement operations, while
landowners with the most biomass may see a windfélL40 per acre. The biomass component
of the harvest can comprises up to 40% of the tetednue. Thus, the presence of strong
biomass markets can provide incentives for landeosvteeconduct stand improvement
operations that may not otherwise be financialgble, increasing the value of their forests in
the land term. Thinning from below is substanyiatiore expensive than prescribed burning, but

the addition of the biomass harvests can bringtsts more closely in line.

Discussion

Northern and Southern Coastal Plain

The species composition of forests in all regiohllorth Carolina show several trends
over the years of FIA survey data. Specificalyg proportion of oak trees declined in every
region, though this decline is likely due to diffat causes in different regions. The decline in
oaks in the Coastal Plain is likely from an expbosin the amount of loblolly pine in the region,
probably in the form of plantations. It is intetiag to note that the predicted increase in red
maple and sweetgum and the decline of oaks isisgbe Coastal Plain, though it is

complicated by the large increase in loblolly pirfled maple and sweetgum were increasing in
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number and oaks were declining slightly until taegk increase in loblolly pine from expanded
plantations. All hardwood species, red maple, sgee, and oaks showed a decline
corresponding to the dramatic increase in lobloHowever, after the decline seen in 2002, red
maple and sweetgum once again continued to exendpopulations, while oaks continued to
decline. This suggests that red maple and sweetgena increasingly prevalent in hardwood
stands prior to conversion to pine plantationsweler, they remain an increasing component in
the remaining hardwood stands as oaks continuedine.

This increase in loblolly pine corresponds torgdéachange in timberland ownership,
which can help explain the change in species coim@os Beginning in the mid-1990s through
the mid-2000s, vertically integrated forest produsmimpanies began to divest timberland
holdings to private owners as seen in Figure 7nya these private owners were investors
represented by TIMOs, or timber investment managemganizations. TIMOs differ in their
management strategies, but some harvest very ingyysnanaging loblolly pine on a 15-year
rotation in order to maximize returns for their@stors. The change in ownership to investment
organizations corresponds to the huge jump in lgbppne stems between the 1990 and 2002
inventories. The large increase in loblolly pimade explained by the large tracts that were
bought by TIMOs and managed very intensively.

A change in the tax status of timberland was tineed of divestiture in timberlands by
large forest products companies (Gunnoe and Gelettl). Other companies restructured
themselves to separate ownership and operatiamsloérland and milling (Lonnstedt and
Sedjo, 2011). The new entities are real estatesinvent trusts (REITs) and receive the same tax
preferences of private owners. Private investoas dwn timberland are taxed at the capital

gains rate (15%) for any income relating to timbiowever, vertically integrated companies
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are taxed on total profits at the corporate ta& tit35%. Dividends given to investors by forest
products companies are then taxed at the capiias gate of 15%. Therefore, investors in forest
products companies effectively find themselves daxace on the value of timber (Gunnoe and
Gellert, 2011). By selling land to TIMOs, or bymw@rting to (REITS), forest products
companies can provide greater returns to theirestoddlers. Private landowners also receive
greater returns on timber investments than coulddbéved by investing in traditional vertically

integrated forest products companies.

Timberlands Transacted to Financial Buyers (S mil.)
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Figure 11 shows the amount of timberland changing ownerishtpe 1990s. Financial buyers, which are
dominated by TIMOs, continued to buy huge amouftsmberland into the early 2000s. Source: Blook a
Sample (2001).

Piedmont and Mountains
In the Mountains and Piedmont regions, the dedfirtke dominance of oaks is not from
conversion to plantations of other species, butbmaaxplained by the lack of regeneration.

Several factors combine to influence the lack gereeration of oaks. High-grading of
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hardwood forests was especially prevalent durimjgts of the 28 century. High-grading is a
term for selective harvesting in which only thehegt value trees are removed. The trees
removed would be only good specimens of high vapexies. What is left in the forest is a
mixture of low value species and poorly formed s$rekligh-graded stands often do not
regenerate to their pre-harvest conditions dubddack of healthy seed sources and the
presence of low value species which are releasptbtiberate. These conditions can also
increase the difficulty of restoration.

A history of fire suppression also plays a roleak decline. Traditionally, Native
Americans burned woodlands to keep them open Variaty of reasons, including to improve
hunting, to promote berry and fruit productiongetwable the gathering of acorns and chestnuts,
and to create firebreaks around villages (Trami.€2001; Brose et al. 2001). These open
woodlands were dominated by oaks that thrived enettivironment created by frequent low
intensity ground fires (Brose et al. 2001). Ed&lyopean settlers also burned large tracts of
wilderness in an effort to keep the land suitablegirazing (Trani et al. 2001). In addition, early
settlers adopted Native American techniques forageng the forest through the use of fire. It
was not until the onset of high productivity forbsrvesting in the southern Appalachians in the
19" century that there was a significant change irfiteeegime (Brose et al. 2001). Frequent
low-intensity ground fires were suppressed and weentually replaced by rare stand-replacing
fires. In the absence of periodic low-intensitg$, an understory and mid-story of fire
intolerant trees developed, which enable firesqqmaed into the canopy. The danger of large
fires was seared into the public’s consciousnegbd®yarly 1900s and fire suppression was to be
rigorously applied throughout much of the centultyis only recently that the benefits of

prescribe fire have become better understood.
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The absence of fire in mature mixed hardwood stasmdne of the main causes of the
increase in red maple and sweetgum in these stddalks are better adapted to fire and can
survive low-intensity periodic ground fires, whichn clear out many understory species such as
red maple. In one experiment, mid-story and urtdeydrees were reduced by 54% on different
plots that underwent different prescribed burnttresats, while the density increase 4% in the
control plots (Barnes and Van Lear, 1998). An omédh-story and understory is considered
essential for advanced oak regeneration. The ewpet found that the increased root to shoot
ratio of oak regeneration allowed them to sprowuklsfter other species had been killed by the
prescribed fire (Barnes and Van Lear, 1998). lasee root to shoot ratio means that oak trees
store more energy in their roots, allowing for emded regeneration following a top-kill, such as
a fire event.

In modern forest management, prescribed fire eadifficult to administer in light of
fragmented parcels, conflicts with development, aindjuality concerns. Yet prescribed fire is
the easiest way to facilitate the regeneration ieeohhardwood stands where oak is a major
component. Soft silvicultural methods involvingnthing stands from below can mimic the
impacts of prescribed fire. Thinning from belown@ves small-diameter understory and mid-
story trees in order to increase the amount of lighching the forest floor. This treatment is
significantly more expensive than prescribed fieeduse of increased labor costs and the need
for mechanical operations. However, the low-vdlees removed from the understory of a
mixed hardwood stand could be utilized for biomassrgy, offsetting some of the costs of the

improvement operations.
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Biomass supply potential

The latest FIA data indicate a recoverable amofiaver 18 million green tons in
sapling and pole-sized red maple and sweetgum lveated in oak hardwood stands. This
amount of biomass may seem high, especially cordpaita 5.9 million green tons per year as
the latest estimates of biomass from recoveralgigithg residues (Connor and Johnson, 2011).
However, the 18 million tons represents a timbeclstwhile logging residues are available on
an anuual basis. The FIA data indicates that @vemillion tons is the complete standing stock
of pole-sized red maple and sweetgum. The estinfat8 million green tons of available
biomass reflects a recovery or utilization rateffddent factors combine to affect the utilization
rate, including the technical recovery ability ofjgers using current technology and the
adoption rates of biomass recovery among logggssng estimates of these two values, it is
possible to estimate an overall utilization ratetfe state. This is a statewide average which
combines areas where there may be no biomass hame®thers that may be heavily
harvested for biomass.

The total available biomass from low-value treesach region gives an estimate of
aggregate small-diameter biomass in North Carolldawever, the practicality of biomass
supply, especially from small-diameter trees, degarpon the distance to biomass markets.
Currently there are two large biomass facilitiesated in North Carolina. In addition, Duke
Energy has applied to co-fire biomass at two coahing facilities. One of these facilities is in
North Carolina, while the other is just over thedsy in South Carolina. The maximum
economic haul distance for biomass is typicallynidin the literature at about 50 miles (Galik
et. al. 2009; Abt et al. 2010). The cost of tramsgtion for wood averages $0.16 per ton-mile

(Abt, 2010, TimberMart South, 2011). Currentlypiiiass demands no stumpage price in many
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locations, though areas with more developed madeds have stumpage prices of $0.50 per
ton to as high as $1 per ton. Pulpwood stumpaigegpthe 4th quarter of 2010 averaged $4.29
for hardwood pulpwood and $6.60 for softwood pulpdio Transportation costs limit the
availability of residual biomass to markets. Aféecertain distance, pulpwood can become
cheaper than residual biomass if it is sourced fnathin a certain proximity to the facility.
Assuming no stumpage price for low-diameter biomiass competitive on price with hardwood
pulpwood within 35 miles and softwood pulpwood witb0 miles.

Once the total amount of biomass available from@alue, small diameter trees has
been estimated, it will be possible to estimatetdt@ biomass that could be made available to
biomass energy facilities. The amount of the pidébiomass resource that is collected for
energy use is called the utilization rate of biognallost studies that project biomass supply use
a utilization rate between 50% and 65%, suggestightly over half of all available biomass
could potentially be utilized for energy (Galikadt 2009; Abt et al. 2010). However, some
estimates of utilization rates have reach as hsgfi086 (Abt et al. 2010).

The utilization rate contains two components. thgshe technical ability of loggers to
harvest and transport biomass in an economical ararfRecently, one of the major barriers to
widespread biomass utilization was developing éhokto economically collect logging slash
and other non-merchantable timber and move itdia@onary chipper. However, technological
advances have made the harvest of biomass an aptcambine with traditional harvests. In
addition, with new equipment such as bundlers, kdi@neter biomass can also be harvested is
an economic manner. The technical recovery rabeoshass, including limbs and tops, and non-
merchantable trees has been found to be above Sit%characteristics including the slope, soll

type, and the presence of streams or wetlandslcanpact the technical recovery rate.
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The other aspect of the utilization rate is howesioread it is adopted. Some loggers
already practice biomass utilization, but most db nTherefore, it is important to know the
percentage of harvests or other forest operatsudd) as thinnings or stand improvement
operations, throughout the state that contain enags harvest component. Of course, logger
adoption of biomass harvested depends on the hil&yaf a biomass market to deliver the
harvested material. With only several large biosfasilities in the state, and a 50-mile
economical haul distance, many areas may be ubsiitar biomass harvests because of the
lack of markets.

Utilization rates for traditional biomass, whicttindes logging residues and coarse
woody debris, are usually estimated around 65%chvisi considered a good reference rate for
most states (Abt, 2011). A utilization rate of 6a%%0 assumes market saturation. This
percentage does not reflect current biomass utdizabut a likely maximum given strong
biomass energy development. The 65% utilizatite was applied to the calculation of total
available biomass from small-diameter red maplesameetgum trees. The technical feasibility
of harvesting biomass, especially small-diametetensd, is not 100% and the lack of
distributed biomass markets throughout the statennigat the total potential of the biomass
resource cannot be realized until markets develop.

Energy potential

The 18 million green tons is enough wood to suppybstantial amount of biomass
energy. For example, the Craven County Wood Entxgiity in New Bern, NC produces 48
MW of power at a 95% capacity factor using 500,8600tons each year. Thus, roughly 1.25
tons of biomass is needed to produce one MWh cfretey (Decker, 2011). However, only

725,000 tons state wide is estimated to be availlmb these low value hardwoods on an
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annual basis. Still this represents a considerafleunt of potential energy production. Using
conventional generation, such as that used at thee@ County facility, 725,000 green tons
could provide roughly 440,000 MWh of electricity.

A more in depth analysis of the energy generatmtenqtial uses the supply area of the
four biomass facilities within the state, currentd@roposed. The four facilities were the Craven
County Wood Energy facility, Green Power Kenansyithe Buck Steam Station which has
recently co-fired biomass, and the proposed HettRenewable facility. These four facilities
have the combined biomass capacity of 154 MW aftetgty generation. To produce to
capacity the total yearly biomass demand, assumB@fo capacity factor, is over 1,500,000
green tons of wood. This amount of wood, whenofd@eg in the average 24.4% thermal
efficiencies of biomass plants, and the 33% theeffadiency of a coal co-firing plant, equates
to 990,000 MWh of electricity.

However, these facilities will only use a small pmm of the biomass available from TSI
in the state. The supply curves generated fofatiéties indicate that only 12% of the biomass
available from TSI state-wide would be used ingbenario. The reasons are twofold. First, the
resource is distributed, which means to maximizeafdiomass from TSI, the biomass would
need to be transported long distances. Sincepoataion is the largest component of the cost
of biomass, a centralized facility makes utilizataf a distributed resource cost prohibitive.
Second, biomass from TSI is more expensive to Bathan biomass from forest residues, the
other source of biomass in the scenario. Forsglues will be utilized first and biomass from
TSI will only become economical if forest residines/e large transport distances associated with
them. Therefore, a network of distributed biomfasdities could better utilize the available

biomass resources of the state. In addition,idiged thermally led biomass energy uses have
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high efficiencies, greatly increasing the amoun¢mérgy available from the biomass resource.
Table 5 depicts the energy comparisons betweenectional and distributed thermal biomass
applications. Thus, distributed biomass netwoeks provide large amounts of thermal energy,
while maintaining sustainability of biomass haruggiand benefitting landowners and

communities with large forest resources.

Table 5
Energy comparisons among utilization scenarios

Plant Yearly biomass demand (green tons) |Energy content (MMBtu) |Energy produced (MWh)
Craven County Energy 500,000 4,250,000 303,571
Hertford Renewables 600,000 5,100,000 364,286
Green Power Kenansville 342,000 2,907,000 207,643
Buck co-fire 140,000 1,190,000 114,976
TOTAL 1,582,000 13,447,000 990,476
Biomass from TSI used by plants (from supply curves)

| 87,527 743,980 53,141
Distributed, high efficiency utilization of biomass from TSI

726,383 6,174,259 1,536,335

Conclusions

There are clear trends in species compositionlidviaod forests across the state. Oak
trees as a dominant component of the forest alederand low-value species such as red
maple and sweetgum are increasing dramaticallyes@trends are a product of past
management history that has included a historyefsuppression and high-grading of our
forests. However, timber stand improvement opanatcan remove small pole-sized trees of
low-value species and encourage oak regeneraliba.removal of these species can contribute
to biomass to be used for energy.

Biomass from TSI can contribute 725,000 green topesar and over 1.5 million MWh of
energy equivalent each year, if properly utilizétfficient use of the resource, which will allow

biomass to be sustainable ecologically, requirdistaibuted utilization network to account for
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the distributed nature of the resource. Smallesb&dmass in a distributed network is also highly
efficient, producing much more useful energy thantlized electricity plants.

The total potential for energy generation from drdemeter biomass in the state of
North Carolina is significant. However, there algo potential positive effects on landowners
seeking to use stand improvement operations in@od stands. A stumpage price of $1.00 per
green ton is seen in areas of high biomass deméhuhuhe state and this could increase under
high biomass demand. While the greatest benef@ridowners will be from an improved forest
stand, the financial windfall from biomass removwalhjle small, can provide some offset for the
cost of improvement operations. The average landomay only see a small windfall of less
than $5 per acre, though some will see values fsiimmass removal as high as $60 an acre.
This value, however, is small compared to the hef@fcommunities that can generate their
own energy from nearby resources. These commaniiié keep more money within their local
area, while also increasing the value of their lléagest resources, and that is a win-win

scenario.
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Appendix

Regression results

Regressions were carried out on biomass and #&atod of tree size. Several different
variables were tried in order to find a combinatibat gave the best relationship. These
variables used tree diameter (DBH) or a combinatidDBH and tree height. Four different
variables were used including DBH, DBH+HT, DBH*Hahd DBH*HT. These variables were
plotted against total aboveground biomass to detertheir relationship. The combination
variable DIA*HT gave the best relationship whentfdd against biomass. This relationship was
nearly linear, though there was some spread, edpeaith lower values. Part of this spread
may be due to partially dead trees, where culi@@stmay remove biomass from consideration,
though the diameter and height measurements magdféected. The similar regression
equations from each species and region createdsorde that these equations can be used to

complete the table for the trees with the missiiogniass values.
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Appendix Figure 1 shows the diameter-height and bimass relationship for red maple in the mountains.
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Piedmont Red Maple Biomass

450 y=0.7162x- 53.634
R?=0.924

B
8

350

8

250

4 Biomass

150 —— Linear (Biomass)

3

Total aboveground biomass (dry Ibs.)
Z g
o

0 100 200 300 400 500 600 700
DIA * HT

Appendix Figure 2 shows the diameter-height and bimass relationship for red maple in the Piedmont.
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Appendix Figure 3 shows the diameter-height and bimass relationship for sweetgum in the Piedmont.

49



SCP Red Maple Biomass
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Appendix Figure 4 shows the diameter-height and bimass relationship for red maple in the southern ccstal
plain.
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Appendix Figure 5 shows the diameter-height and bimass relationship for sweetgum in the southern cotsd
plain.
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NCP Red Maple Biomass
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Appendix Figure 6 shows the diameter-height and bimass relationship for red maple in the northern costal
plain.
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Appendix Figure 7 shows the diameter-height and bimass relationship for sweetgum in the northern coaal
plain.
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