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Executive Summary

Forests are expected to have an important rolenrate change mitigation under future climate
change policy. Currently, much of the interestarekts centers on the opportunity to sequester
carbon as part of a cap and trade policy. In anfditb sequestering emitted carbon, forest
resources reduce carbon emissions at the sourae sulbbstituted for the fossil fuels currently
used to generate heat, electricity, and transpontétiels. Woody biomass can be used to
generate heat or electricity solely or in combimatin a combined heat and power plant.
Currently, there is significant investment beingd@&o improve the efficiency of bioenergy
production from woody biomass and the use of coetbimeat and power (CHP) plants is a
significant component of that effort. One challengevidespread adoption of CHP plants by the
electrical sector in the U.S. is the current gelneaacity of U.S. centralized heating districts

(with some important exceptions such district heatiystems in Manhattan, NY and St. Paul,
MN). Centralized heating districts have historigddleen more commonplace in Europe and there
CHP plants often have ready access to consuméat efater and steam. The technology to
convert woody biomass to ethanol is establishetdhbwommercial scale cellulosic ethanol
plants are currently in operation. As an energygseeck, woody biomass can be used alone or in
combination with other energy sources, such as ¢atent U.S. annual energy consumption is
about 100 quadrillion (18) BTUs. About 2 percent of the energy consumed alfyiin the U.S.

is generated from wood and wood-derived fuels.h@frenewable energy consumed (including
that from hydroelectric dams), 27 percent is geleerfom wood and wood-derived fuels. The
majority of bioenergy produced from woody biomassonsumed by the industrial sector—

mostly at pulp and paper mills using heat and/ectekity produced onsite from mill residues.



Department of Energy baseline projections inditiaé¢ wood and wood derived fuels will
account for 9 percent of the energy consumed i 2G8mate change policies that promote

bioenergy production could lead to greater futuo®ey biomass energy consumption.

One dry ton of woody biomass can generate abo@trhillion (1) BTUs of energy. A number
of existing studies report the “available” amounitsvoody biomass. The definition of

“available” in these studies ranges from reporafidiomass to reporting only biomass available
at a schedule of feedstock prices. The latter eséislikely provide the most reasonable
guantities of woody biomass that could be expefdetdioenergy under a climate change policy.
The woody biomass feedstocks most likely to be Begat low prices (e.g., $10-20/ton) are
those that are low cost to procure, such as wooalinmicipal solid waste, milling residues, and
some timber harvesting residues. As biomass feekigtices increase (e.g., $25 - $40/ton), it is
likely that more milling residues would become &aalie for energy production (drawn away
from existing production uses) along with more teénharvest residues. From the most recent
estimates available for the U.S., there are apprately 14 million dry tons of wood in

municipal solid waste and construction debris, 8fion dry tons of woody milling residues,

and 64 million dry tons of forest harvest residpesduced annually. Biomass from short-
rotation woody crops (SRWC) (and other energy craps agriculture residues (e.g., corn
stover and husks) are likely to begin to be utilifer bioenergy at moderate feedstock prices.
One study described in this synthesis estimatasufhto 167 million acres of land currently in
agriculture production—much of it in the Corn Bafid Lake States—is physically suitable for
planting of SRWC. Using current technology and pranstock, about 5 to 12 dry tons/acre/year

of feedstock can be generated from SRWC. At thedsgfeedstock prices (e.g., above $50), it is



likely that energy crops (e.g., SRWC) and agriaeltresidues will provide the greatest amounts
of bioenergy feedstock. At moderate and high femadksprices, some small diameter material,
generated either from hazard fuel reduction or@reuercial thinning could become available
for bioenergy. Recent studies have estimated th@ite210 million oven dry tons of small
diameter and harvest residue material could be vechtrom hazard fuel treatments in the West.
That figure corresponds to approximately 10 millawen dry tons of material removed annually

if removal was completed over 20 years with noeadtnent.

There are regional disparities in the potentiapdiep of woody biomass. Urban wood waste
availability generally follows the population disttion with some local differences related to
construction and waste generation rates. Mill aaddst residues follow the regional

distribution of harvesting and timber processingwmost activity in the South Central and
Southeast regions. The potential supply of energg<clargely mirrors the distribution of

existing cropland, with significant potential plahbn areas in the Corn Belt, Lake States, and
South Central regions. Hazard fuel volumes thatdcba used for bioenergy are located
primarily in the West, with some of the greatedumees in the Pacific Coast states, Idaho, and
Montana. Across all woody biomass feedstocks, tterinountain and Great Plains regions have

the least potential supplies.

Increased use of woody biomass for bioenergy ieetepl to have some ripple affects in the
forest and agriculture sectors. Increased use lbfesidues for bioenergy will likely decrease
their availability for their current use (e.g.,emted strand board, bark mulch, and pellet fuel).

Forest residues are currently left in the wood#$ Ibetcause they have little product value and, in



some management systems, they recycle soil nugraemd improve micro-climate site
conditions. There is some evidence that for somes,siemoval of harvest residues can reduce
soil nutrients, potentially impacting future forgstlds. If the removal of harvest residues for
bioenergy resulted in a pervasive reduction indoygelds (leading to lesser volumes available
per acre harvested), the number of acres harvestgdncrease, forests may be managed with

more intensive treatments, and the value of larfdriest could increase.

Widespread planting of SRWC for bioenergy feedstmckaditional forest products (e.qg.,
pulpwood) is expected to lead to some reductiortsapland availability for traditional
agriculture production. If agriculture yields dotmacrease as expected in the coming years, this
may result in some land transfers from forest tacajure to increase agriculture production. If
the material from SRWC is sold for pulp, this coslgbplant a moderate amount of the supply of
pulp currently demanded from traditionally-managatural or plantation forests. This may
reduce the opportunity costs of converting forastllto another use or changing forest types
(e.g., from hardwood to softwood). However, a cliengolicy that results in a value for carbon
sequestration may temper any transition from ferésith high sequestration potential) to
agriculture land (with low sequestration potenttaBt would otherwise occur as a result of

increased use of any woody biomass feedstock.

There are a number of challenges to increasingsbeof woody biomass for bioenergy. Perhaps
foremost, woody biomass is not widely used for beygy because it is not cost competitive with
existing fossil fuels, except when generated igdaguantities as a waste product. This cost gap

may narrow under climate policies where carbon sionis are valued or the use of woody



biomass for bioenergy is promoted. However, natyaal (which has a lower cost than many
woody biomass feedstocks and has lower emissi@msdbal) or renewable sources such as
wind or solar may remain more attractive than wobidynass even under a carbon emissions
policy. In addition to the economic constraintgréhare organizational, infrastructure, and social
challenges to widespread implementation of woodynaiss for bioenergy. The existing
frameworks for energy plant approval and permittioghot always apply well to approval of
woody biomass plants. This can make it difficulestablish plants within the energy sector to
use woody biomass. There are some concerns thakisteng infrastructure (e.g., equipment

and transportation systems) is not sufficient fopsut widespread generation of woody biomass,
particularly for a significant expansion in the Vesting of small material from hazard fuel
reduction. Currently, the maximum economically feleshaul distance for woody biomass
feedstocks is thought to be about 75 miles. Fin@liyemains unclear to what extent the public
will support significant increases in woody biom&soenergy production. Opposition by some
groups to using biomass for bioenergy is oftenexeat on the belief that energy from wood is
outdated technology, the generated energy is iraaaat for use, the feedstock is unreliable and
difficult to obtain, and forest resources are baised in the production of other forest products
or services. One signficant challenge to the pigiicceptance of generating electricity and heat
from wood biomass is the perception that energmfwmood burning yields smoky, dirty

emissions.

The lack of a reliable estimate of the inventorewisting and potential woody biomass supplies
makes it difficult to develop an understanding o$gible future outcomes. Additional research is

necessary to develop a better understanding oEponses in the energy, agriculture, and forest



sectors to policies that would impact bioenergyges&ore comprehensive measurements of
both the land suitable for and the willingnesslempSRWC, and other energy crops, will help
to better identify the potential volumes that cobéexpected from that resource. Better
identification of the locations of current and pdtal bioenergy production facilities will help to
identify those woody biomass resources stocksrtizgtbe in the best position for increased use.
Similarly, a better understanding of how feedst@w&ody and otherwise) supply curves differ
by region and subregion will be useful in identifyithe locations where woody biomass is most

likely to be used for bioenergy.
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Glossary of Select Terms

In the text, we have been careful to define impurtarms and new concepts. However, in this
glossary, we provide some definitions of particlyl@anportant measurement units and general
concepts.

bioenergy—renewable energy derived from biological sourtese used for heat, electricity, or
vehicle fuel (USDA ERS 2009)

biofuel—liquid fuels and blending components produced flmomass feedstocks, used
primarily for transportation (U.S. Energy Informati Administration nd).

biomass—organic nonfossil material of biological originrsiituting a renewable energy source
(U.S. Energy Information Administration nd).

British thermal unit (BTU) —standard unit of measure of the quantity of hequired to raise
the temperature of 1 pound of liquid water by 1lrded-ahrenheit at the temperature at which
water has its greatest density (approximately 3febs Fahrenheit) (U.S. Energy Information
Administration nd). One kilowatt hour of electricis equivalent to 3,412 BTUs.

cubic foot of wood—amount of wood equivalent to a solid cube meagutid X 12 X 12 inches
(Avery and Burkhart 1994). In this paper, we asstiméthere are 27.8 dry pounds of woody
material in one cubic foot.

gigawatt hour (GWh)—one billion watt hours. Often expressed as onéanik\Wh.

kilowatt hour (kwh) —one thousand watt hours.

megawatt hour (MWh)—one million watt hours.

oven dry ton (ODT)—a U.S. ton (2000 pounds, also called a short@ébb)omass material with
moisture removed. In this paper, we assume that bfovood can generate 17.2 million BTUSs.
A metric ton is equivalent to 1.102 U.S. (or shtot)s.

terawatt hour (TWh) —one trillion watt hours. Often expressed as ofi®bikWh.
watt—generally used within the context of capacity ehgration or consumption. A unit of
electrical power equal to one ampere under a presgwne volt. A Watt is equal to 1/746
horsepower (U.S. Energy Information Administratiat).

watt hour—electrical energy unit of measure equal to ond afgpbower supplied to, or taken
from, an electric circuit steadily for one hour 8JEnergy Information Administration nd).

Typically used in consideration of the amount @fcélicity generated or consumed. Often
expressed in units of 1,000 (i.e., 1 kilowatt hour)



Introduction

A transition from energy based largely on fossdléuto a greater reliance on renewable energy
has been a central focus of many of the currecud&ons on climate policy. Woody biomass is
an important provider of renewable energy curreatlg is anticipated to be an important
component of any future renewable energy portfdilee current discussion of using woody
biomass continues a long history of relying on wémdenergy production, both in the U.S. and
in the world. Many technologies currently beingadissed for utilizing woody biomass for

bioenergy are based on processes established deagmle

Reflecting the interests of many groups for usirmgpdy biomass, the scientific literature, peer-
reviewed and grey, on bioenergy from biomass isresive. Although much of this information

is useful, the volume of material available makagrthesis of the current state of knowledge
desirable. Others (e.g., Perlack et al. 2005, Miidt 2005, BRDB 2008), have completed
syntheses with estimates of available or demandadtdies of woody biomass and agriculture
residues. This synthesis differs from those bgdsnomic perspective and reliance on economic
models to quantify demands and supplies of woodynbss. This report also differs from the
others by, when possible, considering woody biomaagsn the context of production quantities

and land use changes involving both the agricultumck forest sectors.

The primary goal of this briefing paper is to dédsemwoody biomass feedstocks and examine
their potential use in bioenergy production in tle@text of climate change policy. Specifically,

we aim to describe the anticipated uses of biorfaassnergy production, detail the woody



biomass feedstocks and their potential availahitigscribe general projections of biomass use
for bioenergy in the coming decades, and reportdbelts of several economic modeling studies

related to the use of woody biomass feedstocks.

In the next section, we discuss some past, curaedtexpected future uses of woody biomass
for bioenergy. We then identify the bioenergy woditymass feedstocks and provide general
estimates of their potential quantities based erettisting literature. Following that general
description, we examine a number of studies thatateal the supply and consumption of
biomass feedstocks for bioenergy and traditionadgoproducts. We close by describing some of
the non-economic and non-technical challengeseaanitreased use of woody biomass for

bioenergy.

Context for Considering Bioenergy from Woody Biomas

In the U.S. in 2008, slightly more than 2.1 qudidnil (10*°) BTUs of energy from wood and
wood-derived fuels (including black liquor from pydroduction) was consumed in all sectors—
approximately 8.7 billion cubic feet equivalentsifody material (EIA 2009d)For

comparison, 1.4 quadrillion BTUs of corn and otimaterial was used to produce ethanol in
2008. The component of renewable energy consumptieaciated with wood and wood-derived
fuels has remained fairly constant since 1989ightty more than 2 quadrillion BTUs (Fig 1).
Over the same period, the amount of energy constdirmedwind and biofuels has increased,

particularly in the years since 2000.

! Assuming 17.2 million BTUs per oven dry short tfrwood and 27.8 oven dry pounds per cubic foot.
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Figure 1—U.S. energy consumption from renewablecsubetween 1989 and 2007. Data

sources: EIA 2009b,c.

Within the context of climate change policies, wptdbmass is primarily being considered as
inputs into three processes: the production of, leattricity, and biofuels. Woody biomass can
also be used to create chemicals not directly tmdoioenergy. In the U.S. in recent decades,
the use of woody biomass for the production of helattricity, or biofuels has been undertaken
as a secondary process to utilize wood residu@getten the course of creating other products.
However, the current expectation is that woody lasswill increasingly be the focus of stand-
alone processes where at least some of the biamabgined directly from natural resource

stocks with the primary intent of generating biagye
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Woody biomass has been used to produce eitherieiigcor heat independently as well as in
combined heat and power (CHP) systems. Plants tipgiees CHP plants are also referred to as
cogeneration plants. Woody-biomass-fired heat-oplrations are often found in Europe, where
centralized plants produce heat and hot watershdistributed via piping to local heating
districts (see Nicholls et al. 2009 for exampl&sall-scale heat-only woody biomass plants
have historically been used in the U.S. to providat for drying cut lumber at timber mills and
more recently for producing heat for schools (Nitshet al. 2008). The former operation often
relies on milling residues and dirty wood chips,le/ithe latter relies on milling residues (e.g., in
Vermont) or woody stems harvested as part of haz@ideduction operations (e.g., in
Montana) (Nicholls et al. 2008). There is muchiegt in the U.S. in taking advantage of
significant improvement in efficiency through theeuwf CHP plant to generate energy from
woody biomass. Woody-biomass fired CHP systems baeea implemented in the U.S. in some
institutional settings. However, a challenged tdegpread adoption by the electrical sector of
CHP plants fired by woody biomass is the genecK ia the U.S. of centralized heating districts
(e.g., Maker nd). Space heating using woody biornrasssidential and small commercial
buildings is typically completed via heat-only geateng wood burning stoves operating on

fuelwood harvested from standing timber or woodgtelmade from wood residues.

Electricity-only operations involving woody-biomasan rely solely on woody biomass or cofire
woody biomass with another fuel source. If cofiredpd is often combined with coal. Cofiring
woody biomass with fuels such as coal can be caetblesing existing plant technologies with

only minor burner tuning and offers an opportumdtyirectly substitute a renewable fuel for a

12



fossil fuel (Bain and Overend 2002). Additionalyants originally designed to be fired with

coal can be converted to burn woody biomass exalysias is being done with two units of the
R.E. Berger power plant in Ohio (FirstEnergy Cogtimn 2009). Bioelectricity plants using
modern technologies were first operated duringl®#0s in Oregon using mill residues. More
recently, in the 1980s, a number of stand alonedydmomass-fired electricity plants came into
operation in California. Although there are a numtifestand-alone plants where the electricity
generated is solely input to the grid, electrigitgnts operating in association with timber
industry are more common. Of the approximately @ @0od-fired electricity plants in the U.S.
today, nearly 2/3 are owned and operated by thelywooducts industry (Nicholls et al. 2008).
Much of the electricity generated by industry-owipdahts is used onsite rather than contributed

to the electrical grid.

In the U.S. in 2008, 38.8 billion kilowatt hours/) (38.8 terawatt hours—TWh) of electricity
were generated using woody biomass. This productipresented about 10 percent of the
electricity produced from renewable sources [beliydiropower (67 percent of renewable
electricity) and wind (14 percent of renewable #&leity)] and about 1 percent of all electricity
produced (U.S. Department of Energy 2009a). Thastréhl sector accounted for 27.9 billion
kwh of all woody-biomass electricity production—parily from the wood products sector
(U.S. Department of Energy 2009b). Of the 10.9dailkWh of electricity produced by the
electricity-production sector, 2.1 billion kWh wepeoduced from CHP plants (U.S. Department
of Energy 2009c)—representing the relative newwésisat technology and the scarcity of

district heating systems in the United States.
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Bioethanol is perhaps the best known biofuel. Metthand liquid fuels processed from
vegetable oils (e.g., biodiesel) are also bioftied$ can be produced using current technology.
Bioethanol is desirable because it reduces the teeadd octane-enhancers to gasoline, reduces
the production of carbon monoxide and hydrocarlimm automobiles by increasing
oxygenation of fuel, and offsets the consumptiogaoline produced from fossil fuels (Galbe
and Zachhi 2002). One well-documented drawbackddyxing bioethanol from corn is the
creation of competition in demand for corn for foasus energy. In 2007, approximately 24
percent of the corn acreage planted in the U.S.usad for corn ethanol production (BRDB
2008). In addition to the competition for food puation, some have argued that corn ethanol is
not a sustainable renewable resource and reques energy to produce than is contained in
ethanol (e.g., Pimentel et al. 2002), althoughrstie.g., Farrell et al. 2006) have argued against

that conclusion.

Corn-based ethanol is considered a first-generdfiofuel while commercial-scale cellulosic
ethanol production is considered a second-genertghnology. Producing ethanol from corn
or sugar cane (or other sugar/starch crops) igéesmically challenging (and thus currently less
costly) than producing ethanol from lignocellulasavoody materials (Galbe and Zachhi 2002,
Zerbe 2006). Current ethanol refining capacityh@ t).S. is about 8.5 billion gallons per year
with the majority of production achieved from drylimg corn (BRDB 2008). In 2007, the U.S.
produced about 6.5 billion gallons (U.S. DepartnarEnergy n.d.) and imported about 440
million gallons of ethanol. Cellulosic ethanol daa produced from lignocellulose under several
alternative techniques that differ primarily in tiyproach to hydrolysis (i.e., concentrated acid,

diluted acid, or enzymatically) of the cellulosemtonomer sugars (Galbe and Zachhi 2002).

14



Acid hydrolysis has been used since th® ¢éntury while enzymatic approaches are often the
focus of recently developed technologies adopteteim plants (see AE Biofuels Inc. 2008).
Contrary to the perception of some that currerdgregfto produce automotive fuels from wood
are novel, liquid fuels were produced from woodhe U.S. during World War | and in Germany

and Switzerland during World War 1l (Zerbe 2006).

Currently, no commercial-scale cellulosic etharlahs are operating in the U.S.; however,
several commercial demonstration plants are unalestouction or have recently begun initial
start-up. Many of the demonstration plants are sttpgd through funding from the Department
of Energy and rely on a variety of feedstocks,udatg woody biomass. In 2007, the
Department of Energy provided grants to suppouralyer of commercial-scale cellulosic
ethanol plants, having a combined planned capatiépout 130 million gallons of cellulosic
ethanol per year (U.S. Department of Energy. 2006kt of these plants are expected to begin
start up production in the next couple years. @mlg of the 2007 demonstration plants will
solely use woody biomass as a feedstock (40 migefons/year capacity), while two others (33
million gallons/year capacity in total) will use w@ wastes in combination with other
feedstocks. One ton of dry woody biomass will picapproximately 89.5 gallons of cellulosic
ethanol (BRDB 2008). At that conversion rate, pi@dg 20 million gallons of cellulosic ethanol

would require about 223,000 oven dry tons (odtyobdy biomass.
Although ethanol receives much of the attentiog,ghoduction of methanol from wood has also

been considered (e.g., Hokanson and Rowell 197DeZE991). In recent years, others have

promoted producing liquid chemicals (including lidjguels) and synthetic gas for energy
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production from black liquor—a byproduct of kraftlp production (Landalv 2009). Despite
long-term interest, the production of methanol freeody biomass has been found to not be
economically efficient (e.g., Hokanson and Row@If'Z, Zerbe 1991) and natural gas is
currently used to produce most methanol. Much efitlack liquor byproduct is currently used to
produce heat and electricity for pulp and papentpigerations and it is yet to be seen if pulp
and paper mills will make the capital investmentput biorefinery facilities in place. Although

it is technically possible to produce biodiesehfravoody biomass, it is generally produced from

soybean oil.

In addition to the production of energy, woody bass from residues or traditionally non-
merchantable material have been used in a varfgiyoducts, from visitor information signs
(http://altree.com/), to building materials (httpsvw.fpl.fs.fed.us/documnts/
fplgtr/fplgtr110.pdf), to pedestrian bridges (httpww.hdrinc.com/13/38/1/
default.aspx?projectiD=582). Woody biomass usdhfese materials is generally considered in
the context of creating value-added products, nedueaste, and creating markets for currently
non-merchantable timber, rather than in considamadi climate change and we do not consider

these products here.

General Projections of Bioenergy Production

The U.S. Department of Energy provides estimatesioEnt energy use from renewable sources

as well as reference projections to year 20300Db82about 6 percent (6.1 quadrillion BTUS) of

16



the energy consumed in the U.S. came from renevgalieees (excluding ethanol) (U.S.
Department of Energy 2009d). For the years 20@D@8, about 2.1 quadrillion BTUs of this
renewable energy was supplied from woody biomasserdy consumed from woody biomass
accounted for about 30 percent of the renewableggrnsumed annually, but just about 2
percent of annual energy consumption from all seaift).S. Department of Energy, 2009e).
Renewable energy consumption (excluding ethangjdgected to increase to 8.4 quadrillion
BTUs (8 percent of energy consumption) by 2015 @&ddquadrillion BTUs (9 percent) by 2030.
Assuming the current share of renewable energymgifinom woody biomass remains static,
woody biomass would be the source of about 2.5gjliad BTUs of energy in 2015 and 2.9
guadrillion BTUs of energy in 2030. At present, wWla@nergy consumption requires about 122
million odt of woody material annually (assuming2 illion BTUs per odt of wood). Under
the reference projection from the Department ofrgpeapproximately 145 million odt of wood

will be used for energy in 2015 and 168 million @adlt be used in 2030.

The Renewable Fuels Standard (RFS) of the Enedgplendence and Security Act of 2007
requires increased production of ethanol, includilggificant expansion of advanced biofuel
production. By 2022, the RFS targets that 36 billjallons of ethanol be used, with 21 billion
gallons of that coming in the form of advanced bé&b$, including at least 16 billion gallons of
cellulosic ethanol. Although no commercial-scaledurction facilities for cellulosic ethanol
production are currently in place, several sho@dit initial production in the next several
years. At least one of these plants (the Rangesk@ht in Soperton, Georgia) is focused solely

on the production of cellulosic ethanol and meth#&mon woody biomass. Any wood biomass

17



demanded to support the RFS is in addition toitettified above in the baseline Department of

Energy projections.

In examining increased cellulosic ethanol produGtBRDB (2008) assumed conservatively that
4 billion gallons of cellulosic ethanol would corftem woody material in support of meeting

the RFS in 2022. At 89.5 gallons of ethanol perafdvood using expected technologies, this
production would require about 45 million odt of@eb At a price of $44/odt, approximately 45
percent (20 million odt) of the forest resourcedfgeck is expected to come from logging
residues, 25 percent (11 million odt) from thinrsrigr hazard fuel reduction, and 14 percent (6
million odt) from other forest resource removalsdach things as land clearing. The remainder
is expected to come from mill residues (3 percent)nicipal wood waste (5 percent), and
material that might otherwise be used for converaiavood production (8 percent). The
projected use of 44 million dry tons of woody matkfor cellulosic ethanol production serves as

a useful baseline for expected future demand fardyanaterial for biofuels.

Congress is currently considering a renewable itggtstandard (RES) to increase the
production of electricity generated from renewadnarces. Although the proposed legislation
has yet to be formally presented, it is reasonebéxpect the RES would lead to at least some
increase in electricity generation from woody biesaver any baseline increases. The
Department of Energy reference projections fortelgty (which do not include an RES) can
provide a projection of the baseline expectatianditure renewable electricity generation from
biomass. In 2008, approximately 43 billion kWh {®8/h) of electricity were generated from

wood and other biomass, most of which was woodynbis (U.S. Department of Energy 2009f).
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The current level of electricity production is esdited to require about 30 million odt of woody
material’ Because the majority of the woody biomass eldtris generated by the forest
products sector, much of the material currentlydusegenerate electricity likely comes from
mill residues, both woody and black liquor. The D@rgjects that electricity generation from
wood and other biomass will increase to 81 bilkddh by 2105 and 218 billion kwh by 2030
(Fig. 2). These projected figures include expeetgunsion of the biomass supply from energy
crops—including perennial grasses and energy camew+~gon agriculture lands. Assuming the
share of woody biomass contribution to renewal®etdtity and electricity generation
efficiency from woody biomass remains constantyaxmately 57 million odt of woody
biomass will be demanded in 2015 and 153 milliohasdvoody material in 2030 for electricity
generation. Efficiency improvements would reduce\tblume of material required. The

establishment of an RES would likely lead to amease over this baseline.

2 Assuming approximately 0.7 odt of woody biomassipmegawatt hour.
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Fig 2—Projected baseline electricity generatiomfmre@newable fuel sources, 2010 to 2030. Data

source: U.S. Department of Energy 2009f.

Bioenergy production and carbon policies

The reference projections from the DOE indicatemegal increase in the extent of energy
created from biomass in the decades ahead. Padicresd at reducing carbon emissions are

expected to yield further increases in energy geimer from woody biomass. Johansson and
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Azar (2007) examined the impact of a carbon tagagrand trade system on U.S. bioenergy and
agricultural production. In the Johansson and Azadel, bioenergy feedstock was available
from energy crops grown on cropland and grazing kmd from agriculture and forestry
residues. Under a policy where carbon is highlygdlat $50/ton in 2010 and increasing linearly
to $800/ton in 2100 and with no carbon offset oppdties, biomass is expected to be the source
of about 16 percent of the energy generated itJtBe in 2030—approximately a fourfold
increase over modeled use in the current time geBy 2050, Johansson and Azar (2007),
project biomass would be the source of about 36gmiof the energy generated—
approximately a seven-fold increase from the matate in the current period. In both future
years, the projected biomass use levels are appabely double those projected by the DOE in
their reference case. In the Johansson and Azaelmebkere carbon has a high value, coal use
begins to decline dramatically in 2020 and falls @fuenergy production by 2070. It is important
to note that Johansson and Azar do not includeoceokfsets, which are likely to be an

important tool for coal power plants to meet carbaps under the legislation curently being

considered in the U.S. Congress.

Changes in crop mix and agricultural land usesapected under a carbon policy. The
Johansson and Azar model does not include a feeestbr, so land use change between forests
and agriculture was not modeled. For the agricalsgctor, a carbon policy that creates a carbon
price of between $20 and $40/ton leads to a coioreds up to 24 million acres of cropland to
produce biomass for bioenergy (Johansson and A¥af, 2stimated from sensitivity analysis
results). At carbon prices higher than $40/tonhhggality grazing land begins to be used for

energy crop production. At a $50/ton carbon pradmut 24 million acres of cropland and 49
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million acres of high-quality grazing lands are dd to energy crop production. At carbon
prices above $150/ton, low-quality grazing landibedo be converted to energy crop
production. Despite having fewer acres in energyp @roduction, cropland provided most of the
energy crop volume from agriculture lands becadsegher yields. Under the simulated carbon
policy, farmgate prices for energy crops are pitej@do increase to more than $30/ton in 2020

and to about $50/ton in 2040 (Johansson and AZar)20

Woody Biomass Feedstocks

Woody biomass for use in bioenergy and biofuel pobidn is generally considered from the
following sources: short-rotation woody crops (SR)M@sidues from timber harvests that
would typically be left onsite (either dispersedropiles), residues from the milling process that
may or may not already be used in other processeste wood and yard debris collected via
municipal solid waste systems, timber resourcescinald be harvested for other products (e.g.,
sawlogs or pulp and paper), and stems that arertilyrconsidered nonmerchantable (including

those that could be harvested in the course osfananagement activities).

Some woody biomass materials are available toitlenbrgy production process cost-free or at
very low cost. In the case of a few woody biomassistocks, their use for bioenergy may avoid
disposal costs (e.g., avoided waste hauling caStier biomass materials are available to the
bioenergy production processes only if procuredteanasported. Those biomass products that

are low-cost or no-cost to procure (e.g., milliegidues, black liquor) are already widely used
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for the production of energy (including through wiqeellets) or other wood products (e.g.,
oriented strand board, bark mulch). Other form&obddy biomass expensive to procure (e.g.,
nonmerchantable stems) or that are currently ndélyiproduced (e.g., SRWC) might become
widely used only after additional investment inithggoduction (e.g., extensive planting of
SRWC), increased yields, increased prices of fdgsls, and/or increased support for bioenergy

production.

Four “types” of availability have typically beenp@ted in woody biomass studies completed to
date. Some studies (e.g., Milbrandt 2005) repbdratearly all of the quantity of woody
biomass as “potentially available.” Other studieg( Perlack et al. 2005), report the amount of
biomass that is “technically available” and couéduiilized. This has generally been
accomplished by applying a percentage factor, sgoting the amount of biomass that is
expected to be recoverable using current or exgeetdhinology, to the potentially available
guantity of woody biomass. A smaller number of sgadhave quantified the amount of woody
biomass that could be available at a given marnkeé fe.g., Walsh et al. 2003, BRDB 2008).
Finally, a few studies have estimated a supplye&uavschedule of supplied quantities over a
range of prices, for woody biomass (e.g., Walstl.2000, Gan 2007). In various places in this
report we rely on each type of “availability” andchke an effort to differentiate these types for

the reader.

Short-Rotation Woody Crops

Short-rotation woody crops are tree crops growslmrt-rotations, typically with more intensive

management than timber plantations. All of the isidescribed here considered SRWC grown
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strictly on agriculture land. However, it is podsithat SRWC could be planted on land
currently in forest plantations or naturally-regeated forests. The tree species most commonly
considered as SRWC are hybrid poplars and willovthealgh sycamore and silver maple have
also been considered (Tuskan 1998). Short-rotatmody crops are one component of a larger
group of plantings known as energy crops, which aislude the perennials switchgrass and
energy cane—both of which are also typically pldrdaa agriculture land. In addition to their
potential use for bioenergy and biofuel, SRWC dan he used for pulp and paper production
and sawtimber (Rinebolt 1996, Stanton et al. 2002the 1970s oil embargo, SRWC were
considered as a potential biofuel source (Stantah €002). During most of the period since
then and until recent years, the primary intere SRWC has been a quick-growing high yield

timber supply (Tuskan 1998).

Rotation lengths for SRWC range from about 6 tyda&rs; although, they can be shorter (3
years, e.g., Adegbidi et al. 2001) if the matagaold for bioenergy feedstock or longer (up to
15 years, e.g., Stanton et al. 2002) if sold fevtsaber. As with timber harvests on forestland,
multiple products can be derived from harvested E8Rfands, with stems being used for clean
chips for pulp and paper and limbs and other residieing sold for energy (Schmidt 2006).
Some studies have assumed that 25 percent of tiegiahdarvested from SRWC stands (mostly
bark and small limbs) can be sold for energy whi temainder going to higher valued products
(e.g., McCarl et al. 2000). Harvested SRWC staaaishe regenerated via stump coppicing or
planting of new cuttings. Stump coppicing redudesdost of regeneration but coppicing can
add to labor costs when thinning of the coppicesisris required. Regeneration through stump

coppicing also requires alternate harvest timing)@mn result in missed opportunities to take
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advantage of genetic improvements in new plantiogks(Tuskan 1998, Stanton et al. 2002).
Coppice regeneration is more common when the stélhtde harvested for bioenergy
production (e.g., Adegbidi 2001). Coppiced willovayrultimately be the most popular crop for

bioenergy production under low price bioenergy &ecdk scenarios (Ince and Moiseyev 2002).

SRWC acreage—

The number of acres currently planted in SRWC isdedinitively known, although the total
acreage is not extensive (Tuskan 1998). Ince (288@nated that less than 0.1 percent of the
privately-owned agriculture and forest land bassuisently dedicated to SRWC poplar
plantations. Zalesny (2008), citing the work of &atreports approximately 132,000 acres of
hybrid poplar currently planted in the United Ssatidybrid poplar is planted on approximately
50,000 acres in the Pacific Northwest—for pulpwaod sawtimber production—(Stanton et al.
2002) and on about 6,000 acres in Minnesota fdr patpwood and energy production. Short-
rotation woody crops have also been planted irStngth (Tuskan 1998) and the Northeast
(including willow for bioelectricity production) (degbidi et al. 2001). It is expected that
expansion of the market for bioenergy feedstockslaveupport significant expansion of SRWC
acreage on marginal to good agriculture lands (M¥reg al. 1992). Alig et al. (2000) assumed
that 167 million acres of land in cropland was pbgiy suitable for planting SRWC, mostly in

the Corn Belt, Lake States, and South Centralst@iable 1).
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Table 1—Cropland suitable for
short-rotation woody crop planting.
Source: Alig et al. 2000.

Region Acres (1,000)
Pacific Northwest 1,274

Lake States 33,190
Corn Belt 85,040
Southeast 14,022
South Central 36,816

SRWC yields—

Current estimates of expected yields from SRWC cfyora limited numbers of stands planted
on a variety of sites in different regions of tlmintry using different planting stocks. However,
general yield figures for SRWC using contempordanfing stock under current management
systems range from 5 to 12 dry tons per acre pargfewoody material (BRDB 2008, Adegbidi
et al. 2001, Volk et al. 2006). Under 6-year ratas with 900 trees per acre, Stanton et al.
(2002) report yields from hybrid poplar planted doenergy of 37 to 55 dry tons per acre at the
time of harvest. Under a management regime aimethpty at using SRWC for pulpwood
production, stem densities of 600 trees per a&lelgd 28 to 45 dry tons per acre of clean chips
for pulpwood and an additional 10 to 15 dry tonsliofy chips for bioenergy production. In the
Pacific Northwest, hybrid poplar grown for sawlagguction is estimated to yield up to 12 dry

tons per acre of chips for energy production atitne of harvest (Stanton et al. 2002).

Biomass from Harvest Residues

Harvest residues are the unused portions of grostiogk trees (e.g., tops, limbs, stems, and

stumps) that are cut or killed by harvesting openstand currently left onsite (Smith et al.
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2009). Harvest residues may be left distributedssthe harvesting site or may be piled. In
some management systems, harvest residues areethifiely., in the South and on gentle slopes
in the West) or burned (e.g., in the Pacific Norsty, while in other systems the residues are
left distributed throughout the harvest site taunaty decay. In 2006, approximately 4.6 billion
cubic feet of harvest residues were generated (Szhidl. 2009). The reported volume of harvest
residues has been increasing since the 1950s (8trath2009)—however, this increase is
influenced to at least some extent by changesportiag and sampling systems. In addition to
the residues from harvesting operations, someesuéig., Perlack et al. 2005) also consider the
residue generated in “other removals” which incltatest harvests conducted for activities like
land clearing and precommercial thinnings. In 2@B6re was approximately 1.6 billion cubic

feet of woody material in “other removals” (Smithaé 2009).

Assuming 27.8 dry pounds of material per cubic ftwe harvest residues in 2006 amount to
about 64 million dry tons of cut or killed materiaft on harvest sites. Only a fraction of this
material would be available for use in the produtof bioenergy or biofuel given current
technology and costs of handling and transporthéir report, Perlack et al. (2005) assumed that
it was technically feasible to remove about 65 petof harvest residue, equating to about 42
million dry tons of residue in 2006. The spatiatdbution of harvest residues in the U.S.
generally follows the spatial distribution of haste& with the South (2.3 billion cubic feet) and

the North (1.3 billion cubic feet) accounting fbetmajority of the residue generated (fig. 3).
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Figure 3—Harvesting residues generated in the hi;$egion, 1962 to 2006. Data source: Smith

et al. 20009.

Harvest residues, regional availability—

The amount of harvest residues that are economiagadlilable is less than the amount
technically available (measured in Perlack et @05). With the goal of producing 4 billion
gallons of cellulosic ethanol from a combinationnafody biomass feedstocks, BRDB (2008)
estimated that about 20 million dry tons of fonrestidues would be supplied annually from non-

federal timberlands at a roadside price of $44dpgton. Counties in the southern Delta region,
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the Northeast, along the Pacific Coast, and imtivéhern Lake States were projected to have the
greatest quantities of forest biomass supplied (BRDO08). Counties in the Mountain West had

the least forest residue supplied.

Regionally, the Northeast and the hardwood produaneas of the upper Midwest would seem
to have the greatest opportunity for increasedofisienber harvest residues given the current
volume generated per harvest, all else being etioalever, the South generates the greatest
volumes of residue owing to high harvesting ratés predominance of coal-fired power plants
in the East may offer opportunities to cofire hatwesidue woody biomass. The existing
infrastructure for producing corn ethanol and theaent infrastructure for cellulosic ethanol in
some parts of the Midwest may be a catalyst fabdishment of harvest residue feedstock use in

that region.

One uncertainty for the Northeast and Midwest gard to expanding harvest residue use for
bioenergy is any significant shifts in forest spsocomposition in response to climate change.
There is the potential that climate change maylr@asthe movement north to Canada of
hardwood species and a northward progression dhsouU.S. softwood species. Timber
harvests involving softwoods tend to generate fewsidues than harvests involving hardwoods
(Smith et al. 2009). Furthermore, the amount aftitess generated and left onsite in softwood
harvesting operations has declined over the lagrakdecades (Smith et al. 2009). The
increased utilization of harvested softwood refidmth technological improvements in
softwood harvesting systems as well as additioraakets for softwood biomass. At the same

time, the volume of softwood harvested nationallg been declining since about 1976.
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Hardwood harvests have declined in recent periotisite still greater relative to 1976 and 1986

volumes (Smith et al. 2009).

Harvest residues, harvest site implications—

In management systems where harvest residues taalonally been left onsite, removing all
harvest residues can have implications for sotlients and soil carbon. This can lead to
reductions in tree growth in subsequent rotatieng. ( Walmsley et al. 2009). However, the
impact of whole tree harvest on soil nutrients grailvth in the second rotation is highly variable
and likely site specific (Carter et al. 2006, Wdkyset al. 2009). If removal of logging residues
led to widespread reductions in future timber yselkiimber supplies could decline, leading to
increased stumpage prices and timberland valueslsalbeing equal. Alternately, managers
may choose to use fertilizer to augment availabiensitrients on areas where logging residues
have been removed. This may lead to increasedeftutilizer use which might have
implications for greenhouse gas emissions and vgaiglity. Ultimately, the widespread impact,
if any, of a general shift to removing logging teges from harvesting operations is not known
and would require careful monitoring in the futu@me potential benefit from whole tree
harvesting is that it can reduce site preparatastscfor subsequent timber rotations (Westbrook

et al. 2007).

Biomass from Milling Residues

Milling residues include wastes from sawdust, skafid edgings, bark, veneer clippings, and
black liquor (Rinebolt 1996). In 2006, woody biomamilling residues from primary wood

processing mills amounted to approximately 87 onilldry tons of material (Smith et al. 2009).
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This is up slightly from the 83 million dry tons ofilling residue generated in 2001 (Smith et al.
2003). Black liquor production is not consideredeh&eflecting their low cost of procurement
(or avoided cost of disposal) nearly all generatgting residues—about 86 million dry tons—
are currently used in production of other productbioenergy. This pattern of use continues a
state of practice in place since about 1986 (Rihedl®96). In 2006, nearly equal amounts of
residues (36 million dry tons) were used for engrgduction and fiber products with an
additional 13 million dry tons used for other protiu(Smith et al. 2009). Some (e.g., Rinebolt
1999, Perlack et al. 2005) suggest there may beased availability of milling residues in the
future, assuming increased timber mill productiem( in response to hazard fuel thinning).
However, this seems to ignore the pattern of irenggefficiency in timber mill production
practices over past decades, which has been prdjextontinue in the future (Skog 2007). If
robust markets for woody biomass for bioenergy laiotuel develop in the future, the delivered
prices for woody biomass could draw some millingjdaes from the production of other
products to bioenergy and biofuel production. Masild likely then lead to at least short-term

increases in the costs of products currently preddmm milling residues.

Mill residues, regional availability—

The South Central and Northeast regions have getest volume of milling residues not
currently used (Fig. 4). Most of this unused residuin the form of slabs, edgings, and
trimmings (i.e., coarse material). This could betitous, as the Northeast generates a
significant amount of electricity from coal and vidlikely have an opportunity to expand
cofiring of woody residues with coal. However, eweithe South Central and Northeast regions,
the amount of unused residue is small. Woody bigrsapplied from SRWC may offer a greater

long-term opportunity for cofiring woody biomassdoal than milling residues.
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Figure 4—Woody biomass mill residues generatetienlnited States, 2006. Data source:

Smith et al. (2009).

Mill residues, secondary wood product facilities—

Mill residues created at secondary wood productufsaturing facilities (e.g., cabinet
production, furniture makers) are another milldeg source. Unfortunately, the amount of
woody material available from secondary wood prsicesindustries is difficult to ascertain.
Milbrandt (2005) estimates approximately 3 millimms of woody residues are generated

annually from secondary wood product firms. In eviwus study completed in the late 1990s,
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approximately 1 million dry tons of secondary mékidues were estimated to be available
annually for feedstock use at approximately $20tper(1996 dollars) (Rooney 1998). Although
potentially available residues from secondary naitis distributed throughout the forested
regions of the country, they represent a fractibtine other potentially available woody material.
Further, as the secondary wood products manufagtimdustry continues to contract (Quesada
and Gazo 2006), the amount of residue availablditély also decline. Ultimately, secondary
wood product residue is perhaps best characteaigedniche source of woody biomass for

bioenergy and biofuel production in some locales.

Municipal and Construction/Demolition Wastes

Wood and paperboard in a variety of consumer prisdure discarded as MSW. A portion of
that waste is recovered for recycling or other ugégle the remainder is generally discarded
into landfills. In MSW, woody biomass can be foungaperboard and paper waste, discarded
wood products such as furniture, durable goodsesrand packaging, and in yard trimmings. In
2007, the U.S. generated approximately 83 millmmstof paper and paperboard—54.5 percent
(45 million tons) of this was recovered for recpgior other uses (US EPA 2008). Corrugated
boxes comprise the greatest single component gddher and paperboard waste stream and,
after newspapers, the highest rate of product exgowhe generation of paper and paperboard
waste has flattened in recent years after a dedadgsncrease. Over the same period, the rate
of recovery of this waste has continued to incréasEPA 2008). Discarded wood in furniture,
durable goods, and wood packaging amounted toridlidn tons in 2007. An estimated 1.3
million tons of discarded wood from pallets wasonegred for such things as mulch and animal

bedding. Yard wastes are difficult to measure lispabal is believed to have declined from
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highs in the early 1990s in response to legisldiiaiting yard waste disposal in landfills (EPA
2008). In 2007, upwards of 6 million tons of brsid leaves were generated but not recovered
from yard debris. Including paper and paperbogsgraimately 57 million tons of woody
biomass is currently discarded and not currenttpvered. Excluding paper and paperboard,
approximately 19 million tons of wood is not recae from the MSW stream. In both
instances, one could expect that only a portiahisfmaterial is recoverable for use in the
production of bioenergy and biofuels. Perlack ef2005) estimated that approximately 7.7

million tons of solid wood was available from MSW.

In addition to that contained in MSW, discardeddswalood is potentially available in the debris
created from building construction and demolitiBetween 20 and 30 percent of construction
and demolition debris are estimated to be soliddyor@ducts (e.g., dimension lumber, wood
doors and flooring, wood shingles) (EPA 2009). 092, approximately 164 million tons of
debris material was created from construction arddlition (EPA 2009). Assuming 25 percent
of that material was wood, approximately 41 milltons of wood waste was created from
construction and demolition in 2003. This is vermitar to a previous estimate of 39 million
tons of debris wood in 2002 from McKeever (2004tKéever (2004) has estimated that
approximately 50 percent of construction and detiooliwood waste is potentially recoverable
or currently recovered. Assuming this percentagaands of 20 million tons of wood was

available from construction and demolition debni2003.
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Biomass from Hazard Fuel Reduction

Much of the material on public and private foradentified as overstocked or at high risk of fire
because of stand conditions is small-diameter nahfer which there is not currently a market.
With no market for this precommercial material réhis limited opportunity to offset the costs of
thinning these forested stands. With renewed attemd bioenergy, there is much interest in
using the precommercial material in hazard fudttreents as woody material feedstock for
bioenergy and biofuel production (e.g., WGA 2008)e focus of hazard fuel treatments is the
western U.S. and Skog et al. (2006, 2008) idewutifipproximately 24 million acres in the 12
western states on all ownership types as potesitesd for treatment. This acreage figure
compares well with the 28 million acres of timbadan 15 western states likely to need

mechanical fuel treatment as identified by Rumned.g2005).

Hazard fuel reduction, potential biomass—

Skog et al. (2006, 2008) simulated both even-atied {from below) and uneven-aged thinning
operations. The uneven-aged scenarios includedimwed at achieving high structural diversity
in the remaining stand and two aimed at achievimgdd structural diversity in the remaining
stand. In the uneven-aged scenarios, stems inetyaf diameters were removed. In the even-
aged scenarios, larger diameter stems were renanlgdf all smaller diameter stems had been
removed. No diameter limits were included in thensgios. Some scenarios had limits on the
amount of basal area that could be removed inhinaing. In all cases, acres were deemed
treatable only if they would provide 300 cubic feétmerchantable material per acre—a volume

that is often considered the minimum necessarydid yet revenue (Skog et al. 2006, 2008).
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Scenarios that treat acres using an uneven-agedg®aarent thinning regime aimed at
maintaining high structural diversity and contagimo limits on basal area removed yielded the
greatest number of acres treatable—17.5 millioesxerand material removed—627 million odt
(Skog et al. 2006, 2008). An even-aged thinningiflelow regime with no basal area limits
was estimated to be feasible on about 7.3 millenes yielding about 190 million odt of
material. Fewer acres are treatable under the aged-regime because lesser amounts of
merchantable material would be generated in ttartrent, making this regime feasible only
under limited conditions. In the uneven-aged maneege regime, about 35 percent of the
removed material would come from California timlaeds (Fig. 5). Oregon, Idaho, and Montana
timberlands each would account for an additiongbd®@ent of removed material. The remaining
approximately 25 percent of material would come thgdsom Washington, Colorado, and New

Mexico.

West-wide across all scenarios, the majority (axipnately 55 percent) of the simulated
removed biomass material from hazard fuel redua@ssociated with timberland on national
forests (Skog et al. 2006, 2008). Under an exampéyen-aged thinning regime aimed at
achieving limited structural diversity and with adal area limit, privately-owned lands would
contribute approximately 32 percent of removed l@ssn(122 million odt of merchantable and
nonmerchantable material) (Table 2). Of the pritetderland in western states, those in
California would contribute the greatest volume (&ilion odt) of thinned material under this

thinning regime. The contribution of material frgmvate timberlands would be lowest (less
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than 4 million odt) in Arizona, Idaho, New Mexicnd Utah because of small areas of

timberland in those states.
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Figure 5—Material of all sizes removed from a siatetl uneven-aged thinning regime on

public and private timberland in the western stafempted from Skog et al. 2006.
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Table 2—Volume of material removed (million odt) urder a simulated uneven-aged hazard
fuel thinning regime by timberland ownership type.(Adapted from Skog et al. 2006).

State and

State Private National forest  Other federal local Total

Arizona 2.0 6.9 0.0 0.0 8.9
California 50.0 65.1 0.6 1.7 117.4
Colorado 5.9 8.9 2.4 0.2 17.4
Idaho 13.2 35.7 3.5 5.3 57.7
Montana 14.8 38.2 3.2 2.6 58.9
Nevada 0.2 0.0 0.0 0.0 0.2
New Mexico 3.3 10.7 0.0 1.1 15.0
Oregon 16.3 28.3 8.4 2.1 55.1
South Dakota 0.0 1.1 0.0 0.0 1.1
Utah 1.6 3.9 0.3 1.1 6.9
Washington 12.8 18.4 1.1 6.4 38.8
Wyoming 2.3 3.1 1.8 0.1 7.3
Total 122.3 220.2 21.3 20.8 384.6

An uneven-aged thinning regime without basal aread and promoting high structural

diversity would yield about 9.5 odt per acre of ematl from stems less than 7 inches in diameter
and from the branches and tops of stems useddbehvalue products (Skog et al. 2006). This
material is most likely to be used for bioenerggdurction. Treatment on all 17.5 million acres
where this even-aged thinning regime was feasilleldvyield about 166 million odt of small
woody material. The thinning from below even-agegime would yield approximately 11 odt
per acre of material from stems less than 7 inghdgameter and the branches and tops of stems
used for higher value products (Skog et al. 200@&)! 7.3 million even-aged feasible acres are
treated, about 80 million odt of small woody madkdould be generated. In both cases, it is
unlikely that all of this material would be harnestat once. Assuming operations occur evenly
over approximately 20 years (i.e., 2010 to 203@hwb retreatment, about 8.3 million odt could

be removed per year under the former scenario anidlidn odt per year under the latter
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scenario. This is a slight simplification as itogas stand growth over that period which may

move some stems into higher valued uses and igtloeggrowth of new small diameter material.

Perlack et al. (2005) reported that 49 million trgs of woody biomass could be generated from
timberland through hazard fuel harvests througtioeicountry annually. Perlack et al. estimated
an additional 11 million dry tons were availablerfr forestlands (lands not productive enough to
be classified as timberland) annually. The vasonitg] of this volume is expected to be
generated in the western states. The results aiMhstudies provide good sideboards on likely
woody biomass availability. The study by Perlackle{2005) contains a fairly liberal set of
assumptions on likely treatable acres and genevatedie. Skog et al. (2006) adopt a fairly
stringent set of assumptions on treatable acrekidimg the requirement of producing at least
300 cubic feet of merchantable material. The resfltSkog et al. (2006) likely provide a more
reasonable estimate of the potential productiomffioel hazard thinnings. This is particularly
true in the short-run where institutions are ngblece to support widespread hazard reduction
thinning, markets currently support only low priéesbioenergy chips, and there are a number

of social obstacles to thinning for bioenergy.

The results reported in Skog et al. (2006, 2008)cansistent with the analysis (involving many
of the same authors) reported by the Western Goverssociation on forest biomass
availability (WGA 2006). In that analysis, 10.6 hah acres of western timberland were
available for hazard fuel reduction yielding 270liom odt of biomass. Assuming these acres
were treated over a 22-year period and that 5Cepenf the removed biomass could potentially

be available for bioenergy and biofuel productithee, annual volume of available woody
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biomass would be 6.2 million oven dry tons. Agaims figure is well below that reported in

Perlack et al (2005).

Hazard fuel reduction, costs and revenues—

Mechanical treatment and removal to the roadsi@e isxpensive approach to treating hazard
fuels. In general, treating the fuels via presaibarning is less expensive (Rummer et al. 2005),
although the resulting reductions in fire hazard/met be similar to that achieved via
mechanical thinning. Mechanical treatment and reahtivthe roadside is estimated to have an
average cost of between $34/odt and $86/odt fari@ty of western forest types on a mix of site
types (Rummer et al. 2005) (Table 3). These treatim@sts do not include the additional costs
for hauling the removed material from the road$althe mill. Treatment costs are strongly
influenced by site conditions and treatments opesdogreater than 40 percent are estimated to

cost at least double that of treatments on geldfees (Skog et al. 2006).

Table 3—Treatment costs for removal and
transportation to the roadside of hazard fuels.
Adapted from Rummer et al. (2005).

Forest type Costs ($/odt)
Southwest ponderosa pine 55.74
Intermountain ponderosa pine 55.26
Intermountain lodgepole pine 45.24
Sierras ponderosa pine 44.78
Sierras lodgepole pine 57.85
Rockies ponderosa pine 61.46
Rockies lodgepole pine 48.91
Great Basin ponderosa pine 86.96
Great Basin lodgpole pine 34.72

The uncertainty around whether hazard fuel redoatmuild generate net revenues per acre is a

challenge to widespread implementation of hazarththg. For a simulated uneven-aged
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thinning regime, Skog et al. (2006) estimated tnegit and removal to the roadside would cost
on average about $27/odt on gentle slopes and $5dvioslopes greater than 40 percent. A
typical assumed delivered value for dirty chipsdaoergy production is $30/odt. Based on those
costs and values, and if all material is used iy @¢hips, there is aet costof about $21/odt at

the roadside for treatment on slopes greater tBgredcent and a smailkt revenueof about $3

at the roadside on gentle slopes (Fig. 6). Thef$@brevenue on gentle slopes is prior to
incurring transport costs to the processing sitearAassumed transportation cost of 35 cents per
mile, in this example roadside net revenues woelddgated after an 8.5 mile transport to the

processing facility.

$40
$30 -
$20 - O Costs for treatment
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B Value of delivered
energy chips at
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Figure 6—Simulated costs of treatment and road&id®val of hazard fuel material compared

to anticipated delivered values of energy chipsapgtdd from Skog et al. 2006.
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Based on the expected costs and delivered vatussynlikely that hazard fuel treatment could
widely be economically feasible if all removed mi&tkis required to be sold for energy chips.

In their study, after accounting for expected tpammscosts, Skog et al. (2006) found that no
simulated hazard fuel thinning regime yielded e&enue per acre if all woody material was
required to be sold for chips at $30/odt (TableHhwever, if some of the thinned material could
be sold for higher valued pulp and sawtimber préslsome thinning regimes became
economically feasible. When stems above 7 inché&imeter can be sold for higher valued
products, uneven-aged thinning regimes conductagkatie slopes yield net revenue (Table 4).
However, even-aged thinning regimes and any thnreigime conducted on steep slopes did not
yield net revenue even if material was sold fohkigvalued products (Table 4). Under a
scenario where energy chip value increased by &20, through a subsidy or as a reflection of
increased demand), all thinning regimes on gefdjges and a limited number on steep slopes
did yield a net revenue (Skog et al. 2006). Itua of hazard fuel reduction of sawtimber
material in eastern Oregon, Adams and Latta (2@5)d that the form and application of the
subsidy had important implications for not only thagnitude of acres treated as well as the
longevity of the milling capacity in local commuies. A lack of milling capacity could make
hazard fuel reduction less feasible, particulaolylbwer valued material that is not worth

transporting long distances.
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Table 4—Net revenue (or cost) per acre for simulatethinning regimes on public and
private timberland in the western United States. (Alapted from Skog et al. 2006).

Scenario

Merchantable
volume to higher
value products

< 40%
slope

> 40%
slope

Chips only

< 40%
slope

> 40%
slope

Merchantable volume
to higher value, plus
$20 chip subsidy

< 40%

slope > 40% slope

Uneven-aged, 50%
basal area removal
limit, high structural
diversity
Uneven-aged, high
structural diversity
Uneven-aged, 50%
basal area removal
limit, limited
structural diversity
Uneven-aged, limited
structural diversity

Even-aged, thin-from-
below, 50% basal area

removal limit

Even-aged, thin-from-

below

WUI, even-aged,
spruce-fir and
lodgepole pine, 50%
basal area removal
limit

WUI, even-aged,
spruce-fir and
lodgepole pine, 25%
basal area removal
limit

$533

$686

$278

$356

-$112

-$86

-$144

-$18

-$319

-$490

-$120

-$833

-$762

-$726

-$266

-$992

-$1,161

-$971

-$1,023

-$973

-$1,024

-$766

-$1,073

-$1,910

-$1,917

-$1,862

-$1,909

-$1,882

-$1,892

-$1,550

-$1,615

$912 $79

$1,159 $479

$669 -$87

$798 $114

$391 -$368

$441 -$255

$202 -$478

$421 $36
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Biomas Feedstock Supply Curves

Walsh et al. (2000) estimated state-level biomapply curves that, although dated, provide a
useful “data point” as one estimate of the potébi@mass feedstocks available for bioenergy
production at a schedule of feedstock prices. Refndm a current research effort to complete
county-level biomass supply curves (Dykstra e2@08) were unavailable for use in this report
owing to the facthat portions of the research are still underway athers are restricted from
distribution because of an extensive peer-reviewegssAt the lowest delivered prices ($20/ton),
residues are primarily drawn from urban waste w&igmall contribution of mill residues (Walsh
et al. 2000) (Fig. 7). In many cases, handlerse$e products avoid a disposal cost by providing
them to bioenergy uses and thus are willing toalatdow delivered costs. At $30/ton delivered,
some forest residues become available, and thdysapmill residues increases. Because most
of the mill residues are currently used for oth@dpicts (e.g., bark mulch), at least some of this
supply will come from mill residues currently beinged in other products. A small amount of
agriculture residues become available at $30/ttimated. Energy crops and the amount of
agriculture residues available increase substntaldelivered prices increase. These two
sources become the primary supply of biomass resatihigh delivered prices. In the Walsh et

al. (2000) analysis, SRWC were not included aari@rgy source.
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Figure 7—Estimated biomass for bioenergy supplynftbe contiguous U.S. at a range of
delivered prices. Adapted from Walsh et al. (2008) did not include short-rotation woody

crops.

Based on the estimated supply curves, the Northr&leand South Central regions have the
greatest supplies of biomass available (Walsh. &04l0) (figures. 8 and 9). In those regions, the
majority of the supply is associated with agrictétiand via energy crops and agriculture
residues. The Southeast and Northeast regions gegalmoderate amount of forest residues. As

the biomass price rises to $50/ton delivered, tipply of biomass from energy crops increase in
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the both the North Central and Great Plains s{#igs 9). At the same time, there is a drop in

crop residue from those regions, reflecting a ceanglanting mix to support energy crops.
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Figure 8—Estimated biomass for bioenergy by regio®40/ton delivered. Adapted from Walsh

et al. (2000).
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Figure 9—Estimated biomass for bioenergy by regio®50/ton delivered. Adapted from Walsh

et al. (2000).

Modeling Studies for Specific Biomass Resources

Short-rotation Woody Crops

Short-rotation woody crops have been proposed amargy crop, to provide chips for pulp and

paper production, and, in the Pacific Northwesprimvide sawtimber. Current markets for
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products and existing yields from SRWC have nontméficient to spur widespread SRWC
planting. However, it is anticipated that climatenge policies that result in a carbon price or
otherwise incentivize energy generated from biomaksesult in some expansion of SRWC.
This expansion may come in response to SRWC beiad directly to address the climate policy
(e.g., energy chips to reduce carbon emissions frowver plants and tree planting to sequester
carbon) or in response to changes in the forestrios (e.g., decreased supply of pulp chips from

traditional forestry sources because of increasédon sequestration efforts).

Several studies have considered the use of SRWEénh&ngy or pulp production. Walsh et al.
(2003) considered bioenergy crop production udmegROLYSYS model of the agriculture
sector. The authors considered three energy csapichgrass, hybrid poplar, and willow. The
authors assumed switchgrass could grow from tleernmduntain region eastward and that hybrid
poplar could be grown from approximately the Cosilt@astward and in the Pacific Coast
states. Willow was constrained to being grown mnbrthern states. Two scenarios that differed
in the farmgate price for biomass (for hybrid pop$82.90/dry ton and $48.26/dry ton) were
considered In the first scenario, CRP acres wesagdd as being managed for wildlife and in the
second CRP acres were treated as being managpgéhrction. In both scenarios, landowners
received a reduced 75 percent of their CRP paymestchange for being able to sell bioenergy

crops.

In the Walsh et al. (2003) study, about 20 millaames of agriculture land were planted to

bioenergy crops under the lower price scenariodghnhillion acres were planted under the high

price scenario. In both scenarios, cropland couitteith more than half the acres planted to energy
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crops; CRP contributed most of the other acresridyioplar was planted only in the first
scenario and then only on CRP lands (which wenegoeianaged with lower cost wildlife
management practices). Willow was never planteal l@senergy crop. Under the first scenario,
hybrid poplar plantations contributed 35.5 millidry tons of biomass for bioenergy annually.
Simulated hybrid poplar bioenergy supplies werai$ed in the Corn Belt region, from Ohio
west through lowa and from southern Missouri tamemn Minnesota. Hybrid poplar was also
planted in some areas of the Delta Region, thefiP&torthwest, and limited areas of the
Northeast. The bioenergy crop choices in the resiiliValsh et al. (2003) reflected the assumed
comparative yields of the three crops. Model raswiere fairly responsive to across the board

increases and decreases in yields. Changes irsyaeldng the bioenergy crops were not tested.

Ince and Moiseyev (2002) extended the model regont&Valsh et al. (2003) by combining the
agriculture sector model with the North AmericaripPand Paper (NAPAP) model to examine
the impact that hybrid poplar planted as SRWC migtve on the pulp and paper sector.
Although the focus of Ince and Moiseyev (2002) [#mel paper discussed next by Alig et al.
(2000)] is on SRWC production for pulp, it providesiseful reference for the amount and
location of SRWC that might be planted on agriad@tiands. Under current market conditions,
the use of SRWC for pulp and paper production seaore likely than use in bioenergy

production (Ince and Moiseyev 2002).

Under their baseline scenario, Ince and Moisey802? project little pulpwood production from

hybrid poplar planted on agriculture lands. Howeuader a scenario where planting of hybrid

poplar by farmers was incentivized (operationalibgdowering the model discount rate from 6
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percent to 3 percent), the pulp production fromrtdypoplar plantations increased more than
threefold. The production from hybrid poplar wasail3 times greater than the baseline in
simulations where availability from the traditiorallp supply declined and the planting of
hybrid poplar by farmers was incentivized. Pulp@ygrom traditional forestry sources could
decline for a number of reasons, including forest@rship change or a change in timber
management goals. In the Ince and Moiseyev mduelfacus is on hybrid poplar for pulp and
paper production, so most of the simulated agticelicres planted to hybrid poplar are located
in the South near existing pulp and paper manufiagtdiacilities. Under “high demand”
scenarios, simulated hybrid poplar plantationsgnicalture lands are also found in the Lake

States and in the Northeast—other regions witgtpulp and paper sectors.

Both of the previous studies relied on modelingrsf built on a model of the agriculture sector.
Alig et al. (2000) differs from those studies bilyneg on a spatial optimization model (the
Forestry and Agriculture Sector Optimization Mod€tASOM) that captures both the
agriculture and forest sectors. One significantaatiage of this approach is the ability to
accommodate land transfers between forestry andudtgre as well as to capture the
substitutability of product flows from agricultuaad forest lands (e.g., pulp production from
SRWC on agriculture lands vs. traditional pulp prcitbn from forest lands). Model results
indicate hybrid poplar for pulp production would fpanted on at most 2.8 million acres of
agriculture land in the coming decades. The Pabifichwest and Lake State regions had the
greatest land areas planted to hybrid poplar. Rifig the high opportunity costs of converting
cropland to another use and the lack of pulp mantufeng facilities, relatively little hybrid

poplar was planted for pulp in the Corn Belt stéatethe Alig et al. model. The South had
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relatively few acres planted to hybrid poplar fofguntil the last decades of the model run. This

pattern reflects the quantity of available pulprtraditional forest resources within that region.

Despite the relatively small land area devotedytarid poplar in the Alig et al. (2000) model,
the pulp material harvested from these acres repted about 40 percent of the pulpwood
material harvested in the U.S. in the late 1990 dbility of high SRWC yields to offset such
large volumes of pulp material could “free-up” maraditional forest sector acres to be
managed on longer rotations for other products,(sagvtimber) or for other management goals
(e.g., carbon sequestration). It is possible thdeua climate policy where longer forest
rotations are desirable, SRWC have the capacityfset some of the chip material that would

have otherwise gone to the pulp and paper industry.

Several implications of SRWC supply exist for tlyeieulture and forestry land bases. Although
intensively managed, SRWCs require less cultivafierilizer, and other chemical treatments
than many of the traditional agriculture crops andld play a key role in natural resource
conservation and carbon sequestration on exisgnguture lands (e.g., Ince and Moiseyev
2002). The increased supply of hardwood pulp fr&®W& lessens the demand for pulp from
traditional hardwood forests, lessening the opputyicost of converting hardwood forests to
softwood plantations (Alig et al. 2000). Reflectitng linkages between the agriculture and
forestry land bases, having increased pulp prodadtom SRWC results in land transfers from
forestry to agriculture (to meet crop demands) altbese identified in a baseline run. This
transfer from forestry to agriculture in respons&RWC production may be less significant

under a climate change policy where carbon seqiastrwas valued.
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One of the values of FASOM’s combined modelinghaf &griculture and forest sectors is the
ability to estimate the combined welfare changesoolsumers and producers in the forest and
agriculture sectors. Because these two sectolgéiesl so strongly, examining welfare changes
for only one sector could lead to inappropriateat@sions regarding welfare impacts to society
from new policies or market changes. Across conssiigied producers in both sectors and
foreign exporters of agricultural and forestry prot$, the establishment of SRWC on
agriculture lands (in this case for pulp productiads to an increase in net welfare of about $6
billion. Because of a projected drop in timber psavith SRWC, forest product consumers
accumulated most of the welfare gains. Those agmreuproducers who planted SRWC also
gain with SRWC plantations. Because timber priceseduced in the presence of SRWC,
traditional timberland owners were projected toezignce a loss relative to the baseline.
Because cropland land values increase and shartegriculture commodity production levels
decrease when some cropland is planted to SRWEu#gre producers, in aggregate, are
projected to also suffer losses relative to theelras case. Finally, agriculture consumers will
suffer some losses because of higher prices—alththege losses are relatively small.
However, it is important to recall that consumetownay suffer welfare losses from consuming
agriculture products are also projected to expedemelfare gains from the consumption of

forest sector products (e.g., paper and paperhoard)

Although willow tree species did not factor inteetresult of either SRWC modeling efforts

described above, its potential use as a bioeneayyio the Northeast has been examined in

other studies (e.g., Tharakan et al. 2005, Volid.€2006). Willow is often considered for
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bioenergy use by cofiring it with coal in Northearst U.S. coal-fired power plants. In the context
of a potential carbon emissions cap under a cliriaéage policy, cofiring willow (or any other
woody biomass) with coal would yield a reductiorcarbon emissions because woody biomass
currently is deemed carbon neutral. Cofiring willaiso reduces emissions of Nénd SG,

both of which currently have an emissions valuthexNortheast (Tharakan et al. 2005).

Currently, the delivered price for willow biomassnot competitive with the delivered price of
coal, making widespread adoption of willow cofirimgthe Northeast unlikely under the current
market conditions (Volk et al. 2006). Using a systesimulation model, Tharakan et al. (2005)
found that a 1 cent/kWh price premium for greerrgn@aid by consumers or a 2.4 cent/ kWh
tax credit to electric producers for biomass enavguld make willow production for cofiring
economically feasible for electric producers, bissaggregators, and willow producers. The
modeled green price premium is consistent withégrenergy” price premiums in place for
electricity elsewhere in the country (TharakanleR@05). An increase in willow yield of about
5 odt/ac/year, either through improved plantingktor management systems, reduced the
necessary price premium 10 percent (to 0.9 cel#y)kand the tax credit 12 percent (to 2.1
cents/ kwh). The modeled yield improvement alonse mat enough to make willow production
economically feasible. Allowing willow to be platen CRP lands for bioenergy production in
exchange for reduced CRP payment to the landowreharvest year reduced the necessary
price premium 25 percent (to 0.75 cents/ kWh) dredtéx credit 25 percent (to 1.8 cent/ kwWh)
with current yields. Tharakan et al. (2005) did ewamine the impact of a carbon price on

willow feasibility. The Renewable Portfolio Standaradopted by New York and some other
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Northeastern states requires increased use of edahefuels in electricity generation and may

make SRWC willow plantations more feasible in thertNeast (Volk et al. 2006).

Harvest and Milling Residues

Residues from logging represent a potentially esitensource of currently unused woody

biomass material for bioenergy production. Howetlegre are technical limits to the amount of
this material that can be accessed and removets, @ssociated with collecting and transporting
logging residues, and, in some silviculture systeroacerns about the potential impacts to soil

nutrients when logging residues are removed.

In the context of firing electrical plants usingedy biomass, Gan and Smith (2006) have
estimated the state-level availability of residfresn logging operations and other removals
using 1997 FIA data. They estimated about 36 miltdoy tons of logging and other removal
residues were available in 1997. This is consiskgtht the national-level supply estimated to be
available at $40/dry ton delivered by Walsh e{2000) and that estimated by Perlack et al.
(2005). Based on Gan and Smith (2006), the Soutitr@leegion has the greatest amount of
logging residues available, with lesser amountdaa in the North Central, Northeastern, and
Southeastern regions (Table 5). The 36 milliontdns of logging residues were estimated to be
capable of producing 67.5 TWh of electricity (Gawul &mith 20065.If all of residue-generated
electricity offset electricity generated by coakfi plants, which is unlikely, 17.6 million tons of

carbon emissions would be avoided (Gan and Smidié)20

% Gan and Smith use a conversion factor of approéiyd.9 Megawatt hours of electricity per 1 odwafod based
on a 35% plant efficiency.

54



Table 5—Harvest and other removal residues, electity potential, and carbon emissions
displaced by region, annually. (Adapted from Gan ad Smith 2006).

Recoverable residues Electricity potential  Carbon displaced

Region (1000s odt) (GWh) (1000s tons)

Northeast 7,551 14,088 3,577
North Central 6,982 13,026 3,694
Southeast 6,223 11,611 2,939
South Central 11,229 20,950 5,461
Great Plains 99 184 52
Intermountain 1,251 2,334 636
Pacific Northwest 1,403 2,618 716
Southwest 844 1,575 431
Total 36,197 67,532 17,621

Extending the Gan and Smith (2006) study, Gan (R08&d 2002 state-level FIA data to
estimate a national harvest residue supply curkie.eBtimated supply curve is highly elastic for
most prices. That means that small changes in teeldprice yield large changes in the amount
of harvest residues supplied. For a feedstock painge of between $38 and $40/odt delivered,
approximately 5 million to 35 million odt of harte®sidues are available, respectively . These
prices assume that all the costs of whole-treedsaing are applied to the delivered price of the
biomass. If only the additional costs of collectangl transporting the biomass material is
included, delivered prices decline by about $8tdry A $0 stumpage price was assumed in the
Gan (2007) study. The median cost for producingtetgty from logging residues at an
optimally sized power plant, when only the additiboosts of collecting and transporting
biomass is paid by the plant, was estimated tdbeteb47/MWh. This estimated cost is greater
than the current cost of $36/MWh for producing #leity via coal firing. The places where
logging residues may be sufficient to supply biogleity may be limited. Gan (2007) estimates

that about 2/3 of the recoverable logging residadke U.S. are located in just 15 states:
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Alabama, Arkansas, Georgia, Louisiana, Maine, Mjahi Minnesota, Mississippi, North

Carolina, Pennsylvania, Tennessee, Texas, Virgiist Virginia, and Wisconsin.

Despite its potential supply, the inclusion of loggresidues in any potential future bioenergy
production portfolio is not certain. This is ind@rpart owing to the high cost of procuring
residues from the woods relative to other biomaseurces and traditional fossil fuel sources.
Biomass sources with very low procurement costg,(mill residues) may figure more
prominently than harvest residues in future bideiety portfolios. Using FASOM to model
bioelectricity production from forest sector resgdiources and SRWC, McCarl et al. (2000)
found that logging residues and chips from whoéetharvesting were not used in the production
of bioelectricity; rather, in baseline projections]l residues were relied on almost exclusively
for bioelectricity plant firing. Most of the modeldioelectricity from milling residues was
generated in the South. A limited amount of willamd switchgrass were also incorporated
under baseline scenarios. When FASOM was run VvRWS yield improvements, the primary
biomass feedstock was willow and some hybrid papléine Lake States (McCarl et al. 2000).
Bark from poplar harvested for pulp was also ussdkeu high yield SRWC scenarios. In the high
yield scenario, milling residues and switchgrass wtdized only when more than 650
bioelectricity plants (each 100-Megawatts in sizeje in operation. McCarl et al. (2000)
suggest that if the goal of a government subsidgiam is to avoid drastic increases in costs or
to reduce emissions, a bioelectricity program telés on milling residues in the short term and

SRWC in the long term may be the most advantageous.
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Challenges to Biomass Utilization

The economic challenges and some of the techriiedllenges to using woody biomass for
energy have been highlighted in the previous sestidhere are also a number of social,
organizational, and infrastructure impediments tdespread adoption of bioenergy production
from woody biomass and we highlight some of thosthis section. Rosch and Kaltschmitt
(1999) identify five categories of challenges todriergy production: lack of knowledge;
funding financing, and insuring; administrative darmons; organizational difficulties; and
perception and acceptance. The focus of the RastlKaltschmitt paper is the European Union,

but many of the points are applicable to the UitBation.

Lack of knowledge is pervasive across all the emglées identified by Rosch and Kaltschmitt
(1999) and is not discussed separately. Many ofutheéing, financing, and insuring challenges
have already been discussed in this paper. Therexedministrative conditions, typically
developed without a focus on bioenergy productoam make the permitting process confusing
and cumbersome with uncertainties about the prettonsl and requirements for issues unique
to bioenergy production (e.g., ash disposal). Addélly, existing plant approval frameworks
may not be applicable to bioenergy, resulting infasion about the process and expectations.
Administrative or legislative rules that define wiaody biomass qualifies for contribution to
renewable energy targets, tax relief, or other aetmgnsive climate policies could impact the
magnitude of future woody biomass use and thegsaitivolved in supplying woody biomass
feedstocks. The studies included here have nobeeghkthese limited eligibility issues but

researchers are beginning efforts to use the FAS@e! for limited eligibility analyses. It is
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difficult to examine the impacts of legislative amdiministrative rules on feedstock supply
because many of the rules have only been propdshd dime and the definitions of qualifying

material are often unclear.

In regard to organizational difficulties, numera@rsups and organizations are needed for
successful implementation of large biomass plddte unique challenge is identifying an
adequate network of biomass suppliers. This coalddzomplished via a biomass aggregator
(e.g., in Tharakan et al. 2005) or the energy predoan contract with many individual
feedstock producers. The former situation is likelyre attractive for the energy producer
(Tharakan et al. 2005). There are also existingeors about the lack of infrastructure for

collecting, transporting, and storing biomass.

One of the greatest stumbling blocks may be pyi#iceptions of biomass use. Rosch and
Kaltschmitt (1999) remark that there is a disconbetween the general approval of society for
renewable energy production and their skepticisigenterating energy from solid biomass.
Rosch and Kaltschmitt highlight three critical @afties that are a challenge to adoption of
biomass energy production. First, is the beliesbgne that solid biomass energy is old
technology, low efficiency, and limited only to head steam production This perception
probably traces to past experiences with smoky,dfiigiency, residential wood stoves. Second,
is the perception by individuals that energy praglfrom biomass is not convenient for use
(e.g., inability to change heat output). Finallygmy perceive that the biomass feedstock supply
is difficult to obtain and may not provide a reguleliable supply because of such things as

constraints on harvest timing.
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A recent case in Eugene, Oregon may be illustratiihe productive capacity of bioenergy

from biomass as well as the some of the uneasediagebioenergy production from woody
biomass. In early 2009, Seneca Sawmill Companywamred plans to install at a cost of $45
million an 18-Megawatt CHP plant at their existsayvmill located outside the city of Eugene,
Oregon. The expected feedstocks for the CHP plantndling and forest harvest residues—
including some residue currently sold for otherdurets (including as pulp feedstock to a nearby
mill that recently announced it will be ceasing igti®ns). The heat produced by the CHP plant
will be used for kiln drying on the mill site anldkt electricity produced will be sold entirely to
the power grid. The power generated would supperenergy needs of about 13,000 housing
units (Seneca Sawmill Company 2009). The projesbancement has garnered local media
attention and considerable back and forth on tbal leditorial page. Opponents of the plant most
frequently voiced concerns about the expected favittemissions. Other have expressed
concerns regarding the potential negative impactsrest productivity as result of logging
residue removal and the distributional equity okvehthe plant (and expected emissions) are
located (Eugene Register Guard 2009a, 2009b). Spmenents have stated a preference for
using solar and wind energy, rather than woody bssnto meet renewable energy portfolio
requirements. In early October, 2009, Seneca Sdawad granted an air contaminant discharge
permit from the Lane Regional Air Protection Agenajyowing for construction of the CHP

plant (LRAPA 2009). The CHP plant is expected todmee operational in 2010.

Although energy crops, e.g., switchgrass or SRWfBelgreat potential for use in bioenergy, the

revenue to a producer from energy crops would keeydd for several years after planting while
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the crop matures. This results in a situation wipeoglucers are reluctant to plant energy crops
because of uncertainties and delays in any potegrtianues and the consumers of energy crops
(e.g., power plants) are unwilling to invest in th&astructure (e.g., adjustments to coal burners)
necessary to utilize biomass. Volk et al. (200@rabterize the situation by stating “(the large
scale deployment of willow for biomass) remainsligmging because there is currently not
enough willow biomass established to initiate lasgale use of the material, while at the same
time there are currently no long-term commitmestsuaing producers of a stable market in the
future.” Because of this, in part, model resulsirFASOM (McCarl et al 2000) indicate a
short-term reliance on easily-accessed feedstacgs (illing residues) for bioenergy
production, even though they may already be usedher products. This reliance would then
shift over the long-term as energy crops maturetirmare acres were planted to SRWC (McCarl

et al. 2000).

The use of residues from forest thinning, eithenfthazard reduction or for other management
purposes, to produce bioenergy has been extenslisglyssed and promoted. In addition to the
economic and technical constraints discussed allose remain a number of other challenges
to the use of small diameter thinned material ffonasts for bioenergy production or other
products (Hjerpe et al. 2009). First, infrastruetaray be limited for harvesting, transporting and
processing small diameter material. This has reguit part from dismantling of some
harvesting infrastructure following reductions imiber harvest from federal lands. Furthermore,
the remaining infrastructure capacity may not bé stéted to handling small diameter material
efficiently. Second, the supply of wood, partictiaf from federal lands, may be erratic

depending on market conditions and harvesting atiguls. Finally, some individuals and
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organizations have concerns about hazard thinratigtées that include the removal of large
trees. The concern over including large stemstasitant implications for the feasibility of
hazard thinning because Skog et al. (2006, 200&) Baown that hazard reduction is at least
revenue neutral only if larger stems can be hagdeand sold for sawtimber and pulp. On public
lands, the concern over removal of large stemsaftanifests in an upper diameter limit on any
thinning operations. Even on private lands, sondéviduals and groups may become concerned
if they perceive that large trees are being haegekdr traditional timber production under the

guise of hazard mitigation or renewable energy pctidn.

To present, many have treated bioenergy from wdmaiyass (and other biomass resources) as
carbon neutral; biomass was treated as such uneéfyoto protocol. However, very recently
some have suggested that the use of woody bioroabsoenergy may not be carbon neutral if
carbon emissions from the land use change and athigities in generating the woody biomass
are included in carbon emissions accounting (8eprchinger et al. 2009). As an example of
unaccounted for carbon emissions in biomass geaey&earchinger et al. describe a scenario
in which mature forest is cleared to plant enemgps. Although this example makes a useful
point in fully accounting for carbon emissions meegy generation, none of the studies reported
here have involved such extreme land use changganterate biomass for energy. Much of the
forest woody biomass will likely come from residgEserated from harvests that would have
occurred regardless or through fuel hazard thinopgrations that could reasonably be expected
to increase forest growth and perhaps reduce thasity of wildfire. The energy crop plantings
included in models discussed here are pimarily idensd on agriculture land, much of it

marginal or fallow land. In some cases (e.g., mgiterm increase in crop productivity),
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increased energy crop planting could result in sehiks of land from forest to agriculture.
Although their discussion of land use change isortgnt, Searchinger et al. seem to ignore the
land use change (e.g., mountaintop removal) thaldvaccur under the business as usual use of
fossil fuels relative to that land use change thigiht occur with biomass feedstocks. Regardless,
accounting issues and carbon life-cycle emissialid® important considerations in examining

policies that promote woody biomass bioenergy.

Conclusions

Bioenergy production from woody biomass is likedybie an important component in
comprehensive climate change policy. Future expdnde of woody biomass in energy
production will build on the current contributiohwoody biomass to renewable energy. Current
estimates of the potential volumes of woody biongagslable for bioenergy production differ
widely, primarily because of different “types” ofailability that were considered and differing
assumptions that were adopted in the estimatetiniylilesidues and wood in MSW currently
have the greatest volumes of material used in mtamiuof bioenergy and other products.
Logging residues currently left onsite and bionmasserial that could be generated as part of a
hazard fuel thinning program may offer the greatetimes of material available and not
currently used. However, handing and transporhisfraterial is costly and there are a number
of social concerns about the use of this biomasbitenergy. The acres of SRWC in production
are currently very limited, but, this resource nodfer the most reliable and productive long-

term supply of biomass for bioenergy.
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The distribution of woody biomass resources isumifiorm across the United States. The eastern
half of the U.S., and the South in particular, theesgreatest quantities of timber harvest and
milling residues potentially available for bioengrélthough not shown in this report, the
distribution of woody material in MSW is thoughtftdlow the population distribution, with

some adjustments for recycling rates and wastergeéoe. The West, and specifically

California, has the greatest volumes of material tould be available from hazard fuel
reduction. The majority of hazard fuel reductionoglg biomass is located on national forest
timberland. The greatest areas of cropland suitablproduction of SRWC are located in the
Corn Belt, Lake States, and the South Central regild planted for pulp production, SRWC

may be most common in the South and Lake Statetarted for energy, the Northeast and

possibly the Corn Belt may be the areas of plarficgs.

If there is a rapid increase in the demand for laissrfor bioenergy, it is likely that widely
available residues (i.e., mill residues and harvesiiues) will be the initial biomass providers.
The use of mill residues for bioenergy may redineesupply of residue available for other
products like bark mulch. As a future woody biomlsenergy sector expands, biomass may
increasingly be drawn from SRWC and thinned smaliréter material. Niche markets using
woody biomass supplies unique to the local arep, (®econdary mill residues, MSW streams)

may develop in some locales.

In the U.S., the current price of fossil fuel enefgedstocks and consumer prices for energy

have not supported expansion of woody biomassardadenergy. The wood products industry,
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with an extensive supply of low-cost material arldrge potential for reducing production costs,
is the greatest producer of energy from woody b&sna the United States. In the absence of
policies that make bioenergy production more ditraaelative to energy derived from fossil
fuels or significant changes in the price of fossdlds, it seems that bioenergy from woody
biomass will continue to remain a small componérhe overall U.S. energy portfolio.
However, several regions and states have implemieatewable energy standards in recent

years and bioenergy production from biomass magase in these areas.

Additional research is needed for improved inventord monitoring of woody biomass
availability. This research should focus not ontytbe production volume of woody biomass
(e.g., the volume generated in MSW) but also tlppkluthat could be available at a range of
feedstock prices. The lack of a reliable inventoirgxisting and possible supplies makes it
difficult to develop an understanding of possihlaufe outcomes. Because of recent concerns
about bioenergy carbon emissions accounting, relsesneeded to fully consider the
“additionality” and “leakage” implications for cash emissions as result of using woody
biomass for bioenergy and comprehensive climatagidaolicies. Research effort is also
necessary to develop a better understanding oeponses in the energy, agriculture, and forest
sectors to policies that would impact bioenergyges&ew models are capable of simultaneously
modeling the interactions of all three sectors. fidseilts of previous studies using the FASOM
model to examine SRWC production and increaseaiis®mmass for bioenergy have shown the
importance of examining the agriculture and fosesttors jointly. Because the forest and
agriculture sectors are linked so closely, if o@etar is considered in isolation, the outcomes

from new climate change policies may not be prgpeniderstood.
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Periodic estimates of harvest and milling residarescurrently available. Estimates of the
volume of woody material in MSW and at secondarpavproducts manufacturing facilities are
generated less frequently and via a system withyrmasumptions about production per capita or
facility. If it is desirable to use those materifds bioenergy production, more regular and
rigorous efforts to quantify their volumes are resagy. More comprehensive measurements of
land planted in SRWC over time will help to bettintify the potential volumes that could be
expected from that resource. Transportation casta aignificant deterrent to increased use of
woody biomass. Better identification of the locagf current and potential bioenergy
production facilities will help to identify thoseomdy biomass resources stocks that may be in
the best position for increased use. Similarlyettds understanding of the spatial patterns in
supply curves for different bioenergy feedstockeddy and otherwise) will be useful in

identifying the locations where woody biomass istriikely to be used for bioenergy.
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