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Executive Summary
Woody biomass from forest management is a renewadlecarbon feedstock that can substitute forifdsgls in the
production of energy and other products — a patéigtimportant tool in the national strategy to ued greenhouse gas
emissions and resist global climate change. Marfketkgging residues, small diameter trees, aherotow-value fores
products can add value to working forests, helwigeofinancial alternatives to land clearing angelepment, and create
incentives for investing in sustainable forest nge@maent. Forest thinning and removal of small-dismdow value trees
are integral parts of forest management for a nurobe&alues and objectives — biodiversity conseomat ecological
restoration, wildfire prevention, and timber stamghrovement. However, there is also the potenteiricreased demand
to drive unsustainable levels of harvesting, witdgative consequences for biodiversity, soil, andewaonservation
Federal policies should strive to ensure sbgainability of woody biomass harvesting; this will go a loryvards
winning the public trust that is so essential hdnergy is to be become a trusted and utilized comt of the nationg
energy system.

U7y

Although sustainability should be a cornerstonéedkral biomass policy, it is important that fedédaavs and program
do not include highly prescriptive (or proscripdivelles for where biomass can be harvested, fort whgposes, or ir
what quantities. The United States possesses a diugesity of forest types, representing a wideietstrof ecological
conditions and managed for an array of social waled objectives. A sound management prescriptioroiie forest
could be wholly inappropriate for another (eventiates, a few miles away). Instead, federal pddiareust promote
informed site-level decision making that views baw® harvesting as one tool among many for achidwigtic forest
stewardship objectives. Management plans, hangegjuidelines, conservation easements and collaieraecision
making are important tools for developing creatar@ sustainable management directives, as wellnasriag that
biomass harvesting will contribute to maximizing fiall spectrum of ecological and social valueg theests provide.

Despite the many benefits of woody biomass, thésassociated with harvesting, transporting, sgpramd utilizing the
material often exceed its value on the energy ntaBame of this is due to the fact that the lovieket price of fossil
fuels does not include the negative social costecaated with climate change, and more cost-effedbols, equipment,
and logistical processes are currently being dgeeloln the meanwhile, federal incentives are al that improve th
economic feasibility of bioenergy projects. Theseentives are costly, and can create unintendedrgiiss in wood-
fiber markets, but they will likely continue to laepart of federal energy policy for some time. tdev to get the most
from limited biomass feedstocks, it is preferablattthese incentives treat all biomass applicati(gisctricity,
transportation fuels, thermal energy, and biobgzedlucts) equally, in proportion to the efficienayth which they
reduce greenhouse gas emissions and substituthigbrcarbon petroleum products. Federal policieso dlave ar
important role to play in promoting research andhiering the science of sustainable bioenergy. R&@yrams, resourc
assessments, and extension funding are essentialining the full potential of woody biomass aseaewable, low-
carbon energy source. Such investments will hejpienthat woody biomass utilization will contribtieehealthy, diverse
forest ecosystems.

(D

[4)

Introduction

Global climate change is widely seen as one ofjteatest environmental problems facing th& @&intury (Brown 2008,
MacCracken 2008, Hansen et al. 2006). The impastslting from this period of profound change argiiveing to be
felt and will affect the entire globe, every ecdsys, every nation, and every human endeavor (S2@06). What is
more, the speed and scope of these changes magpbecedented in human history (Greene et al. 20B&gntific
consensus points to emissions of greenhouse dasgsly from the burning of fossil fuels, as themary culprit behind
this problem (IPCC 2007). If we wish to reduce aspteeric concentration of greenhouse gases, itbwilessential that
we move immediately to begin replacing fossil fugith renewable energy resources (MacCracken 2008).
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One such renewable resource is biomass, partiguladody biomass from land clearing, landscapingjustrial
byproducts, and especially our nation’s abundarm@storesources. Wood is one the oldest energy e®and one that has
remained in constant use throughout the moderndaspite the widespread adoption of fossil fuelscakding to the
Energy Information Administration (2008), the Unit8tates consumed 3.6 quadrillion Btu of biomagsgnin 2007 or
3.6% of total energy consumption in that year. $ total, 2.2 quadrillion Btu were generated framod fuels - an
amount only slightly less than the contributionnfrbydropower (2.5 quadrillion Btu). Moreover, ElAlsimber does not
include all of the localized and small-scale usesandy biomass. Wood can serve as a substitut®s$sil fuels in many
applications, including the production of electtigower, heat, liquid transportation fuels, and wmber of other
chemicals and products. Not only is wood a readysttute for fossil feedstocks in these applicatjobut it is a
renewable, low carbon resource (Domke et al. 2008)eveloped carefully, this resource can contébsubstantially to
the renewable energy portfolio in the United Statad in the efforts to halt global climate changeyitalize rural
economies, and, most importantly, provide a valkabbl for sustainable, science-based stewardshipuo diverse
forests and woodlands for a full range of environtakand social values. However, if developed irexdly, there is a
risk that expanded markets for woody biomass wikceirage overharvesting and other bad managemantiqas,
leading to nutrient depletion, soil damage, and lafsbiodiversity and forest complexity.

Founded by a bipartisan Congressional caucus, thrdhmental and Energy Study Institute (EESI) isian-profit
policy think tank and congressional outreach orgation working on policies related to climate changenewable
energy and energy efficiency, and sustainable camtres. Over the past two years, EESI has undentakproject to
assess the state of woody biomass utilization andevelop a suite of policy recommendations intentte promote
woody biomass as part of the sustainable foresirggigm. To this end, we have brought togethervarsié group of
foresters, researchers, NGOs, and civic officiatswell as those involved in the production of wbaded energy and
biobased products, to participate in a discussienies on sustainable forest biomass. Through asseri focused
conference calls, this group has discussed a nuwibissues relating to the future of woody biomasspecially the
potential for these industries to complement adifate sustainable forest management.

To synthesize and build upon the information gaifredn the discussion series, we developed a strettvesearch
methodology to help focus our investigations. Wgarewith a literature review including peer-reviemgapers as well
as government publications and other pieces ofgthg literature. Biomass technologies are a rapatherging field,
however, and there is a great wealth of experiamckeunderstanding not yet encapsulated in thefitee. To get at this
knowledge we developed a series of stakeholdertiQuesires designed to elicit pointed informatioom key
stakeholders. The questionnaires were administieredgroup of stakeholders and experts (includisgussion series
participants) as well as members of the Woody Besridtilization Group (Woody BUG), a federal inteeagy working
group comprised of representatives from those &degencies involved in woody biomass utilizatisach as the U.S.
Forest Service, the Department of the Interior, #mel Environmental Protection Agency. A number oficiv-up
interviews and additional research helped to chystainformation gained through the questionnairgse results from
the discussion series, the literature review, dmlduestionnaire process shed light on the mosemuissues facing
forest bioenergy today and provide a basis foriggithe development of effective federal policieptomote a thriving
and sustainable use of woody biomass.

! This group contained a number of state foresfetisate foresters, conservationists, forest scitsitiresearch faculty, industry
representatives, representatives of the privatisemembers of state and federal government aggncommunity development
professionals, engineers and other technical expkrtaddition, the network was deliberately ovepked with a similar network
developed by the Pinchot Institute for Conservation

Environmental and Energy Study Institute 3



Sustainable Forest Biomass: Promoting Renewable Energy and Forest Stewardship

This paper serves two purposes. First, we havenptesl to identify the major opportunities and issassociated with the
use of woody biomass from forests as a renewalistisute for fossil fuels in the production of dléaty, thermal
energy, liquid fuels, and biobased products. Sdgonee provide a suite of policy recommendationat ttve feel will
direct the growth of these technologies in a waat thill contribute substantially to the renewabiemy portfolio in the
United States, address public concerns over gloliaate change, revitalize rural economies, andstnmmportantly,
improve sustainable, science-based stewardshiprotliverse forests and woodlands for a full rangerovironmental
and social values.

EESI's primary audience is the United States Cagréo best serve this audience, we have focusegaper on the
policies and situations most relevant to nationalicgmaking. However, many of the issues, condgiomnd

recommendations identified in the paper also halevance at state and local levels, as well asderfl agencies.
Decision makers at these levels form an importectisdary audience. From national to local venussng leadership is
needed to ensure that woody biomass is able to gaymportant role in meeting our combined needsaftordable

renewable energy and productive forest ecosystems.

Background
The discussion series, the stakeholder questicemamnd the literature provided insight into they kesues that
stakeholders and experts feel will be of the gataportance in the development of bioenergy ffonest biomass.
These are the broad issues that will be most im&tntial in determining the feasibility of expandedenergy as well the
willingness of society to embrace this technology.

Sustainability was found to be the most importasuée for an overwhelming majority of stakehold@tsese individuals
considered it of paramount importance that theaiderest biomass does not adversely impact bioditse ecosystem
integrity, forest soils, or water resources. Furti@e, many felt that it would not be enough togyravoid doing harm -
forest biomass must be developed as a positive fimolachieving forest stewardship objectives sush habitat

management, hazardous fuels reduction, forestreg&io and other activities intended to improveesrstructure or
ecological function. Most of the stakeholders witthom we talked felt confident that biomass utiliaatcould and would
be used in this way. On the other hand, a smallbenrof individuals felt that biomass harvestingh@t a necessary
management tool and that increased harvesting @oggeat risk to a number of forest values, incigdbiodiversity,

recreation, water quality, and wildlife habitat.t#dugh they acknowledged that biomass harvestingddoe useful to
meet some specific management objectives, thededuodls felt that the risks of harm involved inobhiass harvests
outweigh any potential gains.

Many stakeholders identified a number of forestesyand ecosystems where they felt biomass hargeshiould be
excluded. Old growth forest and lands designatedil®rness were particularly common responsesidatjh many of
these lands are by law already off-limits to hatimeg. In addition, stakeholders listed wetlandsblg: forests, national
parks, roadless areas, and forests containingoragedangered elements of biodiversity. In manoihstances, such as
wildlife refuges, stakeholders felt that the appiajgness of biomass harvesting would need to berdaed on a case-
by-case basis. A small number of stakeholderstlielt biomass harvesting could be an appropriatevahdble tool on
most or all forests. Overall, however, there wastrang consensus that biomass harvesting shoulunited to those
forests where it will complement and improve thedional integrity of the ecosystem.

The distinction between privately and public-ownfedests was an important one for many stakehold8exeral
individuals expressed the feeling that greateraedt should be exercised in promoting biomasszation on public
lands, such as national forests, wildlife refuges] lands managed by the Bureau of Land Manage(B&i). These
individuals felt that biomass harvesting shouldpioiesued less aggressively on these lands or availiegether. They
drew attention to the fact that these are commenurees managed in trust for all citizens, and bahass harvesting
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could conflict with public objectives for water dity, wildlife habitat, and recreation. In contréast this, however, the
majority of stakeholders felt that biomass couldd@in many cases, should) be harvested on botlicpaihd private
forests wherever this activity would complemenialomanagement objectives and ecological conditibmeither regard,
most stakeholders see private landowners as beidgy less of an obligation to the public good.dotf a small number
of respondents went so far so as to express thiegdbat sustainability concerns should not impadeivate landowner
from pursuing biomass harvesting in his/her foréBbese issues are at core philosophical propgytysrissues, but they
will have a strong effect on how sustainabilityoef§ will be viewed.

Best management practices (BMPs), sustainabibiiydsirds, silvicultural guidelines, and forest &iegtion systems were
widely seen as being important tools to ensureasedble use of forest biomass (Kelty et al. 200&8ydrtson et al. 2008,
Evans and Perschel 2009). These systems all prepefic direction to land managers and most ohelsome form of

objective performance measures, as well. Therelo$ af variability among these tools, however, whiecomes to the

level of detail, scientific rigor, applicability drenforceability. Some stakeholders felt that vtdmn guidelines, such as
those included in the Minnesota Forest Resources€is Forest Management Guidebook (Minnesota $tdrResources

Council 2007), would be sufficient to ensure susthle management. Others felt the need for a icatiin system

predicated on third-party oversight, such as Fds¢stvardship Council (FSC) certification. In eitliespect, it is clear
that science-based standards are seen as a furidhnmnponent of any strategy to ensure truly susbde use of forest
biomass.

It is important to point out, however, that sustdiity encompasses more than just sustainableaathgement. Many
stakeholders also insist that bioenergy facilibesheld to rigorous standards when it comes temissions and water
pollution. The climate change ramifications of gsforest biomass are seen as being of primary itapoe, especially as
bioenergy and other renewable energy sources amg hmited largely as a climate change solutiorthla regard, it is
key that the use of forest biomass not impair bty of forested landscapes to sequester carbaesult in substantial
carbon losses from standing biomass or forest.sditsody biomass provides a renewable substitutéoisil fuels, but
against this must be weighed the carbon emissiotigried during production from the use of heavyipgent and
petroleum fuels, as well as from the removal orodgmosition of vegetation (Finkral and Evans 2004rii4 2008,
Domke et al. 2008). For woody biomass to be seemn sastainable source of renewable energy, it beistemonstrated
to have a net low or no carbon impact.

After sustainability, the issue of greatest impoc&to most stakeholders is the economics of Usirggt biomass. Many
forest managers see biomass markets as an oppyrtoiraffset the high costs of timber stand improeat (i.e., pre-
commercial thinning) and forest stewardship agasijtsuch as habitat restoration or hazardous fedlisction. Others see
biomass becoming an important revenue stream fesféandowners. This additional revenue could bwcan important
part of strategies seeking to add value to workangsts with the intention of slowing the rate eivdlopment and urban
sprawl. Unfortunately, the high costs associatéith the harvest, collection, and transport of bism@ften renders
bioenergy noncompetitive compared to fossil enexgg other renewables (Hummell and Calkin 2005,tlale2006).
These costs increase with longer transportatidianies, rough terrain, inappropriate harvestingpeaent, and operator
inexperience with biomass harvesting. Additionatlgsts associated with thinning of small-diametet lbow grade trees
are higher than those associated with collectiagtsland logging residue. All in all, the real orgeéved inability to
harvest biomass cost-effectively is seen by maakes$iolders as the biggest barrier to greater useoehergy (GAO
2006).

There are, however, quite a number of examplesaégqts where biomass harvesting has proven ctettsfe (Han et
al. 2008, Arnosti et al. 2008). These have tenddzktprojects where haul distances were shortatipgrconditions were
ideal, appropriate harvesting equipment was aVailadnd in which biomass was being harvested samatiusly with
higher value wood products. Even these situatitmsigh, have generally been profitable only withirvery narrow
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margin. These margins are gradually improving, h@reas more effective harvesting methods and gpjaite-scale,
purpose-built equipment are being developed. Tdogres for the collection, storage, and convergbiibiomass into
energy also are rapidly being improved. For exampldlurry of research is gradually bringing downre tprice of
cellulosic ethanol to where it could approach tbatconventional ethanol (BRDI 2008). Torrefactioesgentially
‘roasting’) of wood is being developed as a wayeaduce the water content, improve combustion cheynignd increase
the energy density of woody biomass — to ultimatelgl coal in cost-effectiveness (Bergman and RigD5).

In the interim, stakeholders indicated that fedaral state incentives for renewable energy andtfoestoration serve an
important role in improving the competitiveness esfergy from forest biomass. Depending on who reseihem,
incentives such as tax credits and grants can eeduerall costs and allow energy producers to aiféigher price for
feedstocks. Stakeholders also felt that these tivesnhelp correct externalities and provide foblpigoods that are not
provided for in the current marketplace, such asate change mitigation and forest health. In orfderthese market
signals to be most effective, however, many stakiehns stress the importance of providing a levaljolg field forall
uses of woody biomass that achieve intended goals etrédegpower, heat, and biobased products, as wdilgaid fuels
(Gustavsson et al. 2007). Without this parity, camines and forest owners may not have the freettbicthoose the
most appropriate use of their biomass resources lddk of a federal thermal (i.e. heating and em)lincentive is often
mentioned as a particularly troublesome omissiahigiregard, leaving out many communities withchee small-scale
renewable heating but no markets for biopower ofueils.

An economic issue of importance to many stakehsldewood fiber supply and demand. A number oftggsproducts
currently are made from sawdust, wood residues, lanegrade timber, including pulp and paper, anirbatiding,
oriented strand board (OSB), and a number of oth@nufactured wood products. Elevated demand frognoaing
bioenergy sector could increase feedstock costshiese existing industries, closing some of them dmving others
overseas. Representatives of these existing indsigiften express frustration with having to corepegainst subsidized
industries for the same raw materials. Additionallyoenergy itself could ultimately be priced odttbe market if
increased demand were to result in wood fiber psi&es. In response to this concern, many in thpdwer industry
point out that the current industry largely funogaas a ‘bottom feeder’, making use of residuesveastes with no other
value in local markets.

From an environmental perspective, many stakehelaex worried that additional fiber demand couldedunsustainable
levels of harvesting, especially where two or mereod-using enterprises are aggregated in a smaed. avlany
individuals feel that the most effective way to @vhis outcome is to emphasize the importanceppf@priately scaled
projects. Appropriate scale is determined througteftl assessment of the quantity of biomass thatldacal forest
resource can be expected to produce without conipirmgnother values, taking into account existingpaidiber demand.
This assessment will aid project developers in tstdading exactly how much biomass will be avadabih a
sustainable, annual basis. Careful attention tlesteould result in energy applications that amnemically viable in the
long term and which do not degrade or exhaust trest resource. For many stakeholders, appropsedte is
synonymous with small scale, particularly as sreedlle wood energy applications (especially combhmest and power
(CHP) systems) can be incredibly fuel-efficient. tha other hand, many small facilities in a givecaltion can generate
demand for biomass as great as one or two large. éddhough scale is important, ultimately it isetbverall fiber
demand from a given land base that will determihetiver unsustainable levels of harvesting may occur

A third topic that comes up regularly in discussiamth stakeholders is the lack of scientific amegtical knowledge
about many aspects of using forest biomass foiggnéhere is a large and well-founded body of kremgle surrounding
forest management and ecology, but informatiomiis on many issues particular to biomass utiliza{idacker 2005).
Many of these ‘missing pieces’ are important fromsastainability perspective. For instance, ther@ehaeen
comparatively few studies on how increased remo¥aimall-diameter trees could impact wildlife habjtsoil structure,
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or nutrient cycling. There is strong agreement teaearch efforts to understand these impacts beusikpanded in the
near future. In the meanwhile, stakeholders areledszon whether or not to expand bioenergy capatitile absence of
complete knowledge. The majority of stakeholdesd t®mmfortable that we know enough about basicasuesble forest
management to move forward, learning and refiniagroethods as we progress. In contrast, some siklezh feel that
we are missing fundamental pieces of informatiomhout which we risk doing damage to the foresbuese. Nor is it
only ecological knowledge that was felt to be lagki stakeholders indicated a fundamental lacknoi"kedge regarding
biomass economics (including reliable supply curnaew practical know-how for forest managers, comitgugroups,
and landowners. On the other hand, a number oftaesnmainly European, have long been using fdogshass as a
substitute for fossil fuels — we should take adagetof their knowledge and experience.

For many stakeholders, especially those in westites, there is a great deal of interest in utgibiomass from public
forests, especially in the context of hazardoussfueduction, treatment of insect infestations, atigbr forest restoration
objectives. The Forest Service, the Bureau of Ldiatiagement, and other federal agencies see conaindernand for
low-grade trees as a critical tool in the achievetrad national restoration objectives for publiodis (Patton-Mallory
2008). There is widespread appreciation among Btd#ters, however, for the difficulties involved atcomplishing
these objectives on public lands. The size and esaipthe issue dictate that public-private partmgs (such as
stewardship contracts) and strong commercial denfanéiomass will be essential for success. Theraat enough
money or manpower available within the agenciesctieve restoration objectives on the federal dodlapecially given
the increased commitment needed for wildfire cdntvtany felt that there are a number of issuestiigithe success of
public-private partnerships (Davenport et al. 2Q0GA0O 2008). One of the most cited issues is tHécdity in
negotiating multi-year stewardship contracts. Léeiga contracts are essential to ensure adequapdysofpbiomass to
bioenergy facilities and other end users. Howeseisting regulations require agencies to set dsidds in the event of a
project’s cancellation, a requirement that limite feasibility of contracts lasting more than ary@awo — the so-called
‘cancellation ceiling’ problem (GAO 2008).

Many stakeholders indicated that the reluctanctedéral field personnel is often an effective barto public-private
partnerships and restoration projects. Stakeholatriuted some of this reluctance to the tradaiofocus placed on
timber production, lack of restoration experienceoag field personnel, and an ingrained managemeftare that

emphasizes a conventional, ‘tried-and-true’ managgnapproach. Others suggested that federal opgratiotocol

tacitly encourages field personnel to see publicape restoration projects as carrying too muclsqeal risk. Holding

field officers liable for project failures is a efrg disincentive to embark on innovative managensehiemes in a
collaborative environment. A number of stakeholddexed the blame on traditional performance metbiased on the
value or quantity of wood products harvested asoseg to the number of acres thinned or the numbeestoration

objectives achieved. As long as management foitiwadl wood products is seen as being a safemaltere, line officers

and field personnel will have an incentive to avoégtnerships and restoration activities.

The issue of public trust is another issue thatdmsmous bearing on the success of public-prigatenerships, as well
as biomass harvesting and forest restoration ohcplalnds. Whether implicitly or explicitly, issued public trust tend to
dominate the debate surrounding public land manageMcCool et al. 2000). Stakeholder input corraled this fact.
There are many factors that help determine whetlygven stakeholder trusts federal agencies to gepablic resources
responsibly. Personal experience is instrumentakcriemting (or destroying) trust in those individuakho have
experienced public land management firsthand, enen those who hear about these experiences dsmomdMoote
and Becker 2003, Cvetkovich and Winter 2008). Mazexmonly, however, this distrust is predicated doralamental
disagreement about how public lands should be nehagpr many stakeholders, public lands should &eaged so as to
maintain as far as possible a ‘natural’ landscapere that is not directly influenced by human atts. Wildlife
habitat, biodiversity, old growth preservation,dginess protection, water resources, and recreatefelt to be the most
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appropriate uses of public lands according to nafrjpose holding this worldview. Commercial loggimgad building,
mining, grazing, and other economic uses are gbyeren as the least appropriate. In contrast,ynséakeholders feel
that public lands should be managed for a multitofdgocial, economic, and ecological objectives|uding production
of wood products, livestock grazing, recreationd anldlife management. This latter view is oftersasated with the
Forest Service (an early advocate of multiple-umeservation) and other land management agencieseas the former
is often associated with environmental organizatidrike most issues, however, it is not an eithesituation; most
stakeholders fit somewhere on a sliding scale betwee strict preservationist viewpoint and one esjauutilitarian
conservation. More than ever before, environmeamal conservation groups are willing to work witlgders and forest
managers to restore historical forest conditiong]lfe habitat, and ecological processes. At thens time, the federal
government has taken great strides to give greatesideration to biodiversity, habitat managemeatt, growth
preservation, and other non-use values of pubfiests. Despite this improvement, perception thaféderal government
does not share the same values as stakeholders @f the biggest causes and drivers of publicusst

An excellent example of the importance of publgstris the current focus on hazardous fuels reslictrhe Forest
Service, BLM, state forestry agencies and othelipentities see hazardous fuels reduction as dafnental component
of the national effort to reduce damage from cavasic wildfires. Using many of the same tools approaches as
commercial logging, federal agencies see inten@wud extensive) thinning as part of an effectivieittan to a problem
and one that will generate beneficial side efféatgural communities in the form of skilled jobadanew products from
forest biomass (including bioenergy). On the otrend, a number of environmental groups see hazsifu@l reduction
as an unnecessarily intensive and unnatural apprdaawing into question the efficacy of hazardfueds reduction and
even the motive behind its proposal. Some groups hacused the federal government of perpetuatinglzer ‘give-a-
way’ under the guise of ecological restoration.flither complicate the picture, hazardous fuelsicédn is currently a
very active area of research, and there have besy studies that support aspects of both argunfaiabokidis and
Omi 1998, Pollet and Omi 2002, Odion et al. 2004eé and Skinner 2005, Rhodes and Baker 2008). dh an
environment, it is not surprising to see an erosibtrust between those who support intensive ltees fuels reduction
and those who support it infrequently or not at &thkeholders are divided on this issue, althaughajority seems to
support hazardous fuels reduction when backed byndscience and used for ecological restoratioto aeduce the
likelihood of wildfire.

Public trust is an important issue above and beytvedpublic lands debate. Mistrust of the privagetsr, the wood
products industry, and forest management as arafiwvads by no means a rare position among enviematists. This
mistrust can erode support for bioenergy even antooge who acknowledge its technical and theorgpictential. This
mistrust, whether directed towards federal agermidle private sector, often finds an outlet ippart for restrictive and
inflexible legislation. The definition of renewablidomass in the nationdenewable Fuel Sandard (RFS) is a case in
point. This definition excludes public forests eslyy and attempts to exclude those private forestsvhich biomass
harvestingmight potentially conflict with other sustainable forestry objecsvémplicit in this approach is a lack of trust
for those managing the nation’s forests and thgiitias to serve as good stewards of the land.tids also frequently
finds an outlet in the judicial system. Stakehdadd®re divided on how effective litigation (or thedat of litigation) is at
delaying restoration projects or biomass harvesting it is clearly understood that the federal egowment (as well as
many timber companies) spends a substantial anoddimhe and financial resources in court (KeelaleR006).

Fortunately, trust can be improved among agencsesemtatives, industry, environmental NGOs andrastekeholders
through collaborative efforts. Collaborations canibvaluable in breaking down barriers betweeneddt perspectives
and value systems (Moote and Lowe 2007, Evans 2D@%enport et al. 2007b). Stakeholders who haveggzated in
successful collaborations often report that incedasommunication and transparency are effectivgetting participants
to see and respect the many complex issues ancsvahvolved in land management projects. Furtheemer
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collaborative environment allows all participantshiave their voices heard and to become investédeirprocess and
outcome of the project. Successful collaboratioftenoresult in reduced (or absent) litigation amdager community
support. Collaborative projects are often more essful as well, as a larger number of participanisgs with it a larger
sphere of knowledge, skills, and experience. In,fane of the most consistent indicators of ovesaltcess among
biomass harvesting and forest restoration projéstggood collaboration. Collaborative projects repré a key
opportunity to develop sustainable bioenergy ptejebat are socially acceptable, economically @alaind promote
sustainable stewardship of forest resources.

Policy Recommendations
Based on the results of the literature review draddtakeholder input outlined above, as well asresive outreach to
knowledgeable experts, we have identified a nurob@olicy options to promote the sustainable ustodst biomass as
a renewable source of energy, while improving tstanability of forest biomass utilization, anccearaging the use of
biomass harvesting as a forest stewardship tod. gdlicy options are divided into five sectionsrést Sustainability;
Renewable Energy Incentives; Bioenergy IncentivEsgdstock Development; and Research, Developmemnt, a
Outreach.

Section 1 - Forest Sustainability

Sustainably managed forests provide a number obitapt public benefits, and most stakeholders $&eingly that
increased utilization of forest biomass must ndtade from biodiversity conservation, ecosystencfion, the protection
of soil and water resources, or other environmentgéctives. In fact, improved markets for woodprbass have
potential to reduce costs associated with hazarfimis reduction, wildlife habitat management, gstam restoration,
and other proactive stewardship activities. In ortte realize the benefits of expanded markets withask of
overharvesting our forests, it is essential thatraiss harvesting be incorporated into the exigtmigical framework,
practices, and culture of sustainable forestry.velgtr levels, diameter limits, and other specificnagement practices,
however, should not be prescribed at the natioee¢l] because of the enormous regional variabitityecology,
geography, economics, and political culture, ad agldifferences in state and local laws. Rathestasnable forestry is
something that must be built from the ground upgubh policies that enable thorough risk assessnemike available
science-based management guidelines, and incoepoi@nhass harvesting considerations into progrardspalicies that
promote site-level environmental decision-makingfanest management. The following policies will el install
biomass harvesting as one element in a holistidamable forestry paradigm, in order to minimizegaigve
environmental impacts and maximize the utility @frbass markets as a tool for achieving stewardgbegs.

e Fund Section 201 (Assessment of Renewable EnergysRarces) of theEnergy Policy Act of 2005 (P.L. 109-58).
A high-quality renewable resource assessment tithides woody biomass is an essential prerequisitassuring
sustainability in the context of bioenergy. Withautfirm understanding of how much biomass our fsresn
sustainably produce, it is not possible to be aerthat bioenergy mandates and incentives will date
unsustainable levels of biomass harvesting. Exjstissessments encompass only portions of the go{(\testern
Governors’ Association 2008, Sherman 2007) or #nerwise inadequate for resolving issues of redivagability
or differing management objectives (ORNL and USD)®Z). This assessment should include forest bioramss
with other biomass feedstocks and renewable teogred (such as wind and solar), have a regionataie-level
resolution, and should include transparent and-wetted criteria for determining the quantity obimass that can be
removed sustainably (i.e., without harming long¥tgoroductivity, biodiversity, soil and water congation, and
ecosystem function) as opposed to a simple physigahtory.

e Establish a high-quality system of national enviromental indicators. In order to understand how biomass
harvesting is impacting overall environmental dyalit is necessary to have in place a rigoroustesysof
environmental indicators that tracks trends in $biendition, water quality, air quality, soil resoes, biodiversity,
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etc. Without such a system, policymakers are fortmedely on a patchwork of studies and reportsefoftvith
inconsistent methodologies) in order to resolvaremmental conflicts or to determine the effectpolficies. A high-
quality information system would provide policyma&evith accurate data and trend information to s@w essential
context for understanding assessments and polipgeta, much as the national economic indicator fikne for
understanding economic trends (The H. John Heintetell Center for Science, Economics, and theiemment
2008).

e Expand ‘look back’ provisions in bioenergy legislaibn. Sections 203 and 204 of tlmergy Independence and
Security Act of 2007 (EISA, P.L. 110-140) require federal agencies drdNational Academy of Sciences to assess
and report back to Congress on the impacts oRénewable Fuel Sandard on commodity markets, other industries,
resource conservation, and a host of additionalr@mmental issues. Although it is important to urstiend the
impacts of particular policies (such as the RASré is value in expanding these ‘look back’ priowis to look at the
combined impacts of total biomass use — for liquid fueleath power, and biobased products. The final report
should include a thorough assessment of the impzicéglditional biomass harvesting on biodiversggpsystem
structure and function, and soil and water resaur8eich an assessment would allow policymakersawoitor the
consequences of bioenergy incentives and adaptefyilicies to correct for unintended consequenCesnbined
with the resource assessment and environmentataitadi network mentioned above, the three would idea
detailed picture of the size of the sustainablewsse, the impacts of using it on ecosystems, duedlarger
environmental context within which it is taking p&a ‘Look back’ assessments could also be tied &ovew
provisions or other safety valve mechanisms builb irenewable energy mandates, to ensure that resndae
reduced or suspended in the face of environmeatahh

e Fund the Forest Stewardship Program.Long-term planning is an essential component cftasmable forest
management, and management plans are one of tipéesimand most effective tools for ensuring thahagement
activities remain in line with management objedivd good management plan is a valuable tool fdpihg to
ensure that biomass harvesting complements otimg-teym stewardship objectives, such as stand wepnent,
timber management, habitat, biodiversity, and egiold restoration. USDA’'$orest Stewardship Program provides
technical assistance funds through state foresggneies to help landowners in the process of crgafiorest
stewardship plans. Since enactment inFbed, Agriculture, Conservation, and Trade Act of 1990 (P.L. 101-624),
the program has resulted in the creation of 300/@88agement plans covering 35 million acres ofgtevands.
Unfortunately, however, this amounts to less thgeiZent of the lands identified as high prioritgas. The program
is currently evolving in order to improve its valard effectiveness, using GIS tools to focus onhiglest priority
landscapes and actively encouraging projects ergathultiple landowners over larger forest landsgsapProgram
staff also are interested in creatively partnemitp existing forest certification and managemerdgoams, to help
landowners and landowner cooperatives create stisiwgr plans in conjunction with Tree Farm, Forgsw@rdship
Council (FSC), Sustainable Forestry Initiative (SRhd other certification and management progr@wer the last
several years, the program has received approXdyn&89 million per year through the appropriatiomocess.
Doubling this amount would help the program exp@sdefforts, especially in the area of multi-land®v and
landscape level planning.

e Encourage the creation of state-level forest biomasharvesting guidelines.Management plans may be the
cornerstone of sustainable forest management,ffrdtige long-term planning depends on a firm usteEnding of
the effects that particular management activitiédshave on forest structure and function. Althoutjlere is a large
and established body of knowledge regarding foreahagement, there are significant gaps in undetsign
concerning the effects of removing larger quargivé saplings, brush, small diameter trees and atbedy biomass
(Hacker 2005). Many states have drafted or arbermprocess of drafting forest biomass harvestindalines (Evans

Environmental and Energy Study Institute 10



Sustainable Forest Biomass: Promoting Renewable Energy and Forest Stewardship

and Perschel 2009) to give landowners and foregigdance and understanding regarding suggestedgearent
practices unique to biomass removal, or otherwis®/a and beyond conventional practices. It is w&Egsible for
these guidelines to be written at the state lavelliows greater consideration to be given to oegl variations in
forest ecology, and it also allows states to tajloidelines to suit existing forestry regulationghat state. Not every
state, however, is currently planning on draftingdglines. Through incentives written into bioenepplicy or the
Cooperative Forestry Assistance Act of 1978 (16 U.S.C. 2101), the rate of adoption among stateuld be
accelerated. Based on the estimated cost of MitaesBiomass Harvesting Guidelines (~$150,000), afride first,
we estimate that $7.5 million would be sufficientdover costs of preparing guidelines in all 5Qestgalthough
several states currently possess such guidelines).

e Establish a collaborative, multi-stakeholder body ® explore how biomass harvesting can serve as arotgical
restoration tool on public lands. A lack of trust between public land managers &rel gublic is a major driver
behind stakeholder support for restrictive regolagiregarding public lands and is at the root oftmof the litigation
responsible for delaying management activities tgimd) up agency resources. As mentioned in anesgobrtion of
this paper, collaborative environments can be \effgctive at building trust, sharing value systeansd fostering
creative management solutions. To realize thesefiienwe recommend creating a collaborative bodgtaining
representatives from the land management agenmesersities, environmental organizations, and otakeholder
and community groups to explore the role of biomaess/esting on public lands. This group would deige the
circumstances under which biomass harvesting doelldsed to promote biodiversity, reduce hazardoels fengage
in science-based restoration, and achieve otherastiship objectives on public lands. The group doalso be
charged with helping to develop specific performamciteria and measures of effectiveness for hazerduels
reduction and other restoration activities — cr@ewxhich are currently lacking (GAO 2004, GAO 200%8he group
would report to both Congress and the federal agenproviding detailed input on the appropriate o biomass
harvesting on public lands. A similar process ifz8na resulted in a well-vetted strategy for fonesttoration and
biomass utilization with strong support from enwineental groups and other stakeholders (Hamptoh 20@8).

e Establish a technical assistance program for biomassupply assessments at bioenergy facilitieResource
assessments, ‘look back’ provisions and managepians will help provide for sustainability at thational level
and on individual forest holdings, but forest simthility at the landscape level depends on mat-Hiimmass
demand to meet the amount of biomass that is dlaitan a sustainable basis. Otherwise, local demanttl drive
overharvesting, supply shortages, and price spitesjlting in bioenergy applications that are egiglally and
economically unsustainable. Energy developers agtheers, however, are often unfamiliar with thengnaomplex
variables that will determine what is ‘availablenda ‘sustainable’ in a forest landscape, includirepgraphy,
infrastructure, conservation objectives, and landawwillingness-to-sell, in addition to standingvemtory. A
technical assistance program could help facilitieslertake an assessment of the woody biomass shattually
available on a sustainable basis in their localgdgihed’, by providing data, maps and access tdimxigwventory
tools such as the Coordinated Resource OfferingoBob (CROP). Assisting facilities in looking beybmphysical
inventory will not only better safeguard our foressources, it will also reduce the political andial risk associated
with investment in bioenergy.

e Fund the Forest Legacy Program.Forest fragmentation and the conversion of folast to other uses (urban
development, agriculture) are commonly seen asdfitbe biggest threats to forest ecosystems irlieed States
today. Many stakeholders are worried that new ntarke low value biomass might result in furthexdmentation or
drive the conversion of diverse native forestsrtergy plantations, ‘fuel farms’, or other novel sgstems, as well as
provide an additional incentive for land developimand forest clearing. On the other hand, exparuethass
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markets could improve the bottom line for forestnagement, encourage investment in sustainable rearead
practices, and discourage landowners from sellirdpweloping forest lands.

There are a number of private land programs with8DA that utilize cost share, rental payments, eoration
easements, and technical assistance to protecta@rs®rve working landscapes. Although most of thregrams
include forests and woodlands, the majority of thieave a strong agricultural focus and were notghesd for
conserving large tracts of predominantly forestaall One exception is ti@rest Legacy Program, administered by
the Forest Service. This program works closely stdte and private partners to leverage fundshiemptotection of
private, non-industrial forest land at risk of cersion, through the use of fee purchase agreeraedtgonservation
easements. Easements are a commonly used tool Bdd®wment on Forestry and Communities 2008) td-cos
effectively prevent conversion of private land. eTgrogram has already protected 1.8 million acfesn-industrial
private forest land, but it has been unable to kegpe with demand. The program has no set funaingl land
currently receives approximately $50 million anmyahrough the appropriation process; increasirg $ihm to $200
million would greatly improve the ability of the ggram to achieve important conservation targetep&ty
supported, thd-orest Legacy Program could be an invaluable program for ensuring thatmass harvesting takes
place in the context of sustainable forest managéeme protected working lands and does not cortiilto
fragmentation or conversion of forests most at fiskn development pressures.

e Authorize and fund the Woodstove Changeout ProgramWood smoke can be a substantial source of paateul
emissions (microscopic solid and liquid particles)communities that rely heavily on wood as a Imgatsource,
particularly in mountain towns and other areas wigography concentratesioke close to the ground. Particulate
emissions are associated with a number of heattblgms, including respiratory and heart diseasadidition, soot
from inefficient biomass combustion is itself arsfgcant source of global atmospheric warming (Kecarbon’).
Since 1992, EPA has regulated particulate emisgrons new woodstoves under the Clean Air Act, ihatré are still
millions of older stoves in current use. These-kfigient units can produce up to three times #meount of
particulate emissions as stoves sold since 193#. the old (pre-1992) units in the United Sates were replaced with
cleaner burning alternatives, EPA estimates that there would be $29 billion worth of health benefits each year.

EPA’s woodstove changeout program provides tech@issistance to communities (many rural and ecoceliyi
disadvantaged) in which heavy reliance on wood tseatprimary factor contributing to nonattainméortparticulate
emissions standards under the Clean Air Act. Warkilosely with industry, EPA assists local air dwglth officials
in organizing campaigns to replace older pollutivagpdstoves with new, high efficiency models. Nolyato clean-
burning wood stoves improve air quality and pulblealth, they also reduce the risk of house firesficreosote
accumulation in chimneys. At the same time, thekenauch more efficient use of limited biomass siglin
communities such as Libby, MT, woodstove changeautpaigns have resulted in rapid, visible redustionrsmoke
and measurable declines in particulate levels. lohdedicated funding, however, limits the abilitfyEPA to achieve
similar successes in the 15-20 areas designatextitaonment for particulate matter, or areas neaattainment, due
in large part to significant wood smoke emissiofise American Clean Energy and Security Act of 2009 (ACES,
H.R. 2454), as passed by the House of Represesgatvould authorize this program (Section 20&;tified Soves
Program) at $20 million each year for FY10-FY4.

2 The Emergency Economic Qabilization Act of 2008 (P.L.110-343) authorized a tax credit for the pase of biomass fuel stoves,
such as pellet stoves and EPA-certified woodstoets could prove an effective incentive amongwittlials of middle-income who
itemize their tax returns, but it is not likely smidress the problem of persistent wood smoke paflun rural, economically
disadvantaged communities. The credit is worth &Xent of the cost of qualified biomass stove ondice, up to a maximum of
$1,500. Qualified units must be at least 75 pereéidient.
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Section 2 - Renewable Energy Incentives
Federal energy policy (both existing and proposedhtains a wide array of renewable energy incestiveost of which
apply to energy from woody biomass. Not infrequentiowever, these incentives draw distinctions leetwbioenergy
and other renewables and also among specific b®rfeesistocks, production practices, and end usassfiortation
fuels, electricity, and thermal energy). If renelgaénergy incentives do not include equitable tnesit for all forms of
renewable energy, market forces are unable torathefull spectrum of possible solutioff®chnology-neutral policies
best ensure that government incentives achieve the greatest overall emissions reductions in the most efficient and cost-
effective manner. An increasing number of individuals question tHteaiveness and value of existing incentives,
especially tax credits, grants, and direct subsidldndoubtedly, current incentives are costly amdikaly to be
sustainable in the long-term, but as long as theyasailable it is preferable that there be a I@la&ying field among all
renewables, including bioenergy. Similarly, manyesfion the wisdom of renewable energy mandatesh(sisc a
Renewable Electricity Sandard (RES) or the RFS), particularly when there arensmy uncertainties regarding the size of
the sustainable national biomass supply. This pdpes not attempt to justify mandates or estimatepgpropriate size or
timescale. Should these policies be adopted, hawewe recommend the broadest possible inclusiofeeflstocks,
technologies, and end uses, so that sustainabl®b®oresources can be used as efficiently andeas possible to help
meet the requirements. The following recommendatiaddress the need to fully and broadly includefains of
bioenergy in renewable energy incentives.

e Put a price on greenhouse gas pollutant&stablishing a price on carbon is one of the refisttive and transparent
price signals that can be sent to the market. Aaramprice would provide a major disincentive fosdib fuels
compared to renewables, and a carbon price woulhbmore technology-neutral than attempting taviadially
enumerate, describe, and create incentives faf dle renewable technologies and feedstocks thet &ecause it
does not depend on identifying specific solutiopgant, a carbon price would also be effectiveratidg innovation
and incentivizing novel technologies, feedstocks] applications not yet invented. There are a nurobgolicies
that could effectively put a price on carbon. Tkars Congress has been most receptive to the ideapsand-trade,
although there is increasing interest in a carlaanais a more transparent, simple, and stable pigoal. A gasoline
tax (or gasoline price floor) could serve muchlef same purpose in the context of liquid transpiortduels. There
are pros and cons to all of these approaches,egatrdless of which approach is taken, it is impuarthat carbon
pricing is restricted to fossil fuels, or at leegssbased on net carbon emissions determined bl bfdaycle analysis.
Bioenergy generates significant quantities of caréibthe site of generation, but this is carbom kias been recently
sequestered in the growing biomass and can be sege@ again in the next rotation. If carbon pgcs based on a
simple measure of stack emissions, bioenergy willisadvantaged as much as (or more than) fossd. fu

e Make biomass cofiring eligible for the Producer TaxCredit (PTC). Section 45(c)(3)(A) of the tax code currently
designates “biomass burned in conjunction with ifoleels (cofiring)” as being ineligible for the FT This
designation makes an artificial distinction betweeny similar applications that both result in thaostitution of
renewable feedstocks for fossil feedstocks in ttoelypction of electricity. There is no differencetwseen cofiring 5
percent biomass in a 700 MW coal-fired power plm producing 35 MW of bioenergy in a dedicatecchaygy
facility — both generate 35 MW of renewable elamtyi. As long the tax credit applies exclusivelyth® biomass
fraction of the total energy load, there is no oeaso treat cofiring facilities and dedicated biesgy facilities
differently. In fact, retrofitting existing boilett® cofire biomass is generally less costly thanding new renewables
online, and cofiring represents an important t@olreducing greenhouse gas emissions in a rapictesteeffective
manner (Baxter and Koppejan 2005, NREL 2004, Veijpet al. 2003).

¢ Remove the distinction between ‘open loop’ and ‘cked loop’ biomass in the Producer Tax Credit (PTC).
Section 45(b)(4)(A) of the tax code draws a digtorc between ‘closed loop’ biomass, defined as cdd energy
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crops, and ‘open loop’ biomass: wastes, residues farestry byproducts. Although closed loop biosnaseligible
for full credit (along with wind, solar, and geoth®l), open loop biomass is only eligible for hlé credit. Closed
loop biomass is not more energy rich or more reidsyaand is not a lower carbon fuel than open lompnass, yet
they are treated differently. Section 1102 of fmerican Recovery and Reinvestment Act of 2009 (P.L. 111-5)
offered a partial solution to this problem. Theypsmn allows owners of new biopower facilities tygtion to receive
an upfront investment tax credit of 30 percent,ghme as wind or solar, in lieu of the PTC. Thisvigion, however,
does not affect existing facilities or those whaxdoprefer to receive the PTC instead of the inwesit tax credit.

Address the lack of incentives for thermal energy rad combined heat-and-power (CHP)Renewable heating and
cooling represents an enormous opportunity forrgreese gas emissions reductions in the United SS{Riekerson
et al. 2008) and globally, yet thermal incentivasdibeen conspicuously absent from U.S. renewalaigw policy.
Thermal energy and CHP systems capture energy fwood more efficiently than either electric genevatior
production of liquid fuels, with some CHP facilgi@pproaching 90 percent efficiency. New incentieesenewable
heating and cooling could be created, but thereaareimber of ways to creatively extend existingeiitves,
particularly the PTC and other tax credits, to ude thermal energy. Biogas legislation recentlyoihiced in both
the House and Senate (S. 306, H.R. 1158) reflagshinking, providing a production tax credit ($4/mmbtu) for
biogas, regardless of whether it is being usedhéait, electric power, or transportation fuel. Aiamapproach could
be taken with the current PTC, extending it to udel wood pellets, woodchips, biobricks and othemiaiss
feedstocks on an energy equivalent basis regardfessd use. A benefit to this approach is thatatuld provide a
natural incentive for high-efficiency district eggrand combined heat-and-power applications. Sedi@fa)(3)(A) of
the tax code currently contains an investment taxlit for combined heat and power (CHP) systentboagh it
covers only a specific range of CHP applications. énergy-equivalent, technology-neutral PTC wouldadly
incentivize cogeneration whenever possible. Thetiemg CHP credit is also not available for tax epéeracilities,
such as municipal utilities, despite the extraadimnvalue of CHP in a community energy context.ehtoves for
PTC-eligible technologies, on the other hand, aelable to tax-exempt facilities in the form ofdah Renewable
Energy Bonds (CREBS).

Give full consideration to all forms of bioenergy n future legislation. A number of new renewable energy policies
are under consideration in the ¥1Congress, including a nationBenewable Electricity Sandard (RES), aLow
Carbon Fud Sandard (LCFS), energy efficiency standards, and renewablergy payments or feed-in tariffs. In
creating these policies, it will be important telude all forms of bioenergy that can help meetralelimate and
energy objectives. For example, there are a nurobatates (most notably Arizona) that have includeermal
energy as a compliance option in their state RERepewable Portfolio Sandard (RPS). This is an opportunity that
should be fully explored in the context of a nadbRES. Careful consideration also should be giteeravoid
excluding any potential feedstocks or producerdiotnergy. For example, a considerable quantitdisiributed
heat, electric and process energy is produced bimmass in the United States, much of it by the dvpooducts
industry; federal incentives should include thiergy as well as commercial ‘on grid’ energy.

Section 3 - Bioenergy Incentives

In addition to broad renewable energy incentivegreé are many incentives, both proposed and enatitaet deal
specifically with bioenergy, particularly liquid dfuels. TheRenewable Fuel Sandard (RFS) is one of the largest of the
bioenergy incentives. Enacted as part of Energy Independence and Security Act of 2007 (EISA, P.L. 110-140), the
RFS mandates the use of 36 billion gallons of rexdevfuels by 2022, including 16 billion gallon®n cellulosic
biomass such as wood. The energy title offibed, Conservation, and Energy Act of 2008 (P.L. 110-246) and the DOE
biomass program are major sources of addition@ntiees, many of which are intended to help thénaneet the RFS
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targets. The following recommendations addressrédaecentives for the production and use of biopowheat, and
biofuels.

e Support farm bill energy programs. Title IX of the Food, Conservation, and Energy Act of 2008 (P.L. 110-246)
included a number of programs that could providemives for the use of woody biomass in produdiopgd fuels,
heat, and power. The President’s FY10 budget régdellective funding of $513 million for theseograms, an
increase of $242 million over FY09 appropriatioeegdls.

The Biorefinery Assistance Program (Sec. 9003) and thBioenergy Program for Advanced Biofuels (Sec. 9005)
provide grants, loan guarantees, and paymentsréatupers of advanced liquid biofuels. TRepowering Assistance
Program (Sec. 9004) is intended to reduce the carbon fowtpf existing biorefineries, by providing paynterin
order to replace fossil fuels used for processgneith renewable biomass. TReral Energy for America Program
(REAP, Sec. 9007) provides funds to rural commasifor energy audits, energy efficiency projects] eenewable
energy, including bioenergy. Similarly, thural Energy Salf-Sufficiency Initiative (Sec. 9009) provides financial
assistance to rural communities in order to beconmee energy independent through increased producifo
renewable energy and energy efficiency. Td@nmunity Wood Energy Program (Sec. 9013) provides funds for
communities to develop ‘community wood energy plaml to install small-scale woody energy systeheat and
CHP) in schools and other public buildings. TBiemass Crop Assistance Program (BCAP, Sec. 9010) authorizes
USDA to make matching payments of $1/ton to emtitiarvesting, collecting, storing and transportingmass for
the purpose of producing energy.

The Biobased Markets Program (Sec. 9002) is not an energy program, strictlyakpey, but a program to encourage
the use of renewable biomass to make productsatttatommonly produced from fossil fuels. The progiaas
established a voluntary labeling program (BioPrei@) for plastics, chemicals, foams and other pctelmade from
renewable biomass, and it directs federal procunero#ficers to maximize use of biobased productss program
also indirectly supports the production of moreitianal bioenergy products, by providing an aduhal incentive
for adoption of the integrated biorefinery modetelgrated biorefineries attempt to maximize efficiese of biomass
feedstocks by producing a combination of biobagsedlycts, heat, power, and liquid fuels where thetev@roducts
of one process become the feedstock for the ne@haBed products can provide an additional highe/alource of
revenue in an integrated biorefinery, improving éverall business model and providing some stglfiladm volatile
energy markets.

e Continue support for the DOE biomass program.Housed within the DOE Office of Energy Efficienaynd
Renewable Energy (EE/RE), the DOE Biomass Prograsrbeen an important source of research, develdparh
demonstration funding for the next generation ¢égnated biorefineries producing advanced biofaeld biobased
products. The program has provided financial semsts for a number of innovative pilot, demonstratiand
commercial biorefineries, primarily under sectiod2@) of theEnergy Policy Act of 2005 (P.L. 109-58). Range
Fuels, Verenium, RSE Pulp, and Lignol Innovatiome mst some of the companies interested in usingdy
biomass and other cellulosic feedstocks who haweived funding through the DOE biomass program. The
President’s FY10 budget included requested fundfr235 million for the program, an increase of $diflion over
FYQ09 appropriations.

e Authorize and fund the National Biomass Partnership TheNational Biomass Partnership is a collaborative effort
between the DOE biomass program and five regioffigkes (Great Lakes, Pacific, Northeast, West, 8odtheast) to
nurture state and regional biomass activities anddordinate federal, state, regional and priva&eos biomass
activities. The partnership also provides a forum $haring technical information and policy ideas, well as
providing DOE with a regional perspective to hegilitate the production and use of bioenergy amabdsed
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products across the nation. The program curreryrfo congressional authority and no dedicatecteafrfunding,
having relied in the past on periodic funding &t tliscretion of the DOE Office of Energy Efficienagyd Renewable
Energy. Section 193 of thmerican Clean Energy and Security Act of 2009 (ACES, H.R. 2454) would authorize the
partnership at $7.5 million each year for FY10-FY14

Section 4 - Feedstock Development

The economic feasibility of bioenergy is dependenta reliable, affordable feedstock supply. In tbise respect,
bioenergy has more in common with coal, oil, orunait gas than with other forms of renewable enesggh as solar,
wind, and geothermal. However, unlike fossil fudlsest biomass is a living resource, subject twdgical forces,
climate, and natural disasters. Also, unlike fofisdls, forests are valued for much, much more foahtheir energy
content. People depend on forests for clean waiediversity, recreational opportunities, wood prot, essential
ecosystem services, and for their aesthetic anitugdi appeal. The challenge is to build the infrasture for cost-
effectively harvesting a reliable biomass supphthaut negatively impacting these other values. Toléwing
recommendations address the need to develop biomfrastructure and markets in an atmosphere thiatitzes
conservation goals, ecosystem restoration, and @ihest stewardship objectives.

e Develop a broad, uniform definition of renewable tbmass.Currently, there are more than a dozen differect a
sometimes conflicting definitions of renewable baws in proposed legislation and existing laws uidiclg multiple
definitions in the tax code as well as in agrictdtand energy policy. Not only is this situatiomftsing for foresters
and energy producers, but non-germane distinctiamsact as a barrier to biomass producers realthadighest
value for their products. Although most of the difons represent woody biomass broadly, some efmtlexclude
one or more feedstocks, forest types, or land ifileestson.

The most extreme example is the definition includethe Energy Independence and Security Act of 2007 (EISA,
P.L. 110-140, Sec. 201) in tiRenewable Fuels Standard (RFS); this definition excludes the vast majoofyfederal
forests (except for land in the ‘immediate vicinit§ buildings and infrastructure threatened bydfite), as well as
commercial timber from naturally regenerated fareshd several categories of rare forest types onfederal
forests. These exclusions are often promoted asisability measures intended to protect ecologicahluable
forests. Unfortunately, narrow definitions couldvlahe exact opposite effect, concentrating bionagssand on a
greatly reduced area of forest acreage and pollgntgading to localized overharvesting and shaetémotations
(greater frequency between harvests). Sustainakstf management is key to making bioenergy a isabia
solution, but sustainability is a fundamentallyesspecific conceptSustainability measures do not belong in a
definition; instead, they belong in statutory provisions that encourage (or require) landowners to actively engage in
science-based forest stewardship, based on concrete management objectives and taking into explicit account local
ecological conditions (see Section 1 — Forest Sustainability).

Congress should develop a broad, simple definibbrenewable biomass that is universally applicabléhe wide
array of biomass incentives, policies, and programsurrent and future law. The definition of rerable biomass
included in theAmerican Clean Energy and Security Act of 2009 (ACES, H.R. 2454) is an improvement over the
EISA definition, although a number of problematkclesions and overly prescriptive distinctions |stdmain. If
passed, ACES would not only establish this definiin a new nationdkenewable Electricity Sandard and as part of
the cap-and-trade provisions, but would also suple EISA definition for purposes of the RFS.

¢ Fund the Forest Landscape Restoration ActTitle IV of the Omnibus Public Land Management Act of 2009 (P.L.
111-11) authorized the Forest Landscape Restor&mpnwhich establishes a process for collaboraégelogical
forest restoration on federal forests, and mixeaidaapes composed of federal and non-federal ldshader this
policy, restoration activities must be based oommrehensive landscape management strategy, segpnyrthe best
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available science, and subject to multi-party n@myg. Most importantly, the policy explicitly regas collaboration
among multiple parties and diverse interests mraasparent public participation process, an asgdtte process that
could be instrumental in promoting greater trusoagistakeholders and public land managers. Foofalhese
reasons, the policy enjoys support from communigugs, the forest products industry, and environaledGOs
(U.S. Government Printing Office 2008). In additibm cost-effectively restoring public forests anbwpding
ecological benefits, this policy will benefit locaékconomies by providing employment, job trainingd asmall
business opportunities in forest-dependent comnasniSpecial consideration is given to proposads pnovide for
the utilization of harvested biomass for energgthier commercial products.

e Extend and improve forest stewardship contracting.Stewardship contracting refers to a “goods-forses”
exchange in which timber, low-value biomass aneiofbrest materials are traded to private contradtoexchange
for conservation services on public lands. Stewapdsontracting (and public-private partnershipsengenerally) is
widely seen as a critical tool for completing neti@zardous fuels reduction and ecosystem resiorattivities on
public lands (Patton-Mallory 2008), but the fulllwe of this tool is not currently being realizedXG 2008). The
Consolidated Appropriations Resolution of 2003 (P.L. 108-7) extended stewardship contracting @itghwithin the
Forest Service and the Bureau of Land Managemeotigh 2013. Making this authority permanent aneding it
to all the land management agencies (includind-ibk and Wildlife Service) would solidify stewardsitontracting
as a valuable management tool on all public laRa=lly, there are significant financial barriess igencies wishing
to engage in multi-year contracts for long-termtaestion projects. Under the Federal Acquisitiong&ations
(FAR), federal agencies that offer multi-year cants are required to set aside sufficient fundsoteer contractors’
investments in the event that a project is canddlilee “cancellation ceiling”). Struggling with sthand uncertain
budgets, field offices are often unable and unmgllito commit the up-front funding needed to meetghbstantial
cancellation ceiling needed for most long-term @ctg. Combined with a lack of familiarity and comfaith the
program overall, this results in very few multi-yestewardship contracts. Fortunately, there areumber of
alternative approaches to addressing the canaellagiling that may be more accessible and atiatt public land
managers (Pinchot Institute for Conservation 2@R&0D 2008). Senator Jon Kyl (AZ) introduced a hillthe 118
Congress (S. 2442) to authorize some of thesenaliees. Determining the most appropriate and gffecsolution
will require a thorough review of the FAR code aletlailed input from land management agencies.

¢ Expand the Woody Biomass Utilization Grants Program First authorized in thEnergy Policy Act of 2005 (P.L.
109-58) and first funded through tigpropriations Act of 2006 (P.L. 109-54), this program provides financial
assistance for projects that reduce the hazardeelsldad on National Forest System lands and atiharvested
materials for commercial products, including energfie program has received annual funding of $3iamil In
recent years, however, there have been enoughduiglity applications to justify at least twice thamnount. In
addition, expanding the program beyond the Natiéimaiest System to include Bureau of Land Manager{iov)
lands and other public lands would help supporsgsiem restoration activities (and, consequentyody biomass
production) on a larger proportion of our natiopiglic lands.The Economic Recovery and Reinvestment Act of 2009
(P.L. 111-5) included a one-time appropriation 50 $nillion for biomass utilization grants, but tlgney has been
primarily directed towards job creation and bussngsportunities in rural, economically depressedmanities.

e Fund the Rural Revitalization Technologies ProgramSection 202Rural Revitalization through Forestry) of the
Healthy Forests Restoration Act of 2003 (P.L. 108-148) established a program to revitatizel, forest-dependent
economies through commercial production of valudealdproducts (such as energy) from woody biomaks. T
program focuses on technology adoption, small-doasiness enterprises, and information sharingitifranarketing
and demonstration projects. The program assistamtomties through the crucial early stages of plagnand
developing sustainable community-based businessrpiges. The program was reauthorized in faod,
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Conservation, and Energy Act of 2008 (P.L. 110-246) for $5 million annually through 203Similar objectives could
also be met using existing authority for the USDé&oRomic Action Programs (now defunct) or programmsusing
broadly on developing new markets for products serdices from sustainable forest management.

Section 5 - Research, Development, and Outreach

Bioenergy is currently a thriving area of reseaactd development in the private sector as well asninersities and
government labs. Particularly in the arena of adednbiofuels, an enormous amount of money and ttadebeing
invested in researching ways to grow, harvest,teartsport biomass, as well as convert it into tpghforming energy
products. The focus of much of this research ignaltely to bring the price of biofuels down to wéet will be
competitive with fossil fuels. At the same timeglstholders and experts are keenly aware of how muectio not know
about biomass harvesting and its impacts on theisability of forest resources. To improve thefpenance and cost
profile of bioenergy from woody feedstocks, as vadl be assured that its use will not conflict watmservation and
stewardship goals, an ongoing commitment to rebearessential. An equal commitment to outreacilss needed, in
order to get the most up-to-date science into Hreds of the landowners, foresters, business interasd community
groups that will be making the forest management amergy production decisions. The following recanaations
address policies for research, development, anéach as it relates to bioenergy from forest biamas

e Establish a competitive grant program for sustainake forest biomass researchThis much-needed program
would provide competitive grants to researcherskimgrto better understand the implications of hative greater
guantities of woody biomass on the sustainabilftpur forest resources, with a focus on ecosystematfon, soils,
water, and biodiversity, as well as researcher$oexyg the effectiveness of woody biomass as a siefmchieving
silvicultural objectives and conservation goalst Noly will a greater understanding of these mattezlp foresters
and land managers develop better management g&ectbut it will also help policy makers to refined adapt
national bioenergy policy in the future.

e Fund the Biomass Research and Development Initiate/ (BRDI). Section 9008 of th&ood, Conservation and
Energy Act of 2008 (P.L. 110-246) reauthorized BRDI, a cooperativlorefbetween the USDA and DOE to
coordinate research, development, and outreachtasipertaining to biomass and bioenergy. Thegam includes
a Biomass Research and Development Board as wedl &schnical Advisory Committee (TAC) consisting of
academics, industry representatives, engineerde texperts, economists, conservationists, energgiasts and
other experts. The board includes representatrees USDA and DOE, as well as several other fedmgehcies, and
is tasked with awarding grants, contracts, andrdtvens of financial assistance based on input ftbenTAC. This
process strategically focuses limited federal R&Dds on those projects that have the most promiaedelerate the
commercialization of advanced biobased fuels aodymsts. The program is currently authorized for&fillion in
mandatory funding over four years (FY09-FY12) watih additional $35 million authorized in discretiondunding
for each of those years. By funding this prograrthatfull authorized levels, Congress can contitusupport the
scientific innovation that is need to make the basdxl economy a reality.

e Fund the Sun Grant Initiative. Section 7526 of th&ood, Conservation and Energy Act of 2008 (P.L. 110-246)
reauthorized thesun Grant Initiative, a national network of six regional Sun Grant @entbased at land-grant
universities and responsible for providing compegitgrants for research into feedstock product@gricultural
diversification and bioenergy technologies. In #ddito focusing on regional priorities, the cestepordinate with
R&D efforts at the federal level (through BRDI) aadother land-grant institutions. The programutharized at $75
million annually for FY08-FY12.

e Fund the Forest Biomass for Energy ProgramSection 9012 of th€&ood, Conservation and Energy Act of 2008
(P.L. 110-246) established a competitive reseanth development program within the Forest Servica@rprove
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tools for using low-value forest biomass as a sawfcenergy. Unlike existing R&D programs, this gnam focuses
specifically on biomass derived from forest managetractivities, including biomass produced in thespit of

national forest objectives such as hazardous feelsction and ecosystem restoration. This R&D foggirovides a
natural complement to the project funding availabteler theWoody Biomass Utilization Grants Program. The

program is authorized for $15 million annually foY09-FY12.

e Support outreach and extension efforts.Research is vital to understanding and improvihg sustainable
production and use of forest biomass for energyrésearch is only as effective as it is accessibteavailable to the
foresters, landowners, and engineers who will bedyecing and using the biomass. USDA’s CooperatitegeS
Research, Education, and Extension Service (CSREE®#)e agency responsible for coordinating agrical
extension efforts across the country, by partnewity land-grant universities, experiment statiogsd an extensive
network of state, regional, and county extensidices. CSREES currently has no dedicated funding source for
extension activities related to the production and use of forest biomass. Congress should correct this oversight
through the appropriations process, a new statwtehrough existing sources of extension fundingshsas the
Mclintire-Stennis Cooperative Forestry Act (16 U.S.C. 582a1l) or tHeenewable Resources Extension Act of 1978 (16
U.S.C. 1675.)

Conclusion
As partof a commitment to improve energy security and asslrclimate change, the U.S. government has irt/este
heavily in a number of programs and incentivesrtmmwte development of renewable energy, includiogtergy from
woody biomass. The majority of these investmentgehlaeen (and continue to be) in the production efulsic
transportation fuels. To use this resource asklgxand effectively as possible, it will becomeriegsingly important for
federal policies to address the full spectrum ofsvan which low-carbon woody biomass can serve aslsstitute for
high-carbon fossil fuels. This includes productmelectric power, thermal energy, combined heatHaower (CHP),
and biobased products at a variety of scales. titiad, policies should prioritize improving the stainability and
economic feasibility of bioenergy applications deddstock development. Federal incentives shoutdweage site-level
assessment of potential biomass projects in oaldetermine the appropriate scale and to selecagamnent practices
that will minimize negative impacts and maximize #ffectiveness of biomass harvesting as a meamsgage in forest
stewardship activities, such as stand improventatijtat management, and restoration forestry. Witloost-effective
and profitable methods for harvesting and utilzatof woody biomass, it is unlikely that this resmiwill achieve its
potential as a renewable solution to climate chaAgeontinued commitment to research will be neetiedchieve the
two goals above — there is much to be learned degaenvironmental impacts, harvesting methoddulosic conversion
technologies, and the economics of biomass marketally, policies that promote community projegbsiblic-private
partnerships, and stakeholder collaboration willifstrumental in achieving social acceptance faebergy, building
public trust, and developing bioenergy projects Wil be equally beneficial to our climate, ourésts, our communities,
and our economy. These activities will be necestaigvercome much of the skepticism and oppositinat is directed
towards wood-based bioenergy.

References

Agee, J.K. and C.N. Skinner. 2005. Basic princijeforest fuel reduction treatments. Forest Ecplagd Management
211:83-96.

Arnosti, D., D Abbas, D. Current, and M. Demchilind 2008. Harvesting Fuel: Cutting Costs and ReduEbrest Fire
Hazards through Biomass Harvest. Institute for égture and Trade Policy. 79 p.

Environmental and Energy Study Institute 19



Sustainable Forest Biomass: Promoting Renewable Energy and Forest Stewardship

Baxter, L. and J. Koppejan. 2005. Biomass-coal@maustion: opportunity for affordable renewablerggeFuel
88(10): 1295-1302.

Bergman, P.C.A., and J.H.A. Kiel. November 2005r&fction for biomass upgrading. Published dt Edropean
Biomass and Conference & Exhibition, Paris, Frafa@e21 October 2005. 8 p.

Biomass Research and Development Board. Decemlf. 20creasing feedstock production for biofuelsoreomic
drivers, ecological implications, and the role @earch. BRDI. 148 p.

Brown, L. R. 2008. Plan B 3.0: Mobilizing to Save&iization. Earth Policy Institute, W. W. Nortomd Company. New
York. 398 p.

Cvetkovich, G.T. and P.L. Winter. June 2008. Thedfience of Community Residents in a Fire-Pronesisiem: A
case study on the San Bernardino National ForeS. Department of Agriculture Forest Service, Racouthwest
Research Station PSW-RP-257. 42 p.

Davenport, M.A., D.H. Anderson, J.E. Leahy, and Pakes. 2007. Reflections from USDA Forest Serkicgloyees on
Institutional Constraints to Engaging and Servimgif Local Communities. Journal of Forestry. P 4&3-

Davenport, M.A., J.E. Leahy, D.H. Anderson, and. Bakes. 2007. Building Trust in Natural Resourcanbkement
within Local Communities: A Case Study of the Midewational Tallgrass Prairie. Environ Manage 33:3568.

Domke, G.M., A.R. Ek, D.R. Becker, J.F. Espelata;/AD’Amato, P.B. Reich, S. Suh, M.A. Kilgore, D. Eurrent,
H.M. Hoganson, T. E. Burk, and C.R. Blinn. Noveml2808. Assessment of Carbon Flows Associated wattedt
Management and Biomass Procurement for the Lasiim#ss Facility. Staff Paper Series 198. Departroéritorest
Resources, University of Minnesota at St. Pauleport for Minnesota Power. 31 p.

Energy Information Administration. 2008. Renewaklgergy Consumption and Electricity Preliminary Stats 2007.
Table 1. U.S. Energy Consumption by Energy Sou863-2007.

Evans, A.M. 2008. Woody biomass removal case studiessons learned and strategies for successstFtisdom.
Issue 11: 1 — 10.

Evans, A.M. and R. T. Perschel. January 2009. Aesssnent of biomass harvesting guidelines. Fonaitd. G0 p.

Finkral, A.J. and A.M. Evans. 2007. The effectadhinning treatment on carbon stocks in a norterrona ponderosa
pine forest. Unpublished manuscript. 26 p.

Greene, C., A. J. Pershing, T. M. Cronin, and NciC2008. Arctic climate change and its impactgtonecology of the
north atlantic. Ecology 89(11): S24-S38.

Gustavsson, L., J. Holmberg, V. Dornburg, R. SatReEggers, K. Mahapatra, G. Marland. 2007. Udirgmass for
climate change mitigation and oil use reductiorerigg Policy 35: 5671-5691.

Hacker, J.J. 2005. Effects of Logging Residue Rexhom Forest Sites: A Literature Review. West Cantvisconsin
Regional Planning Commission. 29 p.

Environmental and Energy Study Institute 20



Sustainable Forest Biomass: Promoting Renewable Energy and Forest Stewardship

Hampton, H.M., S.E. Sesnie, B.G. Dickson, J.M. Rilind.D. Sisk, G.B. Snider and J.D. Bailey. 2088alysis of
Small-Diameter Wood Supply in Northern Arizona. ésirEcosystem Restoration Analysis Project, Cdater
Environmental Sciences and Education, Northernoha@zUniversity. 210 p.

Han, H., J. Halbrook, and F. Pan. March 2008. Ecoo@valuation of a roll-off trucking system remogiforest biomass
resulting from shaded fuelbreak treatments. U.$8e$t@ervice. 28 p.

Hansen, J., M. Sato, R. Ruedy, K. Lo, D. W. Leal &h Medina-Elizade. 2006. Global temperature cleaigoceedings
of the National Academy of Sciences 103(39): 1428393.

The H. John Heinz Il Center for Science, Econondingl the Environment. June 2008. Environmentalrin&tion: A
Road Map to the Future. 10 p.

Hummell, S. and D.E. Calkin. 2005. Costs of langecsilviculture for fire and habitat managemenargst Ecology and
Management 207:385-404.

Intergovernmental Panel on Climate Change. 200maté Change 2007: Synthesis Report. Summary flcyPaakers.
22 p.

Kalabokidis, K.D. and P.N. Omi. 1998. Reductiorficé hazard through thinning/residue disposal & tihban interface.
International Journal of Wildland Fire 8(1): 29-35.

Keele, D.M., R.W. Malmsheimer, D.W. Floyd, and JHerez. 2006. Forest Service Land Management Litigd 989-
2002. Journal of Forestry 104(4): 196-202.

Kelty, M.J., TW. D'Amato, and P.K. Barton. Janua2908. Silvicultural and Ecological Consideratioofs Forest
Biomass Harvesting in Massachusetts. Prepared hHer Massachusetts Department of Energy Resourcestrend
Massachusetts Department of Conservation and Rixreé5 p.

Li, X., J. Wang, G. Miller, and J. McNeel. 2006 oBluction economics of harvesting small-diametediwaod stands in
central Appalachia. Forest Products Journal 56133®

MacCracken, M.C. 2008. Prospects for Future Clin@@ttange and the Reasons for Early Action. Jourh#ieoAir and
Waste Management Association 58: 735-786.

McCool, S.F., J. Burchfield, and W. Freimund. Sb&8eience and the Bitterroot National Forest: AtBgsis.In: Smith,
Helen Y., ed. 2000. The Bitterroot Ecosystem Manag# Research Project: What we have learned—symmosi
proceedings; 1999 May 18-20; Missoula, MT. ProcegsliRMRS-P-17. Ogden, UT: U.S. Department of Adnice,
Forest Service, Rocky Mountain Research Station.

Minnesota Forest Resources Council. December 2Bi@rmass Harvesting on Forest Management SitesSuistaining
Minnesota Forest Resources: Voluntary Site-Levete§io Management Guidelines for Landowners, Loggsand
Resource Managers. 42 p.

Moote, A. and D. Becker. December 2003. Exploriragrirs to Collaborative Forestry. Ecological Restion Institute
at Northern Arizona University. 28 p.

Moote, A. and K. Lowe. February 2007. What to Expom Collaboration in Natural Resources Managdm@n
Research Synthesis for Practitioners. Ecologicat®ation Institute at Northern Arizona Universi?g p.

Environmental and Energy Study Institute 21



Sustainable Forest Biomass: Promoting Renewable Energy and Forest Stewardship
Morris, G. May 2008. Bioenergy and Greenhouse Gd3adfic Institute. 43 p.

National Renewable Energy Laboratory. May 2004 eF&dT echnology Alert DOE/EE-0288: Biomass CofiringCoal-
fired Boilers. Prepared for the US DOE Office @friewable Energy and Energy Efficiency. 34 p.

Oak Ridge National Laboratory and U.S. Departmértgriculture. April 2005. Biomass as FeedstockddBioenergy
and Bioproducts Industry: Feasibility of a Billidren Annual Supply. DOE GO-102995-2135. 78 p.

Odion, D. C., E.J. Frost, J.R. Strittholt, H. JiaBgA. Dellasala, and M. A. Moritz. 2004. Patteoid-ire Severity and
Forest Conditions in the Western Klamath Mounta@elifornia. Conservation Biology 18:4 927-936.

Patton-Mallory, M., ed. 2008. Forest Service, Ul®partment of Agriculture woody biomass utilizatistrategy.
Washington, DC: U.S. Department of Agriculture, ésirService. 17 p.

Pinchot Institute for Conservation. April 2008.UusBrief: Cancellation Ceilings as a Barrier to Wielespread
Utilization of Stewardship Contracting on NFS Lan8$.

Pollet, J. and P.N. Omi. 2002. Effect of thinnimglgrescribed burning on crown fire severity in gerosa pine forests.
International Journal of Wildland Fire 11(1)1-10.

Rhodes, J.J. and W. L. Baker. 2008. Fire probgbifitel treatment effectiveness, and ecologicaldodfs in Western
U.S. Public Forests. The Open Forest Science Jourhd .

Rickerson, W., S. Cohen, T. Halfpenny, and K. $&m April 2008. An Overview of Renewable Heatimgthe United
States: Policy and Market Trends. In: The MissiigcP in Climate Policy: Renewable Heating and CGapln Germany
and the U.S.. Heinrich Boll Foundation. 59 p.

Robertson, G.P., V.H. Dale, O.C. Doering, S. P. biarg, J.M. Melillo, M.W. Wander, W.J. Parton, PA&dler, J.N.
Barnery, R.M. Cruse, C.S. Duke, P.M. Fearnside, Rdllet, H.K. Gibbs, J. Goldemberg, D. J. Mladén@f. Ojima,
M.W. Palmer, A. Sharpley, L. Wallace, K.C. WeatheltA. Wiens, and W. W. Wilhelm. 2008. SustainaBlefuels
Redux. Science 322: 49-50.

Sherman, A.R. 21 June 2007. Vermont Wood Fuels I8uody: An examination of the availability andiadility of
wood fuel for bioenergy in Vermont. Biomass EneRpsource Center. 69 p.

Stern, Nicholas. 2006. Stern Review on the EconsmiicClimate Change. UK Treasury. 575 p.

U.S. Endowment for Forestry and Communities. 26@8est Conservation Easements: Who's keeping tra2k?.

U.S. Government Accountability Office. April 200Blatural Resources: Woody Biomass Users’ Experiefceside
Insights for Ongoing Government Efforts to PromitgeUse. GAO-06-694T. 12 p.

U.S. Government Accountability Office. November 806ederal Land Management: Use of Stewardshipr@ctimg is
Increasing, but Agencies could Benefit from Beata and Contracting Stategies. GAO-09-23. 68 p

U.S. Government Accountability Office. June 200dtdst Service and BLM need Better Information ari8ystematic
Approach for Assessing the Risks of EnvironmentédEs. GAO-04-705. 88 p.

Environmental and Energy Study Institute 22



Sustainable Forest Biomass: Promoting Renewable Energy and Forest Stewardship
U.S. Government Accountability Office. March 206®rest Service: Emerging Issues Highlight the Neeéiddress
Persistent Management Challenges. GAO-09-443T. 18 p

U.S. Government Printing Office. April 2008. Heayibefore the Committee on Energy and Natural RessyiUnited
States Senate, one hundred tenth Congress, seessidrs to consider S. 2593, a bill to establiphogram at the Forest
Service and the Department of Interior to carry @allaborative ecological restoration treatmentspioority forest
landscapes on public land, and for other purpdsesirg. 110-453. 57 p.

Veijonen, K., P. Vainikka, T. Jarvinen, and E. Aalgas. March 2003. Biomass co-firing: an efficisay to reduce
greenhouse gas emissions. European Bioenergy Net\WBIUBIONET) and VTT Processes. 28 p.

Western Governors’ Association. January 2008. Tpantation Fuels for the Future, Biofuels: Part9 p6

Environmental and Energy Study Institute 23



