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Background

The California Department of Fore'stry and Fire Protection (CAL FIRE) is responsible for
the protection and stewardship of over 31 million acres of privately owned wildlands
(forest and rangelands). These lands provide critical environmental, economic and
social benefits to California citizens. Recent development, historic management
practices, effective fire suppression activities and other factors have resulted in modified
forest structure, increased biomass in small diameter trees and understory vegetation,
and vegetation species shifts. These factors have resulted in increased fuel loading,
decreased forest health, and increased threat of extreme wildfire behavior.

Wildfires currently burn over 200,000 acres annually (five year average) on CAL FIRE
responsibility areas, costing over $200 million per year in suppression and resulting in
over $100 million annually in damages to property and resources1

• More than 7,000
wildfires bum over 900,000 acres on average in Califomia2

• Total acres burned on state
and federal responsibility lands have been increasing for severar decades3

. Recent
climate change studies project 57-169°,10 more wildfire by the end of the century, with a
doubling of burned acres in northern California4

•

Fuel Treatment/Biomass Relationship

Wildfire risks and hazards can be reduced by thinning trees and removing brush. This
restores forest conditions that are more resistant to wildfire damage. Treatments are
very costly, however, and markets for harvested biomass currently provides little
economic incentive to utilize biomass for production of energy. The USFS currently
treats about 100,000 acres per year, but currently have a policy statement in-place
calling for a four to. fivefold increase in acreage treated. CAL FIRE provides cost-share
and grant funds to treat about 15,000 acres per year. This is far less than the estimated
one million acres per yea~ needed to protect natural resources and the public.

Quantification of Biomass Potential

Forest biomass residues (Le. unused material from logging, thinning and fuel
management, left to decay or burned in piles) constitute an underutilized feedstock for
renewable energy generation. About 800,000 bone dry tons (BOT) per year of forest
biomass is currently used for energy production6

• CAL FIRE's priority for enhanced
utilization is the untapped 2.8 million BOT of biomass, inCluding brush, in targeted fire
threat treatment areas that would be technically available if funding were available for

1 (Upton)
2 CAL FIRE 2010 Redbook
3 Keithley and Bleier 2008; other sources? ).
4 (Westerling et. ai, 2009)
5 (CAS 2009; my personal communication with Max Moritz, I think)
6 (2011 ? Col lab paper)
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treatment. An additional 1.5 million BOT are technically available on an annual basis
from current logging activities, for total of 4.3 million BOT per year statewide7•

Challenges and Barriers

In order to use biomass projects as a tool, first there must be a biomass energy facility
within reasonable proximity, making the biomass material economically available.
Second, biomass material must be technically available. Areas that are inaccessible
should be excluded as should areas where biomass is unavailable due to regulations or
management direction.

Currently, extensive areas of technically available biomass are not served by operational
biomass facilities. Factors that constrain investment in new facilities include:
1. Uncertainty in future energy prices which affects biomass value and transportation

cost structure.
2. Uncertainty regarding supply to biomass from public lands.
3. Opposition to siting of new biomass facilities
4. Permitting barriers.
5. Public concerns regarding iITlpacts and sustainability of increased biomass removals

from forested landscapes.

Market Based Approach .

The CAL FIRE 2010 Forest and Rangeland Assessment8 analyzed how operational, idle
and six proposed biomass plants could support fire prevention priorities for ecosystem
restoration and community safety (Figures 2.1.5 and 2.1.9). It found that only 22% of
high priority sites for maintaining ecosystem health and 14% of priority sites for
community safety were within 25 ITliles of lhese plants (see Figure 3.4.6).
CAL FIRE estimates that the current cost of removing and hauling biomass 25-50 miles
to a plant is about $35-50/BOT. About a third of that cost is for transportation. At current
energy rates of approximately 8.5-10 cents/kw (depending on the contract), it is
estimated that every additional 1 centlkw could provide an additional $1 Olton for
biomass handling, provided this marginal increase is available to the landowner. A
preliminary rough estimate suggests that an increase of 1-1/2 to 2 cents/kw (to 10.5-12
centslkw) could significantly increase the private and public acreage accessible to
biomass utilization and facilitate treatment of more areas critical to ecosystem
restoration and community safety

Increasing the price for biomass energy to recognize both ratepayer and greater public
benefit will increase the viability of existing biomass operations and encourage
development of additional infrastructure. A robust biomass industry will increase the
market for forest biomass and revenues for forest health and community fuel reduction
treatments. It will also help meet goals for providing 33°,10 of State energy from
renewables in 2020 and 20% of that from biomass. Finally, it will produce additional
environmental and social co-benefits of avoided air pollutants from open burning,
diversion from landfills, reduced net greenhouse gas emissions, rural job development
and others. Environmental benefits alone have been estimated at 5 to 20et/kw.9

7 PIER - Rosenberg report 2005
8 FRAPAssessment 2010
9 Morris 2000 .
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Goals for increased forest health and 'fire hazard treatments are included in recent State
climate and energy policies and reports. Fuels reduction was identified as a mitigation
strategy in the 2006 Climate Action Team, a risk to sequestered carbon in the AB 32
Scoping Plan, and an adaptation strategy in the 2009 California Adaptation Report.
Fuels reduction and biomass goals are included in the Bioenergy Action Plan, developed
by the Bioenergy Interagency Work Group on which CAL FIRE and the Board of
Forestry and Fire Protection (BOF) participate. Actions include BOF development of
policies supporting biomass utilization, fire hazard severity zone mapping, permitting
tools to facilitate fuels reduction, and defining sustainable forest biomass utilization in
conjunction with ARB and CEC.

,

In summary, CAL FIRE is interested in maintaining and expanding the utilization of forest
biomass residues for energy in order to achieve the following benefits:
• Improved capacity of private landowners to thin forests and reduce hazardous fuels

by providing a robust private market for utilizing forest treatment residues
• Improved ability to treat 2.8 million tons in targeted fire threat treatment areas, to

reduce wildfire threat to life, property and resources, and to reduce fire suppression
costs

• Climate mitigation to reduce GHG emissions by avoiding wildfires and providing an
alternative to fossil fuel, and climate adaptation to make forests more resilient to
wildfi re and pests

• Achieve energy goals for 33°k renewables and 200k of renewables from biomass
• Employment opportunities in rural communities

Current Bioma,ss Strategic Approach from 2010 Assessment

The current strategic approaches of CAL FIRE are as follows:

1. Strategy 3.4.1-Facilitate development of sustainable biomass harvest
practices to grow, collect and store forest and range biomass resources
and deliver it as feedstock to biomass markets.

2. Strategy 3.4.2-Facilitate the expansion of biomass markets through
improved infrastructure, monetization of external benefits, feedstock
collection, and generation capacity. .

3. Strategy 3.4.3- Support and conduct biomass research and development
including life cycle analysis, best management practices, monitoring and
sustainability.

4. Strategy 3.4.4-Support education and training and the developn1ent of
curricula to inform citizens, consumers, 'and decision makers and develop
a well trained biomass industry professional base in California.

5. Strategy 3.4.5-Address existing constraints and develop new policies,
laws, and regulations that promote and facilitate the expanded use of
biomass while protecting the state's environment.

6. Strategy 3.4.6-Support the development of voluntary and compliance
carbon markets.
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Strategy: 3.4.3. Supgort and conduct biomass research and development including life cycle analysis, best management
practices, monitoring and sustainability.

Long"term Priority Secondary Existing Partners I Resources Measures National
Strategy Landscape Issues Programs Stakeholders Available of Objectives

Area(s) Addressed Success Supported

Support and Primarily Wildfire Threats CFIP, USDA"APHIS; Bond Number of Protect
conduct biomass Klamath/North CFSP, State; USFS; Funding; facilities; Forests
research and Coast, Forest Pest UCCD, CFA; CDFA; Grants; Acres of From Harm
development Modoc, and threats CFLP, NGO's; State and Forestland Primary:
including life cycle Sierra HFRA, NFP, landowners; Federal Restored; T2.2.
analysis, best bioregions. Sustainable EWP. CSP. Other Forest Programs Reduced Secondary:
management Secondarily working EQUIP, industry wildfire/pest Enhance
practices, Sacramento landscapes WHIP damages; Benefits;
monitoring and and San total energy T3.4, T3
sustainability Joaquin. Rural economic produced;

development. rural jobs
created

Strategy: 3.4.4. Support education and training and the development of curricula to inform citizens. consumers. and
decision makers and develop well trained biomass industry professionals in California.

Long"term Priority Secondary Existing Partners / Resources Measures National
Strategy Landscape Issues Programs Stakeholders Available of Objectives

Area(s) Addressed Success Supported

Support education Primarily Wildfire Threats CFIP, USDA"APHIS; Bond Number of Protect
and training and Kiamath/North CFSP, State; USFS; Funding; facilities; Forests
the development Coast, Forest Pest UCCD. CFA; CDFA; Grants; Acres of From Harm
of curricula to Modoc, and threats CFLP, NGO's; State and Forestland Primary:
inform citizens, Sierra HFRA, NFP, landowners; Federal Restored; T2.2,
consumers, and bioregions. Sustainable EWP, CSP. Other Forest Programs Reduced Secondary:
decision makers Secondarily working EQUIP, industry wildfire/pest Enhance
and develop well Sacramento landscapes WHIP damages; Benefits;
trained biomass and San total energy T3.4, T3
indUStry Joaquin. Rural economic produced;
professionals in development. rural jobs
California created
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Strategy: 3.4.5. Address existing constraints and develop new policies, laws and regulations that promote and facilitate
the expanded use of biomass while protecting the state's environment.

Long-term Priority Secondary Existing Partners / Resources Measures National
Strategy Landscape Issues Programs Stakeholders Available of Objectives

Area(s) Addressed Success Supported

Address existing Primarily Wildfire Threats CFIP, USDA-APHIS; Bond Number of Protect
constraints and Klamath/North CFSP, State; USFS; Funding; facilities; Forests
develop new Coast, Forest Pest UCCD, CFA; CDFA; Grants; Acres of From Harm
policies, laws and Modoc, and threats CFLP, NGO's; State and Forestland Primary:
regulations that Sierra HFRA, NFP, landowners; Federal Restored; T2.2,
promote and bioregions. Sustainable EWP, CSP, Other Forest Programs Reduced Secondary:
facilitate the Secondarily working EQUIP, industry wildfire/pest Enhance
expanded use of Sacramento landscapes WHIP damages; Benefits;
biomass while and San total energy T3.4, T3
protecting the Joaquin. Rural economic produced;
state's development. rural jobs
environment created

Strategy: 3.4.6. Support the development of voluntary and compliance carbon markets.

Long-term Priority Secondary EXisting Partners / Resources Measures National
Strategy Landscape Issues Programs Stakeholders Available of Objectives

Area(s) Addressed Success Supported

Support the Primarily Climate Change CFIP, USDA-APHIS; Bond Carbon Protect
development of Klamath/North CFSP, State; USFS; Funding; tonnes Forests
voluntary and Coast, UCCD, CFA; CDFA; Grants; traded From Harm
compliance carbon Modoc, and CFLP, NGO's; State and annually in Primary:
markets Sierra HFRA, NFP, landowners; Federal the T2.2.

bioregions. EWP, CSP, Other Forest Programs voluntary Secondary:
Secondarily EQUIP, industry and Enhance
Sacramento WHIP complianc Benefits;
and San e markets. T3.4, T3
Joaquin.
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Forest Biomass Resources
Including Tlmber Harvest and Fire Th.re~ll

Reduction Potentials

California Biomass Collaborative

April 5. 2011

Mark Rosenberg
Cali10rnia Department or Foraslry and Fife Protection

Fire and Resource Assessmenl Program (FRAP)

Visit our web site at: hrtp:J/frap,cdf.ca.gov
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Biomass Energy in CA
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c Carbon Cycle
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Forest Biomass Pools

-Sole (trunk)

-Branch and Leaf Foliage

-Roots

·Down Woody Debris

·Soil Organics

Forest Biomass Sources

-Logging Slash

·Mill Wastes

·Forest Thinning operations

·Fire Threat Reduction Treatments
(Forest and Shrub biomass
pOlential)
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Timber Harvest in CA
(FRAP 2010 Assessment)
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CA Forest and Shrub Biomass Areas Available for
Management Activities
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Modeled Fire Threat
Treatments
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Proposed and Idle Biomass Facilities
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Challenges
o Strategically link fire lhre~ll

reduction and oilier pUblic
benerits to biom<lss
utilizatioll su'ate,gies

o Reduce economic ban'iers
to speed foresl biomass
utilizalion

o Improve montloring
<Jclivilies and use adaplive
management to address
ecological and olber
impaclt>

Thank You

Contact Information:
Mark Rosenberg

Fire and Resource Assessment Program (FRAP)
California Department of Forestry and Fire Protection (CAL

FIRE)
(916)445·5366

Mark.Rosenberg@fire.c .gov

FRAP Website:
http://www.frap.cdf.ca.gov
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KEY FINDINGS

Emerging markets for renewable energy, ecosystem services and niche products Clre

impacting how forest nnd rnngelands are managed. Developing appropriate policies re­
Cll1ires a better understnnclillg of the benefits and environmentnl impClcts of these emerg­
ing markets and how society vollies the va riolls m(l rket nnd non-m/\ rket prod lIcts <1. nd

services provided by forests and rangelands.

Renewable Energy Overview

• Tn the Mojave and Colorado Desert bioregions th~ number and size of proposed
solar and wind power generation sites has engendered controversy over pote.nba!
impacts to wildlife habitat. The. science-driven Desert Renevvable Energy Con- .
servntioo Plan is intended to become the state road ma[.) for renewable energy
project development that will adVance stflte (lnd federal conservation goals while
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facilitating the timely permitting of renewable energy projects in these desert regions.

Biomass Energy - Current Status and Trends

• Biomass energy fronl forestlands provides about one percent of California's electricity, while having the
potential to provide nearly eight times this amount. Biomass also has unutilized potential for heating
homes, businesses and schools and for conversion to liquid transportation fllels (as conversion technol­

ogy evolves).
• Capturing energy from biomass that would otherwise decay, be disposed of by pile and burn or poten­

tially consumed by wildfire, provides numerous economic and environmental benefits, which are not

captured as an actual economic return for operators of facilities that utilize woody biomass material.
Case studies confirm that fuels treatment activities involving biomass removal can mitigate 1y\1ldfire

behavior (Cone Fire, 2002).
• The various benefits and environmental impacts of forest biomass removal are complex and further

research is required to guide appropriate policies and practices. Questions of long-term biomass supply
(especially from public lands), as well as possible ecological and other impacts ofbiomass removal on

forest sustainability, are key issues in California.
• The future of the biomass energy industry in California, at least as it relates to the forestry sector, is

uncertain. California had 49 operating biomass plants in the mid-1990s; today there are 33.
• The California Energy Commission, working through the Bioenergy Interagency Working Group, has

produced a comprehensive strategy for sustainable development ofbiomass in the state. The first Bio­

energy Action Plan was released in 2006, and the goal is to adopt an updated plan by the end of 2010.

Biomass Energy - Ecosystem Health Analysis

Benefits of making six idle and six proposed biomass facilities operational are derived in terms of treating
priority landscapes for ecosystem health from the wildfire and forest pests analyses articulated in previous
chapters. ....

• Currently, 22 percent of high priority landscapes are within 25 miles of an operational biomass facility.
Adding 12 facilities would increase this number to 39 percent, and wotdd primarily benefit the Klain­
ath/Nolth Coast, Modoc and Sierra bioregions.

• Even \\1th the additional facilities, 61 percent of high priority landscapes are farther than 25 miles from
a facility. Since 57 percent of the high priority landscapes are on u.s. Forest Service lands, coordination
across agency boundaries \\111 be critical.

Biomass Energy - Community Safety Analysis

Building upon the ",·rildfire and forest pests community safety analyses presented in previous chapters, this
analysis determines the benefits of making six idle and six proposed biomass facilities operational in terms of
treating priority communities.

• Currently, only 14 of the 66 priority communities are within 25 miles of an operational biomass facil­
ity. Adding the new facilities would reach eleven additional priority communities. Of the remaining 41

priority communities, 31 are in the South Coast bioregion.
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Developing a biomass industry in the South Coast bioregion thClt addre.sses the significant ,,\~Idfire and
forest pest threats ,'\'ill be challenging. In the bioregion, there are large acreages in shrub species that
are difficult to recover and utilize as biomass, and much of the forestland is in public ownership.

Carbon

•

•

•

•

•

•

Carbon sequestration is an ecosystem service for which markets are emerging; as part of these markets,
the value ofthe service is q\lantWed, prices determined and dollars generated for carbon credits.
Markets are eme.rging for both voluntary exchange behveen parties (voluntary markets) and. in response
to the need to reduce carbon impacts as palt of regulatory requirements (compliance marl<ets).
Demand for forest and range-related carbon is projected to be very significant in such markets and
other venues.

ClIrbon credit suppl)' is constrnined by economics, risk ilnd other factors. It is estimated that one to two
million metric tons a year will be available to the compliance mar]<et from California forests, which is
only 10-25 percent of demand.
Protocols already ha ve been developed for forest and range- related cnrbon. The development of ad­
ditional project type protocols for forests and rangelands could promote activities with ecological and
economic co-benefits and increase the stlpply of carbon ereclits.
California has large acreages of forest stands that v,'ith additional investment, could provide larger, fu­
tme benefits in terms of forest products, jobs and carbon storage and sequestration, OpPoltlmities also
exist on rangeland, but the markets and necessary technologies to capture carbon al'e not sHfficiently
developed to qUnntify th~se opportunities.

Niche Markets

• There is potential for niche markets to stimulate rural economies through celiified products, micro-bio­
mass or lanclo\A>11er collabol'atives to produce and market timber llsing small scale or portable milling

tech nologies.

Ecosystem Services

• In many cases, market mechanisms for exchange of values from ecosystem selvices in California are
still limited, Despite this, substantial investments have been made in the state that SUppOlt ecosystem

selvices. Typically, these investments involve protecting are(lS that provide \1Dique or high levels of de­

sired selvices, or restoring areas impacted by past events.
• These investments come through nvariety of programs, agencies and stakeholders. Involvement of

landowners and the develol}ment of partnerships ancl cooperation have been key factors. To i\ large
degree, the underlying funding comes from pllblicsollrces, such as ballot initiatives or agency budgets.
Augmenting this ",'ith emerging market-bosed solutions could enhance the ability to sustain these irn­
portll ot services into the future.
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RENEWABLE ENERGY OVERVIEW

Current Status and Trends

Through legislation and executive orders, California
has focused on increasing use and development of re­
newabIe energy. For example, one_.of the goa Is of the
Rene\-\"'ables Portfolio Standard (RPS) (SB 107,2006
and SB 1078,2002) is to help reduce greenhouse gas
(GHG) emissions. Another example is AB 32 which,
in large p<trt, is devoted to CHC reduction.

Related executive orders inclllde:

• Executive Order $-06-06 (2006): established a
biomass target of 20 percent \~ithin the estab­
lished RPS goals for 2010 and 2020.

• Executive Order S-14-08 (2008): estflblished
accelerated RPS targets (33 percent by 2020)
as recommended in the Energy Action Plan [1.

The order also Ullled for the formation of the
Renewable Energy Action Team, comprised
of the C<l.Jifornia Energy Commission (eEC),
Department of Fish and Game, U.S. f\ureau of
Land Mnnagement and U.S. Fish and vVildlife
Service. Through the team, the Energy Com­
mission and the Del>(\ltment of Pish and Game
are to prepare a plan for renewable develop­
ment in sensitive desert habitat.

• Executive Order S-21-09 (2009): directs the
Ail' Resources Board (ARB) to work \vith the
California Public Utilities Commission, the
Califomia Independent System Operator, and
the Energy Commission to adopt regulations
increasing California's RPS to 33 percent by
2020. The ARB must adopt these regulations
by ,J uly 31, 2010.

The Ail' Resources Board's Sco[Jing Pl(}n points to
achieving the RPS and 33 percent renewable as a key
strategy for reducing greenhouse gases. The Califor­
nia Public Utilities Commission, California Energy
Commission and Governor SChWill"Zenegger have
sanctioned the Energy Action Plan._ requiring that
(enewtlble energy sources inerease to 33 percent of
the state supply by 2020.
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As of 2007, california was deriving 11·9 percent of its
electricity from renewable energy sources (geother­
mal, biomass, small hydro, wind and solar) (CEC)
2007). Figure 3-4.1 shows that in 2007, 2.1 percent of
the state's energy sources for electricity "'vere derived
from biomass, or 18 percent of the total renewable
resources. Not {Ill of this can be attributed to forests
and rangelands, as biomass energy sources include
urban and agricllJturi'll \'\'i'lste along with forest
biomass.

Potential for Meeting the Renewables Portfolio

Standard

Table 3-4.1 shows current and potenti(\ I fllture re­
newable energy infrastructure by bioregion, derived
from various sources. The Mojave bioregion has the
most existing, and by far the most potential, solar
and wind sites. Current sitE's occupy about 50,000
acres; if potential projects were actually implement­
ed tl1 is cOllld grow to well over a mill ion acres, wi th
1,155 miles of new or lI[)dated tl'ansmission lines.
The Colorado Desert and Mocloc bioregions are also
candidates fol' extensive development of renewable
energy in frastructllre.

Applications for Renewable Energy Projects

As of December 2009, there were 57 U.S. Bureau
of Land Mfinagement (BLM) fl.pplications for solar
projects in the California desert district and 93 ap-

pi iC<1.tions for wi rid projects in Californ ia, rna ny in
the desert (BLM, 2010). Two of the more active areas
for applications are shov..-n in Figure 3-4.2. A sig­

nificant pOltion of public lands are prohibited from
l'ene\-\'r1ble energy development due to environmental
concerns (ecoJogicall'eserves, VI~ld{ife refuges,

oa,tional pa rks, wilderness and road less areas, etc),
Nonetheless, over 1.45 million acres of public lands
in California. are under consideration for alterna­
tive energy production (California Desert Council
(CADe), 2009)· Renewable energy development
raises a new set of concerns, particularly related to
impacts on wildlife habitat, and this creates contro­
Vl?l'sy (CADC, :wog; LA Times, 1/23/09). The sci­
ence-driven Deselt Renewable Energy Conselvation
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California's Electricity Mix 2007
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Figure 3.4.1.
California energy sources (or electricily. 2007.

Source: California Energy Commission, Gross System Power Report. 2007

Plan is intended to become the sUite road map for
rene",,oable energy project development th<'lt will
advance state and federal conselvation goals whi Ie
facilitating the timely pe.rmitting of renewable energy

projects in these desert regions (( ntegra ted Energy

Policy Report, 2009)·

While BLM has been the prilTlcuy agency affected
by emerging renewable energy markets in the state,
the U.S. Forest Service has conducted a suitability
study that identifies numerous areas \,vithin national

forests in California that are potentially suit<lble

for wind, solar or geothermal energy development
(Karsteadt et aI., 2005)·

Revenue from Lease of Public Lands

Lease of public lands fo'r renewable energy develop­
ment provides a potential revenne source. For ex­
ample, a recent competitive (lllction of lease parcels
for geothermal energy resources on fedel'allands in
California, Nevada and Utah generated $9,098,304
in revenue for 255,347 acres, an average of Clbotlt

$35 cHI f1cre (EL.M, 2009). The California portion
amounted to 11,392 acres for $131,126, abollt $12

an acre. Revenue is shared by the slate (50 percent),
county (25 percent), nnd BLM (25 percent).

Impact on Rural Economies

Developing renewable energy sources hDS the po­
tential to create jobs for in ilia \ construction of infl'<I­

structure C1nd for ongoing maintenance. ,lob crea.tion
for different types of renewable energy development
is provided in Table 3-4.2.

Wind Energy

\"'ind power plants generate mechanical energy,
which is converted to electriC<11 energy. Ninety-five
percent of California's wind gener<lting capacity
is located in three areas: Altamont Pass (Alameda

County). Tehachapi (Kern County) and San Gorgonio

(Riverside County) (CEC, 2009). The cost of \-\'ind
power generation has decreased by nearly four-fold
since lC)80, primarily due to im[.)1'oved technology
(American Wind Energy Association, :2009), and
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Table 3.4.1. Current and potential future1 renewable energy infrastructure by bioregion

Geo- Transmls-
WInd Solar thermal Biomass2 slon Lines

Potential
New or

Existing Potential Existing Potential Existing Existing Potential Updated

Bloreglon Sites Acres Sites Acres Sites Acres Sites Acres Sites Sites Sltes3 Miles

Bay/Delta 9 28,090 297
Central Coast 1 9,544 2 20,787 10 12,774 58
Colorado
Desert 1 5,420 37 109,125 4 11.127 42 222,224 5 2 758
Klamath/North
Coast 4 12,006 2 5 36
Modoc 1 8,761 54 307,521 2 723 1 5 2 96
Mojave 9 42,918 112 666,822 5 6,260 132 457,180 1 1,155
Sacramento
Valley 5 303
San Joaquin
Valley 1 38 1 1.277 15 19,809 5 601
Sierra 4 22,630 9 53,666 7 8,953 3 5 200
South Coast 2 4,053 13 27,787 809
1 Potential future sites includes those from the Renewable Energy Transmission Initiative (RETI), plus current applica-
tions on BlM lands.
2 Current and potential biomass facilities are based on data assembled from various sources by FRAP, and only in-
cludes facilities with the potential to reduce wildfire or forest pest threats on forests and rangelands.
3 Includes six proposed facilities, five that are currently idle, and one operational facility in Carson City, Nevada that
under current conditions gets minimal material from California.

IData Sources: RET/, California Energy Commission (2009); Biomass Facilities, FRAP (2010), Renewable Energy Applications, BLM (2009)

Table 3.4.2. Average employment for different energy
technologies normalized to the amount of energy
produced (or saved in the case of energy efficiency)

Technoloav Total Job-Years per GWh
Biomass 0.22
Geothermal 0.25
Solar Photovoltaic 0.91
Solar Thermal 0.27
Wind 0.17
Carbon Capture and Storage 0.18
Nuclear 0.15
Coal 0.11
Natural Gas 0.11
Energy Efficiency 0.38
Data Source: Kammen and Engel, 2009

wind is becoming more competitive with energy
sources such as coal and nuclear.

However, wind power requires large tracts of land,
impacts visual quality, creates noise, typically oper­
ates at only 25 to 40 percent of capacity, and facility
construction and maintenance can have extensive
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environmental impacts through vegetation clearing
and soil disruption. There are significant concerns
related to bird and bat mortality due to collisions
with turbines and wires. A five year research effort
at the Altamont Pass Wind Resource Area found that
1,766 to 4,721 birds are killed annually, including
40 different species, 881 to 1,300 of which are rap­
tors (Smallwood et aI., 2004). Newer, larger turbines
installed in groups seem to cause fewer bird fatalities
per megawatt (MW) thari the smaller, older, lattice­
style turbines (National Academy ofSciences, 2007;

Smallwood et aI., 2004).

The California Energy Commission and California
Department of Fish and Game have developed guide­
lines for reducing impacts to birds and bats from
wind energy. These include methods to assess bird
and bat activity at proposed ",rind energy sites, design
pre-pennitting and operations Inonitoring plans, and
develop impact avoidance, minimization and mitiga­
tion measures. The U.S. Fish and Wildlife Service
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Figure 3.4.2.
Application areas for WInd and solar energy development 00 BLM lands. (or Iwo of Ihe more aclive regions of the stale,

Dala Sources: Renewa/)I& Enelgy Projeel Applicaliolls In Califomia. BLM, (2008), CaMomia Pro(ee/ed Areas Database (CPAD), Gr~enlnlo Nelwork (2009)

also has rel~ased voluntrlly gllidelines (National

Academy of Sciences, 2007)·

Solar Energy

Solar energy converts solar radiation to electricity.
There are basically two types of systems that lise
solar to generate energy. Solar photovoltaicgener­
ates electricity directly from sunlight, while concen­
trilted solar thennil.l panels lise light to create heat
and steam to drive turbines. A CurSOlY review of BLM
applications indicated a fairly equal mix ofthe two
technologies.

Although California has an abundance of solar
technicfll potential, in 2007 only 0.2 percent of totnl
electricity generntion was derived from solar, milch
less than other commercially available tecbnologies
such as wind, geothermfl! or biolnflsS (CEC, 2007),

Some challenges for solar energy development are
that the technology can be costly to install, is more
appropriate for sunny locations, and its energy pro­
duction varies seasona lIy and ctln drastictllly fluctu­
ate within minutes due to cloud cover. Also, remote
sainI' energy infrastructure development can require
new transmission lines and may covel' a Large i'\rea
(see photo on follo\'.1ng page) which necessitates
extensive permitting processes.

Geothermal Energy

Geothermal power requires thermal aquifers, pri­
marily available where hot magma finds its way
close to the surface and heats ground water to usable
temperotnres above 212°F. California contains the
largest amount of geothermal generating capacity in
the. United States (eEC, 2009), because two tec­
tonic plotes meet under its surface, creating a large
amount thermal activity.
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The majority of California's geothermal plants have
been operating-since the 19605 in NllPlI rind Sonoma
Counties. In addition to operating Viltlltllly emission­
free, geothermal plants have the smelliest land re­
quiremen Is of any major power generiltion tech nolo­
gy. However, suitable sites for geothermal are limited
and expensive to establish.

Small Hydroelectric

Sml1ll hydroelectric supplied 2.8 percent of Califor­
nia's electric.ity in 2007, or abollt 24 percent of the
state's electricity from renewable energy Sources

(CEC, 2007), and the majority of these plants are
10C<1ted in (orests and rangelrtnds (Figure 343),

Small hydroelectric (under 30 megawatts) has lim-

i ted potent ial for addi tional faei Iities,in part due to
environmental Concerns (Wall Sh'eet JOllrnal, 2009).

Regulations related to minimum wnter nows are like­

ly to reduce production from some existing facilities,
such that even maintaining Current olltpt1t levels is
uncertain (ClllY Brandow, personal communicMion).
It is cel't8iJl that some hydl'o~lectrjc darns will be re­

moved; for example, recent agreements were signed

that will result in removal of fOil I' hydroelectric dams
to restore flows in the Klamath River,

Tools

State Assembly Bill 1890 (Brulte, Chapter 854, Stat­
utes of 1996) lind Senate Bill 90 (Sher, Chapter 905,

Stntutes Of1997) created the Energy Commission's

Renewable Energy Pmgram. Under this legislation,
portions of funds collected from customers through
investor-owned util i ties can be llsed as incentives for
renewClble energy development.

The California (eed-in tariff (lJ!ows eligible small
renewClble energy generators (as amended by SB 32

in 2009, lip to three megawatts) to enter into 10 to
20 year stand(\)'d contracts with their utilities to sell
electricity at time-differentiated market-based prices
(DlItabClse ofSttHe Incentives for RenewlIble Energy,
2010). The California Public Utilities Commission is

currently developing a Renewable Auction Mecha­

nism, in order to provide a more efficient pricing
mechanism for ren.ew(lble energy providers lip to ]0

megawatts (Local CleCln Energy Alliance, 2010).

, .

~ ~
,~
'~
I

'. '

Solar energy facility Occupying an enlire square mile of lan(/ soulheasl of Californta CIty. San 8ernardino Counly
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Data Source: HydroeJecllic Power Plants (derived lrom US. Army Corps
or Engineers (1979), Dnd Bulle lin 160-93 Volume 2. DWR (1989». FRAP

(2002)

The ClI1ifornia Energy Commission's Geotherm",1
Program WilS created in 1981 (Assembly Bill 1905

(Bosco)) to promote geothermal energy develop­
ment in CCllifornia by offering financial <lod technic"l

support for planning and mitigation projects and

research and development to pl;V<lte entities.

The Renewi\ble Energy Transmission Initiative
(RET!) was created to facilitate meeting the Renew­
abIes Portfolio Standard goals. C<'llifornia currently
does not have the transmission infrastructure to
move the electricity generated by renewable resourc­
es to consumers, so extensive improvements and
expansion (Ire needed to reach the I'(>newable energy
goals. RET! is meant to be a t\,(\ns\-larent, inclusive

stakeholder driven process. The goals are to identify

needed tri'l nsm ission projects, suppa l't futlll'e energy
policy, facilitate transmission corridor clesignlltion

<lncl transmission, and project siting and permitting.
The Conceptllal Transmission Plann ing Group is

llsing RETI's conceptual planning as a stnrting point

to develop a California statewide transmission plan

to meet the 33 percent by 2020 Renewables POltfoJio

Standard (California Transmission Planning Group,
2010).

There are federal government incentives to produce

\A.-jnel electricity through t<lX credits of 1.5 cents pel·
kilowatt-holll'. The federal Energy fmprovement and

Extension Act of 2008 E~xtends tax credits to dean,
renewable energy, solar and energy improvement

projects.

BIOMASS ENERGY

Current Status and Trends

The Governor's Bioenergy Action Plan states that
biOtni'lss-fueled elec.tricity general"ion constitute
20 percent of the Renewables POltfoho Standard
by 2010 (BAP, 2006). As of 2007, biomass energy
derived from forests, farms, landfills and other urban
wastes provided 2.1 percent of electricity use, or al­

most 18 percent of ail renewable energy (CEC, 2007).

Biom<ls$ energy from forestlands ~rovides abollt one

percent of California's electricity use (USFS, 2009;

California Biomass Collaborative, 2007), while hav­

ing the potential to provide nearly eight times this
amount (Morris, 2002). Biomass also has unlltilized
potential for heating homes, businesses, and schools,
<lnd for conversion to liquid transportation fuels (as

conversion technology evolves). Biomass power has

been il. P<llt ofthe Wlte's power generation portfolio
for over 25 years, ancl has facilitated the treatment

<lnd restoration of thousands of forested acres (Ma­
son, 2010).

There il.re benefits from utilizing biomil.ss energy be­
yond reduced reliClnce on fossil (·uels. A recent inten­
sive study looked at the long-term (40 year) impact
of implementing biomass projects in a Northern Cali­
fornill test (lre(\, il.nd confirmed the following (USFS,

2009; Californiil BiomClss Collaborative, 2007):

• Reduction in gre.enhouse gas emissions
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• Reduction in acres burned by wildfires, as well
as severity of fires, with an associated reduction
in damages to human infrastnlcture, economic
values from working landscapes, and fire sup­
pression costs

• Negligible impact on habitat suitability
• Minimal cumulative watershed impacts

Numerous studies indicate that the societal benefits
derived from biomass removal and utilization are
significant (USFS, 2009; California Biomass Collab­
orative, 2007). Biomass energy displaces the need to
burn fossil fuels, and efficiently disposes of materi­
als that would otherwise release methane emissions
through decay, pile and burn disposal or wildfire
(Reese, 2009). From an air quality perspective, five
ofsix regulated emission categories are reduced by
over 95 percent by burning material for biomass ver­
sus in open piles or by wildfire (Reese, 2009). Case
studies (Cone Fire, 2002) confirm that fuels treat­
ment activities that involve biomass removal can in
fact mitigate v:ildfire behavior. Biomass energy can
create jobs in rural economies that have been depen­
dent on traditional resource-based industries. A 50
megawatt (MW) biomass plant can employ about 50
people, and also generate 125 indirect jobs (Reese,
2009)· A 1999 study (Morris, 1999) found that 4.9
full time jobs are created for each MW of biomass
power generation capacity.

However, there are public concerns about the envi­
ronmental impacts ofbiomass removal. The various
benefits and environmental impacts offorest bio­
mass removal are complex and further research is
required to guide appropriate policies and practices.
Questions of long term biomass supply (especially
from public lands), as well as possible ecological and
other impacts of biomass removal on forest sustain­
ability, are key issues in California (Heinz and Pin­
chot, 2010).

Other states also are challenged with balancing the
need to reduce fire and forest pest risk, stimulate
rural economies and expand renewable energy use
while minimizing environmental impacts. Oregon
passed legislation in 2005 (Oregon SB 1072) to
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promote the health of forests and ntral economies
through active forest management. The State For­
ester is directed to prepare a report every three
years summarizing the effect of biomass removal on
plants, wildlife, air and water, and identify changes
that are necessary to encourage biomass energy use
and avoid negative effects on the environment. The
first report emphasized changes to insure that ad­
equate downed wood and snags are left on site. The
need for scientific input to help establish appropriate
removal/residual policies for forest slash in thin­
nings and fuel reduction treatments by forest cover
type, and continuing to e.ncourage logger celtifica- .
tion programs to include woody biomass harvesting
techniques training (Oregon Depaltment of Forestry,
2008).

In order to use biomass projects as a tool, first there
mllst be a biomass energy facility within reason­
able proximity, making the biomass material eco­
nomically available. Biomass facilities operational in
California that have the potential to address wildfire
01' forest pest issues are shown in Figure 3-4.4. A25
mile buffer zone around facilities illustrates a gross
estimate of the area where biomass material is eco­
nomically available, given current costs and returns
to landowners and energy producers. A .more real­
istic zone would require an analysis of travel costs,
road networks, and energy prices.

Secondly, biomass material must be technically avail­
able. Areas that are inaccessible, for example steep
slopes, are excluded as are areas where regulations
or management direction preclude biomass harvest­
ing, wilderness areas or stream and lake protection
zones. This second consideration can be complex, in
that some areas may be accessible only under certain
conditions, for exalnple when a Zone of Infestation
for forest pests is formally declared, or after a wild­
fire. Finally, this definition excludes materials that
are likely to be used for higher-value products, for
example wood that is suitable for lumber.

Currently, extensive areas of technically available
biomass are not served by operational biomass
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Figure 3.44-
Operational biomass facilities in Califomi3 ThIs does not include
numerous facilihes that have limited potential to address wildfire

or (oresl pes! issues. for example those that primarily utilize
biomass from landfills. urban wasle, or agriculture. Exception­

the two Southern California facilities shown on the map currently
utilize primarily urban or agriculluraJ wastes.
Data Source: Biomass Facilities, FRAP (2009 vI)

plants. Factors th~t constrain investment in new

facilities include:

• Unceltainty in future energy prices, (lffecting

biomass value and travel costs ("Reese, 2009)

• Uncertainty over access to biomass on public

lands
• Local opposition to the existence or proposed

location of biomass facilities (SDN, 2009)

• Barriers related to permitting (CSC, 2006)

There (Ire clll'rently SIX idle biomass facilities that po­

tentially could address wildfil'e and forest pest issues
in California (including one in Nevarla). The primary

reason for closure is a reduction in timber harvesting
associated with the Cllrrent economic dOVlllturn (Si­
err" Pacific Cndustries, 2009)· The Northern Nev<lda

Correctional 8'acility biomass plant neal' Carson City,

Nevada currently has minimal impact for biomass re­
movals in California, find is included as an idle plant
sinc.e under certain future conditions it could selVice

areas in need of treatment in the Lake Tahoe area.

In addition, at least six new biomass facilities have
been proposed across the state, v\'hich could address
VI~ldfire and forest pest issues. [t remains to be seen
which, if aoy of these ",ill actually become operation­

al. The optimal scale of Ilew standalone grid energy
biomass f<lcilities in the Pacific Coast region, includ­

ing C<llifornia, appears to be small to medium (5 to
15 MW). The size of projects involves variables such

as fossil energy prices, emerging technologies for
liquid fuels, heat and power needs, carbon credit val­

ues, energy policy, and local (orest conditions (Heinz
and Pinchot. 2010).

Given current trends, government action may be

required if woody biomass IItDizatioll is to make a
greater c.ontriblltion towards meet ing RenewabJes
Portfol io Sta oda rd targets, or fadl ttate treatmen t of
more areas at risk or damaged by \-\"Idfire and for­
est llests. Government action may also be 'v1',HTanted

given that lise of biomass for energy generation com­

petes \-\Iith other renew(lble energy sources or uses

of biomass that are subsidized or otherl,,,ise en COli r­
aged through vilriOUS government policies. Example

policies include the diversion credit for lise of green
biomass as daily cover in landfills (BPA, 2009).

Ana'yses

The potential for biomass projects to play an increas­

ing role in threat reduction and restoration efforts
related to e.cosystem health and commullity 5Clfely

WnS analyzed, dr(\\\~ng on the analytical results pre­
sented in previous cha~ters. This involved simulating

the effects of adding six proposed biomass facilities

and making six idle faciHties operational. HO\yever,
a specific strategy to implement this scenario could

requ ire actions on multi pIe issues (I nd a variety of

options for addressing theo), inducting changes to

policies, progrflms or practices (lnd funding sources.
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Ecosystem Health

The potential for biomass projects to reduce threats
and facilitate restoration effOlts related to ecosystem
health was exam ined. Each of the four priority land­
scapes in the following diagram represents priority
areas where biomass projects could be /l.[Jplied. For
example, biomass projects that thin overstoc.ked
stands and remove ladder fuels can reduce wildfire

and forest pest threflt. Restoring impacted areas of­
ten requires removal of dead, dying or infected trees.

ffi' mI.~~I [£]11 + + I + I = i
£>

These four priority landscapes ""ere combined to cre­
ate a single priority Ii'lndscape for ecosystem health,

by assigning the maximum of the four component
ranks. An area that is rClnked high for any of the four
inputs is also ranked high in the output. The result­

ing ecosystem health prlority landscapE' represents
areas most in need of treatments, stich as biomass
projects to reduce threflts or restore impflcted ar€Cls.
The analysis involved determining which ecosys­
tem health priority landscapes potentially become
economically available as <I result of adding the 12

facilities, Clnd snmmarizi ng the results by county lind
bioregion.

Community Safety

A sec.ond analysis examined reducing wildfire and
forest pest threats to community safety, Or restoring

i mpilcted communities. Wildfire poses a direct threat
to hllman infrastructure, ""bile forest pests CRuse tree

mortality that leads to indirect impacts from falling

trees on roads, power lines and houses.

The analysis determined \'\ihich priority communi­
ties that are currently not economically available clue
to distance from operational fClcilities, are within 2S
miles of the added faci! ities.
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Results

Ecosystem Health

Figllre 3-4.5 shows the ecosystem health priorily
landscapes that might become economically available

as a result of the 12 new biomass facilities.

Table 3-4·3 shows the additionAl acreflge by COLIllty of
high plus medium priority landscapes that potential­

ly become economiclllly available for biomass proj­
ects as a result of adding 12 fflcilities. r\ significant

portion of these lands are federally owned.

Community Safety

Table 3-4-4 sho\-l'S communities identified CIS priori,
ties for protection or restoration in terms of which
are potf-n tiflily served by operational biomass pl(\nts,
or idlejproposed pia nts. Southern Cal ifa rn ia is ell r­
reo tly not served by fadl ities that lIti Iize a sign ifiean t

amount ofbiomass from forests and rn.ngelands and
these individual communities are not listed.

Discussion

Ecosystem Health

Proposed and idle biomass faci Iities potentially can
make large areas of priority landscapes economically
avai lable for treatment in counties sucb as Siskiyou,
Trinity, Modoc, Lassen, El Dorado, Amador and
Placer. Th is would facilitate. treatments to red llce
threats from wildfire and forest pests and to restore
impacted areas.

However, extensive areas of priority landscapes are
not served by either existing, proposed 01' idle facili­
ties. The first map in Figure 3.4.6 shows priority
landscapes for ecosystem health that are not 'A1thin
25 miles of operational, idle or proposed facilities.
This ma p does' not sho\-', the extensive are-1.S of high
priority landscapes in Southern Cfllirornia, since
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Priority landscape - Ecosystem Health

High
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Idle/Proposed Facililies

• Idle

Proposed

EZ2l Area served by new biomass facilities

DBioreglo~

Figure 3.4,5.
Priority landscapes for ecosystem health with potenllal for new biomass facilities, Priority landscapes thai are technically unavail­

able (e,g . sleep slopes. stream buffers, wilderness areas). or have too lillie biomass 10 be economically available (less than 50.000
Ibs/haj are excluded in the map, Map shows only the portion of Ihe stale thai is affected by making the 1Z idle or proposed biomass

(acilities operalional.
Oa/a Sources: Biomilss FaciJities, FRAP (2009 v1): Bum Seveo'/y; USFS (2009), CalifOfll;a Fire Regime Condirion Class, FRAP (2003); CalifornIa

Tree Seed Zones, Buck.. er al. (1970); Fire Threat, FRAP (2005); Statewide Land Use / Land Cover Mosaic. FRAP (2006); Aerial Detection SUNeys,
USFS FHP (2008 v1); Foresl Pest Risk, USFS FHP(2009 v1); Fire Perimeters, FRAP(2009 v1); Fuel Rank, FRAP (2002)

in this region of the state there are currently no
facilities that utilize significant biomass from for­
est or rangeland. The second map shows that since
so milch of these priority landscapes are on federal
lands, access to a stable flo,,,' of material, espedally
from national forests, will be a critical factor in
terms of whether these are<ls will ever be selved by
faci Iities.

Community Safety

Currently, only 14 of the 66 priority communities
are within 2S miles pf tin operational biomass fa­
cility. Adding the 12 ne"" facilities wOllld reach 11

more priority communities. Of the remaining 41

c.ommunities, 31 are in SOllthern California.

Bioregional Findings

Ecosystem Hen/til

Adding the idle and proposed faciHties potentially
would facilitate treatment of extensive priority land­
scape areas for e-cosystem health in the Khlmathj
North Coast, Modoc. and Sie.rra biol'egions.

Ho\.\'ever, even if all idl~ anel proposed fi'lcilities {Ire
made operational, there will still be extensive areas
of priority l<lndscapes that are not served by b[o-
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Table 3.4.3. High plus medium priority landsoape
(HMPL) aores (rounded to the nearest hundred) for
ecosystem health by oounty that are potentially
economically available as a result of making 12
proposed or idle biomass facilities operational

County HMPLAcres' Percent Federal
Amador 89,900 9
Calaveras 64,600 14
EI Dorado 377.000 53
Humboldt 104,400 49
lassen 163.900 60
Mariposa 4.000 97
Mendocino 53.600 2
Modoc 166.300 47
Nevada 4.300 16
Placer 141.300 68
Shasta 48.300 54
Siskiyou 485,300 47
Tehama 8,500 87
Trinity 415.700 78
Tuolumne 108,200 78
State Total 2,235,600 54
*counties with less than 1.000 HMPL acres excluded.

mass facilities in these same bioregions, though the
majority of this is federal lands.

Conl111unity SaJen)
As a result of adding idle and proposed facilities, 11

additional priority communities could potentially be
treated using biomass projects, six of these are in the
Lake Tahoe area. Numerous additional communi­
ties could be served, primarily in the Klamath/North
Coast and Sierra bioregions.

About half of the priority communities identified
occur in the South Coast bioregion where biomass
projects currently are not a viable treatment tool due
to lack of biomass facilities.

Tools

California had 49 operating biomass plants in the
mid 1990s, today there are 33 (Reese, 2009). The
Cl1l'l'ent environment does not seem conducive to
bringing new plants that rely on forest biomass
online, 01' in some cases even keeping existing plants
operational. The challenge is to develop strategies
that capture the array of benefits provided by bio­
mass energy in terms of incentives for sustainable
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Table 3.4.4. Priority communities for protection or
restoration for forest pests and wildfire, that are
potentially serviced by an operational biomass facility,
or idle/proposed facility

Biomass
Faoility
(0 =Opera-

Priority Community tional;
(F =Wildfire; 1= Idlel

County P =Forest Pests) Prol)osed)
Alameda Oakland (F -
Alpine Kirkwood P) -

Magalia (P 0
Butte Paradise (P) 0

Arnold (FP) 1 I
Calaveras Mountain Ranch (P) I
EI Dorado South Lake Tahoe (P) I
Humboldt Willow Creek (P) 1 I
Marin Inverness P) -
Mono Mammoth Lakes (P) -
Monterev Aromas (P -

Grass Valley (P) -
Nevada Truckee (P) 1 I

Dollar Point (P) I
Foresthill (P) I
Kings Beach (P) I

Placer Sunnyside-Tahoe City (P) I
Bucks Lake (P) 0
East Quincy (P) 0
Graeagle (P) 0
Iron Horse P) 0
Johnsville (P) 0
La Porte (P 0
Meadow Valley (P) 0

Plumas Mohawk Vista (P) 0
Lakehead-Lakeshore(P) 0

Shasta Redding (F 0
Mount Shasta (P) I

Siskiyou Weed (P) I
Guerneville (P) -
Healdsburg (P) -
Occidental P) -

Sonoma Monte Rio (P) -
Tehama Mineral (P) 0
Tuolumne Groveland-Big Oak Flat (P) 0

Southern
23 Communities (F)
7 Com":lunities (P)

California 2 1 Community (F;P) -
1 Community is just inside the 25 mile buffer of an
operational facility, but would be better served by a closer
proposedlidle facility.
2 San Diego, Orange. Los Angeles, San Bernardino, and
Ventura counties.
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Figure 3.4.6
Priority landscapes for ecosystem health thaI are nol within 2S miles 01 operalional, proposed. or idle biomass faclhlles.

Da/a Sources: Biomass Faci/ilills. FRAP (2009 v1); Bum Seventy, uSFS (2009); Califomia Fire Regime Condition Class. FRAP (2003);
Califomia Tree Seed Zones, 8uck, el al. (1970).- Fire Threat, FRAP (200S); StateWide Land Use I Land Cover Mosaic, FRAP (2006); Aerial Delee/ion

Surveys, USFS FHP (2008 v1); Forest Pest Risk, USPS FHP (2009 vi); Fire Perimeters, FRAP (2009 vI): Fuel RanI<, FRAP (2002)

development of this technology (California Biomass
Energy Alliance, 2006), wh ile monitoring potentia)

environmental impacts and adapting policies Ilnd
regulations as needed. Transparent and inclusive
stakeholder involvement is important in decisions

about biomass. Collaborative processes, plrlnning
and long-term stew{\rdship contrncts Rre critical for
determining and realizing stlpply from federal lands
(Heinz and Pinehot, 2010).

Road Map to the Future

The California Energy Commission, ""or/dog through
the Bioenergy Interagency Working Grollp, has
produced a comprehensive strategy for sustain~

able development of biomnss in the state. The first
Bioenergy Action Plan (CEC, 2006) was releilsed in
2006, nnd the goal is to adopt an IIpdated plan by the
end of 2010. There are recommended actions in five
areRS:

• Resource access and feedstoc.k markets (lnc{

supply
• Market expansion, access, and technology

deployment
• Resenrch, development, find demonstration
• EdUCation, training and outreach
• Policy, regulations, and statutes

Coordinated Resource Offering Protocol (CROP)

In response to the unc€ltninty for access to biomass
from public lands, the U.S. Forest Service and BLM

have lnunched a series of Cool'dinrlted Resollrce Of~

f~ring Protocols (CRO P) pi lot projects, indllcling one
in the ,Lake Tahoe region in California (USFS, 2009).
For the Lake Tahoe pilot project, (l key concern is
that 50 percent of CROP resource offering (acreage
for biomass removnJ) has not started in the National

Environmental Policy Act (NEPA) process.

The key tenets of CROP projects are to (USFS,

2009):

• facilitate coordination of biomass removal be­

tween public agencies;
• facilitate the lise of long-term multi-agency

stewMdship contracts to achieve biomass
removal;

• increase the certainty of levelizecl biomass sup­
ply offerings from public agencies;

• invite investment back into a sustainable forest
management la'nclscape and

• heighten pllblic trust and support for biomass
removal from public Iflnds operating within tl

trflHSpal'ent process.

CROP projects {Ire of limited application however
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dlle to the fact that they are focllsed only on bio­
mass material sourced from federal lands. Financial
institutions that provide funding for biomass Iltili­
zillion projects are in terested in reI iab! e sources of
,""oody biomass material across all land ownership
categories.

Integrated Resource Stewardship Contract

A prom ising contracting tool that the U.$. Forest
Senric.e and BLM have been utilizing in recent years
is the Integrated Resource Stewardship Contract,
whic.h is focllsed on trentments conducted over three
to ten years. Ste,,"ardship contracts have proven
to fRcihtate forest fuels reduction and restoration
activities at the landscape level. There are numer­
ous examples of these contracts in place or proposed
in California for fuels reduction projects to pro-
tect communities, endangered species habitat, key
watersheds for Clnadromolls fish and for ecosystem
restora lion (http://wv,'V\'.forestsancirangelands.gov/
stewa rdsh ipica.shtml).

Biomass Crop Assistance Program

Biomass Crop Assistance Program CBCAP) provides
financial assistance to producers or entities thi\t cte~

Iivel' eligible biomass male,;al to designated biomass
conversion f(lcilities for use as heat, power, bio-based
products or biofuels (USDA Farm Service Agency,
2009). For exambJJe, in Butte County BCAP funds
made it economically feRsible to convert J5,500 dry
tons of charred timber into dean energy, and. en­
able.d Bamford Company to keep 37 people employed
(t imberbuysell.com).

CARBON

Carbon sequestration is an emerging market that
quantifies and helps pay for an ecosystem service.
Terrestrial carbon sequestration is considered in
policy and at the project level. The role of cmbon
in compliallc.e markets <lIang with the economics of
carbon and the Oppolillnities in C<llifornia for forest
and rangeland carbon are explored here while the
sequestration of carbon by trees and other plants is

desr.ribed in Chapter 3.7-
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Carbon accounting rntt)' use "on-site" to describe car­
bon stored in the forest or soil while "off-site" refers

to the pool of carbon in wood products, either in-use
or in a [a ndfi 11.

There are two kinds of carbon markets: voluntary
and compliance. Voluntary carbon markets are gen­
erally lInregu!fited by government, with transactions
usually occurring directly behveen the buye.r and
seller. Specifil: systems, protocols and registries exisl
for the volllntalY market. Coml-lliance markets OCCllr
under regulatory schemes, usually cap-and-trade,
where offsets are sold to emitters. These usually
involve contracts between buyer and seller, bllt are
regulated by the tr<Jding system so that offsets meet
the system criteria, are properly credited, and are not
lIsed more tho nonce. £nt ities may operate in both
vohmtaly and compliance markets to assemble mul­
tiple landowners into pmjects {or economies of scale.

Standards and guideli nes are necessary to quantify
greenhouse gas benefits from forestry and range-re­
lated activilie~. For example, protocols arc the rules
for c,\I'bon aCCOu nti ng that a project developer mlist
follow to qllantiCy reductions, while registries func­
tion lil(e CRrbon credit banks '..vnere ownershi[J may
be trackeo.

Two general approaches to protocol development are
project specific (i.e., Clean Development Mechanism)
and programmatic (i.e., Climate Action Resel\le
(CAR)). Project types that relate to fOl'estly inclllde
reforestation, avoided conversion, urban forestry and
forest management. Range-related project types in­

clude manure management systems and soil seques­
tration. Currently, the most likely forestry protocols
to receive near-term adoption under AB32 or West­
ern Climate Initiative cweI) cap-and-trade systems
would be CAR forestry protocols, the CAR manure
management protocol and the Alberta Offset System
soil sequestration protocol (\VCl. 2010).

The State of Californ ia haS supported the CAR
forestry protocols for use in the voluntary market.
It is expected that these protocols, or modifications
of them, will be used for forestry offsets under a
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cap-and-trade compliance market under the Global
Warming Solutions Act of 2006, WCI, or a national
cap-and-trade program. Other protocols \\ill also
likely participate.

Reductions are the metric tons of carbon dioxide
equivalent (C02e) attributed to a project and may
be referred to as credits in general or a more specific
name associated with a specific protocol or registry.
The quality of credits varies according to many fac­
tors, such as the nature of the carbon reduction, the
extent to which the carbon removed will stay out of
the atmosphere, and the ability to accurately mea­
sure and verify the amount of carbon saved.

An "offset" is the term generally used in conjunction
with a cap-and-trade program where credits are gen­
erated outside of the capped sectors. Offsets are used
in lieu of emission aJIowances. The use of offsets has
been cQntroversial, with critics questioning the effec­
tiveness and proponents emphasizing the near-term
necessity of offsets.

Within California, the amount of offsets to be al­
lowed under cap-and-trade systems is still unknown.
By one estimate, which proposed that fonr percent
of annual GHG emissions in California could be met
by each enti"ty with offsets, total annual use of offsets
could be about 7.7 million metric tons in 2012-2014,
over 16 million metric tons in 2015-17, and over
15 million metric tons each year from 2018-2020
(ARB, 2009). Proposed federal legislation would
allow upwards of one billion metric tons ofdomes­
tic offsets a year with another billion metric tons of

international offsets.

The apparent demand for offsets far exceeds the
supply, at least in the neal' term (Sikorski, 2010).
Estimates and potential value in markets that are
emerging can be made for forest-I'elated supply in
California. Live tree carbon stored in California for­
ests is estimated to be 5.1 billion metric tons (tera­
gram, Tg) (see Chapter 1.2); the sequestration rate
was 30 million Inetric tons (gigagraln, Gg) per year.
The estimate for private timberlands was 1.4 Tg; the
sequestration rate was five Gg per year. A widely

held 2020 auction allowance price range for AB 32,
WCI and national programs is $15-$25 per metric
ton (Economic and Allocation Advisory Committee,
2010; Point Carbon, 2010; PEW, 2010). For illustra­
tion, applying a $15 and $20 per metric ton value to
offsets under a compliance market, the theoretical
values if all carbon were monetized are:

• Total California forest carbon storage (live
trees): $77-102 billion

• Total California forest carbon sequestration:
$450-600 million/year

• California private timberland forest carbon
storage (live trees): $21-28 billion

• California private timberland carbon sequestra­
tion: $75-100 million/year

Potential market revenue based on the $15-20 per
metric ton assumption for offsets in a compliance
market under AB32 is as foHows:

• First Compliance Period (2012-2014):
$116-155 ITliIlion/year

• Second Compliance Period (2015-2017):
$246-328 ITlillion/year

• Third Compliance Period (2018-2020):
$226-301 million/year

These estimates are for all offset project types. Sikor­
ski (2010) estimates that about two-thirds of nation­
wide domestic offsets will be supplied by forestry
project types to 2020. This would reduce the poten­
tial revenues to the forestry sector accordingly.

In the case of range-related carbon, no estimates
have been made on the supply from manure manage­
ment; there is lack of information on the impacts of
technology and other obstacles. Soil sequestration
from forests and rangelands was not estimated; the
associated protocols are unclear at this point.

The type of forest project is a Critical factor when
considering possible offset supply to 2020. For
example, urban forestry and reforestation project
types rely on carbon accruing in young trees, which
will be minimal before 2020 although important for
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later years. In contrast, the avoided conversion and
improved forest management project types could
generate substantial credits in the next ten years.

The following assumptions were used in the esti­
mates of credits generated from the avoided conver­
sion and improved forest management project types.
The stocking and sequestration estimates are from
Chapter 1.2.

• One-half of the 139 metric tons per acre aver­
age stocking on forestlands are credited on
average on avoided conversion projects

• Avoided conversion projects are 10,000 acres a
year

• Sequestration rate is 0.746 metric tons per acre
on forestland

• Sequestration rate is 1.244 metric tons per acre
on timberland

• Non-industrial forestland owners will par­
ticipate in the improved forest management
projects at 10 to 20 thousand acres a year while
industrial timberland O\NnerS ,,,,ill palticipate at
20 to 40 thousand acres a year.

• Improved forest management projects that
have initial inventories above common practice
are 11 to 23 thousand acres a year and result in
immediate credits of35 metric tons per acre.

Avoided conversion projects would produce 0.7 mil­
lion metric tons per year. Improved forest manage­
ment projects, by the CAR protocol, may produce
credits in two ways: to incrementaHy as forests grow
and as an avoided emissions type credit for exceed­
ing common practice. Based on analysis of avoided
conversion and improved forest management,
estimates of annual forest carbon offsets available to
a California compliance market for the three compli­
ance periods results in the following:

• Compliance Period 1 (2012-2014):
1.17 to 1.67 million metric tons per year

• Compliance Period 2 (2015-2017):
1.25 to 1.83 million metric tons per year

210

• Compliance Period 3 (2018-2020):
1.33 to 2.00 million metric tons per year

If these estimates are approximately correct then the
forestry sector in California will meet 10-25 percent
of the potential offset demand through 2020. Ful­
filling the demand for offsets to 2020 will require
more landowner participation, other sector offsets,
the development of other project types such as soil
or avoided emissions from fire, or the use of forestry
offsets from outside of California.

Carbon credits ""ill be in demand for both the volun­
tary and compliance markets. Protocols are in place
for many project types. The price of carbon, however,
is generally low relative to the value for high quality
timber products. A thousand board feet of Douglas­
fir that is worth $400 is approximately four metric
tons of C02e, which is $80 at $20 a metric ton. This
value discrepancy combined with the risk associated
with a 10o-year commitment to maintain th~ seques­
tered carbon, which is required for CAR projects, will
likely keep supply low. If credits become \\idely used
for mitigating climate impacts identified in the Cali­
fornia Environmental Quality Act (CEQA) analyses
of development projects, then prices in the voluntary
market could possibly exceed prices in the compli­
ance market, further constraining cap-and-trade .
supply.

Investments in working landscapes could bolster
terrestrial carbon inventories and reduce risk of loss.
PriOlity landscapes for carbon are identified in Chap­
ter 3.7. Significant acreages on private and public
lands could benefit from management. Carbon man­
agement must, however, be considered in the context
of the multiple ben.efits that forests and rangelands
provide. Quantities of carbon should be considered
in combination with the l'isk of emission and long­
term ecosystem health. Investments in restoring
stands converted from either conifer or hardwood
cover should be made soon to address ecological res­
toration and carbon contributions in future decades.
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ICHE MARKETS

Definition

Nfltllral Resources Canada defines nir.he products as
"specialty, higher-value, non-commodity wood prod­
ucts that are directed at specific markets that v<llne
the uniqne appearance/quality of a product that has
a limited production sllpply. Niche products are tlStl­

ally produced by smaller manufacturing plaots that
fOClls·on prodncing a unique, high quality product in
limited volumes. These are usually products that an
end-user believes has an added-value component due
to unique appeari1nce/quality, end-lise, etc. Many
niche products have the same number of competitors
as established commodity prodllcts but niche prod­
\lcts have the advantage of being able to create brand
or product loyalty to separate themselves from com­
[)etitors, are more regional in market focus, are more
athlOed to m<lrket/dernand changes and trends, and
are quicl< to adapt to changes in market demand."
(Natural Resources Canada, Canada Wood, 2003)

Niche Markets for Certified Products

Niche products are differentiated bCl.seo on the nCt­
tlIre of the process llsed to create them, in terms of
being a more environmentally (lnd socially respon­
sible option for cons\lmers. This typically involves a

certification process by third-palty entities such as
the Forest Stewardship Council (FSC) or Sustain­
able Forest Initiative (SFI) for wood products, or the
USDA National Organic Program for agriculttl rat
products. There are also various programs for certifi­
cation of "natural" beef and grass-fed beef, which are
generally less restrictive standards than organic.

"An on-product label that says a product is certified
to a program such as SF[ or FSC delivers assuri\nce
yOll are making a choice. that represents conseli'a­
tion of biological diversity, protection of specii'll sites,
slIstClill<lbJe h<ll"vests, respect for local communities,
and much more" (Lany Selzer, President (lnd CEO,
The Conselvation Fund).

The demand for certified wood products can be
driven by higher level certification programs, for
example the trend towards "green building" and

certification programs such as Leadership in Energy
and Environmental Design (LEED@) (http://wwv.).
Ilsgbc.org/DisplilyPage.(\spx,?CategolyID=19).

In some cases, major reti1.ilers have endorsed certi­
fied products to the point of excluding or limiting se­
lection of non-certified products. For example, Home
Depot began endorsing certified \vood products in
1999, llnd now sells more FSC certified ,""ood than
any retailer in America (http://corporate.homede­
pot.com/"\').)sjpoltaIjWood_Purchasing).

Advantages of Niche Products

The mass marl<eting business model involves intense
competition based on standardized product lines
and fiel'ce price competition (Hacker, 2006). Niche
marl<ets involve a unique business model that can
often command higher prices by competing to meet a
unique need for custom prodllcts.

Niche prodllcts sometimes utilize materials that
would otherwise be discarded, or even incm a dis­
posal cost. Eric Oldal' of the California Depar~ment

of Forestly and Fire Protection pioneered a project
to utilize urban trees that would other'wise end up in
landfills, by investing in pOltable slI'A'Tl1ills and kilns
which are loaned to municipalities (Hacker, 2006).

The City of Lompoc, which was faced \-11th a tree
disposal problem and landfill regulations, was able to
meet a need for higher quality par!, benches, floor­
ing, and other wood products (Garnstetter, 2009)·
The number of Immicipalities now \Ising portable
si1."vrnilling is \-\1despread throughollt the countly in
response to landfill regulations (Hacker, 2006).

Examples of Niche Products

Niche products are vast and diverse, a list of some
of the more interesting or promising in California
includes:

• West Coast Arborists, Anaheim: Utilizing the
latest technology for urban forestry inventory,
planning, aod management (http)fwv..."".wca­
ine-com/Introd llction .aspx).
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• California Hardwood Producers, Auburn:
Utilizing tree removals from urban forests and
orc.hal'ds for high qUillity flooring, cabinets,
beams, countel1opS, etc. (http://~Iiforniahard­

wood.com/).
• Humboldt Woodworkers Guild, HIlmboldt

County: Collective marketing of uniquE'. high
quality, environmentally and socially respon­
sible ",'ood products (http://woodgui1<l.com/).

• Calaveras Healthy lll)~act Product Solutions,
S(\n Andreas: In res~onse to local sawmill
closures and fir<? hilZard from small trees,
this community organizing effort, iiioded by
a $96,500 USDA graot, implemented (\ chip­
ping station for landscaping and heating. One
customer uses wood chips to heat a four acre
greenhollse that supplies fresh organic local
produce, .

• Sierra NevlIda Geotollrism: The Sierra Business
Council has partnered with the National Geo­
graphic Society and the Sierra Nevada Con­
servancy to develop a website to captllre the
history, heritage and attractions distinctive to
the Sierra Nevada Region, to promote tourism

that can conserve the region's historic towns

<lnd heritrlge sites, restore and protect the land­
scaj)e, and susta.in local businesses and com­
munities (h rtp:! jwwW.sbcollnciLorg/Projects/
Sierra-Nevada-Ceotonrism).

• There are many eXclinples of California ranches
that produce organic) natural 01' grass-fed ani­
mals and meat prodncts.

• Numerous California livestock operators fill
niche markets for va.rious specialty product.s
and services, ranging from beef jerky to ranch
tOll rs.

Opportunities for Niche Markets in California

There is a strong potenti?tl for niche markets to
i Derease economic activity and employment in the
state.

California hardwoods have historically received a
lot of attention, since they are an underutilized re­
source. California is a major consumer of hardwood
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lumber (20 percent of nation's production) but the
hardwood lumber production inclustlY in the state is
almost non-existent; this is in spite of a sizable hard­
wood tree resource (12 billion cubic feet of timber

gro'v,'ing stock) (http://ucanr.org/deliversjimpac­

tvi€'w.cfm?impactnllm=196). Although California
producers have been unable to compete in traditional
high-volume markets, tbe potential exists for utiliz­

ing this resouree to fill additional niche marl<ets.

As California loses more sawmills, many landovl'l1ers
will be unable to sell their timber. PortRble sawrnills
provide an opportunity for these landowners to pro­
cess their own logs, and sell their timber as finished
products, commanding a higher price. This will
require innovation in terms of forming landO\l"Oer
cooperatives for processing and marketing their
products.

While this chapter deals extensively with opportllni­
ties for additional large biomass facilities, there is
also potential for utilizing smaJl or micro-biomass
power generation, particularly for heatin~ homes. ,-,'

businesses and schools. Examples include the U.S.
POl'est Service State and Private Forestly's Fllels for
Schools progrnm being initiated in six western states.

The various celiification programs for rangeland
products provide an oppOIt\lnity for some ranchers
to increase profitability. This could become espe­
cially importont iffood safety concerns become an
emerging issue. For example, grass-fed beef avoids

potential fooo safety concerns that could arise from
sending animals to feedlots.

ECOSYSTEM SERVICES

Forests and rangelands provide a number of values
INhich historically have not been captt1recl easily in

traditional markets. Examples are: cRrbon seques­
tration (llntill'ecently), w(\tershed selvices, I""i1dlife
habitat and biodiversity, scenic an.d related values.
Often these are viewed as "[)llbl ic good$~ which are
))rovided as benefits to the publ ic at little or no cost.
Since l(\)ldo\."ners ,He generillly not compensated
for pro\,iding lhese services, they m<ly not receive



adequate consideration in decisions related to keep­
ing londs in ~rodllction) or in how they are managed.

Markets have been slow to emerge for a number of
reasons, such as the difficutty of defi ning rna rket

units and price, fe\.\' buyers, and limited support in
the investment community. However, a growing
recognition of the importance of these services is
leading to efforts to quantify their vallie, which conld
lead to mmket-based solutions. At the national level,

fOl" example, the Food, Conselvation. and Energy Act

0[2008 directs states to identify high-value areilS fOI'

providing various ecosystem services and to delin­
eate threats to those areas. The Act also seeks to fa­
cilitate l,tndowner partici~ation in emerging markets
for ecosystem selvices. The SecretalY of Agriculture

, '

must develop technical guidelines that me(\Sllre the
environmental services benefits from conselvation
and land management activities. These g\lidelines

will faCilitate meaSlll'ement and repolting protocols
and registries. A verifiUltion process and guidelines
for repoliing conselvation and Iflnd management
l"Ictivil(es must also be dt~vclo[)ed (htLp:j j\\ \\'w.fs. feel.
lIs/ecosystemselvicesj) .

Across the collntry, some market-based frameworks
can be found in the Cll'ea of ecosystem selvices. These
can include priv<lte payments, publiC'- payments or
incentives Clnd tracling schemes. For example, in the
case ofpreselving \·\~ldlife and plflnt diversity, pay­
ments for specific areas or programs can come from
non-governmental organizations, pharmacellt ieaI,
agricultllral or other companies, and even the eco­
tourism industry. In some cases regulatory frame­
works have fostered a way to do mar!<et transactions,
s\lch as the emergence of conservation and mitiga­
tion banking in Callforni(l and the U.S. Other invest­

ments are made in an effort to comply with or lessen
cost of regulatory compliance, such as tlood control
structllres or better road design to improve water
quality.

Local 01' regional districts can also serve a quasi-mar­
ket function. Examples include the E;:\st Bay Regional
ParI< District, the Mid Peninsula Open Space District
and the MelJ'in Open Space District. These districts

have programs that SUP[)ort ecosystem selvices
directly or indirectly. They utilize property taxes, as­
sessments, fees/rents/other charges, grants, interest
and other funding saurtes. Programs relate to what
the voters want and for which they will pay.

Some programs can influence market opportuni­
ties for ecosystem selvices. An example of this is the
Private Lands Wildlife Habitat Enhancement and
Management Area (PLM) Program administered by
the Department of Fish (Ind Came. The progrnm was
first authorized in 1983 and has undergone several

revisions. The gOf\)s of the PLM are to encou rage
private landowners to m,lnage for the benefit of fish
and wildlife. In exchange for developing a manage­

ment plan and adopting specific wildlife habitat
improvements. landowners receive incentives that
aHow them to better l'ealize the recreational valne of
wildlife. Incentives can include more flexible sea­
sons and qU3lity hunting e.xperiences. Lando\-vners

ga in by chf\ rgi ng fees for 11 unt ing. fish ing and other
uses, such (IS photography and observing wildlife.

CDFG, 2008). There are no\\' 90 PLM properties that
encompass almost 900,000 acres of wildlife habitat
(http://w.v.....dfg.ca.gov/\\~ldlife/hunting/plm.html).

COnSE'lvatlon ei'lsements are a.nother mechanism
widely IIsed in California. Many examples exist
such as efforts by organizations including the Tll.lst
for Public Land. the NCltll re Conserva nc-y and the
California Rangeland Trust. Under a conselvation

easement, a landowner voluntClrily dona.tes or sells
celtoin rights feInted to their property, stich as the
opportunity to develop to a private organization or
public agency. This entity is willing to hold the right
to enforce limitations agreed to by the landowners.

Often l,mdowners retain rights to ma.nage the prop­
erty for ongoing agricultnral, rangeland or forestly

uses, together with associated habitat, watershed
and open space v<llues. These easements aI'€' le­
gally recorded agreements and conditions continue
with the limd when the ["nd is sold. CompenS<\tlon
to the landowner cao take several forms, such as
direct [)ayments or tax credits. Credits come from
variolls SOUl'c,es. One example of a tax credit is the
Natural Heritage Pl'eserv<ltion Tax Credit (2000).
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Administered by the Wildlife Conservation Board,
the Tax Credit Act allows state tax credits for dona­
tions of qualified land (fee title or conservation ease­
ment) and water rights.

Still another example is the Oak Woodlands Conser­
vation Act (2001). Under the Conservation Act, the
Wildlife Conservation Board established a grant pro­
gram designed to protect and restore oak woodlands
utilizing conservation easements, cost-share and
long-term agreements, technical assistance, public
education and outreach.

In addition, state law provides for tax and zoning
approaches that encourage landowners to maintain
land in agriculture, ranching and timber production.
The two key frameworks are the California Land
Conservation Act, better known as the Williamson
Act, and the Timberland Production Zone under the
Forest Taxation Reform Act. Under both these laws,
propelties are taxed in a manner that supports con­
tinued use of the land for resource production with
its related ecosystem service benefits (such as \\rild­
life habitat and watershed health).

The provision of ecosystem services in California has
benefited greatly from development of partnerships
and cooperation among landowners, governmental
agencies, non-profit organizations and other stake­
holders. Forms of the partnerships vary, but can be
seen in the abundance ofwatershed groups, Fire Safe
Councils and community or neighborhood based
organizations. Agencies, landowners, and non-gov­
ernmental organizations all play key roles. These ef­
forts have facilitated watershed and habitat planning,
restoration, management and acquisition, and efforts
to improve forest healtll.

SUPPOlt for such activities comes from different
sources. The main contributors are property own­
ers, non-profit organizations, public agencies and
the public. By far, the largest funding sources for
projects and for ongoing prograln support for envi­
ronmental services comes in the budgets of federal,
state and local agencies. Funding comes from general
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taxes, special taxes and dedicated funds, user fees,
and other sources.

Especially impOltant to support and enhancement of
ecosystem servicesin California has been voter sup­
port of four ballot initiatives in the last decade. These
are Proposition 40 (2002), Proposition 50 (2002),

Proposition 84 (2006), and Proposition IE (2006).

Ftmds from these initiatives are being used for many
aspects of ecosystem services. These incllldie such
things as assessment and planning for watersheds,
fish and wildlife, infrastnlctllre and habitat restora­
tion and enhancement, habitat acquisition, improv­
ing forest health and conservation and technical
assistance.

Federal initiatives have also been important. Exam­
ples include ftmding and programs related to: im­
proved water quality; restoration and enhancement
of ecosystems, wildlife and fish habitat; and fuel
reduction and improved forest health. Some federal
programs focus on specific areas and issues such as
Lake Tahoe or the forests of Southern California.

Planning for and determination of projects, as well as
management and ongoing SUppOlt that relate to eco­
system services, take many forms. Much depends on
enabling legislation and direction in agency budgets
ofgovernmental agencies. In addition, program fo­
cus and even type or location of projects can be writ­
ten as part of state or local ballot measures. Goals
of landowners, ~ontributors and non-governmental
organizations also playa role.

One exampl~ is that the importance of forested and
rangeland watersheds to water quality and supply
has been recognized in various ballot initiatives,
related legislation, the CALFED Program and, most
recently, in the draft California Water Plan. Public
funding has been the primary source of investment
in these watersheds. For example, under CALFED,
millions of dollars have been invested for watershed
assessment, watershed management and technical
and staff assistance. A number of agencies, but espe­
cially the State and Regional Water Quality Control
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Boards and the Department of Fish and Game, have
yvorked with stakeholders to C<1ny Ollt such efforts,

The same is true for investment in forests and range­
lands critical to providing biodiversity, habitat and
open space. Funding has come from a variety of

sources, again largely pubHc in origin. Conselvancies,

such as the Coastal Conselvancy and the Sierra Ne­
vllda COlJSelvaney, have been established to provide
facilitation, coordination, project focus ancl manage­
ment. Several state de~artments have ",vorked with
stakeholders to guide these investments. Key among
them is the California Department of Fish (md Game,
especially the Wildlife Conselvation Board (WCB).

Many policies, programs, agencies and stakehold­
ers are involved with maid ng decisions over where

to make investments that affect ecosystem services.
This typically involves protecting areils that provide
unique or high levels of desired selvices, or restoring
areas impacted by past events, Augmenting tbis with
emerging market-basecl solutions cO\lld enhance our
ability to sustain these important servicE's into the
future.
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Total Forest Inventory, Growth and Mortality
Table 1.2.9 Total live tree stocks and estimated annual change from tree growth and mortality

Stocks Change, Net of Mortality

C02e (metric Cubic Feet Board Feet Number of C02e (metric Cubic Feet Board Feet Number of
landbase Acres tons) (thousands) (thousands) Trees tons) (thousands) (thousands) Trees

All Forestlands 32,114,317 5,099,162,048 113,695,755 447,709,621 10,058,521,955 40,046,799 1,419,806 5,764,470 -56,328,612

Public Forestland 19,467,566 3,343,515,541 76,368,749 340,794,682 5,685,634,310 30,611,051 751,107 3,438,690 -38,069,971

Private Forestland 12,646,761 1,755,647,124 37,327,502 106,914,068 4,372,687,646 9,438,766 668,726 2,325,853 -20,237,568

Private Timberland 7,647,009 1,418,463,056 31,054,447 103,118,272 4,364,675,374 9,516,486 591,411 2,242,743 -17,094,787

Per Acre Live Trees and Annual Change
Table 1.2.10. Per acre live tree stocks and estimated annual change from tree growth and mortality

Stocks . Change, Net of Mortality

C02e Stand C02e Stand
(metric Cubic Feet Board Feet Number of Density (metric Cubic Feet Board Feet Number of Density

landbase tons) (thousands) (thousands) Trees Index tons) (thousands) (thousands) Trees Index

All Forestlands 158.8 3.5 13.9 313.2 214.1 1.247 0.044 0.179 ·1.816 2.422

Public Forestland 171.7 3.9 17.5 292.1 225.1 1.572 0.039 0.177 -1.957 2.015

Private Forestland 138.8 3 8.5 345.8 197.1 0.746 0.053 0.184 -1.6 3.05

Private Timberland 185.5 4.1 13.5 570.8 258 1.244 0.077 0.293 -2.235 4.189



Assessments should identify forest landscape areas where there is a reaf, near term potential to
access and supply traditional} non-timber, or emerging markets such as Ihose for biomass or
ecosystem services. These might be areas where necessary infreslructure currently exists, ;s
planned or developing, where group certification of landowners has created market supply
aggregation potentiaf, or where retention and management of forest cover presents a money
saving alternative to an engineered fix - such as a wafer filtration facility. Strengthening and
developing new markel opportunities for fores! products and benefils provide incenfjves for
forest stewardship and conservation (excerpted from the US Forest Service State and Private
Forestry Farm Bill Requirement and Redesian Strategies),

GOALS: The goals of these strategies are to facilitate the sustainable development of
a biomass industry and to develop carbon and other ecosystem service markets as a
way to achieve hazard reduction, improved ecosystem health and services, and lowered
greenhouse gas emissions in California.

National Goals Supported, Enhance Public Benefits from Trees and Forests,
Conserve Working Forest Lands, protect Forests from Harm

Montreal ProcessfBOF Policy Goal Supported:
MPC-6: Maintenance and Enhancement of Long-Term Multiple Socio~economic

Benefits to Meet the Needs of Societies
MPC·2: Maintenance of Productive Capacity of Forest Ecosystems
MPC-3: Maintenance of Forest Ecosystem Health and Vitality
MPC-5: Maintenance of Forest Contribution to Global Carbon Cycles

State Assessment Theme: Emerging Markets for Forest and Rangeland
Products and Services.

Defined Landscape Areas

Priority Landscapes:
Primary - Biomass potential for ecosystem health, biomass potential for
community safety.

Secondary - Wildfire threat to ecosystem health, restoring wildfire impacted
areas, forest pest threat to ecosystem health, restoring forest pest impacted
areas, wildfire threat to community safety, forest pest threat to community safety,
restoring forest pest impacted communities, sustain'able working landscapes.

Priority Areas:
All bioregions except the Mojave and Colorado Desert The Sacramento and San
joaquin Valley bioregions are lower priority than the more heaVily forested
bioregions,
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Strategies Overview

Purpose of Strategies
Biomass energy is an underutilized resource and an expanded biomass energy industry
would provide numerous public benefits including facilitating treatments to reduce
wildfire and forest pest threat, restore areas impacted by wildfire and forest pests, and
improve productivity of forestlands to sustain working landsc~pes. Biomass energy is
also an important component for meeting the Renewable Portfolio Standard and
reducing greenhouse gas emissions.

Ecosystem service markets are emerging in a number of areas including carbon, water,
and habitat. Development of these markets provides a means to accomplish both
societal and landowner objectives with efficient allocation of resources.

Statement of Need
Biomass energy provides at least a partial economic compensation for treatments that
reduce wildfire or forest pest threat, or restore areas impacted by previous events. This
is contingent on a biomass facility being within a reasonable distance such that the
economic returns are not consumed by transportation costs. Currently, a majority of
priority landscapes and priority communities for threat reduction a'nd restoration are too
far from existing biomass facilities to make biomass removal a viable option.
Sustainable supply, access to markets and technology, as well as' additional research,
education and policies will be needed to guide development of the emerging biomass
industry in California.

Carbon is the most developed ecosystem market and it is still in an early stage. A
number of carbon registries and protocols have developed for the voluntary market, but
California still lacks a mandatory compliance market where forest and range may
participate. Voluntary carbon markets in California for forestry offsets thus far have used
the Climate Action Reserve (CAR) forestry protocols, forest management project type.
Compliance markets that use sequestration as an offset are in various stages of
development at the local, state, regional, national and international levels. Additional
experience with other project types such as avoided conversion, reforestation and urban
forestry are needed. Soil sequestration and fuels reduction protocols may also be
useful.

Other ecosystem services besides carbon can be market driven, such as water quality.
Power producers have long recognized that energy conservation is much less costly
than new plants. The same logic applies to water management versus costly new
treatment options, For example, New York City spends billions of dollars on watershed
improvement programs to avoid costly infrastructure improvements, Also, increased
private n1arket prices for water quality could encourage landowners to supply more of
these public benefits.

Current market conditions offer virtually no incentives to land owners to adopt
biodiversity and conservation related ecosystem services. Conservation benefits society
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as a whole, but will not be adopted by landowners unless these markets are sufficiently
high to make ecosystem services provisions financially competitive. Examples of
conservation practices that benefit ecosystem services where private costs exceed
private bene'fits include enhancing wildlife habitat and species conservation, maintaining
or improving aesthetics and riparian habitat, forest and range land restoration, including
oak woodland re-establishment and afforestation. Conservation banking and green
tourism are examples of ecosystem services that have existing markets, but have room
for growth. Both payment programs and markets for conservation practices that
enhance ecosystem services are needed to achieve forest and range land conservation
and the preservation of habitat to increase the flow of ecosystem services.

Cross-Cutting Issues .
Priority landscapes identify areas for expanding the current biomass industry or
maintaining current facilities. This includes all bioregions with areas of high wildfire or
forest pest threat as well as areas already impacted. Carbon production depends on
healthy forests for long-term production. There are a number of cross-cutting issues that
include:

• Wildfire and Forest Pests Threats to Ecosystem Health - Forest management
activities that improve stand health and increases tree growth also promotes
wood fiber production and increases wood product flow for biomass facilities.

• Wildfire and Forest Pests Threats to Community Safety - Removal of dead,
dying and diseased trees and thinning operations to address forest pests and to
improve wildfire protection can also generate additional biomass.

• Sustainable Working Forests - The developnlent of biomass and carbon markets
could enhance long-term socio-economic benefits from working forests.

• Urban Forests - Maintenance of urban forests improves urban forest health and
sustainability while simultaneously providing potential biomass feedstock to
emerging markets.

Existing Supporting Plans and Programs
Supporting plans include:

• A Preliminary Roadmap for the Future Development of Biomass in California
(CEC, 2006), California Fire Plan - California's strategic plan for reducing
wildfire threats, National Fire Plan

• Executive Order S-06-06 (2006): Established a biomass target of 20 percent
within the established RPS goals for 2010 and 2020.

• Executive Order S-14-08 (2008): Established accelerated RPS targets (33
percent by 2020) as recommended in the Energy Action Plan II. The order
also called for the forn1ation of the Renewable Energy Action Tean1,
comprised of the Energy Commission, Department of Fish and Game, Bureau
of Land Management, and U.S. Fish and Wildlife Service. Through the team,
the Energy Comrrlission and the Department of Fish and Game are to
prepare a plan for renewable development in sensitive desert habitat.

• Executive Order 8-21-09 (2009): establishes a target that all retail sellers of
electricity shall serve 33 percent of their load with renewable energy by 2020
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and directs the ARB to work with the CPUC, the California ISO, and the
Energy Commission to adopt regulations by July 31, 2010.

• Global Warn1ing Solutions Act of 2006, Scoping Plan, which identifies five
strategies for forest carbon management and includes forest carbon as an
offset under a cap-and-trade program; managed by California Air Resources
Board. .

Existing programs that support the emerging markets strategies include:
• The Sustainable Agriculture Research and Education Program(SAREP) provides

leadership and support for scientific research and education in agricultural and
food systems that are economically viable, conserve natural resources and
biodiversity, and enhance the quality of life in the state's communities.

• California Forest Practices Rules - provides rules and procedures to avoid or
lessen adverse effects on the environment from tirrlber harvesting on local, state
and privately owned timberlands.

• CAL FIRE Pest Management Program - forest pest specialists help protect the
state's forest resources from native and introduced pests, conduct surveys and
provide technical assistance to private forest randowners and promote forest
health on all forest lands throughout the state

• California Forest Improvement Program (CFIP) - improve productivity of non­
industrial private timberlands and includes the improvement of other forest
resources, including 'fish and wildlife habitat, soil, and water quality.

• California Forest Stewardship Program - Designed to promote long-term
stewardship of private forest lands.

• University of California Cooperative Extension (UCCE) - Serves forest and range
land owners through outreach efforts and technical assistance.

• California Safe Harbor - Encourages land owners to conserve and manage land
for endangered species and biodiversity conservation by removing the threat of
financial penalties and violations.

• NRCS - Emergency Watershed Protection (EWP), Conservation Stewardship
program (CSP), Environmental Quality Incentives Program (EQUIP), Wildlife
Habitat Incentives Program (WHIP), Conservation Reserve Enhancement
Program (CREP), Wetlands Reserve Program (WRP).

• Healthy Forests Restoration Act - To build-up the capacity to conduct hazardous
fuels reduction projects on National Forest System lands and Bureau of Land
Management lands aimed at protecting communities, watersheds, and certain
other at-risk lands from catastrophic wildfire.

• Existing carbon protocols and registries - Climate Action Reserve (CAR),
American Carbon Registry (ACR). Chicago Climate Exchange (CCX). Voluntary
Carbon Standard (VCS), and others.

• Developing cap-and-trade systems that incorporate forest offsets: AB32 for
California. Western Climate Initiative for regional program, and bills introduced in
Congress.
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Current Constraints
Relative to fossil fuels, biomass energy provides a wide variety of public benefits for
which biomass energy investors are not economically and equitably compensated.
Under current economic and policy conditions it is very difficult for biomass energy to
compete with fossil fuels (e.g. natural gas).

Markets require adequate supply and demand. They also require transparency as to the
quality of the goods for sale. Participation in a new market carries risk for both the
producer and consumer of new commodities.

Key Stakeholders and Partners
California Energy Commission, California Biomass Collaborative, California Biomass
Energy Alliance, California Air Resources Board, California Forestry Association (CFA),
regional air quality districts, timber industry, landowners, local government and NGOs.

Strategies and Supporting Actions
The overall biomass strategy presented here is to support in1plementation of the
California Energy Commission's roadmap for future biomass development
(http://www.energy.ca.gov/2006publications/CEC-500-2006-095/CEC-500-2006-095­
D.PDF). The first 'five strategies identified roughly outline steps detailed by this report.
Additional details on strategies and actions can be found in the con1plete report entitled
IlA preliminary Roadmap for the Development of Biomass in Californian (Jenkins, 2006).
A strategy for developing carbon markets and a strategy for developing other markets is
presented.

Strategy: 3.4.1. Facilitate development of sustainable biomass harvest practices to
grow. collect and store forest. range and urban biomass resources and deliver it as
feedstock to biomass markets.

Action A - Develop and apply best management practices for resource
development, production, and extraction allowing both industry and state
enforcement of standards. Where standards do not yet exist, new standards should
be developed.

Action B - Determine the long-term biomass supply, if any, that is available from
federal lands in or near to California. This will take collaborative processes, planning
and long-term stewardship contracts/agreements (Heinz and Pinchot, 2010).

Action C ~Establish a process for independent certification of sustainable practices.

Action 0 - Establish a bion1ass commodity market and commodity board or
commission to facilitate biomass marketing, development of infrastructure, and
coordination.

Action E - Develop production, collection, transportation, storage, and processing
infrastructu re.
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Action F - Establish sustainable business certifications.

Action G - Credit sustainable suppliers of feedstock through tax incentives or
subsidies in recognition of other costs avoided.

Action H - Provide initial state assistance in funding collection and processing
efforts.

Action 1- Provide access to extensive biomass resource and market information.

Strategy: 3.4.2. Facilitate the expansion of biomass markets through ill'lproved
infrastructure (e.g.. transmission lines). monetization of external benefits (e.g.. hazard
reduction). feedstock collection. and generation capacity.

Action A - Ensure adequate feedstock collection, separation, and harvesting
equipment Infrastructure is available to all landowners.

Action B - Ensure adequate physical infrastructure is available, such as electricity
transmission lines, interconnection, feedstock storage, transportation, and
processing capacity.

Action C - Establish policies and enact necessary laws to monetize external benefits
and stimulate needed investment through tax credits, price supports and loan
guarantees, carbon markets, environmental credits, and other financial incentives.

Action 0 - Add new power generation capacity including distributed generation.

Action E - Encourage replacement of existing power facilities with more advanced
systems such as biomass integrated combined cycles (BIGCC) and increasing use
of corrlbined heat and power (CHP) technologies.

Action F - Ensure that new and existing facilities utilize state of the science and
technology to provide effective controls on smokestack emissions and other
pollutants from biomass burning and conversion facilities.

Strategy: 3.4.3. Support and conduct biomass research and development including life
cycle analysis. best management practices. monitoring and sustainabilitv.

Action A - Conduct comprehensive life cycle assessments and health risk
assessments systematically comparing waste and resource utilization alternatives.

Action B - Determine and maintain best management practices and conduct
monitoring of environmental, health, and safety impacts from feedstock production,
handling, processing, conversion, manufacturing, and utilization.
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Action C - Conduct basic research to improve sustainability of biomass production
systems, increase yields, reduce water and other agronomic inputs, increase
resistance of biomass crops to disease and pests, and improve the conversion
processes and product quality.

Action D - Conduct applied research and demonstrate comn1ercial scale biomass
conversion and biorefinery techniques.

Action E - Conduct market studies and other research to assess the effect of
emerging carbon markets (LCFS and cap-and-trade) as drivers to utilize biomass for
bioenergy/fuerproduction and the interplay between biomass, timber, and carbon
markets and their impacts on supply and sustainability of forest and range land
resources (including carbon sequestration) in California.

Action F - Develop or improve modeling, remote sensing, systems analyses, and
systems optimization for land use monitoring, clin1ate change impacts, economic
impacts, feedstock production, acquisition logistics, and power plant siting and
design.

Strategy: 3.4.4. Support education and training and the development of curricula to
inform citizens. consumers. and decision makers and develop well trained biomass
industry professionals in California.

Action A - Conduct outreach to local, state and federal government decision
makers, schools, non-governmental organizations (NGOs), sustainability groups,
and other public interest groups.

Action B - Provide outreach on biomass utilization and establish early dialog with
affected communities where facilities are proposed to ensure environmental justice
and direct public involvement. and to communicate the benefits of biomass to local
communities.

Action C - Provide technical training by and for industry and expanding university
curricula and programs to ensure the availability of adequate numbers of skilled
profesSionals and technicians.

Action D - Augment existing cooperative extension programs to inform and educate
farmers. producers, operators, investors, and others of results emerging from
research and development efforts.

Strategy: 3.4.5. Address existing constraints and develop new policies, laws and
regulations that promote and facilitate the expanded use of biomass while protecting the
state's environn1ent.
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Action A - Align State and Federal energy and resource policies in the area of
bioenergy so they complinlent each other and enhance support for this emerging
market, while" maintaining and enhancing environmental and consumer protections.

Action B - Establish or augment financial incentives, including carbon markets, tax
credits, production incentives, and access to capitol.

Action C - Revise waste management policies (e.g., alternative daily cover diversion
credits), and practices.

Action D - Revise permitting requirements to enhance interagency communication
and create a clear permitting pathway for applicants.

Action E - Establish new or invest in existing enterprise zones with responsibilities
and opportunities to support biomass development including assistance identifying
biomass power plant locations, local support, and environmental review.

Action F - Implement environmental justice review.

Action G - Enhance access to transmission lines, pipelines, and other infrastructure;
and provide equitable policies for net metering, opening direct access, and other
incentives intended to stimulate markets.

Strategy: 3.4.6. Support the development of voluntary and compliance carbon markets.

Action A - Encourage the use of registries to track both voluntary and
compliance carbon credits. Use registry figures to track market progress.

Action B - Monitor the development of protocols related to forest and range lands
to ensure quality and compatibitity with laws and regulations.

Action C - Provide technical assistance to landowners, registries and buyers to
encourage open and fai~ markets.

Action D - Facilitate landowner aggregation mechanisms to widen participation.

Action E - Promote funding mechanisms such as low interest loans for project
development of high-yielding projects with co-benefits. Reforestation projects
often fit this category.

Strategy: 3.4.7. Support the development of other emerging voluntary markets including
water. habitat and qreen tourism.

Action A - Promote an understanding of the costs and benefits of watershed and
other management.
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Action B - Develop watershed approaches to permits and restoration activities
that reward landowners for attaining socially desir~d future conditions.

Action C - Identify the need for government stirnulus of registries, protocols or
markets for non-carbon commodities.

Action 0 - Encourage trade credit systems for habitat provisions and pollution
reductions.

Action E - Promote market incentives to encourage landowners to conserve
forest and range working landscapes.

Action F - Promote local community and government efforts to acquire and
manage additional open space and recreation lands.

Action G - Encourage relevant ecosystem services capabilities expansion on
private land.

Action H - Focus on long-term plans and conservation easement conditions that
clarify land tenure questions. are approved as alternatives under Forest Practice
Rules and reduce compliance costs to landowners.

Action I - Examine use of systems of environmental management that depends
on certified, insured and guaranteed operations rather than a perrnit with civil
enforcement.

Strategy: 3.4.8. Support expansion of transmission infrastructure for emerging
renewable energy generation from sources such as biomass. wind. hydro and solar in a
way that minimizes environmental impact to forest and rangelands.

Action A - Avoid developing in areas that are environmentally sensitive or are
prohibited from development by law or policy.

Action B - Support the findings and recommendations of the Renewable Energy
Transmission Initiative (RETI) stakeholder steering committee to adopted energy
policies that increases generation of electricity from renewable resources.

Action C - Support improvements needed for California's electric transmission
infrastructure to get the electricity generated by new renewable power facilities to
consumers with minimum impact to forest and rangelands.

Action D - Encourage a transparent, stakeholder based planning process that
includes environmental organizations, regUlatory and permitting agencies. major
transmission providers and renewable energy generators.
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Action E - Coordinate corridor designation in accordance with appropriate
environmental protections by working with state and federal agencies,
environmental groups, BlM Solar Energy Zones, Desert Renewable Energy
Conservation Plan, NCCPs and Competitive Renewable Energy Zones (CREZ)
defined by RETI.

Recommended Performance Measures
Note: Where appropriate, use one or more of the measures listed below to report on effectiveness.
Extent of reporting is contingent on funding.

, Numbers of operational biomass facilities that utilize forest biomass.
> Acres treated to protect from wildfire/forest pest threat or restore impacted

areas.
~ Percent of total electrical generation obtained from biomass energy.
~ Green tons from small diameter and low value trees removed from NFS lands

and made available for bio-energy production.
~ Carbon tonnes traded annually in the voluntary and compliance markets.
> Annual revenues to forest and range landowners from ecosystem markets.
> Nurrlber of rural jobs created.
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Strategy: 3.4.7. Support the development of other emerging voluntary markets including water, habitat and green tourism.

Long-term Priority Secondary Existing Partners I Resources Measures National
Strategy Landscape Issues Programs Stakeholders Available of Objectives

Area(s) Addressed Success Supported

Support the Primarily Rural Economic CFIP, USDA-APHIS; Bond Annual Protect
development of Klamath/North Development CFSP, State; USFS; Funding; revenues Forests
other emerging Coast, UCCD, CFA; CDFA Grants; to forest From Harm
voluntary markets Modoc, and CFLP, ;NGO's; State and and range Primary:
including water, Sierra HFRA, NFP, landowners; Federal landowner T2.2,
habitat and green bioregions. EWP, CSP, Other Forest Programs s from Secondary:
tourism Secondarily EQUIP, industry ecosystem Enhance

Sacramento WHIP markets. Benefits;
and San T3.4, T3
Joaquin.

Strategy: 3.4.8. Support expansion of transmission infrastructure for emerging renewable energy generation from sources
such as biomass, wind, hydro and solar in a way that minimizes environmental impact to forest and rangelands.

Long-term Priority Secondary Existing Partners f Resources Measures National
Strategy Landscape Issues Programs Stakeholders Available of Objectives

Area(s) Addressed Success Supported

Support Entire state Wildfire Threats BLM Solar State, federal, Bond total Protect
expansion of Energy NGO's, Funding; energy Forests
transmission Sustainable Zones, landowners Grants; produced, From Harm
infrastructure for workillg Desert State and rural jobs Primary:
emerging landscapes Renewable Federal created T2.2,
renewable Energy Programs Secondary:
energy in a way Rural economic Conservation Enhance
that minimizes development. Plan, Benefits;
environmental NCCPs, 13.4, T3
impact to forest RETI
and rangelands.
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Chapter 3.4 • Emerging Markets for Forests and Rangeland Products and Services
Analysis: Biomass Energy for Ecosystem Health

Priority Landscape by County (Thousands of Acres)

County None Low Medium High Total
Alameda 0 0 0 0 0
Alpine 4 16 4 7 32
Amador 29 100 66 114 308
Butte a 0 a 0 0
Calaveras 12 106 87 46 250
Colusa 0 0 0 0 0
Contra Costa a a 0 0 a
Del Norte a 0 0 0 0
EI Dorado 86 93 236 419 835
Fresno 0 0 0 0 0
Glenn 0 0 0 0 0
Humboldt 7 88 141 144 380
Imperial 0 0 0 0 0
Inyo 0 0 0 0 0
Kern 0 .0 0 0 0
Kings 0 0 0 0 0
Lake 0 0 0 0 0
Lassen 60 46 80 440 626
Los Angeles 0 0 0 0 0
Madera 0 0 0 0 0
Marin 0 0 0 0 0
Mariposa < 1 6 5 6 17
Mendocino 11 467 101 23 603
Merced 0 0 0 0 0
Modoc 26 40 87 279 432
Mono 0 0 0 0 0
Monterey 0 0 0 0 0
Napa 0 0 0 0 0
Nevada <1 2 2 9 14
Orange 0 0 0 0 0
Placer 70 58 100 201 428
Plumas 0 0 0 0 0
Riverside 0 0 0 0 0
Sacramento 83 96 4 a 183
San Benito 0 0 0 0 0
San Bernardino 0 0 0 0 (I

San Diego 0 0 0 0 0
San Francisco 0 0 0 0 0
San Joaquin 165 91 < 1 0 257
San Luis Obispo 0 0 0 0 0
San Mateo 0 0 0 0 0
Santa Barbara 0 0 0 0 0
Santa Clara 0 0 0 0 0
Santa Cruz 0 0 0 0 0
Shasta 2 21 22 121 166
Sierra 0 0 0 0 0



Siskiyou 131 477 405 763 1,776
Solano 0 0 0 0 0
Sonoma 0 0 0 0 0
Stanislaus < 1 13 <1 0 13
Sutter 0 0 0 0 0
Tehama < 1 7 10 14 31
Trinity 11 88 144 871 1,114
Tulare 0 0 0 0 0
Tuolumne 8 28 64 117 217
Ventura 0 0 0 0 0
Yolo 0 0 0 0 0
Yuba 0 0 0 0 0
Total 707 1,844 1,557 3,575 7,683

Data Sources: Aerial SUlVey Detection (ADS), USFS FHP (2008 v1); Biomass Facilities, FRAP (2009 v1); Bum Severity,
USFS (2009); California Fire Regime Condition Class, FRAP (2003); California Tree Seed Zones, Buck, et a!. (1970); Fire

Threat, FRAP (2005); Fire Perimeters, FRAP (2009 v1); Fuel Rank, FRAP (2002); Forest Pest Risk data, USFS FHP
(2006 v1); Statewide Land Use / Land Cover Mosaic, FRAP (2006); County Boundaries, FRAP (2009 v1)

http://frao.cdf.ca.gov/assessment2010.html



Chapter 3.4 • Emerging Markets for Forests and Rangeland Products and Services
Analysis: Biomass Energy for Community Safety

Priority "Landscape by Community (Acres· Rounded to Nearest Hundred)

Community None Low Medium High Total
Alpine Village < 100 400 < 100 0 600
Amador City 300 0 0 0 300
Arnold 1,500 700 200 4,700 7,000
Carrick < 100 < 100 < 100 < 100 < 100
Diamond Springs 200 2,700 800 < 100 3,800
Dollar Point 100 < 100 < 100 900 1,000
Dorrington 200 < 100 600 1.400 2,300
Dunsmuir 400 < 100 200 500 1,100
Edgewood < 100 400 < 100 0 600
Elk Grove 5,100 0 0 0 5,100
Etna 400 0 < 100 < 100 500
Farmington 900 < 100 0 0 1,000
Foresthill 3,100 300 1,400 1.400 6,200
Fort Bragg 1,800 0 0 0 1,800
Fort Jones 300 0 < 100 100 400
Galt 3,400 0 0 0 3.400
Gazelle < 100 400 < 100 0 400
Georgetown 300 < 100 1,300 200 1,800
Greenview 100 700 < 100 0 900
Grenada 300 0 0 0 300
Hayfork 88AOO 1,900 8,200 1,100 99,600
Hornbrook < 100 500 100 < 100 700
lone 3,100 0 0 0 3,100
Jackson 2,300 0 0 0 2,300
Kings Beach 1,100 200 < 100 800 2,200
Laytonville 200 1,900 600 500 3,300
Lewiston 2,900 < 100 400 200 3,500
Linden 4,800 0 0 0 4,800
Lockeford 5.400 0 0 0 5AOO
Lodi 7,400 a 0 0 7.400
McCloud 200 200 800 400 1,600
Mendocino 200 500 600 < 100 1,400
Mesa Vista 5,300 1,800 200 0 7,300
Mokelumne Hill 300 < 100 1,200 400 2,000
Montague 1,100 0 0 0 1,100
Morada 1,300 0 0 0 1,300
Mountain Ranch 5,100 2,000 12,200 < 100 19,300
Mt Shasta 1,100 < 100 600 500 2,300
North Woodbridge 1,800 0 0 0 1,800
Placerville 500 < 100 300 2,900 3,700
Plymouth 700 0 0 0 700
Pollock Pines 600 < 100 100 3,000 3,700
Rail Road Flat 12,300 1,200 5,300 < 100 18,700
Rancho Calaveras < 100 1,600 3,500 200 5,400
Rancho Murieta 2.300 4,500 200 0 7,100
San Andreas 1,500 400 900 200 3,000



South Lake Tahoe 1,700 200 200 4,400 6,500
South Woodbridge 200 0 0 0 200
Stockton 200 0 0 0 200
Sunnyside-Tahoe City 700 < 100 < 100 1,400 2,200
Sutter Creek 1,000 0 0 0 1,000
Tahoe Vista 300 100 < 100 1,300 1,700
Truckee < 100 0 < 100 < 100 < 100
Valley Springs 1,800 3,900 400 200 6,300
Vineyard 700 0 0 0 700
Wallace 1,000 1,800 < 100 0 2,800
Weaverville 15,500 1,300 4,800 1,100 22,600
Weed 2,300 400 300 < 100 3,100
West Point 200 < 100 2,000 200 2,400
Willits 1,600 < 100 < 100 0 1,600
Willow Creek 86,900 16,500 8,500 1,300 113,300
Wilton 16,700 2,300 < 100 0 19,000
Yreka 6,000 < 100 100 300 6,500
Total 305,400 49,500 56,400 30,000 441,200

Data Sources: Aerial Survey Detection (ADS), USFS FHP (2008 v1); Biomass Facilities, FRAP (2009 v1); Bum Severity, USFS
(2009); California Fire Regime Condition Class, FRAP (2003); California Tree Seed Zones, Buck, et al. (1970): Fire Threat, FRAP
(2005); Fire Perimeters, FRAP (2009 v1); Fuel Rank, FRAP (2002); Forest Pest Risk data, USFS FHP (2006 v1); Statewide Land

Use / Land Cover Mosaic, FRAP (2006); Communities, FRAP (2009 v1)

http://frap.cdf.ca.gov/assessment2010.html



Strategy Matrix

Strategy: 3.3.1. Promote formation of Local Fire Safe Councils for priority communities.

Long-term Priority Secondary Existing Partners I Resources Measures National
Strategy Landscape Issues Programs Stakeholders Available of Success Objectives

Area(s) Addressed Supported

Improve support Priority Fire suppression Fire Safe Communities; Local New
for community Communities costs and losses; Councils, Counties Government funding
wildfire planning. and currently Firefighter safety California sources

designated Fire Alliance
Communities
at Risk

Strategy: 3.3.2. Promote participation in the National Firewise/USA program.

Long-term Priority Secondary Existing Partners I Resources Measures of National
Strategy Landscape Issues Programs Stakeholders Available Success Objectives

Area(s) Addressed Supported

Improve local Priority Need for a Firewise, Communities CFA, FSC Firewise recognition;
fire planning Communities method to Current CWPP;
process and currently develop recognized Projects

designated CWPP communities implemented/planned
Communities
at Risk

Strategy: 3.3.3. Establish a statewide comparative database of communitv wildfire planning.

long-term Priority Secondary Existing Partners I Resources Measures National
Strategy landscape Issues Programs Stakeholders Available of Success Objectives

Area(s) Addressed Supported

Increase Priority CWpp CFAWebsite USFS, BlM. CFA Improved 3.1; 3.7
collaboration and Communities monitoring and Counties monitoring.
knowledge sharing and currently evaluation better
in community designated statistics
wildfire planning Communities

at Risk
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Strategy Matrix

Strategy: 3.4.1. Facilitate development of sustainable biomass harvest practices to grow. collect and store forest and
range biomass resources and deliver it as feedstock to biomass markets.

Long-term Priority Secondary Existing Partners / Resources Measures National
Strategy Landscape Issues Programs Stakeholders Available of Objectives

Area(s) Addressed Success Supported

Facilitate Primarily Wildfire Threats CFIP. USDA-APHIS; Bond Number of Protect
development of Klamath/North CFSP, State; USFS; Funding; facilities: Forests
sustainable Coast, Forest Pest UCCD, CFA; CDFA; Grants; . Acres of From Harm
biomass harvest Modoc, and threats CFLP, NGO's; State and Forestland Primary:
practices to grow, Sierra HFRA, NFP. landowners; Federal Restored; T2.2,
collect and store bioregions. Sustainable EWP. CSP, Other Forest Programs Reduced Secondary:
forest and range Secondarily working EQUIP. industry wildfire/pest Enhance
biomass resources Sacramento landscapes WHIP damages; Benefits;
and deliver it as and San total energy T3.4, T3
feedstock to Joaquin. Rural economic produced
biomass markets. development.

Strategy: 3.4.2. Facilitate the expansion of biomass markets through improved infrastructure (e.g. transmission lines).
monetization of extemal benefits (e.g. hazard reduction), feedstock collection. and generation capacity.

Long-term Priority Secondary Existing Partners I Resources Measures National
Strategy Landscape Issues Programs Stakeholders Available of Objectives

Area(s) Addressed Success Supported

Facilitate the Primarily Wildfire Threats CFIP, USDA-APHIS; Bond Number of Protect
expansion of KlamathlNorth CFSP, State; USFS; Funding; facilities; Forests
biomass markets Coast, Forest Pest UCCD, CFA; CDFA: Grants; Acres of From Harm
through improved Modoc. and threats CFLP. NGO's; State and Forestland Primary:
infrastrueture. Sierra HFRA, NFP, landowners: Federal Restored; T2.2,
monetization of bioregions. Sustainable EWP,CSP. Other Forest Programs Reduced Secondary:
external benefits, Secondarily working EQUIP, industry Wildfire/pest Enhance
feedstock Sacramento landscapes WHIP damages; Benefits;
collection, and and San total energy T3.4, T3
generation Joaquin. Rural economic produced;
capacity development. rural jobs

created
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Strategy: 3.4.3. Support and conduct biomass research and development including life cycle analysis, best management
practices monitoring and sustainabilitv.

long-term Priority Secondary Existing Partners / Resources Measures National
Strategy Landscape Issues Programs Stakeholders Available of Objectives

Area(s) Addressed Success Supported

Support and Primarily Wildfire Threats CFIP, USDA-APHIS; Bond Number of Protect
conduct biomass Klamath/North CFSP, State; USFS; Funding; facilities; Forests
research and Coast, Forest Pest UCCD, CFA; CDFA; Grants; Acres of From Harm
development Modoc, and threats CFLP, NGO's; State and Forestland Primary:
including life cycle Sierra HFRA, NFP. landowners; Federal Restored; T2.2,
analysis, best bioregions. Sustainable EWP. CSP, Other Forest Programs Reduced Secondary:
management Secondarily working EQUIP, industry wildfire/pest Enhance
practices, Sacramento landscapes WHIP damages; Benefits;
monitoring and and San total energy T3.4,T3
sustainability Joaquin. Rural economic produced;

development. rural jobs
created

.Strategy: 3.4.4. Support education and training and the development of curricula to inform citizens, consumers. and
decision makers and develop well trained biomass industry professionals in California.

long-term Priority Secondary Existing Partners / Resources Measures National
Strategy Landscape Issues Programs Stakeholders Available of Objectives

Area(s) Addressed Success Supported

Support education Primarily Wildfire Threats CFIP, USDA-APHIS; Bond Number of Protect
and training and Klamath/North CFSP, State; USFS; Funding: facilities; Forests
the development Coast, Forest Pest UCCD. CFA; CDFA; Grants; Acres of From Harm
of curricula to Modoc, and threats CFLP, NGO's; State and Forestland Primary:
inform citizens, Sierra HFRA, NFP, landowners: Federal Restored; T2.2,
consumers, and bioregions. Sustainable EWP, CSP, Other Forest Programs Reduced Secondary:
decision makers Secondarily working EQUIP, industry wildfire/pest Enhance
and develop well Sacramento landscapes WHIP damages; Benefits;
trained biomass and San total energy T3.4, T3
industry Joaquin. Rural economic produced;
professionals in development. rural jobs
California created
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Strategy: 3.4.5. Address existing constraints and develop new policies. laws and regulations that promote and facilitate
the expanded use of biomass while protecting the state's environment.

Long-term Priority Secondary Existing Partners I Resources Measures National
Strategy Landscape Issues Programs Stakeholders Available of Objectives

Area(s) Addressed Success Supported

Address existing Primarily Wildfire Threats CFIP, USDA-APHIS; Bond Number of Protect
constraints and Klamath/North CFSP, State; USFS; Funding; facilities: Forests
develop new Coast, Forest Pest UCCD, CFA; CDFA; Grants; Acres of From Harm
policies,laws and Modoc. and threats CFLP, NGO's; State and Forestland Primary:
regulations that Sierra HFRA, NFP, landowners: Federal Restored; T2.2,
promote and bioregions. Sustainable EWP, CSP, Other Forest Programs Reduced Secondary:
facilitate the Secondarily working EQUIP, industry wildfire/pest Enhance
expanded use of Sacramento landscapes WHIP damages; Benefits;
biomass while and San total energy T3.4, T3
protecting the Joaquin. Rural economic produced:
state's development. rural jobs
environment created

Strategy: 3.4.6. Support the development of voluntary and compliance carbon markets.

Long-term Priority Secondary Existing Partners / Resources Measures National
Strategy Landscape Issues Programs Stakeholders Available of Objectives

Area(s) Addressed Success Supported

Support the Primarily Climate Change CFIP, USDA-APHIS; Bond Carbon Protect
development of Klamath/North CFSP, State: USFS; Funding; tonnes Forests
voluntary .and Coast. UCCD, CFA; CDFA: Grants; traded From Harm
compliance carbon Modoc, and CFLP, NGO's; State and annually in Primary:
markets Sierra HFRA, NFP, landowners; Federal the T2.2,

bioregions. EWP, esp, Other Forest Programs voluntary Secondary:
Secondarily EQUIP, industry and Enhance
Sacramento WHIP complianc Benefits;
and San e markets. T3.4, T3
Joaquin.
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During the fire

Note the crowning fire behavior and flame lengths

During the fire

Note the high mortality rate of Ihe trees

3



10 years after the tire
Note the large input of fuels due \0 tree mortality
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White Fir stand showing the modeled cutting
Note that the downed trees are removed prior to the fire

Beginning of fire
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During the fire
Note the low flame lengths and lack of crowning fire behavior

During the fire
Note the lack of tree mortality due to the reduction in
fire intensity
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10 years after the fire
Note that the reduction in tree mortality has resulted in
reduced fuel inputs in the post-fire stand

7
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has begun to anal}'"le the perceived competi­
tion conflicts between traditional consum­
ing forest products mills and new wood en­
crgy plants. For example, Ince et al. (2011,
142) modded US forest sector market and
trade impacts of expansion in domcstic
wood energy consul11ption under hypothet­
ical future US wood biomass energy policy
scenarios. Bowycr (201 1) also examined pol­
icy implications for biocnergydcvelopmellt,
as well as the likely impact of global encrgy
trends on biomass demand.

Environmental Consequences
and Constraints

The ecological effccts on soils, wildlife,
fire regimes, and water quality of using bio­
mass for biocnergy depends on the existing
condition of the forest stam! and the amount
of biomass to bc removed over a specific pe­
riod. The rcsults depend on such factors as
the timing of removal and the nature of the
biomass (e.g., logging residues or shon-rota­
tion woody crops; Pan et al. 2008, 2010,
Hurteau et al. 2008).

There arc concerns that if too many
biocnergy and biofuel plants arc establishe(i
ovcr time they will not be sustainable. How­
ever, sustainable l">rest managcmcm prac­
ticl'S are well known and widely practiced
and c.1n prott.'Ct forests' environmental and
ccological values. St.1tCS such as f'vlinnesota,
Wisconsin, anti Pennsylvania, arc devdop­
ing woo(ly biomass removal guiddinl's to

ensure small-seall' and sustainable bioenergy
plants can meet long-term environl1ll'lllal,
ccological, and economic needs. Usc of for­
estry bt.'St management pr.lcticcs and cenifi­
cation systems such as the American Tree
Farm System, Sustainable Forcstry Initia­
tivc, and Forest Stewardship Council is also
widl'Spread.

There can be environmental tradeolTs
involvt.-d in removing harvcsting rcsiduals
where the residuals have value in maintain­
ing site productivity and biodiversity. Site
responses to residue removal and retention
dl.-pend on site conditions and limiting (1C­
tors. Sciemific evidence from sites ~lCross

Nonh Americ.1 suggests that the productiv­
ity of most sitcs is largely resilient to rcmov­
ing harvesting rcsiduals (Powers et al. 2005).
For instancc, Westbrook et al. (2007) found
that even with removal ofall harvesting res­
idul'S and all nonmerchantable woody bio­
mass between 1- and 4-in. dbh, nutrient
losses from a Georgia pine plamation wcre
expected to be replaced by precipitation in 5

ycars. Overall, documentation of negative
effectS on site productivity due to biomass
removal is rarc.

Two recent meta-analyses of the scien­
tific literature suggest that effects ofbiomass
harvcst on biodiversity can vary by forcst
harvcsting practice and other [actors. Stud­
ies offorcst thinning have generally reponed
positive or ncutral cffects on diversit)' and
abundancc of terrestrial vertebrates and in­
venebr:ucs across all taxa, although thinning
intensity and the lype of thiIming may inllu­
ence thc magnitude of response (V~rschurl

et al. 2011). Studies that document biodi­
versity response to harvt.'St of coarse woody
debris and/or standing snags repon substan­
tially and cohsistendy lower diversity and
abundance OfClvity- and open-nesting birds
and reduced invenebr~lte biomass in tTl'Clt­
ments with lower amounts ofdowned coarse
woody debris and/or standing snags (Riflell
ct al. 2011). EfTects ofh'1TVcsting coarse and
particularly fine woody debris on other taxa
do not appear to be great, although therc
have been few studies of thcse practices (Rif­
fell ct al. 2011). With scientific support lack­
ing for signific.111l projl'Ctlcvcl impacls, har­
vl.'Sting guideline provisions should allow
managers the Hexibility to tailor prescriptions
LO SilC conditions and limiting factors and pro­
mote analysis of the impacts across a SClle that
includt.'S numerous ownerships and projl.'CLS.

Genetic Improvement and
Woody Crops

Genetic tTee improvemem programs have
fOcUSl,{~ on improving phenotypic characll'ris­
tics, pr<..'domin.1ntly LO increase volume lilT
timber production. Today, mostly private
companil.'S arc invcsting in poplar and willow
to increase feedstocks through '1dvanced ge­
netics in tree sdl'Ction. Mass control polli­
nated and varietal pine seedlings that exhibit
genetic gains arc now available (Dougheny
2007).

Poplar brceders in the United States
h.we focused on increasing adaptability,
growth ratl'S, and pest and stress resistance.
Significant increases have been achieved
through traditional selection and bTl'Cding
along with imensifie<~ cultural praCtices. Ef:'
ficiencies have also been gained in harvesting
and handling. Opportunities for manipulat­
ing fee<lsLOck quality have long been recog­
nized but have gone largely unrealizl.-d be­
c.HJse of uncertainties over which traits to

modiJ)' for what. process and because of
some social resistance to genetic modi fica-

lion of trees. Quality changes c.1n alIeCl pro­
cess efficiency in numerous ways, but reli­
able information concerning the effectS is
sparse (Dinus 2000, BRDI 2008, Sample et
al. 2010, White 2010).

Shon-rotation woody crops, such as
shrub willow, hybrid poplar, southern pine,
and eucalyptus, have the potential to increase
biomass feedslocks, but large-scale production
of these crops has yl'l to occur (Volk ct al. in
press). Hybrid poplars grown in the Midwest,
South, and Pacific Northwcst under intensive
silviculture can prO\~dc biomass for energy as
well as sawlogs, veneer logs, and fiber for the .
pulp and paper indw.tr)' (Yolk et al. in press).
Coppice systems are still under dt.'Vclopment,
btlt )~dds from commercial plamntions range
from 9 to 10 oven-dry tonnl'S (och)/ha per year
in the Midwl.-st. to 18 odtlha per )'l'aT in the
Pacific Northwest (Netzer el a1. 2002). With
additional research, including bree<iing and
genetic advances, sustainable yields of 16,
24, and 36 odllha per ycar arc possible in the
Midwest, Somh, and Pacific Northwest, re­
spectively (Yolk et al. in press).

Pine and cuc.1lypllls grown in the South
31so have the potential to supply biomass as
well as sawlogs and riber. Loblolly pine's
widespread cullivation and high growth
ratcs make it a likely candidatc Jor shon­
rot.1tion culture (Dickmann 2006), but ex­
tensive development is required. Eucalyptus
has been c.111ed an ideal species for bioJucls
and bioenerg)' (Volk et al. in press), and in
the South, it can be produced and delivered
at a COSl competitive with grasses and other
hardwoods. Under the right growing condi­
tions, it c.1n pf(xiuce more than 29 odtlha per
year for either biomass ft.'CdsLOck or l"lhanol
(Gol17nlC"L et al. 2009, 2010,20 lla, 2011 b).

Economics
Traditional forcst products such as saw­

timber and pulpwood arc more or lc.'Ss com­
plement.11)' uses, because pulpwood can be
managed to become sawtimber. Forest bio­
mass, iU least for energy generation, can
come from pulpwood-size tTl..'CS, which arc
easily substituted: established markets,
silvicultural systems, and harvesting and
logisti<;s supply chains already exist. Al­
though traditional pulpwood harvesting
can accommodate small woody biomass
and forest residue collection, there is .1
pOilU at which production cfficiency suJ:'
fers (\\1cstbrook et al. 2007). Price to the
landowner will inv3riably be a delermin­
ing f.,cLOr of end usc. Thc traditional for­
est products industry, particularly the pulp
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and paper SCClor, has alrl-:ldy secn pricc
competition for pulpwood to be turned into
pellcts (Grecnc ct al. 2010).

Government Policy
The Biomass Rcs<"-:lrch and Develop­

ment Act 01"2000 authorizcd an inreragency
board (rcprcscming USDA, Depanmem of
Energy, Department of the Intcrior, and thc
Environl11cmal Protcction Agency) [0 pro­
motc developmcnt ofbiofuds in the United
Slates. The Board recently issued ~1Il eight:­
point smuegic plan focuscd 011 this goal.
Agency coordination was recognized as
important given oflen conflicting agency
initiatives and guidance from Congress. For
instance, lhe Energy Policy Act of2005 dis­
allowed the usc of federal woody biom.lss
for the renewable energy credit. In comrast,
Section 203 of the Healthy Foresrs Restom­
don Act 0[200.1 (Pi 108-148, codificd at 16
US Code Section 6531) provided authority
for the Biomass Commercial Utilii'..1tion
Grants Program, which emphasizes the lise
of woody biomass especially from wildfire­
affected areas in thc wildland-urban in­
rerface. The Food, Conservation, :lIld En­
ergy Act or 2008 (PL 110-234; Farm Bill
2008), under Tille IX, Section 901 1-90 13,
promotcs the usc of woody biom.lss for re­
search and development of biofuels, wood­
to-energy programs for states and local COIll-

munltlcs, and includes the Biomass Crop
Assistancc Program (BCAP).

Differing and olien conflicting defini­
tions of renczvflblc bioml1ss in current lcdcral
energy policies hindcrs policy implementa­
don and the development of biomass mar­
kcts. A universal definition of renewable
biomass thm: inel udes renewable. sustainable
forest biomass-and does not confound this
definition by attempting to address other
policy goals-would promote lhe devclop­
ment ofsustaina ble energy and environ men­
tal policies on appropri:w: lands.

A fUl'lhcr problem is that policies de­
signed to promotc thc usc of forest biomass
energy have focused on devclopmclll of
transponation Iuds despite public concerns
aboUt: this direction. As CapuLO (2009) de­
scribes thc situation:

... f~'der:J1 il~cellli\'t's h:lw I:lrgcl)' filCllst'd
011 lilt' pmduclion of renewable ImIlSpUf!a­
lion fuds and co-producis. InpIII from
sl:lkdlC,ldcrs ill<li(";llC.~ IIIaI flutJre p()licil~\

.~ho\Jhl IflCIIS IJII improving lorl'sl SlIM:lin­
:tbility. incrC':Jsing re.~I';1rch c:lp:lhililics. ;md
irupro\'ing Ihe emnomi(j of biolll:Jl>S mili·
lmioll. /\litlilioJt:tllv. matw fccl lhm Ihe
produniun or hl'm' :1/1(1 p;lw~r slwuld Ill'
given simiJ.lI':Jltl·mioll Itt 1Ill" production or
1i1]lIid transpon:nioll fllcls as :!Il impllfl:llll
lise fill" wOlldr billlll:lSS.

Landowner Preferences
The availability of biomass IcedsLOcks

will also depend on landowner prefercnces,

which va~y based 011 the type of owner­
ship. Numerous studies have documcmcd
that for nonindustrial privatc forest land~

owncrs, harvcsting is oftcn a secondary objec­
tive (e.g.• Butler 2(08). Even industrial and
thosc nonindustrial private forcst landowners
imercslcd in harvcsting forcst biomass arc of:

ten reluctant to engage in the long-tcrm con­
tracts necessary to participate in forest carbon
offiCI projects.

Nonindustrial forest I:mdowncrs who
seck maximum revenuc, may plant shon­
rotation woody crops, such as hybrid popu­
hu or willow, in response to the incentives
creatcd by BeAP. For cx'lmplc, Gan ct al.
(in press) lound that withom financial in­

cc.t1livcs and technic.11 assistance, fewer than
6% of landowners would be willing to thin
foresl stands for cncrbrr production (.'Vcn ifit
rcduced fire h:lZard, but with govcrnment
COSt sharing and technical assistance for
growing biomass, two-thirds of rimberhll1d
landowners would consider producing bio~

mass lor bioenergy pu rposcs. The most rea~

sonablc expcclaLion abom biomass produc­

tion by priv:uc I:mdowncrs is thal thc)' will
be guided by economic reality and sustain­
ability. High transaction costs c.1n prevent
imcrcstc..d nonindustrial I:mdowners with
small acreage from participating in biomass
project.s.
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section 5

Wood-Fossil Fuei Substitution Effects

W hen trees arc harvested, carbon
is removed from the forest. It is

tempting LO conclude that forest
harvesting should be avoided LO reduce car-
bon emissions and maximize carbon storage.
However, careful consider;llion of carbon

flows reveClls that conversion ofwood (0 use­
ful products can significClntly reduce over,llI
societal carbon emissions. Major consider­
;Hions are the low carbon emissions associ­
;tt-d with wood products manufacture. c.;u­
bon storage in long-lasting wood products.
avoided emissions that rt.'SlIlt when wood is

USt-d in place of energy-intensive materials
and produCts, and the efficicm usc of wood

residues for energy.
To arrive at a cogem picture of the for­

est secLOr's overall ef}ccts on atmospheric
carbon, we need LO understand the material

am.1 energy flows as inpUls and outputs
within well-defined system boundaries.

Analysis using auriblllionallife-c)'cll.' assess­
ment (LCA) methods that measure inpUls

and OUlputs within a system boundary ex­
plains the interactions at that scale. \Ve then

need to il1legrate these cftecLS across system
boundaries to sec how substitution of har­
vested wood products for fossil fuds and fos­
sil fucl-inlcnsiw products can offset the
flow of carbon dioxide from fossil fuel re­

SCrvl'S to the atmospherc.

Product Flows of Harvested
Wood

Carbon makes up a considerable pro­

portion of wood volume, amounting LO
aOOm 50% of the moisture-free weight.
Within foresLS, significant quantities of car­
bon arc SLOft><i (or sequcstered) in the twigs,
branches. boles, and roOLS of UI."CS. Addi­
tional carbon is stored in forest liner and
forcst soils. In 200S~2009, some 24-2'5 bil­
lion LOnncs ofc.1rbon was sLOred in standing

trees, 10rest liner, .111<1 othl'r woody debris in
US forests, and another 20-21 billion
LOnnes was in forest soils and roots (US En­
vironmelllal Protection Agency [EPA]
2(10). Carbon is also found within har­
VI."Stt.-d woo(1 products. Thl: carbon in wood

products in use and in landfills during
2005-2007 was estimated at 2.3-2.4 billion
tonnes-equivalent to 5.2-5.7% of forest
carbon pools.

Carbon was sequestered in US forests
during 2005-2007 at a rate of 192 million
tonneslycar. The annual rate of carbon ac­

cumulation within wood products in use
and in landfills was cstimated at about

28 -29 mil.! ion LOnnes- I4.8% ofthe rale of
sequestration within forests and 22-23% or
the annual additions to nonsoil forest car­
bon slOcks (US EPA 20 to). Rates of accu­
mulation in harvested woO(l producLS were

notably lower in 2008 -2010 bt:causc of the
sharp decrease in overall economic activity
al1<l home construction.

Much of the c.1rbon in wood products
resides in the nalion's housing. as well as in
commercial,. induslrial, public, and orner

structures. Wood-framed builtlings make up
about 90% of honll'S in thl" Unitcd Slates,
and in all homes, whether wood fr;lI11ed or

not, wood furniwre. G1oincls, Hooring, and

trim arc dominant.

Emissions from Wood Products
Manufacture

The clrbon dioxide that is removed
from the air as a trec grows is combined with
watcr and convened to simple sugars within

the leaves. conveyed downward through

the branches and bole in thc torm of sap,
and then convcrtl.'d into complex polymers
that combine lO form an intricately struc­

tured polymeric material that has a higher
strength-to-weight ratio than structural
stL"<:1. Thal this n:llural process USt'S fredy

available soL1I" enerh'J' largely explains why
the energy embodied in wood producLS is
lower than f<Jr any other construction matc­
rial (Glover el al. 2002, Perez-Garcia el al.
200), Guslavsson and Sathre 2006, Lippke
el al. 2010). "Embodied energy" refers to the

qualllity of energy required by all the act iv­
itit'S associatl'tl with a prO(luction process.
including galhering. transponing, and pri­
mary processing of raw materials. Lumber,
in panicular, requires lillIe energy [Q pro-

duce, b(''Cause only minimal proct.'Ssing is
needed [Q convert the naturally produced
wood to desired shapes (Milot;) ct al. 2005,
Pucttmann t't. al. 2(10). \X'ood produas,

such as furniture. require more steps in pro­
cessing and therefore more energy (e.g., PlI­
cumann and Wilson 2005. Wilson 2010)
but still significantly !L'Ss cnergy than non­
wood matcrials (Lippke et .11. 20 I0).

Not only does production of lumber
and wood producLS require relatively little
additional energy beyond the: solar energy

used in tR"e growth and wood production.
but very little of that additional energy

coml.'S from fossil fuels. In the Unitt.><l Statcs

in 2008, renewable cncrgy produced from
trl.'C bark, sawdust, manufacturing and har­
vest residuals, and byproducL'\ or pulping in
papermaking processes provided 65% ofthe
energy uSl.'d in manuf.1cturing paper prod­

uctsand more than 73% of the energy usc<l
in manufacturing wood products (American

Forest and Paper Association 2010). In the
same year, the wood and paper industries of

the Unitcd States accolll1tt-d for 94% of the

manufacturing seclOr's derived rcnewable

fuel usc, and they generated 37% ofthe tOlal
energy produced by cogenera\ion-eapabl<.'
systems within all manuf.1cturing sectors.

Bec.'1use wood is produced using solar
cnergy, the manuf.1Cture of lumher and
other wood products requircs lillie addi­

tional cnergy. Mon:over. only one-quaner

(0 one-third of the energy consumt.'d is fossil
energy. The result is that total emissions
from wood products manufacturc. includ­
ingemissions ofcarbon dioxide, arc typic.'1l1y
lower than Il)r potential wood substitUlcs on
a weight or mass basis Cfable 5-1). For ex­
ample. c.'1rbon emissions for the manufac­
ture of a LOnne of lumber arc markedly k'Ss
than lor a LOnne of steel, plastic, or alumi­
num.

Product Substitution
For every usc of wood there arc substi­

tufl.'S: wood studs can be replaced by m.,,<:l
studs, wood joists by steel I-joists, wood
walls by concrete walls, wood 1100rs by con-
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Tobie 5·1. Net carbon emissions in
mClnufcclure per tonnes. N t Product car on Emis$io s: Floor Structul'e
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Ih.1 wood prOlluclS :)nd Slrunurl'S r\.''1U)'l'

lin: Il'aSl <:ncr~)' (n produce ;Intl ({>IISC­

ljllcmJy h.1\"e till' lowe~l ~"I'I:eJ)hou5c ~lS

(f"; Ill; l'n1j~,iIlIlS profile, Tllll'. ~llbsljtlll­

ill!" wood ';)r more cnc",'\··imcllsi"c, nOll-., :-'>i

n:ll\.'w;,hk m;I\l'ri~ls I'rodllc\.'.~ ~ suhSlallli~1

nl'l rcduc,ion in c~rblill C1lli;~ioll,c" c..lllnl 1111:
. -,ub,'! ilUi io" dkc(. III .Hldi, ;<:ll\, wood S((>fc'~

,;.1rhu!1 lor Ihc' 1I,,,fullil'<: ul"1 he pI'OIIUCl, \.'11­
h;lncill!'. ,he h{·"d'" or \',<lod ..d,ni'·l· 10

mh..:r bnildin ' nl;ll<:riJI~.

Tf c <. n1 .lr;""15 ill T.ll,1e s- .11· per
tUn nc' ,-,f I'lOducr, 1vI Of!; "1'1' n>pri:1I \.' ':om·
p,; ',_"liS, whidl dh;:( Ihe IllllCliom tlnl
prodoc\,; pcr!l,rlll, h,we 1,:.....·1l J1l~dc 1-":1\\,;;cl)
wood ;llltl lIol}\Vood ~~~,. l,hlics (or ",:,11$,

11(1'·,r,. ;I"d <hc.lIhllll~' \";.'"...<1 f." '< ',.-It in

"I(;h (O"'I':II'ISO"" hl'(.I"Sl' o( liS hij'.h
" n'n!,,' h rd:uI\"c 1<, wei!!hr, ils (ow ,'lllhodi l 'd
<·Iln!.~y. ~<ld CUI-f'l1 .'lor'l.'d jll Ihe I'rudu(1 i,·
,.-1(, I,i!,!>kc: 'Illd F.d"k'''lb (~OO'» show ,hl"
rcl:lli\':..' fHOU'~' c'mis~j(>,,~ ;\I,d sHlIed clrbon

Pl"f rlillClinll:ll unit r;'r "·'"lll.1lld non",,,,,d

I'l'odllcts(f'i,r,urc )-I),ln Fi.clJrc :'-1 lhev"r­

,i•.11 I,em lin,· i, "hc're 1'1"<><:,'" <',"i s5i",,,

"'1":11 ,,,d,,'" -,,,·r ,d. A '''"ll',"!"nl II-I,ili.
[,;Il'~ 01' :b",,"bh (!:(<:.." b,'r,; 10 t1\C ri!-:llI "f'
,hI' lC're rile I',,,dlll c", IllOI,' l"lhi",i,,"S dUll
i, " ..rc, .•l"d Olll" lO ill<" kl; of I he Iinc 1I,\f(;~

mol''' (MI'OIl Ih:lII ;, I.'\!;."" 10 pr"c1l1c" (i,e.. is

"ctrboll sillid .,s 101l.1.: as 111<: I)(U' Ion ":Ill,lill<
i'l ll~C l.oll!!cr usdllJ lil~" rn:)'di ng. aild f\.'­

u.",· ('<lI'llel .he period of lhi' 011'1.:" Similar
ch:ln< ';'1' "':II/ ,1"""1bl ie.' (nol ~howll) ~h",,·

Ih.. 5:11\'(' p:llIe.m, WI[h wood pr()dllCl~ ~llIr­

iug III",,· ClI hOll ,h,m i., C",illc,I,llIrl\l~ tll...i,
h~n"<:'l :1I1d 11131lIlhclllri\I[,.

,\,,0\11,.1' ~Il"',. .:"nll,.H':.l w/ltI,1 J'lll
s(l'(:lll()u~(, built '0 .\ l;I1I1".lpoli, c"lk- ~(.1I1

d:lrll~ :lnd wooJ .111d lllJlCIl'I": l1<'llSl:'> hll,l, 1<1

Adalll.) co~c' sL;lnJ.1Ilh (.'·Idl \;, :II. 20 i tI)

Th.: (\\"0 (k5i~11~ sh:lr<:d m;lI)' ol" lh,' ."" II (

slfllclllfaJ :1~Ulllhli" Ii..... ';){llllhiioll 1('01­

ill ,'.1 ~ nd baselll<:111 1,1,,, k \\,,111, 'lIpl'" n
hl'."ns :Inti j'l<.'k p,'~I.I. :n,d I'O()I). :111.1 th,,'l"
{"rl' Ih l· <illere!\e".' ill th ... CIl' in"IIl\""':I) d
I<'e~ can be (r:l cd 10 d :ir r "p,"" i,'" .,..• Il
:0 lid Jloo r :l~SC Inbl ;l·." For (he !\ lin n, ':11',,1;,
hlllJH:, I he 'ICc! dnign \\,1" r;'lInd 10 "llhoily
(,6% I\ll,)rc "I1<:r!',~' (1IlCl.<lll{xl III IlH;g:ljouks

pCf S'ItI~fC li'ol 01' .1,' 'lnbl)' :llld !''-''Il'r."ll,d

49'!" 1l1Ne gll)b~1 ",Hmi,,[, pOicllIi'll tll,,"
lhe wood (lc.~igll. Flletl~i()p, '111 Olll)' lhe

J.,\C'nbl .... !!.I""\'S :lff<:Cle<1 b), ch~llg'" ill
""" e ri:ll lise (i.<: . w~lI,. n,jOr.' ..1IId I()O r J

rn'c,,!c,! mOIl- I'WIWUIlCC'/ di{f<T\.'ncn.

FOI in,':I'I(C. c:oll1pM<:rl wi,h dlc "'000 oc­
5i~Il,' h(' ",,'d (k'si~I1''< Iloors ~Iltl r()Of",~·1C

found '" 1.'11'1 hod)' 2·/'l'fj. 1l10rc I.:l\ng.l' ;lilt!

prod<lcl" a corl<"I'0IHlinf.l ;J)cre:lK ill !:Iolul
w.llmill!'. pUl,·,ui,,1. In (he Ad.1n;:! comp:>ri­

SOil. il1n'·.I,''"' in <:",h"1I1;<:,l "Iler~y ;lIId

gloh;d ".trI"ill\! 1""llIII,11 II re d,'I'·/IlI;ne.j

Il' hi' ,I" .. :lIld (,)~.;. high,', 1'(11' WH~I,'lc'
'-''11'1rll<:lion dUll I'm """'HI hllll ..,. fl"·
"l'e(;l ivd)'. C'"l1f"ri'ol\s 01' build; "!, COlll­

pUlIl.'nl< I\l~{k lO sl'\.'lifinl cudn 1I5in!~

"'clod, ~(cd, and COHn-l'll" 0111 il)n~ "h,.", lhat

"'Ood <k.~ig1l.l produce nil( onl,. iI,,: lowl's(

~Ioh.ll w::\lmjllr~ l'OlelH ial, hili :II,,, pm'. itk
<hc' low,·.... ctnissioll' HI :li, :llld W,lI .. r, (S~\.',

ror <:X~0l1'1c. I':lhk ,\-1. ,\blOlshcimcl el :d.
.WUll.). Unly illlh,' ",lid ,,":l.'1e CIIC·~~OI.' due'
wood (')1\' ","or.'" (h.1n ,,,:.:1 . .1 I' .111, Ih;\I
."i,I\.'.' l""L.11I>'· 'i\.'d i,' PfCdll ,11l<! ,,"ood j.; Clll
oil <i,c cllll'ing coll"r(l(\ion (I il'l'k<' :1n\1 !~,,­

I\\nIH{" ]006). FUTlhcr n,\Il\;Il:11io)l ofl'u~,il

flld to nsu \lll'doll ;lIld :lS'UCialed C:J rbOIl
Cllli ..;51011.', lillk,;et to COII.<lIIl«illll oj" 1"Hire

~'ClI"!IICS, fl'\'I;.JIs dl:ll tlilk)~·ll'c.' in glllb:ll
w,)nnin~·. P(Jlc'lIli~1 lor till" "'\;UU,' ..h-<i~,,~
.Ire In n,'arl,. c1ircO<1 PWI\llrlioll to J\C differ­
<:nc,', in fossil li,l'! <"un'"I1lI"'''!1 (Tablr: 5-2
and ')-3),

All :I1I:1I)'.,i.~ 01" (.lIboll Shll,1!,-" :lnd
;1\"()i,l·u <:lIli<~i(IIl' for \\Olld 'c-rsw: S!l'd
':0"" ruet iOIl j II :I h r!:c wood Sflll( IUIe :tlso

illll.,l)~l\<·' lhe cuhon-rcblcd ,1d~:lntat:(" 01'

woc)!1 (Llbk .; -I \. Til,' 1."J1ll'l.-l('(1 In;cllrr,,,
i" AII,lheilll. C,liforni:l. colllpr;Sl" Ii\'\.' ~IO-



Tobie 5-2. Consumption 01 rossil fuels
oss<;cioled with exterior wall desigm in
worm dimole home.

TobIe 5-3. Consumption of fossil fuels
associaled with Roor de~igns lexdudil'lg
in5ulolion),

Table 5·4, Corban storage and ovoided
emissions from wood versos steel
commercial/residential complex.

End-of-life Considerations
Ihs...d on ,~'n, 1I1 d.H.\, 111·.,: hall~1 if . ..,( lh '

L'S IlOll inr. lll(' i, ;I1')'roxinl,ltdy 80 )'<::lr
tlablc ';·S; \Villi~lnrf<:r ,'/ :I\. :WO' Fir<t­
unkr Ii'CI)' lilllCliulls h:l\',' OllCll hl'cI uKd
to ,'Sl illl:!1\.· lo,~<:s o( \Yuod in lise (lVC) dllll:

(0.:":,, lin ..• ."o"l:rIlm...m P:lnd (Hl <Jim;)\,;
Ch:1l1f:'JIP('C'j 1007hi. hUl the') ~r',\I)"

0'.' 'rc'SI iOl:l11: c. JI)' los',s h",~ ~<: lhl:')' d.­

sum..' till" hi~ I d.. '.1;.' (I ;,,) 1./1 ..• 1I'1'1·lIth...,...
is 111 ... 1110\\ ,lOck. wilh a.lcdillinj., I,ll ..· lh . '­
:lll\.'f, B,'.. atl~.: h\)lI$n :lr,' rardt· ,l"'lwli'[,c,t!
in lI"ir IllS! IU'\',\1-'. Ii"l 'lHki J 'L. \' rllll,,-. .

ral,'" (or cumlllOIl I ilding I'ro,l"cIS. 'h ',\'
:lrrivc<l :11 :I \':llue III' ~.I I<lOI1C' of c:.,ll on
"~pl•.-.:d rl'~ Itl C (I' I\U ,I <.i1b"n Ih -,I.
This', .1 mor<: !' :nl:r:,1 ("h:l":lCl,'ri~.Hio 01"

$111 dlln ion .1';ro~~ :Ill \\" od 1~\:S Ih. I th"
'I'...,ilic ...xal11 lIb xho\\ n in H._url.·~ )., :lnd
~-2 and T~bb S·.) ,1nd 'i-.1.
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figure 5·2. Carbon (tonl'les per he<lore) stored in forests (designOled os "forest ccroon") in
products (designated as "producis corban"), and retained in the lithosphere ~couse of
substitution for conuete and fossil fuel energy (designoted os "substitution carbon"L
compare<! with corbon stored in 00 unmanaged forest (dotted line designa.ted DS "no·
harvest carbon"!, per hectDre of forest. Note~: Douglos-fir forest, SO-year rotation, wjth
intt:rmediote thtnnings ot years 30 and 60; portion of wood harvested ot rotation age uSf?d
for long-lived conslrucliao products; doHed line indicotes unmanaged £oresl, (Sources:
Perez·Gorcio et 01. (20051, Wilson (2006).)
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Table 5-5. Projected hoff-lives for end uses
of wood.

J lIa<td nil half-lite iliaCI\(' ~r.!f) yr lor IlOU-I')j') period.
/. IId,oed 011 half-Ii Ie of nmlril3111ily hOllle ,hJr is f).hl of ~ill~I,'­

t:llnih' hoOl(".

. Ila~d 011 h.M·lilt· of rep.lir and r("ntcklcl dl.lr is lun ofsill~lc.
f.lIuil,· hOllle.
SlllllL:c.-; Based 011 Skug (.!(If)R).

tions fail to capture the carbon storage po­
tential orlong-livcd matcrials. An alternativc
approach has been propost.-d by M~lfland Ct
al. (2010), who applied gamma functions to
distributcd product pools so that shon-lived
products. such as paper, decay quickly but
long-lived products, such as oriellle<i strand­
board and lumber. decay more slowly. Re­
r.nement of the parameters used b), Marland
et al. (2010) lO rdlect aClllal dec.1)' rales on a
regional, national. or wood baskel basis is
nct.Jed, but the functional form improves
on prcvious estimates of decay rates.

The collection efficiencies of land filling
have carbon slOragc implic.1tions (Skog
2008). Of the wood products thal cmer
solid wastC disposal sites. more than three­
quarters of the carbon in solid wood and
almost one-half of the carbon in paper is
never released lO the almospherl' Cfable
5-6). The c.1rbon that is released during de­
cay takes man)' years to rC3!-'=h lhe atmo­
sphere. For example. the 23% of the solid
wood that does dec.1)' has a half-life of 29
years. Skog (2008) f<)lJmi that when paper is
landfillcd. the nonlignin component (56%)
<k'cays, leaving the lignin componem (44%)
as a long-term stOre in the landfill (Table
5-6). This nondegradable fraction varies br
grade. from approximately 10% lor
bleached chemical pulp fibers to 85% for
mechanic.11 pulp fibcrs (US EPA 2006).

Methane emissions from wood degra­
dation in a landfill can ollset an}' benefits of
carbon stoftxi (here. Heath et al. (2010)
found that with current Iandr.1I c.k'Sign and
operaling practices. US landfills appear to be
a net long-term sink lor carbon in wood
producLs but a long-term source of GHG
emissions from paper products, particularly

Using biomass instc:ld of lossil fuds lor
meeting energy needs has several advan­
tages. Specific benefits depend on the sou ree
of the wood (and its alternative fate if not
used for energy) and the intended usc. Ben­
efits can include reduction of GI IG emis­
sions (particularly CO2) and other air pol­
hll3ms, encrgy cost savings, 10c.1leconomic
developmem, reduction in waste scm to
landlills. and thc s~cllrity ofa domc:stic fuel
supply. In comparison with mher renewable
energy sources. such as wind and solar
power, biomass is more llexiblc (e.g., CIn

generate both power and he:u) and reliable,
because it is 3 nonimcrmittellL energy sourcc
whereas the alternatives rely on the weathcr.

In the Uni£<.·d Statc.'S. thc potential role
offon.'st bioenergy is readily accepted by pri­
vate parties in rt'gions where rdatively low
value pulp is the major output (Galik et al.
2009a). It is more comroversial in the con­
tcxt of public lorests. As in Europe, the pur­
suit of aggressivc bioenergy targets in the
United Statt'S could allect traditional users
of industrial roundwood. e.specially pulp
producers in the southe~lSt region of the
country (Abt et al. 2010), but in olher areas
of the country i( could crealC opporLunitil'S
lor synergy. Increasing the use of managed
forests lor biomass could enhance forest
rc.'silicncy and productiviry withom using
SGlrCC high-quality agricultural land or irri­
gation waIer.

Heat and Power (Combustion
and Gasification)

Of thc 9.709 megawaus (M\"V') of bio­
m:lSS e1cctric cap:lcit), in the United Statcs in
2004, about 5.891 MW (61%) was gencr­
ated from wood and wood wastes. Another
3.319 MW of generaling c.1pacit), was from
municipal solid waste and landllll g:lS. and
499 M\X' of capacity was attributable to

other biomass. such as agricultural re.~idu<.'S,

sludge. and anaerobic digester gas (US EPA
20(73).

Much of the hiomass used for energy,
espccially the biomass burned in pulp mills.
is hurned in combined hL'at and power
(CliP) systems. CHP is not a singlctcchnol­
ogy but an intt'gr~lled energy systcm that can
be modified depending on lhe needs of the
cnergy end user. The hallmark of all well­
designed CHP systems is an increase in the
efficiency of fuel usc. By using waste heat
recovery technology to cclplure a signifl­
GUll proportion of heal created as a byprod­
uct in elcctricity generation, CliP typically
achieves lOtal system efficicncies of60 - 80%
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Table 5-6. Fate of material in solid waste
disposal sites.

paper that cOJll;lins a large fraction ofcarbon
that is degradable under anaerobic condi­
tions. This suggests that incellli"l'S should be
high to reuse paper and wood, rccycle it, or
burn it to recover its heating vaIUt.:, and that
landr.lIs should be managed lO rcc.1pturt·thc
energy value of mcthane emissions. Collec­
tion systems are evolving rapidly. For exam­
ple, US EPA (2007b) reponed that the re­
coyery or oxidization of methane incrt'ased
from 20 to 50% bctwecn 1990 and 2006.
Methane Clpture from landfills is one of the
most cosl-cllcctive investmellls l<)\' auno··
spheric GIIG reduction bCc.1use of the dual
benefit StrC<lm of reducing methane rdeas<:
(methane has 25 timcs the global warming
potential of CO.!; Forster et al. 2(07) ~lJld

convening thc mcthane illlo usahle energy
thal onsets {ossil fud emissions.

Wood Energy
The US Departmelll of Energy (DOE)

c:stim,uesthat in 2009, about 8% (7.75 quad­
rillion BlU) of the energy consumed in the
United States came from rl'newable sources
(excluding ethanol; US DOE 20 10). POI'
2004-2008. about 30(~'O (2.1 quadrillion
Btu) of this rcm'wable cnergy was supplied
from woody biomass. e<}uivalem to ~lbout

20/0 or annual energy consumption from all
sources and the hugest source of renewable
energy after hydropower (US DOE 2009).
Renewable encrgy consumption (excluding
ethanol) is projected to incrl'<lse to 8.4 quad­
rillion Btu by 2015 and to 9.7 quadrillion
RlU by 2030. Assuming the CUffl:11l share of
renewable energy coming from woody bio­
mass remains static, woody biomass would
be the source of ahout 2. ') quadrillion 13m of
energy in 2015 and 2.~) quadrillion Btu of
energy in 2030. At prcscllL, wood energy
consumption requires abolll 1J 1 million
oven-dry lOllncs (Oc.it) of woody material
annually (assuming 17.2 million BllI/oc.llOf
wood). Under DOE's reference projection,
approximately J32 million odl of wood will
he used for encrgy in 2015 :In<i 152 million
odt will be IJsed in 2930 (White 20 I0).
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for producing electricity and thermal en­
ergy. These efficiency gains improve the eco­
nomics of using biomass fuels. as well as pro­
duce other environmemal benefits. More
than 60% ofall biomass-powered e1ecuicity
generation in the United Statl'S is in the
form of ClIP (US EPA 2007a).

Energy Balance and Benefits of
Biomass Energy

A small amoum of fossil fuel is USL-d to

produce bioenergy-approximatel)' I U of
lossil fuel for every 25-50 U of bioc:ncrgy
(Borjesson 1996. Boman and Turnbull
1997. Mcl.aughlin ant1 Walsh 1998. Mat­
thews and Morrimcr 2000. Malkki and
Vinancn 2003. Matthews and Robertson
2005). Biofuds (transportation fuels) typi­
cally require more input energy. so the en­
ergy balance Jor producing biofuds is less
[;lVorable. as well as more variabJe-approx..
imatcly I U of Jossil energy Jor ever)' 4 -5 U
of bioenergy (Gustavsson et a1. 1995). Net
carbon emissions from generation of a unit
of electricity from bioenergy can be 10­
30+ timc.'S lower than emissions from fossil­
based elecuicity generation, dcpen(ling on

.the systems and fuel types being compared
(Boman and Turnbull 1997, Matthews and
Monimer 2000, Spath and Mann 2000,
Mann and Spath 200 I, Matthews and Rob­
ertson 2005. Cherubini ct al. 2009).

AJthough energy self-sufficiency is onc
rL'ason lor pursuing the development of
woody biomass-to-cncrgy initiativcs (En­
ergy Independence and Security Act 2007),
there are other fL'aSons to use woody biomass
as ,111 energy source. In the W<.'St. wildfire
risk is high ,1I1d increasing, and removing
excess biomass to rc.-cluce risks is desirable in
many cases. Reducing fire risk while main­
taining other lorest values oflen emails re­
moving low-value material while retaining
higher-value trees for other purposes. With­
out a viable economic return for woody bio­
mass that is removed, the costs are prohibi­
tive and the likelihood ofaction is low.

Wildfire <.'missions arc equal to 5% of
total G I IG emissions in the cominemal
United States (Wiedinmyer Ct al. 2(06).
Avoidingwildfire emissions by lhinningsus­
ccptiblc lorests and using the harvested ma­
terial as a wood}' biomass lce<hlOck is a po­
tcmiall}' valuable sidc benefit lhar is often
ignored in the assessment of the carbon CO/1­

s<''ql1ences of biocnergy. Oneil and Lippkc
(2010) calculatcd the GHG forcing per
lOnne of biomass burned during wildfir<.'S
using dcl~lltlr emission and consumption

values from Wiedinmyer el al. (2006) to
compare the implic.1tions of thinning to re­
duce fire risk versus stand-replacing wild­
fires. BeCluse open burning generates meth­
ane and nitrous oxides. two potent GHGs,
burning a tonne ofbiomass in a wildfire gen­
erates more emissions in CO2e than the car­
bon coment of the wood burned. Burning
the same wood under controlled conditions
in a boiler reduces non-CO i emissions by up
to 98(Yo while generating energy. 'nle substi­
union of woody biomass for fossil fud ell­
ergy provides a GHG oflsel bccluse the los­
si/ fuel remains underground and the now of
fossil Clrbon to the atmosphere is reduced.

Thus. harvcsting woody biomass to re­
duce wildfire risk, damage. and. ultimately.
cmissions delivers an ,ldditionaJ .ltmo­
spheric benefit beyond lhe substitution of
fossil fud (Mason ct ai. 2006. Hurteau ct al.
2008, Stephens ct al. 2009. Reinhardt and
Holsinger 2(10). That additional benefit is
constrained. however. by the number or
trl'atments and their spatial extem: limited
IreatmelllS may nOl be sufficient at the land­
SCc1pe scale (Reinhardt and Holsinger 201 0).
The effectiveness of the benefit is also con­
strained by the c.'Cology ofthe forcsts in ques­
tion. For example, in a detaiJed analysis of
fire risk reduction treatments for Pacific
Nonhwest coastal western hemlock-Doug­
las-Ilr and western hemlock-sitka spruce
il)rcsts with SOD-year fire return imervals,
Mitchell et al. (2009) found thal the treat­
ments would be indTeclive at reducing car-
bon dioxide emissions and that k'aving rhe
forcsts umreated would be a bettcr option.
This result is not unexpected in a region
where fire is rare and fire risk reduction trcat­
ments arc highly unlikely.

Energy Substitution
The substitution clTl'C( nOled in con­

junction wilh productior and use of wood
products rarherrn:1I1 metals, plastics, or con­
crete also applies to usc of wood in produc­
tion ofenergy. Using wood to producc e1ec­
triciry. h<.~t. Ji<)uid fuds. or other forms of
cnergy avoids the flow offossil carbon to the
311nosphere. proviiJed that cnergy of1sets the
usc of fossil fuels. Although a CO 2 molecule
is a CO2 molecule. regardless of source,
cfL-diling biofuel usc as a fossil fuel ofTsel
recognizcs thc reduction of the How of fossil
carbon. Consistem carbon accounting
counts the emissions tl1zd lakes credit for lhe
offsct value (i.e.• lhe amoum of fossil fuel
carbon that was not cmilled, net of the fossil
fuel USl-d to produce the biomass energy).

Current protocols and policics generally do
not allow this credit (sec Sl'Ction 6).

Potential biofucl f{'Cdstock lhal burns
or decays in the woods is a nCl decrease in the
carbon stock-the L,<]uivalent of an emis­
sion. The loss of carbon from the forest is
already accounted for in the forcst carbon
stock change. but care must be taken when
extrapolating lhe results from a single stand
to a wi(!t'r comext (Figure 5-3). For a single
stand under sustainable management, the
lorest c;ubol1 cyclt'S around some average
value that is contingent on inherent sitc pro­
duCtivity. rotation age. and species mix, and
there is a time interval between uplake and
release ofCc'uboll (Figure 5-3a). I Iowcyer. no
processing facility relics on a single stand to
provide feedslOck, so extrapolating the time­
dependclll dimension ofa single stand anal­
ysis to the emissions profile of a facility is
inappropriate ,md leads to incom.'Ct conclu-

, siol1s (O'Laughlin 2010).

A more correCt characterization of the
effects ofharvcsting hiofuel uses a landscape­
kvcl analysis to detcrmine whether the har­
vCSt nceded to sustain processing f.1cilities
wilhin .111 economic haul distance increases
or decreases averagc carbon stores on the
land. Jf harvesting results in a stable avcrage
of carbon across the total larest lhrough
lime (Figure 5-3b). the forest itself is car­
hon-c)'c1c neutral. If forest carbon slOcks arc
unaHeclcd by lhe choice belween forest bio­
m.1SS and fossil fuels. the products removed
from the forest provide a carbon benefit to

the annosphere c{lual to the avoided emis­
siems from fossil fuels less any fossil energy it
took to produce energy from the biomass
fl·edstock. To meet this condition, it is nc.'C­
cssary to ensure that harvests and mortality
do not excced net growt~ across the forest
and that soil conditions and carbon seques­
tration potential arc maintainc.-d.

An analysis using publicly available data
from the US LeI dmabase (National Re­
l1l~wable Energy Lab 20 11) and the EPA
TRAeI Impact method lound that the
global warming potential for ;1 cradle-to­
grave analysis was greater for coal than for
woody biomass (Figure 5-4; Lippke Ct al.
201 1). The comparison in Figure 5-4 is for
the c1eanesl coal type (bituminous); othcr
coal lypes produce more emissions and
lhcrcJore produce an even larger differcntial
belwc.'Cn the fucllypc.'S. RL'SullS show that if
lhe uptake of CO2 in the forcst is ignored,
disregarding the fundamental difTerencc be­
tween renew,lble and nonrenewable fuels,
emissions from using biomass as a Jt.'Cdstock
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Table 5-7, Definitions of corbon neutrality.
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figure 5-5. Corbon troiectories under sustainable: management of 0 forested landscape (as
shown in Figure 5-3bl. (Source: Oneil and Lippke 2010.)
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