IMPORTANCE OF FOREST BIOMASS UTILIZATION TO CALIFORNIA
FOREST PROTECTION AND RENEWABLE ENERGY GOALS

California Department of Forestry and Fire Protection
April 12,2012

Background

The California Department of Forestry and Fire Protection (CAL FIRE) is responsible for
the protection and stewardship of over 31 miillion 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, costlng over $200 million per year in suppressuon and resulting in
over $100 million annually in damages to property and resources'. More than 7,000
wildfires bum over 900,000 acres on average in California®. Total acres bumed on state
and federal responsibility lands have been increasing for several decades®. Recent
climate change studies project 57-169% more wildfire by the end of the century, with a
doubling of burned acres in northem California®.

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 year® needed to protect natural resources and the public.

Quantification of Biomass Potential

Forest biomass residues (i.e. 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 (BDT) per year of forest
biomass is currently used for energy production®. CAL FIRE’s priority for enhanced
utilization is the untapped 2.8 million BDT of biomass, including brush, in targeted fire
threat treatment areas that would be technically available if funding were available for
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treatment. An additional 1.5 million BDT are technically available on an anhual basis
from current logging activities, for total of 4.3 million BDT per year statewide’.

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.

Uncertainty regarding supply to biomass from public lands.

Opposition to siting of new biomass facilities

Permitting barriers.

Public concerns regarding impacts and sustainability of increased biomass removals
from forested landscapes.

oD

Market Based Approach

The CAL FIRE 2010 Forest and Rangeland Assessment® 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 miles of these plants (see Figure 3.4.6).

CAL FIRE estimates that the current cost of removing and hauling bicmass 25-50 miles
to a plant is about $35-50/BDT. 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 cent/kw could provide an additional $10/ton 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
cents/kw) 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% 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 20¢/kw.°
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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 surmmary, CAL FIRE is interested in maintaining and expanding the utilization of forest

biomass residues for energy in order to achieve the following benefits:

e 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
wildfire and pests :
Achieve energy goals for 33% renewables and 20% of renewables from biomass
Employment opportunities in rural communities

Current Biomass 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 development 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.



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

practices,monitoring and sustainability.

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

Strateqy: 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 | Neasures 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
Califommia created
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Strategy: 3.4.5. Address existing constraints and develop new policies, laws and reqgulations 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
Strateqy: 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 Stakeholidetrs 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, UCcCD, 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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Reduction Potentials

Forest Biomass Resources

[ncluding Timber Harvest and Fire Threat

April 5, 2011

California Biomass Colfaborative

Mask Rosenberg
California Department of Foresley and Fire Protection
Fire and Resource Assassment Program (FRAP)

Visit our web site at: htip:/frap.cdf.ca.gov
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Biomass Energy in CA
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Timber Harvest in CA
(FRAP 2010 Assessment)
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Chapter 3.4
Emerging Markets for Forest and
Rangeland Products and Services

Assessments should identify forest landscape areas where there is a real, near term potential to access
and supply traditional, non-timber, and/or-emerging markets such as those for biomass or: ecosys-
ten services. These might be areas where necessary infrastructure currently exists, 1s planned or
develaping, where group certification of landotvners has ereated market supply aggregation poten-
tial, or where retention and management of forest cover presents a money saving alternative to an
engineered fix — such as a water filtration facility. Strengthening and developing new market oppor-
tunities for forest products and benefits provide incentives for forest stewardship and conservation
(excerpted from the U.S. Forest Seruvice State and Private Forestry Farm Bill Requirement and Rede-
sign Strategies).

KEY FINDINGS

Emerging markets for renewable energy, ecosystem services and niche products are
impacting how forest and rangefands are managed. Developing appropriate policies ve-
quires a better understanding of the benefits and environmental impacts of these emerg-
ing warkets and how society values the various market and non-market products and
services provided by forests and rangelands.

Renewable Energy Overview

¢ Inthe Mojave and Colorado Desert bioregions the number and size of proposed
sotar and wind power generation sites has engendered controversy over potential
impacts to wildlife habitat. The science-driven Desert Renewable Energy Con-
servation Plan is intended to become the state road map for renewable energy
project development that will advance state and federat 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 from 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 fuels (as conversion technol-
ogy evolves). X

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 wildfire
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 of biomass 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 Biocenergy Interagency Working Group, has
produced a comprehensive strategy for sustainable development of biomass 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 would primarily benefit the Klam-
ath/North Coast, Modoc and Sierra bioregions.

Even with 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 will be critical.

Biomass Energy ~ Community Safety Analysis

Building upon the wildfire 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.
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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.



2010 ASSESSMENT Chapter 3.4 Einerging Markets for Forest and Rangeland Products and Services

¢ Developing a biomass industry in the South Coast bioregion that addresses the significant wildfite and
forest pest threats will 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 marlets are emerging; as part of these markets,
the value of the service is quantified, prices determined and dollars generated for carbon credits.

* Markets are emerging for both voluntary exchange between parties (voluntary markets) and in response
to the need to reduce carbon impacts as part of vegulatory requirements (compliance markets).

* Demand for forest and range-related carbon is projected to be very significant in such markets and
other venues.

e Carbon credit supply is constrained by economics, risk and other factors. Itis estimated that oune to two
million metric tons a year will be available to the compliance market from California forests, which is
only 10—-25 percent of demand.

¢ Protocols alyeady have been developed for forest and range-related carbon. The development of ad-
ditional project type protocols for forests and rangelands could promote activities with ecological and
economic co-benefits and increase the supply of carbon credits,

* California has large acreages of forest stands that with additional investment, could provide targer, fu-
ture benefits in terms of forest products, jobs and carbon storage and sequestration. Opportunities also
exist on rangeland, but the markets and necessary technologies to captiure carbon are not sufficiently
developed to quantify these opportunities.

Niche Markets
¢ There is potential for niche markets to stimulate rural economies through cewtified products, micro-bio-
mass or landowney collaboratives to produce and market timber using small scale or portable milling
technologies.

Ecosystem Services

¢ In many cases, market mechanisms for exchange of values from ecosystein services in California are
still imited. Despite this, substantial investments have been made in the state that support ecosystem
services. Typically, these investments involve protecting arveas that provide unique or high levels of de-
sired services, or restoring areas impacted by past events.

» These investments come through a variety of programs, agencies and stakeholders. Involvement of
Jandowners and the development of partnerships and cooperation have been key factors. To a large
degree, the underlying funding comes from public sources, stich as ballot initiatives or agency budgets.
Augnienling this with emerging market-based solutions could enhance the ability to sustain these im-
portant services into the future.
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Current Status and Trends

Through legistation and executive orders, California
has focused on increasing use and development of re-
newable energy. For example, one_of the goals of the
Renewables Portfolio Standard (RPS) (SB 107, 2006
and SB 1078, 2002) is to help reduce greenhouse gas
(GHQG) emissions. Another example is AB 32 which,
in large part, is devoted to GHG reduction.

Related executive orders incinde:

¢ Executive Order S-06-06 (2006): established a
biomass target of 20 perceat withio the estab-
lished RPS goals for 2010 and 2020.

o Executive Order §-14-08 (2008): established
accelerated RPS targets (33 percent by 2020)
as recommended in the Energy Action Plan [1.
The order also called for the formation of the
Renewable Energy Action Team, comprised
of the California Energy Commission (CEC),
Departinent of Fish and Game, U.S. Bureau of
Land Management and U.S. Fish and Wildlife
Service. Through the team, the Energy Com-
mission and the Department of Fish and Game
are to prepare a plan for renewable develop-
ment in sensitive desert habitat.

¢ Executive Order $-21-09 (2009): directs the
Air Resources Board (ARB) to work with the
California Public Utilities Commission, the
California Independent System Operator, and
the Energy Commission to adopt regulations
increasing California’s RPS to 33 percent Dy
2020. The ARB must adopt these regulations
by July 31, 2010.

The A Resources Board's Scoping Plan points to
achieving the RPS and 33 percent renewable as a key
strategy for reducing greenhouse gases. The Califor-
nma Public Utihties Commission, California Energy
Commission and Governor Schwarzenegger have
sanctioned the Energy Action Plan, requiring that
renewable energy sources increase to 33 percent of
the state supply by 2020.
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As of 2007, California was deriving 11.9 pevcent 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 were derived
from biomass, or 18 percent of the total renewable
resources. Not all of this can be attributed to forests
and rangelands, as biomass energy sources incude
urban and agricwltural waste along with forest
biomass.

Potential for Meeting the Renewables Porffolio
Standard

Table 3.4.1 shows current and potential future 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 sites occupy about 50,000
acres; if potential projects were actually implement-
ed.this could grow to well over a million acres, with
1,155 miles of new or updated transmission lines.
The Colorado Desert and Modoc bioregions are also
candidates for extensive development of renewable
energy infrastructuee.

Applications for Renewable Energy Projects

As of December 20009, there were 57 U.S. Bureau

of Land Management (BLM) applications for solar
projects in the California desert district and 93 ap-
plications for wind projects in California, many in
the desert (BLM, 2010). Two of the more active areas
for applications are shown in Figure 3.4.2. A sig-
nificant portion of public lands are prohibited from
renewable energy development due to environmental
concerns (ecological veseives, wildlife refuges,

national parks, wilderness and roadless areas, etc},
Nonetheless, over 1.45 million acres of public lands
in California are under considecation for alterna-
tive energy production (California Desert Council
(CADC), 2009). Renewable energy development
raises a new set of concerns, particularly related to
impacts on wildlife habitat, and this creates contro-
versy (CADC, 2009; LA Times, 1/23/09). The sci-
ence-driven Desert Renewable Energy Conservation
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Figure 3.4.1.

California energy sources for electricity, 2007.
Source: California Energy Commission, Gross System Power Repor, 2007

Plan is intended to become the state road inap for
renewable energy project development that will
advance state and federal conservation goals while
facilitating the timely permitting of renewable energy
projects in these desert regions (Integrated Energy
Policy Repott, 2009).

While BLM has been the primary agency affected
by emerging renewable energy markets in the state,
the U.S. Forest Service has conducted a suitability
study that identifies numerous areas within national
forests in California that are potentially suitable

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

Revenue from Lease of Public Lands

Lease of public lands for renewable energy develop-
ment provides a potential revenue source. For ex-
ample, a recent competitive auction of lease parcels
for geothermal energy resouvces. on federal lands in
California, Nevada and Utah generated $9,098,304
in revenue for 255,347 acres, an average of about

$35 an acre (BLM, 2009). The California portion
amounted to 11,392 acres for $131,126, about $12
an acre. Revenue is shared by the state (50 percent),
county (25 percent), and BLM (25 percent).

fmpact on Rural Economies

Developing renewable energy sources has the po-
tential to create jobs for initial construction of infra-
structure and for ongoing maintenance. Job creation
for different types of renewable energy development
is provided in Table 3.4.2.

Wind Energy

Wind power plants generate mechanical energy,
which is converted to electrical energy. Ninety-five
percent of California’s wind generating capacity

is located in three areas: Altamont Pass (Alameda
County), Tehachapi (Kern County) and San Gorgonio
(Riverside County) (CEC, 2009). The cost of wind
power generation has decreased by nearly four-fold
since 1980, primarily due to improved technology
(American Wind Energy Association, 2009), and
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Table 3.4.1. Current and potential future® renewable energy infrastructure by bioregion

Geo- Transmis-
Wind Solar thermal Biomass? sion Lines
Potential
New or
Existing Potential |  Existing Potential Existing | Existing | Potential | Updated
Bloregion Sttes [ Acres | Sites | Acres | Sites | Acres | Sites | Acres | Sites | Sites Sites® Miles
Bay/Delta 9128,090 297
Central Coast 1] 9,544 2| 20,787 10| 12,774 58
Colorado 1
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| 63,666 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 coperational facility in Carson City, Nevada that
under current conditions gets minimal material from California.
Data Sources: RETI, California Energy Commission (2009), Biomass Facilities, FRAP (2010), Renewabie 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)

Technology 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 0.156
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 stuich 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 al., 2004). Newer, larger turbines
installed in groups seem to cause fewer bird fatalities
per megawatt (MW) than the smaller, older, lattice-
style turbines (National Academy of Sciences, 2007;
Smallwood et al., 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 wind energy sites, design
pre-permitting and operations monitoring plans, and
develop impact avoidance, minimization and mitiga-
tion measures. The U.S. Fish and Wildlife Service
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also has released voluntary guidelines (National
Academy of Sciences, 2007).

Solar Energy

Solar energy converts solar radiation (o electricity.
There are basically two types of systems that use
solar to generate energy. Solat photovoltaic gener-
ates electricity divectly from sunlight, while concen-
trated solar thermal panels use light to create heat
and steam to drive turbines. A cursory review of BLM
applications indicated a faitly equal mix of the two
technologies.

Although California has an abundance of solar
technical potential, in 2007 only 0.2 pevcent of total
electricity generation was derived from solar, much
less than other commercially available technologies
such as wind, geothermal or bionass (CEC, 2007).

Some challenges for solav energy development are
that the technology can be costly to install, is more
appropriate for sunny locations, and its energy pro-
duction varies seasonally and can drastically fluctu-
ate within minutes due 1o ctoud cover. Also, remole
solar energy infrastructure development can require
new transmission lines and may cover a large area
(see photo on following page) which necessitates
extensive permitting processes.

Geothermal Energy

Geothermal power requires thermal acuifers, pri-
marily available where hot magma finds its way
close to the surface and heats ground water to usable
temperatures above 212°F. California contains the
largest amount of geothermal generating capacity in
the United States (CEC, 2009), because two tec-
tonic plates meet under its surface, creating a lacge
amount thermal activity.
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The majority of California’s geothermal plants have
been operating since the 1960s in Napa and Sonoma
Counties. In addition to operating virtually emission-
free, geothermal plants have the smallest land re-
qQuirements of any major power generation technolo-
gy. However, suitable sites for geothermal are limited
and expensive to establish.

Small Hydroelectric

Small hydroelectric supplied 2.8 percent of Califor-
nia’s electricity in 2007, or about 24 percent of the
state’s electricity from renewable energy sources
(CEC, 2007), and the majority of these ptants are
located in forests and rangelands (Figure 3.4.3).

Small hydroelectric (uinder 30 megawatts) has lim-
ited potential for additional facilities, in part due to
environmental concerns (Wall Street Journal, 2009).
Regulations related to minimurm water flows ave like-
ly to reduce production from some existing facilities,
such that even maintaining current output Jevels is
tncertain (Clay Brandow, personal communication).
Lt is certain that some hydvoelectric dams wil| be re-
moved; for example, recent agreements were signed

Solar energy facility occupying an enlire square mile o!
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that will result in removal of four hydvoelectric dams
to restore flows in the Klamath River,

Tools

State Assembly Bill 1890 (Brulte, Chapter 854, Stat-
utes of 1996) and Senate Bl 90 (Sher, Chapter 905,
Statutes 0f1997) created the Energy Commission’s
Renewable Energy Program. Under this legislation,
portions of funds collected from customers through
investor-owned utilities can be used as incentives for
renewable energy development.

The California feed-in tariff allows eligible smalt
renewable energy generators (as amended by SB 32
in 2009, Up to three megawatts) to enter into 10 to
20 year standard contracts with their utilities to sel)
electricity at time-dj fterentiated market-based prices
(Database of State Incentives for Renewable 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 renewable énergy providers up to 10
megawatts (Local Clean Energy Alliance, 2010).

land soviheast of Califorma City, San Bernardino County
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Dala Source: Hydroeleclic Power Plants (dedved [rom U 8. Army Corps
of Engineers (1979), and Bulletin 160-93 Volurne 2, DWR (1989)), FRAP
(2002)

The California Energy Commission’s Geothermal
Program was created in 1981 (Assembly Bill 1905
(Bosco)) to promote geothermal energy develop-
ment in California by offering financial and technical
support for planning and mitigation projects and
research and development to private entities.

The Renewable Energy Transmission Initiative
(RETT) was created to facilitate meeting the Renew-
ables Portfolio Standard goals. California currently
does not have the transmission infrastructure to
move the electricity generated by renewable resoure-
es to consumers, so extensive improvements and
expansion are needed to reach the renewable energy
goals. RETI is meant to be a transparent, inclusive
stakehotder driven process. The goals are to identify
needed transmission projects, suppott future epergy
policy, facilitate transmission corridor designation
and transmission, and project siting and permitting.
The Conceptual Tcansmission Planning Group is

using RETI's conceptual planning as a starting point
to develop a California statewide transmission plan
to meet the 33 percent by 2020 Renewables Portfolio
Standard (California Transmission Planning Group,
2010).

There ave federal government incentives to produce
wind electricity through tax credits of 1.5 cents per
kilowatt-hour. The federal Energy Improvement and
Extension Act of 2008 extends tax credits to clean,
renewable energy, solar and energy improvement
projects.

BIOMASS ENERGY

Current Status and Trends

The Governor’s Bioenergy Action Plan states that
biomass-fueled electricity generation constitute

20 percent of the Renewables Portfolio Standard

by 2010 (BAP, 2006). As of 2007, biomass energy
devived 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).
Biomass energy from forestlands provides about one
percent of California’s electricity use (USFS, 2009;
California Biomass Collabovative, 2007), while hav-
ing the potential to provide nearly eight times this
amount (Morris, 2002). Biomass also has unutilized
potential for heating homes, businesses, and schools,
and for conversion to Jiquid transportation fuels (as
conversion technology evolves). Biomass power has
been a part of the state’s power generation portfolio
for over 25 years, and has facilitated the treatment
and restoration of thousands of forested acres (Ma-
son, 2010).

There are benefits from utilizing biomass energy be-
yond reduced reliance on fossil fuels. A recent inten-
sive study looked at the long-term (40 year) impact
of implementing biormass projects in a Northern Cali-
fornia test avea, and confirmed the following (USFS,
2009; California Biomass Collaborative, 2007):

» Reduction in greenhouse gas emissions
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e Reduction in acres burned by wildfires, as well
as severity of fires, with an associated reduction
in damages to human infrastructure, economic
values from working landscapes, and fire sup-
pression costs

¢ Negligible impact on habitat suitability

e 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
of six 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 wildfire 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 of biomass removal. The various
benefits and environmental impacts of forest 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 rural 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 encourage logger certifica-
tion programs to include woody biomass harvesting
techniques training (Oregon Department of Forestry,
2008).

In order to use biomass projects as a tool, first there
must 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
or forest pest issues are shown in Figure 3.4.4. A 25
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 example 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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utilize primarily urban or agricullural wastes.

Data Source: Biomess Fadilities, FRAP (2009 v1)

plants. Factors that constrain investment in new
facilities include:

e Uncertainty in future energy prices, affecting
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 (CBC, 2000)

There are cutrently six idle biomass facilities that po-
tentially conld address witdfire and forest pest issues
in California (including one in Nevada). The primary
reason for closure is a reduction in timber harvesting
associated with the current economic downturn (Si-
erra Pacific Industries, 2009). The Northern Nevada

Correctional Racility biomass plant near Carson City,
Nevada currently has minimal impact for biomass re-
movals in California, and is included as an idle plant

since under certain future conditions it could service

areas in need of treatment in the Lake Tahoe avea.

In addition, at least six new biomass facilities have
been proposed across the state, which could address
wildfire and forest pest issues. It remains to be seen
which, if any of these will actually become operation-
al. The optimal scale of new standalone grid energy
biomass facilities in the Pacific Coast region, includ-
ing California, appears to be small to medium (5 to
15 MW). The size of projects involves vaviables such
as fossil energy prices, emerging technologies for
liquid fuels, heat and power needs, carbon credit val-
ues, energy policy, and local forest conditions (Heinz
and Pinchot, 2010).

Given current trends, government action may be
requived if woody biomass utilization is to make a
greater contribution towards meeting Renewables
Portfolio Standard targets, or facilitate treatment of
move areas at risk or damnaged by wildfire and for-
est pests. Government action may also be warranted
given that use of biomass for energy generation com-
petes with other renewable energy sources or uses
of biomass that are subsidized or otherwise encour-
aged through various government policies. Exampie
policies include the diversion credit for use of green
bioniass as daily cover in Jandfills (BPA, 2009).

Analyses

The potential for biomass projects to play an increas-
ing role in threat reduction and restoration efforts
related to ecosystem health and community safety
was analyzed, drawing on the analytical results pre-
sented in previous chapters. This involved simulating
the effects of adding six proposed biomass facilities
and making six idle facilities operational. However,

a specific strategy to implement this scenario could
require actions on multiple issues and a variety of
options for addressing them, including changes to
policies, programs or practices and funding sources.
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Ecosystem Health

The potential for biomass projects to reduce threats
and facilitate restoration efforts related to ecosystem
health was exarnined. Each of the four priority land-
scapes in the following diagram represents priority
areas where biomass projects could be applied. For
example, biomass projects that thin overstocked
stands and remove ladder (uels can reduce wildfire
and forest pest threat. Restoring impacted areas of-
tep reqquires removal of dead, dying ot infected trees.

BustyLvistopn | [Foondy Laescge i Pty Ladicge P et
e Thd s | [t oo 4 | (Fomat Pest Thot || (st ot | o m“’“av
£cppeen Mol ot Ao o Erotanie el [Pralngertat A gy o !

These four priority landscapes were combined to cre-
ate a single priority landscape for ecosystem health,
by assigning the maximum of the four component
ranks. An area that is ranked high for any of the four
inputs is also ranked high in the output. The result-
ing ecosystem health priovity landscape represents
aveas most in need of treatments, such as biomass
projects to reduce threats or restore impacted areas.
The analysis involved determining which ecosys-
tem health priority landscapes potentially become
economically available as a result of adding the 12
facilities, and summavizing the results by county and
biovegion.

Community Safety

A second analysis examined reducing wildfire and
forest pest threats to community safety, or restoring
impacted communities. Wildfire poses a direct threat
to buman infrastructure, white forest pests cause tree
mortality that teads to indirect impacts from falling
trees on roads, power lines and houses.

The analysis determined which priority communi-
ties that are currently not economically available due
ro distance from operational facilities, are within 25
miles of the added facilities.
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Figure 3.4.5 shows the ecosystem health priority
landscapes that might become economically available
as a result of the 12 new bjomass facilities.

Tabie 3.4.3 shows the additional acreage by county of
high plus medium priovity landscapes that potential-
ly become economically available for biomass proj-
ects as a result of adding 12 facilities. A significant
portion of these lands are federally owned.

Community Safety

Table 3.4.4 shows communities identified as priori-
ties for protection or restoration in terms of which
ave potentially served Ly operational biomass plants,
or idte/proposed plants. Southern California is cur-
rently not served by facilities that «tilize a significant
amount of biomass from forests and rapgelands and
these individual communities are not listed.

Discussion
Ecosystem Health

Proposed and idle biomass facitities potentially can
malke large areas of priority landscapes economically
available for treatment in counties such as Siskiyou,
Trinity, Modoc, Lassen, El Dorado, Amador and
Placer. This would facilitate treatments to redtice
threats from wildfire and forest pests and to restore
impacted areas.

However, extensive areas of priority landscapes ave
not served by either existing, proposed or idle facili-
ties. The first map in Figure 3.4.6 shows priovity
landscapes for ecosystem health that are not within
25 miles of operational, idle or proposed facilities.
This map does not show the extensive areas of high
priority landscapes in Southeru California, since
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Priority landscapes for ecosystem health with potential lor new biomass facitilies. Priority landscapes (hat are technically unavail-
able (e.g , sleep slopes. siream buffers, wilderness areas). or have too litlle biomass to be economically available (less than 50,000
Ibstha) are excluded in the map. Map shows only the portion of lhe stale that is affecied by making lhe 12 idle or proposed biomass

facililies operalional.

Dala Sources: Biomass Facilities, FRAP (2009 v1); Burn Severly, USFS (2009}, California Fire Regime Condition Class, FRAP (2003); Celdorma
Tree Seed Zones, Buck, et al. (1970), Fire Thresl, FRAP (2005); Stalewide Land Use / Land Cover Mosaic, FRAP (2006); Aenal Delection Surveys,

USFS FHP (2008 v1); Forest Pesl Risk, USFS FHP (2009 v1); Fire Penmelers, FRAP (2009 v1); Fust Rank, FRAP (2002)

in this region of the state there are currently no more priority communities. Of the remaining 41

facilities that utilize significant biomass from for- comimunities, 31 arve in Southern California.

est or rangeland. The second map shows that since

so much of these priority landscapes are on federal Bjoregional Findings

lands, access to a stable flow of material, especially Ecosystem Health

from national forests, will be a citical factor in Adding the idle and proposed facilities potentially

tevms of whether these areas will ever be served by would facilitate treatment of extensive priority land-

facilities. scape areas for ecosystem health in the Klamath/
North Coast, Modoc and Sierra bioregions.

Community Safety

Curvently, only 14 of the 66 priovity communities However, even if all idle and proposed facilities are

are within 25 miles of an operational biomass fa- made operational, there will still be extensive arveas

cility. Adding the 12 new facilities would reach 11 of priority landscapes that ave not served by bio-
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Table 3.4.3. High plus medium priority landscape
(HMPL) acres (rounded to the nearest hundred) for
ecosystem health by county that are potentially
economically available as a result of making 12

Table 3.4.4. Priority communities for protection or
restoration for forast pests and wildfire, that are
potentially serviced by an operational biomass facility,
or idle/proposed facility

proposad or idle biomass facilities operational Biomass
_County HMPL Acres’ | Percent Federal Facility
Amador 89,900 9 (O = Opora-
Calaveras 64,600 14 Priority Community tional;
E! Dorado 377,000 53 (F = Wildfire; I = Idie/
Humboldt 104,400 49 County P = Forest Posts) Proposed
Lassen 163,900 60 Alameda QOakland (F) -
Mariposa 4,000 97| |Alpine Kirkwood (P) -
Mendocino 53,600 2 | Magalia (P) o
Modoc 166,300 47 Butte Paradise (P) (8]
Nevada 4,300 16 Amold (FP) ! I
Placer 141,300 68 Calaveras | Mountain Ranch (P) |
Shasta 48,300 54 El Dorado | South Lake Tahoe (P) i
Siskiyou 485,300 47| |[Humboldt |Willow Creek (P) ' I
Tehama 8,500 87 Marin Inverness (P) -
Trinity 415,700 78 Mono Mammoth Lakes (P) -
Tuolumne 108,200 78 Monterey Aromas (P) -
State Total 2,235,600 54 : Grass Valley (P) -
*counties with less than 1,000 HMPL acres excluded. Nevada Truckee (P) ' |
Dollar Point (P) I
. . . Foresthill (P) i
mass facilities in these same bioregions, though the | Kings Beach (P) |
majority of this is federal lands. Placer Sunnyside-Tahoe City (P) [l
Bucks Lake (P) 0
Community Safety East Quincy (P) 0
As a result of adding idle and proposed facilities, 11 ﬁ;ze:g%g(%) 8
additional priority communities could potentially be Johnsville (P) 0
treated using biomass projects, six of these are in the La Porte (P) 0
Lake Tahoe area. Numerous additional communi- Meadow Valley (P) o
ties could be served, primarily in the Klamath/North ~ [Flumas LMair;ah‘:‘;c;ﬁls_tak(P)h 5 8
. . —Lakeshore
Coast and Sierra bioregions. Shasta Redding (F) )
L. . . Mount Shasta (P) |
About half of the priority communities identified Siskiyou Weed (P) [
occur in the South Coast bioregion where biomass Guerneville (P) -
projects currently are not a viable treatment too! due gii:g:::‘%{%l -
’ yiee a -
to lack of biomass facilities. Sonoma Monte Rio (P) -
Tehama Mineral (P) 0
Tools Tuolumne | Groveland-Big Oak Flat (P)|O
S ot : : 23 Communities (F
Ca&hfoxma had 49 operating biomass plants in the Southern 7 Communities (F(’))
mid 1990s, .today there are 33 (Reese, 2009). The California 2| 1 Community (F:P) .
current environment does not seem conducive to ! Community is just inside the 25 mile buffer of an
bringing new plants that rely on forest biomass operational facility, but would be better served by a closer
online, or in some cases even keeping existing plants ~[Proposed/idie faciliy.
San Diego, Orange, Los Angeles, San Bernardino, and

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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Figure 3.4.6
Priority landscapes for ecosystem health that are not within 25 miles of operalional, proposed, or idle biomass facilives.
Deala Sources: Biomass Facilines, FRAP (2009 v1); Burn Seventy, USFS (2009); California Fire Regime Condition Class, FRAP (2003);
Califormia Tree Seed Zones, Buck, et el. (1970); Fire Threal, FRAP (2005); Stalewide Land Use / Land Cover Mosaic, FRAP (2006); Aenal Detection
Surveys, USFS FHP (2008 v1); Forest Pesl Risk, USFS FHP (2008 v1), Fire Parimelers, FRAP (2009 vi); Fuel Rank, FRAP (2002)

development of this technology (Catifornia Biomass
Energy Alliance, 2006), while monitoring potential
environmental impacts and adapting policies and
regulations as needed. Transparent and inclusive
stakeholder involvement is important in decisions
about biomass. Collaborative processes, planning
and long-term stewardship contracts are critical for
determining and realizing supply from federal lands
(Heinz and Pinchot, 2010).

Road Map to the Future

The California Energy Commission, working through
the Bioenergy Interagency Working Group, has
produced a comprebensive strategy for sustain-

able development of biomass in the state. The first
Bioenergy Action Plan (CEC, 2006) was released in
2006, and the goal is to adopt an updated plan by the
end of 2010. There are recommended actions in five
areas:

e Resource access and feedstock markets and
supply

o Market expansion, access, and technalogy
deployment

» Research, development, and demonstration

¢ Education, training and outreach

¢ Policy, regulations, and statutes

Coordinated Resource Offering Protocol (CROP)

In response to the uncertainty for aceess to biomass
from public Jands, the U.S. Forest Service and BLM
have launched a series of Coordinated Resounrce Of-
tering Protocols (CROP) pilot projects, including one
in the Lake Tahoe region in California (USFS, 2009).
For the Lake Tahoe pilot project, a key concern is
that 50 percent of CROP resource offering (acreage
for biomass removal) 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 use of long-term multi-agency
stewardship contracts to achieve biomass
removal;

e increase the certainty of levelized biomass sup-
ply offerings from public agencies;

» invite investment back into a sustainable forest
management landscape and

» heighten public trust and support for biomass
removal from public lands operating within a
transparent process.

CROP projects are of limited application however
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due to the fact that they are focused only on bio-
mass material sourced from federal lands. Financial
institutions that provide funding for biomass utili-
zation projects are interested in veliable sources of
woody biomass material acyoss all land ownership
categories.

Integrated Resource Stewardship Contract

A promising contracting tool that the U.S. Forest
Seivice and BLM have been utilizing in recent yeats
is the Integrated Resource Stewardship Contract,
which is focused on treatments conducted over three
to ten yeavs. Stewardship contracts have proven

to facilitate 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 fuets redaction projects to pro-

tect communities, endangered species habitat, key
watersheds for anadvomous fish and for ecosystem
restoration (http://www.forestsandrangelands.gov/
stewardship/ca.shtml).

Biomass Crop Assistance Program

Biomass Crop Assistance Program (BCAP) provides
financial assistance to producers or entities that de-
liver eligible biomass material to designated biomass
conversion facilities for use as heat, power, bio-based
products or biofuels (USDA Farm Service Agency,
2009). For example, in Butte County BCAP funds
made it economically feasible to convert 15,500 dry
tons of charred timber into clean energy, and en-
abled Bamford Company to keep 37 people employed
(timberbuysell.com).

CARBON

Carbon sequestration is an emerging market that
quantifies angd helps pay for an ecosystern service.
Terrestrial carbon sequestration is considered in
policy and at the project level. The role of carbon

in compliance inarkets along with the economics of
carbon and the opportunities in California for forest
and rangeland carbon ave exploved here while the
sequestration of carbon by trees and other plants is
described in Chaptet 3.7.
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Carbon accounting may 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
orin a landfill.

There are two kinds of carbon markets: voluntary
and compliance. Voluntary carbon markets ave gen-
erally unregulated by government, with transactions
usually occurring directly between the buyer and
seller. Spectfic systems, protocols and registries exist
for the voluntary market. Compliance markets occur
under reguiatory schemes, usually cap-and-trade,
where offsets are sold to emitters. These usuvally
involve contracts between buyer and seller, but are
regulated by the trading system so that offsets meet
the system criteria, are properly credited, and are not
used more than once. Entities may operate in both
voluntary and compliance markets to assemble mul-
tiple Jandownecs into projects for economies of scale.

Standards and guidelines are necessary to quantify
greenhouse gas benefits from forestry and range-re-

. lated activities. For example, protocols are the cules

for carbon accounting that a project developer must
foltow to quantify reductions, while registries func-
tion like carbon credit banks where ownership may
be tracked.

Two general approaches to protocol development are
project specific (i.e., Clean Development Mechanism)
and programmatic (i.e., Climate Action Reserve
(CARY)). Project types that relate to forestry include
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 forestiy protocols
to receive near-term adoption under AB32 or West-
ern Climate Initiative (WCI) cap-and-trade systems
would be CAR forestry protocols, the CAR manure
management protocol and the Alberta Offset System
soi} sequestration protocol (WCI, 2010).

The State of California 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 tor 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 will also
likely participate.

Reductions are the metric tons of carbon dioxide
equivalent (CO2e) 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 allowances. The use of offsets has
been controversial, 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 four percent
of annual GHG emissions in California could be met
by each entity 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 of domes-
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 near term (Sikorski, 2010).
Estimates and potential value in markets that are
emerging can be made for forest-related 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 metric tons (gigagram, 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:

e 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 follows:

e First Compliance Period (2012-2014):
$116-155 million/year

e Second Compliance Period (2015-2017):
$246-328 million/year

e 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 ¢ritical 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.

e 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 owners will participate at
20 to 40 thousand acres a year.

e Improved forest management projects that
have initial inventories above common practice
are 11 to 23 thousand acres a year and result in
immediate credits of 35 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 incrementally 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:

e Compliance Period 1 (2012-2014):

1.17 to 1.67 million metric tons per year
e 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 will 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 CO2e, which is $80 at $20 a metric ton. This
value discrepancy combined with the risk associated
with a 100-year commitment to maintain the seques-
tered carbon, which is required for CAR projects, will
likely keep supply low. If credits become widely 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.
Priority 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 benefits that forests and rangelands
provide. Quantities of carbon should be considered
in combination with the risk 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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NICHE MARKETS

Definition

Natural Resotirces Canada defines niche products as
“specialty, higher-value, non-commodity wood prod-
ucts that are directed at specific markets that value
the unique appearance/quality of a product that has
a limited production supply. Niche proclucts are usu-
ally produced by smaller manufactuving plaots that
focus-on producing 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 appearance/quality, end-use, etc. Many
niche products have the sarae number of competitors
as established commodity products but niche prod-
ucts have the advantage of being able to create brand
or product loyalty to separate themselves from com-
petitors, are more regional in market focus, are more
attuned to market/demand changes and trends, and
are quick to adapt to changes in market demand.”
(Natural Resources Canada, Canada Wood, 2003)

Niche Markets for Certified Products

Niche products are differentiated based on the na-
ture of the process used to create them, in tecms of
being a more environmentally and socially vespon-
sible option for consuimers. This typically involves a
certification process by third-paity entities such as
the Forest Stewardship Council (FSC) or Sustain-
able Forest Initiative (SFI) for wood products, or the
USDA National Organic Program for agricultural
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 SFL or FSC dehvers assurance
you are making a choice that represents conserva-
tion of biological diversity, protection of special sites,
sustainable harvests, respect for local commuaities,
and much morve” (Larty Selzer, President and CEO,
The Conservation Fund).

The demand for certified wood products can be
driven by higher level certification programs, for
example the trend towards “green building” and
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certification programs such as Leadership in Energy
and Environmentat Design (LEED®) (http://www.
usgbc.org/DisplayPage.aspx?Categoryl D=19).

In some cases, major retailers have endorsed certi-
fied products to the point of excluding ot limiting se-
lection of non-certified products. For example, Home
Depot began endorsing certified wood products in
1999, and now sells more FSC certified wood than
any retailer in America (http://corporate.homede-
pot.com/wps/portal/Wood_Putchasing).

Advantages of Niche Products

The mass marketing business model involves intense
competition based on standardized product Jines
and fierce price competition (Hacker, 2006). Niche
markets involve a unique business model that can
often command higher prices by competing to meet a
unique need for custom products.

Niche products sometimes utilize materials that
would otherwise be discarded, or even incur a dis-
posal cost. Eric Oldar of the California Department
of Forestry and Fire Protection pioneered a project
to utilize urban trees that would otherwise end up in
landfills, by investing in portable sawmills and kilns
which are loaned to municipalities (Hacker, 20006).
The City of Lompoc, which was faced with a tree
disposal problem and landfill regu)ations, was able to
meet a need for higher quality park benches, floor-
ing, and other wood products (Gamstetter, 2009).
The number of municipalities now using portable
sawmilling is widespread throughout the country in
response 1o Jandfill regulations (Hacker, 2006).

Examples of Niche Products

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

o West Coast Arborists, Anaheim: Utilizing the
latest technology for urban forestry invenlory,
planning, and management (http://www.wea-
inc.com/Introduction.aspx).
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» California Hardwood Producers, Auburn:
Utilizing tree removals from urban forests and
orchards for high quality flooring, cabinets,
beams, countertops, ete. (http://californiahard-
wood.com/).

¢  Humboldt Woodworkers Guild, Humboldt
County: Collective matketing of unique high
quality, environmentally and socially respon-
sible wood produets (http://woodguild.com/).

» Calaveras Healthy Impact Product Solutions,
San Andreas: [n response to local sawmill
closures and five hazard from small trees,
this community organizing effort, funded by
a $96,500 USDA graat, implemented a chip-
ping station for landscaping and heating. One
customer uses wood chips to heat a four acre
greenhouse that supplies fresh organic local
produce. '

¢ Sierra Nevada Geotourisim: The Sierra Business
Council has partnered with the National Geo-
graphic Society and the Sierva Nevada Con-
servancy to develop a website to capture the
history, heritage and attvactions distinctive to
the Sierra Nevada Region, to promote tourism
that can conserve the region's historic towns
and heritage sites, restore and protect the land-
scape, and sustain local businesses and com-
munities (http://www.sbcouncil.org/Projects/
Sierra-Nevada-Geotourism). '

e There are many exainples of California ranches
that produce organic, natural or grass-fed ani-
mals and meat products.

¢ Numerous California livestock aperators fifl
niche matlkets for various specialty products
and services, ranging from beef jerky to ranch
tours.

Opportunities for Niche Markets in California

There is a strong potential tor niche markets to
increase economic activity and employment in the
state.

California hardwoods have hislorically received a
lot of attention, since they are an underatilized re-
source. California is a major consumer of hardwood
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tlumber (20 percent of nation’s production) but the
hardwood lumber production industry in the state is
almost non-existent; this is in spite of a sizable hard-
wood tree resottrce (12 billion cubic feet of timber
growing stock) (http://ucanr.org/delivers/impac-
tview.cfm?impactnum=196). Although California
producers have been unable to compete in traditional
high-volume markets, the potential exists for utiliz-
ing this resource to fill additional niche markets.

As California loses more sawmills, many landowners
will be unable to sell their timber. Portable sawmills
provide an opporlunity for these landowners to pro-
cess their own logs, and sell their tivuber as finished
products, commanding a higher price. This wil)
require innovation in terms of forming landovwner
cooperatives for processing and marketing their
products.

Whife this chapter deals extensively with opportuni-
ties for additional large biomass facilities, there is
also potential for utilizing small or micro-biomass
power generation, particulavly for heating homes,
businesses and schools. Examples include the U.S.
Forest Service State and Private Forestiy’s Fuels for
Schools program being initiated in six western states.

The various certification programs for rangeland
products provide an opportunity for some ranchers
to increase profitability. This coutd become espe-
cially important if food safety concerns become an
emerging issue. For example, grass-fed beef avoids
potential food safety concerns that could arise from
sending animals to feedlots.

ECOSYSTEM SERVICES

Forests and rangelands provide a number of values
which historically have not been captured easily in
traditional markets. Examples are: carbon seques-
tration (until recently), watershed seyvices, wildlife
habitat and biodiversity, scenic and related values.
Often these are viewed as “public goods” whjch are
provided as benefits to the public at little ov no cost.
Since landownexs are generally not compensated
for providing Lhese services, they may not receive
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adequate consideration in decisions related to keep-
ing lands in production, or in how they are managed.

Markets have been slow to emerge for a number of
reasons, such as the difficulty of defining market
units and price, few 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 value, which could
lead to market-based solutions. At the national level,
forexample, the Food, Conservation, and Energy Act
0f 2008 directs states to identify high-value areas for
providing various ecosystem services and to delin-
eate threats to those areas. The Act also seeks to fa-
cilitate landowner participation in emerging markets
for ecosystermn services. The Secretary of Agriculture
must develop technical gmuidelines that measure the
environmental services benefits from conservation
and land management activities. These guidelines
will facilitate measurement and repoiting protocols
and registries. A verification process and guidelines
for reporting conservation and land management
activilies must atso be developed (hitp://mww.fs.fed.
us/ecosystemservices/).

Across the country, some market-based frameworks
can be found in the area of ecosystemn services. These
can include private payments, public payments or
incentives and trading schemes. For example, in the
case of preserving wildlife and plant diversity, pay-
ments for specific areas or programs can come from
non-governmental organizations, pharmaceotical,
agricultural or other companies, and even the eco-
tourism industry. In some cases regulatory frame-
works have fostered a way to do marlet transactions,
such as the emergence of conservation and mitiga-
tion banking in California and the U.S. Other invest-
ments are made in an effort to comply with or lessen
cost of regulatory compliance, such as flood control
structuves or better roadl design to improve water
quality.

Local or regional districts can also serve a quasi-man-
ket function. Examples include the East Bay Regional
Park District, the Mid Periusula Open Space District
and the Marin Open Space District. These districts
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have programs that support ecosystem services
directly or indirectly. They utilize property taxes, as-
sessments, fees/rents/other charges, grants, interest
and other funding sources. Programs relate to what
the voters want and for which they will pay.

Some programs can influence matket opportuni-
fies for ecosystem services. An example of this is the
Private Lands Wildlife Habitat Enhancement and
Management Area (PLM) Program administered by
the Department of Fish and Came. The program was
first authorized in 1983 and has undergone several
revisions. The goals of the PLM are to encourage
private landowners to manage 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
allow them to better realize the recreational value of
wildfife. Incentives can inctude more flexible sea-
sons and quality hunting experiences. Landowners
gain by charging fees for hunting, fishing and other
uses, such as photography and observing wildlife.
(DFG, 2008). There are now 90 PLM properties that
enconipass almost 900,000 acres of wildlife habitat
(http://www.dtg.ca.gov/wildlife/hunting/pim.html).

Conservation easements are another mechanism
widely used in California. Many examples exist
such as efforts by organizations including the Trust
for Public Land, the Nature Conservancy and the
California Rangeland Trust. Under a conservation
easement, a landowner voluntarily donates or sells
certain rights related to their property, such 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 landowners retain rights to manage the prop-
erty for ougoing agricultural, rangeland ov foresty
uses, together with associated habitat, watershed
and open space values. These easements are le-
gally recorded agreements and conditions continue
with the land when the land is sold. Compensation
to the landowner can take several forms, such as
direct payments or tax credits. Credits come from
various sources. One example of a tax credit is the
Natural Heritage Preservation 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
Wwildlife 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 landowner's 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,
properties are taxed in a manner that supports con-
tinued use of the land for resource production with
its related ecosystem service benefits (such as wild-
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 of watershed 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 health.

Support 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 program 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 important to support and enhancement of
ecosystem services in 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 1E (2006).
Funds from these initiatives are being used for many
aspects of ecosystem services. These includie such
things as assessment and planning for watersheds,
fish and wildlife, infrastructure 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 funding 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 support that relate to eco-
system services, take many forms. Much depends on
enabling legislation and direction in agency budgets
of governmental 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, contributors and non-governmental
organizations also play a role.

One example 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
worked with stakeholders to carry out such efforts.

The same is true for investment in forests and range-
lands cyitical to providing biodiversity, habitat and
open space. Funding has come from a variety of
sources, again largely public in origin. Conservancies,
such as the Coastal Conservancy and the Sierra Ne-
vada Copservancy, have been established to provide
facilitation, coordination, project focus and manage-
ment. Several state departments have worked with
stakeholders to guide these investments. Key among
them is the California Department of Rish and Gaime,
especially the Wildlife Conservation Board (WCB).

Many policies, programs, agencies and stakehold-
ers are involved with making decisions over where
to make investments that affect ecosystem sevvices.
This typically involves protecting areas that provide
unique or high levels of desived services, or restoring
areas impacted by past events. Augmenting this with
emerging market-based solutions could enhance our
ability to sustain these important services 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
CO2e (metric Cubic Feet Board Feet Number of CO2e (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 -58,328,612
Public Forestland 19,467,566 | 3,343,515,541 76,368,749 | 340,794,682 5,685,834,310 30,611,051 751,107 3,438,690 -38,089,971
Private Forestiand 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 | 1,418,463,058 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
g
Table 1.2.10. Per acre live tree stocks and estimated annual change from tree growth and montality
Stocks N Change, Net of Mortality

CO2e Stand CO2e 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 2141 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 0177 -1.957 2.015
Private Forestland 138.8 3 8.5 345.8 1971 0.746 0.053 0.184 -1.6 3.05
Private Timberland 185.5 41 13.56 570.8 258 1.244 0.077 0.293 -2.235 4189
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Strategy Report 3.4:

Emerging Markets for Forest and Rangelands Products and Services

Assessments should identify forest landscape areas where there is a real, near term potential to
access and supply traditional, non-timber, or emerging markets such as those for biomass or
ecosystem services. These might be areas where necessary infrasiructure currently exists, is
planned or developing, where group cerlification of Jandowners has created market supply
aggregation pofential, or where retention and management of forest cover presents a money
saving allernative to an engineered fix — such as a waler filtration facility. Strengthening and
developing new marketl opportunities for forest products and benefits provide incentives for
forest stewardship and conservation (excerpted from the US Forest Service State and Private
Forestry Farm Bill Requirement and Redesiqn 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 Process/BOF 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 satety.

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, foreslt pest threat to community safety,
restoring forest pest impacted communities, sustainabie working landscapes.

Priority Areas:
All bioregions except the Mojave and Colorado Desert. The Sacramen(o and San
Joaquin Valley bioregions are lower priority than the more heavily forested

bioregions.

é
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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 landscapes. 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 and 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 market 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 benefits 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.

o 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.

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

o 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:

o 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

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

o Executive Order S-14-08 (2008): Established accelerated RPS targets (33
percent by 2020) as recommended in the Energy Action Plan Il. The order
also called for the formation of the Renewable Energy Action Team,
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 Commission and the Department of Fish and Game are to
prepare a plan for renewable development in sensitive desert habitat.

e Executive Order S-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 Warming 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 timber 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 landowners 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 implementation 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 complete report entitled
“A preliminary Roadmap for the Development of Biomass in California” (Jenkins, 2006).
A strategy for developing carbon markets and a strategy for developing other markets is

presented.

Strateqy: 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 D — Establish a biomass 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
infrastructure.

125



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 | — Provide access to extensive biomass resource and market information.

. Strategy: 3.4.2. Facilitate the expansion of biomass markets through improved
infrastructure (e.q.. transmission lines). monetization of external benefits (e.q., 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 D’— 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 combined 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.

Strateqgy: 3.4.3. Support and conduct biomass research and development including life
cycle analysis, best management practices, monitoring and sustainability.

Action A — Conduct comprehensive life cycle assessments and healith 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 commercial 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/fuel production 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, climate 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.

Strateqgy: 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.
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Action A — Align State and Federal energy and resource policies in the area of
bioenergy so they compliment 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.

Strateqy: 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 compatibility with laws and regulations.

Action C - Provide technical assistance to landowners, registries and buyers to
encourage open and fair 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. .

Strateqy: 3.4.7. Support the development of other emerging voluntary markets including
water,_habitat and green 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 desired future conditions.

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

Action D — 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 | — Examine use of systems of environmental management that depends
on certified, insured and guaranteed operations rather than a permit with civil
enforcement.

Strateqy: 3.4.8. Support expansion of transmission infrastructure for emerging

renewable enerqy 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.

vV Vv

V VV A\ A

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.
Number 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 / Resources | NMeasures 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, iNGO’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 ' T34,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.

and rangelands.

Long-term Priority Secondary Existing Partners / Resources | Weasures 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 working 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, T34, T3
impact to forest RETI
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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 0 0 0 0 0
Calaveras 12 106 87 46 250
Colusa 0 0 0 Q 0
Contra Costa 0 0 0 0 0
[Del Norte 0 0 0 0 0
El 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 (4] 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 0 183
San Benito 0 0 0 0 0
San Bernardino 0 0 0 0 0
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 Survey Detection (ADS), USFS FHP (2008 v1); Biomass Facilities, FRAP (2009 v1); Bum Severity,
USFS (2009); California Fire Regime Condition Class, FRAP (2003); Califomnia 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); County Boundaries, FRAP (2009 v1)

http:/firap.cdf.ca.gov/assessment2010.htmi



Chapter 3.4 - Emerging Markets for Forests and Rangeland Products and Services

Analysis: Biomass Energy for Community Safoty

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 <100 300 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 88,400 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 5,400
Lodi 7,400 0 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 B 200 0 0 0 200
Sunnyside-Tahoe City 700 <100 < 100 1,400 2,200
Sufter 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); Califomia 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 (2606 v1); Statewide Land
Use / Land Cover Mosaic, FRAP (2006); Communities, FRAP (2009 v1)

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




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

Long-term Priority Secondary Existing Partners / 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
Strateqgy: 3.3.2. Promote participation in the National Firewise/USA program.
Long-term Priority Secondary Existing Partners / 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
Strateqy: 3.3.3. Establish a statewide comparative database of community wildfire planning.
Long-term Priority Secondary Existing Partners / Resources | Measures National
Strategy Landscape Issues Programs Stakeholders Available of Success | Objectives
Area(s) Addressed Supported
Increase Priority CWPP CFA Website USFS, BLM, CFA Improved 3.1;37
collaboration and Communities | monitoring and Counties monitoring,
knowiedge sharing | and currently | evaluation better
in community designated : statistics
wildfire planning Communities
at Risk
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Strategy Matrix

Strateqy: 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 Modog, and threats - CFLP, NGO's; State and Foresfland | 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.q. transmission lines),
monetization of external benefits (e.g. hazard reduction), feedstock collection, and generation capacity.

Long-term Priority Secondary Existing Partners / 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 Klamath/North ) CFSP, State; USFS; Funding; facilities; Forests
biomass markets Coast, Forest Pest UCCD, CFA; CDFA: Grants; Acres of From Harm
through improved | Modog, and threats CFLP, NGOrs; State and Forestland | Primary:
infrastructure, 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;
coliection, and and San total energy | T3.4, T3
generation Joaquin. Rural economic produced;
capacity ) development. rural jobs
created
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Strateqgy: 3.4.3. Support and conduct biomass research and development inciuding life cycle analysis, best management

practices, monitoring and sustainability.

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 | 73.4, T3
sustainability Joaquin, Rural economic produced;
development. rural jobs
created

‘Strateqy: 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 | Weasures 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 / 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 | Modog, 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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Initial stand condition

Beginning of Fire




During the fire

Note the crowning fire behavior and {lame iengths

During the fire

Note the high mortality rate of the trees
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10 years after the fire

Note the farge input of fuels due to tree mortality




White Fir stand showing the modeled cutting

Note that the downed trees are removed prior to the fire

Beginning of fire




During the fire

Note the low flame lengths and lack of crowning fire behavior

During the fire

Note the lack of tree monalily due to the reduction in
fire intensity




10 years after the fire

Note that the reduction in tree mortality has resulted in
reduced fuel inputs in the post-fire stand




section 4

Biomass Use and Feedstock Issues

he supply of biomass as leadsiock

for energy production depends not

just on supply and demand buot also
on e physical amoums Trom dillerent
sources; deliverad costs; and natonal, re-
gional, state, and loca! laws, regulacdons, and
policies, Regional variations inlluence the
United Swates’ poteniial biomass supply and
ultimacely the placement of bioenergy fcil-
ites, Whether bionags is removed and used
lor encrgy allects ceological syscems and in-
Huences long-term dimare change mitiga-
togn meastires.

Availability of Biomass

Biomass leedstocks for bioenergy and
biofuel inciude forest and agriculwral ic-
sources, residuals from forest product mill
operatians, and municipal solid and arban
waste wood (Perlack eual. 2005). Alibough
cach source is importane, this anicle focuses
on forest resources—residues from tmber
harvest, hazardous fud reduciion, forest
health restoration projects, and energy wood
plantations
movals, and moreality (Fipose 4-1).

| e " Rillion Ton Repost” projecied the

hased on forest prowth, re-

potential amound of biomass to be as much
as 1.2 hillion wons ol biomass availabilicy
amnully sa the United Sewes (Peelack cual,
2005), 1t is now recognized, however, 1that
the acimal amouny, given social, polidel,
and market consiraings, will be less {(Sample
etal. 2010, US DO 20!1).

Five types of biomass have been defined
(Wiine 2010):

o Posteintly nowrkable biomusi is all the
woody biomass repaned w be available.

o Techwiently apailable biomnss is (he
ymonnt of wondy biomass that can acaliy
e used, determined as a peecentage of po-
wenially available biomass and representing
the amovm expreeted to be secoserable using
curtent arexpected edmology (e.g.. Perfack
ctal. 2008Y. Updated estimates ol ihese val-
wimes are also provided assnailable sapplies
based on accessibilivey and aperabilie Tor
cach LS region (Greene et al. 2010).
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W) p e . .
o fulariet /H'-'t ¢ Dlaniiis 15 l".:‘ amount of

woody hionmss tha coudd be available aa
given market price (e.g., Biomass Rescarch
and Developrent Inidadve [BRDI] 2008,
Walsh eual. 2003},

= Supply corve diomas is the amount of

wouody hiomas<available over a range of bio-
mass prices (Whice 2010).

o Performance-bused biomas s ie
amound of woody biomass available via 4
Held verificadon of a coordinated resource
offering prowcal (CROP). Developed for
the US Forest Service, CROP is a ool for as-
sessing biomass supply from Laind management
agencies, based an “ability 0 perform”™ re-
moval {versus porental w remave bawed pr-
marily on invenntory) (Mawer and Gee 2011).

The vee of enerey fudle has changed
dowly over time. Waood swenved as the maia
Jorm of eneriy for abown hall of the Unied
States” histore. Coat surpagsed wood in the
fare 19y comrury and was i surm overtaken
by petroleum products in the mid-19005,
Natural gas conspmpion expetienced rapid
crowils in the second half of dhe 20ch con-
wiry, and coal use also hegan o expand asihe
privany source of clectric power yenermtion

Horth
[P}
| O * Soowrh ¥ Bamoente © homany
=
i,
¥ . »
. ’ [
whbhbbb
¢ ¢ 2 L
22y st o e " P
Intorior Wast
1.
l '
¢ s
o Hhaa M !kl.. ih; .LJ _Ll
i iy "n " " iy

(Energy Information Adminiscradon 2010).
The majority of bioenergy produced from
woedy biomass is consumed currendy by the
indusirial sector—maostly ac palp aad paper
imills thac use heat and electriciry praduced on
site from mill residues (Whiee 2010). Bo that
is changing. As of January 2011, chere were
445 (nonpulp and paper mill) operaing and
annauneed woad-using hioenergy projeces in
the United Staes, ranging from wood pell
mills and wood-to-clectricity planis w pitoc
projects oz cellulosic ethanol (Forisk Con-
sulting 20103,

Factors that Affect Feedstock
Supply

Changes in feedstock supply are con-
troversialand a point ol contention for com-
peting indusiries (paper and pulp versus bio-
energyl,  envitopmemal  groups,  privawe
bindowners, and public land managers. The
controversy is amphified by uncenainties
sunounding the effecis of dimare change on
lorests and the best min of midgadon and
adapration sirategies W use across forest
wpes and Lindowner eneporics. Rescarch
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Figure 4-1. US farest growth, removals, end monolity, 1952-2006. (Source: Bosed on

Smith et al. 2009.)
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has begun to analyze the perceived competi-
tion conflicts between traditional consum-
ing forest products mills and new wood en-
ergy plants. For example, Ince eval. (2011,
142) modeled US forest sector market and
trade impaas of expansion in domestic
wood energy consumption under hypothet-
ical future US wood biomass energy policy
scenarios. Bowyer (2011) also examined pol-
icy implications for bioenergy development,
as well as the likely impact of global encrgy
trends on biomass demand.

Environmental Consequences
and Consiraints

The ccological effects on soils, wildlife,
fire regimes, and water quality of using bio-
mass for bioenergy depends on the existing
condition of the forest stand and the amount
of biomass to be removed over a specific pe-
riod. The results depend on such factors as
the timing of removal and the nature of the
biomass (¢.g., logging residues or short-rota-
tion woody crops; Pan ¢t al. 2008, 2010,
Hurteau ct al. 2008). .

There are concerns that if too many
bioenergy and biofuel plants are established
over time they will not be sustainable. How-
ever, sustainable forest management prac-
tices are well known and widely practiced
and can protect forests” environmental and
ccological values. States such as Minnesota,
Wisconsin, and Pennsylvania, are develop-
ing waody biomass removal guidelines to
cnsure small-scale and sustainable bioenergy
plants can meet long-term environmental,
ecological, and economic needs. Use of for-
estry best management practices and certifi-
cation systems such as the American Tree
Farm System, Sustainable Forestry Initia-
tive, and Forest Stewardship Council is also
widespread.

There can be environmental tradeofls
involved in removing harvesting residuals
where the residuals have value in maintain-
ing site productivity and biodiversity. Site
responses to residue removal and retention
depend on site conditions and limiting fac-
tors. Scientific evidence from sites across
North America suggests thac the productiv-
ity of most sites is largely resilient to remov-
ing harvesting residuals (Powers et al. 2005).
For instance, Westbrook ¢t al. (2007) found
thac even with removal of all harvesting res-
idues and all nonmerchantable woody bio-
mass between 1- and 4-in. dbh, nutrienc
losses from a Georgia pine plantation were
expected o be replaced by precipitation in 5

years. Overall, documentadion of negative
effects on site productivity due to biomass
removal is rare.

Two recent meta-analyses of che scien-
tific literature suggest that effects of biomass
harvest on biodiversity can vary by forest
harvesting practice and other factors. Stud-
ies of forest thinning have generally reponed
positive or neutral effects on diversicy and
abundance of terrestrial verebrates and in-
vertebraces across all taxa, although thinning
intensity and the type of thinning may influ-
ence the magnitude of response (Verschuyl
et al, 2011). Swudies that document biodi-
versity response to harvest of coarse woody
debris and/or standing snags report substan-
tially and consistenily lower diversity and
abundance of cavity- and open-nesting birds
and reduced invertebrate biomass in reac-
ments with lower amounts of downed coarse
woody debris and/or standing snags (Riffcll
ctal. 2011). Effects of harvesting coarse and
particularly fine woody debris on other taxa
do not appear to be great, although there
have been few studies of these practices (Rif-
fell ceal. 2011). Wich scientific support lack-
ing for significant project level impacis, har-
vesting guideline provisions should allow
managers the flexibility to wilor prescriptions
w site conditions and limiting factors and pro-
mote analysis of the impacts across a scale that
includes numerous ownerships and projects.

Genetic Improvement and
Woody Crops

Genetic tree improvement programs have
focused on improving phenotypic characieris-
tics, predominaniy to increase volume for
umber production. Today, mostly private
companies are investing in poplar and willow
to increase feedstocks through advanced ge-
netics in tree selection. Mass control polli-
nated and varictal pine seedlings that exhibit
genetic gains are now available (Dougheny
2007).

Poplar breeders in the United States
have focused on increasing adapuability,
growth rates, and pest and stress resistance.
Significant increases have been achieyed
through wraditional selection and breeding
along with intensified cultural praciices. Ef-
ficiencies have atso been gained in harvesting
and handling. Opportunities for manipulat-
ing feedstock quality have long been recog-
nized but have gone largely unrealized be-
cause of uncertainties over which traits o
modify for what process and because of
some social resistance o genetic modifica-
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tion of trees. Quality changes can affect 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).

Short-rotation woody crops, such as
shrub willow, hybrid poplar, southern pine,
and eucalyptus, have the potential w0 increase
biomass feedstocks, but large-scale production
ol these crops has yet o occur (Volk et al. in
press). Hybrid poplars grown in the Midwest,
South, and Pacific Northwest under intensive
silviculture can provide biomass for energy as
well as sawlogs, vencer logs, and fiber for the
pulp and paper industry (Volk et al. in press).
Coppice systems are still under development,
but yields from commercial plamations range
from 9 to 10 oven-dry tonnes (odi)/ha per year
in the Midwest to 18 odu/ha per year in the
Pacific Northwest (Netzer et al. 2002). With
additional rescarch, including breeding and
genetic advances, sustainable yields of 16,
24, and 36 odi/ha per ycar are possible in the
Midwest, South, and Pacific Northwest, re-
spectively (Volk ctal. in press).

Pinc and cucalyptus grown in the South
also have the potential 1o supply biomass as
well as sawlogs and fiber. Loblolly pine’s
widespread cultivation and high growth
rates make it a likely candidate for shor-
rotation culture (Dickmann 2006), but ex-
tensive development is required. Eucalyprus
has been called an ideal species for biofuels
and bivenergy (Volk e al. in press), and in
the South, it can be produced and delivered
at a cost competitive with grasses and other
hardwoods. Under the right growing condi-
tions, it can produce more than 29 odv/ha per
year for either biomass feedstock or ethanol
(Gonzalez et al. 2009, 2010, 201 1a, 201 1b).

Economics

Traditional forest products such as saw-
timber and pulpwood are more or less com-
plementary uses, because pulpwood can be
managed 10 become sawtimbes. Forest bio-
mass, at least for energy generadon, can
come from pulpwood-size trees, which are
casily substituted: established markets,
silvicultural systems, and harvesting and
logistics supply chains already exist. Al-
though traditional pulpwood harvesting
can accommodate small woody biomass
and forest residue collection, chere is a
point at which production cfficiency sui-
fers (Westbrook et al. 2007). Price 1o the
landowner will invariably be a determin-
ing factor of end use. The traditional for-
est products industry, particularly the pulp
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and paper sector, has already seen price
competition for pulpwood to be turned into
pellers (Greene etal. 2010).

Government Policy

The Biomass Research and Develop-
ment Act of 2000 authorized an interagency
board (representing USDA, Department of
Energy, Deparcment of the Interior, and the
Environmental Prowciion Agency) o pro-
mote development of biofuels in the United
States. The Board recently issued an eighe-
point strategic plan focused on this goal.
Agency coordination was recognized as
important given often conflicing agency
initiatives and guidance from Congress. For
instance, the Energy Policy Act of 2005 dis-
allowed the use of federal woody biomass
for the renewable energy credic. In concrast,
Section 203 of the Healthy Forests Restora-
tion Act of 2003 (PL 108-148, codified at 16
US Code Section 6531) provided authority
for the Biomass Commercial Utilization
Grants Program, which emphasizes the use
of woody biomass especially from wildfire-
alfecred areas in the wildland—urban in-
terface. The Food, Conservation, and En-
ergy Act ol 2008 (PL. 110-234; Farm Bill
2008), under Title IX, Section 9011-9013,
promotes the use of woody biomass for re-
scarch and development of biofuels, wood-
1o-energy programs [or states and local com-
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munitics, and includes the Biomass Crop
Assistance Program (BCAP),

Dillering and often conflicting defini-
wions of renewable biomass in current federal
energy policies hinders policy implementa-
tion and the development of biomass mar-
kets, A universal definition of renewable
biomass that includes renewable, sustainable
Jorest biomass—and does not confound this
definition by auempting to address other
policy goals—would promote the develop-
ment of sustainable energy and environmen-
tal policics on appropriate lands.

A further problem is that palicies de-
signed to promote the use of forese biomass
energy have focused on development of
teansportation fuels despite public concerns
about this dircction. As Caputo (2009) de-
scribes the situation:

... fedemal incentives have largely focused

on the production of renewable imnspona-

tion fuels and co-preducts. Inpu from

stakeholders indicates thar futuse policies

should focus on improving losest sustain-
ability. increasing research capabilivies. and
improving the economics of biomass uiili-
zation. Additjonally, many feel thar the
production of heav and power should he
given similar attention 1o the production of

liguid wansponation fucls as an imporant
use for woody biomass.

Landowner Preferences
The availabitity of biomass feedstocks
will also depend on landowner preferences,
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which vary based on the type of owner-
ship. Numerous studies have documented
that for nonindustrial private forest land-
owners, harvesting is olten a secondary objec-
tive (c.g., Buder 2008). Even industrial and
those nonindustrial private forest landowners
interested in harvesting forest biomass are of-
ten relucant to engage in the long-term con-
tracts necessary 10 participate in forest carbon
offset projects.

Nonindustrial forese landowners who
seek maximum revenue, may plane shore-
rotation woody crops, such as hybrid popu-
lar or willow, in response 1o the incentives
created by BCAP. For example, Gan et al.
(in press) found thac withour financial in-
centives and 1echnical assistance, fewer than
6% of landowners would be willing to thin
foresi stands for energy production even if it
reduced fire hazard, but with government
cost sharing and technical assistance for
growing biomass, two-thirds of tmberland
landowners would consider producing bio-
mass {or bioenergy purposcs. The most rea-
sonable expectation about biomass produc-
tion by private landowners is that they will
be guided by economic reality and sustain-
ability. High wransaction costs can prevent
interested nonindustrial landowners with
small acreage from participating in biomass
projecis. .



section 5

Wood-Fossil Fuel Substitution Effects

hen trees are harvested, carbon
is removed from the forest. Teis
tempting to conclude that forest
h1rvesung should be avoided 1o reduce car-
bon emissions and maximize carbon storage.
However, carelul consideration of carbon
flows reveals that conversion of woad to use-
ful products can significantly reduce overall
societal carbon emissions. Major consider-
ations are the low carbon emissions associ-
ated with wood products manufacture, car-
bon storage in long-lasting wood products,
avoided emissions that result when wood s
used in place of energy-intensive materials
and produas, and the efficient use of wood
residues for energy.

To arrive at a cogent picture of the for-
est sector’s overall effects on atmospheric
carbon, we need 10 understand the material
and energy flows as inputs and outputs
within  well-defined  system  boundaries.
Analysis using auributional life-cycle assess-
ment (LCA) methods that measure inputs
and outputs within a system boundary ex-
plains the interactions at that scale. We then
need to integrate these effects across system
boundaries (o see how substitution of har-
vested wood products for fossil fuels and fos-
sil fuel-intensive products can offset the
flow of carbon dioxide from fossil fuel re-
serves to the atmosphere.

Product Flows of Harvested
Wood

Carbon makes up a considerable pro-
portion of wood volume, amounting to
about 50% of the moisture-free weight.
Within forests, significant quantitics of car-
bon are stored {or sequestered) in the twigs,
branches, boles, and roots of trees. Addi-
tional carbon is stored in forest livter and
forest soils. In 2005-2009, some 2425 bil-
lion tonnes of carbon was stored in standing
wrees, forest liteer, and other woody debris in
US TJorests, and another 20-21 billion
tonnes was in forest soils and roots (US Ln-
vironmental Protection  Agency  [EPA]
2010). Carbon is also found within har-
vested wood products. The carbon in wood

products in use and in landfills during
2005-2007 was estimated a1 2.3-2.4 billion
tonnes— equivalent to 5.2-5.7% of forest
carbon pools.

Carbon was sequestered in US (orests
during 2005-2007 at a rate of 192 million
tonnes/ycar. The annual rate of carbon ac-
cumulation within wood products in use
and in landfills was estimated at about
28-29 million onnes—14.8% of the rate of
sequestration within [orests and 22-23% of
the annual additions to nonsoil forest car-
bon stocks (US EPA 2010). Rates of accu-
mulation in harvested wood products were
notably lower in 2008 -2010 because of the
sharp decrease in overall economic activity
and home construction.

Much of the carbon in wood products
resides in the nation’s housing, as well as in
commercial, industrial, public, and other
structures. Wood-ramed buildings make up
about 90% of homes in the United States,
and in all homes, whether wood Iramed or
not, wood lurniwure, cabinets, flooring, and
trim are dominant.

Emissions from Wood Producis
Manufacture

The carbon dioxide that is removed
from the air as a tree grows is combined with
water and converted 10 simple sugars within
the leaves, conveyed downward through
the branches and bole in the form of sap,
and then converted into complex polymers
that combine o form an intricately struc-
ured polymeric material thae has a higher
strength-to-weight  ratio  than  structural
steel. That this nawral process uses freely
available solar encrgy largely explains why
the encergy embodied in wood products is
lower than for any other construction mate-
rial (Glover ¢t al. 2002, Perez-Garcia et al.
20035, Gustavsson and Sathre 2006, Lippke
etal. 2010). “Embodied energy” refers to the
quantity of energy required by all the aciiv-
ities associaied with a production process,
including gathering, transporting, and pri-
mary processing of raw materials. Lumber,
in particular, requires litde energy to pro-
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duce, because only minimal processing is
needed 1o convert the nawrally produced
wood to desired shapes (Milowa et al. 2005,
Pucumann et al. 2010). Wood products,
such as furniture, require more steps in pro-
cessing and therefore more cnergy {¢.g., Pu-
eumann and Wilson 2005, Wilson 2010)
but still significandly less encrgy than non-
wood materials (Lippke et al. 2010).

Not only does production of lumber
and woad products require reladively lictle
additional energy beyond the solar energy
used in tree growth and wood production,
but very litde of that additional cnergy
comes from fossil fuels. In the United States
in 2008, renewable energy produced from
tree bark, sawdust, manufaciuring and har-
vest residuals, and byproducts of pulping in
papermaking processes provided 65% of the
energy used in manulacturing paper prod-
ucts and more than 73% of the energy used
in manufacturing wood products (American
Forest and Paper Association 2010). [n the

samc year, the weod and paper industries of

the United States accounted for 94% of the
manufacturing sector’s derived renewable
fuel usc, and they generated 37% ol the towal
energy produced by cogeneration-capable
systems within all manufacturing sectors.

Because wood is produced using solar
energy, the manufacture of lumber and
other wood products requires little addi-
tonal energy. Morcover, only one-quarter
to one-third of the energy consumed is fossil
energy. The result is that towal emissions
from wood products manufacture, includ-
ing emissions of carbon dioxide, are yypically
lower than for potential wood substitutes on
a weight or mass basis (Table 5-1). For ex-
ample, carbon emissions for the manufac-
wre of a tonne of lumber are markedly less
than for a tonne of steel, plastic, or alumi-
num.

Product Substitution

For every use of wood there are substi-
wates: wood studs can be replaced by stecl
studs, wood joists by steel [-joists, wood
walls by concrete walls, wood [loors by con-
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Table 5-1. Net carbon emissions in
monvfacture per tonnes.
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crete stab floars, and bofuel by fossil fuel.
[xery praduct use has jes own Hife-cyele car-
bon foopeine (Perez-Garcia e al. 2009,
Lippke and Fdmonds 20091 Using life-
cvele nvencory (1LCEs), which include (he
carbon stored i wond as welf ag the process-
g emissions 1o Harvest, transport. and
make the product. one can compare the nel
wirhan consequences o) substitudng one
product lor aneiher,

Life-cvcle amalyses have shown morked
diflerenees in ciergy requirements and cae-
bon emivions associaed  widh diflerem
bwlding materials and he siraciures made
from them (Glover o al. 2002, Guscavsson
and Sathre 2006. 2011, Penv2-Garciatar al,
2005, Bachanon 2007, Gerilla ccal. 2007,
Salazar and Meil 2009, Lipplke o al. 2010).
Casaparisuns of structures having comnpa
ble heating and couling requirements show
(hat wood produas snd structures reqguice
the feast energy o produce and conse-
quentdy have the lowest preenbouse gas
(GHG) emisvions profife. Thus. subsin-
ing wood Jor more encrey-iniensive, non-

renewable materials produces a substantial
net reduction ia carban emissions, called 1he
) Slll\,\‘lilution ofleet. In .‘)d(liliun, waad stores
carbosi foe the uselul life ol the produgey, en-
hancing the henchits of vwoad setative 10
ather buoilding maerials.,
The comparisons in Table
wong of pmducn More approprie come-
parisons, which reflect the functiosns that

A0 per

producy perdurm, bave baen piade beowzen
wood and vonwood assemblics for sealls,
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Figure 5-1. Pracess emissions less corbon stored in floor structure components and

" ossemblies. Notes: EWP = engineered wood product, OSB = oriented-slrond boord,

Dim = dimension lumber. (Source: Adapled from Lippke ord Edmonds (2009).)

flonrs. and <heahing. Wood Tires well in
wsuch comparisons because of s high
strengah reldve w weighe, is low embaodied
encrpy. nd cathon scored in the producr -
sell. Lippke and Fdmonds {2009) show (he
welagve process emissions and swred earboe
per fancdanal unic oe woad and nomwood
produces (Figare S-1). In Figure 5-1 the ver-
tval zero line 3 where precess eniissians

equal carhan stored. A componens (bl

b} orassemibhy Geecen barsy to the righe of

the zero line prodoces more ensissions thon
sestares, and one 1o the felt ol the line sinres
maore catbon than icukes o produce (e is
acarbon sinkyas longas the produer iemains
it use. Longer useful lile, reeyeling, and ec-
use extend the period of his oflsce. Similar
chans tor wall yeemblics (noc shown) show
the same paterns, with wood products sior-
ingnare carhon than iy ciniued 1|ur‘|u:.;1|u:;1
harcest and manafscring,.

Another study compared wood and
sceel houses built (o AMinneapolis code saan
dards and waod and concrewe houses bisth 1o
Adana code sundards (Ml e al. 205
The two designs shared muny of the samy
strucioral assemblies (e, Toondnion foor-
mgs and bascmemt block wall, pport
beams and jack posai. and voof). and theie-
fore dhe difterences in the environmenual of
levts can be traced o dheir respective walt
aad loor aysemblies. For the Minneapolis
house, the steel design was Tonnd w embady
66Y% more eneriy (neasuied in megajoules
per square ot o) assembly and generaed
49% more global warming potential han
the wood design. Facusiog on only dhe

(sppiement)

assembly groups alfecied by changes in
marenal use {i.e . walls, Noors. aud rools)
revealed more pronounced  differences,
For instance, compared with the wood de-
sign, the acecl design’s floors and rood veere
found 1o embody 2957 more ciergy and
produce a corresponding increase i globul
warming potentisl, In che Ailana compari-
son. increases in enibodied cnerpy and
global warming potansial were determined
w be 4% and 63% higher for concrete
construction than for wood honses, re-
specnively. Camparisons of building cam-
poucnes made wospeciicd codes asing
wood, steel and conerere oprinns how that
woad designs produce noc only the lowes:
wlobal veayming powendial, bue alo provide
che lowest amissions @ air and waer. (See.
lor example, ahie 3-1, Nalmishebnes eual.
2008). Only b the wlid waste cacestory does
wood fare worse than sweel, a2 resubi than
arises becamnse sieed s precut and wood i cut
o site dwriny construction (1 {ppke and Fd-
monds 2006). Yuriher examination of Tossil
Jued consumpiion and associaed carbon
cmissions, linked o constraction ol entire
structares, reveals thac dillaences in global
wanning potendal for the various de<ians
are an nearly direet propordon o dhe differ-
ences in fossil loel consamption (Tables 322
and 3-3).

An analysis ol carbon starage and
avoided emissions Tor wood versus stedd
construciion in a large wood scruciure also
Uloaees the carbon-relued advantages ol
wood {Fable 3 -8, The complewed stroenere,
in Avakeim, California, comprises five sio-



Toble 5-2. Consumption of fossil fvels
assccioted with exterior wall designs in
worm climale home.
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ries of wood Jrame construction aver a con
creee parking garage and firse level and -
cudes 237 luxury aparumemt unis avd
13,000 107 (1,208 m7) ol seiail opace. | le
sricture incorparates $,.201 w of woud,
with resulting fonp-term storage ol 3,970
wnnes of equivalent carbon (CO el with
wyice thae level ol awoided GG emnsions
resulting from scelection of wood rmber than
traditional steel construcuion.

The cllecr ol substitmion ona per hece
are basi s illustrared in Figure S22, which
compares substitution ol wood Tor concreie
in construction angd its carbon implications
aver 3 umeline of wwo rotations ol a forest
initially planted on bare land. Carbon stored
in products (lesignated as “producs cir
bon") is significamt relative w the carbon
stored e the live- and dead-ree biomass
(designared as “forest carhon ™). Forther-
more, well before the end ol two rotations,
overall sequestration of carbon (forest car-
bon plus produces carbon plus substitodon
carbon) lar execeds carbon sequetntion in
an unmanagzed lorest (e, o losesc managed
without imber extraction, shown as the dot-
1ed Hine designated iy “no-harvesc carbon ™).
he figure includes the carbon emissions as-

sociated with generation of bioenergy rom
shor-lived pradoce pools, taking inw ac-
comnt that the efficieney ol the conversion of
wood 1o energ i< lower dhan lor gas- or coal-
lired boilers. A net henelic in this case ap-
pears about 30 years afier ssand establish-
ment, with benehis incicasing aver ume.
The nuanapad and no-hamvest forest scenar-
ios both use growth trends in Douglas-lir, a

species that is knows o mamin growil

Toble 5-3. Consumption of fossil fuels
associated with floor designs lexcluding
insololion).
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well into advanced years (Curtis and Nar

shall 1993). Other species with growth rates
that peak sooner show cven larger difler-
eners inthe relaive carbon sequestiacion be-
tween managed and unmanapged  Toresis.
These trajectorics show the relative carban
conseyuences assuming a change in nanage-
ment intent at the point when the fivse thin-
ming was implememed. In pracice, 3 no-
harvest [orest scenario would more ofien
1than not have a lower lorest prawih irjec-
tary becanse the investment in regenerating
the forest from bare land would not have
accursed without the expectation ula retora
on the investmentin lawr vears.

As the caamples illustiaie, substitution
walues vary with the wood product vy assenm-
bly in question and s alwemadive. Sachie
and O Conpor (2000 conducted a meaa-
analvsis o estimoe averige subsinnion
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Table 5-4. Carbon storage and evoided
emissions from wood versus steel
commercial/residential complex.
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rates for common building products. They
arrived at a2 value ol 2.1 1onnes of carbon
displaced per 1wnne of weod carbon used.
This is a more general characerization of
substivution across alt wood uses chan the
specihc examples shown in Figores $-1 and
S-2 and Tables 5-3 and S-4.

End-of-Life Considerations

Bascd on census data, the hal-life ol the
US housing stoch is approximately 80 years
UI'able 5-5; Winistaeler et al. 2005) Firse-
order decay luncions have olien been used
 vstimate losses of wood in use over time
fe.r Intergovernment Panel on Climae
Change [IPCC] 200751 buw they pgready
overestimace caily losses beaause they as-

sume the highesvdecay (loss) rae when there
is the most stock. widh a declining rne there-
alier. Because houses are mrely demolished
in their first 10 vears, fivseondes decay hine

B R T SRR S

Time: (years)

figure 5-2. Carbon (tonnes per hectore) stored in forests (designosed os “forest cacoon”) in
products [designated as “producls carbon”}, and retained in the fithosphere because of
subsiitution for concrete ond fossil fuel energy (designoted os “substitution carbon”),
compared with cacbon stored in on unmanoged forest (dotred line designated os “no-
harvest corbon”), per heciore of forest. Notes: Douglas-fir forest, 80-year rotation, with
intermediote thinnings of yeors 30 and 40; porhon of wood harvested ot rotation age used
for long-lived construction products; dotted line indicoles unmenaged foresk. (Sources:

Perez-Garcio et ol. (2005], Wilson (2006}.)
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Table 5-5. Projected half-lives for end uses
of wood.

Table 5-6. Fate of material in solid waste
disposal sites.

Hall-life
Use (vr)
Single-family home (1920 and before) 78.0
Single-family home (1921--1939) 78.8
Single-family home (1939-) 85.0°

Multifamily home (as fraction of half-life 52.3"
tor single-family home)

Housing alteration and repair (as fraction 257
of half-life for single-family home)

All other uses tor solidwood products 38.0

Paper 253

“ Based on half-life increase per 20 v for post-1939 periad.

* Based on halfdife of nntltifamily home char is 0.0 of single-
family hane.

* Based an halflife of repair and rentadel chat is 0,30 of single -
faniily home.

Source: Based on Skog {2008).

tions fail 1o caprure the carbon storage po-
tential of long-lived marerials. An alternative
approach has been proposed by Marland et
al. (2010), who applied gamma functions 10
distributed product pools so that short-lived
products, such as paper, decay quickly but
long-lived praducts, such as oriented strand-
board and lumber, decay more slowly. Re-
linement of the parameters used by Marland
etal. (2010) to reflect actual decay rates on a
regional, national, or wood basket basis is
needed, but the funciional form improves
on previous estimates of decay rates.

The collection efficiencies of landfilling
have carbon storage implications (Skog
2008). Of the wood products that enter
solid waste disposal sites, more than three-
quarters of the carbon in solid wood and
almost one-half of the carbon in paper is
never released to the aumosphere (Table
5-6). The carbon that is released during de-
cay takes many years to reach the armo-
sphere. For example, the 23% of the solid
wood that does decay has a half-life of 29
years. Skog (2008) found that when paper is
landfilled, the nonlignin component (56%)
decays, leaving the lignin component (44%)
as a long-term store in the landfill (Table
5-6). This nondegradable fraction varies by
grade, from approximatcly 10% lor
bleached chemical pulp fibers 1o 85% for
mechanical pulp fibers (US EPA 2006).

Methane cmissions Irom wood degra-

dation in a landfill can oflser any benefits of

carbon stored chere. Heath et al. (2010)
found thae with current landfill design and
operating practices, US landfills appear o be
a net long-term sink for carbon in wood
products but a long-term source of GHG
emissions from paper products, particularly
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Half-life
I'raction of
permanendy Fraction decaying
sequestered that decays  portion
Solid wood 77% 23% 29.0 ve
Paper 4% 56% 14.5 yr

Source: Based on Skog (2008).

paper that contains a large fraction of carbon
thac is degradable under anaerobic condi-
tions. This suggests that incentives should be
high to reuse paper and wood, recydle it, or
burn it to recover its heating value, and thar
tandfills should be managed o recapuure the
energy value of methane emissions. Collec-
tion systems are evolving rapidly. For exam-
ple, US EPA (2007b) reported that the re-
covery or oxidization of methane increased
Irom 20 t0 50% between 1990 and 2006.
Methane captuse from landfills is one of the
most cost-eflective investments for aumo-
spheric GHG reduction because of the dual
benefit scream of reducing methane release
(methane has 25 dmes the global warming
potendial of CO,; Forster et al. 2007) and
converting the methane into usable encrgy
that oflscts fossil fuel emissions.

Wood Energy

The US Deparument of Energy (DOL)
estimates thatin 2009, about 8% (7.75 quad-
rillion Buu) of the energy consumed in the
United States came from renewable sources
{excluding ethanol; US DOE 2010). For
2004-2008, about 30% (2.1 quadrillion
Btu) of this renewable energy was supplied
from woody biomass, equivalent 10 abouw
2% of annual energy consumption from all
sources and the largest source of renewable
energy after hydropower (US DOE 2009).
Renewable energy consumption (excluding
cthanol) is projected 1o increase 1o 8.4 quad-
rillion Beu by 2015 and to 9.7 quadrillion
Rtu by 2030. Assuming the current share of
renewable energy coming from woody bio-
mass remains static, woody biomass would
be the source of about 2.5 quadkillion Biu of
energy in 2015 and 2.9 quadrillion B of
energy in 2030, Ac present, wood energy
consumption requires about 111 million
oven-dry tonnes (odt) of woody material
annually (assuming 17.2 million Buw/odt of
woed). Under DOFE’s reference projection,
approximately 132 million odt of wood will
be used for energy in 2015 and 152 million
odt will be used in 2030 (White 2010).
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Using biomass instead of fossil fuels for
meeting encrgy needs has several advan-
tages. Specific benefits depend on the source
of the wood (and its alternative fate if not
used for energy) and the intended use. Ben-
cfies can include reduction of GHG emis-
sions (particularly CO,) and other air pol-
lutants, energy cost savings, local cconomic
developmen, reduction in waste sent to
land(ills, and the sccurity of a domestic fuel
supply. In comparison with other renewable
energy sources, such as wind and solar
power, biomass is more {lexible (c.g., can
generate both power and heat) and reliable,
because it is a nonintermittent energy source
whereas the aliernatives rely on the weather.

In the United Suates, the potendial role
of forest bioenergy is readily accepted by pri-
vate parties in regions where relatively low
value pulp is the major output (Galik e al.
2009a). It is more controversial in the con-
text of public forests. As in Europe, the pur-
suit of aggressive bioenergy targets in the
United States could affect wraditional users
of industrial roundwood, especially pulp
producers in the southeast region of the
country (Abt et al. 2010), but in other arcas
of the country it could create opportunitics
for synergy. Increasing the use of managed
forests for biomass could enhance forest
resiliency and productivity without using
scarce high-quality agriculwral land or irri-
gation water,

Heat and Power (Combustion
and Gasification)

Of the 9,709 megawaus (MW) of bio-
mass electric capacity in the United States in
2004, about 5,891 MW (61%) was gener-
ated from wood and wood wastes. Another
3,319 MW of generating capacity was from
municipal solid waste and landfill gas, and
499 MW of capacity was auribuuable to
other biomass, such as agricultural residues,
sludge, and anacrobic digester gas (US EPA
2007a).

Much of the biomass used for energy,
especially the biomass burned in pulp mills,
is burned in combined heat and power
(CHP) systems. CHP is not a single technol-
ogy but an inwegrated energy system that can
be modified depending on the needs of the
cenergy end user. The hallmark of all well-
designed CHP systems is an increase in the
efficiency of fuel use. By using waste heat
recovery technology o capuure a signifi-
cant proportion of heat created as a byprod-
uct in electricity generation, CHP typically
achieves total systcem efficiencies of 60— 80%



for producing electricity and thermal en-
ergy. These efficiency gains improve the eco-
nomics of using biomass fucls, as well as pro-
duce other environmental benefits. More
than 60% of all biomass-powered electricity
generation in the United States is in the
form of CHP (US EPA 2007a).

Energy Balance and Benefits of
Biomass Energy

A small amount of fossil fuel is used to
produce bioenergy—approximatcly 1 U of
fossil [uel for every 25-50 U of biocnergy
(Borjesson 1996, Boman and Turnbull
1997, Mcl.aughlin and Walsh 1998, Mat-
thews and Mortimer 2000, Malkki and
Virtanen 2003, Matthews and Robertson
2005). Biofuels (transporation fuels) typi-
cally require more input energy, so the en-
ergy balance for producing biofucls is less
favorable, as well as more variable—approx-
imately 1 U of fossil energy for every 4-5 U
of bioenergy (Gustavsson et al. 1995). Net
carbon emissions from generation of a unit
of elcetricity from bioenergy can be 10-
30+ times lower than emissions Irom fossil-
based electricity generation, depending on
-the systems and [uel wpes being compared
(Boman and Turnbull 1997, Matthews and
Mortimer 2000, Spath and Mann 2000,
Mann and Spath 2001, Mauhews and Rob-
ertson 20053, Cherubini ct al. 2009).

Although energy self-sufficicncy is one

reason for pursuing the development of

woody biomass-to-energy inidatives (En-
crgy Independence and Sceurity Act 2007),
there are other reasons to use woody biomass
as an energy source. In the Wese, wildfire
risk is high and increasing, and removing
excess biomass to reduce risks is desirable in
many cases. Reducing fire risk while main-
tining other forest values often entails re-
moving low-value matetial 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 of action is low.
Wildfire emissions are equal to 5% ol
total GIIG emissions in the continencal
United States (Wiedinmyer et al. 2006).
Avoiding wildfire emissions by thinning sus-
ceptible forests and using the harvested ma-
terial as a woody biomass feedstock is a po-
tentially valuable side benefie thac is often
ignored in the assessment of the carbon con-
sequences of bioenergy. Oneil and Lippke
(2010) calculated the GHG forcing per
onne ol biomass burned during wildfires
using default emission and consumption

values from Wiedinmyer et al. (2000) o
compare the implications of thinning to re-
duce fire risk versus stand-replacing wild-
fires. Because open burning generates meth-
anc and nitrous oxides, two potent GHGs,
burning a tonne of biomass in a wildfire gen-
erates more emissions in CO ¢ than the car-
bon content of the wood burned. Burning
the same wood under controlled conditions
in a boiler reduces non-CO y emissions by up
10 98% while generating energy. The substi-
tution of woody biomass for fossil fuel en-
crgy provides a GHG offset because the fos-
si fuel remains underground and the flow of
fossil carbon to the atmosphere is reduced.

Thus, harvesting woody biomass 1o re-
duce wildfire risk, damage, and, uliimately,
emissions delivers an addidonal atmo-
spheric benefit beyond the substitution of
fossil fuel (Mason ct al. 2006, Hurtcau ctal.
2008, Stephens et al. 2009, Reinharde and
Holsinger 2010). That additional benefic is
constrained, however, by the number of
treatments and their spatial extenc: limited
treatments may not be sufficient ar the land-
scape scale (Reinhardt and Holsinger 2010).
The effectiveness of the benefit is also con-
strained by the ecology of the forests in ques-
tion. For example, in a detailed analysis of
fire risk reduction treatments for Pacific
Northwest coastal western hemlock-Doug-
las-fir and wostern hemlock-sitka spruce
forests with 500-year fire return intervals,
Mitchell ev al. (2009) found that che treat-
‘ments would be ineffective at reducing car-
bon dioxide e¢missions and that leaving the
forests untreated would be a beteer option.
This resule is not unexpected in a region
where fire is rare and fire risk reduction treat-
ments are highly unlikely.

Energy Subsfitution

The substitution effect noted in con-
junction with production and use of wood
products rather than metals, plastics, or con-
crete also applies to use of wood in produc-
tion of energy. Using wood o produce elec-
tricity, heat, liquid fuels, or other forms of
cenergy avoids che flow of fossil carbon to the
aumosphere, provided that energy oflsets the
use of fossil [ucls. Although a CO, molecule
is a CO, molecule, regardless of source,
crediting biofuel use as a fossil fuel offset
recognizes the reduction of the flow of fossil
carbon.  Consistent  carbon  accounting
counts the emissions and wakes credit for the
offset value (i.c., the amount of fossil fuel
carbon that was not emitted, net of the fossil
fuel used to produce the biomass energy).
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Current protocols and policies generally do
not allow this credit (see Section 6).

Potential biofuel feedstock that burns
ordecays in the woods is a netdecrease in the
carbon stock—the equivalent of an emis-
sion. The loss of carbon from the forest is
already accounted for in the forest carbon
stock change, but care must be taken when
extrapolating the results from a single stand
1o a wider context (Figure 5-3). For a single
stand under sustainable management, the
forest carbon cycles around some average
value that is condngent on inherentsite pro-
duaiivity, rotation age, and species mix, and
there is a time interval between uptake and
release of carbon (Figure 5-3a). However, no
processing facility relies on a single stand o
provide feedstack, so extrapolating the time-
dependent dimension of a single stand anal-
ysis to the emissions profile of a facilivy is
inappropriace and leads to incorrect conclu-
sions (O’Laughlin 2010).

A more correa characierization of the
effects of harvesting biofuel uses a landscape-
level analysis to determine whether the har-
vest needed o sustain processing facilitics
within an economic haul distance increases
or decreases average carbon stores on the
land. I harvesting resulis in a stable average
of carbon across the towal forest through
ume (Figure 5-3b), the forest iself is car-
han-cycle neutral. If forest carbon stocks are
unaffected by the choice between forest bio-
mass and fossil fucls, the products removed
from the forest provide a carbon benefit to
the acmosphere equal 1o the avoided emis-
sions from fossil fucls less any fossil energy it
ook to produce energy from the biomass
feedstock. To meet this condition, it is nec-
essary to ensure that harvests and morality
do not exceed net growth across the lorest
and that soil conditions and carbon seques-
tration potential are maintained.

An analysis using publicly available data
from the US LCI dawabase (National Re-
newable Energy Lab 2011) and the EPA
TRACI Impact method found that the
global warming poteniial for a cradle-o-
grave analysis was greater for coal than for
woody biomass (Figure 5-4; Lippke ct al.
2011). The comparison in Figure 5-4 is for
the cleanest coal type (bituminous); other
coal types produce more ¢missions and
therefore produce an even larger differential
between the fuel types. Results show thac if
the uptake of CO, in the forest is ignored,
disregarding the fundamencal difference be-
tween renewable and nonrenewable fuels,
emissions from using biomass as a [eedstock
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& Forest Carbon Pools - A Single Hectare under Sustainable
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figure 5-3. Forest corbon under susioinoble monogement, by (a) single hectare ond (b)

landscape. (Source: Oneil et al. 2011

are 82% ol conl-fired ¢cmissions jwr mepa-
poule of electriciey produced. 1f biomass is
considerd a renewable resovree such dha
emissions repsesenc prior npake, buming
hiomass 1o aenerate deatricity produces 4%
aof the emissions of a coaf-fired pawer planc.

The net hiomass bar in Figure 54 as-
sumies thad the biomass was produced inan
areawhere foresc carbon stocks remima stable
over the long wrm. Sonie assume that hae-
vesting causes 2 reduciion in forest carbon
stoclis, and particularly so)) carbon, reladive
o g seenario where die biomass s et esed
Jor enerey. creating a carbon debi that ntost
be overcome heture the forest bsormass-
based  svstem yiclds  mer henefus (e,
Schlamadinger cual. 1993, Searchinger et al.
2008, Such thinking is based on initia
tion ol measuremestt and comparison e he
poinc of harvest.

Whether and how bionuss is included
i emissions accounting alices policies aimed
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o reducing. overall GHG emissions, Ac-
counung should (1) accuracdy characierize
aowspheric consequences of reducing the
flow ol Tossil Fael esnissions by using biotucls
and {3 oveasuse the effeas on e (oresiland
base in erms of prowing siock and soil car-
bon. The assumpions amd baundaries T
amlyzing (he GHG enmissions of hioeneryy
are ¢ritical 10 he resulting canclugions and
musc he cleardy anderstood when stndies ave
vsed 10 Justily policies or regulnnons,

Determination of Carbon
Neufrality

Analyses of die heneflits of (urese haseed
prodhicts and sysions shoold wneorparac
spatial and «enporal baundaries apjsiopriace
tor forestry and Josescproduces. Fores¢ inan-
agement peacrices nuy be apphied an die -
dividuat siand or project levell bac wood

supply svstems involve lange arcos managed

Jeres el of Foreiry » Octaber November 2011 fanpploment)

lor IonL: periods of dme. Udng asingle viand
or project 1o modd 2 woad supply system
can seveedy distor sysiemwide sorcomes
(Laucier 2010).

Authe scale of o wood supply ara, sus-
ained-yield Toresery and susainable man-
agement systems keep growals and removals
in halance, and the toss of carbon Trom har-
vasis i any given year is cqal wy wains in
carhon clsewhere in the arca. The net change
in carbon scocks in all veare ic dhen seros e,
nceremovals of carbou from (he aumosphere
cqual the amount of earbon in wousd re-
moved from the forest. and che system s
carbon ncureal, Fhe variation in defininions
ol carbon neawral (Fable 3- 79, however, g
yots the need for ehaboration when usin
the term. '

Fven il Joresdand is mainined as for-
astland, devisvons [som cathan crele new
trality cao occur i boh dircenons. Clinnie
change, more Trequent oseer amd disease
oubreaks, exotic md/or invasive disiug-
GRTRTRG ngenis, Eulure to seganenat, and se-
vere wildfires than seduce soil productis ity
can afleee tong-term cartbun sorage poten
tial. Ensosing continued carbon benefit
from dhe Torest seccar requites maintaining
lone-rerm she producdivity. Given adequate
nivrogen supplics co maintain carbon stores
in dynamic equilibrinm, average forest 2ar-
bon sores can inceae concusient wiih
ceolvgial prowections, such s riparian buof-
(ers and habitac requisrerments, Incorporaning
mos ceolagical sustiaability criveris b

this forest management faamework doex

not affece a lores's carhon-cyele neawral-
iy, bur averall carbon bencdits will be un-
derestimaced i harvested wood products
and their subsdntion clleces are nou aken
into accoum. | Cl and V.CA wecar within
defined sysiem haundaries. Subsdmdion oc-
cors when once producc i replaced by an-

ather peoduce amd the comparinan s be-
wween dhe 1 CIs within each boundarny. An
exaniple would be the comnparison between
steel joises and engnieered 1-joists that aie
hncrianally cquivalent. There are also
displacement faciors when bisluel is used
iastead of ossid fuel for imanulicturing dya
vcems inside the system boondasy. The dis-
placement accis inside the systern bound-
ary of . partiealar product and Torms payyof
us LCL

Figure 525 imegrares barvesied wood
products and subsdwiden benefis for che
{rest management reginie in Figose 5-3% o
provide the Landscape coment. 10is based on
currenc patcerns o wouort ise from harvested
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Figure 5-4. Comparison of GHG emissions from eleciric power plants. (Source: Adopted
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Toble 5-7. Definitions of carbon neutrality.
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sites across a landseape dhat supporta visble
lurest industry. it does notisclude incecased
tecovery of forest residuals for bioencrgy use,
which would offset maore fogsil Tuel and in-
crease the slope of the graph. In Figure 5-5
the displacement is the amoun of carhon
benefit that accrues from using hiofucl in
place of nawral gas for drying of the long-
lived products produced in the !nland
Northwest, Dieplacement can be larger in
other regions where Tossil Jucls comprise a
areawer share of the enerpy used ta generace
clearricity or where more wood waste is used
lor energy. Tn this case from the Inland
Nordiwest, the analysis incorporates LUI
daveon mill drying and the high pereentage
ol nonlossil clecuricity generation in the re-
gian caused by extengive hydrodecie re-
sources. Note that the rowl emissions (in-
cluding biofiel emissions) resuliing from
praduciion of these producis shaws up s 9
nerative beaefis in Figore 5-5, depicting the
entissions assoctated with genesating the to-
al posidve carbon benehire shown in dhis fip-
wie. The displacemend facioy above the line
i the amount of equivalent lossil fuel emis-
siony that were avoided by iising biomass in
place ol nacural gas lor drying. The displace-
ment factor takes into account the dilferei-
tial in burning elhiciency between nawral gas
and hionass,

As this example shows, where forest op-
crations do not exceed the forest's abiliny to
regenerate, the gains from forest manape-
ment are seen in carbon pools and ol lsets
owside the forest, withow a decline in forest
cathon storipe. The Torese 1 carbon ¢yl
sicutral in s own right all producis re-
moved from itare additional carbon sinks as
long as they are in use, and 1he substitadion
benchits of using waod in plice of compara-
ble huilding products or energy sources also
accsue. fa change in fores vperations (e.g.,
shosier rotadons, high nuurad morealisy
withour salvaee, and reduced sincking b
cause ol chimawe shilis) causes a decline i
Jorest carbon storage, the slope of the graph
changes and (he Torest asell 5s no tonger
catbongycle neutnl NMainwining or cii-
bancing (orese productivies <o thaca contin
uons ow ol producis can come from 1he
foress provides the gicatest carbuon nvitiga
vion benefi

I'he orestis valy the irst der. Making
produas that displace Tossil fuel-inwensive
producis provides a camutative offset by re-
ducing fossil foel emissions and delivers the
Lirest carbon benefic (leiksson e al. 2007,
Lippke eval. 2010). Discussions aboue base-
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figure 5-5. Corbon trajectories under sustainable manogement of o forested landscape (os
shown in Figure 5-3b). (Source: Oneil and Lippke 2010.)

tines and additionatity are about who gets
the aredit. Likewise, discussions abou leak -
age are aboot where 1 eccars in the global
conomy. These corcepes ase relevant i the
markerplace bor rrelevane (o cinoe
hanye witgaton because i Jor example, 4
constrpetion company does not vse wood, i
will likely vse a competing, produa with «
hizher carhon Jourprine These market D -
tors are eaplored in Seetion 6.

Even where prov th o reoavals arein
tong-term balance, carbon stocks can tlocu-
ate across the waod supply arca. Althouwgb
ihe timivg of year-to-vear carbon Duves cin
affect the radiadve Torcing ol \be aomo-

534

spheric system. loensing on theswe auinsiend
comdinions iasiead of the lor term balance
heaveen growih and removals can lead 10
diflferent conclisions ahow the anas and
benefies of barvested  biomass and woad
|‘fll'.‘;ih.'l\,.

The cemporsl scale of an analysis can be

imporantin several other waye, especially s
i affeas biomass carbon accoundng The
til\l-:pcriml for accounting may be expanded
o include Hows of COL snee areee; C0

amtissions from decontposing bivnass b
Tarest: and eamissions awociated with estah-
hshing, growing, or ecucncraony the ot
Gncluding fand-use chanee and odee aesiv-

Joecl of Forectry = Ovctober/ November 2007 I\up'lh-nu-m)

wies thai alier lone-term average carbon

stocks]. The end point Tor the accounting

may exvend through the end o ife of the
praduct IWGld Resowrees Instivne/\Werld
Business Councit far Susaainable Develop-
ment 200 1)

Life-cvele sudivs olien combine i
flows ol GIHGs 10 and from the avmnsphere
into a amgle nuomber retlecdng the 1oial ef-
lects over o product’s lile eyde. Tt may be
imporant. however, w ondersand the tinm-
sz al cenyovals and emissians, particaasdy if
conpaning forese-based and subscituee prod-
uts of comparing aliermative uses for land,
Such comparisons may show shortenn
benelien awribuable o delayed harcesting,
bue over e, diese benelins diminish and
cveatnally cense as Jorests age and nawirad
cizissions approach uprake, The benefies as-
saciand with using, pradaces from forest-
i, often condnue

baced systems, howe
accomulne iSchlmadinger and  Marland
1996, Lippke coal. 2010, 20117, Fxiending
the pueriod ol analysis through maltiple rora-
Goms wan be crinical 10 undersianding the
shott terne ad Hong-rena implicinions of’
uang lorest-based producis,

Temporal considerations can also be
impocant when dizcovning s wed o re-
flcer the timie valie of emigions and redue -
vons thevasseur eval. 20105, Soch swadies
are the novanin the physical maodels used i
climare modeting but are reladvely ancanz-
nna in iteeyele studies and poticy-refared
warl



