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“The fuel of the future is going to come from apples, weeds, sawdust—almost anything.
There is fuel in every bit of vegetable matter that can be fermented.”
Henry Ford,
"Ford Predicts Fuel from Vegetation," New York Times, Sept. 20, 1925, p. 24.

"With all due deference for the dream chemists, armchair farmers and platform orators who
have touted alcohol-gasoline as the greatest of all fuels, oil industry technologists know and
automotive engineers know that it is not as satisfactory a fuel as straight gasoline of normal
quality."
Conger Reynolds,
"The Alcohol Gasoline Proposal," American Petroleum Institute Proceedings, 20th Annual Meeting,
Nov. 9, 1939.
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Executive Summary
At the request of the Washington State Legislature, a thorough investigation of the potential for utilization
of wood for renewable energy in Washington has been conducted by University of Washington scientists.
Summary findings and recommendations are presented below.

Key Study Findings:
¾

¾

¾

¾

Three fundamental imperatives compel changes in energy policy: Climate Change
Mitigation, Energy Independence, and Sustainability.
9

Washington is 100 percent reliant upon oil imported from other states or abroad. Petroleum
consumption for transportation accounts for half of all Washington greenhouse gas (GHG)
emissions. Washingtonians spent $9 billion on fuel imports in 2006.

9

Washington, with substantial hydro-electric and nuclear generation capacity, is a net power
exporter, has low electricity rates, and generates the cleanest electricity in the Nation. Unlike
the transportation sector, changes in electricity generation have comparatively limited potential
to reduce greenhouse emissions.

Where possible, development of renewable in-state sources of transportation fuel should be
the State’s highest energy priority.
9

Plant biomass is the only Washington renewable resource that can be converted to biofuels
for transportation, such as ethanol.

9

Wood is the dominant biomass resource in Washington; accounting for two-thirds of all
potentially available biomass.

Production of renewable biofuels in Washington will necessarily require wood as a primary
feedstock and efforts to reduce State greenhouse gas emissions must fully consider forests
and forest resources.
9

Forests play a unique role in climate change mitigation by absorbing CO2 through
photosynthesis, storing carbon in tree biomass and building products, offsetting use of
polluting building product alternatives, and by providing biomass for energy.

9

Thinning forests to avoid CO2 emissions from catastrophic wildfires while providing wood
resources for green building materials and renewable biofuels will deliver double greenhouse
gas emission reduction benefits while sustaining forest ecosystems. As example, in 2006,
greenhouse gas emissions from wildfires in Washington were greater than total emissions
from electricity generation.

9

The forest industry represents the State’s largest biomass collection system, is the largest
industrial provider of renewable energy, and has potential to significantly improve wood-toenergy recoveries and outputs.

Energy recovery of liquid fuels from wood biomass will require large integrated biorefinery
installations that must be able to secure resources for operations and markets for bioenergy
outputs.
9

Significant production of biofuels in Washington will be dependent upon regular collection of
millions of tons of wood biomass augmented, where possible, with recovered biomass from
cities and fields.

9

Federal policies, such as the Energy Independence and Security Act of 2007, restrict use of
wood biomass from National Forests for energy conversions undermining both biofuels
development and reduction of CO2 emissions from forest fires.

9

Where possible, co-location of biorefineries with pulp and paper mills represents the greatest
potential State opportunity to maximize energy recovery of liquid fuels, electricity, and process
steam from woody biomass resources. Co-location will bring reduced capital costs, access to
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needed infrastructure, synergies for integrated raw materials and product streams, and an
engaged corps of highly-skilled chemical engineers and union workers.
¾

¾

¾

Sustainable development of renewable energy alternatives to fossil fuels will require careful
planning, resource conservation, and committed policy supports.
9

Where biorefinery development is feasible, State policies must be designed to accommodate
considerable biomass deliveries.

9

Where biorefinery development is not feasible, secondary wood-to-energy priorities could
include co-fired generation, wood pellet manufacture, or institutional heating.

Washington State must have a cohesive strategy for renewable energy development to
meet its renewable energy and green house emission goals.
9

Washington does not have a Department of Energy or other organizational framework for
effective scientific participation in policy consideration of the interrelated topics of energy,
climate, and forest resources.

9

Criteria for comparisons of potential alternative energy and resource applications have not
been developed to inform energy policy priorities. As example, the implications of wood
biomass combustion for electricity verses chemical conversion to transportation fuels appear,
as of yet, to have not been considered in State energy policy.

9

The many public benefits of energy alternatives to fossil fuels are not readily captured by
consumer markets and, in lieu of integrated planning, are not adequately characterized in
State energy policy.

9

Current State energy policies, such as I-937, inadvertently favor small-scale and inefficient
conversions of biomass to electricity which fail to address energy independence, have poor
raw material-to-energy yields, and compromise biofuels development.

In absence of integrated planning and enduring commitment to change, opportunities for
wood to energy are compromised while combustion of imported fossil fuels and associated
green house gas emissions continue to increase.

Recommendations:
¾

¾

A lead State agency is needed to coordinate policy development for the interrelated topic
areas of climate change mitigation, energy independence, and sustainable management of
State natural resources.
9

An inter-disciplinary team of scientists from Washington’s universities should be assembled to
develop recommendations for realistic, effective, and implementable strategies for renewable
energy development and climate change mitigation.

9

Robust methodologies such as Life Cycle Assessments (LCA) and Net Energy Balance (NEB)
must be employed for energy alternative evaluations if comparative benefits are to be
understood.

Energy priorities need to be identified to inform development of a cohesive State energy
plan.
9

Policy mechanisms should be designed to capture the non-market values and avoided costs
of reduced reliance upon fossil energy.

9

An effectiveness comparison for Washington of a cap and trade program verses a carbon tax
or other climate policy option should be conducted once energy priorities are identified.

9

Policy supports must be developed to encourage investment in renewable energy and assure
viable markets for energy products.

iii

¾

Washington should pursue policies that support large-scale biofuels projects rather than
inefficient small-scale power projects.
9

A pilot project for an integrated biorefinery, located at a pulp and paper mill, should be
developed and implemented in Washington.

9

Washington policy makers should pursue regulatory changes that broaden rather than
constrain access to forest biomass resources.

9

Investments in thinning for forest health offer unique opportunities to combine ecosystem
protections with bioenergy development.

Washington Potential Biomass Resources
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Summary Narrative:
This analysis began as an investigation of barriers to woody biomass utilization for energy in Washington
but expanded quickly to become more comprehensive as our analysis revealed that perhaps a significant
barrier is a lack of integrated understanding of complex issues that need serious consideration if progress
is to be achieved. Issues include technical, economic, environmental, social, and moral questions that
require continued scholarly research but ultimately can only be resolved by an informed political process.
The choices ahead are difficult, expensive and long-lasting with implications for future generations and
forest ecosystems in Washington and around the world. While obstacles appear formidable and
numerous, none are insurmountable if Washington citizens choose to focus sufficient resolve.
The conversion of solar radiation into chemical energy via photosynthesis results in the growth of
vegetative biomass made up of organic compounds which have intrinsic energy content. Biomass is
effectively stored solar energy. Most of the world’s biomass is found in forests. Forests play a specific
and important role in global carbon cycling by absorbing carbon dioxide during photosynthesis, storing
carbon above and below ground, and producing oxygen as a by-product of photosynthesis. In the
presence of increased greenhouse gases in the atmosphere, healthy forests help to mitigate the effects of
climate change on the environment by removing carbon dioxide (CO2) from the atmosphere. Forests in
the United States absorb and store about 171 million metric tons of carbon each year, an amount
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equivalent to 11 percent of the country’s CO2 emissions. The highest sustained carbon accumulation
rates for American forests are reported to occur with new forest growth on high productivity sites in the
western Pacific Northwest. Sustainably-managed forests that are periodically harvested, planted, and regrown to produce a continuing series of short- and long-lived products and energy feedstocks, sequester
and offset more cumulative carbon than forests that are left unharvested. When forest health declines or
when forest fires occur, releases of stored forest carbon transform forests so that they become a carbon
source rather than a sink.
Wood residues from forests can be referred to as woody biomass or as lignocellulosic or cellulosic energy
feedstocks. All wood fiber that does not have higher value product potential for non-energy applications
can be considered as woody biomass. Woody biomass can include forest residues such as tops, limbs,
foliage, bark, rotten logs, and stumps (otherwise commonly known as logging slash) that historically have
been left on site or burned following timber harvest. Woody biomass may also include such materials as
may be salvaged from pre-commercial thinning activities, designed to reduce stocking densities in young
forests such that remaining tree growth is optimized. Forest fuels reductions (generally in fire-prone dry
forests) can produce woody biomass as small diameter understory stems and ladder fuels are removed to
create conditions such that, when an ignition occurs, a comparatively benign ground fire is the result
rather than a destructive crown fire. Woody biomass also refers to primary and secondary wood product
manufacturing residuals including bark, saw dust, planer shavings, and ground wood pieces known as
hog fuel. Wood chips that are manufactured from round logs not suitable for lumber manufacture or
sawmill slabs and pieces may also be used for energy feedstocks but are generally considered to have
higher value for paper manufacture. A by-product of pulp and paper manufacture is black liquor; which is
another wood process residual that is used for energy. Dedicated tree plantation crops such as fastgrowing poplar and willow may also be used for energy generation. The yield from such crops is
considered woody biomass although the cultivation practices more closely resemble those of agriculture.
There are many contemporary wood-to-energy conversion alternatives that can be and are employed to
produce heat and electricity as well as solid, liquid, or gaseous fuels. Energy conversions can be as
simple as combustion for heat or as sophisticated as biochemical and thermochemical processes to
produce transportation fuels such as ethanol. We find that, while conversion technologies are improving
through continued research, many wood-to-energy applications have been used for decades, are
technically feasible, and could be immediately implemented; albeit at costs that are not readily
competitive with fossil fuel alternatives given current energy market dynamics.
Examination of energy markets reveals that significant environmental and economic costs resulting from
fossil fuel combustion and reliance upon imported oil have not been incorporated into consumer prices.
For example, societal costs of climate change and health impacts from gasoline combustion have been
estimated at more than $1.00 per gallon while reliance upon imported oil from politically volatile areas of
the world has been shown to reduce US gross domestic product by upwards of one percent. These real
public costs add up to hundreds of billions of dollars annually but are not included in the consumer price
of fossil energy.
There are also substantial public costs associated with failure to manage forests to reduce overstocked
densities. Especially compelling are the considerable potentially avoided environmental and economic
costs of catastrophic wildfires. US wildfire suppression costs alone are in the billions of dollars annually
and the Climate Impacts Group at the University of Washington forecasts that, without action, global
warming will increase incidence and intensities of forest fires in the inland west. Wood biomass is the
dominant State non-hydro source of renewable energy; representing fully two-thirds of Washington’s
potentially available biomass inventory. Unlike agriculture, forests don’t require large amounts of polluting
fertilizers, volumes of water for irrigation, or transformations of ecosystems to non-native vegetation. The
Washington forest industry represents the largest biomass collection infrastructure in the state. Given
Washington commitments to renewable energy development and greenhouse gas emissions reductions,
utilization of wood wastes for energy should be a high priority.
However, if progress is to occur then the economics and other benefits of wood biomass for energy must
be better understood. Given that fossil fuels are energy-rich and inexpensive, policy supports for
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renewable energy alternatives, based upon explicit cost/benefit analyses, will be needed. It should be
recognized that the existing forest industry infrastructure is a significant contributor of renewable energy
and that, with policy support for investment, could increase energy outputs from the existing captured
resources such as hog fuel and black liquor. Manufacturing wastes are a byproduct of higher value solid
wood and paper manufacture and are the lowest cost source of biomass. The pulp and paper industry
has potential for biorefinery development to efficiently produce a mixture of products outputs that could be
expanded to include heat, electricity, and liquid fuels, such as ethanol, at lower cost than new stand-alone
energy plants. Low cost hog fuel, when mixed with higher cost forest residues, can result in a raw
material cost index to support broad utilization of wood biomass resources.
We identify three imperatives for guiding progress that have been well-documented in the literature, but
have not been adequately integrated into policy. Energy policies should seek to maximize integrated
achievement of three important goals: climate change mitigation, energy independence, and
sustainability. When viewed from this perspective, it is readily apparent that the state energy priority
should be liquid transportation fuels and that, for Washington, wood is the primary raw material available
for biofuels conversions. Combustion of fossil fuels for transportation accounts for fully one-half of the
annual greenhouse emissions in Washington; more than twice that released from any other source.
Other than minor in-state production of biodiesel, all transportation fuels consumed in Washington are
imported from other states or abroad whereas Washington, with abundant hydro-power, generates the
cleanest electricity in the nation and is a net electricity exporter. Wind power installations are adding new
clean electricity capacity but cannot provide for liquid fuel needs. The decline in Alaska oil production, on
which Washington is dependent, should further focus State attention towards securing new liquid fuel
resources.
Washington’s potentially available wood biomass resource has been estimated to be more than 11 million
bone dry tons per year. For relative perspective on the magnitude of this resource, we offer the following
theoretical conversions. Total potential ethanol produced from all Washington wood biomass resources
could be 900 million gallons per year; enough to replace one-third of 2008 gasoline consumption. WSU
colleagues have estimated that the potential electricity from Washington’s wood biomass would be equal
to 11.5 million MWh or about 13 percent of total Washington electricity use.
We find, however, that a lack of strategic energy priorities in Washington, compounded by political
disagreements, has resulted in a peculiar assortment of counterproductive policies (discussed below) that
inadvertently reward underutilization of energy resources by focusing on small-scale, capital-intensive,
and inefficient conversion projects to produce low-priority electricity. Further, although State policy makers
have clearly identified greenhouse gas emissions reductions and renewable energy development as very
important public objectives, policies appear to have overlooked the need to integrate resource
stewardship and energy generation towards best fit with existing industrial infrastructure.
While obstacles appear formidable and numerous, we hypothesize that none are insurmountable if
Washington citizens choose to focus enlightened resolve. We refer the reader to the history of ethanol
development in Brazil as example. On the other hand, the challenges to substantive reductions in fossil
fuel consumption must not be discounted. Fossil fuels are energy-rich, are supported by a vast
infrastructure, and, without consideration of factors such as greenhouse gas emissions and energy
independence, appear as least-cost energy options for consumers.
Important to any discussion of renewable energy substitution for fossil fuels is a recognition that progress
will occur at the margin. Review of domestic and international analyses indicates that total energy
independence from fossil fuels is not potentially achievable within any foreseeable planning window. This
does not imply, however, that incremental improvements can not be important or should not be pursued.
Development of all potential domestic renewable resources, with careful planning towards an integrated
energy portfolio, will ensure optimized levels of success.
Evolving public perceptions regarding forests, biomass exploitation, and non-market amenities will play a
major role in how much of the wood resource base may be used for energy. The public must be credibly
assured that woody biomass produced from Washington State forests is an environmentally sound and
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safe source of renewable energy. However, given the mounting problems of global warming and forest
health declines, concerned stakeholders must be challenged to revisit out-dated notions that forests
unmanaged are protected. It will be important that the consequences of failing to act be fully appreciated.
As demonstrated in many of the discussions presented throughout this report, failure to mitigate climate
change, reduce fossil fuel pollution, increase energy independence, and implement practices to ensure
forest sustainability is already resulting in significant environmental, social, and economic costs.
Numerous international, national, and state political leaders have characterized the need for effective
response to current climate and energy challenges as the paramount concerns of the twenty-first century.
The Intergovernmental Panel on Climate Change (IPCC) is a globally-convened body of hundreds of
scientists that are generally recognized as the pre-eminent international authority on climate change.
IPCC investigation into potential climate change mitigation options resulted in the following conclusion.
“In the long term, a sustainable forest management strategy aimed at maintaining or increasing
forest carbon stocks, while producing an annual sustained yield of timber, fiber, or energy from
the forest, will generate the largest sustained mitigation benefit.” (IPCC. 2007. Climate Change
2007: Mitigation. Contribution of Working Group III to the Fourth Assessment Report of the IPCC.).

The four most important findings that emerge from this study:
1) Energy policy must be examined in the context of three over-arching imperatives that compel
immediate attention: Climate Change Mitigation, Energy Independence, and Sustainability.
2) Wood is second only to water as a source of renewable energy for Washington, and, conversions to
liquid transportation fuels emerge as the highest priority for maximizing integrated achievement of
the imperative objectives.
3) Liquid fuels conversions from wood biomass will require large biorefinery capacity designed to
utilize dispersed biomass resources for maximized bioenergy outputs. Co-location with State pulp
and paper mills represents the greatest opportunity for success.
4) While a paradigm shift from fossil fuels to renewable energy will be difficult and expensive, the
environmental and economic costs of inaction outweigh needed investment for change.

Expanded Discussion and Recommendations Linked to Report Text
The following text presents key recommendations and support discussions from the Wood to Energy in
Washington study with reference to pertinent sections of main body of the report for ease of navigation to
greater detail.

Climate change
•

Discussion: Significant research contributions regarding climate change are being achieved by the
Climate Impacts Group at the University of Washington. However, alarming findings, in the absence
of suggested strategies for mitigation and adaptation, can serve to confuse policy discussions
resulting in uninformed and counterproductive political responses as discussed in Section IV: 4.4.
Obstacle 4 – Policy and regulations. The Climate Leadership Initiative, in a study conducted for the
Washington Department of Ecology, estimated that by 2020 the cumulative costs of climate change
in Washington will be equal to $3.8 billion per year, about 1.2 percent of total State 2007 GDP. Part
of this cost is attributed to increases in incidence and intensity of wildfires. As mentioned above,
such public cost liabilities are not currently incorporated into commercial energy markets. See
Section II: 2.1. Greenhouse Gases and Climate Change; In Washington State and The costs of
inaction and Section III: 3.3. Biomass from forests – opportunities and benefits; Forest health.

•

Recommendation: Policy mechanisms to include non-market values and avoided costs in
energy accounting are needed.
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Energy independence
•

Discussion: The value of energy independence appears to be significant but under-appreciated in
policy frameworks. US expenditures on oil imports were $330 billion in 2007 and accounted for 40
percent of the national trade deficit. In 2005, Alan Greenspan estimated that oil imports reduced US
GDP by $100 billion. Washington citizens spent $9 billion on fuel imports in 2006. When policy
makers combine strategies for energy independence with climate change mitigation, the economic
benefits of energy independence should serve to underwrite the costs of biofuels development and
greenhouse gas emissions reductions. See Section II: 2.2. Energy independence; Price is not cost.

•

Recommendation: An assessment of costs and benefits that could derive from reduced
reliance upon imported fossil fuels in Washington resulting from development of wood
biomass for ethanol should be conducted.

Forest health
•

Discussion: Deforestation refers to a loss of forestland to another land-use. For example,
deforestation could result from clearing forests for agriculture or could occur as a result of fires or
floods. Most global deforestation occurs in developing countries with tropical forests; however,
deforestation is occurring in Washington with net losses of forestlands to wildfires, insects and
disease and from land-use conversion for development. When deforestation occurs the loss is twofold. The carbon that has been stored (sequestered) in the forest is released and the opportunity for
future sequestration of atmospheric carbon is also lost. Increases in forest mortality and wildfire
frequency and intensity have reached crisis levels. Reports from climate scientists indicate that, as
the planet warms, the destructive impacts of forest health declines will escalate resulting in releases
of stored forest carbon transforming forests so that they become a carbon source rather than a sink.
In 2006, 33 million metric tons of CO2 were released into the atmosphere by wildfires in Washington
accounting for 42 percent of the state annual total CO2 releases; close to three times the emissions
released by electric power generators. We suggest that forest biomass removals that address
climate change mitigation and energy independence through production of biofuels warrant public
investment to avoid much larger long-term costs. Critical to the dual goals of forest health and
biomass energy development will be a change towards proactive stewardship on National Forests.
See Section III: 3.3. Biomass from forests – opportunities and benefits; Forest health and Section IV:
4.1. Obstacle 1- Access to the resource; Supply assurance and Section IV: 4.2. Obstacle 2 – Public
perception; What is deforestation?

•

Recommendation: Washington needs a plan to integrate biomass removals for forest health
with climate change mitigation and energy development. Policy makers should urge revision
of current restrictions that exclude biomass from National Forests for renewable energy
conversions.

Wood biomass resources
•

Discussion: All types of wood-derived biomass resources including black liquor, and recoverable
wood and paper from municipal solid waste should be recognized as renewable energy resources.
Ambiguous terminologies such as “old growth” are unnecessary, redundant, and counterproductive
when used to limit potentially available wood biomass. There are abundant limitations in statute that
restrict removals of forest biomass from reserved forests. Forests that aren’t reserved and may
have potential for sustainable biomass removals should be managed to do so. Maximizing the
procurable wood resource for energy within identified tributary areas is of paramount importance to
supply assurance, energy investment, and biofuels production. As this investigation has shown,
woody biomass contribution from all forest ownerships will be required in most regions of the state if
sufficient resources are to be made available for the large-scale conversion facilities needed to
efficiently produce biofuels. See Section I: 1.3. Biomass and energy – Terminology and Section IV:
4.1. Obstacle 1 – access to the resource; Supply assurance and Section IV: 4.2. Obstacle 2 – public
perception; Social license and Forests; neither factory nor wilderness and How we think about
forests and Section IV: 4.4. Obstacle 4 – Policy and regulations; I-937 – Washington’s defacto
energy priority and Energy Independence and Security Act of 2007 (EISA).
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•

Recommendation: Arbitrary constraints that limit biomass availability for renewable energy,
such as appear in I-937, should be revised. If a cohesive strategy for biomass supply
assurance and utilization is not developed quickly, Washington resources may be exported
into other markets, like Oregon, where biofuels development is further advanced.

Guidelines for slash removals
•

Discussion: Existing state forest practice rules did not anticipate increased interest in removals of
harvest residues. Limiting factors for consideration include soil productivity, water quality,
biodiversity, wildlife habitats, cultural values, forest health, and forest sustainability. In anticipation of
an increased demand for woody biomass, a number of states are developing guidelines for removals
of harvest residues. See Section III: 3.3. Biomass from forests – opportunities and benefits; Slash
recovery and Section IV: 4.1. Obstacle 1 – access to the resource; Guidelines for slash removals.

•

Recommendation: As evidenced by successes in other states, forest biomass collection
guidelines should be developed and incorporated into Washington forest practice rules.

Integrated infrastructure and product hierarchies
•

Discussion: The value of existing forest industry investment in renewable energy production and
the cost-effective utilization of the wood resource must not be underestimated. Higher use wood
products such as solid building materials underwrite the costs of biomass collection and provide
environmentally preferable product alternatives to steel and concrete. The present policy paradigm
(I-937) inadvertently prioritizes development of small-scale inefficient distributed wood power
generators that will waste the resource, create undesirable competition for the least-expensive
process residuals, effectively undermine recovery of more costly forest residues, and ultimately
jeopardize the industrial infrastructure and employment base upon which significant development of
biofuels must depend. See Section III: 3.2. Woody biomass – material and process opportunities
and Section IV: 4.1. Obstacle 1 – access to the resource and Section IV: 4.4. Obstacle 4 – Policy
and regulations; I-937 – Washington’s defacto energy priority.

•

Recommendation: Biomass energy priorities should favor liquid fuels conversions at
integrated biorefineries that can optimize energy yields through recovery of heat, electricity,
and chemical byproducts. As possible, biorefineries will be best sited with pulp and paper
mills. State investment in support of biorefinery development would be the most effective
biomass-to-energy approach for response to the three imperatives of climate change
mitigation, energy independence, and sustainability.

Conversion technology advancement
•

Discussion: The technologies for wood heating and combined heat and power systems are mature
and implementable, however, while conversion technologies for wood-to-liquid fuels, such as
ethanol, are technically feasible, no commercial-scale operations are yet deployed. An important
finding of this investigation has been that biomass resources are finite and, when renewable energy
alternatives from potentially available resources are compared in the context of the three imperatives
(climate change mitigation, energy independence, and sustainability), liquid fuels conversions
emerge as the over-arching priority. It will be imperative that the biomass resource is used prudently
to maximize energy yields. Since liquid fuels conversions will require large scale facilities, mixed
feedstocks from forests, fields, and cities may be needed to ensure that adequate biomass volumes
can be sustained. Additional biomass may become available from dedicated energy crops once
biorefineries become established. Conversion strategies will need customization to accommodate
local resource availability. For example, at sites close to urban areas, mixtures of forest-derived
materials and recovered wood and paper from municipal solid waste may be attractive while in rural
areas of eastern Washington mixed feedstocks comprised of forest and agricultural residues may
make the most sense. Where inexpensive rail and water freight are available, biomass tributary
areas can be expanded to facilitate transport of diverse feedstocks to assure access to adequate
volumes of biomass. An ancillary benefit may also be increased and diversified raw material
availability for pulp and paper production as research at the University of Washington into the
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potential use of grasses and other vegetative material for paper products shows promise. The
strategic economic benefits of captured process residues as an inexpensive anchor feedstock with
potential for bioenergy recovery augmented by addition of more expensive recovered field residuals
are discussed in this report and will be important factors for consideration of conversion technology
development options. See Section I: 1.4. Wood-to-energy – conversion options and Section III: 3.2.
Woody Biomass – material and process opportunities and Section IV: 4.1. Obstacle 1 – access to
the resource; Raw materials.
•

Recommendation: Continued research investment to develop superior conversion
technologies for liquid fuel production from Washington biomass resources will help to
identify advancements that provide maximum energy yields at least costs. Investment in a
pilot project towards development of a commercial integrated biorefinery is highly
recommended as an important next step. Research towards further development of mixed
biomass applications for liquid fuels conversions customized for effective exploitation of
locally available resources will be essential to assure sufficient raw material availability and
maximized energy yields.

Social license
•

Discussion: As demonstrated by our review of the scientific literature, failure to mitigate climate
change, reduce fossil fuel pollution, increase energy independence, and implement practices to
ensure forest sustainability will result in significant environmental, social, and economic costs. The
public must be credibly assured that woody biomass produced from Washington State forests is an
environmentally sound and safe source of renewable energy. Educational outreach and consensus
building activities such as those undertaken by the University of Washington through the Northwest
Environmental Forum and the Olympic Natural Resource Center have been successful at building
stakeholder consensus in support of sustainable forestry and wood biomass to energy.
Communication alliances also provide fertile opportunity for cooperative interaction between
stakeholders, scientists, and State agency personnel. See Section IV: 4.2. Obstacle 2 – public
perception and Section IV: 4.5. Obstacle 5 – Research; Science and education.

•

Recommendation: These and other programs that facilitate public education and dialogue
towards consensus solutions to contemporary resource and energy challenges are worthy of
State support.

Green jobs
•

Discussion: There is a growing shortage of skilled forestry professionals in Washington. Workforce
challenges are an obstacle to wood-for-energy development but remarkably, forestry is excluded
from the State “green jobs” program. Management of forest ecosystems with resultant production of
“green” building products and renewable energy feedstocks represents the single greatest State
opportunity to reduce both GHG emissions and imported fossil fuel reliance. See Section IV: 4.1.
Obstacle 1 – access to the resource; The foresters, the loggers, and the truckers and Section IV: 4.4
Obstacle 4 – Policy and regulations; Green jobs.

•

Recommendation: We recommend that State leaders acknowledge forest biomass-to-energy
as a cornerstone element of a clean future economy. State agencies should work with
universities and community colleges to establish training programs for forestry workers that
cover the spectrum from collection through conversion.

Green building products
•

Discussion: State programs for green building have potential for beneficial change but only if
rigorous assessment methodologies for product comparisons such as life cycle assessment (LCA)
and net energy balance (NEB) are used to develop uniform performance standards. Current
programs rely upon arbitrary product standards that are not scientifically supported. Unintended
consequences include under-appreciation of the environmental benefits of locally-grown renewable
wood building products as compared to alternative construction materials like steel or concrete.
Failure to value wood as a green building product undermines both the green building program and
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the viability of the Washington wood industry and while jeopardizing the product value hierarchy
needed to support utilization of woody biomass for bioenergy. See Section III: 3.4 Forests, products,
energy, and carbon; Life cycle assessment and Section IV: 4.4 Obstacle 4 – Policy and regulations;
Green building standards.
•

Recommendation: Green building standards should be revised to include product
comparisons based upon rigorous scientifically-supported performance standards such as
LCA and NEB.

Policy Guidance
•

Discussion: We suggest that, without a cohesive strategy for progress based upon targeted
renewable energy priorities, substantive improvements in climate change mitigation, energy
independence, and sustainability are unlikely to occur. In lieu of a consistent science-based policy
framework, various regulatory mechanisms evolve in isolation with narrow focus. We find a number
of counterproductive contradictions in current policy framework that limit potential for biofuels
development. As example, consider I-937, the Western Climate Initiative (WCI), and the Energy
Independence and Security Act of 2007 (EISA). I-937 is a State initiative that, in function, excludes
portions of the wood resource from use and directs the eligible biomass subset to small-scale
inefficient electric generators (rather than biorefineries) that could undermine the viability of existing
infrastructure and result in considerable portions of the wood biomass resource left too isolated for
recovery. The WCI, a regional climate change mitigation consortium of which Washington is a
member, has evolved an elaborately complicated cap and trade scheme that, given its priority to
address the electric sector in its first phase of implementation, is partially redundant to the renewable
portfolio standard established by I-937 and fails to address the State’s largest emissions problem:
transportation. Based upon the experience of the European cap and trade program, we conclude
that WCI may also result in increased energy price volatility which has been shown to discourage
renewable energy investment. EISA, on the other hand, was passed by the US Congress to create
a national renewable fuel standard based upon ambitious additions of cellulosic ethanol capacity to
be added by 2022. WA has one-twentieth of the Nation’s forest biomass inventory but current State
prioritization of biomass-to-electricity (I-937 and WCI) acts to undermine the EISA cellulosic ethanol
target as well as to compromise the State’s need to reduce greenhouse gas emissions and fuel
imports. EISA, in apparent direct conflict with its ambitious schedule for cellulosic ethanol
expansion, excludes wood from National Forests as eligible for conversion to renewable energy. Yet
two-thirds of the nation’s forest health crisis is occurring on National Forests and in many areas of
the west, including Washington, wood biomass contribution from federal forests will be necessary if
cellulosic ethanol is to be produced. We find that current State and national energy policies
represent significant obstacles to wood-to-energy in Washington. See Section IV: 4.4. Obstacle 4 –
Policy and regulations.

•

Recommendation: Liquid transportation fuels, such as ethanol, should be the State energy
priority. Formal scientific review of existing policies and potential policy alternatives to
examine barriers to wood for biofuels conversion is recommended. Special attention should
be given to I-937, WCI, and EISA.

Interdisciplinary science support for energy policy development
•

Discussion: Washington’s universities are home to many prestigious scientists, yet it is rare that
scientists of differing disciplines and from different research organizations are asked to work
together to develop integrated analysis of resource policy alternatives. See Section IV: 4.4.
Obstacle 4 – Policy and regulations.

•

Recommendation: Sorely needed is programmatic investment in sustained in-state
interdisciplinary research to assist policy makers and stakeholders in the development of
realistic and effective strategies to address the difficult and complex challenges of renewable
energy development and climate change mitigation.

xi

Research
•

Discussion: The Government Accountability Office reports that, in contrast to increasingly urgent
national calls for climate change mitigation and energy independence, US investments in research
have generally declined over the last thirty years. In Washington, there is no programmatic
investment in sustained in-state interdisciplinary research to accelerate development of renewable
energy from wood biomass or to investigate the role of sustainable forest management and wood
products in climate change mitigation. There is also no continuing state program to enlist forest
scientists in support of policy development or educational outreach to stakeholder groups. By
contrast, the Oregon Legislature created the Oregon Forest Resources Institute (OFRI) in 1991 to
improve public understanding of the state’s forest resources and to encourage environmentally
sound forest management. OFRI is funded by a dedicated harvest tax on forest products producers.
Issues include technical, economic, environmental, social, and moral questions that require
continued scholarly research but ultimately can only be resolved by an informed political process.
The choices ahead are difficult, expensive and long-lasting with implications for future generations
and forest ecosystems in Washington and around the world. See Section IIV: 4.5. Obstacle 5 –
Research.

•

Recommendation: Our analysis has revealed that a significant obstacle to wood utilization
for renewable energy in Washington is a lack of integrated understanding of many complex
issues that need serious consideration if progress towards climate change mitigation, energy
independence, and sustainability is to proceed. We recommend that Washington establish a
permanent interdisciplinary program of research and outreach to address emerging topics
concerning biomass energy development with implications for the environment and the
economy as discussed in greater detail throughout this report.

We have prepared an information-rich examination of many
factors found to be related to development of energy from
wood biomass in Washington. To the best of our knowledge,
such a broad investigation has not previously been
conducted. We find that, to be most effective, wood energy
policies must be examined in the context of three over-arching
imperatives that compel immediate attention: Climate Change
Mitigation, Energy Independence, and Sustainability. We
conclude that, given these imperatives for action and a
national commitment to cellulosic ethanol, utilization of wood
for renewable transportation fuels should be the paramount
priority. Biorefineries co-located at pulp and paper mills, offer
the greatest opportunities for success. While utilization of the
wood resource for biofuels presents logistical and technical
challenges, we find that, when compared to other states that
are already moving forward with biofuels development,
Washington’s abundant and productive forests should provide
superior opportunity. However, a lack of public focus hinders
progress. A State commitment to development of a cohesive
energy strategy supported by interdisciplinary research to
target priority objectives for achievement will be needed to
spur investment for Wood to Energy in Washington. The
most costly future outcome will result from failure to proceed.

Sandia National Laboratories and General Motors
have found that ethanol from plant and forestry
biomass could sustainably replace a third of
gasoline use by the year 2030 (Wong).
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Introduction
This analysis began as an investigation of barriers to woody biomass utilization for energy in Washington
but expanded quickly to become more comprehensive as our analysis revealed that perhaps a significant
barrier is a lack of integrated understanding of complex issues that need serious consideration if progress
is to be achieved. Issues include technical, economic, environmental, social, and moral questions that
require continued scholarly research but ultimately can only be resolved by an informed political process.
The choices ahead are difficult, expensive and long-lasting with implications for future generations and
forest ecosystems in Washington and around the world. We would be remiss as scientists if we narrowly
approached our task and failed to attempt to characterize the interrelationships and trade-offs that must
be assessed. Consequently, we have tried to present summarized elements of a discussion about
forests and renewable energy that we have identified as inter-related. We conclude that challenges of the
twenty-first century will require unprecedented paradigm shifts in how we all think. Our understanding of
what is waste and what is resource must change. Legacy notions of environmental mitigation, protection,
and adaptation must be re-considered in a context that acknowledges the role of humans in a world
dominated by human-induced impacts. Short-term verses long-term costs and benefits need full
accounting with an eye towards sustainability. In Washington, forests are inextricably connected to
whatever climate and energy choices that we make for the future. Wood is Washington’s largest biomass
resource and half of the state is forest. It is the hope of the authors that this report will inform thoughtful
consideration of options for the future. There is much to be discussed and yet much more to be learned if
unwanted consequences are to be avoided. However, an overarching conclusion from this investigation
is that failure to act will be an undesirable course of action. This report tries to add value to existing
information by organizing, summarizing, interpreting, and communicating such that complicated
interrelationships may become apparent to the reader.
We will begin this report in Section I by providing background and context through examination of woodto-energy conversion options and history. Section II discusses the compelling imperatives that beg
coordinated action. Section III identifies the many opportunities that could derive from utilization of wood
for both renewable domestic energy and greenhouse gas emissions reductions in Washington. The
intent of the first three Sections is to adequately prepare the reader for consideration of the formidable but
not insurmountable challenges to progress that our research has uncovered. In Section IV, we address
our assigned task: the examination of barriers to expanded use of woody biomass for renewable energy.
We change the terminology, however, from barriers to obstacles as indication of a general finding that
nothing stops immediate progress but our own societal choices. Section V discusses our conclusions
and Section VI offers recommendations.
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Section I: Background and Context
1.1 Background
Climate change and energy security have become dominate linked concerns in the twenty-first century;
commanding considerable attention from global leaders, scientists, businesses, environmentalists, and
citizens (UNFCCC; The White House 2006). There is accumulating evidence that global climate is
warming in response to increases in atmospheric concentrations of carbon dioxide (CO2) and other
pollutants, collectively described as green house gases (GHGs), that primarily result from anthropogenic
combustion of fossil fuel to produce energy (IPCC 2007a & 2007c). In 2006, the United States used 21
million barrels of petroleum each day. Imports accounted for 60 percent of consumption (EIA 2008a).
The State of Washington has responded to the issues of climate change and energy use in several ways.
In 2006, the people of Washington passed Initiative 937 that established a schedule of mandatory targets
for addition of new capacity for renewable electricity generation (Garber 2006). The Governor’s Climate
Change Challenge, Executive Order 07-02 (Gregoire 2007), established a commitment to reduce green
house gas emissions and to grow a renewable fuel industry to utilize State natural resources for clean
energy. A Climate Advisory Team (CAT), comprised of diverse stakeholders with oversight from the
Washington Departments of Ecology and Community, Trade, and Economic Development, has been
assembled to recommend policies that will ensure Executive Order objectives are achieved. The State
Legislature has passed laws to encourage the use of cleaner energy (E2SHB 1303) and to create a
framework for reducing green house gases (E2SHB 2815). Governor Gregoire is a participant in the
Western Governors Association Clean and Diversified Energy Initiative and Washington is a member
state of the Western Climate Initiative. These organizations are developing regionally coordinated
strategies for climate change mitigation and reduced reliance upon fossil fuels for energy.
Significant increases to renewable energy produced to reduce GHG emissions, generate employment,
and move towards greater energy independence will require utilization of multiple resources including
sunlight, wind, geothermal, water, and biomass (Smith et al. 2007). To many people, the most familiar
forms of renewable energy may be the wind and the sun. But biomass (plant material and animal waste)
is the largest source of domestic renewable energy supplying five times as much energy in the United
States as wind and solar power combined—and has the potential to supply much more (EIA 2008b).
Forestry wastes provide the largest source of biomass-derived renewable energy in the United States,
primarily generated as steam and electricity from lumber, pulp, and paper mill operations (UCS 2006). As
part of state efforts to accelerate development of renewable energy, the Washington State Legislature
identified wood as an important state resource and requested that scientists from the University of
Washington, College of Forest Resources and the Olympic Natural Resource Center, investigate and
identify barriers that could limit expanded development for renewable energy. A thorough investigation of
potential use of wood for energy within Washington has been conducted.
Issues of climate change, energy, and resources are complex and can not be adequately considered if
viewed exclusively from within confined political boundaries or narrow time frames. Forest scientists are
trained to consider broad landscape interactions from an extended temporal context. Information within
this report is consequently presented with attempt to reflect local-to-global sensitivities, historic context,
and appreciation for interdisciplinary complexity.
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Figure 1.1.1. Renewable energy as a percentage of total US energy supply, 2007 (EIA 2008h).

1.2 Wood for energy in Washington
Biomass, from agriculture crops, forestry residues and municipal waste streams, has been identified as a
significant potential source of renewable energy (Perlack et al. 2005). An inventory of biomass resources
available for energy production in Washington has been conducted by scientists at Washington State
University (Frear et al. 2005, Frear 2008). Study results identified wood residuals from forestry operations
and products manufacture as the largest source of in-state-produced biomass that could be used for
energy conversions. The magnitude of the forest resource was found to be 66 percent of the total volume
of all biomass resources in Washington (Frear 2008) (Figure 3.1.2.). Fifty-one percent (21.8 million
acres) of the total acreage in Washington (42.6 million acres) is in forestland (JLARC 2005) (Figure
4.1.8.) while just over eight million acres are in croplands (NASS 2002).
Woody biomass for energy is a particularly versatile renewable resource that can be used to create solid,
gaseous, or liquid fuels for heat, electrical power, or transportation (IEA 2005a). There are a number of
woody biomass types from which energy may be generated. Each type of wood biomass will have
different obstacles to and opportunities for exploitation.

1.3 Biomass and energy – Terminology
Biomass, bioenergy, biofuels, biopower, biorefinery, and bioproducts have emerged as contemporary
terms associated with discussion of renewable energy. Explanation of terminology is provided below.
Biomass - refers to the range of all organic nonfossil materials such as agricultural products and
residuals, municipal solid waste (MSW), or wood residues from forests (Wright et al. 2006). Biomass for
energy is considered to be a renewable biological material that is suitable for use as a fuel or for
conversion to a fuel. Forms of biomass include food crops that are also now being used to create fuels.
Some examples are sugars from cane or beets, starches from corn, barley, and other grains, and
vegetable oils from soy, canola, palm, and others. The fibrous, woody, and generally inedible portions of
plants are called "cellulosic" or "lignocellulosic" biomass because they contain cellulose, hemicellulose,
and lignin. This material can also be utilized as energy feedstock. Cellulosic biomass is the most
plentiful biological material on earth (Office of Science). Biomass is a particularly attractive renewable
energy because it is the only current nonfossil source of liquid transportation fuel (Perlack et al. 2005).
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Agricultural biomass can include plant seeds, fruits, roots, leaves, chaff, and stalks. Crops such as corn
and soy beans may be intentionally grown to produce energy feedstocks for conversion to fuels such as
ethanol or biodiesel. The field residues from such crops, traditionally plowed under or burned, may also
be utilized for energy conversions. Experimentation is being conducted with non-food agricultural crops
such as grasses and algae that grow quickly to yield large volumes of biomass with energy potential.
Agricultural biomass also includes animal wastes such as manure and offal.
MSW includes all organic wastes that might be retrieved from garbage and used to generate energy.
MSW also includes methane recovered from landfills and wastewater treatment plants. Solid and
gaseous MSW, that is recovered for energy, is generally combusted to produce combined heat and
electrical power (CHP).
Wood residues from forests are the primary focus of this investigation and can be referred to as woody
biomass or as lignocellulosic or cellulosic energy feedstocks. All wood fiber that does not have higher
value product potential for non-energy applications can be considered as woody biomass. Woody
biomass can include forest residues such as tops, limbs, foliage, bark, rotten logs, and stumps (otherwise
commonly known as logging slash) that historically have had no merchantable value and consequently
were left on site or burned following timber harvest. Woody biomass may also include such materials as
may be salvaged from pre-commercial thinning activities that are designed to reduce stocking densities in
young forests such that remaining tree growth is optimized. Forest fuels reductions (generally in fireprone dry forests) can produce woody biomass as small diameter understory stems and ladder fuels are
removed to create conditions such that when an ignition occurs a comparatively benign ground fire is the
result rather than a destructive crown fire. Woody biomass also refers to primary and secondary wood
product manufacturing residuals including bark, saw dust, planer shavings, and ground wood pieces
known as hog fuel, which may or may not contain a percentage of bark. Wood chips that are
manufactured from round logs not suitable for lumber manufacture or sawmill slabs and pieces may also
be used for energy feedstocks but are generally considered to have higher value for paper manufacture.
A by-product of pulp and paper manufacture is black liquor. Black liquor is another wood process
residual that is considered as biomass. Dedicated tree plantation crops such as fast-growing poplar and
willow may also be used for energy generation. The yield from such crops is considered woody biomass
although the cultivation practices more closely resemble those of agriculture.
Bioenergy - includes all renewable energy made from any organic material originating from plants or
animals.
Biofuels - are created by converting biomass to liquid, solid, or gaseous fuels primarily used to replace
non-renewable fossil fuel alternatives. Biofuels include fire wood, hog fuel, pellets, ethanol, biodiesel,
methanol, butanol, hydrogen, syngas, and methane although ethanol from corn grain and biodiesel from
oil crops are the only biofuels currently produced in the United States on an industrial scale. Ethanol is
blended with gasoline to increase octane and reduce carbon monoxide and other polluting emissions. A
blend of ten percent ethanol and 90 percent gasoline (E10) creates a fuel that is acceptable for use in
conventional gasoline engines. Engines are also being manufactured that can operate with higher
ethanol blends of up to 85 percent (E85). Biodiesel is made by combining alcohol (usually methanol) with
vegetable oil, animal fat, or recycled cooking grease. It can be used as an additive to diesel fuel (typically
20 percent; B20). One hundred percent biodiesel can be used in selected diesel engines (NRELa).
First generation biofuels are made from feedstocks, such as corn and plant-derived oils, that might
otherwise be used for food. Second generation or advanced biofuels are made from feedstocks without a
food use, such as agricultural waste and woody biomass (BRDB 2008).
Biopower - refers to electricity generated from biomass. Biopower system technologies include directfiring, co-firing, gasification, pyrolysis, and anaerobic digestion.
Biorefinery - is a facility that integrates biomass conversion processes to produce fuels, power, heat,
process steam, and chemicals from biomass. The biorefinery concept is analogous to today's petroleum
refineries, which produce multiple fuels and products from petroleum. Industrial biorefineries have been
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identified as the most promising route to the creation of a new domestic biobased industry. By producing
multiple products, a biorefinery can take advantage of the differences in biomass components and
intermediates and maximize the value derived from the biomass feedstock. A biorefinery might, for
example, produce one or several low-volume, but high-value, chemical products and a low-value, but
high-volume liquid transportation fuel, while generating electricity and process heat for its own use and
perhaps enough for sale of electricity. The high-value products enhance profitability, the high-volume fuel
helps meet national energy needs, and the power production reduces costs and avoids greenhouse-gas
emissions (NRELb). The potential for transforming existing forest products processing facilities
(especially pulp and paper mils) into biorefineries for production of renewable energy and bioproducts is
being explored by the Agenda 2020 Technology Alliance as a partnership between the American Forest
and Paper Association and the U.S. Department of Energy (Agenda 2020 2006, Thorp 2005).
Bioproducts - are comparatively low volume but high value products that can be produced along with
bioenergy as part of the biorefinery process to maximize return from biomass. Bioproducts that can be
made from recovered sugars include antifreeze, plastics, glues, artificial sweeteners, and gel for
toothpaste. Bioproducts that can be made from carbon monoxide and hydrogen in syngas include plastics
and acids, which can be used to make photographic films, textiles, and synthetic fabrics. Bioproducts that
can be made from phenol, one possible extraction from pyrolysis oil, include wood adhesives, molded
plastic, and foam insulation (NRELb).
Forest Resources for Renewable Energy
Logging Slash - small diameter trees, broken tops and limbs left after commercial timber harvests
that are not otherwise merchantable as higher-value wood products.
Thinnings - small diameter logs and vegetation thinned from forests to remove surplus fuel loads,
reduce fire hazard and/or promote growth of leave trees.
Hog Fuel – primary wood product processing residues (bark, saw dust, planer shavings, trim
ends, and other wood pieces). May be green or dry.
Hog Fuel – secondary wood product processing residues (saw dust, planer shavings, trim ends,
and other wood pieces). Normally dry.
Biorefinery Sugars - the hemicellulosic component of wood used for pulp and paper. Extracting a
portion of the hemicellulose from the wood prior to pulping allows those sugars to be converted to
ethanol and other chemicals.
Black Liquor – an aqueous solution of lignin residues, hemicellulose, and the inorganic chemicals
that is a by-product of pulp and paper production. Contains 35 percent of the original wood
energy.
Wood Waste – construction and demolition debris, tree trimming, packaging wastes, and other
discarded wood.
Energy Crops – dedicated fast-growth wood crops such as poplar and willow that are plantationgrown for energy feedstocks.

1.4 Wood-to-energy – conversion options
As discussed above, there are a number of sources and types of woody biomass. In addition, there are
also a number of conversion options from which wood can be made into a variety of fuel and energy
products (Wright et al. 2006, Klass 1998). Many factors influence the selection of the type and scale of a
wood-to-energy strategy that may be the most desirable for local development of a specific project.
Factors include raw material availability, quality and cost; local energy needs; the capability status of
existing process infrastructure; regulatory and policy framework; proprietary access to conversion
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technologies; and others. Below, for reference and context, is a description of the most generally
employed conversion technologies currently available for the production of biofuels, bioenergy, and
bioproducts from woody biomass and/or other lignocelluosic materials. Fuel products may be solid,
liquid, or gaseous and may be final or intermediary energy feedstocks.
Table 1.4.1. Major energy fuels from woody biomass.
Solid Fuels
Firewood
Hog Fuel
Pellets
Charcoal

Liquid Fuels
Ethanol
Methanol
Bio-Oil
Synthetic Diesel

Gaseous Fuels
Syngas

Table 1.4.2. Major wood-to-energy processes by primary fuel type.
Solid Fuels
Size Reduction
Compression
Torrefaction
Direct Combustion
Co-fire

Liquid Fuels
Separation
Hydrolysis
Fermentation
Distillation
Dehydration
Fischer-Tropsch

Gaseous Fuels
Pyrolysis
Partial Oxidation
Reforming

Firewood
Firewood is the oldest and most familiar form of wood for energy. Bergman and Zerbe (2004) estimate
that 58 million tons of wood are used each year in the United States for residential and small institutional
heating. An EIA (2005) survey of residential energy consumption found that 14.4 million households in
the United States use wood for heat. The US Census Bureau (2000) reported five percent (107,000) of
Washington households rely upon wood for heat.
Residential wood combustion (RWC) emissions are highly variable and are a function of wood
characteristics, moisture content, stove quality and operating practices. RWC emissions generally contain
some combination of gases (principally CO and CO2), volatile organic compounds (VOC) and small
particulate matter (PM 10 and PM 2.5) which are composed of tiny unburned particles of ash and toxic
elements. Emissions of PM 2.5 are the primary health concern associated with wood stove smoke
(WDOE 1997). In Washington many wood stoves (85 percent in 1997) are old and not certified to meet
federal emission standards (WDOE 1997). Since 1988, EPA has required manufacturers of wood stoves
to certify that each model line of wood stoves offered for sale in the United States complies with the EPA
particulate emissions guidelines in the Clean Air Act (EPAa). EPA-certified wood stoves emit
approximately 70% less pollution than older, conventional wood stoves (Schreiber et al. 2005). Towards
facilitating improvement, the EPA has a program that works with local partners to assist wood stove
upgrades. Replacement of 25 non-certified older stoves with 25 EPA-certified stoves has been shown to
prevent emissions of one ton of particulates each year (EPAb,c). In 1997, wood stoves and fireplaces
released ten percent of total Washington air pollution but by 2005 the emissions from wood stoves and
fireplaces had dropped to four percent of total pollution (WDOE 1997 and 2005). For broader
comparison, outdoor burning can produce 12 times the particulate pollution of an EPA-certified wood
stove (Schreiber et al. 2005).
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Conditions that promote a fast burn rate and a
higher flame intensity, such as low moisture
content and proper air flow, enhance
secondary combustion and thereby lower
emissions.
Secondary combustion is
especially important in wood burning because
of the high volatile matter content of wood,
typically 80 percent by dry weight.
Conversely, higher emissions will result from a
slow burn rate and lower flame intensity.
Such generalizations apply particularly to the
earlier stages of the burning cycle, when
significant quantities of combustible volatile
matter are being driven out of the wood.
Later in the burning cycle, when all volatile
matter has been driven out of the wood, the
charcoal that remains burns with relatively few
Figure 1.4.1. Stacked alder firewood in western
Washington (Sharpe).
emissions.
Zerbe and Bergman (2004)
suggest that most wood stoves will burn wood with up to 20 percent moisture content (MC) without
noticeable increase in smoke. Air dry
wood stabilizes at 15 percent MC. Freshly cut green wood has MC of approximately50 percent. Four to
seven cords of firewood per year are required to provide heat for an average home. A standard cord of
stacked wood measures four feet by four feet by eight feet and after accounting for voids contains an
average of 80 cubic feet of wood (Zerbe and Bergman 2004).
Hendrickson and Gulland (1993) suggest that a comparatively low energy investment in process and
transport for residential fire wood use in North America linked to proper forest management and fuel use
represents an important but neglected opportunity to integrate rural cultural practices with sustainable
development and GHG emission reductions.
Table 1.4.3. Higher heating values for the wood of some NW species in British thermal units (Btus) per ovendry pound (Ince 1979).
Western red
cedar
9,700

Douglas-fir
8,950

Western
hemlock
8,370

Big leaf
maple
8,400

Red alder
8,860

Ponderosa
Pine
9,616

Lodgepole
Pine
10,760

Use of fire wood in EPA-approved wood stoves is a cost-competitive and mature technology that provides
a clean renewable energy alternative to heating oil or coal.

Hog Fuel
Hog or hogged fuel is a waste product of wood that has been ground (hogged) for use as a commercial
energy source. Any wood species is suitable for hogged fuel. Raw materials that can be hogged include
a heterogeneous group: debarker residues, logging slash, small diameter trees, sort yard debris, cull and
trim, land clearing debris (brush, stumps, etc.), municipal yard wastes (brush, leaves, branches), industrial
packaging (pallets, boxes, crates), and construction/ demolition wood wastes. Wood shall be free of
rocks, dirt, metal or other non-combustible material, and should not be painted or coated.
Raw wood wastes are fed into a shredder, grinder, or other sizing machinery that can be stationary or
mobile and most generally employs rotating hammers and stationary anvils to smash, crush and tear
large wood into smaller fragments. In this way, the various sizes and forms are reduced to a relatively
uniform size of chips and shreds. Maximum output particle dimension is generally less than 3 inches
such that material will flow evenly by conveyor, auger, or other means of mechanized feedstock transport
employed by energy conversion facilities.
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An important distinction is that clean de-barked wood is separated as possible and processed through a
chipping machine equipped with rotating knives that create uniform chips for paper manufacture while
lower value wood materials that are unsuitable for clean chip production are hogged. Clean chips may
sell for three to five times the price of hog fuel.
Hog fuel is more fibrous, has a lower bulk density and contains a wider range of particle sizes than clean
chips. Green moisture content is normally around 40-50 percent. Higher moisture content than 60
percent is rejected (CWC 1997). Hog fuel from primary and secondary wood processing facilities
contains sawdust, shavings, and chip fines sometimes mixed with the hogged bark and trim, while hog
fuel from a pulp mill may contain clarifier sludge. Logging residues, comprised of otherwise nonmerchantable portions of trees, cut or killed during harvest activities and wood residues from municipal
solid waste (MSW) such as discarded pallets, urban tree trimmings, and construction and demolition
wood may also be made into hog fuel.
Post-combustion ash content can be variable (from a low of two percent to as high as 20 percent) but,
with controlled moisture content and combustion, ash averages approximately five percent by weight.
Wood ash can be utilized in fertilizer products or as a concrete additive (Bergman and Zerbe 2004).

Figure 1.4.2. Comparison of hog fuel on left and clean wood chips on right (Mason).

Since the quality and component mix of hog fuel can vary considerably, it is important to clearly define
specifications based upon end-use when contracting for a supply of hog fuel. Hogged fuel is typically
used as a fuel supply for boilers and electric power generation at mills that produce the material as a
manufacturing byproduct. Green energy content is approximately 4,500 Btu per pound with a bulk density
of 16 to 22 pounds per cubic foot (Oregon 2007). Normally the combustion air requirements for these
fuels are not excessive since large amounts of surface area are available when the fuel is burned
allowing a relatively free flow of air during combustion. Due to low bulk density and high handling and
transport cost, hog fuel procurement has been historically limited to tributary areas of a 50-75 mile radius
(Nichols et al. 2008; Carlson 2001, Wiltsee 2000).
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Pellets
Wood pellets were invented in the United States
as a response to the energy crisis in the late
1970’s (REW 2008). Pellets are most often made
of compressed dry residuals from wood products
processing such as sawdust, planner shavings,
and hog fuel although efforts are being made in
British Columbia to utilize dead lodgepole pine
trees for pellet production (Swann pers com.).
The result is a dry, densified and uniformly-sized
solid wood fuel product that reduces handling,
transportation and storage problems (Shelly et
al.2000). Raw wood materials are sized by
hammer-milling wood pieces into small particles
that travel through a rotary drying drum to an
auger in-feed system that uses high pressure to
extrude the wood particles through a die with
Figure 1.4.3. Pellet die (Mason).
multiple small openings. The energy (heat)
produced in the process causes the natural lignin in most coniferous woods to melt forming a solid shiny
outer coating, without the need to add binders. Pellets may also be made from agricultural residues. For
some feedstock materials, starch or ligno-based materials may be added for a binder. The pellet product
is very similar in appearance to rabbit food which is manufactured in a similar manner from grain. The
capacity of the extrusion plants can vary from 550 pounds per hour to five tons per hour and both mobile
and stationary pellet-making equipment are commercially available.
Typically pellets range between 1-1.5 inches in length by ¼ inch in
diameter, with a density of about 40 pounds per cubic foot (MDER 2007).
Moisture content (MC) usually is maintained at 4 to 6 percent by weight.
Pellets possess high energy content (roughly 7,750 Btu per pound at 6%
MC) (MDER 2007, REW 2006). Pellets have nearly twice the energy
content per pound as cord wood yet occupy only one third the volume
and are a clean burning renewable fuel source with the lowest particulate
matter (PM) emissions of all solid fuels (FECI 2007). Pellets are
classified according to the amount of ash produced when they are
burned (premium <1percent, standard 1-2 percent, industrial >3 percent
Figure 1.4.4. Wood Pellets
ash) (MDER 2007). Pellets are a locally available and a cost-effective
(Wood Pellet Assoc. of
residential heating fuel with several advantages over other types of
Canada).
biomass. Pellets can be bought bagged or in bulk with costs generally
25-50 percent less than fossil fuel alternatives (MDER 2007). International market demand has increased
in recent years as pellets have become a desirable carbon-neutral commercial fuel for district heating
systems and co-fire applications to displace coal use by municipal power plants in Europe and Japan
(Rosillo-Calle et al. 2007, Viak et al. 2000). Annual global production of wood pellets is estimated at nine
million tons but expected to be 15 million tons by 2010 (REW 2008). Canada produced 1.4 million tons of
pellets in 2007 and is currently the world’s largest pellet producer and exporter; with British Columbia
providing the bulk of supply. The US is the second largest global producer (Swann and Melin 2008).
There are three commercial producers of wood pellets in Washington (Knobel pers com.).
Pellet heating systems utilize simple mature and clean technology. A typical system includes a fuel
storage silo with an auger infeed that delivers the wood pellets from the silo to the fuel hopper. The
pellets are fed from the fuel hopper through the fuel feed system into the combustion chamber at a rate
determined by the control setting. A fan supplies air to the combustion chamber and the exhaust is
ducted to the chimney through a port at the rear of the system. Ash must be periodically removed via the
ash pan door. Life cycle analysis of heating with wood pellets instead of oil has been shown to result in a
95 percent reduction in emissions of CO2 equivalents (Raymer 2006).
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Torrefaction
Another technology that is being researched to further densify and improve wood fuel properties prior to
pelletizing is torrefaction. Torrefaction is a thermo-chemical treatment of biomass, which is carried out in
an oxygen-deprived environment at temperatures ranging from at 200 to 300°C (Prins et al. 2006).
During the process the hemicellulose in biomass partly decomposes, emitting various types of volatiles
(mild pyrolysis). At torrefaction temperatures, the lignin in wood becomes a plastic type of material and a
hydrophobic binder of individual wood particles. Torrefaction of biomass has been shown to be an
effective method to improve the grindability of biomass, to enable more efficient co-firing in existing power
stations or for entrained-flow gasification for the production of chemicals and transportation fuels (Zwart et
al. 2006). The added costs of the torrefaction process are overcome by reduced transportation and
storage costs, increased fuel quality, and market value (Bi pers com., Bergman and Kiel 2005).

Direct Combustion
Most of today’s heating systems and electrical generation plants that are fueled by wood biomass are
direct-fired systems. Combustion systems usually include combustion chambers and boilers plus
emissions control equipment, as well as in-plant fuel preparation facilities as may be required to grind and
dry incoming materials for fuels.
Small-scale single-building municipal wood biomass-fired heating systems are found throughout New
England. Twenty percent of Vermont students attend a school heated by wood (Maker 2004). The
federal program Fuels for Schools has provided funding for a number of school districts in the inland west
to convert fossil fuel heating systems to wood fuel. In Washington, the town of Forks is retro-fitting the
school heating system to accept hog fuel supplied by local sawmills as the primary fuel supply.
Hot water boilers can provide larger heat capacity to serve multiple municipal buildings through a piping
distribution system (Nichols et al. 2008). For example, the University of Idaho operates a steam plant for
heating campus buildings that was converted from natural gas to wood residues 20 years ago (Tennery
2006, Kirkland et al. 1991). The Seattle Steam Company, which has heated half of downtown Seattle’s
buildings for a century, is currently converting its Central Business District system to use 60 percent wood
and 40 percent natural gas. The goal is to reduce the city’s carbon footprint while lowering fuel costs
(Mari 2008; Virgin 2006).
Industrial applications generally produce electricity
as well as steam and heat. The biomass fuel is
fed by auger or belt conveyor into a combustion
chamber that heats a boiler to produce highpressure steam to power a steam turbine-driven
electrical generator (Forest Products Laboratory
2004). In many industrial applications, steam is
extracted at medium pressures and temperatures
after passing through the turbine and is used for
process heat and space heating. System designs
that can use steam to generate electricity and
recover “waste” heat for institutional heating or
industrial processes, such as dry kilns, deliver the
greatest energy efficiencies and economic returns
(Forest Products Laboratory 2004). The process
of generating both steam and electricity is called
cogeneration or combined heat and power (CHP).
Such systems are comparatively small (5-50 MW)
Figure 1.4.5. Seattle Steam Company (Wikipedia).
and are designed to serve local energy loads.
Small-scale local energy providers are referred to as distributed power systems as opposed to larger
scale (100-1000 MW or more) central power systems such as major dams, nuclear power plants, or fossil
fuel generators.
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Raw materials may include hogged combustible forestry, agriculture, and other organic materials or
pellets. This creates technical and economic challenges because each feedstock has different physical
and thermo-chemical properties and delivered costs (Bain and Overland 2002). Of the 1,000 wood-fired
electrical generation plants in the United States about two-thirds are operated by wood products
companies (Nichols et al. 2008).
A boiler´s steam output contains 60 to 85 percent of the potential energy in biomass fuel. Biomass
combustion facilities that produce electricity from steam-driven turbine-generators but fail to exploit
process heat have a low conversion efficiency of 17 to 25 percent. Utilization of both heat and electricity
improves overall system efficiency to as much as 85 percent (Oregon 2007).
Direct combustion systems can be classified into pile, suspension, and fluidized systems. Pile
combustion systems are usually auger fed and burn the wood fuel in either a heaped or spread pile that is
supported on a grate which may be traveling or stationary. Pile burners are noted for being simple and
inexpensive with the ability to take a variety of wood types and moisture contents (Badger 2002).
Suspension combustion systems require even and small particle sizes and low moisture content (15
percent). Fuel particles are suspended in a turbulent air stream for combustion (Badger 2002). Fluidized
bed combustion systems burn the wood fuel on a high temperature bed of finely-divided inert material,
such as sand, that is agitated by air blown from below the bed. This suspension allows air to reach all
sides of the fuel throughout the process to create highly efficient combustion (Badger 2002). Fluidized
bed systems are particularly well-suited for burning fuels with high levels of ash, irregular shapes, and
high moisture contents (Easterly and Lowenstein 1986). Fluidized bed systems can be responsive to
changes in heat demand and fuel varieties. They are high energy yield and low maintenance as
compared to alternative systems but are more complex and costly to install (Georgia Tech 1984).
Table 1.4.4. Emissions Intensity of Electricity Produced via Different Methods (NCASI 2008).

Combined Heat & Power System (CHP)
Biomass boiler CHP2

0.017
3

Combination boiler CHP
4

Gas turbine CHP

US average utility grid

Electricity Emissions Intensity
(t CO2eq/MWh)1
0.362
0.401

5

0.676

1 – Tons of carbon dioxide GHG equivalent per megawatt hour.
2 – Biomass-fired boiler with high pressure steam routed to a back pressure turbine.
3 – Combination-fired boiler (50% biomass, 50% No. 6 fuel oil, on a steam production basis).
4 – Natural gas-fired combined-cycle combustion turbine with heat recovery steam generator
5 – US national average utility grid emissions from aggregate of all fuel sources.

Table 1.4.4. above shows the GHG emissions that result from producing electricity in a pulp and paper
mill CHP system relative to emissions associated with a combination system also in use by some pulp
and paper facilities, a natural gas-fired alternative CHP system, and the average emissions impact of
national utility grid electricity from all fuel sources (NCASI 2008).
Proper operation and current direct combustion technologies are capable of reducing particulate
emissions to extremely low levels (Beauchemin and Tampier 2008).
An in-state stand-alone wood-fired steam turbine plant is located in Kettle Falls, Washington, and has
been operated since 1983. Fuel for the 46 Megawatt (MW) Kettle Falls plant, operated by an investorowned utility company, Avista Corporation, consists of 500,000 tons per year of green lumber wastes
from northeastern Washington and British Columbia (Avista, Wiltsee 2000).
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Figure 1.4.6. Avista Corporation wood-fired power plant in Kettle Falls, WA (Avista).

Gasification
There are three types of biomass gasification processes: pyrolysis, partial oxidation, and reforming (Klass
1998). Pyrolysis of biomass occurs at high temperatures within an oxygen-deprived environment. The
primary products from pyrolysis are gases and oil with charcoal and liquids either as minor products or not
present. Partial oxidation processes utilize less than the proportionate amounts of oxygen needed for
complete combustion resulting in the formation of partially oxidized products. Reforming, which includes
multiple reactions such as cracking, dehydrogenation, and isomerization, refers to the conversion of
hydrocarbon gases and vaporized organic compounds to hydrogen-containing gases known as synthetic
gases (syngas) which are a mixture of carbon monoxide and hydrogen. Biomass gasification can be
used to generate low- to high-energy calorific gases (Klass 1998).
As with direct combustion, feedstock materials must be crushed and ground prior to being fed into the
gasifier. Pellets may also be used (Lieberz 2004). Woody biomass is one of the feedstocks of choice for
thermal gasification processes since ash and sulfur contents are lower than other biomass types such as
grasses and straws and because wood has so many volatile components (70 to 85 percent on dry basis,
compared to 30 percent for coal) (EPA 2007a, Klass 1998). Pulp and paper industry byproducts that can
be gasified include hogged wood, bark, sludge and spent black liquor. In the case of black liquor,
dissolved pulping chemicals can be recovered. (Fairley 2008, EPA 2007a).
Simple small-scale wood gasifiers can power either spark ignition engines (gasoline engines) or
compression ignition systems (diesel engines). One hundred percent replacement of gasoline in the spark
ignition system can be accommodated by minor change in carburetion. Fifteen to 40 percent fuel
replacement in a diesel engine is accomplished by feeding the gas into the air inlet. In the latter case, a
dual fuel system is required as the diesel fuel is still needed to ignite the gas. Wood residues can be
used to power cars with ordinary internal combustion engines if retro-fitted with a wood gasifier. Use of
gasifier-powered vehicles was common during World War II in several European and Asian countries
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because the war limited access to petroleum products. In more recent times, wood gas has been used to
heat and cook in developing countries, or to produce electricity when combined with a gas turbine or
internal combustion engine (Wikipedia).
There are three principal types of commercial gasification systems: updraft, downdraft and fluidized-bed.
In an updraft (or "counterflow") gasifier, the biomass fuel enters the top of the reaction chamber while
steam and air (or oxygen) enters from below a grate. The fuel flows downward where up-flowing hot
gases pyrolyze it. Charcoal residues fall to the grate and burn, producing heat while releasing CO2 and
water vapor (H2O). The CO2 and H2O react with other charcoal particles, producing CO and H2 gases
which exit from the top of the chamber. Ash falls through the grate (Oregon).
The updraft design is relatively simple and can handle biomass fuels with high ash and moisture content.
However, the gas, called syngas, wood gas or producer gas, contains 10 percent to 20 percent volatile
oils (tar), making it unsuitable for use in engines or gas turbines (EPA 2007a, Oregon).
Successful operation of a downdraft (or "co-flow") gasifier requires biomass fuel with a moisture content
of less than 20 percent. Fuel and oxygen enter the top of the reaction chamber. Down-flowing fuel
particles ignite, burn intensely, and leave a charcoal residue. The charcoal (which is about 5 to 15
percent of the raw feedstock mass) then reacts with the combustion gases, producing CO and H2 gases.
These gases flow down and exit from the chamber below a grate. The syngas leaving the gasifier is at a
high temperature (around 700° C). Combustion ash falls through the grate. The advantage of the
downdraft design is the very low tar and particulate content of the syngas (Oregon).
A fluidized-bed gasification system typically contains a bed of inert granular particles (usually silica or
ceramic). Biomass fuel, reduced to particle size, enters at the bottom of the gasification chamber. A high
velocity flow of air from below forces the fuel upward through the bed of heated particles. The heated bed
is kept at a temperature that is sufficient to partially burn and gasify the fuel. The processes of pyrolysis
and char conversion occur throughout the bed. Although fluidized-bed gasifiers can handle a wider range
of biomass fuels and moisture content, the fuel particles must be less than 10 centimeters. The fluidizedbed design produces a gas with low tar content but a higher level of particulate matter as compared with
fixed-bed designs (Oregon).
If the gasifier is pressurized, it produces gas at a pressure suitable
for electric power generation using a gas turbine. High-pressure
fuel-feed systems are in the development stage. Hot gas cleanup
technology is also under development. Hot gas cleanup removes
tars, chars and volatile alkalis to improve system efficiency
(Oregon).
Progress in the development of biomass-fired gas turbine
technology has included combined-cycle electricity generation. In a
combined-cycle facility, a gas-fired turbine generator produces
primary power. Waste heat from the turbine exhaust is used to
produce high-pressure steam, which then drives a steam turbine to
generate secondary power (Oregon). When equipment is added to
recover the heat from the turbine exhaust, system efficiencies can
increase to 80 percent (EPA 2007a).
Overall thermal efficiencies to electric power have been shown to
be twice those of conventional fuel-fired steam turbine systems
Figure 1.4.7. Black liquor
(Klass 1998). Waste heat is used to dry biomass feedstock with
gasification plant in North Carolina
has been operating since 1996
resulting improvements in gasification efficiencies (Nichols et al.
(Chemrec).
2008). Biomass gasification offers certain advantages over directly
burning the biomass because the gas can be cleaned and filtered to remove problem chemical
compounds before it is burned (EPA 2007a).

14

Fast pyrolysis is the rapid heating of fine, low-moisture biomass fuel particles to temperatures in the range
of 450° to 550° C in an oxygen-deprived environment (Babu 2008). When followed by condensation,
pyrolysis results in the creation liquid pyrolysis oil (bio-oil) with comparably little gas. Gases that are
generated from fast pyrolysis are combusted to create process heat (Ebert 2008). Oasmaa et al. (2003)
have shown that clean wood can produce 70 to 75 percent pyrolysis oil (bio-oil) yield by weight and that
forest residues (wood, bark, and foliage) can produce bio-oil yields equivalent to 60 to 65 percent of the
biomass weight. Bio-oil can be used like crude oil to refine fuels and industrial chemicals (Ebert 2008,
INRS 2004).
While some large-scale gasification technologies
using biomass and black liquor have developed to
the
point
of
demonstration,
commercial
implementation has, as yet, been limited (EPA
2007a). However, modular systems are being
developed that may hold promise for utilization of
remote biomass resources such as forest
thinnings (EPA 2007a). Conrad Industries Inc.
operates a pyrolysis gasifier in Chehalis,
Washington that utilizes plastic and rubber wastes
as feedstock materials to produce char and
pyrolysis oil.

Co-firing
Co-firing refers to the practice of mixing biomass
Figure 1.4.8. Gasification fueled 15 kW generator.
or biomass-derived fuel with a fossil fuel in highHoopa Indian Reservation (Bain and Overend).
efficiency boilers as a supplementary energy
source. Recently, there has been considerable emphasis on co-firing biomass fuels with coal in
pulverized coal and cyclone boilers operated by electricity generating utilities in order to address such
issues as potential portfolio standard obligations for reduction of GHG emissions. Biomass-derived fuels
that can be used for co-firing include wood waste, wood pellets, dedicated energy crops, agricultural
residues, manure, land fill gas and wastewater treatment gas (Tilman 2000). Wood pellets are
increasingly imported to Europe for use as a co-fire fuel with coal to reduce GHG emissions (REW 2008;
Swann pers com.). At large generation plants operated by utilities, solid biomass is co-fired with coal,
with biomass substituting for up to 15 percent of the total energy input in a power plant (DOE 2000). At
heating plants, such as Seattle Steam mentioned above, or smaller generating plants, biomass, either as
a solid fuel or as syngas, may be co-fired with natural gas, and more biomass fuel is typically used than
natural gas because the natural gas is used to stabilize combustion when biomass with high-moisture
content is fed into the boiler (EPA 2007a). Biomass fuels may also be gasified for co-firing with natural
gas (Tilman 2000). Co-firing is considered as the most cost-effective and easiest implemented use of
biomass by electric utilities (EPA 2007a; Tilman 2000).
Biomass co-firing requires a relatively minor retro-fit to fossil fuel generating systems such as fuelhandling and storage systems, minor burner modifications or additions necessary to introduce and burn
the supplemental fuel (EPA 2007a). While a broad assortment of biomass fuels may be used, the most
troublesome biomass resource tends to be agricultural residues, including grasses and straws, which
have high nitrogen, alkali and chlorine contents. In contrast, most woody materials and waste papers are
relatively low in nitrogen, alkali and chlorine and should not present this problem (EPA 2007a). Research
has shown that recovered ash from co-firing can be used in concrete and cement (Wang and Baxter
2007).
The city of Tacoma operated a multi-fueled power generating plant that co-fired wood (60 percent), fuel
from MSW (20 percent) and coal (20 percent). This facility was shut down in 1998 (Nicholls et al. 2008).
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There are currently many technology options for co-firing that are mature, efficient, and reliable.
Competitive performance as compared to fossil fuels can be favorable where low cost residues are
available and investment costs are minimal (EERE 2004). A 15 percent fuel replacement with wood
biomass in a coal power plant results in an 18 percent GHG emissions reduction (NREL 2000).
Gasification technologies, once proven at a commercial scale, will provide even better possibilities for cofiring with biomass (IEA 2007a).

Ethanol
Ethanol has a long history of usage as a liquid fuel for internal combustion engines. It can be used by
itself (neat fuel), as a fuel extender with petroleum fuels (blended fuel), as an octane enhancement
(racing fuels), and as a source of dissolved oxygen in gasoline (MTBE replacement) (NREL 1999, Klass
1998, IQ Learning Systems). Ethanol offers the anti-knock and oxygenation benefits of a high octane but
contains 34 percent less energy than gasoline resulting in cleaner but reduced car mileage per gallon of
fuel. Almost all of the ethanol made in the United States today comes from corn but ethanol can also be
made from wood. There is considerable international interest in production of ethanol from wood (Enecon
2002). Ethanol from wood (and other plant material) is referred to as cellulosic or lignocellulosic ethanol
and is considered to be a second generation or advanced biofuel. The Energy Independence and
Security Act of 2007 (EISA) mandates that by 2022 there will be 21 billion gallons of advanced biofuels
produced annually in the United States (Sissine 2007).
Several types of woody biomass can be used for this purpose: forest residues, debarking waste, paper
mill residues, sawdust, wood chips, energy crops, etc. For best economic performance, biomass
feedstocks should be available at a consistent price, quality, and quantity, and must be harvested, stored,
and transported cost-effectively year-round in sufficient volumes to provide operating efficiencies. The
minimum production volume for economies of scale and cost-efficient conversion of wood to ethanol is
estimated at 50 million gallons per year (Busby et al. 2008, Solomon et al. 2007) but optimum size may
be much larger (Wright and Brown 2007). At an approximate yield of 80 gallons per bone dry ton (BDT)
of woody biomass, a 50 million gallon per year commercial wood-to-ethanol facility would require 625,000
BDT per year of raw material (EEREa, Kerstetter and Lyons 2001); about the size of a moderate capacity
pulp mill.
The proportion of cellulose and hemicelluloses in wood (about 70 percent) provides an excellent
opportunity for conversion to ethanol (Shelly et al. 2000). Making ethanol from cellulosic feedstocks, such
as wood, however, is more challenging than making ethanol from starch and sugar feedstocks such as
corn and cane (EEREb&c). The basic conversion process involves the pretreatment of lignocellulosic
feedstock (wood) to separate it into its main constituents, cellulose, hemicellulose and lignin; this can be
accomplished by mechanical, chemical or biological means, or a combination of each (Hamelinck et al.
2005). Pretreatment reduces particle size and increases surface area. Following pretreatment, hydrolysis
of carbohydrate polymers liberates sugar monomers; this is usually accomplished through acid or
enzymatic methods (Wright et al. 2006). There are two acid hydrolysis processes commonly used: dilute
acid and concentrated acid. The dilute acid process is conducted under high temperature and pressure,
and has a reaction time in the range of seconds or minutes, which facilitates continuous processing. The
conversion efficiency with this method is about 50 percent (Graf and Koehler 2000). The concentrated
acid process uses relatively mild temperatures, and the only pressures involved are those created by
pumping materials from vessel to vessel. Reaction times are typically much longer than for dilute acid.
The conversion efficiency oscillates around 80-90 percent (Graf and Koehler 2000).
Enzymatic hydrolysis involves the use of cellulases that are produced from strains of bacteria and fungi,
which catalyze the depolymerization of cellulose chains (NREL 2007). Cellulases were first developed
from mold encountered during WWII in the South Pacific (Bernton et al. 1982).
Hydrolysis is followed by fermentation of sugars from the cellulose and hemicelluose using genetically
engineered yeast or bacteria to produce ethanol and carbon dioxide as a byproduct (Oregon).
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The final process in alcohol recovery is distillation, although variations on this procedure are being
investigated. The lignin portion of wood, which can not be converted to fermentable sugars, is combusted
to fuel the industrial process that supports fermentation. In most process models the heat released by
lignin combustion exceeds the heat required by the industrial process and the excess is used to generate
surplus and salable electricity (Hammerschlag 2006).
Currently the market for ethanol fuels is focused on the transportation industry, especially on fuel blends
of 10% ethanol and 90% gasoline (E10), which may be used in conventional vehicle engines without
requiring modifications. Ethanol is non-toxic, water soluble and quickly biodegradable. Cellulosic ethanol
is a renewable source of energy that, when burned for fuel, produces fewer emissions than fossil fuels in
every significant category (NOx, SOx, CO2, CO, VOCs, particulates) (EPA 2002, RFA). However,
ethanol-gasoline blends may produce slightly higher volatile organic compound (VOC) emissions and
aldehydes in older vehicles (UN 2007, Andress 2001).

Figure 1.4.9. Schematic for biochemical conversion of biomass to ethanol (EEREc).

Thermochemical conversion of wood to ethanol can be accomplished by fermentation of syngas
produced through the gasification process, as described above, followed by distillation to isolate ethanol
content. One advantage of syngas fermentation is that the chemical energy stored in all parts of the
biomass, including the lignin fraction, can contribute to the yield of ethanol (Spath and Dayton 2003).
Another advantage to syngas fermentation is that a variety of biomass resources can be utilized (Spath
and Dayton 2003).

Figure 1.4.10. Schematic for thermochemical conversion of biomass to ethanol (EEREc).

There are currently 21 cellulosic ethanol conversion plants that are in construction or operating in the
United States of which eight are designed to use wood as a feedstock (See map in appendix). There are
currently no wood ethanol plants operating in Washington although several companies may be in the
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planning stages of development. A hurdle for ethanol that is especially important for importing states like
Washington is that due to corrosiveness it is incompatible with existing pipeline infrastructure and
therefore must be transported in tanks by truck, rail, or water-freight.

Methanol
Methanol is another liquid fuel that can be manufactured from wood. Methanol is also known as wood
alcohol and has been commonly made from wood for household applications since the 1920s (Bernton
1982). Methanol was first made as a byproduct of charcoal manufacture through destructive distillation
(Zerbe 2006). Today, as a less expensive alternative, it is synthesized from natural gas.
Wood is converted to methanol through gasification to create syngas. The gases require cleaning and
conditioning to remove contaminants such as tar, particulates, alkali, ammonia, chlorine, and sulfur. This
step is followed by catalytic conversion of the gas and recovery of methanol.
Methanol has a lower energy density than ethanol, and, unlike ethanol, it is a toxic substance (UN 2007).
Methanol has been used to produce methyl tertiary butyl ether (MBTE) for octane enhancement and as
an oxygenate in gasoline. MTBE has been outlawed in a number of states after it was found to be a
potential carcinogenic contaminate of ground water. Consequently, methanol demand for MTBE
production has ceased (Zerbe 2006). Methanol can be made from wood at higher yields than ethanol
from biochemical conversions and similar yield as ethanol from thermal chemical conversions since
making methanol from wood uses all wood components, including the lignin, (Zerbe 2006). Methanol is
also used to produce biodiesel (MIIFQC 2006) and as a source of hydrogen for fuel cells (Hamelinck and
Faaij 2002, Williams et al. 1995). Fuel cell technology remains far from deployment given formidable
cost, technological, and infrastructure challenges (IEA 2007b). Ethanol has also been considered for
powering fuel cells in future designs and applications (Lynd 1996).
Another form of alcohol that can be produced from biomass by fermentation process is butanol.
Production of butanol is attracting some attention from government and private investors since butanol
has 90 percent of gasoline energy content as compared to ethanol that has less than 70 percent of
gasoline energy content. Tests indicate that butanol can be blended with gasoline at slightly higher
percentages than ethanol without modifications to conventional gasoline engines and butanol is
compatible with existing pipelines unlike ethanol. However, butanol is more expensive to produce and is
highly toxic (Kiplinger 2008a).

Bio-Oil
Bio-oil, or pyrolysis oil, is a dark brown mobile liquid with a heating
value comparable to air-dried wood, methanol, and ethanol. It is
composed of hundreds of different chemicals, ranging from volatile
compounds like formaldehyde and acetic acid to more stable phenols
and anhydrosugars. Bio-oil contains between 15% and 40% water,
depending upon the process used to produce and collect the liquid. It is
immiscible with petroleum-derived fuels, is chemically unstable, and
breaks down over time or when exposed to high heat. It can also
separate into a water and oily phase, which makes handling
troublesome. Bio-oil can be produced from any biomass waste
material (Diebold 2000). In most applications, this biomass must be
dried to low moisture content and ground to a very fine size. Bio-oil
can be combusted to generate heat and electricity or it can be refined
to produce a range of synthetic fuels and chemicals.

Figure 1.4.11. Bio-oil (NREL).

Fischer-Tropsch diesel
Fischer-Tropsch is a process to convert syngas to liquid fuels that bears the names of the two German
scientists that invented it in the 1920’s to produce petroleum substitutes from coal (FAS 2005). Today this
process is being investigated for its potential use with biomass to produce clean synthetic liquid fuels
(Davis and Occelli 2006). Production of synthetic liquid fuels from biomass is referred to as biomass-to18

liquid or BTL. The Fischer-Tropsch process (FT) is a catalyzed chemical reaction in which syngas,
generated by gasification as described above, is converted into liquid hydrocarbons of various forms.
Typical Fischer Tropsch catalysts are based on iron or cobalt. Approximately 60 percent of the distillate
can be used directly as a diesel fuel, while the other fractions can be used in the chemical industry or be
further processed into synthetic gasoline or kerosene (Lieberz 2004).
Fischer-Tropsch diesel is similar to fossil diesel with
regard to its energy content, density and viscosity and it
can be blended with fossil diesel in any proportion
without the need for engine or infrastructure
modifications. FT diesel has a higher cetane number
(better auto-ignition qualities) and lower aromatic
content, which results in lower NOx and particle
emissions . It is also considered to be carbon-neutral
as its combustion only releases the CO2 contained in
the biomass and is basically free of sulfur (Wang et al.
2008, Lieberz 2004).The production costs of FT fuels
are currently higher than those of diesel.
The
expectation is that, through technical innovations, FT
process costs could come down by almost half
suggesting that future applications for FT conversion of
syngas from wood and other cellulosic biomass may be
Figure 1.4.12. FT diesel and fossil diesel (NREL)
promising (Tijmensen et al. 2002). Several companies
in Germany are experimenting with FT production of synthetic diesel. Yields of energy per unit volume of
feedstock for synthetic diesel are expected to surpass those for first and second generation ethanol
production which suggests a comparative opportunity to minimize acreages needed for feedstock
cultivation (FAS 2005).

Wood-to-energy conversion summary
Use of wood to manufacture densified solid fuels, such as pellets and charcoal, is well-established,
economically competitive, and undergoing expansion to meet market demand. Commercial wood heat
and wood-to-electricity conversion facilities are able to operate profitably especially when linked to
manufacturing facilities, such as sawmills, pulp mills, and paper mills, that generate low-cost process
wastes for feedstocks and are able to utilize steam and power in-house. Production of commercial woodto-liquid fuels in the U.S. has yet to achieve broad deployment but government commitments and
investment spur development (NREL 2007). The primary but not exclusive focus has been on cellulosic
ethanol production. Capital and production costs for wood-to-liquid fuels conversion facilities are much
greater than those for grain-to-liquid fuels facilities (Wright and Brown 2007). Technological capabilities
have progressed for liquid fuels conversions but further advancements may still be needed to bring down
production costs, increase yields, and build transportation, storage, and distribution infrastructure so that
cellulosic biofuels will be market-competitive with fossil fuels (GAO 2006a). However, while conversion of
cellulosic biomass to liquid fuels is currently more costly than either fossil fuel alternatives or ethanol from
starch and sugar crops, cellulosic derived fuels are considered carbon-neutral and significantly less
polluting (Soloman et al. 2007, EPA 2007b, Hammerschlag 2006). Therefore, from a net GHG reduction
perspective, cellulosic fuels provide more effective and less expensive offsets than starch and sugar crop
conversion. The expectation is that research breakthroughs will make cellulosic conversions to liquid
fuels cost-competitive in the short-term (NREL 2006) while greatly expanding world access to renewable
energy. Integrated biorefineries, such as are operated by the petroleum industry, which can capture
combined value from heat, electricity, liquid fuels, and co-products show promise for increased products
yields and economic returns especially when developed as expansions of existing industrial infrastructure
such as pulp and paper mills (Agenda 2020 2006).
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1.5 Forests and energy – the history
Energy is the ability to do work; the more powerful and efficient the source of energy then the greater the
work that is done and the benefit derived (Kelly 2007). Development and control of energy and the
resources from which it may be generated have driven advancement of technology, wealth and
civilization. Energy consumption per-capita can be considered as an indicator of societal wealth; the
greater the energy consumption, the higher the standard of living (Winteringham 1992). However, both
the source and quantity of energy consumed can result in negative consequences. The rapid increase in
human combustion of fossil fuels in the twentieth century to meet world energy demand has been
accompanied by environmental costs and fossil fuel depletion. New energy strategies are needed that
will likely include increased usage of biomass energy resources (The White House 2008, Klass 1998).
There is a long history of biomass utilization in the United States and the Pacific Northwest which may be
worthy of review.

Native Americans – resources and energy
Native Americans are known to have been managers of
natural resources for 10,000 years or more (Mann 2005,
Suttles and Ames 1997, Aikens and Jenkins 1994). In
many areas of the United States, ecosystems found by
early European settlers were not virgin wilderness
untouched by the hand of man, but were instead forests
altered through time by many generations of Natives that
intensively burned, pruned, sowed, weeded, tilled, and
harvested to meet their requirements for fuel wood, fish
and game, vegetal foods, craft supplies, and building
materials (Mann 2005, Stewart 2002, Bonnicksen 2000,
Minore et al. 1979). Periodic underburning not only
produced desirable vegetative conditions but reduced fuel
accumulation that might otherwise sustain intense fires
(Pyne 1983, Barrett and Arno 1982). A severe fire in a
tribal territory would have meant not only loss of property,
resources, and lives, but also long-term disaster for the
well-being of the community. A fundamental land ethic,
founded upon the survival imperative implemented through
Figure 1.5.1. Nez Perce men building a fire
adaptive management, has endured through millennia
(Northwest Museum of Arts and Culture).
based in respectful interaction with nature, in ways that
conserve resources while providing for the needs ofthe people (Anderson and Moratto 1996). An
important resource, past and present, for Native Americans has been wood for housing, canoes, clothing,
tools, bowls, boxes, cultural uses, and fuel.

Combined heat and power for the Pacific Northwest
With the arrival of Europeans, utilization of forest resources changed dramatically in the Pacific
Northwest. The first sawmill was established by the Hudson’s Bay Company at Fort Vancouver in 1825.
Early sawmills relied upon wooden water wheels to power machinery but by 1853 production energy
shifted to steam generated by wood-fired boilers (Andrews 1957). By the late nineteenth century, early
pulp and paper mills were being established in Washington (HistoryLink, Wiltsee 2000). By 1910,
sawmills in Washington produced four billion board feet of lumber per year; most of which was shipped
via rail and water to other states and countries. At that time Washington was the largest lumberproducing state in the United States. Wood combustion to create steam under pressure provided the
power for the mills, the logging machines (donkeys) and the railroads. The largest saw mill in the world
was located at Port Blakely and was powered by three 300 horsepower boilers that converted sawdust
and scrap lumber into steam
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(Tattersol 1960; Ziegler and Rankin 1900). The
largest steam-powered shingle mill in the world
was the M.R. Smith Shingle Company located on
the Olympic Peninsula (Maunder and Holman
1975). Wood production provided 61% of all
manufacturing jobs and was an important
determinant in the region’s economic growth.
Export of Washington’s rich timber resources
induced extensive investment in regional
distribution and transportation facilities that in
turn quickened the pace of immigration. New
residents found forest products employment to
be readily available with wages significantly
higher than the national average.
The
mechanized nature of forest products processing
led to growth of equipment design, repair and
maintenance industries that evolved into
Figure 1.5.2. Splitting firewood for the steam donkey
specialized machinery producers. Prosperity
(Kinsey. UW Special Collections, CKK0392).
created a growing demand for locally produced
goods and services; encouraging investment in domestic infrastructure including energy generation
(Tattersol 1960). In many new cities, such as Longview, steam generators fueled with saw dust from
nearby mills provided municipal electricity (HistoryLink). Wood supplied the raw material for both the
products and the energy that fueled Washington’s growth.

Figure 1.5.3. Everett Pulp and Paper Company in 1902, an early provider of biomass energy in Washington
(Everett Public Library).
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Regulatory instability and biopower
In 1850, wood represented 91 percent of the total U.S. energy supply (Bain and Overend 2002). As the
country entered the twentieth century, wood energy declined until the energy crisis of 1973 when the pulp
and paper industry made a determined effort to maximize use of wood for energy self-sufficiency (EERE
2005). Following the oil shocks of the 1970’s, Congress passed the Public Utilities Regulatory Policy Act
(PURPA) which required utilities to purchase power at the avoided cost of producing new electricity (Bain
and Overend 2002). From 1980 to 1990 there was a three-fold increase in biomass-to-electricity
(biopower) generating capacity; primarily from wood (Bain and Overend 2002). By the early 1990’s,
however, as PURPA contracts expired, government interest in renewable energy waned and utility
companies restructured; generating plants closed and capacity declined (Bain and Overend 2002). The
consequences of shifting energy priorities have been visible in California which has seen dramatic
fluctuations in electricity rates and renewable energy infrastructure (Stoltzfus 2006, EIA 2003, Los
Angeles Times 2002). In 1991, 53 biomass power plants generated almost two percent of California’s
electricity. By 2007, only 23 plants remained operating in California (CBEA). During an electricity crisis in
2000 and 2001, California power prices fluctuated as much as 500 percent (Morris 2003, CBEA).
Regulatory instability and energy price volatility with implications for bioenergy development are
discussed further in Section IV of this report.

Gasification
Gasification is an old technology with a long history of development. For thousands years, people have
heated wood in constrained oxygen environments to produce a higher heat solid fuel, charcoal. Wood
was stacked in a conical mound and covered with moist dirt. Openings were left at the bottom to admit
air, with a central shaft to serve as a flue. The firing began at the bottom of the flue, and gradually spread
upwards heating but not burning the stacked wood. Wood becomes brown at 220°C and a deep brownblack after some time at 280°C (Wikipedia). A modern charcoal product, the briquette, was first
manufactured by Henry Ford with hogged scrap wood from the automotive plant (Klass 1998).

Figure 1.5.4. Wood pile for charcoal production before being covered with soil and fired around 1890
(Wikipedia).
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First experimentation with coal gasification began in the seventeenth century (Turare 1997). In 1812, the
first commercially manufactured gas from coal, known as “town gas” was being made in England for
cooking, heating, and lighting (Klass 1998). By the latter half of the nineteenth century, gasifiers were
successfully used with engines for power generation (Turare 1997). In the period 1901-1920, many utility
boiler systems were built with coal gas producers, hence the name “producer gas,” and were used for
power and electricity generation. In the 1930’s, Nazi Germany accelerated efforts to convert existing
motor vehicles to use producer gas for fuel as part of plan for national security and independence from
imported oil (Turare 1997). During World War II, petroleum shortages resulted in the retro-fit of vehicles
in Europe with wood-gas generators. More than one
million small-scale, air-blown gasifiers fueled by wood
residues were built during WWII to manufacture lowenergy gas (“gengas”) to power vehicles and to
generate steam and electrical power (Klass 1998).
The 1970’s brought the Arab Oil Embargo and the
“energy crisis” which prompted the U.S. government to
support research into industrial scale gasification
projects.
From this effort came the first Integrated Gasification
Combined Cycle (IGCC) electric generating plants.
Presently, several wood-fed IGCC power plants are
operating throughout the world. Crude oil price spikes
and geopolitical instabilities in major oil-producing
countries have generated serious interest in using
biomass gasification for gas-to-liquid (GTL) synthetic
fuel conversions.

Figure 1.5.5. Truck equipped to operate with
wood chip gasification system (General Motors).

Ethanol verses oil – an old competition
Ethyl alcohol (ethanol) was first produced in the United States in the early 1800’s as a lamp fuel
ingredient that when mixed with turpentine and camphor created an inexpensive alternative to
increasingly scarce whale oil. At the time it was simply referred to as “alcohol.” In 1860, the U.S. market
for alcohol-based solvents and lamp oil exceeded 25 million gallons per year (Goettemoeller and
Goettemoeller 2007). But in 1862, the Union Congress imposed a $2 per gallon excise tax on all alcohol
products to help pay for the Civil War. This tax made alcohol too expensive for use in lamp oil and
coincidentally came at the time that kerosene was being developed; first from coal and then from oil (EIA,
Yergin 1991). An historic competition had begun. The Civil War tax on alcohol was not repealed until
1906. By that time, oil had become the dominant liquid fuel in the United States. In Europe, however,
where there was little oil, governments encouraged alcohol production for energy. German engineer,
Nicholaus Otto, invented the first four-stroke combustion engine in 1876. It was fueled by alcohol
(Goettemoeller and Goettemoeller 2007). By the late nineteenth century, use of alcohol engines in
Europe was widespread. Germany produced 30 million gallons of alcohol fuel in 1902 (Bernton et al.
1982).
Farmers plagued by falling prices for crops took note of the success of alcohol in Europe and lobbied for
similar market protection in the United States. Many hoped that the repeal of the alcohol tax and the
increased acceptance of the automobile would create new value for grain alcohol as a liquid fuel (Preston
1907). Henry Ford supported “farmer fuel” and, in 1908, equipped his “Model T” cars with engines that
were capable of running on ethanol, gasoline, or a combination of the two. The first “flex-fuel” vehicle
was made available a century ago (EIA). However, even without the tax, alcohol at 30 cents per gallon
did not compete well against gas at 10 cents per gallon or kerosene at 8 cents per gallon (Bernton et al.
1982). Ethanol, marketed first as “Alcolene” and “Agrol” in the 1930’s and later as “Gasohol” in the
1970’s, struggled throughout the twentieth century to gain market foothold against oil, achieved periodic
bursts of success when resources were scarce (WWI, the Depression, and WWII) or when oil prices
escalated and government support was available (1973 and 1979 oil shocks), but never gained significant
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market share in the United States (Solomon et al. 2007; Bernton et al. 1982; NATC 1981; OTA 1979;
Hale 1936). Over the last one hundred years, when oil prices dropped and government ethanol supports
sunsetted, consumer preference returned to petroleum over ethanol. Americans are again facing this
preference choice. Annual U.S. ethanol production, primarily from corn, has risen over 400 percent since
2000 to 6.5 billions gallons in 2007 (Goettemoeller and Goettemoeller 2007; BRDB 2008). The United
States is currently the world’s largest ethanol producer (BRDB 2008).

Washington State and ethanol
In Washington, ethanol was made from wood. Beginning in World War II, the Puget Sound Pulp and
Paper Company in Bellingham made ethanol out of paper-pulp byproducts. Ethanol was used to
manufacture synthetic rubber, medicines, and power boosters for aviation and submarine fuels (Bernton
et al. 1982). The Bellingham plant was later operated by Georgia Pacific where, until 2007 when it
closed, it produced tissue paper and 7 million gallons of ethanol per year from spent pulping liquor
(Darling 2007, Graf and Koehler 2000). The Pabst Brewery in Olympia produced 0.7 million gallons of
ethanol per year from brewers waste until 2003 when it closed (Virgin and Bishop 2003, Graf and Koehler
2000). Although several companies are reported to be in the planning phases, today there are no longer
any operating ethanol conversion facilities in Washington (Lyons pers com.).

History – Summary and Conclusions
Worthy of emphasis: renewable energy, especially ethanol, while an increasingly important topic for
discussion and policy development in 2009, is not new (Curtis 2008). The first attempt at commercializing
an acid hydrolysis process for ethanol from wood was done in Germany in 1898 (Wikipedia). Acid
hydrolysis conversion of wood to cellulosic ethanol provided important fuel supplies during both World
Wars (Zerbe 1991). The first mass-produced flex vehicle in the United States, with the ability to run on
either gasoline or ethanol, was built by Henry Ford one hundred years ago. Ford regarded anhydrous
alcohol (ethanol) as the fuel of the future that would provide income to farmers and energy for the nation
(Bernton et al. 1982). Rudolf Diesel, the inventor of the engine that bears his name, demonstrated a
diesel motor fueled with peanut oil in 1900 at the Paris Exposition. Diesel shared Ford’s enthusiasm for
farm fuels and predicted in 1912 that vegetable oils would one day become as important a source of
energy as petroleum (Quick 1989). Ironically, it was to a large degree the popularity of Ford’s Model T
and Diesel’s compression engines that initiated America’s historic reliance on oil for transportation energy
(Kelly 2007).
The pollution reduction benefits of ethanol have been widely recognized since the 1920’s when, in spite of
considerable scientific evidence indicating health hazards, tetraethyl lead was selected over ethanol as
an anti-knock additive to gasoline (Dimitri and Effland 2007). Leaded gasoline was finally banned by the
Clean Air Act in 1996, more than 70 years after controversy had begun (EPA 1996). Methyl tertiary butyl
ether (MTBE) not ethanol was selected to replace lead in gasoline. Since 1992, MTBE was used at
higher concentrations to fulfill the oxygenate requirements required by the Clean Air Act Amendments of
1990 (CAA). Increased oxygen helps gasoline burn more completely and reduces harmful tailpipe
emissions from motor vehicles. After MTBE was proven to be a carcinogenic groundwater pollutant it was
banned in a number of states. One result was accelerated use of ethanol as a fuel additive for states with
air quality problems. The Energy Policy Act of 2005 further hastened the decline of MTBE by removing
MTBE liability protection for gasoline marketers that prior legislation had provided (EIA 2006a, SECO).
This recent shift by blenders towards replacement of MTBE with ethanol has created important market
opportunities to support expansion of the developing U.S. ethanol infrastructure.
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Figure 1.5.6. Wood residues will become an increasingly important raw material for ethanol
production (NREL).

Nearly one hundred years and many false starts after Ford’s visionary expectation of ethanol as an
important national fuel resource, the demand for ethanol has increased at unprecedented rates as
refiners replaced MTBE and the nation pursued domestically-produced clean renewable energy. Today
the U.S. ethanol industry relies almost exclusively upon corn for its feedstock resource. In 2006, 20
percent of total U.S. corn production was consumed by the ethanol industry (EIA 2007a). As ethanol
production increases in the future so will competition among fuel, food, and export markets (EIA 2007a).
The use of food crops for conversion to fuel is already controversial (Associated Press 2007). Corn
ethanol conversions require almost as much energy as is produced (Hammerschag 2006) and
maximizing potential for petroleum displacement is limited by available cropland and resources (AntizarLadislao and Turrion-Gomez 2008, IEA 2004). The U.S. Congress has established ambitious goals for
conversion of ethanol from cellulosic feedstocks such as wood (Sissine 2007). The National Renewable
Energy Laboratory (2006) has determined that increased production of ethanol from wood and other nonedible materials will be needed in order to meet the nation’s renewable fuels objectives.

Wood processing and energy today – Washington State
Today the Washington forest industry employs 45,000 people and annually generates $2 billion in wages,
$16 billion in gross business revenues and over $100 million in tax receipts (Eastin et al. 2007).
Washington produces six billion board feet of lumber per year, one billion square feet of plywood panels
(3/8” basis), and seven million tons of pulp and paper products (Eastin et al. 2007, Ince et al. 2001).
Remarkably after several decades of political and economic struggles for the forest industry, Washington
currently maintains the second largest lumber production in the nation and is fourth in production of both
plywood and pulp and paper products (Eastin et al. 2007, Ince et al. 2001). Washington’s wood process
infrastructure also represents significant capital investment in renewable energy development. As had
been the case in earlier days, most wood processors continue to utilize wood wastes to produce
renewable energy including both steam and electricity. Wood and wood-derived fuels are the largest
non-hydro contributor of renewable energy in the nation (EIA 2008b). The pulp and paper industry, which
burns waste wood and black liquor to generate electricity and process heat, is the single largest industrial
contributor of renewable energy in the United States (Perlack et al. 2005). Wood and wood-derived fuels
were the largest non-hydro contributor to renewable energy in Washington until 2007 when the recent
rapid growth of state wind electrical generation overtook wood outputs (EIA 2008c). Unaccounted for in
this comparison, however, is the considerable use by Washingtonians of fire wood and wood pellets for
heating fuels. Total estimated volumes of wood consumption in Washington are not known.
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Washington Indian Tribes, that own forest resources, have been recognized for their ability to manage
forests sustainably for integrated economic, cultural and environmental values (USDA 2008, Blatner et al.
2005, Forest Health Strategy Work Group 2004). Native Americans have evolved traditional utilization of
forests to include job and revenue generation and have become increasingly important regional
contributors to Washington forest industry infrastructure. For example, Tribal enterprises now dominate
wood processing activity in central Washington. Yakama Forest Products operates two sawmills in White
Swan and the Confederated Tribes of the Colville Reservation operate a sawmill and a plywood plant in
Omak. Both Indian Nations are currently pursuing opportunities to expand tribal enterprise operations to
include utilization of wood residues for production of renewable energy (Rigdon pers com., Clark pers
com).
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Section II: The Imperatives
There is growing interest in the utilization of biomass as an alternative energy resource to fossil fuels
which has potential to reduce emissions of greenhouse gases that have been linked to global warming
trends (Stupak et al. 2007). In the United States, an additional incentive for shifts away from fossil fuel
reliance is to improve national security and reduce the impacts to the economy that result from energy
imports (BRDB 2008). Forests can provide a considerable source of biomass resources but care must be
taken to ensure that utilization is sustainable (WGA 2008a,b,&c). This section will examine climate
change and energy independence as compelling imperatives for aggressive development of bioenergy
resources when considered in the context of a third imperative: sustainability. Climate change, energy
independence, and sustainability are discussed throughout this report as performance metrics from which
to gauge the merits of alternative courses for action.

2.1 Greenhouse Gases and Climate Change
There is accumulating evidence that global climate is changing in response to increases in atmospheric
concentrations of carbon dioxide (CO2) and other pollutants, collectively described as green house gases
(GHGs), that are released as a result of fossil fuel combustion to produce energy (IPCC 2007a & 2007c).
Deforestation and agriculture have also been identified as sources of GHG releases (IPCC 2007b).
Observed consequences include elevated temperatures, altered precipitation cycles, declining
snowpacks, rising sea levels, threats to native species, risks to public health, extreme weather events,
and increased incidence and severity of forest fires (IPCC 2007b; FAO 2001).

A growing scientific consensus
Since 1958, from a unique laboratory located 11,500 feet above sea level and 2000 miles from the
nearest continent, the National Oceanographic and Atmospheric Administration (NOAA) has measured
the concentration of trace gases in the atmosphere, including CO2 (Keeling 1976). The data collected by
this laboratory, on the lava-covered upper slopes of Mauna Loa in Hawaii, represents the longest
established record of direct measurements of CO2 in the atmosphere. Air is slowly pumped through a
small cylindrical cell and infrared light is transmitted through the air and measured by a detector that is
sensitive to infrared radiation. The infrared light absorbed by CO2 present in the air is calculated,
converted to a molecular count, and compared to the total number of molecules of air less water vapor.
The result is an estimate of the ratio of CO2 molecules to dry air molecules expressed as parts per million
(ppm) of CO2 in dry air. Accuracy is considered to be within 0.2 ppm (Tans).
Over the years, two trends become apparent from
an examination of Mauna Loa CO2 measurements
(Figure 2.1.1). The oscillations (red) are a result
of the seasonal differences in the photosynthesis
of plants in the Northern Hemisphere. In the
summer, atmospheric CO2 declines as vegetative
photosynthesis (dominated by forests) increases.
In winter, atmospheric CO2 increases as flora
become dormant (Woodwell and Pecan 1972).
The trend line (black), however, shows a
continuous increase in resident atmospheric CO2.
This phenomenon has become a source of
growing contemporary global concern (Kirby 2008,
Gore 2006).
The possibility that combustion of fossil fuels by
modern civilization might be changing climate was
Figure 2.1.1. Atmospheric CO2 in ppm (Tans).
first suggested by Callendar in 1938. He found
that atmospheric concentrations of CO2 had risen during the twentieth century and he identified
anthropogenic burning of coal, oil, and natural gas as the source of increase. Callendar (1938, 1949)
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hypothesized that global warming could result. For decades, Callendar’s theories were discounted by
many scientists but, by the early 1970’s, data from Mauna Loa was starting to show a trend and a
growing number of scientists agreed that Callendar might be correct (Botkin 1990, Woodwell and Pecan
1972).
It is referred to as the “greenhouse effect.” Put very simply, the greenhouse effect is a naturally occurring
process that heats Earth's surface and atmosphere. Energy received from the sun and emitted to space
by the Earth’s surface is affected by the chemical composition of the atmosphere. Certain atmospheric
gases, such as CO2, water vapor, and methane (CH4), influence the energy balance of the planet by
absorbing long-wave radiation emitted from the Earth's surface. Without the greenhouse effect the
average temperature of the Earth would be much colder (about negative 18° Celsius), rather than the
current average of positive 15° Celsius. As energy (radiation) from the sun passes through the
atmosphere a portion (about 30 percent globally) is reflected or scattered back to space by clouds (water
vapor) and other atmospheric particles. About 19 percent of the energy available is absorbed by clouds,
gases, and particles in the atmosphere leaving about 51 percent to reach the surface. This energy heats
the ground surface, evaporates water, and contributes to plant photosynthesis. The Earth’s surface
reradiates energy at infrared wave lengths; a portion of which is trapped by green house gases.
Increasing levels of GHGs, primarily CO2 but including other trace gases such as CH4, magnify the
greenhouse effect, trap heat, and cause the planet to warm (Pidwirny 2006, Kiehl and Trenberth 1997).
Analysis of the composition of air enclosed in bubbles in ice cores from Greenland and Antarctica has
provided scientists with estimates of historic (pre-industrial) atmospheric CO2 and other GHGs. For the
ten thousand years leading up to 1750 there is very high confidence that atmospheric CO2 stayed
relatively constant at 280 ppm within a range of ± 20 ppm (Indermühle et al. 1999). Today the consensus
estimate is that atmospheric CO2 content has risen to around 380 ppm (Le Quéré et al. 2008). The
amount of CO2 in the atmosphere has increased by about 36%. While climate science is an evolving and
complex field of study that includes many uncertainties, there is significant scientific agreement that
increased CO2 can be associated with human activities, primarily the combustion of fossil fuels, and that
global warming has been the result (Le Treut et al. 2007, Bjørke and Seki 2005). Increases in
atmospheric content of other GHGs such as CH4, nitrous oxide (N2O), nitrogen oxides (NOx), carbon
monoxide (CO), non-methane hydrocarbons (NMHC, also known as volatile organic compounds, VOC),
and a variety of fluorine-containing halogenated substances (CFC, HCFC, and others) are also credited
to anthropogenic sources (Le Treut et al. 2007).

IPCC
The Intergovernmental Panel on Climate Change (IPCC) is a globally-convened body of hundreds of
scientists that are generally recognized as the pre-eminent international authority on climate change (EPA
2008, CCSP 2008a, Bast and Taylor 2007). The IPCC was established in 1988 by the World
Meteorological Organization (WMO) and the United Nations Environment Programme (UNEP). Since its
inception, IPCC has presented four assessment reports (comprehensive scientific reviews of the evolving
literature) on global climate change beginning in 1990 with the latest report released in 2007. IPCC
scientists were recognized for their work when they shared the 2007 Nobel Peace Prize with former Vice
President, Albert Gore Jr. A main activity of the IPCC is publishing special scientific reports on topics
relevant to the implementation of the United Nations Framework Convention on Climate Change
(UNFCCC), an international treaty that acknowledges the possibility of harmful climate change. The
findings of the first IPCC Assessment Report of 1990 played a decisive role in leading to the UNFCCC,
which was opened for signature by countries of the world in Rio de Janeiro at the “Earth Summit” in 1992
and entered into force in 1994. UNFCCC provides the overall international governmental policy
framework for addressing climate change issues. More than 190 countries have signed the UNFCCC
including the United States. The IPCC Second Assessment Report of 1995 provided key input for the
negotiations of the Kyoto Protocol in 1997 and the Third Assessment Report of 2001, as well as Special
and Methodology Reports, have provided further information relevant for the development of the
UNFCCC and the Kyoto Protocol. The most recent findings are included in the Fourth Assessment
Report which was completed in 2007.
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The IPCC reports are constructed to provide up-to-date descriptions of the knowns and unknowns of the
climate system and related factors that are a synthesis of the knowledge of the international expert
communities, produced by an open and peer-reviewed professional process, and based upon scientific
publications whose findings are summarized in terms useful to decision makers. While the assessed
information is policy relevant, the IPCC does not establish or advocate public policy. Links to the IPCC
home web page and various IPCC reports are provided in the reference section of this paper.

Global warming potential (GWP)
Gases in the atmosphere can contribute to the greenhouse effect both directly and indirectly. Direct
effects occur when the gas itself absorbs radiation. Indirect radiative forcing occurs when chemical
transformations of the substance produce other greenhouse gases, when a gas influences the
atmospheric lifetimes of other gases, and/or when a gas affects atmospheric processes that alter the
radiative balance of the Earth (e.g., affect cloud formation or albedo, which is a measure of the Earth’s
reflectivity). The IPCC developed the Global Warming Potential (GWP) concept to standardize
accounting comparisons of the ability of each greenhouse gas to trap heat in the atmosphere relative to
another gas.
The GWP of a greenhouse gas is defined as the ratio of the time-integrated radiative forcing from the
instantaneous release of one kilogram (kg) of a trace substance relative to that of one kg of a reference
gas (IPCC 2001). Direct radiative effects occur when the gas itself is a greenhouse gas. The reference
gas used is CO2, and therefore GWP-weighted emissions are measured in teragrams of CO2 equivalents
(Tg CO2eq) (EPA 2005a). One teragram is equal to one million metric tonnes. One metric tonne equals
about 1.1 US tons or 2204.6 US pounds.
Global warming potentials are not provided for CO, NOx, NMVOCs, SO2, and aerosols because there is
no agreed-upon method to estimate the contribution of gases that are short-lived in the atmosphere,
spatially variable, or have only indirect effects on radiative forcing (IPCC 1996a). CO2, CH4, and N2O are
the three most significant GHGs and account for 76.7 percent, 14.3 percent, and 7.9 percent respectively
of total global impact (see Table 2.1.1. and Figure 2.1.2.).
Table 2.1.1. Major greenhouse gases and global warming potentials (adapted from: Kirby 2008,
IPCC 2006, and Cicerone 2001).
Greenhouse
Gases
(GHG)

Global
Warming
Potential
(GWP)

Pre-industrial
concentration
(ppm)

Concentration
in 1998 (ppm)

Atmospheric
lifetime
(years)

Main human activity sources

Water Vapor

--

1 to 3

1 to 3

A few days

--

Carbon
Dioxide CO2

1

280

365

Variable to
>100 years

Fossil fuels, cement
production, land-use change

Methane
CH4

23

0.7

1.75

12

Fossil fuels, landfills,
agriculture

Nitrous
Oxide N2O

296-310

0.27

0.31

114

Fossil fuels, landfills,
agriculture

Fluorine
gases

12022,200

0 to 0.00004

0 to 0.00008

1.4 to
>50,000

Refrigerants, aluminum,
electricity production
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Figure 2.1.2. a) Global anthropogenic GHG emissions from 1970 to 2004. b) Share of different GHGs in total 2004 emissions in terms of CO2
equivalents (CO2eq). c) Share of different sector contributions of GHGs (CO2eq) in 2004.

Important clarification: Use of the term forestry in graph c) is misleading since CO2eq emission is primarily the result of tropical deforestation to
convert land-use to agriculture. Growth in US forests provides net removal of 500 million metric tonnes of CO2/year (IPCC 2007d, Watkins et al.
2007, Stern 2006).
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Overarching IPCC conclusions of interest to this investigation
Emissions of CO2 due to fossil fuel burning are virtually certain to be the dominant influence on the trends
in atmospheric CO2 concentration during the 21st century (IPCC 2007a&d). Delay of emissions
reductions significantly constrain opportunities to stabilize GHG levels and increase the risk of severe
climate change impacts (IPCC 2007b&c). Without substantial investment and effective technology
transfer, it may be difficult to achieve significant emissions reductions (IPCCb&c) . Forestry mitigation
options can provide flexible and cost-effective response (IPCC 2007d). Forestry mitigation options
identified by IPCC include afforestation, reforestation, forest management, wood product management,
use of wood residues for bioenergy, and avoided land-use conversions (IPCC 2007d, IPCC 1996b, IPCC
1991).

Climate Change – complexity and controversy
In spite of decades of research and an apparent growing scientific consensus on the relationships
between various GHGs and global warming, the subject is not without controversy. Some scientists say
that the presumed cause and effect relationships may be incorrect and predictions are either overstated
or mistaken (Singer 2008, Bast and Taylor 2007, McKitrick et al. 2007). We find no disagreement among
scientists, however, that forests play a central role in the Earth’s carbon cycles or that evolving GHG
reduction policies will benefit considerably from inclusion of forestry considerations. A more detailed
discussion of the formidable complexities of atmospheric science is beyond this investigation but further
review by readers and especially policy makers with interest in mitigating increases in GHGs, global
warming, and world energy consumption is encouraged.

In Washington State
Climate change impacts, such as more frequent droughts and melting glaciers, are already apparent in
Washington and economic impacts are beginning to occur (Doppelt et al. 2006). In Washington State,
high summer temperatures and low winter-spring precipitation have been recorded in recent years east of
the Cascade Mountains that have been outside of the 100-year range of variability (Littell et al. 2009,
Western Regional Climate Center). Declines in forest health and heightened forest fire hazard are
associated with such weather trends (McKenzie et al. 2004, Parsons et al. 2001). Research indicates
that current historically uncharacteristic conditions will likely continue into the future (Mote 2004, Mote et
al. 2003). Costs of fluctuations in hydroelectric generation could be over $200 million annually (Northwest
Power and Conservation Council 2005). State GHG emissions have increased since 1960 at an average
rate of 3.3 percent per year primarily from fossil fuel combustion (Waterman-Hoey and Nothstein 2007).
The Climate Leadership Initiative at the University of Oregon (CLI 2009) estimates that by 2020 the
cumulative costs of climate change will be equal to $3.8 billion per year, about 1.2 percent of State 2007
GDP.

The costs of inaction
The Human Development Report 2007/2008 from the United Nations describes climate change as the
defining human development challenge of the 21st Century. This report suggests that climate change is
not just a future scenario but that climate change driven impacts such as droughts, floods and storms are
already occurring. The report further declares that scientific evidence suggests the world is moving
towards the point at which irreversible ecological catastrophe becomes unavoidable and that this point
may be reached in less then a decade (Watkins et al 2007).
Lord Nicholas Stern, former chief economist for the World Bank, made headlines in 2006 with release of
The Stern Review, a report on the economics of climate change. Stern warned that, unabated, GHG
emissions would lead to damage costs equivalent to at least 5 percent of global gross domestic product
(GDP) and possibly as much as 20 percent. Lord Stern recommended an international investment of
about one percent of global GDP per year to underwrite costs of a portfolio of climate mitigation strategies
in order to avoid an increasingly costly risk exposure. He suggested that most of the financial burden
must be borne by the developed countries of the world (Stern 2006). In June 2008, Stern said that new
evidence showed that climate change was happening faster than had originally been anticipated and that
now a world investment of closer to two percent of GDP would be needed (Jowit and Wintour 2008).
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The Stern Review has prompted considerable debate amongst world economists. Some claim that the
urgency and magnitude of GHG reduction investment are overstated, others find Stern’s work accurate
and appropriate, while others suggest that his recommendations for action are too modest (Ackerman et
al. 2008, Arrow 2007, Neumayer 2007, Sterner and Persson 2007, Dasgupta 2006, Mendelsohn 2006,
Quiggin 2006, Nordhaus 2006, Tol and Yohe 2006). Much of the disagreement has to do with the low
discount rate employed in the Stern analysis and the methodological challenges of putting a price on the
risk-probability of irreplaceable damage to natural capital (ecosystems). This discussion is very
important. Climate change economics represent a new frontier for cost/benefit analysis. The long-term
modeling of uncertain global climate futures and societal response alternatives towards informing costeffective mitigation and adaptation strategies that include adequate consideration of social justice
(current) and intergenerational equity (future) is no small challenge for even the world’s most prestigious
economists. Simply stated, Stern’s approach suggests that more conventional economic practice (a
dollar in the future is worth less than a dollar today), that might normally select an interest rate of 5 or 6
percent, may not be readily applicable to understanding the present value of possible future catastrophic
events that might be experienced by one’s great-grandchildren. There appears to be no disagreement
among economists, however, that a discount rate of some magnitude must be used for cost/benefit
analysis but there is little agreement as to what the rate should be for climate change applications.
Stern’s analysis used a discount rate of 1.4 percent.
Weitzman (2007) also offered critical review of the Stern analysis and, not unlike a number of his
accomplished colleagues, found it lacking. However, he did not disagree with the conclusion that world
investment of unprecedented magnitude may be needed. Weitzman suggested that the question should
be re-characterized and considered much like an insurance policy. How much should we be willing to
spend today (as insurance) to offset the chance (a risk-probability likelihood) of future disaster of biblical
proportion?

GHG emissions reductions for Washington State
As has been evidenced by the findings of IPCC, Stern and others; deep cuts in global GHG emissions are
perceived by many as necessary to avoid dangerous climate change. Washington policy makers have
indicated agreement. In 2008, Governor Gregoire signed into law E2SHB 2815 which establishes a legal
schedule of GHG emissions reductions for Washingtonians that approaches the changes recommended
for the world by Stern.
1) By 2020, reduce overall emissions of greenhouse gases in the state to 1990 levels;
2) By 2035, reduce overall emissions of greenhouse gases in the state to 25 percent below 1990 levels;
3) By 2050, the state will do its part to reach global climate stabilization levels by reducing overall
emissions to 50 percent below 1990 levels, or 70 percent below the state’s expected emissions that
year.

GHG emissions reduction for the US
The United States has as yet not established a formal schedule of GHG emission reductions. That may
change soon. GHG emissions reduction targets that have been advocated by the Obama administration
are more ambitious than those established for Washington State by E2SHB 2815. The President
indicates that he will pursue a GHG emissions reduction target of 80 percent below 1990 levels by 2050
(Obama for America 2008). This is precisely the reduction that was recommended by the Stern Review
as well as by some states such as California.
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Washington and Total US Annual GHG Emissions 1990-2003
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Figure 2.1.3. Comparison of Washington (left) and total US (right) annual GHG emission trends (EIA 2008c).

2.2 Energy independence
The Stern Review recommended that an expenditure of one percent of world GDP per year would be
needed to reduce global GHG emissions to 80 percent of 1990 levels by 2050 (Stern 2006). This seems
a somewhat arbitrary number with, as mentioned above, some saying less and others (including a morerecent Stern) calling for more. One percent does, however, offer a convenient reference point from which
US Production,Imports, and Consumption
of Petroleum Products 1960-2007
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Figure 2.2.1. US petroleum statistics (RITA 2008).
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to compare magnitudes of other notable economic indicators. For instance, US GDP was $13.8 trillion
in 2007 (BEA). One percent of US GDP would be $138 billion. In 2007, the US spent $330 billion on
petroleum imports (US Census Bureau). Total US trade deficit in 2007 was $820 billion (US Census
Bureau). Expenditures for imported petroleum accounted for 40 percent of the nation’s 2007 trade deficit
and were equivalent to 2.4 percent of GDP (BEA, US Census Bureau). In a 2005 letter to Congress’ Joint
Economic Committee, then-Chairman of the Federal Reserve, Alan Greenspan, estimated that higher
energy prices since the end of 2003 had lowered US GDP by three-fourths of a percentage point in 2005
after having reduced growth by about one-half a point in 2004 (Jackson 2006, Aversa 2005). The
average price of crude oil in 2004 was $40 per barrel; the average oil price for 2008 was $94 per barrel
(EIA 2008a).

Imported Crude Oil Prices: Nominal and Real
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US dollars/barrel

100.00
80.00
60.00
40.00
20.00
0.00

Nominal

Real

Figure 2.2.2. Imported Crude Oil Prices (EIA 2008i)

Closer to home, GDP for Washington in 2007 was $311 billion (BEA); therefore one percent would be
$3.1 billion. The population of Washington was 6.5 million in 2007 (WOFM 2008a); therefore one percent
of state GDP would be equivalent to about $500 per citizen. The Washington Department of Ecology
commissioned a preliminary examination of potential economic impacts of climate change to the
Washington economy. Authors highlight numerous impact scenarios that, without mitigation, could well
add up to billions of dollars of climate-induced costs each year (Doppelt et al. 2006). For example, the
secure supply of water to the region could fall by millions of gallons per day stressing ecosystems and
creating water shortages for irrigators. The annual cost of fighting forest fires alone is expected to rise to
an average over $100 million per year (Doppelt et al. 2006). The Climate Leadership Initiative at the
University of Oregon (CLI 2009) estimates that by 2020 the cumulative costs of climate change will be
equal to $3.8 billion per year, about 1.2 percent of State 2007 GDP. These studies did not extend
consideration to other costs such as the negative economic impacts of continued uncertain reliance on
petroleum imports.
As example of how one percent of Washington GDP might aid establishment of biofuels capacity consider
that to reach cost-cutting production efficiencies, new commercial-scale cellulosic ethanol conversion
facilities will need to produce a minimum of 50 million gallons of fuel per year (Busby et al. 2008, Solomon
et al. 2007). An optimum size may be much larger (Wright and Brown 2007). Construction costs are
currently expected to be between $6 and $10 per gallon of anticipated total production (Kiplinger 2008b)
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therefore, capital costs for one cellulosic ethanol plant would be between $300 and $500 million dollars.
One percent of Washington GDP, therefore, would be sufficient to build eight cellulosic ethanol plants that
could cumulatively yield 400 million gallons of fuel per year or about 11 percent of total annual fuel
consumption. Washingtonians currently consume 3.5 billion gallons of gasoline and diesel each year
(WOFM 2008b).
If serious reductions in GHG emissions are to be achieved, the developed world’s energy systems will
have to be radically transformed from the present paradigm which has been wedded to fossil fuels for
more than 100 years. Development and deployment of existing and new low-carbon energy technologies
that can exploit locally available natural resources will be necessary. Such changes will be difficult and
expensive. Transitioning away from petroleum is not expected to occur solely as a result of scarcity or
price increase; such unprecedented change will only occur if supported by determined commitment
(Duffield 2008, Lewis 2007, Stern 2006, OECD/IEA 2005). Significant investments towards transition to a
more carbon-neutral world have been called for by many nations. The economic benefits of reduced
fossil fuel reliance and increased energy independence that could be substantial for the Nation and
Washington State warrant additional discussion.
Frequently, inaction, motivated by the perception that change comes only at high costs, becomes a policy
default. Such has been the cycle for US renewable energy over the last one hundred years: when the
price of oil is high then public interest in change is high but when the price of oil falls so does commitment
to change. Energy prices were high mid-2008 but more recently have fallen dramatically. Will the cycle
repeat? The recommended investments for change have indeed been shown to be very high. The future
costs of failing to change may be very high as well but, as evidenced by the discussion about the discount
rate above, the prospect of uncertain distant futures may not have powerful influence over present
decisions. An important related question then becomes what are the real and possibly hidden costs of
perpetuation of the petroleum dependent status quo in the short-term? The Nation’s most formidable
energy challenge is its dependence on oil, which fuels 97 percent of US transportation needs (Grove et
al. 2008, ESLC 2006). The national costs of US petroleum use and importation are inordinately
enormous when compared with other countries of the world (GAO 2007a). For the US, which is home to
4.6 percent of the world’s population but consumes 25 percent of total world energy production, an
unplanned energy transition could be especially disruptive (GAO 2007a&c, Victor et al. 2006).

Price is not cost
It is not uncommon to read policy literature that begins by forecasting the direst of climate change
circumstances unless aggressive actions are taken to reduce GHG emissions. Praise is offered for the
promise of renewable fuels but current technologies for second generation conversions are dismissed for
the short-term as “immature.” Meanwhile, researchers are working around the world to achieve greater
production efficiencies at less cost for conversions of cellulosic materials to liquid fuels. What may be
unknown to a casual observer is that technologies are available now that could be used given a different
economic framework. Recall from Section I that ethanol from wood was being manufactured in
Washington more than 60 years ago. However, wood-ethanol conversion technologies are not yet
considered commercially competitive (GAO 2006a). Comparative economics assumptions invariably
trace back to “market” consumer prices, however, it is important to recognize that the price at the pump is
far from the total public cost of fossil fuel reliance. Increasingly aggressive policies to set emissions
reductions and energy independence targets must be assumed to be indicative of democratic approval of
the need for change. Change would only be desired if the perceived future could be made “better.”
Hence the debatable question: how much is this perceived better worth?
Energy is fundamental to U.S. domestic prosperity and national security. Access to oil was instrumental
to Allied victories in both World War I and II (Levy 1982). Every recession for the last 40 years has been
preceded by a significant increase in oil prices (Wirth et al. 2003). Price volatility of oil spikes may be
even more damaging to the economy than steady price increases (Huntington 2005). Since 1973, when
Middle East countries imposed a six-month embargo on oil exports to the United States, America has
vowed to reduce its dependence on foreign oil. Each of the last eight U.S. presidents has pledged to
steer the Nation toward greater energy security, but the problem has only gotten worse (Duffield 2008).
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Imports of petroleum have grown from 20 percent of total consumption in 1970 to 60 percent today (RITA
2008). Petroleum products account for 97 percent of US transportation consumption (ESLC 2006).
Aggravating the economic pressures of inadequate domestic supply are the geopolitical vulnerabilities
associated with oil resources being concentrated in a relatively few countries in politically volatile areas of
the world (Schneider 1983) and the monopsony effect of US consumption which accounts for 25 percent
of the total world market (Greene and Ahmad 2005). A study by the Oak Ridge National Laboratory
estimated the 2005 present value of the cumulative costs to the US economy of imported oil dependence
from 1970 to 2004 was $8 trillion (Greene and Ahmad 2005). This estimate is exclusive of military and
political costs. Leiby (2007) developed an estimate for the oil import premium; a measure of quantifiable
avoided costs (lower price) from modest reductions in oil import volumes. Leiby suggests that the oil
premium for 2006 was about $0.35 per gallon. Copulus (2007) developed a broader analysis to capture
total 2006 economic impacts of imported oil expanded to include military and political costs. He
estimated that if all “hidden” costs of imported oil were summed they would equal $2.60 per gallon added
to the price paid at the pump. For perspective, $2.60 per gallon would be equivalent to a carbon
emissions (CO2) tax of $266 per US ton.
In 2000, at the request of Congress, the Government Accountability Office examined granted tax
incentives, direct subsidies, and other support to the petroleum industry, as well as some tax and other
benefits to the emerging ethanol industry (GAO 2000). GAO found that special tax treatment for the
petroleum industry began with depletion allowances in 1913. A table of cumulative revenue loss
estimates (to the US government through 2000) for tax incentives designed to encourage the exploration
and production of petroleum and the production of ethanol is offered for comparison (Table 2.2.1.). Note
that petroleum has received far more generous tax incentives than ethanol.
Table 2.2.1. Comparison of tax incentives for petroleum and ethanol fuels: estimates of revenue losses over
time in millions of 2000 dollars (GAO 2000).

Tax incentive
Petroleum industry
Excess of percentage over cost depletion
Expensing of exploration and
development costs.
Alternative (nonconventional) fuel
production credit
Oil and gas exception from passive loss
limitation
Credit for enhanced oil recovery costs
Expensing of tertiary injectants
Petroleum Total
Ethanol industry
Partial exemption from the excise tax for
alcohol fuels
Income tax credits for alcohol fuels
Ethanol Total

Summed over years

Millions of 2000 dollars

1968-2000

$81,679-$82,085

1968-2000

42,855-54,580

1980-2000

8,411-10,542

1988-2000
1994-2000
1980-2000
All years

1,065
482-1,002
330
$134,822-149,604

1979-2000
1980-2000
All years

7,523-11,183
198-478
$7,721-11,661

Around 800 million gallons of oil are used each day in the United States of which about 500 million
gallons per day are imported (EIA 2008d). An increase of $0.10 per gallon results in a daily US oil cost
increase of $80 million. The direct economic costs of oil dependence (not including hidden cost estimates
discussed above) are forecasted to have reached $560 billion in 2008. Higher oil prices are expected to
reduce US GDP by over 1.5 percent, or approximately $230 billion (Greene 2008). Much of the 2008 cost
of oil will be a transfer of wealth ($330 billion) from US oil consumers to oil exporting countries. This will
bring the 5-year (2004-2008) direct economic costs of US oil dependence to $1.7 trillion, of which $1
trillion was wealth transfer to oil exporting states (Greene 2008). The Department of Energy estimates
that the addition of 7.2 billion gallons of domestically-produced corn ethanol to the 2008 national fuel
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supply effectively lowered gas prices by $0.20
to $0.35 per gallon (DOE 2008a). Deutsch and
Schlesinger (2006) estimate that, due to the
magnitude of US market presences, a ten
percent drop in US oil demand could cause a
temporary decline in global oil prices of 12 to
25 percent. Forecasts suggest that, with an
average oil price of $50 per barrel, the US will
spend more than $5 trillion on oil imports over
the next two decades (Duffield 2008, EIA
2006b, Klare 2004).
Washington citizens spent $9 billion in 2006 on
imported fuel (Gregoire 2007). Washington
imports all but a small fraction of liquid
transportation fuels from either other states or
Figure 2.2.3. Costs of Oil Dependence (Greene2008).
from abroad (Lyons pers com). By contrast,
Washington is the largest hydroelectric power
producer in the Nation and is a net electricity exporter, supplying clean power to markets from Canada to
California (EIA 2009a).

Figure 2.2.4. Top world oil importers: includes all countries with net imports greater than 1 million barrels per
day in 2004 (GAO 2006b).

The contrasting contributions of transportation fuels and electricity generation to a combined energy
portfolio warrant a brief comment with implications for energy policy. The electricity distribution system in
the United States is a complicated and important part of the country's national energy infrastructure. In
this digital age, the need for high-quality, reliable electricity makes the transmission grid as vast and as
important as the highway system. In 2003, domestic electricity use produced revenues equal to about
four percent of the U.S. GDP (Wirth et al. 2003). A big difference, however, between US transportation
fuels and electricity is that the former requires massive volumes of imports while the latter can be
produced largely from domestic supplies. Further, new technologies such as wind a solar that don’t
require biomass already help provide renewable electricity for our nation. Energy independence in the
US is about liquid fuels not electricity (WGA 2008a). GHG reductions may be about both electricity and
transportation. For Washington, however, with clean instate hydro and nuclear providing most electrical
generation, the focus of strategies for emissions reductions when combined with energy independence
should logically be transportation fuels. The importance of this conclusion does not appear to be
recognized in state energy policy and will be further discussed in this report.
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Hubbert’s Peak
In 1956, M. King Hubbert predicted that US oil production would peak in the early 1970s. Hubbert
concluded that a declining rate of oil discoveries along with the slowing production from the big easy-tofind wells would combine to force overall production to peak (the top of the curve or “Hubbert’s Peak”) at
about the time that half of all the oil that could be recovered had been pumped. From then on, production
would drop as fast as it rose, creating Hubbert's idealized symmetrical bell-shaped curve. Most people
rejected Hubbert’s analysis until 1970, when the US production of crude oil actually began to fall just as
Hubbert had predicted (Deffeyes 2001). Hubbert offered an additional estimate that world oil production
would peak by the turn-of-the-century. That forecast didn’t happen. By the 1990’s, analysts began
applying Hubbert’s methodology to an examination of world oil production. Estimates of world oil peak
ranged from 2000 to 2020 (Kerr 1998). Scientists called for urgent action including development of
energy alternatives (Campbell and Laherrere 1998). Estimates of world oil reserves are revised
periodically by sophisticated international and national organizations but are challenged by geological
complexities, limited information, fluctuating market volatilities, and other factors. Long-range energy
forecasting models have a marginal historical record for accuracy (Hirsch et al. 2005, Bezdek and
Wendling 2002). Analysts must differentiate oil type and recovery feasibility. Oil is classified as
“Conventional” and “Unconventional.” Conventional oils have the highest quality, lowest extraction costs,
and flow freely from underground reservoirs. Unconventional oils are heavy and tar-like. Recovery
requires much higher capital investment and supplemental energy (Hirsch et al. 2005). Advancements in
technology and rising oil prices have tended to increase percentage recovery of conventional oil and
reduce obstacles to economical exploitation of unconventional oil (OECD/IEA 2005).

Figure 2.2.5. EIA world conventional oil production scenarios (Wood et al. 2004).
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Most studies estimate that world oil production will peak sometime between now and 2040 (Kelly 2007,
GAO 2007a, Hirsch et al. 2005, Deffeyes 2001, EIA 2000) but serious transitions away from petroleum
have not begun and are not expected to occur spontaneously because of scarcity or price increase (EIA
2008e, Stern 2006, Victor et al. 2006, ESLC 2006, OECD/IEA 2005). Peak oil presents the world with an
unprecedented risk management problem of tremendous complexity and enormity (Figure 2.2.5). There
is broad agreement that prudent risk minimization requires the implementation of mitigation measures 20
years before peaking, to avoid an abrupt and destructive world liquid fuels shortfall (Hirsch et al. 2005)
with potential severe consequences
including
worldwiderecession
(GAO
2007a&c, Goodstein 2004, Roberts 2004,
Deffeyes 2001). As partial response, the
US has funded a number of renewable
energy research and investment incentive
programs.
The US quintupled its
production of starch-ethanol, primarily from
corn, during the past decade and has
mandated another five-fold increase over
the next decade. Such dramatic growth of
biofuels production has not been without
controversy and may be approaching
maximum potential for increase (Walsh
2008a,b,c, Grunwald 2008).
Brazil,
Europe, and other countries have also
adopted programs to increase renewable
Figure 2.2.6. World Market Energy Use by Fuel Type, 1990energy, however, world projections show
2030 (EIA 2008e).
additions of renewables barely keeping up
with growing world demand (Figure 2.2.6.).
Hirsch et al. (2005), US DOE, summed it up:
1) World production of conventional oil will reach a maximum followed by decline but precise
prediction is difficult. Oil peaking will be abrupt whereas previous historical energy transitions were
gradual (i.e. wood to coal; coal to oil).
2) Aggressive investment in fuel efficiency and substitute fuels could provide substantial mitigation.
Past supply disruptions have had trillion-dollar costs.
3) The problem is a liquid fuels problem not an energy crisis. The economic and physical lifetimes
of existing transportation infrastructure have decades-long turnover rates that non-liquid energy
sources will not be able to accommodate. Very large volumes of alternative liquid fuels are needed.
4) Prudent risk management requires planning and implementation of mitigation strategies well
before peaking. Early mitigation will be less expensive and less damaging to the economy than
delayed action.
5) Intervention by governments will be required.

Energy and lessened import dependence
The United States Congress created a high priority for reducing reliance on imported fossil fuels with
passage of the Energy Independence and Security Act of 2007 (EISA) (US Congress 2007). EISA sets
an ambitious annual schedule for incremental increases in production of domestic renewable
transportation fuels. Also important is the introduction by EISA of life cycle analysis to quantify the net
extent that a biofuel might reduce GHG emissions.
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Table 2.2.2. Production targets (in billions of gallons/year) established by EISA for renewable fuels
(Curtis 2008).

Calendar
Year
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

Conventional
Biofuel1
9.0
10.5
12
12.6
13.2
13.8
14.4
15
15
15
15
15
15
15
15

Advanced
Biofuel2
0.600
0.950
1.350
2.000
2.750
3.750
5.500
7.250
9.000
11.000
13.000
15.000
18.000
21.000

Cellulosic
Biofuel3
0.100
0.250
0.500
1.000
1.750
3.000
4.250
5.500
7.000
8.500
10.500
13.500
16.000

Biomassbased Diesel4
0.500
0.650
0.800
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

Total RFS5
9.000
11.100
12.950
13.950
15.200
16.550
18.150
20.500
22.250
24.000
26.000
28.000
30.000
33.000
36.000

1 - Conventional biofuels refer to ethanol derived from corn starch that achieves at least a 20 percent reduction in
GHG compared to the baseline.
2 - Advanced biofuel means renewable fuel, other than ethanol derived from corn starch that has lifecycle
greenhouse gas emissions that achieve at least a 50 percent reduction over baseline lifecycle greenhouse gas
emissions (includes cellulosic ethanol and bio-based diesel).
3 - Cellulosic biofuel means renewable fuel derived from any cellulose or lignin that is derived from renewable
biomass and that has lifecycle greenhouse gas emissions that achieve at least a 60 percent reduction over
baseline greenhouse gas emissions. Cellulosic biofuel could also be considered as an advanced biofuel.
4 - Biomass-based diesel means renewable fuel that is biodiesel as defined in section 312(f) of the Energy Policy Act
of 1992 and that has lifecycle greenhouse gas emissions that achieve at least a 50 percent reduction over
baseline lifecycle greenhouse gas emissions. Biomass-based diesel is included as a component of advanced
biofuels.
5 – Total Renewable Fuels Standard (RFS) reflects the aggregate biofuel target for a given calendar year.

A note of clarification, energy independence may be a somewhat misleading term. There is no evidence
that, at any time in the coming decades, the US will achieve energy independence; renewable or
otherwise (Duffield 2008, Lewis 2007). The US DOE Energy Information Administration (EIA) prepares
model projections of future energy production, consumption, costs, pollution, and other energy topics of
interest. EIA projections are used by state and federal policymakers and agencies for energy planning.
The latest EIA forecast reveals that, if all EISA biofuels increases are achieved (36 billion gallons per
year), biofuels would still provide less than 20 percent of the Nation’s transportation fuel needs by 2030.
Imported oil would still be needed for more than 50 percent of projected demand (EIA 2008a). This
information suggests that the move toward energy independence will be incremental. Renewable energy
feedstocks will need to be used prudently such that potential energy outputs are maximized. As
mentioned above, prioritization of transportation fuels will be important. Reduction in demand through
energy conservation will also offer opportunity to lessen need for imports.

Washington liquid fuels
Washington policy makers have expressed interest in biofuels and energy independence. However,
Washington has chosen a relaxed approach to increasing development of renewable transportation fuels.
In Washington there is a discretionary two percent renewable fuels standard that seeks to encourage a
voluntary aggregate rather than a mandatory minimum percent by volume as is the case for Oregon.
Oregon seeks a renewable fuels standard equivalent to 10 percent ethanol to be blended in every gallon
of gasoline that is sold in-state. Also noteworthy, Washington currently treats all biofuels equally
regardless of comparative GHG emission reduction or whether feedstock is state-grown. The dominant

42

energy priority for Washington, which has been established by public initiative, is renewable electrical
generation not transportation fuels.

Washington targets for renewable electricity
In 2006, Washington voters passed State Initiative 937, which established a rigorous schedule for
addition of preferred new non-hydro renewable electricity to be provided by electrical utilities from
specified sources (see Chapter 194-37 WAC, Energy Independence). Renewable resources allowable
under law include qualified existing hydro-power efficiency improvements, wind, solar, geothermal, landfill
gas, tidal energy, gas from sewage treatment facilities, biodiesel (with some exceptions), and biomass
(with some exceptions). Specifically excluded as not acceptable renewable resources are treated wood,
pulping liquors, wood from “old growth forests”, and municipal solid waste. By 2012, each utility is
required to have three percent of retail load filled by the allowable electricity sources. Each year
thereafter three percent increases are added through 2015. By 2016, nine percent of retail load is
required and, finally by 2020, fifteen percent of total retail load is required to be renewable electricity from
sources mentioned above. Utilities failing to comply will pay an administrative penalty in the amount of
$50 for each mega-watt-hour of shortfall. The unintended implications of this law for woody biomass
contribution to reduced GHG emissions and energy independence are significant and are discussed
further in Section IV of this report.

2.3. Sustainable Development
While the focus of this report is about wood, many of the pages above discuss matters that concern GHG
emissions and oil. These issues need be addressed for us to comprehensively meet the charge under
ESSHB 1303 Sec 205 (5). In a shrinking world, there must be new recognition of the limits and
consequences of integrated resource options. One resource cannot be considered in isolation from the
other. More of one may mean less of another. Choices result in short- and long-term consequences for
ancillary values that should not be overlooked. Priority strategies for finite bioenergy resources should be
developed that best integrate increases in domestic energy production with effective GHG emissions
reductions and other important ecological, social, and economic values. People are integral parts of
ecosystems and a dynamic interaction exists between them and other parts of ecosystems (Costanza
2008, Millennium Ecosystem Assessment 2005).
In 1983, the United Nations General Assembly passed a resolution that created the World Commission
on Environment and Development (WCED) (UN 1983). Gro Harlem Brundtland, former Prime Minister of
Norway, was asked to establish and chair the WCED which afterwards was commonly referred to as the
Brundtland Commission. WCED published its report, Our Common Future, in April 1987 (WCED 1987).
The Brundtland Commission provided the momentum for the 1992 Earth Summit/UNCED that was
headed by Maurice Strong, who had been a prominent member of the Brundtland Commission. The
Brundtland Commission also provided momentum for Agenda 21 of the 1992 Earth Summit (UN 1992).
A new international concept evolved from this process:
Sustainable Development. This over-arching global imperative for
the twenty-first century engulfs climate and energy as sub-topics.
Complex inter-relationships must be contemplated as never
before. The planning view must consider temporal and spatial
phenomena at all scales.
“Recognizing the integral and
interdependent nature of the Earth, human beings are at the
center of concerns for sustainable development” (UN 1992).
Required is an unprecedented broadening of perspective that must
attempt to:
“…meet the needs of the present without compromising the ability
of future generations to meet their needs” (WCED 1987).
Sustainability should be considered as a direction not as a
destination. Pursuit of sustainability is guided by an ideal that can
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be approached but never realized. Sustainability is not static. The questions addressed by sustainability
affect all areas of human activity. Sustainability is in fact an anthropogenic concept complete with moral
implications that constrain options. Planning, mitigating, and adapting for sustainability requires an
interdisciplinary approach to problem-solving that integrates social, ecological, and economic sciences
towards understanding the range of technically possible options and implementing actions deemed most
likely to approximate a desired outcome that must include allowance for future options (OECD 2001).
Monitoring for results (scientific oversight) must be ongoing as corrections through adaptive management
are a regular and inevitable occurrence (Costanza 2008). The question of sustainability is one of
enlightened self-interest dedicated to perpetuating indefinite healthy residence of the human race on
planet Earth (Clayton and Radcliffe 1996). Goals of sustainability have been formally embraced by the
US government and by Washington State (Bush 2007, Locke 2002, The President’s Council on
Sustainable Development 1999).
Climate change and fossil fuel depletion are classic sustainability issues. There is growing concern
among world leaders that current and projected human demands will exceed world mineral and biological
capacities precipitating adverse consequences manifested as ecological, social, and economic
disruptions. Recent developments in science and technology along with a consequent extension of
human influence have served to accelerate actual and potential rates of change (Bare 2002). Some
observers have suggested that climate changes are already occurring while others argue that there is
considerable uncertainty as to how realistic some threatening scenarios might be. Disagreement when
combined with potential high costs of change tends to create hesitant response. However, given that
worst-case scenarios have very severe consequences, prudent action should be justified. Fortunately,
the challenges discussed do not appear to be problems of absolute shortages of energy, resources, or
pollution absorption capacity. The problems are in the patterns of interaction and usage. The problems
of climate and energy are the result of unsustainable management choices that require mitigation and
adaptation (Clayton and Radcliffe 1996).

Sustainability – concept to process
The challenge for scientists, stakeholders, and policy makers then becomes how to adequately assess
options for change such that benefits are maximized, unintended consequences are avoided, and futures
aren’t foreclosed. A first process step must be an inclusive list of values important for consideration.
Values are inherently cultural and consequently should be first indentified by stakeholders and policy
makers. Suggested additions may be recommended by scientists. As a second step, methodologies will
be needed to compare the relative performances (costs and benefits) of strategic alternatives for 1)
mitigation and 2) adaptation within the context of existing constraints towards fulfillment of identified value
objectives such as less GHG emissions or more domestic energy. As evidenced by the information
presented above, economic analysis alone appears inadequate. Interdisciplinary sciences will be needed
to comprehensively assess market and non-market values, hidden costs, ecosystem services, gross and
net emissions releases, aesthetics, existence values, risk probabilities, and other metrics as might be
revealed in process. As a third process step, aided by technical support from scientists, stakeholders and
policy makers must make difficult choices and action must be implemented. Successful decision-making
procedures will require that implicit value judgments be made explicit and defensible such that the
decision-making process is transparent (OECD 2001). This is particularly important since transitions
toward sustainability will involve choosing between options that have been developed on the basis of
assumptions and estimates which have different benefits and costs for different people at different times.
Ultimately such decisions will require value judgments as to what is “best” for society. Lastly, outcomes
must be monitored by scientists such that adaptive management opportunities are identified and brought
to the attention of stakeholders and policy makers for strategic review (OECD 2001). It is important to
understand that sustainability is an iterative undertaking and that, if change is desired, past and current
institutional assumptions must be periodically revisited. The IPCC has begun such work at the global
level with coarse resolution results that have served to demonstrate the interconnectedness of climate
and energy challenges. Global study, however, falls short of finer resolution analyses needed to inform
local strategies for implementation. For instance, the local strategies of specific concern for this
investigation are those best applicable to the needs of Washington with special emphasis on the potential
benefits from management of forest resources and utilization of woody biomass for clean instate energy
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with resultant GHG emissions reductions. Local strategies, however, must always be developed against
a broader backdrop of global interactions and consequences.

The three-legged stool
Sustainability is often described as an integration of three essential realms of consideration: ecological
carrying capacity, social justice, and economic efficiency that while overlapping are individually
inadequate to fully encompass the challenge (Bare 2002). The metaphor is that of a three-legged stool
with equal weight given to each realm of responsibility towards creating a balanced framework that is
stable and durable. While this simplification is useful as a conversational characterization it discounts the
dynamic and complex nature of sustainability in practice (adaptive management); preferential treatment
may shift from one realm to another as need may arise (USDA 2008, Kates et al. 2005). For example, as
indicated by the discussion above of the generally agreed upon need to transition away from current fossil
fuel consumption, short-term economic benefit may need to be compromised in order to chart a longer
term course towards a more sustainable global environment. Any thoughtful discussion of sustainability
must include recognition that it is multi-dimensional and that it involves trade-offs towards achievement of
improvements to the human condition (OECD 2001).

A systems approach
Analysis of using forest biomass potential for bioenergy will require a systems approach grounded in
sustainability. Fortunately, forest scientists are especially aware of such interconnections and the
jeopardy of unintended consequences when a scope of investigation is arbitrarily defined or when
complex interactions are inappropriately simplified (Fedkiw et al. 2004, Floyd 2002).
For example,
commercial investments in forest activities today will not bring financial returns for decades. Ecosystem
and habitat enhancement projects may not realize intended benefits for centuries. Landscape planning
(much like climate change mitigation) requires long-term scheduling based upon 50- to 100- year
windows of incremental operations that sustain cash flows while providing both consistent raw material
supplies to process infrastructure and habitats required by wildlife species. Forest scientists are also
acutely aware of the need to integrate objectives across multiple and often competing values since
forestry activities are both highly visible and politically sensitive. Adding to the complexities of ecosystem
resource management in Washington is a diversity of public and private forestland ownerships each of
which comes with its own set of stakeholders and interest groups. Interested members of the lay public
as well as resource managers must be informed such that reviews of choices for action are based in
common understanding of complex yet transparent analysis not subject to distrust. Further, as the
following pages of this report will reveal, forests and foresters are already dealing with the impacts of
climate change on forest health. Twenty-first century foresters rely upon a systems approach to planning,
aided by computer technologies and modeling frameworks that could provide instructional example for
climate change mitigation and energy planning in Washington. Utilization of woody biomass for
bioenergy must be addressed within the context of the full suite of ecological, social, and economic
forestry considerations as will be shown by discussions in the following sections.
Organizing complexities to understand trade-offs associated with alternative management choices is the
fundamental challenge to developing successful policies (OECD 2001). The body of information to be
considered is huge and the planning process is formidable. Infrastructure is limited, funding is scarce,
costs high, and conflicts rampant. Strategies to help professionals, publics, and policy-makers gain better
understanding of the present circumstances and the future consequences of alternative management
choices will be helpful. The need is to have a way of incorporating information from different domains into
a single decision-making process. A systems approach embraces a multi-dimensional framework in
which information from different disciplines and domains can be integrated into a single-dimensional
framework (Clayton and Radcliffe 1996). A systems approach conceptualizes hierarchal relationships
between provinces of interest much like attribute layers are used in geographical systems analysis.
For a very simplified example, consider forests, energy, and GHG emissions in Washington from a
perspective of the three fundamental realms of sustainability with integration of dominant values of
interest to be identified by stakeholders and policy makers. The first layer is the forests which must be
grouped into subsets usually based upon geographical location, ecotype and ownership. Forest subsets
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are evaluated relative to potential delivery over time of desired outputs (ecological, economic, and social)
that are identified as mentioned above. The second layer would be energy. Goals and opportunities for
state energy development, of which forest resources are one subset, are examined to identify maximum
potential for alternative applications (vehicle fuels, electricity, etc.) prior to imposition of constraints. A
third layer, GHG emissions, must be examined with understanding that energy and forests are both
subsets and feedback loops that contribute to or detract from objectives. Again potential contributions
should be estimated prior to imposition of constraints. Maximum possible outputs are then reduced
based upon selected constraints scenarios such that interactive trade-offs can be assessed to inform
political choices. The product of this exercise would become a decision support matrix to assist selection
of strategies for implementation. This analytical approach can be useful as well to test effectiveness of
existing policy frameworks. A more complete tutorial of systems analysis and decision support matrices
is beyond the resources of this investigation; however, this discussion has been offered to highlight the
need for organizational metrics from which to assess performance of options relative to desired goals.
Understanding of several performance metrics pertinent to energy and GHG emissions will be helpful as
we continue towards considering opportunities and obstacles for woody biomass utilization.

Climate and energy
Policy goals such as reducing greenhouse gas emissions and increasing energy independence can be at
odds with each other. For example, consider transportation fuels in the US. The largest producer of
ethanol, the dominant international alternative to gasoline, is the United States. Most US ethanol is
produced from corn but there are limits as to how much corn ethanol can be produced (Curtis 2008). Hill
et al. (2006) claim that dedicating the entire US corn crop to ethanol production would meet only 12
percent of domestic gasoline demand and make only a modest contribution to emissions reductions
because of the low net energy return from corn ethanol. It takes about the equivalent of four gallons of
fossil energy to produce five gallons of corn ethanol. Based upon this ratio, the entire US corn crop would
only eliminate an equivalent of 2.4 percent of fossil fuel emissions from gasoline. Other scientists
suggest that when land-use conversions to croplands are considered, corn-based ethanol may actually
add to GHG emissions (Searchinger 2008). However, while the use of corn for ethanol may not be
remarkably attractive from a GHG mitigation perspective, it certainly is helpful for energy independence.
There is no single renewable energy source with potential to replace more than a portion fossil fuel
energy demand (EIA 2008a). Hence there is need for a portfolio of energy contributions from many
sources including “second” generation biofuels from wood feedstocks (WGA 2008a).
The Energy Information Administration of the Department of Energy produces an Annual Energy Outlook
(EIA 2008a) every year that presents long-term projections of energy supply, demand, and prices. The
2008 Annual Energy Outlook provides projections through 2030 that assume increases in renewable fuels
commensurate with state and federal objectives. Cars and light trucks are assumed to gain fuel
efficiencies to average 35 miles per gallon. The EIA reference case projects that by 2030, US population
will grow by 22 percent, GDP by 79 percent, energy consumption by 19 percent, emissions per capita is
expected to decline by 5 percent, but aggregate CO2 emissions will increase by 16 percent. Forecasted
imports of petroleum are reduced from 60 percent of total consumption (current) to 54 percent of total
consumption (2030). Considerable increases in renewables and gains in energy efficiencies are
forecasted to keep up with increases in demand and result in a 6 percent reduction of imports.
Forecasted 2030 petroleum consumption still accounts for 88 percent of total transportation energy (EIA
2008a). The EIA analysis reveals that potential domestic renewable energy development has limits.
These limits have been recognized in the literature (Marshal Institute 2006). The corn ethanol example
presented above is an example of a strategy that effectively contributes to the goal of energy
independence but is less effective at reducing GHG emissions. A logical conclusion would be that priority
strategies for renewable energy resources should be developed that best integrate increases in domestic
energy production with effective GHG emissions reductions. All renewables aren’t created equal.

Forests and sustainability
The Rio Declaration on Environment and Development (UN 1992) established 27 international principles
for sustainable development of which the US is a signatory. A review of Principles 2, 3, 7, and 8 is helpful
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for better understanding the international sustainability responsibilities of the US in regards fossil fuel
consumption and forest utilization.
Principle 2 - States have, in accordance with the Charter of the United Nations and the principles of
international law, the sovereign right to exploit their own resources pursuant to their own environmental
and developmental policies, and the responsibility to ensure that activities within their jurisdiction or
control do not cause damage to the environment of other States or of areas beyond the limits of national
jurisdiction.
Principle 3 - The right to development must be fulfilled so as to equitably meet developmental and
environmental needs of present and future generations.
Principle 7 - States shall cooperate in a spirit of global partnership to conserve, protect and restore the
health and integrity of the Earth's ecosystem. In view of the different contributions to global
environmental degradation, States have common but differentiated responsibilities. The developed
countries acknowledge the responsibility that they bear in the international pursuit of sustainable
development in view of the pressures their societies place on the global environment and of the
technologies and financial resources they command.
Principle 8 - To achieve sustainable development and a higher quality of life for all people, States should
reduce and eliminate unsustainable patterns of production and consumption and promote appropriate
demographic policies.
The US, which is home to 4.6 percent of the world’s population, consumes 25 percent of total world
energy production (GAO 2007a). Imports of petroleum have grown from 20 percent of total consumption
in 1970 to 60 percent today (RITA 2008).
The US is also a net importer of wood and has been for roughly 90 years (Haynes 2003). Projected
consumption of forest products in the US is expected to increase 40 percent (from 1996 levels) by 2050.
Eight-five percent of the projected increase in consumption will be from imported logs, chips, and wood
products (Haynes 2003). The US imported two percent of its wood in 1991, currently imports 20 percent
of wood consumed, but, by 2050, is expected to increase reliance upon wood imports to 27 percent of
consumption (Haynes 2003, Howard 2003). US per capita consumption per year of wood is 3.2 times
greater than that of global average annual individual consumption (Howard 2003, Gardner-Outlaw and
Engelman 1999).

Figure 2.3.1. US wood production (harvest) compared to total wood, paper, and fuel consumption
(roundwood equivalent) from 1965 to 2006 (USDA 2008).
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For both energy and wood, the US is increasingly an importer of resources and an exporter of
environmental degradation. About 30 percent of the land mass of the world is forested (FAO 2001b) and
about one third of the US is forested (Smith et al. 2003). The proportions of forested lands are similar
but, since the US population is comparatively low, Americans have more forest per capita than the world
as a whole. Shifley (2006) suggests that these facts indicate that the US has failed to achieve
sustainable forestry in a global context. The unintended consequence of restricting forest harvests at
home while increasing consumption is to shift environmental impacts to other parts of the world. Shifley
extends his analysis to the examination of individual state contributions to US global wood responsibility.
Shifley concludes that Washington with half its land in forests has an inordinately generous natural
endowment of forest resources but is failing to contribute its “fair share” of forest products to US portion of
global demand. Shifley estimated that 2002 forest growth in Washington was 1.6 times greater than the
volume of harvest removals.

2.4 Summary of imperatives
Section II has identified three imperatives that have been embraced in legal and rhetorical frameworks by
policy makers in Washington, the United States, and the United Nations from which to judge resource
decisions:
1) Climate Change Mitigation
2) Energy Independence
3) Sustainability
The following Sections examine opportunities and obstacles for utilization of wood for energy production
in Washington. It will be within the context of the three guiding imperatives that this narrative proceeds.

Private Forests
Public Forests
Non-Forest
Water

1- 45 t C/ha
46 -71 t C/ha
72 – 99 t C/ha
100-289 t C/ha

Figure 2.3.2. Pacific Northwest private and public forests and average carbon (C) density/hectare (ha) in the
forest tree pool including above- and below- ground biomass (USDA 2008, EPA 2006).
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Section III: The Opportunities
In Section I, the history of and options for using wood to produce renewable energy have been reviewed.
We conclude that many wood-to-energy conversion alternatives are available. In Section II, dominant
imperatives integral to this investigation and the many related challenges faced by the people of
Washington and the World in the twenty-first century are identified and discussed. Climate change
mitigation and energy independence emerge within an overarching context of sustainability to represent
both imperatives for action and useful tests for policy planning. We determine that information presented
in Sections I and II will lead the reader to several important conclusions. Evidence presented suggests
that the need for response is pressing and that an integrated approach should prioritize development of
clean liquid fuels from American resources that reduce GHG emissions and reduce reliance upon
imported oil.
It is also worthy of mention, however, that broad energy policy priorities may not always align with specific
local needs or opportunities. For example, while we find that the most promising biomass strategy to
address GHG and energy imperatives is development of liquid fuels, for some local situations, limitations
on resource access and infrastructure may make institutional heating or electric power applications more
attractive bioenergy options. Further, many families rely upon wood as a low-cost source of heat for their
homes while, for industrial systems, wood residuals may be used to generate electricity and steam for
operations. Integrated biorefineries that can produce liquid fuels, electricity, and heat appear promising
and are being investigated. Interactions of broader policy objectives with local applications will be
discussed further in Section IV. For this section, however, we focus primarily on the opportunities in
Washington to utilize wood waste from existing systems towards liquid fuels conversion as a priority. Our
analysis indicates that potential benefits are compelling.

3.1. The magnitude of renewable fuels opportunities
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Biodiesel million gallons/year

Growth in US Ethanol and Biodiesel Production

Ethanol million gallons/year

The human demand for energy is huge.
The Economist magazine (2008) devoted a
special issue to emerging markets in
renewable energy and concluded that the
magnitude of investment profits represented
by a major shift to renewable energy
technologies will dwarf the market impact
achieved by the information technology
boom. The rapid growth of the US ethanol
and biodiesel industries, during the last
decade, serves to underscore this view
(RFA 2008) as does the rising level of
venture capital investment in renewable
energy (GreenTechMedia 2008).

Renewable liquid fuel production in the US
Ethanol
Biodiesel
is
currently
dominated
by
starch
fermentation of corn for ethanol. However,
Figure 3.1.1. Growth in US Ethanol (left) and Biodiesel
as discussed in Section II, corn ethanol is
(right) Production (RFA 2008, NBB 2008a).
increasingly
controversial
(Walsh
2008a,b,c), is not very effective for GHG emissions reductions (Searchinger 2008), is not produced in
Washington (Yoder et al. 2008), and may be approaching sustainable limits (Houghton et al. 2006). The
maximum ethanol contribution from corn and other starch crops to the national renewable fuels standard
is capped at 15 billion gallons per year (US Congress 2007). Due to limitations on production, it is
generally agreed that 15 to 16 billion gallons is the maximum amount of corn ethanol that can be
produced annually (GAO 2007c, GAO 2006a). US production capacity is currently over 13 billions gallons
per year (RFA 2008). There are no ethanol conversion facilities operating in Washington at this time
(Lyons 2007).
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Biodiesel is made from vegetable oils, animal fats, and recycled grease. Biodiesel contribution to national
fuels supply is modest by comparison to ethanol. In 2007, about 450 million gallons of US biodiesel were
produced (NBB 2008a). The expectation is that by 2022 there will be 5 billion gallons per year of
biodiesel produced in the US (NBB 2008b). The largest biodiesel refinery in the US was built in
Washington in 2007 but has since struggled to remain in business (Cook 2008). In addition, there are five
small-scale biodiesel producers in Washington (Buckman 2009, Lyons 2008). However, prospects for oil
seed production in Washington appear to be limited indicating that significant production of biodiesel in
Washington will likely be reliant upon imported vegetable oils (Stiles et al. 2008, Yoder et al. 2008, Hill
and Learn 2007a). Production of some imported oils, such as palm, has been linked to increases in GHG
emissions, deforestation, and loss of biodiversity (Butler and Laurance 2009, Danielsen et al. 2008).
Two recent studies conclude that Washington agricultural crops are either too valuable as food products
or are of insufficient volume to be used for energy development and supply more than a small fraction of
state demand (Stiles et al. 2008, Yoder et al. 2008). A scarcity of energy crops in Washington, however,
may not be a handicap to instate development of renewable energy. There is broad consensus that the
long-term future of ethanol development is to be dominated by cellulosic feedstocks (Duffield 2008, IEA
2008, WGA 2008a, Solomon et al. 2007, Houghton et al. 2006, McElroy 2006, VIEWLS 2005). No
commercial-scale cellulosic ethanol plants are in operation in the US, yet one billion gallons of new
capacity must be added each year for the next 20 years in order to meet EISA targets (see Table 2.2.2).
Such ambitious expansion could spell opportunity for Washington’s sustainably-produced wood.
On March 5, 2008, President Bush spoke at the Washington International Renewable Energy Conference
in Washington D.C. He mentioned that corn ethanol production was having an undesirable impact on food
prices and that in the future the US will need to use more cellulosic feedstocks such as wood waste to
generate biofuels (WIREC 2008).
President Obama’s Secretary of Energy, Dr. Steven Chu, did not appear to mince words in a recentlyreported lecture about the future of biofuels, “Corn is not the right crop…corn-to-ethanol is perhaps the
most touted biomass energy solution, but the current energy conversion process actually consumes more
fossil energy than it creates, while creating substantial water and air pollution” (Kiplinger 2009a).
The primary Washington biomass resource is wood and the supply is abundant and renewable. Fear et
al. (2005) conducted a preliminary examination of biomass resources in Washington and found that wood
was half of all potentially available state biomass including agricultural and municipal solid wastes. The
Frear study was revisited with new data in 2008 and the estimate of potentially available woody biomass
increased to more than 11 million dry tons per year or 66 percent of the state total potentially available
biomass resource (Frear 2008). This volume represents about 1/20 of the total estimated US potentially
available forest biomass (Perlack et al. 2005). Since fifty-one percent (21.8 million acres) of the total
acreage in Washington (42.6 million acres) is in forestland (JLARC 2005) and just over eight million acres
are in croplands (NASS 2002) this might not be surprising. For perspective, consider that 11 million dry
tons of woody biomass would be sufficient to produce either 900 million gallons of ethanol or 11.5 million
megawatt hours of electricity. Earlier studies vary in their estimates of forest- based biomass from
Washington (Rummer et al. 2003, Western Governors Assoc. 2006, Perez-Garcia 2005, Gardner 2004,
Tellus Institute 2002, Kerstetter and Lyons 2001, Howard 1981) but they all agree that potential wood
biomass volumes are significant. There are a number of sources for woody biomass in Washington that
can be considered as forest residuals including logging slash, thinnings, and hog fuel. These are the
resources included in the 11 million tons per year as estimated by the Frear (2008) inventory assessment.
Additional wood and wood-derived resources such as recoverable municipal wood waste, orchard
trimmings, dedicated energy crops (i.e. willow or poplar), and pulp and paper sludge could add
considerably to volume estimates of potentially available biomass resources. A comprehensive total
inventory, of sufficient resolution to inform project feasibility studies and including all potential source
contributions, has yet to be conducted.
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Figure 3.1.2. Washington’s Potential Biomass Resources (Frear 2008).

Evans and McCormick (2006), with data provided by the American Forest and Paper Association and the
US DOE Oak Ridge National Laboratory, conducted a comparative analysis of the woody biomass
potential from the major forest products states. This study was commissioned to investigate the potential
for development of new biorefinery capacity in the state of Maine. The report concluded that, from a
supply perspective, western states were better positioned than eastern states to develop new bioenergy
capacity. Washington was found to have the highest density softwood growing stock in the nation and
was third for estimated volume of forest residuals available at less than $50 per bone dry ton. The high
productivity of Pacific Northwest forests has also been noted by others (Curtis et al. 2004, Haynes 2003,
Burns 1983).
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Figure 3.1.3. Intensity of softwood growing stock relative to timber area in major forest products states
(Evans and McCormick 2006, AFPA).

Figure 3.1.4. Intensity of hardwood growing stock relative to timber area in major forest products states
(Evans and McCormick 2006, AFPA).
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Figure 3.1.5. Estimates (1999) of forest residues available for less than $50/BDT in major forest products
states (Evans and McCormick 2006, US DOE ORNL).

3.2 Woody biomass – Material and process opportunities
There are a number of characteristics that are unique to woody biomass as compared to other forms of
biomass.

Harvest yields
When trees are harvested, depending upon size and quality, differing percentages of stem wood may be
manufactured into building products that will continue to store embodied carbon for extended periods of
time until burned or decayed (Sathre and O’Connor 2008). When wood materials from old buildings are
re-used or converted to energy further environmental benefits may accrue (Kibert 2003, McKeever 2002).
A study by the Antares Group (2003) concluded that the US volume of recoverable uncontaminated wood
from demolition debris is equivalent to an average of 60 lbs. per person per year. Other wood fiber
recovered from the municipal waste stream such as yard trimmings and land clearing debris could add to
energy feedstocks (EPA 2007c). Reuse of woody debris from the municipal waste streams reduces
environmental and economic impacts from landfills (EPA 2009a). However, wood debris placed in
landfills decays very slowly prolonging carbon storage (Micales and Skog 1997). Lumber, plywood and
other solid wood building products are referred to as long-lived products. More than half of the buildings in
the US are over 80 years old (Winistorfer et al. 2005) and many wood buildings store carbon for centuries
(Sathre 2007).
Maximization of solid wood products production dominates milling strategies as these products have the
greatest market value. Other portions of the tree not suitable for building products manufacture are
recovered as chips to be made into paper and paper board. Production of chips is the second tier in the
value hierarchy. Paper and paper board are called short-lived products but when recycled, used for
energy, or placed in landfills may have extended fossil fuel offset benefits or carbon storage. One third of
all US municipal solid waste is paper and paper board (EPA 2007c). The remaining parts of a tree,
unsuitable for higher value long- or short-lived products can be converted to hog fuel for energy, used as
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soil amendments, or left in the forest as woody debris. Table 3.2.1. and Figure 3.2.2. provide sample
product recovery percentages from saw logs.
Table 3.2.1. Product yields by type from a 7-8 inch diameter conifer saw log (Canfor).

Hog Fuel for Energy

Paper

Building Products

Bark

Saw Dust

Planer Shavings

Chips

Finished Lumber
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7%

7%
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Figure 3.2.1. The relative effect of log diameter on lumber recovery (Dramm).

Woody biomass from tree stems that are too small or from the tops and branches of larger trees not
suitable for higher value products manufacture may also be removed from the forest during thinning
treatments or as collection of post-harvest residuals. Recoverable biomass from western forests can vary
significantly by forest type and harvest activity but is a significant resource (Nichols et al. 2008, Ruth and
Harris 1975).

Utility characteristics
Unlike agricultural crop harvests, forest harvest activities are conducted throughout the year such that
residuals for energy feedstocks are generally available without seasonal interruption. Wood has a
relatively high bulk density and heating value as compared to other biomass resources. Woody biomass
has a slow decomposition rate, a long storage life, and low storage costs. By comparison sugar cane and
palm must be processed within 24 hours of harvest.
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Table 3.2.2. Average higher heating values for four biomass resources in BTUs/ dry lb. (California Energy
Commission).

Yard Waste

Ag Field Residues

MSW

Logging Residues

6,448

7,581

8,304

9,027

Figure 3.2.2. Woody biomass storage in decks, piles, bins, and in the woods (Dooley, Mason, and Sharpe).

A well-established infrastructure
Forestry wastes provide the largest source of biomass-derived renewable energy in the United States,
primarily generated as steam and electricity from lumber, pulp, and paper mill operations (UCS 2006).
The pulp and paper industry, which burns waste wood and black liquor to generate electricity and process
heat, is the single largest industrial contributor of renewable energy in the United States (Perlack et al.
2005). In addition to utilization of virgin wood fiber, the US pulp and paper industry provided the industrial
capacity to recycle 34 million tons of post-consumer paper products in 2003 (EERE 2005).
Washington has a well-established forest industry that could respond to increased national demand for
energy from wood (Eastin et al. 2007, Ince et al. 2001). Most Washington wood products manufacturers
are located on railheads and many have access to water deliveries. The routes for road-born logs are
well-established. Materials handling and process machineries are available on-site. Washington’s wood
products industries represent unique advance and significant capital investment towards future
development of renewable energy.
Underutilized waste streams such as pulping sludge represent costs to pulp and paper businesses and
lost opportunities to generate clean energy (Richards and Pearson 1998). Established flows of
production residuals such as hog fuel from sawmills and black liquor from pulp mills are potentially a low
cost and high quality source of biomass that could be utilized in combination with other biomass
resources to increase state renewable energy yields (Kerstetter et al. 1997). While significant amounts of
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process residuals are currently dedicated to generation of electricity and steam for industrial operations,
investments in gained efficiencies and new conversion strategies have been shown to have potential to
dramatically increase energy yields from this resource (Simmons 2007, Larson et al. 2003, Spath and
Dayton 2003, Chum and Overend 2001, Kerstetter et al. 1997). The pulp and paper industry is the
world’s largest established non-food biomass collection system (Connor 2008). Retsina and Pylkkanen
(2008) suggest that at today’s pulp and ethanol prices, pulp and paper mills are the only industrial players
that will be able to produce ethanol profitably.
In 1994, a feasibility study was conducted in Sweden that examined integration of an ethanol plant with a
pulp mill, a combined power and heating plant, and a sawmill (Ångpanneföreningen-IPK 1994). The result
showed that the energy and production synergies achieved could reduce the cost of ethanol production
by up to 20 percent. A similar study (Kadam et al. 2000) was performed in California for co-production of
ethanol and electricity from softwood. This study also showed that integrated co-production produces
more favorable results than stand-alone ethanol conversion plants.
In addition to raw materials, energy conversion plants require enormous quantities of water that must
secured. Water discharge (temperature and impurity) must be properly handled through appropriate
systems technologies to avoid environmental impacts. Pulp and paper mills have established water
supply agreements, water recovery and reuse systems, and discharge protocols. While water issues
could represent serious challenges and expense for the siting of a new energy conversion facility, water
would not be an issue to expansion of energy production at an existing pulp or paper mill.

National recognition
At the national level, such opportunities are beginning to see recognition. In April 2008, the US DOE
selected three small-scale pulp and paper mill biorefinery projects to receive funding to test various
feedstocks and conversion technologies. Each mill will receive $30 million (Austin 2008, DOE 2008b).
This is in addition to four small cellulosic projects that received awards of varying amounts in 2007;
including one in Oregon. The US Department of Energy has also committed to invest up to $385 million
in support of six larger cellulosic ethanol biorefinery projects over the next four years. When fully
operational, these biorefineries are expected to utilize straw, wood and other cellulosic feedstocks to
produce more than 130 million gallons of ethanol per year (DOE 2007b). Range Fuels, with DOE
financial support, is building a commercial-scale conversion facility in Georgia that will produce ethanol
exclusively from recoverable wood wastes and forest residues (Range Fuels 2007).

56

Figure 3.2.3. Washington wood process infrastructure: harvest and transport for integrated production of
building materials, pulp, paper, and energy (Mason, Sharpe).

Anchored resources
When saw and pulp logs travel from the woods to manufacturing facilities, the transportation and grinding
costs of recoverable woody biomass for energy are underwritten by the market return to the higher value
products. On-site process residuals thereby represent a unique biomass opportunity for consistent
supply of low-cost energy feedstocks. Volumes of this material could serve as reliable resource anchors
and could be augmented with other biomass supplies for greater outputs. Investment in increased
production of renewable energy will be dependent upon two fundamental conditions: sustainable

57

feedstock supplies and attractive market opportunities.
The existing forest products industry
infrastructure provides unique biomass opportunities to satisfy the first requirement. Since market values
are currently based upon comparatively inexpensive consumer prices for hydro and fossil energies, public
policy support will be needed to assure sufficiently attractive market opportunities for bioenergy (at least
on an interim basis) if private investment is to occur. As national development of cellulosic ethanol
proceeds, Washington should be well-positioned to benefit from public investments in expansion of
biofuels production.
Washington is also home to a secondary wood products manufacturing industry that produces cabinets,
doors, furniture, engineered wood products and other finished goods (ChooseWashington 2004). Raw
materials for secondary manufacture, such as lumber and plywood, may originate in Washington or are
imported from other states and countries. This industry creates waste streams that could augment
energy feedstock supplies. The magnitude and distribution of western wood waste from the secondary
manufacturers have yet to be investigated but, at many smaller operations, residues may be unused
(Bugelin and Young 2002). Fehrs (1999) suggests that nationally more than 6 million dry tons are
available.

Product hierarchies and forestry
Twenty-first century forestry in the Pacific Northwest relies upon the market hierarchies and requisite
process infrastructures that have been discussed above. A spectrum of accessible value opportunities
provides the financial returns needed to sustainably manage forests for economic and environmental
objectives (Buongiorno and Gilless 1987). In a managed forest, silviculture treatments must be
performed within a system of scheduled activities linked to market opportunities in order to attain
specified objectives (Burns 1983). Changing market opportunities have been shown to influence forest
management decisions (Mason 2002).
In the moist forests west of the Cascade Mountains a typical commercial management rotation begins
with regeneration which initiates a series of temporally scheduled treatments such as pre-commercial
thinning, commercial thinning, and a regeneration harvest. The regeneration harvest typically occurs 4060 years after establishment and is followed by establishment of a young forest to begin the cycle again.
This management regime is referred to as “even aged” (Davis and Johnson 1987). Pre-commercial
thinning reduces stocking densities to promote the growth of leave trees. This treatment occurs when the
cut trees are too young and small to have commercial value and as a result the stems have been
historically left in the forest. Pre-commercial thinning could be investigated as an additional source of
biomass supply. Commercial thinning and regeneration harvest treatments provide a range of products
from pulp wood to various grades of saw logs that must be served by available markets in order to ensure
economic viability of management operations. Logging slash, which includes harvest residuals such as
tops, limbs, broken pieces and other unmerchantable materials, is currently left in the woods or burned in
piles at a cost to the forest owner and lost advantage for recovery as energy. Removal of logging slash
could provide forest managers with added recoverable value while providing additional volumes of woody
biomass for energy.
On non-industrial, tribal, and public forestland ownerships in western Washington, variations in
management regimes may be employed that incorporate multiple thinnings and/or extended rotations to
enhance environmental values while extracting revenue. Since integrated management approaches
compromise maximization of financial returns, opportunities for revenue generation through product sales
are particularly important to support treatment costs. Removal of forest biomass for energy could
contribute to achievement of desirable forest conditions while providing value towards costs of operations.
The forests located east of the Washington Cascades are often managed with multiple entries for
selective harvests that occur every several decades depending upon site productivity. Portions of the
forest stems are removed while others are left. A harvest that removes most of the trees may never
occur. Under such circumstances, forests develop multiple cohorts of various sizes and ages. This
management approach is referred to as “un-even aged” (Davis and Johnson 1987). Since tree growth is
much slower in the dry forests of eastern Washington, value recovery is dependent upon local markets
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that are more challenged than in productive western forests. As is discussed below, opportunities for
biomass removal to generate energy could be very important for underwriting treatment costs towards
maintaining healthy forests.
Forests that are located near to an urban interface are increasingly under pressure to convert to nonforest land-uses such as commercial and residential development (NW Environmental Forum 2007). Over
the last decade, Washington State lost 30,000 acres of forest each year to land conversions (CFR 2007).
Programs for transferable development rights have been developed to reduce conversion pressures so
that working forests may remain viable enterprises (Wilkerson 2008, King County 2008). An opportunity
may exist to help ease development pressures and reduce the costs of transferable development
programs by adding a new source of revenue to land owners from recovery of forest biomass residues.

3.3 Biomass from forests – opportunities and benefits
While forests can’t grow annually-harvestable yields on a per-acre basis that compare to those produced
by intensive agriculture, forest biomass will still dominate supply in Washington because extensive areas
are not suitable for agriculture as they are for forestry and, in those areas that are suitable, farmers may
not choose to grow energy crops (Yoder et al. 2008). Further, there are compelling environmental
benefits and avoided costs, unique to forests, which occur when biomass removals are integrated into
other management objectives.

Forests require no irrigation and little fertilizer
The environmental impacts associated with the use of fertilizers in agriculture have been linked to
nitrogen pollution in waterways, require a lot of energy to produce, are a source of growing public
concern, and could limit expansion of agricultural production of energy feedstocks (Mulholland et al. 2008,
Walsh 2008c, Beman et al. 2005, Tilman et al. 2006). Agricultural practices are regarded as a leading
global source of nitrous oxide (N2O) and methane emissions (CH4) (IPCC 2007d). These chemicals have
long residence time and high global warming potential (see Table 2.1.1.). The bulk of the GHG emissions
from deforestation arise in tropical regions when the land is converted to agricultural production or other
non-forest land-uses (Stern 2006, IPCC 2001). Unlike agriculture, PNW forests don’t require large
amounts of fertilizers or volumes of water for irrigation.

Water and wildlife
Regenerated forests in the Pacific
Northwest
are
populated
with
indigenous
vegetative
species
resulting in more benign impacts to
ecosystems
and
habitats
than
intensive agriculture for hybrid crops.
Seedlings are planted amidst stumps
and woody debris. The soil is never
tilled. Unlike relatively unregulated
agricultural practices, in Washington,
forestry operations are carefully
regulated by the State to ensure
resource protection and sustainability.
For example, for each acre harvested,
2-3 wildlife reserve trees, 2 green
recruitment trees, and 2 down logs
must be left after harvest (WAC 22230-020).
Forested wetland and
riparian buffers are required by law to
ensure that water quality and fish
habitats are adequately protected
(Erixson 2001). Removal of trees in

Figure 3.3.1. Washington forested riparian buffers are provided
to ensure water quality and provide aquatic habitats (DNR).
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the upland areas of dry forests, however, has been shown to produce beneficial lasting increases in water
availability of 20-40 percent (Swanson 1987, Harr 1983, Troendle 1983). Forest vegetation can be
retained or removed as part of integrated management regimes that with proper due diligence can ensure
that water quality and quantity are maintained. While forest harvests in Washington may be unsightly to
many, lasting environmental impacts are far less consequential than other human-induced land-uses. An
opportunity exists in Washington for development of best management practices (BMPs) to provide
guidance for biomass removals as addition to existing resource protection regulations. BMPs for wood
residue recovery are being developed in other states (Evans and Perschel 2009, Minnesota Forest
Resource Council 2007), to ensure that water and soil qualities are adequately protected (Shepard 2006).
See Section IV: 4.1. Obstacle 1 – access to the resource; Guidance for slash removals.

Forest health
The pressing need to remove hazardous surplus fuel loads in the forests of eastern Washington should
be regarded as an extraordinary opportunity to integrate climate change mitigation, energy development,
and ecological sustainability. Forest health thinnings can generate a sustainable biomass supply for
renewable energy while avoiding the significant environmental and economic costs of catastrophic
wildfire.
Increases in the incidence, magnitude, and intensity of wildfires in inland west forests have been
attributed to a combination of human-induced changes in forest composition and structure from fire
suppression, grazing, and past management practices (Arno 2000, Pyne 1997, Sampson and Adams
1994, Agee 1993). Shifts in summer weather conditions have made catastrophic crown fires more likely
than in times past (Westerling et al. 2006, Gedalof et al. 2005, McKenzie et al. 2004). Overly dense
forests become drought-stressed and susceptible to insect mortality (WSU 2007, Halloin 2003a&b).
Epidemic insect outbreaks resulting in increased forest mortality have been linked to climate change
(Oneil 2006). Where once frequent ground fires burned with low flame height and resulted in savannalike forest conditions with scattered distributions of large trees, now dense understories of shade-tolerant
species have become established creating ladder fuels that carry ignitions into the forest canopy (Pfilf et
al. 2002).
There is broad consensus that overstocking, weather trends, insect infestations, and resultant high
mortality have created a forest health crisis in eastern Washington (NW Environmental Forum 2007, CFR
2006, DNR 2004a, Franklin and Agee 2003, Sampson et al. 2001, Oliver et al. 1994). In 2006, about
400,000 acres of forestland were consumed by wildfire in eastern Washington. The largest fire, known as
the Tripod Complex, burned close to 200,000 acres and occurred in the Okanagan National Forest
(Bernton 2006). This was the most severe fire season since 1994, producing the largest fires since the
1903 Yacolt Burn (Christiansen 2007). The amount of dead and dry timber greatly exacerbated the effect
of the extremely hot summer conditions, rendering the fires largely uncontrollable by conventional
response (Christiansen 2007). That year, the federal government spent $1.5 billion fighting wildfires on
9.1 million acres (Kenworthy 2006). In 2007, 9.3 million acres of forest burned in the US at a cost of $1.8
billion (Blazer et al. 2008).
The impacts of forest fires extend far beyond monetary expenditures for fire suppression. Pacala et al.
(2001) found that 20-40% of all terrestrial carbon sequestration in the United States occurred in western
forests. Increases in forest mortality and wildfire frequency and intensity result in releases of stored forest
carbon transforming forests so that they become a carbon source rather than a sink (Natural Resources
Canada 2007, Westerling et al. 2006). Wiedinmeyer and Neff (2007) found that US wildfires release
volumes of CO2 equivalent to an average of 4-6 percent of total annual emissions. In 2006, CO2
emissions from wildfire in Washington released 42 percent of the state annual total (Wiedinmeyer and
Neff 2007).
Atmospheric pollutants generated by wildfire are not limited to CO2 (Phuleria et al. 2005, Hardin et al.
2000, Wotawa and Trainer 2000). Harmful releases of CO, NO, NO2, CH4, and volatile organic
compounds (VOCs) also occur as a result of forest fires (Jaffe et al. 2008, Naik et al. 2007, Wiedinmyer
and Neff 2007, Sapkota et al. 2005, Antares 2003). Uncontrolled wildfires represent the largest source of

60

global emissions after fossil fuel combustion (Huggett 1995). Fine particulate matter (PM2.5) suspended
in forest fire smoke has been correlated with adverse human health effects such as respiratory problems,
pneumonia, heart disease, stroke, and premature mortality (EPA 2009b). From 2002 through 2006,
Wiedinmyer et al. (2006) estimated that PM2.5 releases from fires in Washington averaged 100,000
metric tons per year. In addition to unwanted contributions to global atmospheric concentrations of GHG
and health threats to rural communities, forest fire smoke and associated pollutants have been shown to
travel thousands of miles to create health impacts for heavily populated areas (Sapkota et al.
2005).thousands of miles to create health impacts for heavily populated areas (Sapkota et al. 2005).
When a crown fire occurs, temperatures in the canopy can soar to over 1000° centigrade (Countryman
1964) with soil surface temperatures that can approach 900° centigrade (Debano 1981). In addition to
the loss of forest resources and habitats, destructive environmental impacts from high severity forest fires
include volatilization of soil organics (McNabb and Swanson 1990, Harvey et al. 1989) and loss of carbon
and nitrogen (Bormann et al. 2008, Giesen et al. 2008). When organics are consumed and mineral soil is
exposed, soil infiltration and water storage capacities are reduced (Robichaud and Waltrop 1996),
increasing peak flows (Anderson et al. 1976), resulting in erosion, sediment loss and debris torrents (Ice
et al. 2004) such as occurred after the Entiat fire in central Washington in 1970 (Larson and Sidle 1980)
and the Buffalo fire near Denver, Colorado in 1996 (Lynch 2004). Erosion from thinning treatments,
prescribed burns, and wildfire was modeled across ecoregions of the west by Elliot and Miller (2002).
Findings predict that wildfires will generate 70 times as much erosion sediment as thinning treatments.
Prescribed fire treatments are estimated to yield 1.6 times more sediment than thinning (Rummer et al.
2003).
Many studies and demonstrations have shown that silvicultural treatments to remove surplus fuel loads
and ladder fuels to reduce forest density are successful at minimizing fire impacts (Peterson et al. 2005,
Graham et al. 2004, Keyes and O’Hara 2002, Omi and Martinson 2002, Pollet and Omi 2002, Sandberg
et al. 2001, Kalabokidis and Omi 1998, Agee 1993). Rummer et al. (2003) suggest that impacts of
erosion are far greater from wildfire than from fuels treatment operations. Reducing forest densities has
the additional benefit of increasing the resiliency of live trees for adaptation to climate change. Nabuurs
et al. (2000) examined the importance of broadening the Kyoto Protocol to include forest health and found
that more than 50 percent of potential additions to forest carbon storage in the United States could accrue
from pest and fire management. Forest health thinnings are also an opportunity to generate sustainable
biomass for renewable energy while avoiding wildfire costs. Regrowth studies have shown that thinning
cycles to sustain hazard reductions will be needed every 20-40 years and consequently could provide
sustainable access to biomass (Peterson et al. 2005, Mason et al. 2003). For animated simulations of
comparative
wildfire
behavior
in
thinned
verses
unthinned
forest
conditions
see:
http://www.ruraltech.org/projects/fire/forest_fires/.
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Figure 3.3.2. Smoke plume from the Tripod Complex forest fire (July 2006) in the Okanogan National Forest
(NOAA).
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Figure 3.3.3. Before, during, and after; forest fires and overstocked conditions (NIFC).
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Thinning forests to reduce vulnerability to fire requires that the cut biomass be removed to effectively
reduce fuel loads (Raymond and Peterson, 2005). Prescribed burning is employed in the west to reduce
forest fuel loads (Okanogan Wenatchee National Forest 2008) as it is less costly than fuels removals and
is thought to mimic historic practices. Given present objectives for air quality and energy improvements
prescribed burning of biomass seems counterproductive and in many cases may be illegal. Prescribed
fires emit significant GHGs and PMs (WGA 2006, Sandberg et al. 2002, Ammann et al. 2001, Hardy et al.
1986, Radke et al. 1990).
Removal of the many small trees that create ladder fuels is known to be costly. The market value for the
material removed may be less than the harvest and haul charges (Mason et al. 2003). However, failure
to remove surplus fuels results in retention of ladder fuels that support transfer of ground ignitions to
forest canopies with destructive result. Unfortunately, the market does not automatically reflect the costs
of negative environmental consequences. If the negative impacts that result from crown fires were fully
reflected in the market, there would be high motivation to avoid them, providing the necessary incentive to
remove high fuel loads (Mason et al. 2006).

Figure 3.3.4. Fuel reduction treatment (Firewise).

Thinning of forests to reduce wildfire hazard has been widely documents to result in significant avoided
costs and GHG emissions (Hurteau et al. 2008, Bonnicksen 2008, Mason et al. 2006, Rittmaster et al.
2006, Snider et al. 2006, Lynch 2004, Morris 1999). In Washington, federal and state costs to fight forest
fires can average $1000-$2000 per acre (DNR 2004) and are expected to increase (Doppelt et al. 2006,
JLARC 2005). The National Association of Conservation Districts (2006) suggests that total costs of
forest fires may be as high as three times the cost of suppression. Large fires always bring risk of health,
fatality and facility losses. Revenues from tourism are lost during fire events. There are costs associated
with post fire rehabilitation and forests may take decades to re-grow.
Full-value accounting for
cost/benefit analysis, as recommended by the Washington DNR Forest Health Strategy Work Group
(2004) and WSU Extension Energy Program (Ryan 2002), has demonstrated that prudent public
investment in fuels reductions can avoid enormous future costs while generating local economic
development opportunities. Mason et al. (2006) estimated the net present value of investments in fuels
removals at greater than $1000 per acre. Since most forest health treatments would occur in
economically depressed rural areas; jobs, tax revenues, and avoided social service costs should provide
high leverage for public benefit.
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Biodiversity pathways
Opportunities for thinning forests and recovering woody biomass are not limited to eastern Washington.
There has been increasing regulatory pressure on public and private forestlands to provide for the
ecosystem services associated with old forests. Whether in riparian zones or habitat areas, the result has
been that thousands of acres of previously-harvested forestlands have been placed in reserve status and
are no longer being managed. The assumptions behind these decisions are now being revisited.
Research is indicating that planted young forests may not be able to provide old forest functionality
without management to reduce stem densities (Muir et. al. 2002, Rapp 2002, Hunter 2001). These
investigations suggest that many of today's young, previously harvested forests may be on developmental
pathways that are very different from those that resulted in pre-settlement old forest conditions. Young
planted forests, established at high densities in very short time periods with the expectation of precommercial and commercial thinnings, are typically uniform and dense with little differentiation. Without
density reductions, planted forests eventually evidence suppressed growth, high height to diameter ratios,
and short crowns; conditions that have been shown to make stands susceptible to windthrow and inhibit
the development of the large trees associated with older forests (Wilson & Oliver 2000). Studies have
shown that thinning of younger forests can accelerate the development of old forest characteristics (Acker
et. al 1998, Tappeiner et. al. 1997, Carey et al. 1999, Muir et. al. 2002, Bailey & Tappeiner 1998, Garman
2003). Some scientists, environmentalists, and forest managers are recommending more active
management in young stands (Curtis et. al. 1998, Franklin et. al. 2002, Carey et. al. 1998, Heiken 2003,
Spies et al. 2002). Such management strategies have become known as biodiversity management
pathways or biopathways (Carey et al. 1999). Several key features characterize biopathways including
periodic thinnings, long rotations, and supplementary attention to legacy features including snags,
downed logs, and understory hardwoods (Lippke et al. 2007).
Development of “biodiversity pathways” that utilize silvicultural applications to accelerate creation of old
forest habitats in western Washington has been well researched but never linked to ancillary benefits
such as recovery of biomass for energy feedstocks. Integration of biodiversity enhancement with
provision of biomass for energy could provide opportunity for double benefits in western Washington
forests.

Adaptation and mitigation
Climate change and the forest health crisis in eastern Washington have been discussed above. Some
scientists are now concluding that there are significant increases in tree mortality of all ages and sizes in
the coastal forests of the Pacific Northwest that are positively correlated with increased mean annual
temperatures and water deficits (van Mantgem et al. 2009). Cwynar (1987) analyzed pollen samples
preserved in a lake bed in the North Cascades that dated back 12,000 years and noted that relatively
minor climate changes can have dramatic effect on fire regimes and species distributions.
In 2007, the Governmental Accountability Office (GAO 2007b), following an investigation into climate
change and the effects on federal lands, produced a report for Congress that found federal lands
vulnerable to climate change impacts and that increased forest mortality is already occurring. They
recommended that adaptive management is needed but that institutional relationships, historic
management paradigms, and lack of guidance constrained response.
The US Climate Change Science Program (CCSP 2008b) looked across federal land management
agencies and reached similar conclusion: adaptive management that accepts levels of uncertainty is
needed to increase the resilience of ecological systems to climate change. They suggest that paths
forward will require interventions for adaptations that adjust forest environments towards increasing
resiliencies while providing complementary mitigation opportunities to reduce greenhouse gas emissions.
Reductions in forest densities that lessen stress sensitivities are regarded as pro-active adaptive
management. Use of recovered wood for increasing carbon storage in long-lived wood products and use
of biomass for bioenergy to offset fossil fuels are recognized as mitigations (CCSP 2008b). Crisisresponse to unplanned consequences of no management was found to be undesirable. Federal
agencies are advised to re-examine cultural assumptions about what constitutes protection of
ecosystems. Integrated response strategies will provide opportunities for bioenergy development.
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Adaptive management is defined by The Dictionary of Forestry (Helms 1998) as “a dynamic approach to
forest management in which the effects of treatments and decisions are continually monitored and used,
along with research results, to modify management on a continuing basis to ensure that objectives are
being met.”

Slash recovery
For decades, burning has been a common method for disposal of post-harvest logging residues or slash.
Today, slash is generally gathered in piles for burning rather than broadcast burned. Slash burning
releases pollutants into the atmosphere such as CO2, CO, PMs, and others (WGA 2006, Fritschen et al
1970), can impact visibility (Fritschen et al 1970), has potential for adverse effects to human health
(Morgan 1989), and represents a disposal cost for land owners (Quigg pers com.). While slash burning
may currently be the most cost-effective disposal method for logging residues, air quality concerns may
limit this option in the future. During harvests of Pacific Northwest second growth timber, approximately
20-30 percent of above-ground tree biomass (tops, branches, and foliage) is non-merchantable and
becomes slash (Briggs 1994, Standish et al. 1985, Snell and Brown 1980, Ghotz 1979). About 20
percent of the total live tree biomass is in the stump and roots (Hikkila 1985). In the Pacific Northwest
stumps and roots are generally left in the ground after harvest. Howard (1988) found that crown material
has a higher average energy value than the stem since limbs and tops have a higher content ratio of
bark-to-wood than stem logs. Bark has higher resin content than wood and consequently a higher
heating value.

Figure 3.3.5. Typical slash pile near Forks, WA. (Mason).
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Figure 3.3.6. Recovery of harvest residues near Hoquiam, WA. (Grays Harbor Paper Co.)

An opportunity exists to collect post-harvest residue for use as an energy feedstock. However, guidelines
will be needed to inform slash removal strategies such that acceptable levels of soil minerals and
nutrients are retained (Shepard 2006). It will also be important to consider what portion of harvest
residues should be left as snags and down logs to ensure that habitat objectives are met. Current
harvesting practices in young commercial forests features whole tree forwarding to road side areas where
the trees are processed into logs. This method of harvesting leaves significant portions of the logging
residue accumulated at the road side where it is readily available for collection and use for energy
production. However, a review of data from Standish et al. (1985) indicates that for Northwest conifers
approximately 36 percent of total tree biomass is in roots, stump, foliage, and small branches (≤ 2.5
centimeters) most of which, due to handling difficulties and breakage, will be left on the forest floor even if
logging residues are collected (BRDB 2008, Wall and Nurmi 2003, Stokes 1992). The most nutrient rich
component of a tree is the foliage (Ruth and Harris 1975, Metz and Wells 1965).
There are a number of available equipment configurations for collection, preparation for shipment, and
transport of harvest residues (Coyner 2008, Han et al. 2008, Wynsma, B. et al. 2007, Dooley et al. 2006,
Rummer 2007 a & b). Sometimes debris is shipped in bulk, sometimes in bales, or can be chipped
and/or pelletized to increase density. Studies have shown that the cost of delivered residues from
commercial harvests and forest fuels removals will be $40-$80 per bone dry ton assuming a 50-mile
delivery radius (McNeil Technologies 2005 & 2003, Gardner 2004, Beck 2003, Kerstetter and Lyons
2001, Graf and Koehler 2000). Since woody biomass transport is expensive, the feedstock cost index for
total supply will be strongly influenced by the method of transport and the average delivery distance to the
conversion plant from within a tributary area. Preliminary supply/cost curves have been developed for
some conversion plant location sites in Washington (Kerstetter and Lyons 2001).
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Figure 3.3.7. John Deere 1490D recovering slash bales from forest thinning in OR (McNeil Technologies).

Wood energy crops
Following the energy crisis of the 1970’s the USDA and US DOE began research to guide the
development of a bio-based energy industry that utilized fast growing hybrid trees. The hybrid tree most
grown in the Pacific Northwest is the poplar (Heilman et al. 1995). In 2002, there were nearly 40,000
acres of hybrid poplar plantations in the Washington (WASS 2004). West of the Cascade Mountains,
poplar plantations have been established on poorlydrained alluvial soils of the lower Columbia River
floodplain. High yields are obtained in 8 years. East
of the Cascades in the semi-arid, sandy soils of the
mid-Columbia River Basin, fertigated (fertilizer
applied in the irrigation stream) plantations can be
merchantable after 6-7 years (Stanton et al. 2002).
Current available poplar biomass production in
Washington is estimated to be around 28,800 dry
tons per year. The latest WSU biomass analysis
estimates that it takes $58 per dry ton to farm and
harvest poplar although part of this cost may be
supported by recovered value from saw logs (Frear
2008).
Dedicated biomass plantations have the advantage
that they can be located near to energy generation
facilities thereby reducing transportation costs.
Sources of woody biomass derived from dedicated
energy crops of fast-growing tree species such as
poplar and willow can supplement forest and mill
residues to increase raw material availability along
with improvements in bioenergy efficiencies and
economics (Irving 2006). Technologies for growing
willow and poplar are well-advanced thanks to a

Figure 3.3.8. Poplar plantation (ORNL).
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successful research program developed in the 1960’s by Stettler at the UW (UW 1996) with research
continuing today at WSU (Clark 2007). Dedicated energy crops can be established on marginal
farmlands near coal generation facilities and used as co-fire feedstocks to reduce pollution. Ancillary
benefits of poplar plantations can include phytoremediation (Anderson et al. 1993) and recycle of
municipal waste water (Asare and Madison 2000). The largest poplar plantation in the Pacific Northwest
is located on 17,000 acres near Boardman, Oregon and is operated by GreenWood Resources for
production of solid wood and energy feedstock products (GreenWood).

3.4 Forests, products, energy, and carbon
The conversion of solar radiation into chemical energy via photosynthesis results in the growth of
vegetative biomass made up of organic compounds which have intrinsic energy content (Klass 1998).

Figure 3.4.1. The Forest Carbon Cycle (EPAd).

Biomass is effectively stored solar energy (Demirbas 2001). Forests play a specific and important role in
global carbon cycling by absorbing carbon dioxide during photosynthesis, storing carbon above and
below ground, and producing oxygen as a by-product of photosynthesis. In the presence of increased
greenhouse gases in the atmosphere, healthy forests help to mitigate the effects of climate change on the
environment by removing CO2 from the atmosphere. Forests in the United States absorb and store about
171 million metric tons of carbon each year, an amount equivalent to 11 percent of the country’s CO2
emissions (EPA 2006). The highest sustained carbon accumulation rates for American forests are
reported to occur with new forest growth on high productivity sites in the western Pacific Northwest (DOE
2007a).
Deforestation refers to a loss of forestland to another land-use. For example, deforestation could result
from clearing forests for agriculture or could occur as a result of fires or floods. Most deforestation occurs
in developing countries and tropical forests (World Growth 2008, IPCC 2007a, Vattenfall 2007), however,
land-use conversions are occurring in Washington with net losses of forestlands to development and to
wildfires (CFR 2007). When deforestation occurs the loss is two-fold. The carbon that has been stored
(sequestered) in the forest is released and the opportunity for future sequestration of atmospheric carbon
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is also lost. Sustainable management of forestlands, that includes harvest followed by re-growth, should
not be confused with deforestation (World Growth 2008, IPCC 2007a, IEA 2005a).

Life cycle assessment
Wood is made up of three carbon-rich components: 15-25 percent lignin, 23-32 percent hemicelluloses,
and 38-50 percent cellulose (Scahill 2003). Carbon accounts for approximately 50 percent of the dry
weight of wood (Houghton et al. 1985). For comparison, gasoline is about 87 percent carbon. Carbon
combines with oxygen during combustion to form CO2. Carbon is 27 percent of the weight of CO2 which
is why when a gallon of gasoline, that weighs 6.3 pounds, is burned; 19.4 pounds of CO2 are produced
(DOE/EPA, EPA 2005b).
When forests and agricultural crops are harvested for products and energy, CO2 emissions absorbed
from plant growth are returned to the atmosphere but are then re-absorbed during the growth of the next
generation. A neutral cycle of carbon release and uptake is the result, as characterized by the image
below (Figure 3.4.2.) from the US DOE Oak Ridge National Laboratory. By comparison, burning fossil
fuels releases CO2 that has been locked up for millions of years. When fossil fuels are burned, there is
rapid release of CO2 emissions at rates beyond the uptake potential of global vegetation.
Forests affect climate by removing and storing carbon from the atmosphere. Yet, climate affects forests
by altering temperature and precipitation cycles. Young vigorous forests assimilate carbon faster than
older forests but older forests may store larger amounts of carbon per acre than young forests. For very
old forests, that enter a decline in vigor, carbon release can exceed uptake. When tree death occurs,
CO2, CH4, and other gases are emitted through combustion or decomposition. When trees are
harvested, carbon storage can continue in wood products. Biomass residuals can be converted to energy
to reduce use of CO2-emitting fossil fuels. Harvest of live trees, however, reduces the carbon storage in
the forest. How do forest products compare to other product alternatives?

Figure 3.4.2. A Simple Biomass Carbon Life Cycle (ORNL).
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Life cycle assessment (LCA) is a “cradle-to-grave” approach for assessing industrial systems. “Cradle-tograve” accounting begins with the gathering of raw materials from the earth to create product outputs and
ends when all product materials are discarded and returned to the earth. LCA begins with detailed
accounting of the raw material inputs and product outputs, including energy and emissions to air, water,
and land from all stages in the product life cycle, from raw material extraction through handling, transport,
storage, manufacture, product life, and finally ultimate product disposal. Accounting for life cycle stages
is called the life cycle inventory (LCI). LCA evaluates all stages of a product’s life from the perspective
that all stages are interdependent, assuming that one operation leads to another. By including the
impacts throughout the product life cycle, LCA provides a comprehensive accounting of the
environmental trade-offs of product and process alternatives (SAIC 2006).
The Society of Environmental Toxicology and Chemistry (SETAC) defined the components of LCA to
include several steps: a goal and scoping definition, an inventory step, and an impact/improvement
assessment (Consoli et al. 1993). In the late 1990’s, the International Organization for Standardization
(ISO) released the ISO 14040 series on LCA as an adjunct to the ISO 14000 Environmental Management
Standards. Updates to standards, definitions, frameworks, requirements, and guidelines have followed
(ISO 14044 2006, ISO 14042 2000a, ISO 14043 2000b, ISO 14041 1998, ISO 14040 1997).

Figure 3.4.3. Life cycle stages (EPA).

Life cycle analysis has been used to evaluate the environmental implications of forest management and
forest products (LeVan 1995). The first limited life cycle inventory of wooden building products was
conducted by the National Research Council in the 1970’s (NRC 1976). For the forest sector, LCI and
LCA have been used to determine environmental and economic costs and benefits of forest products as
compared to non-forest product alternatives. Glover et al. (2002) developed a life-cycle assessment of
wood verses concrete and steel in house construction and concluded that houses built primarily with
wood required lesser amounts of energy for manufacture, construction, and use. LCI/LCA comparisons
for renewable energy are important for assessing net energy and emissions from conversion alternatives
(Boman and Turnbull 1997).
The Consortium for Research on Renewable Industrial Materials (CORRIM) is a non-profit consortium of
15 research institutions chaired by the University of Washington. CORRIM was formed in 1996 to build
upon the early LCI/LCA investigation of wood products begun by NRC in the 1970’s. CORRIM research
into LCI/LCA for wood and product alternatives has continued for more than a decade based upon ISO
14000 standards with products modeling support from the Athena Institute. LCIs of inputs and outputs
have been generated for forest and product modules to test the comparative environmental differences of
alternative forestry practices and wood products streams including the use of residuals for energy.
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Carbon storage and release has been segregated for study into “pools” that include stems, roots, crown,
litter, and dead wood in the forest and wood chips (for paper), lumber, the avoided CO2 emissions when
lumber is substituted for energy-intensive product alternatives such as steel and concrete, and the
avoided CO2 emissions through displacement of fossil fuels when wood residuals are utilized to generate
energy (Bowyer et al. 2004).
Forests that are periodically harvested, planted, and re-grown to produce a continuing series of short- and
long-lived products and energy feedstocks, sequester and offset more cumulative carbon than forests that
are left unharvested (Apps et al. 2006, Perez-Garcia et al. 2005, Lippke et al. 2004). This finding is
illustrated by the graphs below that depict simulated examples of carbon accounting associated with an
even-aged managed forest (Figure 3.4.4.) as compared to an unmanaged forest (Figure 3.4.5.) in
western Washington. Both forests begin with identical inventories of Douglas-fir seedlings grown forward
on a productive growing site. Forest growth and harvest were simulated for 165 years as were the
accountings for carbon pools. Figure 3.4.4. shows carbon storage and offsets by component as
quantified in metric tons per hectare for a 45-year commercial rotation as a cumulative sequence of
carbon storage and release in the forest, in products, and the impact of wood product substitution for nonwood alternatives and energy. Figure 3.4.5. shows the accumulation over time of carbon for the same
beginning forest inventory, but with no treatments, no disturbances, no products and hence no
substitution for fossil fuels or energy-intensive product alternatives.
While the carbon in the forest in Figure 3.4.4. is shown to cycle with each rotation around a steady state
trend line, the carbon in product pools, net of energy used in harvesting and processing, gradually
increases over time. When the avoided carbon emissions from the displacement of fossil fuels and fossil
fuel intensive building products are included, there is a substantial increase in total stored and offset
carbon that can be seen to surpass the cumulative carbon storage in forest biomass when there is no
harvest activity (Figure 3.4.5.). While carbon stored in the forest approaches a steady state (assuming no
disturbance like wind-throw or wildfire), the use of wood in construction displaces fossil fuel intensive
products, thereby storing carbon absorbed during photosynthesis while also reducing carbon emissions
that would otherwise be released by product alternatives.

Figure 3.4.4. Carbon pools from a single hectare of Df forest managed on a 45 yr rotation (Lippke).
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Figure 3.4.5. Carbon pools from a single hectare of Df forest grown forward with no management or
disturbance (Lippke).

Increasing the acreage occupied by forest provides a one-time increase in forest carbon. If the forests
are harvested and reforested, additional carbon storage is provided by the periodic production of longlived products, by substitution for energy-intensive building materials with carbon-neutral wood products,
and by displacement of fossil fuels for energy. When the displacement and substitution of polluting
building and energy material are included in the accounting the simplified carbon neutral characterization
of biomass utilization (Figure 3.4.2.) is expanded to reveal that the biomass carbon cycle can be a
significant net reducer of GHG gas emissions (Figure 3.4.4.).
Richter (1998) reached similar conclusion from study of life cycle assessments of wood products in
Europe. The magnitude of avoided CO2 emissions when wood is used instead of concrete or steel can
be significant (Figure 3.4.6.). This is important since reduced market share for energy-intensive and
polluting products means permanent reduction in GHG emissions.
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Figure 3.4.6. Illustration of potential emissions reductions of GHGs in CO2 equivalent to construct one
kilometer of transmission line using poles made of either treated wood, concrete, or tubular steel over 60
years including impacts of disposal (from Richter 1998).

Kozak and Gaston (2004) describe the importance of life cycle analyses of forest products. This
technique enables the environmental costs of different products to be compared and places each product
in the correct context of the total amount of carbon and other GHGs used to generate it. Kozak and
Gaston suggest that LCA should be incorporated into building standards such that contractors and
consumers can better understand the environmental implications of product choices. LCA is now
required by federal law (EISA 2007) for renewable biofuels but applications of LCA within green building
standards and carbon credit schemes are less clear (Forest Sector Workgroup 2008, Bowyer et al.
2006a).
Sustainably managed forests are sources of many valuable environmental, social, and economic benefits
that include timber, wood products, and energy. The inter-relationships of wood markets, economics, and
process infrastructure with implications for energy generation have been discussed above. Without
proper full accounting for products and offsets, forest harvesting can be mistakenly considered as a
cause of net release of carbon to the atmosphere. Numerous studies have reflected a narrow view based
upon accounting that considers exclusively carbon stored in live trees within the forest (Alig et al. 2006,
Harmon et al. 1990, Houghton et al. 1983). While the scientific methodologies employed by such
investigations may be robust, the findings tell only part of a much bigger story. Consumers may
mistakenly equate wooden construction with destruction of forests (Kozak and Gaston 2004). One result
can be growth in market share for steel and concrete products (Taylor 2000). For example, in Ballard,
WA., a condominium company boldly advertises that by using steel and concrete construction it saves
thousands of trees (Hjärta 2008). Iron/steel production and cement manufacture have been shown by the
EPA (2008) to be the second and third largest sources of US CO2 emissions behind fossil fuels (Figure
3.4.7.). Lippke and Edmonds (2006) compared building material alternatives for wall and floor
construction and found that wood products used the least fossil energy for manufacture, created less
waste for disposal, and, when recycled for energy generation, added further environmental benefit as
compared to steel and concrete alternatives. Research from Sweden and Finland suggests that
constructing apartment buildings with wooden frames instead of concrete frames reduces lifecycle net
carbon emissions by 110 to 470 kg CO2 per square meter of floor area (Gustavsson and Sathre 2006). In
Sweden and other European countries, national programs have been established to increase the use of
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wood in multi-story as well as
residential
construction
(Träbyggnadskansi
2008,
Sathre
2007).
In Washington, architects
have demonstrated the use of wood
for
remarkable
commercial
applications. The Dome in Tacoma,
built in 1983, is one of the largest
free-span wooden structures in the
world.
By extending the assessment
boundary beyond the forest edge, a
products pool, an energy
displacement pool, and avoided
emissions pool are recognized.
Given that world population, products
consumption, energy demand, and
GHG emissions are all increasing, the
GHG mitigation opportunities derived
from use of wood alternatives to
fossil-intensive products should be
recognized as important elements of
strategies to decrease emissions of
Figure 3.4.7. Major sources of CO2 emissions in the United States
GHGs (World Growth 2008,
(EPA)
Kohlmaier et al. 1998, Schlamadinger
and Marland 1996). When fuels reductions in inland west forests relieve climatic stresses and avoid
forest fires, further emissions benefits from wood utilization accrue (Oneil 2007). As discussed
previously, integrated utilization of harvested wood for both products and energy results in cost-effective
conversion synergies. Other aspects of forest management, such ecosystems values, are currently not
captured by LCIs, but with further research should be included in the context of a complete LCA to inform
comprehensive analysis of products alternatives and policy priorities (Bowyer et al. 2001).

Life Cycle Assessment and energy analysis
Life cycle assessment (LCA) can be used to compare net GHG reductions of biofuels options with fossil
fuels. Agricultural crops require significant fossil inputs for cultivation and for the conversion process.
Trees, on the other hand, require very little fossil fuel inputs for establishment, a modest amount for
harvest and transport and little fossil fuel for the conversion process since the lignin is generally burned
for process energy. The Environmental Protection Agency (EPA 2007b) has developed LCAs for 14
energy alternatives. The chart below presents an estimate of the net percent change in life cycle GHG
emissions for a range of energy alternatives. Since the energy content of fuels is variable, the fuels are
compared on an energy equivalent or British Thermal Unit (BTU) basis. For instance, from Figure 3.4.7
we can see that for every BTU of gasoline which is replaced by corn ethanol, the total life cycle GHG
emissions would be reduced by 21.8 percent. The Pacific Northwest National Laboratory (PNNL) in
Richland, WA. recently reported that corn ethanol may only reduce GHG emissions by as little as 12
percent (Stiles et al. 2008). Net GHG reductions from corn ethanol, as calculated below, include energy
credits for byproducts, such as distillers grain or corn oil, without which energy gained may be
approximately equal to fossil energy invested (Tilman et al. 2006). Studies that expand LCA to consider
land-use implications have concluded that corn ethanol may result in additions rather than reductions of
GHG emissions (Fargione et al. 2008, Searchinger et al. 2008). GHG emissions considered for the EPA
analysis include CO2, CH4, and NO2 reported as CO2 equivalent GWP (Table 2.1.1.) (EPA 2007b).
Note that cellulosic ethanol has much greater GHG reduction potential than all the other alternatives and
considerably better reduction potential than corn ethanol. Corn ethanol has dominated the renewable
fuels market with support from a federal production tax credit of $0.51 per gallon that is called the Volume
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Ethanol Excise Tax Credit or VEETC. In the 2008 Farm Bill (H.R. 2419: Food, Conservation, and Energy
Act of 2008 see U.S. Congress 2008 in references), tax credits for corn‐based ethanol were reduced from
51 cents to 45 cents per gallon, while the tax credits for cellulosic ethanol were set at $1.01 per gallon.

Percent Change in GHG Emissions
150%
118.5%
100%

50%

3.7%

6.5%

8.6%

0%
‐8.5%
‐28.5%
‐50%
‐56.0%

‐46.8%

‐22.6% ‐21.8% ‐19.9%

‐41.4%

‐67.7%
‐100%

‐90.9%

‐150%

Figure 3.4.8. Comparison of selected liquid fuels for percent change in GHG emissions (EPA).

Some simple analysis produces interesting results. We know that combustion of one gallon of gasoline
produces 19.4 lbs. of CO2 (EPA 2005b). This information indicates (from Figure 3.4.8.) that one average
gallon of corn ethanol produces 15.17 lbs CO2 and displaces 4.23 lbs CO2 (-21.8 percent of gasoline
emissions). Therefore, it will take 4.6 gallons of corn ethanol to displace the total emissions of 1 gallon of
gas. This means that (at 45 cents per gallon) it will cost taxpayers $2.07 to displace the emissions from
one gallon of gasoline with 4.6 gallons corn ethanol. By comparison, one average gallon of cellulosic
ethanol would produce 1.77 lbs CO2 (displacing 17.63 lbs CO2 as compared to gas). Therefore, it would
take 1.1 gallons of cellulosic ethanol to displace the emissions of 1 gallon of gas.
The 2008 tax credit is provided by the federal government to blenders of corn ethanol at the rate of $0.45
per gallon. Therefore, the corn ethanol industry receives a little less than $0.106 per lb for CO2
displacement. Thought of another way, since one metric ton is equivalent to 2204.62 lbs, the corn ethanol
tax credit serves as a surrogate CO2 tax that is equivalent to $234.53 per metric ton of CO2 displacement.
In effect, the tax credit functions as a surrogate carbon tax, set by the federal government that is currently
paid to corn farmers. Carbon markets have not reached anything close to that price yet. The Chicago
Climate Exchange, brokers of voluntary sales of GHG credits, reports first quarter 2009 CO2 credits
trading at $2 per metric ton (CCX 2009). European credits that exist to meet formal mitigation targets
have ranged from $12 to a high of $29 per metric ton over the last two years (ECX 2008-2009). This
analysis shares magnitude consistency with that of Rubin et al. (2008).
Production of cellulosic ethanol, although not yet implemented on a commercial-scale, is technically
feasible. A significant obstacle to progress of the commercialization of cellulosic ethanol is the cost of
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production (Bowyer et al. 2006b). At a feedstock cost of $60 per bone dry ton, a conversion cost for
cellulosic ethanol, has been estimated by the USDA, to be $2.65 per gallon or approximately $1.00 more
per gallon than corn ethanol (Table 3.4.1. Collins 2007).
Table 3.4.1. Production costs for corn and cellulosic ethanol (from Collins 2007).
Corn Based

Cellulosic
Today?-Illustrative

Cellulosic
2010-12—
DOE target

Feedstock

$1.17
@$3.22/bu
2.75g/bu

$1.00
@$60/dt
60g/dt

$0.33
@$30/dt
90g/dt

By-Product

–$0.38

–$0.10

–$0.09

Enzymes

$0.04

$0.40

$0.10

Other Costs**

$0.62

$0.80

$0.22

Capital Cost

$0.20

$0.55

$0.54

Total

$1.65

$2.65

$1.10

g = gallon, dt = dry ton.
** (includes preprocessing, fermentation, labor)

This cellulosic ethanol conversion cost estimate is consistent with estimates of $2.40 to $2.50 per gallon
as developed by US DOE National Renewable Energy Laboratory (Aden 2008, Bull 2006). Assume for a
theoretical cost comparison that the ethanol tax credit is increased for cellulosic ethanol by the $1.00 per
gallon production cost difference; $1.45 per gallon would then be provided to underwrite cellulosic ethanol
production costs. Under such circumstances, it would cost the public about $0.082 per lb. to displace
gasoline CO2 or $181.32 per metric ton CO2 displacement. This would represent a 23 percent savings
over the cost of CO2 displacement by corn ethanol. If calculated based upon the tax credit established for
cellulosic ethanol by the 2008 Farm Bill ($1.01 per gallon) the CO2 displacement cost would be $0.057
per pound or $126.30 per metric ton (46 percent saving). However, as a side note, given the current
disarray of the ethanol industry, it appears that the 2008 Farm Bill tax credits are insufficient to support
expansion of either corn or cellulosic ethanol production at current low oil prices (Kasler 2009, Kiplinger
2009d & 2008c).
The National Renewable Fuel Standard (RFS) (see Table 2.2.2.) calls for 10.5 billion gallons of ethanol in
2009. If the RFS is met with corn ethanol then 20 million metric tons CO2 are displaced at a taxpayer cost
of $4.72 billion. To displace the same 20 million metric tons of CO2 by using cellulosic ethanol, only 2.5
billion gallons would be needed. The public saving (even with a $1.00 per gallon tax credit premium as
simulated above) would be greater than $1 billion for the same 20 million metric tons of CO2 displacement
and the environmental impacts associated with intensive agriculture could also be reduced. For the same
gross tax subsidy of $4.72 billion as would be provided for 10.5 billion gallons of corn ethanol (tax credit
@$0.45 per gallon), 3.26 billion gallons of cellulosic ethanol, with a tax credit of $1.45 per gallon, could be
produced displacing 26 million metric tons CO2. The comparative costs and benefits of CO2 emissions
reductions strategies are discussed further in Section IV: 4.4. Obstacle 4 – Policy and regulations;
Western Climate Initiative.
The riddle for policy consideration: while it would certainly be more expensive, on a per-gallon basis, to
produce cellulosic ethanol rather than corn ethanol, it could be significantly less expensive to reduce
greenhouse gas emissions by producing ethanol from cellulosic biomass rather than from corn. If the
primary policy driver evolves to be GHG emissions reductions then cellulosic ethanol is the least-cost
option. This should represent an opportunity for states, such as Washington, that have abundant forest
resources. Note, that EISA RFS requires, that by 2022, the US will produce a total of 36 billion gallons of
renewable liquid fuels of which 21 billion gallons are to be advanced biofuels, primarily from cellulosic
feedstocks (Table 2.2.2.).

77

For cost comparison, Mason et al (2003) found, in simulations of wild fire in overstocked stands on the
Okanogan National Forest, that an average of 18.5 metric tons CO2 were released per acre during forest
biomass combustion followed by legacy releases of 1.85 tons CO2 per acre per year from decay.
Simulated treatments to remove hazardous fuel loads and reduce risk of crown fires with consequent CO2
emissions were shown to average $580 per acre (Mason et al. 2003). At $580 per acre, the cost of
avoided CO2 release from wildfire smoke would be less than $30 per metric ton. Forest fuels reductions to
reduce fire intensity and recover biomass for cellulosic ethanol could offer dual opportunity to reduce CO2
emissions from wildfires and recover forest biomass for renewable energy to offset fossil fuel reliance.

Summary of carbon accounting
The carbon benefits of product substitution associated with displacement of fossil fuel energy and energyintensive non-wood building materials have been well-documented (Perlack et al. 2005, Perez-Garcia et
al. 2005, Boman and Turnbull 1997, Schlamadinger and Marland 1996, Buchanan and Honey 1995).
Naburrs et al. (2000) examined the importance of broadening the Kyoto Protocol and found that more
than 50 percent of potential additions to forest carbon storage in the United States could accrue from pest
and fire management. Lippke et al. (2006) demonstrated that, primarily as a result of reduced forest fire
emissions and increased long-lived product production, 56 percent more carbon was stored over a 50year period in a managed rather than an unmanaged eastern Washington forest. Forests of Washington
can be managed to reduce atmospheric carbon in four basic ways:
1) Absorption of atmospheric carbon through photosynthesis to storage in forests or other vegetation.
2) Extension of carbon storage in long-lived products.
3) Reduction of fossil fuel emissions through wood substitution for energy and building products.
4) Reduction of carbon releases associated with forest mortality, decay, and wildfire.
Further benefits accrue when wood waste is recovered for energy generation or when deconstructed
building materials such as trusses, timbers, and glue lams are recycled into new construction.
The Intergovernmental Panel on Climate Change (IPCC) has acknowledged forest growth, products,
substitution, and disturbance avoidance as integral components of managed forest ecosystems and the
global carbon cycle. Recognition of carbon boundary conditions, that include all forest flows, represents a
choice for comprehensive versus selective environmental accounting with implications for improvement in
forest health and climate change adaptation and mitigation effectiveness.
“In the long term, a sustainable forest management strategy aimed at maintaining or increasing forest
carbon stocks, while producing an annual sustained yield of timber, fiber, or energy from the forest, will
generate the largest sustained mitigation benefit.” (IPCC 2007c).

3.5 Forestry as a cost-effective approach to climate and energy
Woody biomass is a uniquely versatile energy feedstock that can be a source of firm electrical power with
steam and heat as valuable byproducts or it can be used to produce liquid and gaseous fuels to reduce
reliance on fossil fuels for transportation applications. Valuable industrial chemicals can be extracted in
the process. While energy conversion applications must be customized to local circumstances, a broader
policy priority should be to encourage the use of forest resources for conversion to the highest value
products, chemicals, fuels, and energy.
Residuals from the manufacture of forest products have been proven to be a readily available and costeffective source of biomass-to-energy feedstocks. Biomass energy derived from process residuals is
already widely used in Washington. However, new developments in hog fuel and black liquor energy
recovery, when combined with investments in conversion upgrades, could significantly increase
renewable energy contributions from currently dedicated process residuals. Forest management
residues, typically burned in piles after timber harvests or left on the forest floor represent another large
source of woody biomass that is currently underutilized. Forest thinnings, such as fuel load reductions on
eastside dry land forests or biodiversity thinnings in westside forests, can provide woody biomass for
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significant additional renewable energy feedstocks with many added public benefits. Forest thinnings
have been identified as the nation’s largest unexploited source of woody biomass (Perlack et al. 2005).
Supplemental biomass resources could be provided by recoverable municipal waste and dedicated
energy plantations. Although not addressed by this investigation, agricultural residues could provide
additional cellulosic feedstocks for some applications. The potential for mixed-biomass energy
conversions from agricultural residues, MSW, and forest resources is worthy of future research.
When compared to other states, Washington has disproportionately abundant and productive forests. In
this section we have identified the many benefits of biomass utilization that are unique to forestry. We
conclude that the resource is significant, management can be environmentally attractive, and that the
established infrastructure should provide a head-start capital investment towards progress. While the
current low cost of energy in the Pacific Northwest remains a challenge to bioenergy development, there
are clearly many avoided costs and environmental benefits associated with removals and exploitation of
forest biomass for energy that are not adequately understood and are consequently absent from energy
economics analysis. The economic development potential and tax revenues from wood utilization would
also benefit depressed rural communities while lowering social service costs but have not been quantified
for cost/benefit analysis. The USDA Forest Products Laboratory estimates that by 2022 102,000 new
American jobs will be created by wood-based biofuels production (Spartz 2009). The question is: how
many of these jobs will be in Washington?

Figure 3.5.1. Availability of woody biomass in the US (Perlack et al.).

As additional concern for policy development, subsidies of the magnitude provided for corn and cellulosic
ethanol should be considered in the context of market equilibriums for solid wood and paper products.
For example, fiberboards currently manufactured from some mill residuals substitute for steel, concrete,
and plastic materials which emit significant carbon emissions and higher value recovery from solid wood
products serves to underwrite residual biomass collection costs (CORRIM 2009). While policies to
support collection of forest residuals are needed to spur energy production and reduce carbon emissions,
there is a risk of unintentional and counterproductive results if traditional product hierarchies are
undermined by shifts in raw material markets. An integrated approach to consider a full spectrum of
market and non-market values associated with forest management, ecosystem protection, forest
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products, and wood-to-energy is recommended. The three Imperatives of greenhouse reductions, energy
independence, and sustainability have been presented in Section II as useful criteria for strategic
evaluation of options forward.

Figure 3.5.2. Managed forest landscape in western Washington (Sharpe).
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Section IV: The Obstacles
In the previous sections of this report, we provided background and context followed by the imperatives
that urge action and the descriptions of the many opportunities that we find associated with the use of
wood biomass for energy. We conclude that a renewable energy policy priority for Washington (subject
to local circumstances but that most effectively addresses the imperatives) should be liquid fuels,
Washington is already the leading national producer of renewable electricity, woody biomass (the largest
available state biomass resource) has significant potential for biofuels contribution, and that Washington
(with abundant forests and an established infrastructure) should be positioned to benefit. We find,
however, that there are many complex hurdles to be addressed that do not appear to be well-understood.
Complicating matters further, there are continuing uncertainties and debates about what and how to
measure for comparison of resource alternatives and how to link specific indicators to time-bound targets
and thresholds with which to gauge achievement (Pintér et al. 2005). Adding to the complexity, in the
absence of a cohesive national strategy, states have evolved a chaos of different policy responses
(Leggett 2009, Becker and Lee 2008, Yoder et al. 2008). Progress is slow and the default consequences
are economic and environmental decline (CIG 2009, CLI 2009, Ruth et al. 2007, Doppelt 2006). It seems
remarkable that the US could have been able to split the atom more than 60 years ago but struggles to
accelerate conversion of wood to energy today (Pethokoukis 2009, Stine 2008, Yang and Oppenheimer
2007).
This investigation has uncovered many obstacles that are discussed in some depth within this section of
our report. A common thread is the complexity of the interrelationships between climate change, energy,
forestry, and public policy. While obstacles appear formidable and numerous, we hypothesize that none
are insurmountable if society chooses to focus sufficient resolve. Analyses reveal that motivations for
action command attention while doing nothing leads to an increasingly costly outcome (Ackerman et al.
2008, Ruth et al. 2007, Doppelt et al. 2006, Parson et al. 2001). On the other hand, the challenges to
substantive reductions in fossil fuel consumption must not be discounted. Fossil fuels are energy-rich,
are firmly imbedded in American life, and, without consideration of many ancillary and hidden costs that
are not readily captured by commercial markets, appear as least-cost energy options for consumers (EIA
2008f).
Important to any discussion of renewable energy substitution for fossil fuels is an unembellished
recognition that progress will occur at the margin. Review of domestic and international energy analyses
and forecasts indicates that energy independence from fossil fuels is not potentially achievable within any
foreseeable planning window (EIA 2008a, EIA 2008e, EIA 2008g, EIA 2007a, IEA 2007b, IEA 2005b).
The most optimistic expectation that was encountered during this investigation was a 30 percent
reduction in fossil reliance by 2030 (Perlack et al 2005). This does not imply, however, that incremental
improvements can not be important or should not be pursued. Development of all potential domestic
renewable resources, with careful planning towards an integrated energy portfolio, will ensure optimized
levels of success. Competition between renewable energy alternatives is counterproductive but
identification of state energy priorities tied to assessment of resource availability will hasten progress.
Evolving public perceptions regarding land use, biomass exploitation, and non-market amenities will play
a major role in how much of the wood resource base may be used for energy (EIA 1998). Consumer
behavior will determine ultimate demand for bioenergy. Public attitudes about energy prices, comparative
performance, and environmental improvement will affect the volumes and types of bioenergies selected
for development (EIA 2007a).

4.1. Obstacle 1 - Access to the resource
As has been discussed throughout this report, fully understanding the many costs and benefits
associated with the development of woody biomass for GHG emissions reductions and energy
development is complicated. A first significant, but perhaps not widely appreciated, consideration is that
wood “waste” is an intrinsically valuable and finite resource that, while not presently exploited to best
advantage, is the state’s most abundant renewable biomass resource with significant potential for
reducing fossil fuel reliance and GHG emissions. In addition, we find that considerations discussed
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throughout this report, such as forest health and an established forest industry infrastructure, suggest that
arguments for wood-to-energy may be especially compelling. However, unless the challenges to
progress are understood, resources may not be used wisely, opportunities may be lost, and unintended
consequences will result. Careful planning is warranted. A given: increased development of any
renewable energy alternatives, while justifiable due to many avoided costs of fossil fuels, represents an
expensive investment (in the short-term) in an unprecedented energy paradigm shift (long-term benefit).

Raw materials
The largest underutilized biomass resource in Washington is woody debris; currently left in the woods or
open-burned following harvest activities. A review of woody biomass harvest studies from the Pacific
Northwest was conducted to estimate an average expected cost of delivered biomass from logging slash
and fuels treatments to a conversion facility. Most studies use a rule of thumb that biomass is to be
delivered as green chips or hog fuel from within an approximate 50-mile transportation radius. There is
mention in several studies that transportation costs can be reduced if piled biomass is left to dry before
shipment. Depending upon operational constraints this may or may not be an option for most suppliers.
Sometimes slash is chipped or hogged in the woods or may be delivered as loosely loaded raw woody
debris or as compressed bales with both to be ground for re-sizing after delivery. Cited cost estimates
range from a low of $25 per dry ton to a high of $90 per dry ton with most studies suggesting that ground
hog fuel, produced from recovered slash materials, would be available at the plant gate for an average of
$50-60 per dry ton (Polagye et al. 2007, OFRI 2006, Bilek et al. 2005, Perlack et al. 2005, McNeil
Technologies 2005 & 2003, Gardner 2004, Beck 2003, TSS Consultants 2002, Carlson 2001, Kerstetter
and Lyons 2001, Graf and Koehler 2000, Shelly et al. 2000, Quincy Library Group and others 1997). For
comparison, Frear et al. (2008) suggest that $58 per dry ton is the price that would be required for
production of dedicated energy crops such as poplar. This cost is consistent with that found for wheat
straw in eastern Washington ($59.55 per dry ton) (Hamann et al. no date) as well as the cost of $60 per
dry ton for mid-west corn stover as estimated by Aden in 2008. Recall that green wood averages 50
percent moisture content indicating that the delivered price per green ton would be half that of the dry
price (as above: $25-$30 per green ton). Round wood pulp is sold in Washington on a green-ton basis.
The January’09 average price for delivered round wood pulp in Eastern Washington was $27.67 per
green ton ($55.34 per dry ton) (McKellar pers com. 2009).

Figure 4.1.1. Post harvest logging slash piled on a landing in NE Washington (Oneil).
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For comparison, a study of mill residuals in 2005 found that hog fuel prices in western Washington ranged
from $12 to $32 per dry ton ($6-16 per green ton). The average price paid by pulp mills for hog fuel from
mill residues was $22 per dry ton (Mason et al. 2005). Note that saw mill hog fuel sells for less than half
the price expected for hog fuel produced from harvest residuals. Historically the delivered price of sawmill
hog fuel is variable for each supplier because it is indexed to approximate the cost of transport to the
purchaser and, therefore, yields little or no net return to the sawmill (Mason et al 2005). In regards hog
fuel, the pulp and paper industry has historically functioned as a garbage collector for the sawmill
industry.
Under normal conditions, with sawmills running at capacity, clean chips are a far more valuable product
than hog fuel. Chips can command three to five times the price of hog fuel. Most chips are manufactured
for sale to pulp and paper mills from trim and side cut at sawmills but, since value is high, chips are also
made from round wood pulp. It is very unlikely that chips would be purchased for an energy feedstock in
the Northwest unless markets from pulp and paper mills become unavailable. In some areas of the
nation, such as the Southwest, which no longer supports a pulp and paper industry, this has become the
case resulting in chips and hog fuel having an equivalent low value (Randle pers com.).
A discussion of the historical market and utilization
relationships between hog fuel and wood chips is
warranted as many prior studies of wood biomass supply
and energy potential appear to reflect flawed
understanding (BRDB 2008, Stiles et al. 2008, Frear et al.
2005, Perlack et al. 2005). There are actually numerous
Northwest markets for process residuals (intermediary
raw materials) that may be directed to a variety of product
types. For example, bark may be sold as garden mulch,
dry shavings and saw dust are raw materials for pellet
manufacture, and saw dust can be used as either paper
filler or for manufacture of composite products such as
medium density fiber board (MDF). For simplicity of
explanation, however, assume that there are two types of
wood process residuals that are generated by sawmills
(hog fuel and chips) and that both types are purchased
by pulp and paper mills.
Wood chips are manufactured to precise size
specifications for fiber length as determined by the
purchaser, while hog fuel, made from all other wood
residues including bark, need only be pulverized to threeinch minus so that it can readily travel on infeed
conveyors. To review: Chips are for paper and hog fuel
isfor process steam and electricity. Both are produced at
Figure 4.1.2. Hog fuel (NREL).
sawmills as byproduct waste streams that result from
lumber production. The chip has a much higher value and can travel extended distances. There is
normally significant regional demand for chips. Hog fuel has low value, limited delivery distance, and
generally is not in short supply if the sawmills are operating. The product replacement for hog fuel is
natural gas. There is no product replacement for mill chips other than chips made from round logs, which
are more expensive. Sawmill hog fuel must be priced less than natural gas. Sawmill chips must be
priced less than round log chips. Both residue streams must leave sawmills or sawmills face a waste
disposal problem. A sawmill that is far removed from a paper mill, such as may be the case for a mill
located in Alaska, becomes compromised and may loose money to barge the hog fuel to distant users
while chips generally bring net return (Dahlstrom pers com.). For land-bound sawmills that are distant
from paper mills, such as is the case in Arizona, both chips and hog fuel may have little value (Randle
pers com.). The symbiotic relationship between sawmills and pulp mills is essential to the survival of both
with extended benefit to forestland owners by supporting value for logs. Value for logging slash as
energy feedstocks could benefit landowners as well but has yet to be realized. The federal Biomass
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Research and Development Board states that it will be vital to the achievement of US bioenergy
objectives that realistic business models be developed to include the forest industry in the biobased
economy in order to spur private investment in necessary production, land management, harvesting,
transportation, and storage infrastructure expansion (BRDB 2006).
Washington sawmills effectively underwrite the
chip and hog fuel costs by recovering higher
value lumber products. However, pulp and
paper mills are by necessity large scale
operations which require considerable supplies
of raw materials. Instate sawmills don’t produce
enough chips to satisfy demand. Consequently,
chips are purchased from other sources. Fully
half of the chips used in Washington are
imported from other states and Canada
(Wolford pers com.).
Instate chip supplies are dominated by sawmill
residuals.
However,
depending
upon
fluctuations in the lumber and paper markets,
greater or less supplies of chips may be
necessarily procured from round log chipping
operations.
Round log chips must absorb
higher production costs than mill chips and Figure 4.1.3. Wood Chips (NREL).
consequently are more expensive than saw mill chips. As evidenced above, the cost of producing hog
fuel from harvest residuals is high. Only on rare occasions, such as when strong paper markets might
coincide with high fossil fuel prices or lumber mill shut-downs, has it been economically attractive to
produce hog fuel from slash or fuel treatments; hence the unexploited status of this potential woody
biomass supply (Figure 3.5.1).
Coincidentally, this was the situation in 2008. Hog fuel supply constrictions created by falling housing
starts and accompanying sawmill shut-downs resulted in the price of hog fuel more than doubling. RISI
(2008a) reported an average 3Q 2008 hog fuel price of $48 per dry ton. Quigg (pers com.) reports that
February 2009 hog fuel prices delivered to Grays Harbor were at between $40-$60 per dry ton and clean
chips at over $100 per dry ton.
Both the economics and the energy generation potential of wood materials used by the state pulp and
paper industry have been mischaracterized in prior studies. For example, NREL (2007) suggests that, as
the cellulosic ethanol industry develops future capacity, the feedstock price will decline. This assumption
is incorrect: as feedstock demand increases so will the price as evidenced by the experience of corn
ethanol producers with the price of corn (Jaffe 2008) and European power markets where co-fire demand
resulted in an increase in the international price of wood pellets (Swann pers com.). It is very important
that these value and energy relationships be properly understood. Also indicative of raw material
misunderstandings in past biomass inventory analysis is the assumption that currently dedicated
resources such as hog fuel and black liquor will not make significant contribution to future energy
conversions (Stiles et al. 2008). We suggest that such misunderstandings of fuel dynamics overlook an
important opportunity for biomass cost-indexing by the established infrastructure as discussed in Section
III: 3.2. Woody biomass – material and process opportunities and below.
While a majority of the currently produced hog fuel is dedicated to generation of electricity and steam for
pulp and paper operations, investments in gained efficiencies and new conversion strategies have shown
potential to dramatically increase energy yields from this captive resource (Simmons 2007, Larson et al.
2003, Spath and Dayton 2003, Chum and Overend 2001, Kerstetter et al. 1997). The pulp and paper
industry functions as the world’s largest established non-food biomass collection system (Connor 2008).
Black liquor, an aqueous solution of lignin residues, hemicellulose, and inorganic chemicals, produced as
a by-product of pulp and paper manufacture, contains 35 percent of the original wood energy and could
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be refined to further increase energy yields. A biorefinery could produce heat, electricity, and liquid fuels,
such as ethanol. If energy yields increase, supported by appropriate policies, then the price of hog fuel
will be able to rise to support recovery of slash and thinning materials especially if hog fuel purchasers,
such as pulp and paper mills, can index raw materials costs based upon utilization of a combination of
less expensive sawmill waste and more expensive logging residues.
The residuals produced by sawmills can be regarded as a unique low cost energy feedstock supply that,
if used wisely, could play a pivotal role in maximizing energy outputs. The symbiotic relationship between
sawmills and pulp and paper mills represents an opportunity to leverage sawmill residuals as a potential
anchor feedstock to which combinations of more variable supplies of post-harvest wood residuals,
agricultural cellulose, and MSW might be added. However, when policy development fails to recognize
this opportunity, competition for inexpensive sawmill hog fuel arises from small scale power producers
that benefit uniquely from state subsidies (GAO 2006c). The pulp and paper mills become threatened.
While short-term hog fuel price may spike, compromised pulp mills mean regional chips could loose value
which hurts sawmills and undermines economic support for forest improvement operations. Ultimately an
opportunity to integrate low cost mill residuals with other recovered biomass to create an affordable raw
material cost index and an efficient use of the total potentially available resource may be lost. Under such
circumstances, significant volumes of biomass will remain stranded in the woods and opportunities to
recover sufficient woody biomass volumes to produce liquid fuels could be precluded.
While the pulp and paper industry may represent the greatest opportunity for Washington to integrate
conversion of wood biomass to steam, electricity, and liquid fuels; rising energy demand, if not
accompanied by thoughtful policies, could jeopardize the future of this industry by creating distorted
competition for raw materials (Retsina and Pylkkanen 2008). An as-yet unanswered question becomes
should the pulp and paper industry regard renewable energy as an opportunity or as a threat (RISI
2008b)? This topic is examined further in the policy and regulations discussion offered later in this
section of the report.

The foresters, the loggers and the truckers
If wood fiber is to be manufactured into products and energy then trees must leave the forest. Forestry
workers represent a skilled workforce on which the success or failure of biomass-to-energy and forest
health programs will be dependent.
The forest products industry in Washington provides important contributions to the state economy and
represents the State’s greatest existing industrial potential for large-scale development of renewable
energy from biomass. Mason and Lippke (2007) found that every direct forest industry job in Washington
functions in the economy as a multiplier that generates two additional indirect jobs. Since many of these
jobs are located in struggling rural communities, forest industry employment generates high social and
economic leverage. However, the Pacific Northwest forest products industry, due to the demographic,
political, and economic challenges of the last several decades, has been in decline (Mason 2005). Some
industry representatives have interpreted the current economic downturn as a crisis for beleaguered
forest products companies (Profita 2009).
Rummer et al. (2003) estimated that the ratio of forestry workers per square mile of forest in the US west
has fallen to half that of those working in the US South. They further note that lack of a skilled workforce
represents an obstacle to implementation of western forest health programs. The Renewable Natural
Resources Foundation (RNRF 2003-4) suggests that baby-boomer retirements coincident with fiscal
constraints imposed by budget reductions and skyrocketing forest fire costs are seriously undermining
workforce capabilities at state and federal natural resource agencies. Aggravating the drain on
institutional expertise is a shrinking opportunity for recruitment. The number of US students earning
baccalaureate and post-graduate degrees in forest sciences has declined by 20 percent from 2,263 in
2001 to 1810 in 2006 (USDA 2008).
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In 1988, there were 26 pulp and paper mills operating in Washington (Lock-wood-Post 1988). Today
there are 12. Flat prices, strong international competition, and high production costs have resulted in cuts
in capital spending for the pulp and paper industry throughout the US that in recent years have fallen
below the point required to maintain facility competitiveness (Kinstrey 2004). In 2008, US paper and
paperboard production dropped 4.3 percent to the lowest level since the early 1990’s (Forestweb 2009).
In Washington, skilled loggers and truckers are increasingly difficult to find and recruitment of young
workers into the industry is a growing problem (Bonagofsky pers com. 2008, Miller pers com. 2008).
Mason and Lippke (2007) determined, from a survey of the State’s contract logging companies, that 60
percent of owners were over 60 years of age and 48 percent planned to retire or leave the industry. In a
2008 study of the Washington log trucking industry, Mason et al. (2008) found that the average driver was
55 years of age and that 51 percent of truckers reported plans to retire or leave the industry. Log trucks
registered in Washington declined by 36 percent between the years of 1998 and 2006. Forest industry
wages are currently well below the US average for all manufacturing jobs (USDA 2008).
Frear et al. (2005) found that two million tons of logging residues in Washington could be recovered each
year for energy. Retrieval of logging residues would require an additional 80,000 truck loads of wood per
year; an increase of 8 percent from the
2007 volume of log truck traffic (Mason et
al. 2008).
For
many
rural
timber
dependent
communities in Washington the decline in
the local timber industry has led to the loss
of jobs and tax revenues (Andreu 2005).
New economic activity generated from
biomass removals and forest health
treatments
would
be
well-received.
However, a lack of skilled woods workers
may present a serious obstacle to woody
biomass utilization (GAO 2006c).
A
discussion of woods workers begs a topical
question. Are forestry jobs to be considered
green jobs; eligible for stimulus and training
support?

Intermediate densification

Figure 4.1.4. Chip trailer in the ditch near Omak, WA. (Friedlander).

One way to reduce the number of trucks needed to deliver biomass from woods operations is to densify
woody biomass prior to shipment. Chippers and grinders have been used at some harvest sites in the
past but since most logging roads are inexpensively constructed for temporary use and are narrow and
windy. It is frequently difficult to maneuver long trailers such as chip vans into harvest locations (Figure
4.1.4.). A possible alternative may be to set up modular process equipment at flat open locations near
and central to the biomass supplies. Under such circumstances new options for process could become
available.
A Washington company, Forest Concepts, has been developing compaction baling
technologies customized for woody debris (Dooley et al. 2006). Badger and Fransham (2003) proposed
that fast pyrolysis equipment could be mounted on truck trailers and used to convert biomass to bio-oil at
remote locations. Bio-oil from fast pyrolysis can be burned in a boiler. Two Washington studies have
suggested that portable equipment could be developed to convert biomass to methanol (Lee 2007,
Andreu 2005). Methanol is used for biodiesel production or can be burned as fuel. A study was
conducted in Franklin County, Washington, to explore the feasibility of a series of distributed facilities to
chemically pretreat cellulosic wheat straw prior to shipment for final process at a biorefinery (Hamman et
al. no date). IMG Pellet Systems, in Canada, is now offering portable pellet mills for in-woods process of
woody biomass that are designed to fit into a 20-foot container. Portable densification and pretreatment
technologies are emerging that may hold promise; however, none have been commercially deployed.
The most technically mature alternatives appear to be baling systems and mobile pelletizers which also
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could have a potential advantage over the other pretreatment options since condensed materials are a
market-flexible product and can be used as a feedstock material for any industrial conversion application
(heat, co-fire, electricity, or liquid fuels). Portable equipment for baling or manufacture of pellets would
require significantly lower capital investment than the liquid fuels pretreatment options. For example, the
cost for a portable pellet mill plus the necessary support equipment for materials handling would be in the
realm of $500,000 while liquid fuels equipment could be several times as expensive. For a start-up
company, purchase of logging equipment could add another $1,000,000. Businesses will need to secure
investment capital for equipment to recover, process, and deliver biomass. An adequate supply of raw
material must be assured to justify investment. The uncertainty of wood biomass availability is an
obstacle to progress.

Figure 4.1.5. Portable pelletizers (IMG Pellet Systems).

Supply assurance
For either electrical generation or liquid fuels conversions, sizeable facilities are needed if costs and
feedstocks requirements per unit energy output are to be minimized through achievement of investment
effectiveness and operational efficiencies. For example, an Oregon study of biomass potential found that
a 50 MW biomass generation facility would require 5.8 times as much fuel as a 5 MW plant yet would
generate 10 times the electricity (McNeil Technologies 2003). If feedstock cost is held at $46 per dry ton,
the McNeil comparison shows that a 5 MW plant would produce power at $0.13 per kWh while the 50 MW
plant could produce at $0.085 per kWh.
The Antares Group (2008), as part of a broader study commissioned by the Western Governors
Association (2008b), modeled comparative unit costs of conversion for biorefineries of differing output
capacities. Variables influencing the unit cost of conversion included increased feedstock cost as larger
facility demand expanded the delivery area and decreases in capital and production costs per unit output
as scales of efficiency were achieved. Biorefineries with less than 50 million gallons per year of output
capacity were shown to have significantly higher unit costs of conversion than larger plants.
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Figure 4.1.6. The effect of plant size and biomass fuel costs on the cost of energy (McNeil Technologies).

The rule of thumb is that electrical generation stations should be 50 MW in size to maximize efficiencies
(EERE and EPRI 1997). Ethanol plants should produce 50 million gallons per year to capture cost and
recovery efficiencies (Busby et al. 2008, Solomon et al. 2007, Wright and Brown 2007). A 50 MW power
plant requires 360,000 dry tons of biomass per year (McNeil Technologies 2003) while a 50 million gallon
refinery requires 625,000 dry tons per year (Busby et al. 2008). Investors must have confidence that
feedstocks will be available for a duration that matches the debt-life of capital investment.

Biorefinery Economies of Scale

Figure 4.1.7. Biorefinery economies of scale (from WGA 2008b, Antares 2008).
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In actual practice, biomass tributary areas will be irregularly defined by geographic features such as
transportation systems, terrain, forest types, and other factors, but, for illustration purposes assume that a
circle with a “rule-of-thumb” radius of 50 miles approximates the delivery area to a centrally-located
conversion facility. A land area defined by a 50-mile radius circle contains 7,854 square miles which
equates to 5,026,560 acres. Within a tributary area of this size sustainable removals of biomass volume
must be estimated. Generously assume that within this area two-thirds of the land or 3,352,716 acres are
forest available for treatment. If 20 green tons of biomass from thinning and harvest residues are
removed per acre once every 30 years on an even-flow basis then each year 112,000 acres would be
treated with a total yield of 1.1 million dry tons per year. A rule of thumb for investor confidence in the
financing and development of bioenergy projects is that fuel availability should be two to three times the
minimum volume needed to sustain operations (TSS Consultants 2002). Given the magnitude of
sustainable raw material resources needed to ensure bioenergy conversion efficiencies and investor
confidence, reliable woody biomass contributions from all forest ownerships will be needed.
Fifty-one percent (21.8 million acres) of the total acreage in Washington (42.6 million acres) is in
forestland (JLARC 2005). Of the total forestland acreage, 73 percent (16 million acres) is productive
forest that is not authoritatively reserved from management (Bolsinger et al. 1997). Forest lands are both
publicly and privately owned. State, tribal, and private forestlands provide sustainable sources of timber
harvest volumes which should extend to predictable volumes of biomass. The National Forests, which
make up 30 percent of unreserved forestlands (4.7 million acres), have all but ceased harvest activities
(Healey et al. 2008, Barnard 2003, U of O 2002, Milstein 2002). In 1999, the GAO recommended that a
strategy was needed to address catastrophic wildfire on federal forests through removal of surplus fuel
loads. The Healthy Forests Restoration Act, passed by Congress in 2003, recognized this problem and
attempted to prompt action (US Congress 2003). In 2004, the State Forest Health Strategy Work Group
offered similar recommendation (DNR 2004a). Two-thirds of the US forest health problem is on federal
forests (Rummer et al.2003) but progress has been slow (GAO 2005a).
If substantive development of wood-to-energy is to occur in Washington, biomass contributions from
federal forests will be required. Figure 4.1.8 shows the distribution of forest ownership types in
Washington and Table 4.1.1. provides east and west detail. Figure 4.1.9.displays a map of Washington
land ownership types. Note that shades of green are federal lands. Circles simulating 50-mile radii have
been superimposed to demonstrate the relative effect of the distribution of National Forest lands on
potential biomass tributary areas. Removal of the millions of tons of surplus biomass from federal forests
would provide multiple benefits including renewable energy development, reduced forest fire hazard and
many avoided economic and environmental impacts as have been presented in the forest health
discussion of this report (Section III: 3.3. Biomass from forests – opportunities and benefits; Forest
health).
Predictable availability of woody biomass is essential if private investment in renewable energy
development is to occur (GAO 2005b). An inability of federal forests to contribute will mean not only a
loss of incremental volumes of woody biomass but if sufficient minimum wood volumes can not be reliably
secured, in many locations, where federal ownership dominates, development of bioenergy may not be
possible (GAO 2005b). For example, following a federally-funded feasibility study of fuels removals from
the Colville National Forest for renewable energy development, plans to construct a co-generation facility
in Ferry County had to be scrapped due to Forest Service inability to assure biomass availability (Gardner
2004, Ryan 2002). Another example: the unreliability of federal forests as a source of woody biomass
prompted Denver-based Range Fuels to locate the first wood-to-ethanol conversion facility in Georgia
where forestlands are predominantly private-owned (Kiplinger 2009b). While the federal government has
made ambitious commitments to the development of cellulosic ethanol, policy disconnects and
environmental litigations have largely blocked feedstock contributions from federal forests (WFLC 2009,
USDA 2008, WGA 2006). Failure of federal forest management to integrate forest health treatments with
biomass removals is an obstacle to renewable energy development in the west (GAO 2005b, Antares
2003, Ryan 2002).
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Guidelines for slash removals
In anticipation of an increased demand for woody biomass, a number of states are developing guidelines
for removals of harvest residues. In 2008, Pennsylvania released guidelines for biomass removals on
state and private lands (PDCNR 2008). Minnesota, Michigan, and Wisconsin are also developing woody
biomass removal guidelines (see references). For a biomass supply to be reliably and sustainably
available, official determination of how much to take verses how much to leave must be established
(Evans and Perschel 2009, Shepard 2006). Existing state forest practice rules did not anticipate
increased interest in removals of harvest residues (Shepard 2006). Limiting factors for consideration
include soil productivity, water quality, biodiversity, wildlife habitats, cultural values, forest health, and
forest sustainability. In Finland, where concerted national efforts are spurring bioenergy expansion,
residue collections include removal of almost all forest biomass including stumps (Saarinen 2006). In
contrast, the Northern Institute of Applied Carbon Science (NIACS) recommends that approximately 30
percent (including stumps) of the post-harvest biomass be left behind (NIACS no date). Approximately 36
percent of total tree biomass is in roots, stump, foliage, and small branches less than 2.5 centimeters
(Standish et al. 1985) most of which, due to handling difficulties and breakage, would likely be left on the
forest floor in the US even when logging residues are collected (BRDB 2008). As evidenced by
successes in other states, biomass guidelines could be developed by scientists and Department of
Natural Resources professionals, reviewed by public stakeholders, and incorporated into forest practice
rules.
However, explicit understanding of trade-offs is important. The more biomass recovered for energy then
the more GHG reduction is accomplished. Policy-makers may therefore be faced with a paradox: the
recalcitrant discomfort of some publics about forestry activities in juxtaposition to the growing need to
develop renewable energy resources and mitigate climate change. A commitment to monitoring effects
on soil nutrients and other environmental values will be needed to inform adaptive management (Hikkila
1989).

Figure 4.1.8. Forestland ownership in Washington State (JLARC).
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Table 4.1.1. Area of timberland (thousand acres) by owner and land class in Washington (Bolsinger et al.
1997).
Land Class

Eastern Washington

Western Washington

Timberland

7,393

10,911

Other forest land

1,625

963

Nonforest land

17,889

3,786

Total land

26,907

15,660

Timberland

Unreserved

USDA Forest
Service

Reserved

2,494

698

Percent
Reserved

Unreserved

21.87%

Reserved

2,208

509

Percent
Reserved
18.73%

Misc.
Federal/State/
County and
Municipal

764

127

14.25%

1,662

822

21.87%

Forest industry

878

--

<0.06%

3,732

--

<0.01%

2.67%

1,978

--

<0.03%

Native American &
Non-Industrial
Private
Total

2,366

65
6,502

890

12.04%

9,580

1,331

12.20%
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Figure 4.1.9. 50-mile radius circles imposed upon a DNR map of Washington that displays ownership type .
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4.2. Obstacle 2 - Public perception
There are many obstacles, economic and technical, that slow rapid deployment for all non-fossil energy
alternatives. There are, as well, some issues that are unique to forestry, with implications for woody
biomass utilization, which should be openly discussed. The most contentious is the removal of trees from
the forest. A lack of consensus on the extent to which forests should be actively managed is a major
obstacle to quantification of sustainable forest biomass supplies and to development of renewable energy
in the Pacific Northwest (McNeil Technologies 2003).

Social license
Prior to World War II, most Washingtonians
were settled in small towns and rural areas.
Many were employed in resource industries or
otherwise sustained a livelihood from working
the land.
People living under such
circumstances had direct contact with practical
land management and tended to have a
utilitarian view of forests. Following the War
the pace of logging accelerated in response to
strong housing demand. Large unsightly clear
cuts, commonly visible from most state
roadways, greeted a huge influx of new
residents to Washington from other parts of the
country. Many came from urban backgrounds
to become part of a rapidly urbanizing
Northwest economy.
Much of this new
population regarded forests primarily as
scenic, wildlife, and recreational areas. Few
had historical understanding of the dynamic
nature of forests or the reasons for the
management operations that they observed.
Many came to view harvest operations as
forest destruction (Curtis et al. 2004).
A result was polarization and conflict between
individuals, communities, and institutions that
Figure 4.2.1. Large clear cuts 1950s (OR History Project).
were either concerned about economics and
commodity production or felt strongly about amenity, environmental, and wildlife values. In some
respects both sides had valid arguments but all-or-nothing battles ensued and a swing of the proverbial
pendulum occurred. Profound policy changes resulted that imposed significant restrictions on state and
private forest management (DNR 2009 a&b) and largely eliminated timber harvests on National Forests
(Healey et al. 2008, Barnard 2003, U of O 2002, Milstein 2002). A final resolution to the debate over
forests has yet to be realized and a legacy of stakeholder disagreement endures as evidenced by
regulatory debates, environmental litigations, and forest industry declines (GAO 2005b). Segments of an
environmentally concerned society are still deeply attached to a belief that active management of forest
resources, even to reduce wildfire or promote carbon-neutral renewable energy production, is
unacceptable (Sample 2007). A lack of consensus (social license) on what sustainable forestry might be
and how it should proceed compromises woody biomass potential for renewable energy (Peelle 2002).
However, the simplistic battle lines that fueled the urban verses rural acrimony of decades past may blur
as more complex issues of a contemporary world demand attention (Ingerson 2007). Forest health, landuse conversions, energy development, and climate change mitigation now must be considered alongside
concerns for wildlife habitats or investment returns if sustainable forestry is to be realized. A more cordial
dialogue has begun to evolve among some stakeholders as consensus conveners, such as the Northwest
Environmental Forum at the University of Washington, persevere to bring old enemies together to
confront emerging common concerns about the future of Washington’s forests. A review of the popular
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press conducted by the Forest Service suggests that public acceptance of forest management as
necessary to reduce wildfire hazard is increasing (EIA 1998).

Forests: neither factory nor wilderness
That a forest should be regarded as much more than a wood factory is now widely embraced in popular
thought and regulatory construct. Contemporary forest managers are expected to provide clean water,
clean air, wildlife habitats, scenic backdrops and other cultural attributes in addition to timber harvests.
However, for some environmental advocates the suggestion that the ideal forest may not be a wilderness,
departure from which might be tolerated but never endorsed, is likely a more contentious premise
(Cronon 1995, Denevan 1992, Callicott 1991) laden
with legacy misunderstandings (Kay and Simmons
2002, Botkin 1990). A candid discussion of this
politically sensitive topic is appropriate. We offer
several important points to consider.

How we think about forests
For centuries since the arrival of Europeans in North
America the significance and sophistication of
Native American influence on western landscapes
has been either discounted or intentionally
misrepresented (Mann 2005, Stewart 2002,
Whitlock and Knox 2002, Williams 2000, Flores
1997, Butzner 1990, Pyne 1982, Greeley 1920).
The erroneous supposition that Native Americans
were few in number and had little impact on the
environment is fundamental to a pervasive social
belief that “natural” forests protected from human
intrusion will achieve a harmonic static state similar
in appearance to that idealized as “untrammeled by
man” (Clements 1936, Marsh 1864). The evidence
indicates that this is not the case (Everett et al 2008,
Hessburg et al. 2005, Oliver et al. 1994). With fire
and other means, Native Americans manipulated
the landscape for thousands of years creating many
of the open large-diameter forest conditions that
greeted the first European settlers (Mann 2005,
Stewart 2002, Whitlock and Knox 2002, Williams
2000, Flores 1997, Butzner 1990, Pyne 1982,
Stokes and Dieterich 1980).
Shenandoah and Kimmerer (2007) offered this
characterization:
Western paradigm: best way to protect a plant
species is to provide the right resources and leave it
alone: humans outside the system.
Indigenous paradigm: people participate in wellbeing of other species: reciprocity of benefits.

Figure 4.2.2. The study of fire scars provides a
record of fire history. This sample from a
Douglas–fir (Pseudotsuga menziesii) was taken in
1976. 31 forest fires occurred from 1540 to 1876
after which no fire scars are in evidence (Stokes
and Dieterich 1980).

Further complicating forest management challenges
are the legacy impacts that have occurred since
European settlement. Fire suppression, grazing,
harvest activities, invasive species, pollution, and
recreation have changed both protected and
exploited forest landscapes forever.
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Today climate change, combined with other cumulative anthropogenic influences, serves to further
preclude return of large areas to idealized past conditions. A growing body of scientific evidence
indicates that climatic futures will not resemble those of the past and forests will not remain the same
(Littell et al. 2009). Since CO2 emissions preferably need reduction not addition, large fires, a primary tool
used by Indians to alter landscape conditions, may not be a suitable management tool for the forests of
the future. However, if surplus forest biomass is removed, instead of lost to forest fires, an important
energy feedstock can be recovered which, when used to displace fossil fuels, can help to reduce GHGs,
mitigate climate change, and improve prospects for future forests (WGA 2006).
These circumstances have not gone
unnoticed by scientists. Today, there
is discussion that adaptive ecosystem
management, as response to climate
change impacts, will require new
tactics (CCSP 2008b). Moeur et al.
(2005) found that during the 10 years
following implementation of the
federal Northwest Forest Plan more
than six times the acreage of old
forest was lost to fire than to harvest.
Healey and others (2008) concluded
that
more
comprehensive
fire
prevention
and
suppression
intervention may be needed on
federal forests if significant losses of
older original forests to wildfire are to
be avoided.
Franklin and Agee
(2003) suggest that it is time to
consider unprecedented approaches
to management that, rather than
attempting to return to a 19th century
approximation, are more focused
toward forest
conditions that might be ecologically
sustainable. Littell et al. (2009) find
that forecasted climate change
impacts to forest ecosystems such as
drought, insect infestations, species
shifts, and severe wildfires may
warrant changing the mandates and
goals of land management agencies
to reflect new conditions and
response priorities.
Figure 4.2.3. The open park-like conditions of an old forest in 1911
were likely the result of repeated underburning (USDA Forest
Service from Helms2004).

In the forests of Indian Country
adaptive management strategies are
being pursued. Aggressive thinning treatments are employed to reduce insect and fire hazard while
generating economic activity and sustaining cultural values. Contemporary forestry strategies employed
by tribes have been identified as models for public land management (DNR 2004a). At least three
Washington tribes are pursuing wood-to-energy projects (Riener pers com., Rigdon pers com., Clark pers
com).
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Figure 4.2.4. Yakama Nation: before forest health treatment (Yakama).

Figure 4.2.5. Yakama Nation: after forest health treatment (Yakama).
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Popular forest vernacular, such as restoration, preservation, old growth, and virgin forests are
scientifically meaningless terms that confuse the public yet are broadly used in agency and press
publications (Helms 2004). As a consequence the significance of Native American influence on presettlement forests is discounted, the impacts to ecosystems altered by climate change are dismissed, and
romanticized public misconceptions of forest conditions past, present, and future are re-enforced. We
find a lingering prejudice against forest management that, while possibly unintentional, politically
compromises renewable energy development and climate change mitigation in Washington.
Examples of policy bias against forestry abound: scant state investment in development of forest biomass
for energy as compared to solar, wind, and agriculture; lack of state recognition for Washington forest
products as preferred green building materials; absence of forestry expertise on the Washington State
Biofuels Advisory Committee; exclusion of wood biomass from sales tax exemptions enjoyed by wind,
solar, and landfill gas projects; and arbitrary restrictions on the use of wood-derived biomass for energy
by Initiative 937 (JLARC 2008, WSBAC 2007, Bioenergy Washington). At the federal level, wood
recovered from National Forests has been excluded as a renewable energy feedstock by the Energy
Independence and Security Act of 2007 (EISA) in direct conflict with the intent of other federal laws such
as the Healthy Forest Restoration Act of 2003.
State and federal energy reports send mixed messages that perpetuate public confusion and undermine
“social license” for forest management and woody biomass for energy. One DOE/USDA report
forecasted that wood residues are equivalent to one-third of the total national biomass inventory (Perlack
et al. 2005). While another report (NREL 2002) states, “If the western states want to increase the
percentage of renewable energy sources, wind and solar power and, where available, geothermal
generation are the only real choices.” Yet, in 2007, US wood-derived renewable energy contribution was
more than twice that of solar, wind, and geothermal combined (EIA 2008g). In contrast to the recent
WSU finding that wood residues represent two-thirds of all biomass for energy in Washington (Frear
2008), the Pacific Northwest National Laboratory in Richland, WA (Stiles et al. 2008) concludes,
“…forestry and forest products industries of Oregon and Washington currently present a limited biofuels
resource.” The latest report from the federal interagency Biomass Research and Development Board
(BRDB 2008) excluded consideration of federal woody biomass from its inventory since this material does
not “qualify” towards meeting the renewable standard as established by EISA. However, Rummer et al.
(2003) point out that two-thirds of the western forest health decline and wildfire hazard is a result of
overstocking on federal forestlands.
For western states, such as Washington, policy failures to appreciate the interrelationships between
forest health, renewable energy, and climate change represent a serious obstacle to development of
wood biomass for energy.

What is deforestation?
Forestry options to mitigate climate change include afforestation, reforestation, forest management, wood
product management, use of wood residues for bioenergy, and avoided land-use conversions (IPCC
2007d, IPCC 1996b, IPCC 1991). Conversely, deforestation has been identified as a major contributor to
GHG emissions (IPCC2007d). Deforestation generally refers to the destruction of tropical forests for land
use conversion to agriculture (IPCC2007d, Stern 2006). International conversions of forests to agriculture
have been linked to growth in world demand for biofuels from food crops (Fargione et al. 2008,
Searchinger et al. 2008).
In Washington, deforestation is more likely to result from high severity forest fires, insect infestations, or
land-use change for development.
Forest health has been discussed in Section III but land-use
conversion is also a significant issue (Assoc. Press 2008, CFR 2007, Stein et al. 2005, Wilderness
Society 2003, DNR 1998, Maclean and Bolsinger 1997).
Analysis of trend data suggests that
Washington may be loosing one percent of the forest land base annually to residential and commercial
conversions (CFR 2007). Real estate values and estate taxes challenge intergenerational transfer of
private forestlands. Family forest owners report that fallen public opinion may also be a reason for
conversion. Many small private forestland owners view themselves as stewards of the land; but the
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negative image of forestry has left many feeling disenfranchised (CFR 2007). The University of
Washington has established a statewide land parcel data base to track land-use change and implications
for forestry (Rogers and Cooke 2009). Synergies between climate change and habitat fragmentation may
be the most threatening aspect of climate change for biodiversity (Lovejoy and Hannah 2005).
Forestland losses are an obstacle to sustainable bioenergy development and climate change mitigation.

Figure 4. 2. 6. Deforestation in Washington: high severity forest fires, insect infestation, and land-use
change.

What is clean?
Bioenergy from wood as a renewable resource has another image challenge as compared to wind and
solar. Bioenergy (especially electricity generation) is a combustion technology but is also a “clean”
renewable energy. This may seem counter-intuitive to consumers and environmental groups that think of
combustion as inherently “dirty” (Antares 2003). Consumers may not understand that all potential
sources of renewable energy are needed to displace as much fossil fuel consumption as may be
achievable (Vuorinen 2007). Consequently, if the consumer perceives that there is a product choice then
he/she will likely favor a more iconic renewable such as wind or solar (Antares 2003). Public
misunderstandings of the comparative “greenness” of renewable alternatives indicate a need for better
education about forests and energy (Antares 2003).
The National Renewable Energy Laboratory (Farhar 1999) conducted surveys to gauge public opinion
about renewable electricity from utility companies.
Findings indicated that, while consumers
overwhelmingly favored renewable energy resources, they tended to know very little about them.
Perhaps predictably the most popular renewable energy identified by respondents was solar. While solar
certainly has a legitimate role in the development of an alternative energy portfolio, it is the most
expensive (Arvizu 2008, JLARC 2008, IEA 2007c), has the least potential for significant contribution
(Arvizu 2008, IEA 2007b, Tellus Institute 2002), can not be a source of liquid transportation fuels (Perlack
et al. 2005), and, when net LCA emissions are considered, has higher global warming potential than other
renewable electricity sources (IEA 1998).
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Table 4.2.1. US preferences for energy resources (Farhar 1999).
Energy Resource
Solar
Wind
Natural gas
Geothermal
Landfill gas
Forest waste
Nuclear
Coal

Somewhat or
strongly favor %
93
91
83
71
64
59
31
24

Somewhat or
strongly oppose %
5
9
11
13
18
29
63
69

Don’t know %
2
--6
16
18
12
6
7

Figure 4.2.7. Cost and competiveness of selected renewable power technologies (IEA 2007c).

Table 4.2.2. Life cycle emissions (extraction, manufacture, operation, decommission) selected renewables
and coal (IEA 1998).
GHG

Energy
crops g/kWh

Large hydro
g/kWh

Solar PV
g/kWh

Solar thermal
g/kWh

Wind
g/kWh

Geothermal
g/kWh

Coal

CO2

17-27

3.6-11.6

98-167

26-38

7-9

79

955

SO2

0.07-0.16

0.009-0.024

0.20-0.34

0.13-0.27

0.02

11.8

NOx

1.1-2.5

0.003-0.006

0.18-0.30

0.06-0.13

0.28

4.3

0.020.09
0.020.06

In the emissions data above (Table 4.2.2.), energy crops (like switch grass and poplar) are the closest to
forest biomass, however, since forestry requires little tilling or fertilizer, it is logical to expect that wood
energy would have less life cycle emissions than energy crops. The University of Washington is a
contributor to a national research project that is conducting life cycle assessments for a variety of woodto-energy conversion technologies. Results are to be available in 2010.
Policy discount of the energy conversion potential from wood is an obstacle for renewable energy
expansions in Washington and for the Nation. The expectation, established as a regulatory target by the
EISA, is that by 2022 there will be 16 billion gallons of cellulosic ethanol produced annually in the US.
Perlack et al. (2005) suggested that about one-third of the potential US renewable energy development
from biomass will be wood-derived (368 million dry tons per year) with forest fuel treatments and
recovered logging slash representing the largest unexploited resources (Figure 3.5.1 and Figure 4.2.5).
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Figure 4.2.8. Distribution of current and projected woody biomass resources (Perlack et al. 2005).

The most recently completed inventory of Washington biomass resources (Figure 3.1.2.) found that
woody biomass represents 66 percent of total potentially available biomass in Washington (Frear 2008).
Yoder et al. (2008) recognized that wood is not only the largest Washington biomass resource but further
suggested, as did Ryan (2002), that since forest biomass removals offer significant ancillary benefits such
as forest health and avoided costs of forest fires, wood may be an especially attractive biomass
alternative.

How to measure value?
Throughout this report we have offered analyses that have suggested many costs of inaction as opposed
to many benefits of progress. A thorough cost/benefit analysis of renewable energy alternatives,
however, has never been undertaken for Washington State. Since many important values are hidden
costs (such as imported oil impacts on the state economy and future liability exposures from catastrophic
wildfires) or intangible environmental benefits (such as clean water and wildlife habitats), justification for
public investment in biomass-to-energy may not be obviously apparent especially given current economic
pressures. However, experimental choice methodologies such as Contingent Valuation and WillingnessTo-Pay surveys have shown that the public has interest in investment for environmental improvement
(Robbins and Perez-Garcia 2005, Xu et al. 2003, Winter and Fried 2000). The lack of a comprehensive
cost/benefit analysis for Washington energy options is a serious obstacle to informed energy
development. It has been an objective of this investigation to highlight the many complex and interrelated issues of climate change, energy development, and forest health that must be understood if
informed resource planning is to progress.
A parallel challenge is the implementation of life cycle analysis to compare building product and energy
alternatives. Washington is well-advised to develop policy towards lessening the State environmental
footprint but, without adequate accounting, policy disconnects and unintended consequences may result.
For example, federal energy law (EISA) requires life cycle assessment (LCA) of biofuels to ascertain that
emissions reductions are achieved. However, LCA is not required for assessing Washington green
building standards under Leadership in Energy and Environmental Design (LEED) although use of wood
products to displace steel and concrete alternatives has been shown to result in significant GHG
reductions (Gustavsson and Sathre 2006, Lippke and Edmonds 2006, Bowyer et al. 2004). Integration of
wood energy with product streams has important implications for energy economic efficiencies. As
discussed in Section III: 3.4. Forests, products, energy, and carbon; Life cycle assessment, LCA for wood
should consider displacement, substitution and offsets. Also important is appreciation of avoided GHG
emissions when removals of forest biomass improve forest health, contribute to climate change
adaptability, and reduce the risk of catastrophic wildfire. Inaccurate or incomplete emissions accounting
confuses the public and serves as an obstacle to wood energy development.
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Finally, Federal and State budgetary issues could affect gasoline taxes and the blender’s tax credits
(VEETC). At levels of 16 billion gallons of ethanol and 1 billion gallons of biodiesel, the loss of Federal
revenue as a result of the VEETC would be roughly $8 billion for ethanol and $1 billion for biodiesel in
nominal terms (EIA 2007a). Full and transparent assessments of the many public benefits that accrue
from investments in climate change mitigation and renewable domestic energy are necessary if public
support is to be assured. Our review of public perceptions relative to forest-related concerns associated
with climate change and renewable energy results in the conclusion that issues are complex and not wellunderstood. Consequently, popular endorsement of forestry in general and wood-to-energy development
appears uncertain.

4.3. Obstacle 3 - Prioritization of renewable objectives
Associated with incomplete assessment of the environmental consequences of forestry and energy policy
choices has been a lack of prioritization for renewable energy development. A first important, but
perhaps not widely appreciated, consideration is that wood “waste” is an intrinsically valuable finite
resource that, while not presently exploited to best advantage, is the state’s most abundant biomass
resource with potential for reducing fossil fuels and GHG emissions. The implication is that, if this
resource is not used wisely, opportunities will be lost and unintended consequences will result. Careful
planning is warranted.
In Section I of this report, we provide general descriptions of the many alternatives that are available for
wood conversion to clean energy. Yet, we have found only limited discussion in the literature of a need to
prioritize energy objectives for strategic utilization of woody biomass. Throughout this report, however,
we state that it is our conclusion that, from a policy perspective, liquid fuels conversions should be
regarded as the energy conversion priority. It is liquid fuels for transport that Washington imports and it is
combustion of transportation fuels that contributes half of all Washington GHG emissions. We add the
caveat that policy strategies should not create conflict with local circumstances which may or may not
reasonably align with broader objectives. For example, resource availabilities or local energy needs may
make liquid fuels development infeasible in some areas of the state. In other areas, where choices are
less constrained, definitive state objectives accompanied by sufficient policy support could influence
which resource and energy strategies might be pursued.

Figure 4.3.1. Washington and US gross GHG emissions by sector – 2005 (CTED 2007).
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Since the greatest gains derive from the most difficult courses of action, clear commitment from state
authorities is essential if biomass energy benefits are to be accessed, coordinated, and optimized. State
leaders should recognize that Washington energy priorities may be different than those of the Nation
(Figure 4.3.1.). For illustration purposes, a simplified review of energy choices is helpful. Consider three
fundamental wood-to-energy alternatives: heat, electricity, or ethanol.

Fuels for schools
The federal program Fuels for Schools has provided funding for a number of school districts in the inland
west to convert fossil fuel heating systems to wood fuel (Fuels for Schools). Unfortunately this program
was not extended to Washington. The town of Forks, however, with support from a State Energy
Freedom Award, is retro-fitting the high school heating system to accept hog fuel supplied by local
sawmills as the primary fuel supply. Institutional facilities such as hospitals, universities, or prisons may
also be suitable candidates for wood heating systems. For instance, the University of Idaho has been
heated by a wood-fired system for more than 20 years (Kirkland et al. 1991). Conversions of institutional
heating systems from fossil to wood fuels are small in scale but provide favorable market economics
since wood energy competes directly with retail rather than wholesale fossil energy prices (Resource
Innovations no date, Maker 2004). In 2004, the Darby School District in Montana converted their oil-fired
system, which provided heat to 120,000 square feet of classrooms, offices, gym, and other spaces, to a
wood-fired system. In 2005, the Darby School replaced 45,000 gallons of fuel oil with 700 tons of hog
fuel and saved close to $60,000 in fuel cost (The Missoulian 2005). The Darby School paid $29 per
green ton ($58 per dry ton) for delivered hog fuel. While energy savings from wood systems may be
immediate, installation costs present a challenge to cash-flow constrained municipalities. Interviews with
local officials suggest that the greatest obstacle to conversion of institutional heating systems to wood fuel
is access to low-cost financing (Fleck pers com., Scheely pers com.).
Maker (2004) prepared graphics to characterize the potential cost-effectiveness of wood-chip heating
systems for schools in the Northeast by applying life-cycle costing for comparison to existing heating oil,
natural gas, and electric heating systems. For illustration purposes, we compare the Maker graphs with
superimposed Nov. 2008 retail prices for Washington fuel alternatives (Figures 4.3.2-4.3.4.). Maker’s
cost effectiveness potentials assume wood fuel cost of $27.50 per green ton ($55 per dry ton). Note that,
even thorough the retail price of electricity in Washington jumped 26 percent from 2006 to 2008 ($0.0614
to $0.0774 per kWh), electric heat remains the least likely cost-effective candidate for conversion to wood
heat (Figure 4.3.4) while heating oil systems (Figure 4.3.2) have the most likely cost-effective potential for
conversion (Maker 2004, EIA 2009a).
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$2.84/gallon ‐ 11/08

Figure 4.3.2. Wood heating system as compared to 11/08 heating oil price (from
Maker 2004 and EIA 2009a).

$1.43/ccf – 11/08

Figure 4.3.3. Wood heating system as compared to 11/08 natural gas price
(from Maker 2004 and EIA 2009a).

$0.0774/kWh ‐ 11/08

Figure 4.3.4. Wood heating system as compared to 11/08 electricity price (from
Maker 2004 and EIA 2009a).
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Use of wood for institutional heating could be considered as a benign example of local circumstances
(needs) that, while not necessarily aligning with a broader objective of maximized resource use for
reduction of GHG emissions and increases of renewable energy, could provide local economic benefit
and cleaner energy consumption. Heating systems use only minor amounts of the woody biomass
resource (500 to 1000 tons per year) as compared with commercial conversion systems (100,000 tons
plus) so are unlikely to create any competitive conflict for available resources. Competition for woody
biomass resources is an issue, however, that should be given careful consideration relative to existing
and potentially larger volume users such as electric generation stations, liquid fuels converters, and the
pulp and paper industry (Thorp and Akhtar 2009).

Wood for electricity or liquid fuels?
Along with lower fuel costs and GHG benefits, the relatively small and readily procurable volumes of
wood required for municipal heating systems may make conversions locally attractive with little potential
for conflict with broader state energy planning objectives. This is not the case for consideration of more
ambitious projects such as electricity generation or ethanol conversion. In order to gain operational and
conversion efficiencies both conversion processes require significant volumes of wood biomass.
Sufficiently large volumes of wood biomass to support commercial-scale conversions are not infinitely
procurable. The limited availability of the resource and the cost differentials of process wastes verses
harvest residuals pose challenges to wood energy development. Failure to plan for cost indexing of
available feedstocks and for plant sizes with conversion efficiencies and most-needed energy outputs will
compromise potential energy yields. Strategic choices should be carefully evaluated.
Consider electricity in Washington. In 2008, Washington had the tenth lowest residential power rate in
the Nation (EIA 2009b). Just five years prior, in 2003, Washington had the second lowest residential
power rate in the Nation (NWPCC 2005). Two-thirds of Washington electricity is emission-free hydropower obtained from dams (CTED 2008). Washington is the largest hydroelectric power producer in the
Nation, typically generating about twice that of the next leading State (EIA 2009a). Washington is a
major net electricity exporter (EIA 2009a). Eight of the State’s 10 largest power plants are hydroelectric
generators, primarily located on the Columbia and Snake Rivers. The 7,079-megawatt Grand Coulee
hydroelectric facility, located on the Columbia River, is the largest generating plant in the United States
(EIA 2009a). In 2007, biomass power plants supplied 0.5 percent of Washington electric utility fuel mix
(CTED 2008). Among combustion system alternatives, combined heat and power plants generate
electricity with the lowest costs (Vuorinen 2007, NWPCC 2005).
Washington has one large coal-fired plant located near the State’s only coal mine in Centralia that
provides 10 percent of State electricity generation but contributes more than 74 percent of the State CO2
emissions that result from electricity generation (CTED 2007). Co-firing of biomass with coal is a low-cost
and effective way to reduce pollution from electrical generation (Polagye et al. 2007, FPL 2004,
EURBIONET 2000, EERE and EPRI 1997). Biomass can substitute for up to 15 percent of the total
energy input in a coal-fired power plant, often with few modifications other than the burner and feed intake
systems (DOE 2000). Biomass, as a supplemental fuel in an existing coal boiler, can provide reductions
in sulfur oxide, nitrogen oxide, as well as CO2 (DOE 2004). Biomass can also be used for co-fire
applications with natural gas (Barmina et al. 2007, Brown and Judd 2006, Silveira 2005). The US
Department of Energy has identified Washington as one of the top ten states in the Nation with potential
for development of biomass co-firing capability (DOE 2004). Poplar plantations on nearby reclaimed
mine fields and marginal farmlands could supply handy low-cost feedstocks for co-fire applications
(Burger et al. 2008).
Consider transportation fuels in Washington. Washington has the fifth highest gasoline price and
eleventh highest diesel price in the Nation (AAA 2009). Washington has no petroleum resources and
imports 100 percent of its fossil transportation fuels (EIA 2009a). Use of foreign petroleum drains $9
billion annually from the Washington economy (WSBAC 2007). However, Washington is a principal
refining center. Seventy percent of refinery production is consumed instate with the remainder serving
Pacific Northwest markets (Nothstein 2007). Five refineries receive crude oil primarily by tanker shipment
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from Alaska. Since Alaskan oil production (currently 74 percent of total crude oil delivered to State
refineries) is in decline, Washington’s refineries are increasingly reliant upon crude oil imports from
Canada and other international markets (EIA 2009a). The Trans Mountain Pipeline from Alberta supplies
about ten percent of Washington’s crude oil supply (EIA 2009a). Isolation of Washington refineries from
US oil pipelines combined with reliance upon oil imports adds cost and volatility to fuel prices (Leffler
2007). Washington’s total petroleum demand is high. Jet fuel consumption is among the highest in the
Nation, due in part to several large Air Force and Navy installations (EIA 2009a).
The use of oxygenated motor gasoline is required in the Spokane area during the winter months (EIA
2009a). Washington currently has no in-state ethanol production (EIA 2009a). The average freight cost
of importing corn ethanol from the Midwest to Washington is $0.22 per gallon which, when blended with
gasoline, further serves to increase consumer fuel prices (EPA 2007d). Washington gasoline
consumption in 2008 was 2.7 billion gallons (WOFM 2008b). WA taxpayers contribute to the Volume
Ethanol Excise Tax Credit (VEETC) enjoyed by corn ethanol ($0.45/gallon) but, unless an instate ethanol
program is developed, WA consumers get no readily apparent benefit from this tax expense (total nation
~ $5 billion in VEETC to meet 10.5 billion gallons ethanol required by EISA for 2009; since WA has about
2% of national population, state taxpayer contribution to VEETC may be in the realm of $100 million for
2009). During the summer months of 2008, ethanol imports to Washington averaged 7.4 percent of total
ethanol/gas consumption (Lyons pers com.). Reliable production of instate ethanol supplies could help to
ease fuel price pressures and reduce consumer costs (Ramm 2007). In 2007, there were 14 ethanol
projects in some stage of development but by 2008 all had been either placed on hold or canceled (Yoder
et al. 2008). Unless public policy prioritizes biofuels development, there will be counterproductive
competition for biomass resources between biopower and biofuel production (WGA 2008c).
Washington does host several biodiesel refineries but prospects for oil seed production in Washington
appear to be limited indicating that significant production of biodiesel in Washington will likely be reliant
upon imported finished fuels or raw feedstocks (Stiles et al. 2008, Yoder et al. 2008, Hill and Learn
2007a, WSBAC 2007). Production of some imported oils, such as palm, has been linked to increases in
GHG emissions, deforestation, and loss of biodiversity (Butler and Laurance 2009, Danielsen et al. 2008).
In 2007, the State Biofuels Advisory Committee reported that instate oil seed production supported just
0.2 percent of annual diesel consumption (WSBAC 2007). Yoder et al. (2008) report that existing
biodiesel plants are operating at limited capacity with many projects that were planned in 2007 canceled
or put on hold in 2008. Annual diesel consumption in Washington was 776 million gallons in 2008
(WOFM 2008b), around one quarter of the volume of gasoline.

Logistical and technical considerations
A number of logistical challenges should be included for consideration in development of prioritized
objectives for biomass energy.
Transportation systems and congestion are important planning considerations for development of
bioenergy (WGA 2008c). A critical component of successful commercialization of bioenergy projects is a
secure and reliable feedstock supply system reliant upon regular raw materials deliveries. Perez-Garcia
(2007), in a study of forest industry use of roadways for raw material and finished products deliveries,
determined that, in 2004, close to 1.25 million loads of logs, lumber, panel products, and chips traveled
Washington roads. Retrieval of two million tons of logging residues annually (Frear et al. 2005) would
require an additional 80,000 truck loads per year. This number would increase significantly if an
aggressive program of hazardous fuels removals was implemented. Efficient use of biomass materials
for energy is best accomplished by facilities that require considerable volumes of raw material; on the
order of 50 to 100 truckloads per day per conversion facility (McNeil Technologies 2003, Busby et al.
2008).
From 1981 to 2007, state population increased by 53 percent from 4.23 million to 6.49 million people
(WOFM 2007). During the same period, vehicle miles traveled (VMT) increased by 98 percent from 16.16
billion to 31.97 billion miles per year (WDOT 2008) while total road-miles, available for travel (principle,
minor, collector, and interstate), increased by just 2 percent from 6,885 to 7,044 miles (WDOT 2008).
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Strategic location of bioenergy facilities will require consideration of traffic distributions to avoid
congestion and best accommodate constraints posed by limited state transportation infrastructure.
Transmission grid opportunities and challenges should be considered. An electrical power system
requires constant balancing of supply, demand, and transmission capability. Over the last 30 years,
changes in the basic structure of the electricity industry have created challenges to the traditional
operation of power systems (NWPCC 2005). Capital costs of transmission adaptation for new distributed
power plants can be significant as can be the lead time associated with development (NWPCC 2005).
For example, if the generator is 5 MW or more and is located at the end of the line, then the utility would
probably have to upgrade the line, add metering at the interconnection, improve system protection, add
communication, replace substation relays, and add voltage regulation (due to line length/losses). The
customer would be expected to bear these costs which could be substantial and may add up to millions of
dollars (Orth pers com.). The incremental cost associated with transmission capacity adaptation appears
significant. As an example, the Western Governors Association (2001) concluded that a generation
expansion plan in the western United States featuring coal, wind, and geothermal generation would
require approximately $8 billion to $12 billion in transmission investment over the next 10 years, whereas
a generation expansion plan featuring gas-fired generation would require only about $2 billion of
transmission investment. According to the Department of Energy, it would require an additional 12,000
miles of high-voltage transmission lines costing $60 billion to increase the contribution of wind to national
electricity production to 20 percent by 2030 (DOE 2008c). However, for some applications, distributed
generation systems can relieve distribution and transmission system congestion, improve power quality,
and reduce peak power demands on the system (Tellus Institute 2002). Distributed power stations could
also lessen vulnerability to terrorism and system-wide blackouts (Athena Institute 2003).
Deliveries of liquid fuels such as ethanol have generally been made by rail as ethanol is incompatible with
pipeline systems (GAO 2007c). Ethanol can easily be contaminated by water and biodiesel dissolves
entrained residues in pipelines (EIA 2007a). Currently most US biofuels are produced from corn and
conversion facilities are located in the Midwest far from major biofuels markets on the East and the West
Coasts. However, since ethanol from corn is now approaching its maximum limit of production (15 billion
gallons), future additions to ethanol supplies are expected to be produced from cellulosic feedstocks such
as wood (GAO 2007c). Cellulosic or advanced ethanol could be produced at western locations where
lack of starch crop resources has limited expansion of conventional ethanol production. With increased
biofuel production, additions of railroad cars and tanker trucks made from bio-fuel compatible materials
will be needed to transport large volumes of biofuels to market (EIA 2007a). Limited rail and truck
capacity has complicated deliveries of ethanol in the past leading to regional ethanol shortages and
disruptive price spikes (EIA 2007a). Some areas of Washington, although rich in wood resources, will be
handicapped by lack of access to rail lines. However, the production of ethanol in Washington could save
consumers $0.22 per gallon in avoided delivery costs from the Midwest (EPA 2007d). Strategic location
of new facilities near both feedstock supply and large demand centers should help to minimize potential
for transportation bottlenecks and reduce delivery costs (EIA 2007a).
Ethanol is currently sold with gasoline as E10 (10 percent ethanol and 90 percent gasoline) which is a
fuel that is acceptable for use in conventional vehicles and is compatible with existing pumps at most
gasoline stations. Since Washington motorists use 2.7 billions gallons of gasoline per year (WOFM
2008b), annual instate production of ethanol could conceivably reach 270 million gallons before gas
station pumping capacities become challenged. This calculus would indicate that limitations on existing
pumping capabilities shouldn’t create a near-term obstacle for fuels distributions to motorists. Recent
news suggests that the current “blend wall” of E10 may be extended to E12.5 or even E15 (Kiplinger
2009c) which would serve to increase the potential for ethanol use in Washington assuming that these
higher blends are compatible with existing gas station equipment. Flex-vehicles, however, can use much
higher blends such as E85. E85 can not be dispensed from conventional gas pumps. In 2007, EIA
estimates for replacing one gasoline dispenser and retrofitting existing equipment to carry E85 ranged
from $22,000 to $80,000 (2005 dollars), depending upon the scale of the retrofit (EIA 2007a). EIA
(2007a) estimates that E85 pump installation costs could result in increases to the retail price of fuel
equal to $0.02 to $0.07 per gallon. Quality control systems to ensure that biofuels consistently meet
specifications will also be needed and will likely add to regional costs if growth of the biofuels industry
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occurs (EIA 2007a). The Department of Energy has yet to develop a comprehensive approach to
coordinate infrastructure expansion to accommodate an expanding biofuels industry (GAO 2007c). In
Washington State, there are more than 100,000 FFVs registered with the Department of Licensing. These
vehicles are located throughout the state and include all makes and models. By comparison, there are
about 16 E85 fueling stations located in the state, four of which are not open to the public (Bioenergy
Washington).

Figure 4.3.5. Changes in construction commodity costs, 1973-2007 (constant dollar index, 1973=100;
1981=100 for cement costs) (EIA 2008a).

Construction costs for development of biomass conversion
facilities can be significant. Capital costs for a first-of-a-kind
cellulosic ethanol plant with a capacity of 50 million gallons
per year are estimated to be $375 million (2005 dollars) as
compared with $67 million for a corn-based plant of similar
size (EIA 2007a). On the other end of the spectrum, a small
1.2 MW wood-fired power plant might cost $6 million (2005
dollars) to construct (CCEDC 2005). Most energy projects
require lengthy planning and construction lead times (EIA
2008a).
In the past few years, construction materials (steel, aluminum,
copper, etc.), and finished goods (boilers, steam generators,
etc.) have become highly unstable in cost and lead time (Orth
pers com.). Project permits can also be numerous, costly,
and time consuming (Orth pers com.). Increases in the costs
of construction materials, uncertainties about permitting
processes, and financing difficulties, exacerbated by declines
in the economy, add to capital costs of renewable energy
projects and challenge future development (EIA 2008a,
Garber 2008, Kiplinger 2008c, Reidy 2008, Wald 2007, Wiser
et al. 1997).
Higher capital costs change competition
dynamics among fuels alternatives. In the electric power
sector, for example, capital costs are generally lower for
generating plants that use fossil fuels than for plants that use
renewables (EIA 2008a). As capital costs increase then
capital-intensive
renewable
power
plants
become
incrementally less competitive with fossil-fired plants (EIA

Figure 4.3.6. Rising costs of power plant
construction (New York Times2007).
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2008a). Rising capital costs also lead to higher energy prices which slows replacement of existing fossil
energy with new renewable generation capacity (EIA 2008a). Increased debt service for capital costs
also makes new projects more vulnerable to volatile fluctuations in energy prices as have occurred 20082009. Such uncertainties tend to further discourage investment (Lignol 2009, Galbraith 2008).
Bankruptcies of large corn ethanol producers have resulted in fire-sale liquidations that compromise new
installation investments especially in regards capital-intensive cellulosic conversion plants. For example,
Valero Energy, the largest oil refiner in the US, recently purchased seven corn ethanol conversion
facilities (780 million gallons of annual production) from bankrupt VeraSun Energy, formerly the second
largest US ethanol producer. The total purchase price ($477 million) equated to $0.61 per gallon of
annual production capacity (Kiplinger 2009d). The cost of building a new 100 million gallon per year corn
ethanol plant is around $2 per gallon of capacity while the cost of constructing a cellulosic ethanol plant
has been estimated (depending upon capacity) to be between $6 and $10 per gallon of production
(Kiplinger 2008b, Retsina and Pylkkanen 2008). As a high-cost example, Range Fuels is spending $200
million to build a new plant in Georgia that will produce 20 million gallons of cellulosic ethanol per year
(Kiplinger 2008b). The costs, risks, and price volatility of plant construction are an obstacle that could be
better accommodated by energy policies. The permitting process may represent an opportunity for
review towards providing timelier and less costly development.
Water availability for energy conversion processes is an issue of concern. Conflicts over water are
common in the west and expensive. For example, the Bonneville Power Administration total expenditures
to mitigate the impacts of hydropower dams on fish and wildlife, from 1978 through 2007, amounted to
$9,378,800,000 (NWPCC 2008). Warming in western mountains has been projected to lead to
decreased snowpack, more winter flooding, and reduced summer stream flows, exacerbating competition
for over-allocated water resources (Barnett et al. 2008, IPCC 2007b).
Availability of water resources is critical to bioenergy development. Water quality, temperature, and
consumption are all potential concerns. Thermal electric plants use substantial volumes of water in
cooling cycles requiring investments in cooling towers and other systems to dissipate heat before water is
returned to its source (Basheda et al. 2006). For example, a coal-fired power plant on average will use
9.5 gallons per minute per megawatt (MW) of generation output (Aden 2007). For liquid fuel
comparisons, dry ground corn-to-ethanol conversion facilities use 3-5 gallons of water per gallon of fuel
produced, biochemical cellulosic ethanol might require up to 6 gallons of water per gallon fuel,
thermochemical cellulosic ethanol requires 2 gallons of water per gallon fuel, while biodiesel production
uses 1 gallon water per gallon fuel (Aden 2007, Pate et al. 2007, Phillips et al. 2007, IATP 2006, Shapouri
and Gallegher 2005, Sheehan et al. 1998). For perspective, consumptive water use in petroleum refining
is about 1.5 gallons per gallon of fuel produced (Pate et al. 2007).
Issues of energy generation and water quality and quantity must be considered in a local and a national
context. Locally, it will be important that sufficient water is available and that neither thermal nor chemical
water pollution result from energy conversions. Nationally, however, net water use and environmental
impacts of alternatives should be compared. If a renewable offsets a fossil energy product then the net
water consumption is the difference between the two water usages. For example, if biochemical
cellulosic ethanol uses 6 gallons of water per gallon of fuel but replaces petroleum which uses 1.5 gallons
per gallon then the net water use is 4.5 gallons for ethanol. It should be noted as well that if one gallon of
ethanol is produced from forest feedstocks, which require no irrigation, much less water is used than one
gallon of ethanol from corn which on average will need 780 gallons of irrigation water (NRC 2007).
Consideration of water and energy crops should also include the pollution and sedimentation associated
with run-off that ends up in streams and rivers (NRC 2007). In 2007, US corn cultivation required
application of more than 10 million tons of fertilizer (nitrogen, potash, and phosphate) which represented
44 percent of US fertilizer use for all crops (USDA ERS 2008). It has been estimated that cropland
erosion accounts for half of the sediment that reaches the nation’s waterways each year (USDA SCS
1993). Increases in water-born nutrient load deliveries from agricultural fertilizers are expanding dead
zones (hypoxia) in coastal water bodies (University of Michigan 2008, Goolsby et al. 1999). If projected
future increases in the use of corn for ethanol production occur, the increase in harm to US water quality
could be considerable (NRC 2007). To move toward a goal of reducing the water impacts from shifts of
fossil fuels to biofuels, development of cellulosic resources that require less water and fertilizer will be
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needed (NRC 2007). In contrast to water impacts of increased cultivation of energy crops, management
of forests, with due diligence, for yields of building materials, energy feedstocks, and reduced wildfire
hazard can improve rather than threaten water quality (Rummer et al. 2003, MacDonald 2002).
Washingtonians, through policy decisions which either support corn ethanol, via Midwest imports, or
stimulate instate production of cellulosic ethanol, play a role in the environmental impacts associated with
cultivation of corn for ethanol. During the summer months of 2008, ethanol imports to Washington
averaged 7.4 percent of total gas/ethanol consumption (Lyons pers com.). On an annualized basis, this
rate of consumption would equal 200 million gallons of corn ethanol imported to Washington in 2008.

Prioritization conclusions
As we have endeavored to elaborate in this report, not all renewable energy projects are equal. There are
substantial variations in capital costs, production efficiencies, resource conservation, and energy outputs
which have significant implications for GHG reduction and energy independence potential. Further,
integration of energy independence and GHG reductions in the context of sustainability (the Imperatives)
is a highly complex undertaking with environmental, social, and economic implications that compound
throughout society and across the landscape. All biomass resources available in Washington are finite
and under no circumstances appear in sum to be adequate for total elimination of fossil fuel reliance.
Shifting to renewable energy will be difficult and expensive albeit justifiable based upon our analysis of
ancillary benefits, hidden costs, and avoided future consequences of failure to act. Progress will be made
at the margin, with the incremental degrees of success in achieving energy independence and GHG
reductions dependent upon well-informed and strategicallyfocused policy guidance. We have described the existing
forest products industry in order to characterize the
importance of integrated energy strategies that can exploit
potential synergies with established capital investment,
biomass collection infrastructure, and value-add product
hierarchies. We state that it is our conclusion that
development of renewable liquid fuels should be regarded as
the energy conversion priority. Liquid fuels from wood (and
other cellulosic feedstocks) pose the most difficult economic
and technical challenges but could, in our view, deliver the
greatest and most-needed benefits for Washington. It is
liquid fuels for transport that Washington imports and it is
combustion of transportation fuels that contributes half of all
Washington GHG emissions. Biomass is the only resource
from which renewable liquid transportation fuels can be
made. Since ethanol has become the dominant renewable
liquid fuel and the primary focus of biomass-to-liquid fuels
research in the US, it is logical that ethanol be the immediate
target. We add the caveat, however, that policy strategies
should not be so rigid as to create conflict with local
circumstances which may or may not always reasonably
align with broader objectives.

Figure 4.3.7. Fuels from the forest (Tappi).

For example, resource availabilities or local energy needs
may make liquid fuels development infeasible in some areas
of the state. In other areas, where choices are less
constrained, definitive state objectives accompanied by
sufficient policy support could influence which resource and
energy strategies might be pursued. Since the greatest
gains derive from the most difficult courses of action, clear
commitment from state authorities is essential if biomass
energy benefits are to be accessed, coordinated, and
optimized.
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If Washington policy-makers determine that liquid fuels for transportation, from wood and other forms of
biomass, should be a high renewable energy priority, identification of potential sites should proceed with
consideration of feedstock availability, transportation arterials, transmission grid capabilities, water
resources, and opportunities for synergies with existing industries. Increases in energy generation
efficiencies as well as additions of new bioenergy capacity at existing industrial locations could result in
considerable cost savings and reduced project time-lines (WGA 2008c, Lynd 1996). For example, pulp
mills typically have an existing collection infrastructure, a boiler, and waste water treatment facilities,
which could save 20 percent or more on capital costs as compared to new construction (Kelly 2006) while
reducing time from project conception to completion. Established grid connections and transportation
networks also add value. An engaged corps of chemical engineers as well as the many highly-paid and
skilled union workers that serve the pulp and paper industry should be recognized as a strategically
important state human resource. The ability to mix captive low-cost feedstock materials with more
expensive biomass collected from forests and fields will be another plus that has been discussed. Lowcost feedstocks provide an anchor for cost leverage, but this advantage is lost if the feedstock is only
available at a small scale (Lynd 1996). Per-unit-output capital costs are increased significantly for smallscale projects and energy recovery efficiencies are poor compared to larger facilities (Kiplinger 2008b,
McNeil Technologies 2003, Lynd 1996).
Pulp and paper mills are logical candidates for priority consideration. The biorefinery concept for biomass
utilization has potential to meet a large proportion of future energy demand (IEA 2007b). Current
research, development and demonstration efforts focus on reducing the costs of conversions, mitigating
potential environmental impacts, and creating an integrated renewable energy industry that links
bioenergy resources with the co-production of liquid fuels from cellulose and hemicelluloses, and
electricity and process steam from lignin (IEA 2007b, Larson et al 2006). Connor (2008) suggests that
integrated biorefineries at existing mills may offer thermal efficiencies of up to 80 percent. Gasification
processes could utilize forest residues, agricultural wastes, energy crops, and spent pulping liquors.
Cost-effective reduction of water consumption by ethanol conversion plants is also a research priority and
has been a successful focus for continuing efficiency improvements within the pulp and paper industry
(NRC 2007). A significant portion of the research and development expenditures of the US pulp and
paper industry are dedicated to minimizing operational water discharges and air emissions of pollutants
(EERE 2005). Biorefinery capabilities would provide pulp and paper mills with the ability to recover
byproduct high value industrial chemicals and polymers that could improve integrated economics of
resource use for energy, pulp, paper, and paperboard products (Fairley 2008, Saddler and Mabee 2007,
Simmons 2007, Agenda 2020 2006, Larson et al 2006, Kelly 2006, Kerstetter 1997).
Inventories of woody biomass supply often assume that energy yields from dedicated process residuals
such as hog fuel and black liquor have little potential for increased energy yield. A study by the University
of Washington of energy production at Washington pulp and paper mills was recently commissioned to
examine potential for increased energy yields if investments in equipment upgrades can be made.
Preliminary findings suggest that targeted investments in gained conversion efficiencies could
significantly increase the energy yields for some pulp and paper mills without requiring additional fuel
inputs (Gustafson pers com).
In addition to utilization of virgin wood fiber, the US pulp and paper industry provided the industrial
capacity to recycle 34 million tons of post-consumer paper products in 2003 (EERE 2005). However, a
considerable portion of US recycled paper has been sold to China; that is until recently. Declines in the
global economy have reduced demand and the price of recycled paper has dropped by 90 percent since
last year; threatening municipal recycling programs around the country. The city of Seattle pays $27 per
ton for recycling services (Richards 2008). One third of all US municipal solid waste is paper and paper
board (EPA 2007c). An important ancillary benefit of biorefinery development would be increased
utilization potential for recycled paper and recoverable urban wood as either raw material for paper
production or as an energy feedstock.
Energy products should be considered in the same vain as other market products from wood: the
resource should be used wisely such that a value hierarchy of products is maintained. In locations where
there is no potential for linking biorefinery development to existing pulp and paper mills but there is
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sufficient biomass from wood and other sources to produce liquid fuels, establishment of new conversion
capacity should be a priority.
Liquid fuels production from cellulosic feedstocks at a commercial-scale and a market-competitive cost
faces challenges that should not be understated. Considerable research is being done to develop
commercial processes the use either biochemical or gasification technologies to produce fuel grade
ethanol. Neither technology offers a clear advantage at this point. To date, only pilot scale facilities have
been constructed. The results from these pilot plants look promising but commercial viability can’t be
assessed until a demonstration scale facility, on the order of tens of millions gallons per year, has been
successfully operated for an extended period of time. Long term, processes with considerably lower
capital and operating costs will be necessary for these processes to be economically viable. Current
estimates for biorefinery capital costs are on the order of $5 - $8 per annual gallon of capacity (Thorp and
Akhtar 2009). Enzyme costs, for the biochemical pathway, need to be on the order of $0.10 - $0.20 per
gallon of ethanol rather than the current cost, which is estimated to be somewhat over $0.50 per gallon.
Industry experts believe that the technology to construct a commercially viable cellulosic biorefinery is
close and that you will see considerably more construction of facilities when the current recession ends
and the price of oil returns to a level approaching $80/barrel. Catchlight, the Weyerhaeuser – Chevron
joint venture, is planning construction of a 50-million-gallon-per-year biorefinery in the 2012 time frame.
(Hunter 2009).
However, as we have endeavored to illuminate, market prices do not adequately reflect the cost of
continued consumption of imported fossil fuels. The avoided costs and gained opportunities from
development of instate clean and renewable liquid fuels significantly outweigh the cumulative costs of
fossil fuel reliance. A few simple dynamics of global oil markets must be understood and appreciated if
policies are to be crafted to facilitate transition to alternatives. First, conventional oil is found-wealth that
is energy-rich and inexpensive to produce. Many oil exporting countries rely upon petroleum sales for
significant percentages of state GDP. Put simply, regardless of the fact that oil is a finite and
nonrenewable resource, oil will always sell for a market price that reflects world demand. As history has
shown, the spot price of oil may be more or may very well be less than the cost to produce a renewable
alternative such as ethanol. Worse, due to the monopsony effect of US oil purchasing power on the world
market, the more renewable fuels that the US produces then the less the world demand for oil and the
lower the price of oil becomes. The more renewable fuel that the US produces the more difficult that
competition with oil will become. Market supports and an enduring commitment to reducing fossil fuel
reliance will be needed if the US is to develop an economically viable renewable fuels industry. The
same will be the case for Washington as it considers the priority use of biomass resources.
Consider the Brazilian experience. In 1975, two years after the Organization of Petroleum Exporting
Countries (OPEC) first coordinated a major oil price spike, Brazilian President Ernesto Geisel instituted
the National Alcohol Program (PNA). His decision was not based upon short-term market benefit and
was not without controversy. At that time, ethanol distilled from Brazilian sugar cane cost more than twice
as much as gasoline refined from imported oil (Bernton et al. 1982). Motor vehicle technology for ethanol
was not well-developed. The first ethanol-only vehicles were tough to start on cold mornings and were
not immediately popular. However, after years of work and billions of dollars in subsidies, today Brazil is
the second largest ethanol producer in the world and, in 2006, achieved energy independence (Lynch
2006). In 2006, there were 29,000 filling stations in Brazil that offered high ethanol blends for flex
vehicles (Lynch 2006). In 2007, there were 1900 such stations in the US and six in Washington
(E85vehicles 2007). Ironically, the US imposes a $0.54 per gallon tariff and an ad valorum tariff of 2.5
percent on ethanol imported from Brazil (EIA 2009c, Lynch 2006) but has no equivalent tariff on oil
imported from the Middle East.
Energy projects have twenty- to forty-year productive lives and term debts. While small power generators
represent easier paths to energy development, if Washington policy-makers fail to prioritize liquid fuels
from biomass and biomass is instead captured for electricity by new generating facilities, the
consequences will be a marginal biofuels industry and a substantial cash drain to meet renewable
transportation fuel requirements.
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As a priority, second to liquid fuels production from biomass, we suggest co-firing of biomass in
conventional steam boilers at existing generation facilities that produce electricity. Co-firing is a mature
technology with a low-cost potential to reduce GHG emissions and to provide beneficial cost-reduction
synergies with established operations. Co-firing also requires smaller biomass volumes than large
generation or liquid fuels conversion facilities. The costs of adding necessary storage, drying, and
processing facilities at a coal plant are far lower than the costs of building a new biomass power plant
(Tellus Institute 2002).Biomass fuel supplies may therefore be achievable through establishment of
dedicated energy crops which could provide dual value through bioremediation on damaged lands or
increased economic returns from cultivation of marginal farmlands.
As possible, small electrical generation systems that compromise the conservative use of biomass
resources should be avoided rather than encouraged especially in the case of stand-alone facilities with
no potential for integrated cogeneration for recovery of energy from process steam and heat. Small-scale
electrical generation and distribution efficiency can be as low as 20-29 percent (Wright et al. 2006, Bain
and Overend 2002) whereas energy conversion efficiencies for combined heat and power or cellulosic
ethanol can be 50 to 90 percent (Antares 2003, Graf and Koehler 2000).
As a small scale priority, we suggest institutional heating with biomass as another mature technology that
can readily replace fossil systems especially in the rural communities located in the forested areas of our
state. Heating systems with wood biomass can be very efficient and could be considered for retrofits or
new facilities installations.

4.4. Obstacle 4 - Policy and regulations
There have emerged a plethora of state, regional, and federal laws, policies, subsidies, tax credits,
grants, and other political instruments that address directly or have implications for forests, climate
change mitigation, and energy development in Washington (Yacobucci 2008, Bioenergy Washington).
There are also numerous and evolving international conventions, treaties, and other intergovernmental
arrangements that exert influence. The maze of political frameworks may very well be as complex as the
environmental, social, and economic interrelationships of these issues. A thorough examination of local
to global political mechanisms with implications for Washington’s forests, the State’s role in climate
change mitigation, and its contribution to US energy independence is well beyond what can be
accomplished by this review. However, such analysis could be invaluable to policy-makers tasked with
crafting strategies for the future and should be considered for further investigation. We find no evidence
that comprehensive review has been undertaken to assess implications for Washington which leads to
conclusion that many decisions may be made in lieu of adequate information. In this portion of the report,
however, we review evident laws and evolving policies that we find to be of special concern to the charge
of this investigation. Our general conclusion is that well-intentioned but overly-simplistic policy
approaches are leading towards unintended consequences and lost opportunities.

I-937- Washington’s defacto energy priority
There is growing popular support for development of renewable energy, however, without guidance,
uninformed public interest may manifest as an obstacle rather than an opportunity for progress. Ballot
Initiative 937 (I-937) was passed as a clean energy initiative in Washington in 2006 by 52 percent of the
voters (Associated Press 2006). Under Initiative 937, utilities with more than 25,000 customers will have
to meet 15 percent of their annual total amount of electricity sold to customers (load) by 2020 using
eligible newly-developed renewable resources to produce electricity. Examples of eligible renewable
resources include wind farms, solar panels, geothermal plants, animal wastes, and some types of
biomass. Notable exclusions include crops raised on lands cleared from old growth forests, wood from
old growth forests, treated wood, black liquor from paper production, and municipal solid waste. With
limited exceptions, use of fresh water by hydroelectric dams and plants is also not included as an eligible
renewable resource (Reed 2006).
The mandated renewable energy achievements are ambitious. In 2007, Non-hydro renewable energy
comprised 1.6 percent of total state electricity sales (CTED 2008). Incremental thresholds of future
responsibility have been established. Each utility will have to use eligible renewable resources to serve at
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least three percent (3%) of its load by 2012 through 2015; nine percent (9%) of load by 2016 through
2019, and fifteen percent (15%) of load by 2020 and thereafter. A utility could comply with its annual
renewable resource target by using the requisite amount of eligible renewable resources, by purchasing
enough eligible renewable resource credits (or a combination of each), or by investing at least four
percent (4%) of its total annual retail revenue in renewable resources (Reed 2006).
An investor-owned utility would be entitled to recover from its customers all costs the utility prudently
incurred to comply with the measure. Similarly, each publicly-owned utility would be expected to recover
its cost of compliance from its customers (Reed 2006).
If a utility fails to comply with either the energy conservation or the renewable energy targets, it would
have to pay a penalty in the amount of $50 for each megawatt-hour of shortfall. This penalty amount
would be adjusted annually for inflation. Penalty payments would go into a special account, and could
only be used for the purchase of renewable energy credits or for energy conservation projects at state
and local government facilities or publicly-owned educational institutions (Reed 2006).
In each year beginning in June 2012, each utility would be required to report to the state Department of
Community, Trade, and Economic Development (CTED) on the utility’s progress in the preceding year in
meeting the targets. The investor-owned utilities would supply the same information to the Utilities and
Transportation Commission (UTC). Each utility would be required to make these reports available to its
customers (Reed 2006).
In the absence of a cohesive state strategy for renewable energy development and climate change
mitigation, passage of I-937 has made generation of electricity Washington’s paramount renewable
energy priority empowered with binding legal authority. For renewable energy potential, from sources
such as wind and solar, such commitment may yield desired results although we see inherent
inefficiencies from incremental accounting, individual utility responsibilities rather than cumulative
optimum state outcome, and failure of consideration for the balancing of intermittent with firm power
contributions. For example, apparently not well-understood, is that increases in intermittent wind power
are generally accompanied by additions of natural gas generating capacity as needed firm power back-up
(Prescott 2009). For some utilities the arbitrary cost of the penalty ($50 for each megawatt-hour of
shortfall; maximum impact would be on 15 percent of load) may be less than the cost of compliance.
Under such circumstances, the penalty would function as a rate payer tax. Further discussion of nonwood resources and I-937 is beyond the scope of this report. Below, we consider the potential
implications of I-937 for wood-to-energy.
As we have noted, state woody biomass resources are finite and as such should be considered from a
perspective of strategic sustainable optimization to produce outputs that best serve state needs. Since
biomass is the only state resource that can be converted into liquid fuel, maximizing biomass utilization
for this energy output should be the logical state priority. I-937 undermines this objective in several ways
first by establishing biopower as the state energy priority, second by differentiating some resources as
ineligible (inference being not renewable and not appropriate for energy development), and third by
promoting small-scale projects over more efficient and effective large-scale energy conversions.
Identification of “eligible” and “non-eligible” renewable resources is arbitrary and may result in subsets of
the wood resource used for electricity generation while the broader resource is left isolated and unusable.
Biased segregation of resources also perpetuates public misconceptions as discussed earlier in this
section of the report. As mentioned previously, raw material cost-indexing is important as is an
understanding of raw material volume inputs and project magnitudes needed for efficient energy
production. I-937 identifies old growth, black liquor, treated wood, and municipal solid waste as
unacceptable resources for energy. To many environmentally concerned members of the public such
exceptions may seem appropriate but closer examination suggests a different conclusion.
Old growth is an undefined and not particularly useful term; especially given regional climate impacts and
declines in forest health. In 1999, the GAO recommended that a strategy was needed to address
catastrophic wildfire on federal forests through removal of surplus fuel loads. The Healthy Forests
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Restoration Act, passed by Congress in 2003, recognized this problem and attempted to prompt action
(US Congress 2003). In 2004, the State Forest Health Strategy Work Group offered similar
recommendation (DNR 2004a). Two-thirds of the US forest health problem is on federal forests (Rummer
et al.2003) but progress has been slow (GAO 2005a). Significant acreages of federal forestland have
never been harvested, yet for more than one hundred years wildfire has been excluded resulting in
establishment of dense understory vegetation and fuel loads outside of any recent historic range of
variability (Pfilf et al. 2002). Different forests may or may not contain large trees or habitats for sensitive
species but if never previously harvested could be considered old growth. Never-the-less the question is
when such forests will burn not if they will burn. The consequences of catastrophic fire have been
discussed. The implications of global warming trends have been acknowledged as aggravating forest
health declines. Failure to reduce fuel loads and utilize biomass for products and energy will come at
significant costs.
Black liquor is an important captive resource for renewable energy, the costs of which have been
underwritten by recovery of higher value product streams. Failure to recognize black liquor as a valuable
resource reflects legacy misunderstanding that is counterproductive to achievement of climate change
and renewable energy objectives. For example, recall that state targets for GHG emissions reductions
have been legally mandated by passage of E2SHB 2815.
Similar circumstances apply to treated wood and recoverable biomass portions from municipal solid
waste with fuel production potential. Both of these resources are currently used by clean energy
generating facilities equipped with proper emissions filtration and control equipment in California such as
Wheelabrator Shasta Energy Co. (Jolley 2001). Both of these resources can provide low-cost feedstocks
as utilization for energy generation offsets disposal costs of placement in landfills (EPA 2007a). The
United States Conference of Mayors (Global Insights 2008) recognizes treated wood, recovered wood
from municipal solid waste, and black liquor as renewable biomass resources.
I-937 has targeted small inefficient and high-cost-per-unit-output distributed power projects for preferential
treatment. As a general rule, the smaller the project, the higher the capital and operating costs per unitoutput, the less the energy yield per unit of feedstock material, and the more compromised the ability to
recover the energy benefits of heat and steam. Biomass power produced from a 5MW plant was found to
cost 53 percent more than that from a 50 MW power plant; a difference of $0.13 per kWh verses $0.085
per kWh (McNeil Technologies 2003). Projects under 5MW of electricity production are awarded double
credit by I-937 towards meeting a utility district’s power obligations. An additional 25 percent energy
credit is given to facilities constructed under a state-approved apprenticeship program. Therefore the
total multiplier available to small projects can be as high as 225 percent. There is no logical reason for
this benefit if the objective is GHG emissions reductions. The consequences are that the resource is
grossly underutilized, only the lowest cost mill residuals are likely to be sought (low hanging fruit) which
compromises the ability to recover logging slash and to reduce fire hazard through fuels reduction
treatments. Industrial biomass users, such as the pulp and paper industry, are placed at competitive
disadvantage for hog fuel which could threaten retention of existing jobs and in-place power production
(in this case I-937 functions as a subsidy to small new projects; worth the avoided costs of
noncompliance for utilities). The rate-payers absorb the costs of needlessly expensive and inefficient
power additions with little in the way of energy independence or GHG emissions reductions achieved.
The step schedule of required new energy contributions, as shown above, further encourages utilities to
focus on additions of small projects implemented only as needed to meet incremental regulatory
thresholds.
Utilities are placed in competitive relationship with one another towards securing needed renewable
credits rather than rewarded for cooperative state achievement. A review of data from the 2008 Electric
Utility Fuel Mix Reports (CTED 2008) revealed that, out of 61 Washington and Oregon utilities reporting,
57 utilities (93 percent) reported electric fuel mixes for 2007 of over 85 percent power from hydro,
nuclear, wind, and biomass. Logically, the four utilities with lower than 85 percent of fuel mixes from nonpolluting sources should be prioritized for renewable additions while utilities, such as Douglas County with
100 percent hydro-power, should have no I-937 compliance obligations. Further examination of fuel mix
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data reveals that three of the four most-polluting utilities account for 82 percent of coal and 48 percent of
natural gas fuel use of the state totals.
Utilities can sell the power, generated by new renewable energy projects, to more lucrative out-of-state
markets but still take the credit towards meeting I-937 power production obligations. For example, more
than two million MWh of wind-power were generated in Washington in 2007 but nearly three-quarters of
the power generated was sold out-of-state. In 2007, wind electricity sales to Washington customers were
546 thousand MWh (CTED 2008). Under such circumstances, little improvement to Washington energy
freedom is achieved while significant amounts of power are sacrificed to line loss from long-distance
transmission on the grid. The US average line loss has been estimated at nine percent of total
transmitted power (EPA 2007e). As comparison, the total renewable energy contribution from all sources
to the US 2007 energy portfolio was seven percent (Figure 1.1.1.; EIA 2008h).

Renewable Fuel Standard
In contrast to the state mandates for renewable electricity additions, Washington has no regulation with
binding legal authority to require incremental additions of ethanol to each gallon of gasoline (Yoder et al.
2008). There is a two percent blend target but it is loosely estimated as a portion of the total rather than
each individual gallon. In 2008, ethanol was less expensive than gasoline and consequently ethanol was
blended with gasoline at levels well beyond the two percent target (Lyons pers com). Oregon, on the
other hand, has established a ten percent renewable fuel standard (RFS) that, when in full force, will
require every gallon of gasoline sold in Oregon to be blended with ten percent ethanol by volume. Not
surprisingly, Oregon now hosts two cellulosic ethanol plants that are located near Boardman by the
Columbia River. Such conversion facilities, so located, could compete for woody biomass resources from
Washington. At a hearing of the Technology, Energy, and Communications Committee of the
Washington State House of Representatives (November 27, 2007), a representative of the Pacific
Ethanol Company testified that the ten percent RFS was influential in his company’s decision to locate
their facility in Oregon. He went on to suggest that, without a similar standard, investment in Washington
to establish renewable fuels conversion facilities could be limited. Hill and Learn (2007b) write that
Oregon’s generous 50 percent facilities investment and $10 per ton biomass procurement tax credits
(Business Energy Tax Credit, OR HB 2210) also influenced Pacific Ethanol’s decision to locate in
Oregon. Possibly of further concern to Washington policy makers, biomass procurement tax credits may
give competitive edge to Oregon firms that compete for Washington’s biomass resources.
In their 2008 WSU biofuels report to the legislature, Yoder et al. present sound but generic arguments
against imposition of a renewable fuel standard in Washington. However, this investigation was narrowly
focused on instate biofuels only and did not consider the implications of feedstock competition from
instate biopower or from out-of-state biofuels companies. I-937 established a binding renewable portfolio
standard for electrical utilities that, in lieu of a corresponding renewable fuel standard, relegates liquid
fuels production to a subordinate position that inadvertently may direct biomass away from liquid fuels
production. Without adjustment, we expect unintended consequences. Clearly liquid fuels should be the
energy priority from both a GHG reductions and an energy independence perspective. Neighboring
states such as Oregon (with RFS) and British Columbia (with fossil fuel tax) have established higher
priority for liquid fuels conversions. One of two outcomes can be anticipated from which to consider the
consequences of these developments. Either the economics of renewable fuels production will improve
through policy supports and technical advancements or they won’t. If the former should occur, then
greater volumes will be produced; if the latter, then renewable fuels will remain limited with increased
consumption of fossil fuels the likely result. For either case, unless Washington proceeds with more
aggressive biofuels policies, instate potential for biofuels conversions will be compromised on one hand
by companies choosing to take Washington resources to more biofuels-friendly adjacent states or by
stagnant development throughout the region. A definitive renewable fuel standard for Washington would
be a significant and perhaps necessary incentive for utilization of wood biomass for conversion to
biofuels.
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Green building standards
Wood biomass potential for energy development is closely tied to the viability of the Washington forest
products industry. Wood has been shown to be a superior building product for reducing GHG emissions
as compared to non-renewable and polluting alternatives such as steel and concrete. However,
accounting methodologies employed by State-endorsed green building standards appear arbitrary, may
understate the value of Washington wood, and fail to include internationally-recognized standards for
environmental analysis such as life cycle assessment. We find a number of studies that offer similar
conclusion that are worthy of policy review as standards evolve (CEC 2008, CFPC 2008, Bowyer et al.
2006a, Smith et al. 2006, Trusty 2006, Fernholz et al. 2005). Two unintended consequences result:
imported polluting and non-renewable products may receive preferential selection for green building
projects while locally-produced wood products are overlooked and the production of least-cost woody
biomass process residuals may be compromised. Green building standards that discount the
environmental value of Washington-grown wood building products function as an obstacle to wood
biomass utilization for bioenergy production.

Green jobs
A lack of recognition of forest resource and biomass related jobs as “green jobs” is an obstacle to more
effective use of forest biomass for fuels and power. Wood biomass has been estimated to represent 66
percent of Washington’s potentially available biomass inventory (Frear 2008). If substantive production of
bioenergy is to occur in Washington then the wood resource must play a central role. Skog and Ince,
economists at the USDA Forest Products Laboratory estimate that wood-based biofuels could provide at
least 102,000 new American jobs by 2022 (Spartz 2009). Since the Washington woody biomass
inventory has been estimated to represent five percent of the total potentially available US resource
(Perlack et al. 2005), the Skog and Ince estimate could imply potential for 5,100 wood-based biofuel jobs
for Washington. Further benefit would accrue as many of these jobs would be located in rural
communities and, with careful policy planning, retention of the 45,000 current Washington forest industry
jobs should be better assured.
Wood energy jobs are not limited to plant operations. Morris (1999) found that, for wood biomass-toelectricity conversions in California, twice as many support jobs in fuel-production operations were
needed as jobs in the generating plant. In a feasibility study of biomass power facility potential in eastern
Oregon, McNeil estimated that establishment of a 25 MW wood-fired power plant would require 17
employees to operate the plant with 54 people engaged in fuel procurement (McNeil 2003). Analysis of
job creation from a 15 million-gallon per year wood ethanol plant, co-located with an existing biomass
electricity generator indicated that 28 jobs would be created in the plant and 60-128 jobs would be
needed in the woods to gather feedstock materials (Quincy Library Group and others 1997).
In an extensive examination of the renewable energy and energy efficiencies industries in the US, the
American Solar Energy Society and Management Services Inc. (ASES and MISI 2008) offer this
definition: “Environmental jobs are perhaps best understood when viewed in a continuum across a
spectrum, with jobs that generate obvious environmental resource degradation or extraction at one end; a
range of greener jobs involving clean production measures and technologies to reduce environmental
impacts in the center, and the other end of the spectrum where jobs have a positive environmental
impact. Environmental industries and green jobs are those which, as a result of environmental pressures
and concerns, have produced the development of numerous products, processes, and services, which
specifically target the reduction of environmental impact. Environment-related jobs include those created
both directly and indirectly by environmental protection expenditures.” In 2007, over 70 percent of US
renewable energy jobs were in the biomass sector – primarily ethanol and biomass power, and the
second largest number of jobs was in the wind sector, followed by the geothermal and photovoltaics
sectors (ASES and MISI 2008).
Our review of the literature found the above definition of green jobs, while still less than explicit, possibly
one of the better available. Of particular importance is recognition of the continuum. For forestry, an
example of a “green” continuum might begin with a forest thinning to reduce wildfire and insect hazard
that results in protection of forestlands and resources, followed by provision of wood for “green” products
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and renewable energy, and future recovery of discarded wood waste for recycle or energy. However, we
find no rigorous and well-accepted definition of an environmental job that explicitly includes forestry
beyond passing mention of biomass for energy. In fact, many definitions are ambiguous and may be
contradictory. For example, an environmental engineer might be readily recognized as a green job but
would a resource manager with a state or federal agency receive such recognition? Many might agree
that a job in a recycling plant would be considered green but is it green if the recycling plant adds demand
for coal-generated electricity and produces air pollution? Especially pertinent to wood-energy, are all
alternative energy producers considered equally green? Is a welder in a pulp mill that is generating
combined heat and power not termed green while a welder in a solar panel factory is counted as a green
job? While it may not be commonly understood, we suggest that biomass procurement and process
employment provide a suite of environmental benefits that range from management of forest ecosystems
to provision of environmentally-friendly products and energy. Recognition of foresters, harvesters,
manufacturers, and energy producers as green jobs will be important to wood biomass energy
development as skilled workers are needed. Washington universities and technical colleges offer
research and education programs in all forestry-related fields pertinent to sustainable management of
forests linked to extraction and process of products and energy. The necessity of these programs and
the educated workers that they produce should not be discounted in a rush to wind mills and solar panels
if wood-based energy in Washington is to be realized. The anticipation is that there will be 25,000 “clean
energy sector jobs” by 2020 in Washington State, however, no definition is offered (E2SB 6001). For
example, we direct the reader to the Washington Dept of Ecology “Green Economy” web page
http://www.ecy.wa.gov/climatechange/GreenEconomy.htm which heralds the state commitment to a
“green economy.” Excerpts are provided below.
“What is a green economy? What is a green job?
Definitions of "green," "clean," and "sustainable" are hotly debated and used interchangeably. In addition,
labor and industry codes have not kept pace with new innovations – clean energy, nanotechnology and
photonics are some of the industries that are not coded and captured in labor and industry statistics.
Washington uses the following definitions:
The green economy is rooted in the development and use of products and services that promote
environmental protection, energy independence, and economic development.
Environmental protection includes the prevention and reduction of environmental pollution, as well as
efforts to mitigate environmental pollution. For example, conservation and recycling.
Energy independence includes the development and use of energy efficiency, renewable energy, and
smart energy products and services.
Green jobs are those in the primary industries of a green economy that promote environmental
protection and energy independence.
Clean energy is the largest element of the green economy. Clean energy industries include:
•

Energy efficiency - Energy efficiency is by far the largest element of the clean energy sector. The
Environmental & Energy Study Institute (EESI) reported gross revenues over $900 billion and 8
million jobs created in 2006. Their study includes manufacturing, recycling and construction. In
Washington the energy efficiency industry employed more than 4,000 people in almost 200
companies.

•

Renewable energy - Renewable energy includes hydroelectricity, biomass, biofuels, geothermal,
wind, and solar. According to the U.S. Energy Information Administration, in 2006 renewable
energies produced about six percent of total U.S. energy. The industry grossed revenues of $40
billion and created nearly half a million jobs.

•

Smart energy - Smart energy takes advantage of digital technology, electronics and "intelligence"
when generating, distributing, and consuming electricity. “ – Washington’s Green Economy

Since 53 percent of 2007 US renewable energy (see Figure 1.1.1) was produced from biomass with the
largest contribution coming from forest industries (EIA 2008h, Perlack et al. 2005) and the pulp and paper
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industry is the single largest industrial contributor of renewable energy in the United States (Perlack et al.
2005), shouldn’t this industry be regarded as a creator of “green jobs?”
The Washington forest industry employs 45,000 people and annually generates $2 billion in wages, $16
billion in gross business revenues and over $100 million in tax receipts (Eastin et al. 2007). Washington
produces six billion board feet of lumber per year, one billion square feet of plywood panels (3/8” basis),
and seven million tons of pulp and paper products (Eastin et al. 2007, Ince et al. 2001). Washington
currently maintains the second largest lumber production in the nation and is fourth in production of both
plywood and pulp and paper products (Eastin et al. 2007, Ince et al. 2001). Wood products are
significantly less polluting building alternatives than steel and concrete (Gustavsson and Sathre 2006,
Lippke and Edmonds 2006, Bowyer et al. 2004). Washington’s wood process infrastructure also
represents significant capital investment in renewable energy development for wood biomass which has
been estimated to be 66 percent of the total state biomass resource (Frear 2008). Ecology currently
estimates that Washington hosts 8,400 vaguely defined “green” jobs and continues with the following
misleading and unproductive comment:
“Washington has a greater concentration of clean tech jobs than the national average: Larger than the
state's logging industry and coffee/espresso shop industry. “ – Washington’s Green Economy
The Washington Department of Ecology does not acknowledge forestry as part of the State “green
economy” yet the web site does take unassigned credit for the significant renewable energy contribution
that is made by the forestry industry. A vague reference to forestry work as a “green related” job is found
in a recently-released Washington green economy jobs definitions publication (CTED 2009) which follows
an equally vague 2005 report (CTED 2005). “Green job” is a political terminology that may at best be
inspiring but at worst misleading. There is no North American Industry Classification System (NAICS)
industrial classification for a green job because conceptually such jobs are industrially cross-sectional as
demonstrated by the examples above. Therefore, suggesting comparison between numbers of green
jobs as compared to numbers of jobs in actual separable industries in disingenuous (Morriss et al. 2009).
Interestingly CTED (2009) concludes that natural resource industries are not appropriate for inclusion
under the “green” job umbrella:
“Forestry and agriculture are not included in the definitional list. If the green economy is “the development
and use of products and services that promote environmental protection and/or energy security,” then
forestry and agriculture seem outside the scope of this definitional list. The conservation practices – and
biomass - from these sectors are captured in other green-economy industries, such as renewable energy,
water conservation, waste management, etc. (CTED 2009).
Lack of appreciation for the important contributions made by Washington resource industries to the state
economy and to present and future renewable energy potential is a significant obstacle to biomass for
energy development in Washington. Agencies, without a clear and common understanding of energy
priorities and strategic possibilities for Washington State, will be ill-equipped to guide the profound energy
and climate change transitions that have been envisioned. Remarkably, State discussion of green jobs
reflects a lack of understanding that significant development of Washington-grown biofuels potential can
not occur without utilization of woody biomass and retention of forest industry infrastructure.

Western Climate Initiative (WCI)
We find that the cap and trade program, envisioned by WCI, fails to adequately recognize current and
potential contributions of forests to GHG emissions reductions and could impose significant obstacles to
biofuels development from wood biomass in Washington. We offer a number of issues that are worthy of
discussion. The following text in italics is an overview of the WCI program taken from the web site (WCI
2009).
The Western Climate Initiative (WCI) was launched in February 2007 by the governors of Arizona,
California, New Mexico, Oregon, and Washington, signaling a long-term commitment to significantly
reduce regional greenhouse gas emissions. Since the WCI first formed, the states of Montana and Utah
and the Canadian provinces of British Columbia, Manitoba, Ontario, and Quebec have joined the
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partnership. The WCI Partners share a commitment to identify, evaluate and implement collective and
cooperative ways to address climate change through a regional reduction of greenhouse gases (GHG).
To this end, the WCI Partners are recommending the implementation of a market-based cap-and-trade
program. This program is an important component of a comprehensive regional effort to reduce GHG
emissions by 15 percent below 2005 levels by 2020 (authors’ note: Washington’s more-stringent objective
is to reduce GHG emissions to 1990 levels by 2020). If approved, the new, multi-sector program would be
the most comprehensive carbon-reduction strategy designed to date. It would cover nearly 90 percent of
the region’s emissions, including those from electricity, industry, transportation, and residential and
commercial fuel use. Together, the seven states and four provinces represent over 70 percent of the
Canadian economy and 20 percent of the U.S. economy.
Based on extensive study of existing programs, economic analysis and extensive stakeholder
consultation, the cap-and-trade design is intended to lower the cost of achieving emission reductions and
mitigate the economic impact on consumers and businesses.
The low-carbon economy that the cap-and-trade program will help create is expected to produce a variety
of tangible gains throughout the region. The program will slash GHG pollution, spur growth in new green
technologies, help build a strong clean-energy economy, and reduce dependence on foreign oil.
Cap and Trade is considered by WCI partners to be the best means of reducing the GHG emissions that
cause global warming while simultaneously providing industry with incentives that will encourage
alternative, renewable energy sources and technologies.
A cap-and-trade program sets a clear, mandatory, enforceable limit on GHG emissions and then allows
the market to identify the most cost-effective ways to achieve the limit. The state or provincial government
sets an absolute aggregate limit (or “cap”) on GHG emissions from a sector or multiple sectors. Tradable
emissions “allowances,” or permits, are then distributed in an amount that equals the total emissions
permitted by the cap.
These allowances can be distributed by auction and/or be allocated at no cost. Partner governments will
specify which entities and facilities must surrender allowances to cover their emissions.
In crafting its cap-and-trade program, the WCI Partners carefully assessed the designs and performance
of programs such as the U.S. Environmental Protection Agency’s Acid Rain program and the European
Union’s Emission Trading Scheme. The design recommendations take into account lessons learned from
existing programs and reflect the diversity of the WCI Partner economies, including energy production
and consumption patterns.
A comprehensive review of the Western Climate Initiative and its proposed cap and trade program is
beyond the scope of this investigation. However, to inform analysis of the potential impacts of the WCI
program on wood biomass for energy development in Washington, we reviewed a number of WCI and
related documents including Design Recommendations for the WCI Regional Cap-and-Trade Program
(WCI 2008), Economic Analysis and Modeling Support to the Western Climate Initiative – Energy 2020
Model Inputs and Assumptions (ICF Consulting 2008), and Recommendations for Designing a
Greenhouse Gas Cap-and-Trade System for California (CARB 2007). While we caution that our findings
are preliminary, we find many inconsistencies that could result in unintended consequences and suggest
that a more thorough peer-review by university scientists in Washington is warranted prior to
implementation.
Our colleagues at WSU have offered thoughtful preliminary review comments and conclude that a fossil
tax may be more suitable for achievement of GHG emissions reductions than the proposed cap and trade
program (Yoder et al. 2008). We recommend this text as useful background and build upon their
conclusions with focus on implications for wood to energy in Washington. We agree with the WCI
partners and others (Leggett 2009) that achieving substantive GHG reductions from business as usual
projections will require extraordinary changes in what energy sources are exploited and how energy is
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used and supplied over time. Given the magnitude of change that is anticipated and the fact that energy
projects, once commenced, will have decadal life-times; we urge cautious planning towards integrated
development of potential outcomes.
US cap and trade programs have proven successful in the past for reducing SO2 and NOx (Schakenbach
et al. 2006, Chestnut and Mills 2005, Ellerman 2003, Carlson et al. 2000, EPAe). However, these
programs addressed single sectors with relatively easily quantified single pollutant targets for reduction
(CARB 2007). Also important to forestry, SO2 and NOx unlike CO2 are not sequestered. The European
Union Emissions Trading System (EU-ETS), begun in 2005, is an ambitious cap and trade program to
reduce CO2 emissions from 11,500 energy-intensive facilities in 25 EU member countries. Covered
entities emit about 45 percent of EU CO2 emissions. However, the EU-ETS does not cover emissions of
non-CO2 GHG, which contribute about 20 percent of EU total GHG, nor does it cover the transportation
sector (Parker 2006). In spite of these limitations to the EU-ETS scope, the program may still be too big
to handle; challenges include inaccurate emissions reporting, consequent inability to accurately determine
CO2 baseline and cap allocations, changing weather conditions (for example: cold winters increasing
energy demand and drought decreasing hydro-electricity production), volatile energy and allowance
prices, uncertainties surrounding leakage, and the unpredictable influences of outside purchase of carbon
credits, called Clean Development Mechanisms (CDMs), from under-developed countries (GAO 2008a,
Smith 2007, Parker 2006, Bond and Dada 2005). All of these factors contribute to carbon credit price
volatility which discourages investment in technology advancements and undermines the program
credibility and effectiveness (GAO 2008a, Parker 2006). As a result, in 2007, EU GHG emissions rose by
1.1 percent while costs to the European economy topped $40 billion (Abboud 2008, Kinver 2008).

Figure 4.4.1. EU-ETS carbon trade: spot and future market volatility 2005-2007 (Point Carbon)

Useful to US GHG planners should be the record of the price volatility from the EU-ETS experiment in
CO2 allowance trading (GAO 2008a). The EU experience supplies clear evidence that uncertainties
mentioned above plus other unanticipated and complex interacting market and political factors must be
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very carefully considered (Figure 4.4.1.). Price volatility is very difficult if not impossible to forecast.
Typically research organizations, such as the IPCC or the EIA, develop multiple scenarios for sensitivity
analysis of a variety of outcomes associated with different modeling assumptions. It appears, instead,
that WCI relies upon a single modeled reference case based upon “reasonable expectations” and
accompanied by the caveat that “caution should be used in applying a high level of precision to the
modeling results” (ICF Consulting 2008). We posed several questions in this regard to the modeler but
received no response. The inevitable development of both spot and futures markets augmented by
unpredictable credits that enter from outside of the system, such as CDMs that are of uncertain
verifiability and are priced by forces both within and without the established market boundaries, logically
must result in volatility. The CO2 price volatility created by the EU-ETS aggravates notoriously volatile
energy markets which serve to focus investor attention on short-term strategies rather than long-term
improvement (not unlike what we anticipate from I-937). Renewable energy investments require a
minimum term-life of 20 years with many extending to 40 years. An important policy objective should be
to stabilize investment opportunities rather than to aggravate market uncertainties.
The planned cap and trade program under development by WCI will be the most ambitious GHG
allowance trading program yet to be devised and will be much more complex than the EU-ETS trading
scheme (WCI 2008). The greenhouse gasses covered will be expanded to include CO2, CH4, N2O,
hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride based upon CO2e global warming
potential. Ultimately WCI plans to address up to 90 percent of total emissions sources including
transportation fuels but methodologies for transportation fuel appear to be as yet to be in development
and inclusion is to be delayed for at least three years past the program start date of 2012. It is evident
that significant investment has already been made towards bringing this program forward but we find that
our review of WCI reports indicates substantial program uncertainties compounded by unsupportable
assumptions that have been based upon energy price estimates and consumption forecasts that have
already proven to be inaccurate.
The questions that we submitted to the WCI technical specialist went unanswered. However, we did
receive comments back from state agency personnel assigned to the WCI planning group that warrant
mention. An important issue that has been discussed throughout this report is the lack of cohesive state
prioritization of energy objectives. We asked if the resource allocation and the energy independence
implications of delay in addressing transportation verses early inclusion of electricity had been discussed
by WCI participants. The response was that when plans were being developed the gasoline price was
over $4 per gallon making transportation too expensive to consider and that energy independence was
not an assigned task for WCI consideration. Sandia National Laboratory and General Motors (2009) and
GAO (2007a) find that, without sustained high oil prices, policies to develop and adopt biofuels will fail.
The current economic woes of the ethanol industry offer evidence of the impacts to biofuels of falling oil
prices. Increased energy independence may not be an assigned task but it is an expected outcome that
is explicitly stated in the WCI literature. As discussed in Section II, policy strategies that link climate
change mitigation with reduced reliance upon imported oil will be important for maximizing public benefits
from wood-to-energy development. Failure to include consideration of market influences of energy
independence undermine cap and trade program cost estimate accuracy and since electricity is prioritized
over transportation will treat domestic fossil resources such as natural gas and coal (used to generate
electricity) with prejudice as compared to imported oil (used for transportation).
It appears that one assumption included in the WCI Energy 2020 modeled reference case is that the
national biofuels objectives as established by EISA will be met on schedule (including 21 billions of
advanced biofuels by 2022). If EISA objectives are to be met then modeling should include forecast of
fuel market impacts, such lower oil prices. For example, the US Department of Energy estimated that the
addition of just 7.2 billion gallons of domestically-produced corn ethanol to the 2008 national fuel supply
effectively lowered gas prices by $0.20 to $0.35 per gallon (DOE 2008a). Market implications should not
be underestimated as lower gas prices both challenge renewable fuel competitive ability and generally
are associated with increases in consumption and emissions. In contrast to WCI assumptions, the EIA
Annual Energy Outlook (2009c) does not forecast that EISA biofuels targets are fully met by 2030.
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As mentioned in the I-937 discussion, we find that inadvertent prioritization of electricity generation
accompanied by feedstock and market uncertainties could favor small-scale biopower projects that will
undermine conservative use of the biomass resource and create barriers to biorefinery development.
Figures 4.4.2., 4.4.3., and 4.4.4., graphically display compelling evidence that renewable transportation
fuels should be the logical GHG reduction priority for Washington. Recall that biomass is the only state
resource from which to create liquid fuels and that wood accounts for two-thirds of the total potentially
available biomass resource. Note in Figure 4.4.2. that transportation is the largest and most rapidly
increasing source of Washington GHG emissions (Waterman-Hoey and Nothstein 2007) and that fire
smoke contributes substanial GHG emissions as well (Wiedeinmyer and Neff 2007). Recall as well that
the UW Climate Impacts Group forecasts significant increases in forest fires as a result of climate change.
Removal of forest fuel loads to recover biomass for conversion to clean transportation fuels would create
double opportunity for GHG emission reductions making this strategy uniquely compelling. GHG
contributions from industrial, residential, and commercial sources have remained flat for 40 years.

Fires

33.5 M mt/2006

Figure 4.4.2. Washington historic CO2e emissions by sector with fire emissions superimposed (adapted from
Waterman-Hoey and Nothstein 2007, Wiedinmyer et al. 2006).

Emissions from electricity are increasing yet only account for 16 percent of total emissions of which 82
percent of coal and 48 percent natural gas electricity emissions are from just three utilities (CTED 2008).
Focused efforts to reduce emissions from the electricity fuel mix of three utilities would appear to be more
efficient than an elaborately complicated regional cap and trade program.
Figure 4.4.3., below, displays the energy consumption trends by sector. A comparison of Figure 4.4.2
and 4.4.3. should suggest that electricity and natural gas are high-BTU but low-GHG energy sources
while motor gasoline is the dominant GHG contributor with the greatest room for improvement. Wind is
Washington’s fastest growing source of renewable energy, it is generously supported by state and federal
incentives, and it can only contribute to electricity. While for some local circumstances biomass-toelectricity may be a logical conversion strategy, it should be apparent that, to the degree possible, policies
should be crafted to direct this resource toward conversion to liquid fuels.
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Figure 4.4.3. End-use energy consumption in Washington by major source (CTED 2007).

Figure 4.4.4. displays the cumulative CO2e emissions for Washington by sector with the superimposed
targets for GHG emissions reductions, as established by E2SHB 2815. The magnitude of this ambitious
program for emissions reductions is not to be underestimated. Elimination of all electricity emissions
would likely be insufficient to reduce GHG to just the first step, equivalent to 1990 levels by 2020.
Elimination of all fossil electricity in Washington would be imprudent since a diversified portfolio of firm
electricity sources is needed for energy security and for support of intermittent power sources such as
wind and solar (Prescott 2009).

2020 to 1990

2035 to 25% 1990

2050 to 50% 1990

Figure 4.4.4. Washington Cumulative Energy-Related CO2 e Emissions by Sector (without fire) with State
GHG reduction targets superimposed (from Waterman-Hoey and Nothstein 2007).
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The GHG reduction, anticipated for 2020 by WCI, will need to average a GHG emissions reduction of
close to two percent per year across all sectors. However, the cap and trade program suggested by WCI
wouldn’t begin to address transportation fuels until 2015 just five years prior to the 2020 deadline. This
delay in and of itself suggests a flaw in this approach and when considered in the context of potential
compromise to the utilization woody biomass (the only state resource with significant potential for timely
conversion to liquid fuels), the negative implications are readily apparent. When the WCI representatives
were asked about biomass in the context of cap and trade the reply was that partner jurisdictions had
determined that biomass was carbon neutral but did not consider strategies to maximize biomass use for
biofuels. The prioritization of electricity as the primary target for GHG reductions in Washington where
emissions from electricity are amongst the lowest in the country and are largely confined to a few utility
districts seems misdirected. Given the requirements of I-937 and consequent assumed GHG reductions,
we further conclude that WCI cap and trade program will impose redundant and unproductive costs for
Washington.
Table 4.4.1. Generation, consumption, and net imports for six states in the Western Climate Initiative (CARB
2007).

California is known as a leader in the development of environmental policy. Regulations developed and
deployed by California often serve as “templates” for other state and federal policy makers (Arimura
2007). California has been the vanguard proponent of GHG emissions reductions in the west and has
clearly had significant influence over the development of the WCI. California, however, has very different
energy needs and emissions characteristics than the other states engaged in the WCI (CARB 2007). For
example, of the first six states that joined the WCI program, California is the only net importer of
electricity. California requires three times the electricity that is consumed by Washington. It is
understandable that California policymakers might regard electricity as a priority for a cap and trade
program.
A review of emerging and proposed state, regional, and federal cap and trade programs was conducted
by Arimura et al. (2007). They found that in all the programs reviewed, the electricity sector is expected
to contribute the largest share of emissions reductions. Washington is a net exporter of electricity and
electricity generation in Washington, as shown in Figures 4.4.2., 4.4.3., and 4.4.4., has only modest GHG
emission reduction potential. Washington’s policies for GHG emissions reductions could be better
directed to prioritize dedication of wood biomass resources to biofuels not electricity.
WCI estimates that allowance prices under the cap and trade program will begin at $6 per metric CO2e in
2015 and increase to about $24 per metric ton by 2024. However, recommendations for a cap and trade
program in California, which bear remarkable resemblance to the WCI plan, expressly state that
regulators don’t know what a cap and trade program will cost. The California authors continue by pointing
out if regulators did know the costs then they would likely choose regulations over a cap and trade
program (CARB 2007). For reference, $10 per metric ton CO2e is equivalent to $0.088 per gallon of
gasoline so $24 per metric ton CO2e would raise the price of gas by $0.21 per gallon. This increase is
insufficient to either alter consumer behavior or to support alternate fuels development. The California
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analysis of cap and trade acknowledges that allowance trading is not likely to result in any significant
GHG reduction from the transportation sector (CARB 2007). However, while the WCI cap and trade
estimate of allowance price escalation appears modest in nominal terms it does represent a 330 percent
expected increase ($6 to $24) in nine years suggesting that price volatility and market speculation are
likely to accompany the WCI cap and trade program as has been the case for the EU-ETS. Several
studies have examined proposed federal cap and trade programs that are comparable to WCI. EIA
(2007b) estimated the allowance price under the Lieberman-McCain proposal would be between $31 and
$58 (2005$ per metric ton CO2e) and under the Bingaman-Specter proposal to be $24 (2005$ per metric
ton CO2e). Paltsev et al. (2007) developed predicted allowance prices, using the MIT Emissions
Prediction and Policy Analysis Model, for the Sanders-Boxer, Kerry-Snowe, and Lieberman-McCain
proposals and found that the allowance price range was much larger from a low of $22 to a high of $210
(2005$ per metric ton CO2e). For further reference, consider an IPCC (2007b) review of relevant studies
in the literature of the estimated marginal costs of climate change. The estimates ranged from $10 per
metric ton CO2e to $350 per metric ton CO2e. Peer-reviewed estimates had a mean value of $43 per
metric ton CO2e with a standard deviation of $83 per metric ton CO2e. The results of these studies
should serve to demonstrate the high degree of price uncertainty associated with estimates of CO2e value
and cap and trade allowance price for an unprecedented WCI trial of a cap and trade scheme expanded
to include multiple GHGs and industry sectors.
Offsets are to be included in the WCI program and are to be allowed for up to 49 percent of total emission
reduction credits. Offsets are considered as verifiable GHG emission reductions, GHG emissions
avoided, or GHG removals from the atmosphere; measured in metric tons CO2e. Offset credits can be
traded or used for compliance purposes (WCI 2008). Standards and processes are still in development
but it appears that Clean Development Mechanisms (CDMs) from outside the WCI region will be allowed.
CDMs have their origin in Kyoto negotiations and were designed ostensively to lower costs of climate
change mitigation for industrialized countries while providing a way to engage countries without emission
reduction targets (Streck et al. 2008). In comparison to energy and industrial CDM projects, in which
numerous creative ways to reduce emissions are eligible, forestry CDMs under the Kyoto Protocol are
limited in the following ways: (1) they are confined to afforestation and reforestation activities; (2) neither
emission reductions from forest conservation nor carbon removals from improved forest management are
currently eligible (authors’ note: for Washington, read as fuels reductions); (3) CDM forestry projects are
awarded “temporary” credits rather than “regular” permanent carbon credits; and (4) forestry credits can
be used only within narrow limits by the parties to the Kyoto Protocol (Streck et al. 2008). Partly as a
result of the complicated requirements and the prolonged contentious development of agreements, only
one forestry project had gained approval of the CDM Executive Board as of February 2008, as compared
to more 900 registered projects overall (UNFCCC 2008). While the environmental value of harvested
wood products, wood energy, and wood substitution for energy-intensive product alternatives is
recognized by many countries as important to climate change mitigation, the carbon storage benefits of
wood products and energy are not acknowledged under the Kyoto Protocol (Grêt-Regamey et al. 2008).
WCI CDM protocols have yet to be fully developed, but the apparent intent is to model criteria for
acceptable offsets after CDMs under the Kyoto Protocol. As illustration of how significant correct
allocation of forestry offsets can for effective GHG emissions reductions in western states, we show a
graph in Figure 4.4.5. taken from research by Nabuurs et al. (2000). Nabuurs et al. (2000) examined the
importance of broadening the CDM criteria under the Kyoto Protocol for forested countries throughout the
world and found that more than 50 percent of potential protection of forest carbon storage in the United
States could accrue from pest and fire management. In Canada, the carbon sequestration benefits of
forest health treatments amounted to 85 percent of total potential. This range of activities is much
broader than the limited afforestation and reforestation actions covered since 1990 by article 3.3 of the
Kyoto Protocol. Nabuurs et al. (2000) carbon sequestration estimate is over 13 times higher than the
maximum estimate by article 3.3 for annex B countries. Forestry mitigation options as suggested by
IPCC are also broadened beyond Kyoto and include afforestation, reforestation, forest management,
wood product management, use of wood residues for bioenergy, and avoided land-use conversions
(IPCC 2007d, IPCC 1996b, IPCC 1991). The next re-negotiation of Kyoto CDM forestry criteria won’t
occur until 2012.

125

WCI Partner jurisdictions have also identified potential North American forestry project types other than
CDMs to be considered for offsets (WCI 2008). To qualify, offsets must be real, surplus/additional,
verifiable, permanent, and enforceable. Forestry project types include afforestation, reforestation, forest
management, forest preservation/conservation, and forest products. Forest products substitution for
energy-intensive products and forest biomass for energy are noticeably absent from the list. Afforestation
and reforestation refer to establishment of trees on otherwise unstocked grounds. The landowner is
credited with the accruing volume of carbon storage resulting from tree growth.

Figure 4.4.5. Carbon sequestration from an expansion of CDM criteria under Kyoto (Nabuurs et al. 2000).

Managed forests can also be sources of offset credits under cap and trade programs but the accounting
becomes more complicated. Offset credits are hoped to reduce costs of allowance compliance and
reward forestland owners for modifying management behavior towards increasing forest carbon storage.
However, the forestland owner must demonstrate that adjusted forest practices result in increases to
carbon storage that are in addition to standard practices which are referred to as “business as usual” or
BAU. The accounting term is “additionality.” The landowner does not receive credit for the full carbon
storage of the forest (as with afforestation or reforestation projects) but instead credit is allocated to the
incremental increase in carbon storage facilitated by adjusted practices as compared to BAU. Examples
of additionality might be fertilization to increase growth but have generally focused on extended rotation to
delay harvest. Since different states, party to WCI cap and trade program, have different forest practices
regulations; forestland owners in states with more restrictive forest practice regulations are disadvantaged
relative to additionality offsets. Swanson (2008) compared the forest practice regulations of four
participating WCI partner jurisdictions, California, Washington, Oregon, and British Columbia. He found
that differences existed and concluded that Washington forestland owners could be disadvantaged as
compared to forest owners in British Columbia and Oregon but had greater opportunity than forest
owners in California. Other factors such as natural disturbances (pests and wildfire) and land-use
conversions can result in significant losses of forest carbon but have to date been difficult to address
through offsets. Perverse incentives result when forest owners receive reduction in offset credits
following removals of forest biomass to reduce wildfire hazard. Leakage is another concern. For
instance, leakage occurs when deferral of forest harvests in one location result in increased activities in
another. The increasing reliance of US consumers on forest product imports (Figure 2.3.1.) is an
example of leakage that violates concepts of global sustainability (Shifley 2006). Reductions in forest
harvests that result in increased use of energy-intensive building product alternatives such as steel and
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concrete could also be considered as example of leakage. The Washington Forest Workgroup of the
Climate Action Team has discounted the potential impacts of leakage (Partridge and Bernath 2008) but
others find it potentially significant (Bowyer et al. 2008). Many resource scientists conclude that greater
GHG reductions are achieved through periodic harvest and regeneration of sustainably-managed forests
for both products and clean energy rather than from attempts to defer harvests and protect forests from
natural disturbances (Lippke and Perez-Garcia 2008, Streck et al. 2008, Apps et al. 2006, Kohlmaier et al
1998).
The complexity of devising an equitable and effective strategy for forest offsets under the cap and trade
program is no less daunting than the measurements and uncertainties that are associated with the
forecasting and monitoring elements of the program. Since forests are uniquely important to Pacific
Northwest states, very careful thought must be given to these questions. Further, we conclude that the
GHG reduction focus of WCI cap and trade on the electricity sector (especially in redundant parallel to I937) could serve to undermine possibilities for reducing GHG emissions associated with wildfire and
collection of forest biomass for conversion to liquid fuels. Delay in addressing the challenges of liquid
fuels development in favor of comparably minor but costly potential GHG reductions from electricity
generation would seem to undermine rather than support state efforts to meet the GHG emissions
reduction targets that have been established by law. However, several national surveys have found that,
while large numbers of Americans say that global warming is the world’s greatest environmental problem
and that they would like the government to develop policies to address climate change, few appear to
understand the benefits of linking energy independence to policies for greenhouse gas reductions
(ABCNews 2007, Bannon et al. 2007). Bannon et al. (2007) queried Americans about policy preference
to address climate change and found that respondents favored mandated emissions reductions over a
carbon tax but preferred a carbon tax to cap and trade.
We find agreement with colleagues at WSU (Yoder et al. 2008) that a more direct, effective, and
implementable approach to GHG reductions and promotion of a renewable biofuels industry would be a
carbon tax such as has been implemented in British Columbia (Ministry of Small Business and Revenue
2008). A carbon tax could universally address all forms of energy production and industrial emissions.
While we understand that taxes are unpopular, it should be apparent that cap and trade will, in fact,
function as a tax in that costs of compliance will be passed along to consumers as rate increases. As
demonstrated in British Columbia, a carbon tax can be revenue neutral if the tax receipts are returned to
taxpayers through reductions in other taxes.
We do suggest, however, consideration of two
modifications: (1) The BC tax is actually a fuel tax of apparently arbitrary magnitude. We recommend that
instead a carbon tax should be linked to the LCA calculated GHG emission contribution per BTU of each
fuel alternative such that comparative product values result which would serve to promote use of the
least-polluting alternative. For example, corn ethanol could be taxed at a higher rate than cellulosic
ethanol but at a reduced rate as compared to gasoline; (2) The magnitude of the tax should be
determined based upon a goal of making renewable fuels sustainably competitive with fossil alternatives
and a mechanism should be established such that, for essential energy products like petroleum and
natural gas, the tax would adjust to accommodate fluctuations in price. Under such circumstances, for
example, when the market value of gasoline is high the tax would be low but when the price of gas is low,
as is the case now, the tax would be raised. Without such an equalizing strategy the boom bust history of
the ethanol industry will likely continue its disruptive course. The U.S. Renewable Fuels Association
estimates that 24 corn-based ethanol plants owned by 10 firms, representing 15 percent of the U.S.
ethanol supply, closed during the first quarter of 2009 (Chapman 2009).
US leaders such as Alan Greenspan and Albert Gore have advocated some type of increase to the
gasoline tax; albeit for different reasons - both of which are pertinent to biofuels development. Mr.
Greenspan describes it as a national security issue while Mr. Gore sees an increased gasoline tax as way
to reduce greenhouse gas emissions (Gross 2006). US gasoline taxes are inordinately low as compared
to those in other developed countries (Figure 4.4.6.; Gross 2006) and GHG emissions per dollar gross
domestic product are the lowest in history (Figure 4.4.7; EPA 2008) suggesting that a gradually
implemented carbon tax could be successfully absorbed by the economy. The last time that the federal
gas tax was increased was in 1993 (Gross 2006). Preferably a carbon tax would be implemented at the
national level; however, a state carbon tax (especially in combination with a renewable fuels standard)
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could benefit Washington by attracting biofuels investment. A state carbon tax could also be revenue
neutral if redistributed to tax payers, and could tap state visitors to help share the cost.

Figure 4.4.6. Comparison of average 2006 international gasoline taxes (from Gross 2006).

Figure 4.4.7. US greenhouse gas emissions per capita and per dollar of gross domestic product (EPA 2008).
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A few market fundamentals of energy alternatives are worthy of consideration in support of our
recommendation. Conventional oil, while being an admittedly depletable resource, is found wealth with
low extraction cost. Much of this resource is controlled by countries with limited alternative sources of
revenues. Due to extraction pressure dynamics, once begun, oil production at the well must be
maintained at minimum levels of withdrawal, regardless of market prices, or oil yields will be compromised
(Simmons 2005). Oil is 50 percent energy richer per unit-volume than ethanol. Effectively, these factors
combine to create formidable market challenges for biofuels that are comparatively high-cost and lowBTU energy alternatives to petroleum products. Due to the monopsony effect on the world oil market of
US consumption, as more renewable fuels are produced, petroleum demand declines, and the price of oil
will drop (DOE 2008a). Of special concern to proposed cap and trade approaches should be the
recognition that increases in the value of CO2 serve to underwrite the costs of CO2 injection to enhance
oil recovery thereby increasing oil supply and lowering price relative to biofuels (IEA 2005b). That is
unless the negative externalities of climate change, pollution, and import dependence are charged into
the market place through a taxing mechanism.
Another fundamental market relationship is that as more biofuels are produced, the greater the demand
for raw material, the higher the cost of feedstocks, and, consequently, the higher the cost of biofuels
unless feedstock costs are offset by technological advancements that reduce the costs of the conversion
process. The evidence is clear from the corn ethanol record (Figure 4.4.8.). Since for conventional oil
the major cost factor is the capital investment in well establishment and no conversion feedstocks need
be purchased, the opposite is true. Once capital costs are recovered, oil production remains consistently
inexpensive until the supply peaks to the point of diminishing yield. NREL scientists, in promotion of
biofuels, mistakenly predict the opposite to be true; they forecast a lowering of feedstock cost as the
biofuels industry matures (Figure 4.4.9.; NREL 2007). Never-the-less, policy makers with commitment to
expansion of domestic biofuels production, should be aware that, since the negative externalities of
petroleum use are not as yet captured in the market, policy instruments, such as the tax that we’ve
suggested above, will be needed to protect a developing biofuels industry from price volatility until such
time as the benefits of biofuels have been established in marketplace. Otherwise, a sustainably viable
biofuels industry may not be realizable for decades until conversion technologies become more
sophisticated or as conventional oil becomes increasingly scarce. We cite the Brazilian experience,
discussed earlier in our report, as example (Lynch 2006, Bernton et al. 1982)
To highlight the uncertainty in oil price forecasts and the potential for volatility, we direct the reader to the
2009 Annual Energy Outlook that is prepared by the Energy Information Administration within the US
Department of Energy (EIA 2009c). They forecast world oil prices to rise to $130 per barrel (real 2007
dollars) by 2030 in the reference case; however, there is significant uncertainty in the projection, and,
consequently, EIA cautions that 2030 oil price projections could range from $50 to $200 per barrel as
reflected in the low and high modeled oil price scenarios. Curiously, the WCI energy projections appear
to have been based solely upon the high price case EIA simulation (ICF Consulting 2008); the most
favorable circumstance for renewable energy expansion. We submitted inquiry as to why this might be
the case but received no response.
In summary, we find that both I-937 and WCI inadvertently focus potential for new wood-derived energy
towards electricity generation rather than biofuels development. The need to conserve wood biomass
resources to maximize public benefit through biofuels production to best addresses the three imperatives
of climate change mitigation, energy independence, and sustainability, as discussed in Section II,
appears to have not been adequately considered. Apparent consequences could include compromised
biofuels development from wood biomass and meager GHG emissions reductions at high cost. In
contrast, a carbon tax would effectively incentivize CO2 emissions reductions across all sectors which
should serve to prioritize biofuels production as the most effective means to utilize wood for climate
change mitigation.
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Figure 4.4.8. Ethanol futures versus corn futures (Chicago Board of Trade).

Figure 4.4.9. NREL projection suggesting reduced feedstock price as compared to superimposed corn
prices (NREL 2007).
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Reference $130

Low Price $50

Figure 4.4.10. World oil projections for three EIA scenarios (EIA 2009c).

Energy Independence and Security Act 2007(EISA)
The Energy Independence and Security Act of 2007 (EISA) established a schedule that reflects the
expectation of the US Congress that increases in production of renewable liquid transportation fuels will
incrementally occur through 2022 (Table 2.2.2; US Congress 2007). Accompanying price supports for
renewable fuels production were established by the 2008 Farm Bill (H.R. 2419: Food, Conservation, and
Energy Act of 2008 see U.S. Congress 2008 in references). Several notable topics with potential
implications for woody biomass utilization that are discussed in EISA, in addition to targets for increased
production of renewable liquid fuels, include worker training in support of the developing biofuels industry
and manufacturers that produce sustainable products using environmentally sustainable processes and
materials; a conceptual framework for adjustable biofuels credits linked to gasoline prices; and a modest
research and development program to examine forest health treatments as a source of woody biomass.
Also important is the establishment of life cycle assessment for determination of net GHG reductions from
conventional and advanced biofuels. Programmatic implementation to address these topic areas,
however, appears yet to evolve. Lacking also is a definitive discussion of how renewable fuels objectives
might be met.
There are two other topics, discussed in EISA, that warrant mention in this report. The first is study of the
impacts of a national renewable fuels standard with regard to forest products. The second is the
constraints imposed upon woody biomass-to-energy by the definitions of renewable biomass as
established by EISA.
Section 203 (a), Study of Impact of Renewable Fuels Standard, in Subtitle A of Title II, states, “The
Secretary of Energy, in consultation with the Secretary of Agriculture and the Administrator of the
Environmental Protection Agency, shall enter into an agreement with the National Academy of Sciences
under which the Academy shall conduct a study to assess the impact of the requirements described in
section 211(o) of the Clean Air Act on each industry relating to the production of feed grains, livestock,
food, forest products, and energy.” Section 203 (c) further adds that, “In conducting the study, the
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National Academy of Sciences shall consider… policy options to maintain regional silviculture capability.”
Section 203 (b) limits university participation to land grant universities. This limitation is unfortunate for
Washington since the State’s only College of Forest Resources is located at the University of Washington
which is not a land grant university and is thereby excluded from participation.
The most controversial rule established by EISA is the definition of renewable biomass established by
section 201, Definitions, in Subtitle A of Title II which specifically excludes wood from federal forests as
an eligible renewable biomass. We find no scientifically credible reason why such blanket exclusion
should occur. Failure to include wood from federal forests compromises renewable energy development
potential and challenges forest health programs. In Washington, the consequences of this exclusion
could be profoundly counterproductive. Exclusion of federal woody biomass will result in not only the loss
of an incremental addition of potentially available woody biomass but, in many areas of the state, may
confound biofuels development altogether by making accumulation of needed minimum feedstock
volumes for bioenergy development within economically-feasible tributary areas impossible. Note the
Supply assurances discussion offered above in this report Section along with Figure 4.1.8., Figure 4.1.9.,
and Table 4.1.1. As example, plans to construct a co-generation facility in Ferry County had to be
scrapped due to Forest Service inability to assure biomass availability (Gardner 2004, Ryan 2002).
Also problematic in the definition of renewable biomass is the exclusion of “old growth” and “late
successional forests.” Many forested areas in Washington that could fit such description are in need of
forest fuels reductions to reduce risk of catastrophic forest fires and consequent environmental negatives
such as GHG emissions, destruction of wildlife habitat, and wildfire impacts to water quality (see Section
III: 3.3. Biomass from Forests – opportunities and benefits; Forest health). Precedent recognition of the
need to thin forests that might be described as “old growth” or “late successional forests” can be found in
the amendment to the Washington Department of Natural Resources (DNR) Habitat Conservation Plan
(DNR 2004b). Under this agreement, the US Department of Fish and Wildlife concurred with DNR
representatives that fuels reduction treatments to reduce risk of destructive crown fire were needed to
protect spotted owl (Strix occidentalis) habitat areas in south central Washington forests.
As federal agencies that manage forests struggle to develop adaptation strategies for climate change,
which include density reductions to enhance resiliency, the arbitrary limitations on renewable biomass
eligibility as stated by EISA that exclude wood recovered from old forests will serve to limit options and
hinder development of guidelines needed for climate change response (GAO 2007b). The US Climate
Change Science Program (CCSP 2008b) looked across federal land management agencies and reached
similar conclusion: adaptive management that accepts levels of uncertainty is needed to increase the
resilience of ecological systems to climate change. They suggest that paths forward will require
interventions for adaptations that adjust forest environments towards increasing resiliencies while
providing complementary mitigation opportunities to reduce greenhouse gas emissions. Reductions in
forest densities that lessen stress sensitivities are regarded as pro-active adaptive management. Use of
recovered wood for increasing carbon storage in long-lived wood products and use of biomass for
bioenergy to offset fossil fuels are recognized as mitigations (CCSP 2008b). Crisis-response to
unplanned consequences of no management was found to be undesirable. Federal agencies are advised
to re-examine cultural assumptions about what constitutes protection of ecosystems. Integrated
response strategies will provide dual opportunities for climate change adaptation and bioenergy
development (CCSP 2008b).
Indian tribes in eastern Washington maintain forests through selective harvest treatments that promote
retention of large-diameter older trees that might be considered as “old growth” or “late successional
forests.” Exclusion of biomass retrieved from tribally-owned old forests will compromise tribal ambitions
for renewable energy development. Exclusion of tribal wood recovery from eligibility as renewable
biomass contradicts Washington recognition of tribal forest stewardship as a model for forest health
program development on public lands (DNR 2004a). Much like the “business as usual” baseline for
carbon offset credits, arbitrary limitations on use of biomass harvested from older forests discriminate
against forest owners that manage forest ecosystems for biodiversity pathways and extended rotation
ages and discourage investment in forest health and renewable energy.
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We conclude that the limiting definition of renewable biomass within EISA undermines bioenergy
development from wood residues in the West, perpetuates public misunderstandings about wood as a
desirable source of renewable energy and green building products, and will hinder efforts to reduce
destructive impacts of catastrophic forest fires while discounting the urgency of established national
imperatives for climate change mitigation and adaptation, energy independence, and sustainability. Lack
of reliable biomass supplies from federal forests has been determined to be a principle obstacle to
government efforts to promote utilization of woody biomass (GAO 2005b).

4.5. Obstacle 5 – Research
Biomass is a unique raw material option for renewable energy development because it is the only
resource that can provide all of the following outputs: food, fiber, heat, power, multiple carbon-based
fuels, and chemicals. In Washington, the dominant biomass resource has clearly been shown to be wood
which means that forest ecosystem values can be added to the above output list. However, not all
products will be derived from every tree or forest acre; choices must be made that will guide strategies for
progress. University-based and properly reviewed interdisciplinary research to forecast the costs and
benefits of alternative options for woody biomass utilization can help to inform the decision process in a
transparent, politically neutral, and robust fashion. The current lack of a cohesive strategy for woody
biomass utilization with implications for climate change mitigation and energy independence linked to
sustainability and forest health is clear indication that adequate science contribution is lacking.
Washington universities are home to many prestigious scientists, yet it is rare that scientists of differing
disciplines and from different research organizations are asked to work together to develop analysis of
resource policy alternatives. Since biomass-to-energy involves multiple feedstock types, resource
management considerations, uncertain social acceptance, complex economic and environmental
relationships, as well as technical conversion challenges; it is difficult to imagine how successful policies
might evolve without concerted investment in interdisciplinary scientific research.
Since 1974, the US has experienced periodic disruptions of crude oil imports resulting in rapid price
increases and related energy crises followed by economic disruptions (GAO 2006a). Yet, when oil prices
have dropped national interest in energy conservation and investment in alternative domestic energy
sources has waned. One result: consumption of and reliance upon foreign oil imports have continued to
increase as have greenhouse gas emissions.
Since its creation in 1977, the US Department of Energy (DOE) has had leadership responsibility for
energy research, development, and demonstration programs (R&D) to hasten deployment of domestic
alternative energy technologies. Over the last 30 years, the US Congress has provided the DOE with
about $60 billion for R&D in renewable, fossil, and nuclear energy technologies (GAO 2008b). However,
in real dollars, DOE budget authority for renewable, fossil, and nuclear energy dropped by 92 percent
from $6 billion in 1978 to $505 million in 1998 and has only modestly recovered in recent years to $1.4
billion for fiscal year 2008 (GAO 2008b). Since the mid-1990’s energy R&D has accounted for only one
percent of all federal research investments (Dooley 2008). As another comparative measure of the
national commitment to renewable energy development, consider that, during peak years of funding, both
the Manhattan Project and the Apollo Program received government support equivalent to 0.4 percent of
GDP while energy technology R&D program funding has never surpassed 0.1 percent of GDP (Stine
2008).
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Figure 4.5.1. DOE Budget Authority for renewable, fossil, and nuclear energy R&D, fiscal years 1978-2008
(GAO 2008b).

Research investment in biomass and biorefinery systems accounted for 3.5 percent of DOE fiscal year
2009 budget request (GAO 2008b). A comparison of the US energy portfolio in 1973 and in 2006 (Figure
4.5.2.) shows that in 33 years renewable energy increased by only one percent of total US energy (GAO
2008b). Lack of a cohesive national strategy for renewable energy development has resulted in declines
in research investment and little US progress towards either climate change mitigation or energy
independence.

Figure 4.5.2. Comparison of the US energy portfolio in 1973 and in 2006 (GAO 2008b).
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In Washington, where wood is the primary biomass resource and forests are increasingly at risk from
insects, disease and wildfire; insufficient investment, absence of energy priorities, confused policy
developments, and public misunderstandings of the benefits of sustainable forest management have
compromised progress. Sorely needed is programmatic investment in sustained instate interdisciplinary
research to assist policy makers and stakeholders in the development of realistic and effective strategies
to address the difficult and complex challenges of climate change, energy independence, and
sustainability. Solutions are not likely to evolve from sporadic investment in crisis-driven investigations of
short duration and limited resources (Pethokoukis 2009, Stine 2008, Yang and Oppenheimer 2007).

Better quality resource data
Prior investigations that have estimated the wood biomass resource inventories, such as Frear (2008)
and Kerstetter and Lyons (2001) have been discussed and referenced. These studies and others have
provided valuable information on the magnitude and general distribution of the resource, but estimates of
potentially available wood biomass have been developed from sparse Forest Inventory and Analysis (FIA)
data (Forest Service 2004), haven’t differentiated source materials by species, age, ownership, terrain,
and other important factors, and have been based upon 30-year-old out-dated conversion ratios.
Consequently, estimates of potentially available woody biomass are coarse resolution of insufficient
quality to support detailed policy analysis or bioenergy project planning. A useful example of more
thorough analysis was recently completed for the Montana Department of Natural Resources and
Conservation (Morgan 2009). However, the Montana study is limited in that it also relied upon FIA data
(the only currently available nonproprietary multi-ownership forest inventory). An opportunity exists for
university scientists to work with the Washington Department of Natural Resources to establish a recordkeeping system to track volumes of wood biomass resulting from thinning and harvest activities such that
current estimators of the ratio between log volume yields and recoverable residues for different forest
types might be calculated, periodically updated, and reported for all timber harvesting activities. The data
created from such a program would provide increasingly accurate measurements of available biomass
that could support energy project planning. Accurate assessments of forestlands not being treated, such
as vast expanses of National Forests, are also needed such that the consequences of forest health
declines linked to climate change can be better understood in the context of lost opportunities for climate
change mitigation and adaptation as well as biofuels development.

Woody biomass collection and transport
In-woods collection of forest biomass will be associated with pre-commercial thinning, commercial
thinning, regeneration harvests, and forest improvement treatments such as fuel reductions and habitat
enhancement projects. Effective retrieval of forest residues will require adjustments to traditional
practices such that sufficient biomass is removed for energy as well as retained in the forest for ecological
functions. New practices will need development to understand additional costs and customized
equipment configurations. In some cases, forest practices may change considerably. For example,
where mechanized cut-to-length (CTL) harvesting systems are used, tree limbs are trimmed from stems
in the woods and placed on the skid trail to create a “slash mat” that CTL equipment travels over. This
practice may make biomass unusable because of contamination from dirt and rocks (Morgan 2009).
Densification options have been discussed to reduce transportation costs. In forest areas where
densification may be desirable, harvest unit, landing sites, and road configurations will require adjustment
from traditional standards. Forest engineering and economics research will be needed to investigate the
costs, logistics, and environmental impacts of new biomass recovery options.

Conversion technology advancement
The technologies for wood heating and combined heat and power systems are mature and
implementable, however, while conversion technologies for wood-to-liquid fuels, such as ethanol, are
technically feasible, no commercial-scale operations are yet deployed. An important finding of this
investigation has been that biomass resources are finite and when renewable energy alternatives from
potentially available resources are compared in the context of the three imperatives (climate change
mitigation, energy independence, and sustainability) liquid fuels conversions emerge as the over-arching
priority. Continued research investment to develop superior conversion technologies for liquid fuel
production from Washington forest biomass resources will help to identify advancements that provide
135

maximum energy yields at least costs. It will be imperative that the biomass resource is used prudently to
maximize energy yields. Investment in a pilot project towards development of a commercial integrated
biorefinery is highly recommended as an important next step towards achievement of the many energy
conversion efficiency and economic benefits that have been discussed throughout this report. Operational
experience with this pilot unit can be used to attract companies looking to develop commercial
biorefineries and to investigate promising approaches to commercialization such co-location with a pulp
and paper mill. We expect that significant gains in energy yields from currently dedicated resources can
be achieved with investment in new energy conversion technologies. Since liquid fuels conversions will
require large scale facilities, mixed feedstocks from forests, fields, and cities may be needed to ensure
that adequate biomass volumes can be sustained. Additional biomass may become available from
dedicated energy crops once biorefineries become established. Research towards further development of
mixed biomass applications for liquid fuels conversions customized for effective exploitation of locally
available resources is essential. For example, at sites close to urban areas, mixtures of forest derived
materials and recovered wood and paper from municipal solid may be attractive while in rural areas of
eastern Washington mixed feedstocks comprised of forest and agricultural residues may make the most
sense. Where inexpensive rail and water freight are available, biomass tributary areas can be expanded
to facilitate transport of diverse feedstocks to assure access to adequate volumes of biomass. An
ancillary benefit may also be increased and diversified raw material availability for pulp and paper
production as research at the University of Washington into the potential use of grasses and other
vegetative material for paper products shows promise. The strategic economic benefits of captured
process residues as an inexpensive anchor feedstock with potential for bioenergy recovery augmented by
addition of more expensive recovered field residuals have been discussed in previous sections of this
report.

The economics of renewable energy
Past research analyses have attempted to characterize the economic challenge to renewable energy
development in terms of technological improvements that reduce production costs such that renewables
compete favorably with fossil fuels in retail markets. We find this premise to be too simplistic. Fossil fuels
are found wealth that are uniquely energy-rich and inexpensive to bring to market. As more renewables
are produced, the cost of renewable feedstocks will rise with increased demand while the price of fossil
fuel alternatives will drop as market share contracts. Such market dynamics have been discussed in
some detail in various sections of this report. The question then, if a shift to renewable energy is to
succeed, becomes what governmental interventions will be most effective to support enduring economic
viability of investments in renewable energy? The primary government responsibility is to assure that the
dual objectives of reduced green house gas emissions and energy independence can be translated into
monetary terms and reflected in the price paid for all energy and fuels. The mechanisms for setting and
implementing these necessary monetary valuations is beyond the scope of this report but it is clear that
the renewable energy industry will never be significant without them (Sandia and General Motors 2009,
GAO 2007a). Research in this regard is needed to establish a public value differential between fossil
fuels and renewable energy alternatives in order to inform policy development to achieve the value
objectives described above. Arbitrary incentives and subsidies of various magnitudes subject to political
impermanence have been used unsuccessfully in the past. This haphazard approach has led to
significant energy price volatility which is destructive to the developing of a new renewable energy
industry (Sandia and General Motors 2009, GAO 2007a). The magnitude of investments for biorefineries
requires that investors have confidence in the long-term viability of a project and not be at the mercy of
changing government policies and wild swings in resource costs or product values. We have suggested in
the cap and trade discussion presented above that a variable carbon tax linked to fluctuating international
fossil fuel markets appears to have the greatest potential as a means to achieve renewable energy
market stability. However, the magnitude of such tax and the regulatory mechanism for implementation
are unclear. Investment in development of full accounting for costs and benefits of energy alternatives
linked to life cycle assessments in the context of the three identified imperatives is needed. Identification
of cost/benefit relationships must be coordinated with energy market research to inform development of
appropriate and flexible policy actions in support of desired results. Incomplete approaches such as I-937
and WCI, that minimize important aspects of market dynamics and the need for creative support of
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integrated resource and energy industries are costly and will produce unintended consequences with
lasting compromise to climate change mitigation, energy independence, and sustainability objectives.
An informative study supported by state of Minnesota and recently completed by Hill et al. (2009)
developed life-cycle climate change and health costs comparisons for a variety of biofuels and gasoline.
They concluded that the climate change and health costs of corn ethanol and gasoline were
approximately the same while cellulosic ethanol costs were much lower. Unfortunately, the cellulosic
conversions examined were limited to corn stover and various grass feedstocks. We hypothesize that
similar calculations conducted with forest residues as the biomass feedstock should reveal further
reduction in environmental costs as forests require very little use of fossil inputs associated with
cultivation of annual crops and that significant avoided emissions result when wildfire hazard is reduced
through removal from forests of surplus biomass fuel loads. An extension of Hill et al. methodologies to
examine the net life-cycle climate change and health costs of woody biomass conversions to cellulosic
ethanol and other biofuels would be especially important for western states like Washington where wood
is the dominant biofuel potential.

Social science and education
Long-standing societal discomforts over presumed ecological impacts to forests thought to result from
commercial harvest operations remain unresolved. Concern over forest management has historically
been tied to an assumption that no action is the most environmentally beneficial alternative. However,
wood needed for energy as well as green building products will only be obtained through active
management of forest resources. Active management of forests to reduce unprecedented stem densities
is also needed to avoid forest health declines and significant pulse releases of GHG emissions from
forest fires. Misconceptions about the origins of pre-European settlement forest conditions that discount
thousands of years of profound Native American influences on the landscape are counter-productive,
ecologically inaccurate, and have prejudicial origins (Mann 2005). Unless steps are taken to share more
enlightened information with concerned publics and to provide assurances that sustainably managed
forests will be protected from ecological damage, proposals for biomass removals will not gain needed
public support. Without social license to actively manage forests, renewable energy objectives can not be
realized. As a first step, an integration rather than separation of indigenous ecological knowledge with
western science is needed to inform ecosystem management. The holistic management approach of
Indian forest programs is in contrast to the fragmented policies of recent decades that have resulted in
the coincident declines of National Forests, rural economies, and forest industries in the west.
Interdisciplinary and cross-cultural research and educational outreach to better integrate historical context
and indigenous wisdom with science-based adaptations for forest health recovery and resources
utilization is needed.
However, no resource stewardship approach can ever achieve a static panacea. Adaptive management
informed by hazard analysis and explicit discussion of the costs of public choices must be pursued.
Environmental performance methodologies such as life cycle assessments and net energy balances are
being developed to inform comparisons of energy alternatives. Use of such methodologies for
development of state renewable priorities will help interested publics to better understand the importance
of woody biomass to state energy potential and climate change mitigation. Robust life cycle assessments
of Washington energy alternatives should be developed by university researchers with peer-reviewed
findings acknowledged by state agencies and communicated to interested members of the public. Until
the multiple benefits of wood biomass utilization are made more broadly known, reflected in public
opinion, and prioritized for strategic importance; the needed social license for forest management and
biomass removals will remain elusive. Two fundamental understandings must accompany plans for
implementation: 1) lessening reliance upon energy-rich fossil fuels will neither be inexpensive or easy and
2) non-fossil energy resources are intrinsically valuable and finite so must be used optimally to maximize
environmental benefits. Managing forests for multiple values will require complex integration of
ecological, social, and economic costs and benefits informed by ongoing interdisciplinary scientific
research. Haphazard energy policies driven by political negotiations between competing special interests
in the absence of scientific oversight are unlikely to generate productive results.
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The increasing incidence and magnitude of devastating wildfires and insect infestations threaten the
sustainability of east-side forest ecosystems. On the west-side, forestland conversions for residential and
commercial uses result in urban sprawl and loss of forest ecosystems. Therefore, the most basic of
assurances that must be provided is that the State is committed to protection of a sustainable forestland
base. Notable efforts are currently underway. The WA DNR, at the direction of the Legislature and in
consultation with scientists at the University of Washington, is implementing a forest health strategy for
eastern Washington. At some time in the future, fuel load reductions to restore forest health may result in
significant volumes of woody biomass being made available for energy generation. On the west-side, the
Northwest Environmental Forum at the College of Forest Resources, University of Washington, has been
successful at focusing the attention of the State’s forestry and environmental leaders on the issue of
forestland conversions. A series of workshops, “Saving Washington’s Working Forests”, has provided a
forum of common ground for family forest owners, environmental groups, industrial forestry
representatives, tribal leaders, agency representatives, and policy makers. Research findings from
university investigations when integrated into forest management and public outreach represent the
beginning of a positive paradigm shift relative to the social license needed to practice forestry. Close
communication and collaboration between scholarly researchers and State agencies is critical to
successful public resource education and energy policy development.
However, the linkages between forest conservation and renewable energy development remain in early
stages of discussion. Two areas of ecological concern that need further investigation relative to biomass
removals are potential impacts to soil productivity and habitat qualities. Research to specifically address
these questions within a regulatory and stewardship context would help provide assurances to
Washington citizens that acceptable standards for biomass removals for energy can be developed that
result in benign impacts to soil and habitats while effecting forest health enhancements. As
recommended above in Section III: 3.3 Biomass from forests – opportunities and benefits; Slash recovery
and Section IV: 4.1 Obstacle 1 – access to the resource; Guidelines for slash removals, scientific review
should inform the development of forest practice rules to provide regulatory guidance for collection of
forest harvest residuals.

A cohesive agenda for research and educational outreach is needed
A comprehensive and transparent effort to provide the public with the information and assurances needed
to establish “social license” is advisable if state renewable energy targets are to be achieved. The public
must be legitimately convinced that woody biomass produced from Washington State forests is an
environmentally sound and safe source of renewable energy. It is also important that the consequences
of failing to act are better understood. An example of the scope and scale of such an effort can be found
in the state of Massachusetts. The Massachusetts Sustainable Forest Bio-energy Initiative supports a
broad program of information gathering and dissemination. Similar programmatic approaches have been
undertaken in other states such as Oregon and California. An active program of information gathering,
regulation, long-term monitoring and public outreach increases the probability of gaining public
confidence and support for utilization of woody biomass for energy production in Washington State. State
research universities should be encouraged to work together to develop information and
recommendations for energy applications that are most likely to achieve state energy objectives.
State energy planners need to recruit assistance from university scientists towards development of
explicit priorities for investments in expansion of renewable energy capacity. Energy priorities will
necessarily include greater recognition of the significant role that wood biomass must play in
Washington’s future if alternative energy development and pollution reduction objectives are to be met.
The costs of inaction must be properly assessed. An integrated plan that links the benefits of renewable
domestic energy, climate change mitigation, and forest health restoration to sustainable forest
management is needed to answer public concerns and build consensus for “social license.” State funding
for university research should demonstrate real commitment to informed change and, as evidenced by
successes in other states, can provide high leverage to attract additional federal and private investment.
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Section V: Discussion and Conclusions
This analysis began as an investigation of barriers to woody biomass utilization for energy in Washington
but expanded quickly to become more comprehensive as our analysis revealed that perhaps a significant
barrier is a lack of integrated understanding of complex issues that need serious consideration if progress
is to be achieved. Issues include technical, economic, environmental, social, and moral questions that
require continued scholarly research but ultimately can only be resolved by an informed political process.
The choices ahead are difficult, expensive and long-lasting with implications for future generations and
forest ecosystems in Washington and around the world. While obstacles appear formidable and
numerous, we hypothesize that none are insurmountable if Washington citizens choose to focus sufficient
resolve.
The conversion of solar radiation into chemical energy via photosynthesis results in the growth of
vegetative biomass made up of organic compounds which have intrinsic energy content. Biomass is
effectively stored solar energy. Most of the world’s biomass is found in forests. Forests play a specific
and important role in global carbon cycling by absorbing carbon dioxide during photosynthesis, storing
carbon above and below ground, and producing oxygen as a by-product of photosynthesis. In the
presence of increased greenhouse gases in the atmosphere, healthy forests help to mitigate the effects of
climate change on the environment by removing carbon dioxide (CO2) from the atmosphere. Forests in
the United States absorb and store about 171 million metric tons of carbon each year, an amount
equivalent to 11 percent of the country’s CO2 emissions. The highest sustained carbon accumulation
rates for American forests are reported to occur with new forest growth on high productivity sites in the
western Pacific Northwest. Sustainably-managed forests that are periodically harvested, planted, and regrown to produce a continuing series of short- and long-lived products and energy feedstocks, sequester
and offset more cumulative carbon than forests that are left unharvested. When forest health declines or
when forest fires occur, releases of stored forest carbon transform forests so that they become a carbon
source rather than a sink.
Wood residues from forests can be referred to as woody biomass or as lignocellulosic or cellulosic energy
feedstocks. All wood fiber that does not have higher value product potential for non-energy applications
can be considered as woody biomass. Woody biomass can include forest residues such as tops, limbs,
foliage, bark, rotten logs, and stumps (otherwise commonly known as logging slash) that historically have
been left on site or burned following timber harvest. Woody biomass may also include such materials as
may be salvaged from pre-commercial thinning activities, designed to reduce stocking densities in young
forests such that remaining tree growth is optimized. Forest fuels reductions (generally in fire-prone dry
forests) can produce woody biomass as small diameter understory stems and ladder fuels are removed to
create conditions such that, when an ignition occurs, a comparatively benign ground fire is the result
rather than a destructive crown fire. Woody biomass also refers to primary and secondary wood product
manufacturing residuals including bark, saw dust, planer shavings, and ground wood pieces known as
hog fuel. Wood chips that are manufactured from round logs not suitable for lumber manufacture or
sawmill slabs and pieces may also be used for energy feedstocks but are generally considered to have
higher value for paper manufacture. A by-product of pulp and paper manufacture is black liquor; which is
another wood process residual that is used for energy. Dedicated tree plantation crops such as fastgrowing poplar and willow may also be used for energy generation. The yield from such crops is
considered woody biomass although the cultivation practices more closely resemble those of agriculture.
There are many contemporary wood-to-energy conversion alternatives that can be and are employed to
produce heat and electricity as well as solid, liquid, or gaseous fuels. Energy conversions can be as
simple as combustion for heat or as sophisticated as biochemical and thermochemical processes to
produce transportation fuels such as ethanol. We find that, while conversion technologies are improving
through continued research, many wood-to-energy applications have been used for decades, are
technically feasible, and could be immediately implemented; albeit at costs that are not readily
competitive with fossil fuel alternatives given current energy market dynamics.
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Examination of energy markets reveals that significant environmental and economic costs resulting from
fossil fuel combustion and reliance upon imported oil have not been incorporated into consumer prices.
For example, societal costs of climate change and health impacts from gasoline combustion have been
estimated at more than $1.00 per gallon while reliance upon imported oil from politically volatile areas of
the world has been shown to reduce US gross domestic product by upwards of one percent. These real
public costs add up to hundreds of billions of dollars annually but are not included in the consumer price
of fossil energy.
There are also substantial public costs associated with failure to manage forests to reduce overstocked
densities. Especially compelling are the considerable potentially avoided environmental and economic
costs of catastrophic wildfires. US wildfire suppression costs alone are in the billions of dollars annually
and the Climate Impacts Group at the University of Washington forecasts that, without action, global
warming will increase incidence and intensities of forest fires in the inland west. Wood biomass is the
dominant State non-hydro source of renewable energy; representing fully two-thirds of Washington’s
potentially available biomass inventory. Unlike agriculture, forests don’t require large amounts of polluting
fertilizers, volumes of water for irrigation, or transformations of ecosystems to non-native vegetation. The
Washington forest industry represents the largest biomass collection infrastructure in the state. Given
Washington commitments to renewable energy development and greenhouse gas emissions reductions,
utilization of wood wastes for energy should be a high priority.
However, if progress is to occur then the economics and other benefits of wood biomass for energy must
be better understood. Given that fossil fuels are energy-rich and inexpensive, policy supports for
renewable energy alternatives, based upon explicit cost/benefit analyses, will be needed. It should be
recognized that the existing forest industry infrastructure is a significant contributor of renewable energy
and that, with policy support for investment, could increase energy outputs from the existing captured
resources such as hog fuel and black liquor. Manufacturing wastes are a byproduct of higher value solid
wood and paper manufacture and are the lowest cost source of biomass. The pulp and paper industry
has potential for biorefinery development to efficiently produce a mixture of products outputs that could be
expanded to include heat, electricity, and liquid fuels, such as ethanol, at lower cost than new stand-alone
energy plants. Low cost hog fuel, when mixed with higher cost forest residues, can result in a raw
material cost index to support broad utilization of wood biomass resources.
We identify three imperatives for guiding progress that have been well-documented in the literature, but
have not been adequately integrated into policy. Energy policies should seek to maximize integrated
achievement of three important goals: climate change mitigation, energy independence, and
sustainability. When viewed from this perspective, it is readily apparent that the state energy priority
should be liquid transportation fuels and that, for Washington; wood is the primary raw material available
for biofuels conversions. Combustion of fossil fuels for transportation accounts for fully one-half of the
annual greenhouse emissions in Washington; more than twice that released from any other source.
Other than minor in-state production of biodiesel, all transportation fuels consumed in Washington are
imported from other states or abroad whereas Washington, with abundant hydro-power, generates the
cleanest electricity in the nation and is a net electricity exporter. Wind power installations are adding new
clean electricity capacity but can not provide for liquid fuel needs. The decline in Alaska oil production, on
which Washington is dependent, should further focus State attention towards securing new liquid fuel
resources.
Washington’s potentially available wood biomass resource has been estimated to be more than 11 million
bone dry tons per year. For relative perspective on the magnitude of this resource, we offer the following
theoretical conversions. Total potential ethanol produced from all Washington wood biomass resources
could be 900 million gallons per year; enough to replace one-third of 2008 gasoline consumption. WSU
colleagues have estimated that the potential electricity from Washington’s wood biomass would be equal
to 11.5 million MWh or about 13 percent of total Washington electricity use.
We find, however, that a lack of strategic energy priorities in Washington, compounded by political
disagreements, has resulted in a peculiar assortment of counterproductive policies (discussed below) that
inadvertently reward underutilization of energy resources by focusing on small-scale, capital-intensive,
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and inefficient conversion projects to produce low-priority electricity. Further, although State policy makers
have clearly identified greenhouse gas emissions reductions and renewable energy development as very
important public objectives, policies appear to have overlooked the need to integrate resource
stewardship and energy generation towards best fit with existing industrial infrastructure.
While obstacles appear formidable and numerous, we hypothesize that none are insurmountable if
Washington citizens choose to focus enlightened resolve. We refer the reader to the history of ethanol
development in Brazil as example. On the other hand, the challenges to substantive reductions in fossil
fuel consumption must not be discounted. Fossil fuels are energy-rich, are supported by a vast
infrastructure, and, without consideration of factors such as greenhouse gas emissions and energy
independence, appear as least-cost energy options for consumers.
Important to any discussion of renewable energy substitution for fossil fuels is a recognition that progress
will occur at the margin. Review of domestic and international analyses indicates that total energy
independence from fossil fuels is not potentially achievable within any foreseeable planning window. This
does not imply, however, that incremental improvements can not be important or should not be pursued.
Development of all potential domestic renewable resources, with careful planning towards an integrated
energy portfolio, will ensure optimized levels of success.
Evolving public perceptions regarding forests, biomass exploitation, and non-market amenities will play a
major role in how much of the wood resource base may be used for energy. The public must be credibly
assured that woody biomass produced from Washington State forests is an environmentally sound and
safe source of renewable energy. However, given the mounting problems of global warming and forest
health declines, concerned stakeholders must be challenged to revisit out-dated notions that forests
unmanaged are protected. It will be important that the consequences of failing to act be fully appreciated.
As demonstrated in many of the discussions presented throughout this report, failure to mitigate climate
change, reduce fossil fuel pollution, increase energy independence, and implement practices to ensure
forest sustainability is already resulting in significant environmental, social, and economic costs.
Numerous international, national, and state political leaders have characterized the need for effective
response to current climate and energy challenges as the paramount concerns of the twenty-first century.
The Intergovernmental Panel on Climate Change (IPCC) is a globally-convened body of hundreds of
scientists that are generally recognized as the pre-eminent international authority on climate change.
IPCC investigation into potential climate change mitigation options resulted in the following conclusion.
“In the long term, a sustainable forest management strategy aimed at maintaining or increasing
forest carbon stocks, while producing an annual sustained yield of timber, fiber, or energy from
the forest, will generate the largest sustained mitigation benefit.” (IPCC. 2007. Climate Change
2007: Mitigation. Contribution of Working Group III to the Fourth Assessment Report of the IPCC.).
The four most important findings that emerge from this study:
1) Energy policy must be examined in the context of three over-arching imperatives that compel
immediate attention: Climate Change Mitigation, Energy Independence, and Sustainability.
2) Wood is second only to water as a source of renewable energy for Washington, and, conversions to
liquid transportation fuels emerge as the highest priority for maximizing integrated achievement of the
imperative objectives.
3) Liquid fuels conversions from wood biomass will require large biorefinery capacity designed to utilize
dispersed biomass resources for maximized bioenergy outputs. Co-location with State pulp and
paper mills represents the greatest opportunity for success.
4) While a paradigm shift from fossil fuels to renewable energy will be difficult and expensive, the
environmental and economic costs of inaction outweigh needed investment for change.
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Section VI: Recommendations
Key recommendations from the Wood to Energy in Washington study are presented below with reference
to pertinent sections of this report:

Climate change
•

Discussion: Significant research contributions regarding climate change are being achieved by the
Climate Impacts Group at the University of Washington. However, alarming findings, in the
absence of suggested strategies for mitigation and adaptation, can serve to confuse policy
discussions resulting in uninformed and counterproductive political responses as discussed in
Section IV: 4.4. Obstacle 4 – Policy and regulations. The Climate Leadership Initiative, in a study
conducted for the Washington Department of Ecology, estimated that by 2020 the cumulative costs
of climate change in Washington will be equal to $3.8 billion per year, about 1.2 percent of total
State 2007 GDP. Part of this cost is attributed to increases in incidence and intensity of wildfires. As
mentioned above, such public cost liabilities are not currently incorporated into commercial energy
markets. See Section II: 2.1. Greenhouse Gases and Climate Change; In Washington State and
The costs of inaction and Section III: 3.3. Biomass from forests – opportunities and benefits; Forest
health.

•

Recommendation: Policy mechanisms to include non-market values and avoided costs in
energy accounting are needed.

Energy independence
•

Discussion: The value of energy independence appears to be significant but under-appreciated in
policy frameworks. US expenditures on oil imports were $330 billion in 2007 and accounted for 40
percent of the national trade deficit. In 2005, Alan Greenspan estimated that oil imports reduced US
GDP by $100 billion. Washington citizens spent $9 billion on fuel imports in 2006. When policy
makers combine strategies for energy independence with climate change mitigation, the economic
benefits of energy independence should serve to underwrite the costs of biofuels development and
greenhouse gas emissions reductions. See Section II: 2.2. Energy independence; Price is not cost.

•

Recommendation: An assessment of costs and benefits that could derive from reduced
reliance upon imported fossil fuels in Washington resulting from development of wood
biomass for ethanol should be conducted.

Forest health
•

Discussion: Deforestation refers to a loss of forestland to another land-use. For example,
deforestation could result from clearing forests for agriculture or could occur as a result of fires or
floods. Most global deforestation occurs in developing countries with tropical forests; however,
deforestation is occurring in Washington with net losses of forestlands to wildfires, insects and
disease and from land-use conversion for development. When deforestation occurs the loss is twofold. The carbon that has been stored (sequestered) in the forest is released and the opportunity
for future sequestration of atmospheric carbon is also lost. Increases in forest mortality and wildfire
frequency and intensity have reached crisis levels. Reports from climate scientists indicate that, as
the planet warms, the destructive impacts of forest health declines will escalate resulting in
releases of stored forest carbon transforming forests so that they become a carbon source rather
than a sink. In 2006, 33 million metric tons of CO2 were released into the atmosphere by wildfires in
Washington accounting for 42 percent of the state annual total CO2 releases; close to three times
the emissions released by electric power generators. We suggest that forest biomass removals that
address climate change mitigation and energy independence through production of biofuels warrant
public investment to avoid much larger long-term costs. Critical to the dual goals of forest health
and biomass energy development will be a change towards proactive stewardship on National
Forests. See Section III: 3.3. Biomass from forests – opportunities and benefits; Forest health and
Section IV: 4.1. Obstacle 1- Access to the resource; Supply assurance and Section IV: 4.2.
Obstacle 2 – Public perception; What is deforestation?
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•

Recommendation: Washington needs a plan to integrate biomass removals for forest health
with climate change mitigation and energy development. Policy makers should urge revision
of current restrictions that exclude biomass from National Forests for renewable energy
conversions.

Wood biomass resources
•

Discussion: All types of wood-derived biomass resources including black liquor, and recoverable
wood and paper from municipal solid waste should be recognized as renewable energy resources.
Ambiguous terminologies such as “old growth” are unnecessary, redundant, and counterproductive
when used to limit potentially available wood biomass. There are abundant limitations in salute that
restrict removals of forest biomass from reserved forests. Forests that aren’t reserved and may
have potential for sustainable biomass removals should be managed to do so. Maximizing the
procurable wood resource for energy within identified tributary areas is of paramount importance to
supply assurance, energy investment, and biofuels production. As this investigation has shown,
woody biomass contribution from all forest ownerships will be required in most regions of the state
if sufficient resources are to be made available for the large-scale conversion facilities needed to
efficiently produce biofuels. See Section I: 1.3. Biomass and energy – Terminology and Section
IV: 4.1. Obstacle 1 – access to the resource; Supply assurance and Section IV: 4.2. Obstacle 2 –
public perception; Social license and Forests; neither factory nor wilderness and How we think
about forests and Section IV: 4.4. Obstacle 4 – Policy and regulations; I-937 – Washington’s
defacto energy priority and Energy Independence and Security Act of 2007 (EISA).

•

Recommendation: Arbitrary constraints that limit biomass availability for renewable energy,
such as appear in I-937, should be revised. If a cohesive strategy for biomass supply
assurance and utilization is not developed quickly, Washington resources may be exported
into other markets, like Oregon, where biofuels development is further advanced.

Guidelines for slash removals
•

Discussion: Existing state forest practice rules did not anticipate increased interest in removals of
harvest residues. Limiting factors for consideration include soil productivity, water quality,
biodiversity, wildlife habitats, cultural values, forest health, and forest sustainability. In anticipation
of an increased demand for woody biomass, a number of states are developing guidelines for
removals of harvest residues. See Section III: 3.3. Biomass from forests – opportunities and
benefits; Slash recovery and Section IV: 4.1. Obstacle 1 – access to the resource; Guidelines for
slash removals.

•

Recommendation: As evidenced by successes in other states, forest biomass collection
guidelines should be developed and incorporated into Washington forest practice rules.

Integrated infrastructure and product hierarchies
•

Discussion: The value of existing forest industry investment in renewable energy production and
the cost-effective utilization of the wood resource must not be underestimated. Higher use wood
products such as solid building materials underwrite the costs of biomass collection and provide
environmentally preferable product alternatives to steel and concrete. The present policy paradigm
(I-937) inadvertently prioritizes development of small-scale inefficient distributed wood power
generators will waste the resource, create undesirable competition for the least-expensive process
residuals, effectively undermine recovery of more costly forest residues, and ultimately jeopardize
the industrial infrastructure and employment base upon which significant development of biofuels
must depend. See Section III: 3.2. Woody biomass – material and process opportunities and
Section IV: 4.1. Obstacle 1 – access to the resource and Section IV: 4.4. Obstacle 4 – Policy and
regulations; I-937 – Washington’s defacto energy priority.

•

Recommendation: Biomass energy priorities should favor liquid fuels conversions at
integrated biorefineries that can optimize energy yields through recovery of heat, electricity,
and chemical byproducts. As possible, biorefineries will be best sited with pulp and paper
mills. State investment in support of biorefinery development would be the most effective
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biomass-to-energy approach for response to the three imperatives of climate change
mitigation, energy independence, and sustainability.

Conversion technology advancement
•

Discussion: The technologies for wood heating and combined heat and power systems are mature
and implementable, however, while conversion technologies for wood-to-liquid fuels, such as
ethanol, are technically feasible, no commercial-scale operations are yet deployed. An important
finding of this investigation has been that biomass resources are finite and, when renewable energy
alternatives from potentially available resources are compared in the context of the three
imperatives (climate change mitigation, energy independence, and sustainability), liquid fuels
conversions emerge as the over-arching priority. It will be imperative that the biomass resource is
used prudently to maximize energy yields. Since liquid fuels conversions will require large scale
facilities, mixed feedstocks from forests, fields, and cities may be needed to ensure that adequate
biomass volumes can be sustained. Additional biomass may become available from dedicated
energy crops once biorefineries become established. Conversion strategies will need customization
to accommodate local resource availability. For example, at sites close to urban areas, mixtures of
forest-derived materials and recovered wood and paper from municipal solid waste may be
attractive while in rural areas of eastern Washington mixed feedstocks comprised of forest and
agricultural residues may make the most sense. Where inexpensive rail and water freight are
available, biomass tributary areas can be expanded to facilitate transport of diverse feedstocks to
assure access to adequate volumes of biomass. An ancillary benefit may also be increased and
diversified raw material availability for pulp and paper production as research at the University of
Washington into the potential use of grasses and other vegetative material for paper products
shows promise. The strategic economic benefits of captured process residues as an inexpensive
anchor feedstock with potential for bioenergy recovery augmented by addition of more expensive
recovered field residuals are discussed in this report and will be important factors for consideration
of conversion technology development options. See Section I: 1.4. Wood-to-energy – conversion
options and Section III: 3.2. Woody Biomass – material and process opportunities and Section IV:
4.1. Obstacle 1 – access to the resource; Raw materials.

•

Recommendation: Continued research investment to develop superior conversion
technologies for liquid fuel production from Washington biomass resources will help to
identify advancements that provide maximum energy yields at least costs. Investment in a
pilot project towards development of a commercial integrated biorefinery is highly
recommended as an important next step. Research towards further development of mixed
biomass applications for liquid fuels conversions customized for effective exploitation of
locally available resources will be essential to assure sufficient raw material availability and
maximized energy yields.

Social license
•

Discussion: As demonstrated by our review of the scientific literature, failure to mitigate climate
change, reduce fossil fuel pollution, increase energy independence, and implement practices to
ensure forest sustainability will result in significant environmental, social, and economic costs. The
public must be credibly assured that woody biomass produced from Washington State forests is an
environmentally sound and safe source of renewable energy. Educational outreach and consensus
building activities such as those undertaken by the University of Washington through the Northwest
Environmental Forum and the Olympic Natural Resource Center have been successful at building
stakeholder consensus in support of sustainable forestry and wood biomass to energy.
Communication alliances also provide fertile opportunity for cooperative interaction between
stakeholders, scientists, and State agency personel. See Section IV: 4.2. Obstacle 2 – public
perception and Section IV: 4.5. Obstacle 5 – Research; Science and education.

•

Recommendation: These and other programs that facilitate public education and dialogue
towards consensus solutions to contemporary resource and energy challenges are worthy
of State support.
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Green jobs
•

Discussion: There is a growing shortage of skilled forestry professionals in Washington.
Workforce challenges are an obstacle to wood-for-energy development but remarkably, forestry is
excluded from the State “green jobs” program. Management of forest ecosystems with resultant
production of “green” building products and renewable energy feedstocks represents the single
greatest State opportunity to reduce both GHG emissions and imported fossil fuel reliance. See
Section IV: 4.1. Obstacle 1 – access to the resource; The foresters, the loggers, and the truckers
and Section IV: 4.4 Obstacle 4 – Policy and regulations; Green jobs.

•

Recommendation: We recommend that State leaders acknowledge forest biomass-to-energy
as a cornerstone element of a clean future economy. State agencies should work with
universities and community colleges to establish training programs for forestry workers that
cover the spectrum from collection through conversion.

Green building products
•

Discussion: State programs for green building have potential for beneficial change but only if
rigorous assessment methodologies for product comparisons such as life cycle assessment (LCA)
and net energy balance (NEB) are used to develop uniform performance standards. Current
programs rely upon arbitrary product standards that are not scientifically supported. Unintended
consequences include under-appreciation of the environmental benefits of locally-grown renewable
wood building products as compared to alternative construction materials like steel or concrete.
Failure to value wood as a green building product undermines both the green building program and
the viability of the Washington wood industry and while jeopardizing the product value hierarchy
needed to support utilization of woody biomass for bioenergy. See Section III: 3.4 Forests,
products, energy, and carbon; Life cycle assessment and Section IV: 4.4 Obstacle 4 – Policy and
regulations; Green building standards.

•

Recommendation: Green building standards should be revised to include product
comparisons based upon rigorous scientifically-supported performance standards such as
LCA and NEB.

Policy Guidance
•

Discussion: We suggest that, without a cohesive strategy for progress based upon targeted
renewable energy priorities, substantive improvements in climate change mitigation, energy
independence, and sustainability are unlikely to occur. In lieu of a consistent science-based policy
framework, various regulatory mechanisms evolve in isolation with narrow focus. We find a number
of counterproductive contradictions in current policy framework that limit potential for biofuels
development. As example, consider I-937, the Western Climate Initiative (WCI), and the Energy
Independence and Security Act of 2007 (EISA). I-937 is a State initiative that, in function, excludes
portions of the wood resource from use and directs the eligible biomass subset to small-scale
inefficient electric generators (rather than biorefineries) that could undermine the viability of existing
infrastructure and result in considerable portions of the wood biomass resource left too isolated for
recovery. The WCI, a regional climate change mitigation consortium of which Washington is a
member, has evolved an elaborately complicated cap and trade scheme that, given its priority to
address the electric sector in its first phase of implementation, is partially redundant to the
renewable portfolio standard established by I-937 and fails to address the State’s largest emissions
problem: transportation. Based upon the experience of the European cap and trade program, we
conclude that WCI may also result in increased energy price volatility which has been shown to
discourage renewable energy investment. EISA, on the other hand, was passed by the US
Congress to create a national renewable fuel standard based upon ambitious additions of cellulosic
ethanol capacity to be added by 2022. WA has one-twentieth of the Nation’s forest biomass
inventory but current State prioritization of biomass-to-electricity (I-937 and WCI) acts to undermine
the EISA cellulosic ethanol target as well as to compromise the State’s need to reduce greenhouse
gas emissions and fuel imports. EISA, in apparent direct conflict with its ambitious schedule for
cellulosic ethanol expansion, excludes wood from National Forests as eligible for conversion to
renewable energy. Yet two-thirds of the nation’s forest health crisis is occurring on National
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Forests and in many areas of the west, including Washington, wood biomass contribution from
federal forests will be necessary if cellulosic ethanol is to be produced. We find that current State
and national energy policies represent significant obstacles to wood-to-energy in Washington. See
Section IV: 4.4. Obstacle 4 – Policy and regulations.
•

Recommendation: Liquid transportation fuels, such as ethanol, should be the State energy
priority. Formal scientific review of existing policies and potential policy alternatives to
examine barriers to wood for biofuels conversion is recommended. Special attention should
be given to I-937, WCI, and EISA.

Interdisciplinary science support for energy policy development
•

Discussion: Washington’s universities are home to many prestigious scientists, yet it is rare that
scientists of differing disciplines and from different research organizations are asked to work
together to develop integrated analysis of resource policy alternatives. See Section IV: 4.4.
Obstacle 4 – Policy and regulations.

•

Recommendation: Sorely needed is programmatic investment in sustained in-state
interdisciplinary research to assist policy makers and stakeholders in the development of
realistic and effective strategies to address the difficult and complex challenges of
renewable energy development and climate change mitigation.

Research
•

Discussion: The Government Accountability Office reports that, in contrast to increasingly urgent
national calls for climate change mitigation and energy independence, US investments in research
have generally declined over the last thirty years. In Washington, there is no programmatic
investment in sustained in-state interdisciplinary research to accelerate development of renewable
energy from wood biomass or to investigate the role of sustainable forest management and wood
products in climate change mitigation. There is also no continuing state program to enlist forest
scientists in support of policy development or educational outreach to stakeholder groups. By
contrast, the Oregon Legislature created the Oregon Forest Resources Institute (OFRI) in 1991 to
improve public understanding of the state’s forest resources and to encourage environmentally
sound forest management. OFRI is funded by a dedicated harvest tax on forest products
producers. Issues include technical, economic, environmental, social, and moral questions that
require continued scholarly research but ultimately can only be resolved by an informed political
process. The choices ahead are difficult, expensive and long-lasting with implications for future
generations and forest ecosystems in Washington and around the world. See Section IIV: 4.5.
Obstacle 5 – Research.

•

Recommendation: Our analysis has revealed that the most significant obstacle to wood
utilization for renewable energy in Washington is a lack of integrated understanding of many
complex issues that need serious consideration if progress towards climate change
mitigation, energy independence, and sustainability is to proceed. We recommend that
Washington establish a permanent interdisciplinary program of research and outreach to
address emerging topics concerning biomass energy development with implications the
environment and the economy as discussed in greater detail throughout this report.

We have prepared an information-rich examination of many factors found to be related to development of
energy from wood biomass in Washington. To the best of our knowledge, such a broad investigation has
not previously been conducted. We find that, to be most effective, wood energy policies must be
examined in the context of three over-arching imperatives that compel immediate attention: Climate
Change Mitigation, Energy Independence, and Sustainability. We conclude that, given these imperatives
for action and a national commitment to cellulosic ethanol, utilization of wood for renewable transportation
fuels should be the paramount priority. Biorefineries co-located at pulp and paper mills, offer the greatest
opportunities for success. While utilization of the wood resource for biofuels presents logistical and
technical challenges, we find that, when compared to other states that are already moving forward with
biofuels development, Washington’s abundant and productive forests should provide superior opportunity.
However, a lack of public focus hinders progress. A State commitment to development of a cohesive
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energy strategy supported by interdisciplinary research to target priority objectives for achievement will be
needed to spur investment for Wood to Energy in Washington. The most costly future outcome will result
from failure to proceed.
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