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But a centrifuge array would use nearly twice the energy and result in emissions 
of 135.71 kilograms over the petroleum equivalent.170  

A study from the MIT PARTNER project fi nds that algal biojet fuel could produce up 
to 2.2 Ɵ mes the greenhouse emissions of convenƟ onal jet fuel, or as liƩ le as 0.16 
as much.  Results are highly dependent on algae producƟ vity and lipid content, as 
well as energy used in de-watering and drying.  Replacing natural gas with biogas produced from algal 
biomass has a signifi cant impact, as does using that biogas to replace grid electricity.171 

The Environmental ProtecƟ on Agency has determined that renewable diesel produced from algal oils 
will reduce GHGs at least 50 percent once commercial producƟ on is reached.  This is the threshold set 
for renewable diesel qualifi ed to meet the Renewable Fuel Standard under the 2007 Energy 
Independence and Security Act.172  

Local Food Security – Algae producƟ on is not expected to be sited on current agricultural lands, so it 
poses no compeƟ Ɵ on with food supplies, and promises to be signifi cantly more land effi  cient in terms 
of oil producƟ on per acre than oilseed crops.  Algae co-products could improve food and feed 
availability.

ConservaƟ on – Algae culƟ vaƟ on, parƟ cularly in open ponds, could leave a signifi cant footprint.  SiƟ ng 
of algae producƟ on faciliƟ es on sensiƟ ve lands could pose threats to biodiversity and ecosystems.  
Specifi c project proposals must be examined for impacts.  Use of geneƟ cally modifi ed species and 
non-naƟ ve species must be veƩ ed by appropriate regulatory authoriƟ es.

Soil – Non-GMO algae are typically an all-natural crop, completely biodegradable.  If chemicals are 
added in algae producƟ on, they could leak salts into soils, posing contaminaƟ on threats. SiƟ ng of 
algae producƟ on faciliƟ es will require soil impacts analysis.  

Water – In general, systems that use brackish, saline and waste water are preferred to avoid compeƟ -
Ɵ on with fresh water supplies.  Algae has the advantage of cleaning water by extracƟ ng nutrients and 
pollutants.  Algae producƟ on systems must be analyzed individually.  One modeling study found it will 
take 530,000 gallons to fi ll a 20-cenƟ meter deep open pond covering one hectare, or nearly 2.5 acres.  
EvaporaƟ on in desert areas can exceed 13,000 gallons/day.  If cultures double daily, this will require 
moving and recycling 260,000 gallons/day.  Water injected into the process may require removing 
chemicals and microorganisms that could hinder algae growth.  Once through the process, treatment 
to remove salts, ferƟ lizers, chemicals and algae cells will likely be needed.  Enclosed bioreactors hold 
water, but this can be cancelled through spraying and cooling towers to control temperature.173  For all 
systems, impacts on surface waters and groundwater must be understood.  

Air – Air emissions represent a limited concern.

Use of Technology, Inputs, and Management of Waste – Chemical solvents such as hexane or 
methanol can be used to extract algal oils, but university researchers and SAFN parƟ cipant companies 
are exploring more natural alternaƟ ves that are less costly and have fewer potenƟ al impacts.  These 

171 Russell W. StraƩ on; Wong, Hsin Min; Hileman, James I. “Life Cycle Greenhouse Gas Emissions from AlternaƟ ve Jet Fuels.” 
MIT Partner Project 28 report, June 2010: Version 1.2, pp. 95-6. 
172 U.S. Environmental ProtecƟ on Agency, Offi  ce of TransportaƟ on and Air Quality, “Regulatory Announcement:  EPA Lifecycle 
Analysis of Greenhouse Gas Emissions from Renewable Fuels.” Feb. 2010.
173 NaƟ onal Algal Fuels Technology Roadmap.

105



SUSTAINABLE
AVIATION FUELS

NORTHWEST

NORTHWEST OPTIONS

Powering the Next Generation of Flight

include harvesƟ ng and extracƟ on methods that avoid complete drying of farmed 
algae, potenƟ ally sidestepping a large porƟ on of energy requirements for 
processing.  Use of toxic chemicals to extract oils from biomass must be controlled 
to avoid releases and injuries.  Escape of microorganisms into the environment 
must be prevented.  PotenƟ al hazards related to the use of GeneƟ cally Modifi ed 
Organisms (GMOs) must be disclosed, in consultaƟ on with the Biosafety Clearing-
house established under the Cartagena Protocol on Biosafety.  Monitoring for releases and 
emergency plans to address releases must be implemented.    

ACTION “FLIGHT PATH”

Key RecommendaƟ on: Stage algae producƟ on fi eld pilots in a variety of seƫ  ngs to build basic 
knowledge and experience

IdenƟ fy and inventory resources to build the groundwork for a distributed algae producƟ on model:

Map exisƟ ng regional industrial faciliƟ es, including power, cement, food processing and wood  
products which bring together suffi  cient supplies of CO2, process energy, nutrients, land, water 
and transportaƟ on faciliƟ es.

Work with the regional dairy industry to establish biodigesters that provide value streams to  
benefi t algae producƟ on.

Inventory public physical resources that could be brought to bear on pilot programs, including  
public lands, wastewater treatment faciliƟ es and geothermal sites.

Key Actors:

 •  State government energy, economic development and natural resource agencies – Conduct  
  mapping and inventories.

 •  Western Governors AssociaƟ on – Support mapping and inventory work by states.

 •  State and land grant universiƟ es and extension services – Work on mapping and inventory  
  projects.  Work with dairy industry to develop biodigesters.

 •  Federal agencies – IdenƟ fy land and facility resources that could support algae producƟ on.

 •  Industry and trade groups, biofuels developers – Explore opportuniƟ es in dairy, wood 
  products, food processing, power, cement and other industries with prospecƟ ve resources.  

 •  Local governments – Explore opportuniƟ es in waste water treatment plants. 

Build the case for funding algae pilot projects appropriate to condiƟ ons in northern regions.  

Bring together regional public, private and nonprofi t stakeholders in energy and related fi elds to  
advocate for pilot programs that test distributed models that mesh phototrophic and 
heterotrophic systems.

Develop the case for diverse, regionalized producƟ on chains that avoid overconcentraƟ ng  
development in any one region.
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Develop plans and scenarios for distributed producƟ on models that build on  
resource inventories, with detailed capacity and economic projecƟ ons.  

Present results from resource inventories to federal and venture funders. 

Key Actors:

 •  State governors and lead agencies in energy, economic development and  
  natural resources – Build the case and bring it before federal policymakers    
  and investors. 

 •  Northwest Congressional DelegaƟ on – Carry advocacy for regional algae     
  pilots into legislaƟ on and communicaƟ on with execuƟ ve agencies.

 •  Land grant and state universiƟ es – Help build plans and scenarios.

 •  Industry stakeholders – Industries with prospects to branch into algae producƟ on, along with  
  potenƟ al fuel buyers - parƟ cularly the aviaƟ on industry- advocate for regional pilot projects to  
  gain support from federal policymakers and investors.

Build partnerships to draw funding for fi eld pilot projects:

Draw together public-private partnerships to design pilot projects using exisƟ ng regional  
resources, informed by inventories, plans and scenarios.  

Work to draw funding from federal programs including: 

 •  USDA Bioenergy Program for Advanced Biofuels

 •  USDA Regional Biomass Research Centers

 •  USDA NIFA Plant Feedstock Genomics for Bioenergy program

 •  DOE Biomass Research and Development IniƟ aƟ ve 

 •  DOE Advanced Research Projects Agency – Energy 

 •  DOD Advanced Research Projects Agency and service research agencies

 •  NaƟ onal Science FoundaƟ on.

Key Actors:

 •  State and land grant universiƟ es – Build consorƟ a with each other and with industry to design  
  project proposals and seek funds.

 •  Industry stakeholders – ExisƟ ng industries with prospecƟ ve algae producƟ on resources work  
  with emerging biofuels companies and university researchers to design and implement 
  proposals.

 •  State energy, economic development and natural resources agencies – Bring informaƟ on 
  resources and support to the table for pilot project proposals.

 •  Federal funding agencies – Support Northwest pilot projects.
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Key RecommendaƟ on: Validate algae sustainability and build clear regulatory 
roadmaps for algae producƟ on.

Specify sustainability metrics and industry standards, and employ data emerging 
from pilot projects to refi ne lifecycle analysis studies:

QuanƟ fy greenhouse gas emissions and overall energy balances.  

QuanƟ fy water and land use requirements.  

QuanƟ fy local air emissions and water discharge impacts. 

Key Players

 •  State and land grant universiƟ es – Contribute to lifecycle analysis.

 •  Algal Biomass OrganizaƟ on and industry – Develop sustainability standards and metrics.  
  Contribute resources and data to lifecycle analysis.

Create regulatory clarity for siƟ ng and permiƫ  ng algae culƟ vaƟ on and processing faciliƟ es

Bring together interagency task forces at federal and state levels to:  

 •  Inventory all regulaƟ ons that might come into play, and assess the appropriate level of regulaƟ on   
  needed for algae aquaculture ponds, for non-naƟ ve species, and for GMO and non-GMO species. 

 •  Develop regulatory roadmaps that clarify agency roles and responsibiliƟ es and lay out clear   
  steps needed for permiƫ  ng. 

 •  Resolve uncertainƟ es around coal power plant futures, to determine whether those sites will   
  remain viable for algae culƟ vaƟ on (as they would be if the plants are converted to alternate fuels).

Key Players:

 •  Federal agencies – All relevant agencies including Environmental ProtecƟ on Agency, USDA, 
  Department of Energy, Fish and Wildlife Service, NaƟ onal InsƟ tutes of Health form federal task   
  force.

 •  State agencies – All relevant agencies in the areas of environmental and land use regulaƟ on, 
  natural resources and energy form state task forces. 

 •  Western Governors AssociaƟ on – WGA works to harmonize regulaƟ ons among western states. 

 •  Algal Biomass OrganizaƟ on and industry – Work with state and federal task forces and WGA to   
  clarify regulatory issues and establish clear roadmaps.
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Priority AcƟ on Steps
SAFN’s ulƟ mate goal is to accelerate development of commercial supply chains for sustainable aviaƟ on 
fuels in the Northwest and to unite stakeholders to mobilize support for criƟ cal eff orts.  As with any new 
energy supply, policy support will be criƟ cal in the early years. 

On March 30, 2011, President Obama highlighted the opportunity for domesƟ cally-produced, renewable 
jet fuels.  The President directed the Navy, Air Force, U.S. Department of Agriculture and U.S. Department 
of Energy to focus eff orts on securing advanced fuels that could power military jets, commercial planes 
and other transportaƟ on sectors.  He called for breaking ground on four commercial scale refi neries 
within two years.174

The Northwest is well posiƟ oned as a site for these refi neries because it possesses key condiƟ ons for 
success.  The region has strong companies, concentrated demand, leading experƟ se and signifi cant 
biomass resources.  It also has laid the groundwork by engaging key stakeholders to develop consensus 
“fl ight paths” to launch supply chains for sustainable aviaƟ on fuels. 

This secƟ on highlights our highest priority recommendaƟ ons for policies that will spur creaƟ on of 
sustainable fuels for aviaƟ on.  More detailed recommendaƟ ons are also contained as part of the 
“fl ight paths” for specifi c technologies and feedstocks.

The top recommendaƟ ons are:

1. Create a strategic focus on sustainable fuels for aviaƟ on

2. Promote stable, long-term policy to aƩ ract investment

3. Ensure support for aviaƟ on fuels and promising feedstocks under the Renewable Fuel Standard 2   
(RFS2) Program

4. Provide strong state and local backing for this industry sector

5. Target research and development eff orts on regional iniƟ aƟ ves criƟ cal to commercializing 
 sustainable aviaƟ on fuel projects

6. Incorporate sustainability consideraƟ ons into eff orts to create an advanced biofuels industry

These recommendaƟ ons are discussed in more detail below.

1. Create a Strategic Focus on  Sustainable AviaƟ on Biofuels

SAFN stakeholders urge decision makers to recognize the criƟ cal importance of catalyzing the 
development of safe, sustainable and commercially viable fuels for aviaƟ on.  Support for aviaƟ on biofuels 
should at a minimum be equal to policies supporƟ ng other transport and energy sectors.  Because of 
aviaƟ on’s importance and unique needs, SAFN stakeholders believe that priority aƩ enƟ on is merited. 
Because aviaƟ on does not have renewable alternaƟ ves to high-energy dense liquid fuels, there is a strong 
case for this priority.  Consistent programs and strategic focus are essenƟ al. For example, SAFN supports 
the work of the Farm-to-Fly IniƟ aƟ ve, a joint policy eff ort among the U.S. Department of Agriculture, 
Boeing and the Air Transport AssociaƟ on.  This type of iniƟ aƟ ve should be conƟ nued and replicated to 
ensure that relevant agencies are focusing on eff ecƟ ve strategies to promote development of renewable 
aviaƟ on fuels.  In addiƟ on, the USDA, the USDOE and other agencies can begin to refl ect this priority in 
their own investment decisions prior to congressional acƟ on.   

174 President Obama. “Blueprint for a Secure Energy Future.” The White House Press Offi  ce, Washington, D.C., 30 March 2011.
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Specifi c examples of acƟ ons that SAFN stakeholders advocate for include: 

Urge agencies to place a high priority on technology investments for aviaƟ on fuels.  Technology  
investments should address the enƟ re supply chain for aviaƟ on fuels and link bench, pilot, 
demonstraƟ on and commercial development, thus addressing the fi nancial “valley of death.”  For 
example, aviaƟ on fuels and promising technologies should receive priority aƩ enƟ on in decisions 
under the USDA’s Biomass Research and Development IniƟ aƟ ve.

Urge state energy planning eff orts to recognize the urgent priority for renewable aviaƟ on fuels and  
develop integrated strategies to assure that biofuels opportuniƟ es will not be precluded by biomass 
demands from other uses such as electrical power generaƟ on faciliƟ es.

Urge that state standards and incenƟ ves for renewable electricity be balanced with similar standards  
and incenƟ ves for liquid fuels.

Work to ensure coverage of aviaƟ on fuels under exisƟ ng programs, such as the expedited extension  
of crop insurance to new feedstocks.

2. Foster adequate and stable policy to aƩ ract investment 

Stable, long-term government policies are needed for a sustainable aviaƟ on fuels industry to grow and 
thrive.  Well-integrated, consistent policies will help miƟ gate criƟ cal risks for feedstock growers and 
producers when undertaking a new feedstock or technology.  Dependable, coordinated policies are 
criƟ cal to provide access to capital and feedstocks.  The SAFN stakeholders therefore encourage key 
federal agencies and Congress to support collaboraƟ ve eff orts to coordinate federal policies.  We 
commend and support the eff orts of the President’s Biofuels Interagency Working Group, the 
Farm-to-Fly eff ort, and similar iniƟ aƟ ves, and encourage future cooperaƟ on.

Long-term contracƟ ng for federal agencies, including the Defense Department, would provide 
necessary support for the development of advanced biofuels.  Some SAFN stakeholders have indicated 
that 15 years is the minimum term needed to aƩ ract investment.  Many projects can take more than a 
decade from concepƟ on to market viability, and long-term contracts to purchase products can be a 
powerful tool to drive investments.

Other priority recommendaƟ ons include:

2012 Farm Bill: Incorporate aviaƟ on biofuels into exisƟ ng program provisions, and advocate for  
preserving programs under Title IX and other key areas that support biofuels development.  In 
parƟ cular, the Biorefi nery Assistance Program (secƟ on 9003 of the Farm Bill) provides important 
support for supply chain development that should be available to promising projects supporƟ ng 
aviaƟ on fuels. The SAFN stakeholders recommend that Congress reauthorize this program and 
fund promising projects.

Price collar legislaƟ on: A price collar mechanism would be an eff ecƟ ve tool to help reduce risks in  
growing and producƟ on of new feedstocks. 

ConƟ nued or modifi ed tax incenƟ ves that support aviaƟ on biofuels: Tax credits and other incenƟ ves  
can reduce risks and increase the likelihood for investment in all parts of the aviaƟ on biofuels supply 
chain.  The stakeholders support appropriate incenƟ ves for sustainable advanced biofuels.  While 
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there is a variety of views about how to best structure incenƟ ves, it is agreed that that aviaƟ on 
biofuels should have parity with other sectors, and should provide short-term assistance with the 
expectaƟ on that the industry will be self-sustaining aŌ er it is more established.

Coordinate and harmonize defi niƟ ons for biofuels and biomass across diff erent programs to the  
extent possible. 

3. Ensure support for aviaƟ on fuels and promising feedstocks under the Renewable Fuel Standard 2 
(RFS2) Program

The Renewable Fuel Standard 2 program (RFS2) was originally established by the EPA in 2005 as the fi rst 
renewable fuel mandate in the United States.  In 2007 it was expanded under the Energy and 
Independence Security Act (EISA) with the goal of promoƟ ng renewable fuels that provide real reducƟ ons 
in greenhouse gas emissions.  The program sets a goal to increase the volume of renewable fuels in the 
transportaƟ on industry from nine billion in 2008 to 36 billion gallons by 2022.  To accomplish this, the EPA 
must show that the new fuel has signifi cantly lower lifecycle emissions of GHGs than petroleum fuels. 
This in turn requires the EPA to review new fuels and set volume requirements for each one.

Renewable IdenƟ fi caƟ on Numbers (RINs) essenƟ ally act as the currency for the RFS program.  Producers 
and distributors, as well as renewable fuel exporters, can earn credits for qualifying fuels under the 
program.  To earn a RIN value is a mulƟ -step, detailed process. 

AviaƟ on fuels can qualify for RINs under RFS2, but are not subject to the mandatory volume 
requirements that apply to fuels for ground transportaƟ on.  Timely approval for promising feedstocks 
and technologies will be criƟ cal to ensuring that the industry is commercially viable.  Approved pathways 
exist for fuels from algae, solid waste and cellulosic materials; EPA is currently in the process of reviewing 
an approval for hydroprocessed fuels from camelina.    

The stakeholders therefore recommend establishing a working group of legal and industry experts to 
clarify whether exisƟ ng pathways encompass target feedstocks and conversion technologies for aviaƟ on 
fuels and to evaluate the peƟ Ɵ on process relaƟ ng to aviaƟ on fuels to the extent new pathways must be 
established.  It would also evaluate the peƟ Ɵ on process relaƟ ng to aviaƟ on fuels to the extent that new 
pathways need to be approved.  Where needed, interested parƟ es could work together to fi le peƟ Ɵ ons 
with the EPA to establish fuel pathways for promising Northwest feedstocks.

4. Provide strong state and local backing for this criƟ cal industry sector

Despite current budget challenges, state and local governments can take steps to aid commercializaƟ on 
of biofuels in the Northwest by prioriƟ zing infrastructure improvements, promoƟ ng workforce 
development and supporƟ ng pilot scale projects.  Examples include the following:

Help with key infrastructure needs such as highway access, pipelines, and water faciliƟ es.  The  
Northwest has exisƟ ng infrastructure that can be used to incorporate aviaƟ on biofuels. Maintaining 
and improving this infrastructure and assisƟ ng with specifi c site needs will foster development and 
investment.

Workforce development agencies and programs should idenƟ fy needs for skilled workers in  
advanced biofuels and promote training as appropriate.
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Pilot programs provide data points that help reduce risk for larger scale commercial investment.   
A current example of this type of state support is Washington HB 1422, which was recently passed 
by both houses of the legislature.  This bill establishes a demonstraƟ on project for aviaƟ on fuels 
resulƟ ng from forest residues that will be administered by the Washington State Department of 
Natural Resources and creates a foundaƟ on for stakeholder eff orts to explore opportuniƟ es and 
overcome barriers for this feedstock.  

5. Target research and development eff orts on regional eff orts criƟ cal to commercializing sustainable 
aviaƟ on fuel projects

SAFN stakeholders support conƟ nued investment in targeted research and development that will 
accelerate advanced biofuels for this sector.  

Public universiƟ es should receive priority aƩ enƟ on for available federal funding to build up  
exisƟ ng eff orts such as Washington State University’s biofuels research, the University of 
Washington’s work on biomass pretreatment and lifecycle analysis, and the Sun Grant IniƟ aƟ ve 
based at Oregon State University (OSU), WSU, and the University of Hawaii.  Together, these 
insƟ tuƟ ons represent the western U.S.  in the naƟ onwide network of the Sun Grant IniƟ aƟ ve.  
The lessons learned in the SAFN process and follow-on work can be taken across the country via 
this already exisƟ ng network.

Public universiƟ es and USDOE naƟ onal labs should emphasize exisƟ ng collaboraƟ ons such as the  
Bioproducts, Science and Engineering Laboratory operated by WSU and Pacifi c Northwest NaƟ onal 
Laboratory.

Public universiƟ es and naƟ onal labs should work with each other, the industry, and state and federal  
government agencies to build research consorƟ a to address key issues idenƟ fi ed for this industry.

Federal agencies should focus available funding on research and development connected to  
technologies that will allow cost eff ecƟ ve conversion of Northwest feedstocks into sustainable 
aviaƟ on fuels and co-products.

6. Incorporate sustainability consideraƟ ons into eff orts to create an advanced biofuels industry 

SAFN stakeholders agree on the need to accelerate eff orts to fi nd replacements for petroleum fuels, but 
also recognize the importance of analyzing the full lifecycle impacts of potenƟ al biomass pathways and 
technologies.  Sustainability should be a crucial consideraƟ on as policies are shaped to support 
development of advanced biofuels.  This will ensure that policies are craŌ ed to achieve the desired 
results: reducing greenhouse gas emissions, improving energy security, and reducing other impacts.  It 
will also help provide biofuel producers, consumers and policy makers with the measurement tools and 
data that will help respond to appropriate scruƟ ny. 

To the greatest extent possible, aviaƟ on leaders urge policy makers and fuel industry leaders to strive 
for consistent standards.  AviaƟ on is a global industry in which the products and services cross borders 
constantly, oŌ en many Ɵ mes a day.  Ideally, global sustainability criteria will refl ect and integrate with 
voluntary standards, sector-specifi c cerƟ fi caƟ on approaches, and naƟ onal, regional and local 
government laws.  For example, a biofuel producer using crops from Montana farmers should be able to 
sell its product to airlines operaƟ ng on mulƟ ple conƟ nents by meeƟ ng one set of standards.  
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All SAFN parƟ cipants agree that integrated standards and beƩ er knowledge should enable rather than 
obstruct cost-eff ecƟ ve implementaƟ on of truly sustainable sources of bioenergy.  A number of groups, 
including the Bioenergy Research ConsorƟ a sponsored by Boeing and housed at École Polytechnique 
Fédérale de Lausanne (EFPL) in Lausanne, Switzerland, are analyzing ways to beƩ er integrate and 
benchmark diff erent sustainability standards.  EPFL is launching a project to compare Northwest laws 
against internaƟ onal sustainability standards to facilitate reporƟ ng and verifi caƟ on for parƟ es interested 
in showing that their products are sustainable.

SAFN does not advocate that biofuel producers or consumers use any parƟ cular standard for 
sustainability or any specifi c method to verify and validate compliance.  It does recommend that 
sustainability be a key consideraƟ on in policies and acƟ ons to accelerate supply chains for aviaƟ on fuels.
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Conclusion
Many of our greatest industries, such as aerospace, computers, pharmaceuƟ cals and 
automobiles, have drawn vital early support and investment from government.  For example, 
U.S. postal contracts in the 1920s were a vital bridge to help grow Boeing and other aviaƟ on 
leaders from their infancy into major cornerstones of our regional and global economies.  
Military and space program purchases in the 1960s and 1970s made computers and the 
internet a feature of everyday life.  Building a sustainable aviaƟ on fuels industry is no 
excepƟ on.  The industry will require early public support and coordinated strategies to build 
it into an economic compeƟ tor.  

SAFN stakeholders do not advocate permanent subsidies, but recognize that focused public 
investments and policy support will be needed to place this new industry on an economically 
compeƟ Ɵ ve basis.  Strategically targeted public investments in sustainable aviaƟ on fuels will 
ulƟ mately provide payback through increased tax revenues and leadership in an emerging 
global industry, while off seƫ  ng the ouƞ low of capital to pay for imported petroleum.   

As this report demonstrates, aviaƟ on is a priority sector with a unique need for sustainable 
alternaƟ ves to petroleum fuels.  The Northwest possesses signifi cant insƟ tuƟ onal assets, 
leadership vision and natural resources that create an opportunity to build a dynamic new fuels 
industry.  The SAFN process itself provides compelling evidence of the benefi ts from a unifi ed 
focus.  These recommendaƟ ons result from the combined experƟ se and perspecƟ ves of a wide 
range of key stakeholders represenƟ ng aviaƟ on, biofuels, natural resources, public agencies, 
non-profi ts and research insƟ tuƟ ons, all working together.  

SAFN stakeholders have idenƟ fi ed a set of acƟ ons to create a sustainable aviaƟ on fuels 
industry in the Northwest.  Many parƟ es will be needed at the table to implement them 
including federal, state and local governments, industry associaƟ ons, universiƟ es and 
industries including aviaƟ on, fuels, agriculture and forestry.  The eff ort will require substanƟ al 
public investment and policy support, along with business entrepreneurship and innovaƟ on, 
and the full deployment of scienƟ fi c and technology R&D assets.  These elements will need to 
be coordinated to accelerate development of comprehensive supply chains.  This translates 
into the need for widespread regional collaboraƟ on and a unifi ed regional voice advocaƟ ng 
for appropriate policies and public support. 

SAFN has mapped a “fl ight path” to sustainable aviaƟ on fuels in the Northwest.  Now 
stakeholders and a broader set of regional and naƟ onal interests must join to forward it 
at all levels.  The payback will be a new regional industry that strengthens tradiƟ onal economic 
sectors from farming and forestry to aerospace, creates new companies and jobs, and places 
the long-term future of aviaƟ on on an environmentally sound basis.  The SAFN stakeholders 
look forward to working with legislators, agency leaders and others to make safe, sustainable 
jet fuels a reality in our region.  The Ɵ me to start is now.
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Appendix 1: 
Glossary 
 
Aerospace Industries Association (AIA): represents the nation's leading manufacturers and suppliers of 
civil, military, and business aircraft, helicopters, unmanned aircraft systems, space systems, aircraft 
engines, missiles, materiel and related components, equipment, services and information technology. 
 
Air Force Energy Plan 2010: it serves as the operational framework for all military and civilian Air Force 
personnel in communicating the Air Force energy goals, objectives and metrics. 
 
American Society for Testing and Materials (ASTM): develops international standards for materials, 
products, systems and services used in construction, manufacturing and transportation. 
 
Airports Council International – North America (ACI—NA): represents local, regional and state governing 
bodies that own and operate commercial airports in the United States and Canada.  
 
Air Transport Association (ATA): founded in 1936, ATA is the nation's oldest and largest airline trade 
association, including among its members the nation’s commercial airlines. 
  
Bio Economic Research Associates (BERA): is a private research and advisory firm working at the 
intersection of emerging biological knowledge and the economy. 
 
Bioenergy Program for Advanced Biofuels (BPAB): authorized under section 9005 of the 2008 Farm Bill, 
the Bioenergy Program for Advanced Biofuels re‐titles, renews, and extends the program formerly 
known as the Bioenergy Program. This program provides incentive payments to ethanol and biodiesel 
producers on an incremental basis to increase production. Biofuel producers entering into a contract 
with USDA are reimbursed based on quantity, duration and on net nonrenewable energy content. 
 
Biofuel:  a wide range of fuels derived from biomass, delivered in solid, liquid or gaseous forms.  Biofuels 
are gaining increased public and scientific attention, driven by factors such as oil price spikes, the need 
for increased energy security, and concern over greenhouse gas emissions from fossil fuels. 
 
Biofuels Interagency Working Group (BIWG): co‐chaired by USDA, DOE, and EPA, and with input from 
many others, BIWG  is missioned  to develop a comprehensive approach for accelerating the investment 
in and production of U.S. biofuels and reducing dependence on fossil fuels. 
   
Biojet term for jet fuel derived from biomass feedstocks. 
  
Biomass: organic matter, particularly plant matter that can be converted to fuel and is therefore 
regarded as a potential energy source. 
 
Biomass Crop Assistance Program (BCAP): a federal program that provides financial assistance to owners 
and operators of agricultural and non‐industrial private forestland who wish to establish, produce, and 
deliver biomass feedstocks. 
 
Biorefinery Assistance Program (BAP): a federal program that  provides guaranteed loans for the 
development and construction of commercial‐scale biorefineries or for the retrofitting of existing 
facilities using eligible technology for the development of advanced biofuels. 

http://www.aia-aerospace.org/
http://www.safie.hq.af.mil/shared/media/document/AFD-091208-027.pdf
http://www.astm.org/
http://www.aci-na.org/
http://www.airlines.org/pages/home.aspx
http://www.bio-era.net/
http://attra.ncat.org/guide/a_m/bpab.html
http://en.wikipedia.org/wiki/Biofuel
http://en.wikipedia.org/wiki/Biomass
http://en.wikipedia.org/wiki/Energy_security
http://en.wikipedia.org/wiki/Greenhouse_gas
http://en.wikipedia.org/wiki/Fossil_fuel
http://www.energy.gov/news/8596.htm
http://www.biojetcorp.com/
http://en.wikipedia.org/wiki/Biomass
http://dictionary.reference.com/browse/energy
http://www.apfo.usda.gov/FSA/webapp%3Farea=home%26subject=ener%26topic=bcap
http://www.rurdev.usda.gov/ia/rbcs_9003_Fact_Sheet.pdf
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Biotechnology Industry Organization (BIO): world's largest biotechnology organization, providing 
advocacy, business development and communications services for more than 1,100 members 
worldwide. 
 
Bone Dry Ton (BDT): is defined as biomass having zero percent moisture content. Wood heated in an 
oven at a constant temperature of 100°C (212°F) or above until its weight stabilizes is considered bone 
dry or oven dry. 
 
Carbon‐neutral:  describes operations that add no net carbon emissions to the atmosphere. 
 
Climate Solutions: a Northwest research and advocacy group working to accelerate practical and 
profitable solutions to global warming by galvanizing leadership, growing investment and bridging 
divides. 
 
Coarse Woody Material (CWM): consists of snags, fallen logs, wind blown trees and large branches. 
Through decomposition, coarse woody debris returns to the soil the nutrients it gathered and the 
carbon photosynthetically captured  in live trees. The rate of decomposition varies according to 
temperature, moisture, oxygen and carbon dioxide levels and decomposer organisms involved. The size 
of material affects the kinds of roles it can play in the ecosystem, with larger material generally having 
greater influence over longer periods of time 
 
Commercial Aviation Alternative Fuel Initiative (CAAFI): a coalition representing leading stakeholders in 
the field of aviation that focuses the efforts of commercial aviation to engage alternative fuels through 
building relationships, sharing and collecting data, identifying resources, and directing research, 
development and deployment of alternative jet fuels 
 
Commodity Credit Corporation (CCC): a government corporation created in 1933 to "stabilize, support, 
and protect farm income and prices". The CCC is authorized to buy, sell, lend, make payments and 
engage in other activities for the purpose of increasing production, stabilizing prices, assuring adequate 
supplies, and facilitating the efficient marketing of agricultural commodities. 
 
Defense Logistics Agency (DLA): is the Department of Defense's largest logistics combat support agency, 
providing worldwide logistics support including energy supplies to the military services as well as several 
civilian agencies and foreign countries. 
 
Energy Information Administration (EIA): federal agency that collects, analyzes, and energy information. 
 
European Algal Biomass Association (EABA): Fosters synergies among scientists, industrialists and 
decision makers in order to promote the development of research, technology and industrial capacities 
in the field of algae. 
 
Environmental Protection Agency (EPA): is an agency with lead authority for environmental protection, 
including assessments of biofuel. 
 
Environmental and Social Impact Assessment (ESIA): an assessment of the possible positive or negative 
impact that a proposed project may have on the environment, based on the natural, social and 
economic aspects. 
 

http://bio.org/aboutbio/
http://bioenergy.ornl.gov/faqs/glossary.html
http://www.climatesolutions.org/
http://www.fs.fed.us/r6/olympic/ecomgt/unecosys/woody.htm
http://www.caafi.org/
http://en.wikipedia.org/wiki/Commodity_Credit_Corporation
http://www.dla.mil/
http://www.eia.doe.gov/
http://www.eaba-association.eu/
http://www.epa.gov/
http://en.wikipedia.org/wiki/Environmental_impact_assessment
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European Union  Emissions Trading System (EU ETS): as the first and largest international scheme for the 
trading of greenhouse gas emission allowances, the EU ETS covers some 11,000 power stations and 
industrial plants in 30 countries, and in 2012 the aviation industry. 
 
European Commission's Directorate‐General for Transport and Energy (ECDGTE): is responsible for 
developing and implementing European policies in the energy and transportation sectors.. 
 
Farm‐to‐Fly: a collaborative effort to promote development of renewable fuels for aviation resulting 
from a Working Together Resolution signed on July 21, 2010, by USDA Secretary Vilsack, Boeing and the 
Air Transport Association. 
 
First Generation Biofuels (See Generational Biofuels) 
  
Fischer‐Tropsch process: is a set of chemical reactions that convert a mixture of carbon monoxide and 
hydrogen derived from coal, natural gas, or biomass into liquid petroleum substitutes... 
 
Federal Aviation Administration (FAA): the U.S. Department of Transportation agency that inspects and 
rates civilian aircraft and pilots, enforces the rules of air safety, and installs and maintains air‐navigation 
and traffic‐control facilities. 
 
Generational Biofuels: 
First Generation: fuels from agricultural crops such as sugars, corn, rapeseed and palm oil.  
Second Generation: fuels from sources that typically do not compete in food markets, such as woody 
biomass or inedible residues. 
Third Generation: often used to describe fuels based on algae 
 
Greenhouse Gas (GHG): trace atmospheric gases that absorb and reflect infrared radiation emerging 
from solar heating of the Earth.  The natural greenhouse effect that results is vital for life on Earth.  
Humans have added to natural GHGs by burning fossil fuels, emitting fossil carbon into the atmosphere.  
The major human‐caused GHG is carbon dioxide, atmospheric concentrations of which have increased 
by roughly one‐third in the past 250 years. Methane and nitrous oxide are also significant GHGs that 
emerge from human activities. 
 
Idaho National Laboratory (INL): is a USDOE federal laboratory with missions in nuclear and energy 
research, science and national defense, national center for R&D on biomass collection, delivery and 
storage. 
 
International Air Transport Association (IATA): is an international trade body, created over 60 years ago 
by a group of airlines. Today, IATA represents some 230 airlines comprising 93 percent of 
scheduled international air traffic, and the airline industry in general.   
 
International Energy Agency (IEA): is an intergovernmental organization which acts as energy policy 
advisor to 28 member countries in their effort to ensure reliable, affordable and clean energy for their 
citizens. 
 
Ladder Fuel: those that provide vertical continuity between understory or midstory surface fuels and 
canopy fuels, consisting of vine or liana fuels, draped foliage fuels, and hanging broken branches.  
 

http://ec.europa.eu/clima/policies/ets/index_en.htm
http://ec.europa.eu/transport/index_en.htm
http://wsuwest.wsu.edu/econ_development/Farm2Fly.pdf
http://en.wikipedia.org/wiki/Fischer%E2%80%93Tropsch_process
http://www.faa.gov/
http://dictionary.reference.com/browse/the
http://en.wikipedia.org/wiki/Biofuel
http://en.wikipedia.org/wiki/Second_generation_biofuels
http://en.wikipedia.org/wiki/Biofuel#Third_generation_biofuels
http://en.wikipedia.org/wiki/Greenhouse_gas
https://inlportal.inl.gov/portal/server.pt/community/about_inl/259
http://www.iata.org/about/Pages/index.aspx
http://www.iea.org/
http://www.forestencyclopedia.net/p/p537
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MGY: One million gallons per year. 
 
Municipal Solid Waste (MSW): commonly known as trash or garbage, is a waste type consisting of 
everyday items we consume and discard. 
 
National Renewable Energy Lab (NREL): is a USDOE federal laboratory, based in Golden, Colorado, 
dedicated to the research, development, commercialization and deployment of renewable energy and 
energy efficiency technologies.  
 
National Resources Defense Council (NRDC): an environmental action group with1.3 million members 
and online activists, and a staff of more than 350 lawyers, scientists and other professionals working on 
issues including biofuels, transportation and climate policy. 
 
Oak Ridge National Laboratory (ORNL): is a USDA federal laboratory and the national center for biomass 
supply assessments, based in Oak Ridge, Tennessee.  
 
Olympic National Resources Center (ONRC): the University of Washington Center is located on the 
Olympic Peninsula in Forks, Washington, provides scientific information to address critical issues and 
solve problems concerning forestry and marine sciences in the region.  
 
Olympic Region Clean Air Agency (ORCAA): a local government agency charged with regulatory and 
enforcement authority for air quality issues in Clallam, Grays Harbor, Jefferson, Mason, Pacific, and 
Thurston counties, one of seven such regional air pollution control agencies in Washington State. 
 
Pacific Northwest National Laboratory (PNNL): is a USDOE federal laboratory and national center for 
research on thermochemical biomass processing based in Richland, Washington. 
 
Plasma Arc Gasification a waste disposal technology that gasifies biomass through arcs created by high 
voltage electrical currents.  
 
Refuse Derived Fuel (RDF): a fuel produced by shredding and dehydrating solid waste (MSW) and 
consists largely of combustible components such as plastics and biodegradable. 
 
Renewable Identification Numbers (RIN): batch numbers mandated by the Environmental Protection 
Agency to validate that renewable fuels meet standards set for meeting the Renewable Fuel Standard, 
which adds value to the batch. 
  
Roundtable on Sustainable Biofuels (RSB): an international initiative coordinated by the Energy Center at 
EPFL in Lausanne that brings together farmers, companies, non‐governmental organizations, experts, 
governments, and inter‐governmental agencies to set certification standards for the sustainability of 
biofuels production and processing. 
 
Second Generation Biofuels (See Generational Biofuels) 
 
Stockholm Environment Institute (SEI): an independent international research institute engaged in 
environment and development issues at local, national, regional and global policy levels for more than 
20 years. 
 

http://en.wikipedia.org/wiki/Municipal_Solid_Waste
http://www.nrel.gov/
http://www.nrdc.org/
http://www.ornl.gov/
http://www.onrc.washington.edu/
http://www.orcaa.org/
http://www.pnl.gov/
http://earthanet.com/2008/01/28/plasma-arc-gasification-turning-garbage-into-gas/
http://en.wikipedia.org/wiki/Refuse-derived_fuel
http://en.wikipedia.org/wiki/Rin
http://rsb.epfl.ch/
http://sei-international.org/
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Sustainable: capable of being maintained at a steady level without exhausting natural resources or 
causing severe ecological damage. 
 
Sustainability: meet present needs without compromising the ability of future generations to meet their 
needs. 
 
Sustainable Aviation Fuels Northwest (SAFN): stakeholder process to explore opportunities and 
challenges in producing aviation fuel from sustainable biomass generated in the four Northwest states.   
 
Sustainable Aviation Fuel Users Group (SAFUG): an aviation industry group formed in September 2008 to 
accelerate the development and commercialization of sustainable aviation biofuels. 
 
Sustainable Way for Alternative Fuels and Energy for Aviation (SWAFEA): is a study for the European 
Commission's Directorate General for Transport and Energy to investigate the feasibility and the impact 
of the use of alternative fuels in aviation. 
 
United States Department of Agriculture (USDA): is the United States federal cabinet‐level department 
working to support agriculture, including promoting agricultural energy production including biofuels. 
 
United States Department of Energy (USDOE): is the United States federal cabinet‐level department with 
lead responsibility in energy research and development including biofuels. 
 
Third Generation Biofuels (See Generational Biofuels) 
 
Waste to Energy (WTE): the process of creating energy in the form of electricity or heat from the 
incineration of waste source. 

Waste Management (WM):  waste hauling company serving a number of major jurisdictions in the 
Northwest.
 
Western Governors Association (WGA): an independent, non‐profit organization that joins Western 
state governors in work on common issues, has set major renewable energy goals and researched 
biomass availability. 

http://www.thefreedictionary.com/sustainable
http://www.un.org/documents/ga/res/42/ares42-187.htm
http://climatesolutions.org/solutions/reports/aviation-biofuels-initiative
http://www.safug.org/
http://www.swafea.eu/
http://www.usda.gov/wps/portal/usda/usdahome
http://www.energy.gov/
http://en.wikipedia.org/wiki/Waste-to-energy
http://en.wikipedia.org/wiki/Waste_management
http://www.westgov.org/home
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Appendix 2: 
Forest Materials – Technical Information and Background Reports  
 
Forest Thinnings 
 
This section describes forest thinnings as a potential source of biomass for sustainable aviation fuels.  
This discussion was moved to an appendix to reflect the significant controversy relating to thinning 
practices.  Some stakeholders believe that this is an important source of sustainable biomass.  Others 
believe that some practices may have limited applicability to Northwest forests, especially in wetter 
forests on the west side of the Cascades.  Stakeholders also disagree regarding the available science on 
where and how thinning should occur, including its effectiveness in preventing catastrophic wildfires. 
Since we do not have consensus on these issues, we are noting some of the key research as a resource 
for subsequent work. 
 
Thinnings emerge from forest operations intended to reduce dense overgrowth in the forest understory.  
Thinnings are done for different reasons on “intensively managed” lands (typically on the West side of 
the Cascades and generally privately owned), and “extensively managed” lands, often East of the 
Cascades and typically managed by federal or state agencies.   
 
A range of studies address whether thinnings constitute a net reducer of GHG emissions. This may 
depend on the specific type of forest, the long term plan for timber harvest, and the fate of products 
derived from the forests. 
  
An Oregon State University study modeled carbon storage in east Cascades ponderosa pine forests, west 
Cascades western hemlock–Douglas‐fir forests, and Coast Range western hemlock–Sitka spruce forests.  
The study found that thinning to reduce fire dangers required removal of more biological carbon than 
would be released in fires. Most carbon remains on site, even in a fire. For example, 169 years would be 
required to re‐accumulate carbon taken from a Coast Range forest thinning operation.  If materials are 
used to make cellulosic ethanol, OSU researchers calculated that the carbon payback time would be 339 
years.1

 
The OSU scientists therefore suggest that, “…. forest management plans aimed solely at ameliorating 
increases in atmospheric CO2 should forgo fuel reduction treatments in these ecosystems, with the 
possible exception of some east Cascades ponderosa pine stands with uncharacteristic levels of 
understory fuel accumulation. Balancing a demand for maximal landscape (carbon) storage with the 
demand for reduced wildfire severity will likely require treatments to be applied strategically 
throughout the landscape rather than indiscriminately treating all stands.”2

 
Another study from University of Washington scientists has shown significant greenhouse gas reductions 
for restoration thinnings conducted in eastside forests that are fire and disease prone and fuel laden.3  
They compared managed to unmanaged Eastern Washington forests.  Based on climate change 

 
1 Mitchell, Stephen R., Mark E. Harmon, and Kari E. B. O'Connell. “Forest fuel reduction alters fire severity and 
long-term carbon storage in three Pacific Northwest ecosystems.” Ecological Applications. Vol. 19: pp. 643–655. 
[doi:10.1890/08-0501.1]; Oregon State University, “Forest fire prevention efforts will lessen carbon sequestration,” 
7 July 2009. 
2 Ibid.
3 O’Neil, Lippke, Mason. “Discussion Paper (DP8): Eastside Climate Change, Forest Health, Fire and Carbon 
Accounting, Future of Washington Forest and Forest Industry Study,” July 2007.   

http://www.ruraltech.org/projects/fwaf/final_report/pdfs/14_Discussion_Paper_8.pdf
http://www.ruraltech.org/projects/fwaf/final_report/pdfs/14_Discussion_Paper_8.pdf


 
 

121

                                                

projections of 1.7 percent burn rate per year, the study found that only an estimated 40 metric tons of 
carbon would remain on an acre of forest in 2101while approximately 70 metric tons would have 
burned into the atmosphere.  By contrast, an acre in a forest managed through thinning would account 
for 90 metric tons of carbon, of which 30 tons would be in the form of word products derived from the 
forest. 
 
“While this is a coarse approximation of potential carbon impacts from fire under expected climate 
change scenarios, it does highlight how unmanaged forests are likely to become a source of carbon 
emissions rather than a sink,” the UW scientists say. “This analysis also illustrates the hazard associated 
with slow adoption of restoration activities designed to reduce fire risk on these forests. 
 
A bill introduced by Oregon Sen. Ron Wyden in December 2009 reflects a possible approach that has 
support from some forest advocates and the forest industry on the thinnings issues (one SAFN 
stakeholder noted, however, that some forest advocates oppose this bill).  The Oregon Eastside Forests 
Restoration, Old Growth Protection and Jobs Act would set the stage for thinning on six national forests, 
while prohibiting logging trees larger than 21 inches in diameter.  The bill would allocate $50 million to 
ramp up the effort, and set up a science advisory committee to guide it.  The bill has been reintroduced 
in the 2011 Congressional session.4

 
Another collaborative example focuses on specific watersheds, assembling stakeholders from local 
communities, federal agencies, industry and environmental groups.  The Collaborative Forest Landscape 
Restoration Program for the Lakeview Federal Stewardship Unit on the Fremont and Winema national 
forests along the Oregon‐Nevada border vets plans for restoration logging operations.  The decade‐long 
thinning operation intended to reduce severe wildfire threats produces a mix of saw logs and biomass.  
The latter is for 24‐megawatt power at the Collins Company Fremont Sawmill. 
 
The U.S. Forest Service worked to design the plan with the Lakeview Stewardship Group which includes 
The Wilderness Society, The Nature Conservancy, Defenders of Wildlife, Collins Companies, Concerned 
Friends of the Fremont/Winema, Lake County Chamber of Commerce, Lake County Resources Initiative, 
Lakeview High School, Oregon Department of Economic &Community Development, Oregon Wild, 
Sustainable Northwest and local government.  The group released a plan in 2005 and updated it in 
2010.5

 
Impacts of Biomass Removal 
  
A Forest Guild assessment states, “Interest in extracting woody biomass for energy has increased 
because of rising fossil fuel costs, concerns about carbon emissions from fossil fuels, and risks from 
catastrophic wildfires.  Previously developed forest practices guidelines did not anticipate the increased 
removal of biomass and offer no specific guidance on the amount of removal that is safe. In general, 
wood that would have been left on‐site under traditional harvest conditions is removed in a biomass 
harvest, which can mean reduction of dead wood.  Guidelines should make clear and specific 
recommendations to retain standing dead trees, existing coarse woody material (CWM), harvest 
generated CWM, fine woody material, and the forest floor and litter layer.”6

 
4 Oregon Eastside Forests Restoration, Old Growth Protection and Jobs Act. Viewed 4 Feb. 2011. 
5 Collaborative Forest Landscape Restoration Program, Proposal, Lakeview Federal Stewardship Unit, Fremont and 
Winema national forests, 13 May 2010. 
6 Alexander M. Evans and Perschel, Robert T. “An Assessment of Biomass Harvesting Guidelines,” Forest Guild, 
Jan. 2005. 

http://wyden.senate.gov/issues/issue/?id=df1f6633-dac0-4ef7-b68c-9f3f0cb82c67
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“The potential environmental outcomes of woody biomass removal are complex and interrelated,” says 
a 2008 report by the Oregon State Forester mandated by the Oregon State Legislature surveying what is 
known about the effects of forest biomass removal on forest ecosystems. It states, “effects may be 
positive, negative or a mix of both.” 7  The major concerns are effects on forest soils, water and wildlife. 
 
The Oregon State Forester report found, “tremendous knowledge gaps in how different animal species 
will respond.”   Large carnivores have wide ranges so only limited impacts are expected.  Ungulate 
foraging is benefited but the animals need dense thickets for protection, so a forest mosaic is probably 
best. Small mammals may suffer negative impacts but recover quickly.  Bird effects vary by species – 
opening dense second growth forests tends to increase diversity. 
 
“In general, opening up dense stands over time increases understory plant biomass and biodiversity, and 
habitat diversity for wildlife . . .,” observed the report from the Oregon State Forester.  “Biomass 
removal prescriptions that retain untreated refugia stands and create a mosaic of different forest 
structures across the landscape will likely retain greater wildlife species diversity than large, 
homogenous stands given the same treatment.” 8  One SAFN stakeholder noted their view that this 
conclusion was likely limited to westside forests. 
 
The National Council for Air and Stream Improvement has conducted a meta‐analysis on impacts of 
biomass harvesting on biodiversity in U.S. forests (in review) and examined 66 studies that cover a 
multitude of impacts, including specific taxa response (e.g., from invertebrate responses to thinning) to 
the general effect of different treatments (e.g., woody biomass removal, thinning, SRWC,  
intercropping).   The NCASI meta‐analysis indicates that multiple studies have concluded that thinning 
often has a positive impact on species diversity because it increases structural complexity of forest 
stands.9

 
In terms of soil impacts from forest residue removal and thinnings, studies from a long‐term research 
site at Fall River, Washington were supplied to SAFN. 
 
“Practices such as vegetation control, tillage, and fertilization can potentially increase site productivity 
and ameliorate negative impacts on productivity caused by soil compaction or nutrient removal,” say 
scientists reporting on a multi‐year study at the Fall River site in coastal Southwest Washington.  The 
effect of biomass removal on soil nutrients is a research focus there. Nitrogen stored below ground is 10 
times the amount in above‐ground vegetation, so tree harvest reduced nitrogen is 3‐6 percent.10

 
The Oregon State Forester cites a long‐term Rocky Mountains field study indicating that coarse woody 
debris “does not appear to make a significant contribution to N (nitrogen) and P (phosphorus) cycling in 

 
7 Oregon Department of Forestry, Office of State Forester “Environmental Effects of Forest Biomass Removal,” 1 
Dec. 2008.
8 Oregon State Forester, pp. 2-5. 
9 See Janowiak, M.K. and C.R. Webster. “Promoting ecological sustainability in woody biomass harvesting.” 
Journal of Forestry. 2010: 108: pp. 16-23; or National Council for Air and Stream Improvement, Inc. (NCASI).  IN 
PRESS. Relationships between intensive biomass production and biodiversity in U.S. forests – a literature review.  
Technical Bulletin or Special Report No. XXX. Research Triangle Park, N.C.: National Council for Air and Stream 
Improvement, Inc. 
10 Adrian Ares et al. “The Fall River Long-Term Site Productivity Study in Washington State: Site Characteristics, 
Methods, and Biomass and Carbon and Nitrogen Stores Before and After Harvest.” USDA Forest Service, Pacific 
Northwest Research Station, PNW-GTR-691, Jan. 2007.
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these forests and may actually compete with vegetation for limiting nutrients.”11  The theory is that 
bacteria breaking down the wood consume available phosphorus. 
 
The U.S. Forest Service North American Long‐Term Soil Productivity Experiment found that removing all 
surface organic matter prior to planting, beyond what would be economically and operationally feasible, 
had no impact on total biomass production after 10 years across the studied geographies (five from the 
Sierra Nevadas and seven from the Southeastern Coastal Plain). 12  The study further found that 
removing surface organic matter also had no impact on carbon or nitrogen levels in the upper soil 
profiles.  These studies found that post‐harvest carbon increased at all depths across all studies 
(regardless of whether or not surface organic matter had been removed).  The authors conclude that 
“soil inputs following disturbance depend less on decomposition of surface residues and more on the 
decay of fine roots that remained from the previously harvested stand.”13

 
11 Oregon Department of Forestry, pg. 44. 
12 Powers, Robert F., Felipe G. Sanchez, D. Andrew Scott, and Deborah Page-Dumroese.“The North American 
Long-Term Soil Productivity Experiment: Coast-to-Coast Findings from the First Decade.” US Department of 
Agriculture Forest Service Proceedings RMRS-P-34. 2004. 
13 Powers et al, 2004. 
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Appendix 3: 
SUSTAINABLE AVIATION FUELS NORTHWEST CORE TEAM 
 
SPONSORING ORGANIZATIONS STEERING COMMITTEE REPRESENTATIVES 
Alaska Airlines ‐ Megan Lawrence, Jacqueline Drumheller  
The Boeing Company ‐ Amy Bann, Mike Hurd, Darrin Morgan  
Port of Portland ‐ Phil Ralston, Renee Dowlin  
Port of Seattle ‐ Elizabeth Leavitt, Michael Lufkin 
Spokane International Airport ‐ Todd Woodard 
Washington State University ‐ John Gardner, Marcia Garrett 
 
CLIMATE SOLUTIONS 
Ross Macfarlane ‐ Facilitator  
Patrick Mazza – Lead Researcher/Writer 
Jeannette Allan – Project Coordinator 
 
STAKEHOLDERS 
ADAGE ‐ Al Wolfson 
Air Transport Association ‐ Tim Pohle, Steve Barker 
AltAir Fuels LLC ‐ Tom Todaro, Margarett McCormick, Laurie Sheahan 
Bioalgene ‐ Stan Barnes, Dale Gluck 
BioPure Fuels ‐ Bill Wason, Barry Code 
Conservation Northwest ‐ Mitch Friedman 
Core Fuels ‐ Bill Quigg, Bob Kommer 
Dennee Consulting ‐ Tammy Dennee 
Great Plains Oil & Exploration, The Camelina Company ‐ John King 
Green Diamond Resource Company ‐ Michael Pruett 
Houghton Cascade ‐ George H. Weyerhaeuser Jr. 
Imperium Renewables, Inc. ‐ John Plaza, Todd Ellis 
MATRIC Research ‐ Keith Pauley 
Natural Resources Defense Council ‐ Debbie Hammel 
The Nature Conservancy ‐ Molly W. Ingraham 
Northwest Biodiesel Network ‐ Erica Chung, Ray Brown 
Oregon Department of Agriculture ‐ Stephanie Page 
Oregon Environmental Council ‐ Jana Gastellum 
Oregon State University ‐ Jan Auyong, Bill Boggess 
Parametrix ‐ Dwight Miller 
Roundtable on Sustainable Biofuel ‐ Matt Rudolf, Peter Ryus, Barbara Bramble 
Spokane Industries ‐ Nathan Batson 
Stoel Rives, LLP ‐ Graham Noyes 
Sun Grant Initiative – National – C.E. Watson 
Sun Grant Initiative – Western Region – Bill Boggess  
United States Department of Agriculture – Rural Development and Agricultural Research Services ‐ Chris 
Cassidy 
United States Department of Defense, Defense Logistics Agency Energy ‐ Pamela Serino  
United States Department of Energy – Brian Duff 
UOP, Honeywell Company ‐ Amar Anumakonda 
Washington Environmental Council ‐ Joan Crooks, Becky Kelly 
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Washington State Department of Commerce ‐ Peter Moulton 
Washington State Department of Natural Resources ‐ Rachael Jamison 
Washington State University ‐ Bill L. Pan, Ashley Warren Hammac, Birgitte Ahring, Jim Jensen 
Weyerhaeuser ‐ Cassie Phillips, Edie Sonne Hall 
William D. Ruckelshaus Center ‐ Michael Kern 
Wilson Sonsini Goodrich & Rosati ‐ John Pierce 
 
OBSERVERS 
U.S. Senator Patty Murray ‐ Jamie Shimek 
U.S. Senator Maria Cantwell ‐ Wyatt King 
U.S. Representative Jay Inslee ‐ Sharmila K. Swenson, Mark McIntyre 
U.S. Congressman Adam Smith ‐ Debra J. Entenman 
Westbrook Associates LLC ‐ Pat Binns 
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