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The U.S. Department of Energy admin- 
isters five Regional Bioenergy Programs 
to encourage regionally specific applica- 
tion of biomass and municipal waste-to- 
energy technologies to local needs, 
opportunities and potentials. Our region 
has taken up a number of applied 
research and technology projects, and 
supported and guided its five participat- 
ing state energy programs. 

This report describes the Pacific North- 
west & Alaska Regional Bioenergy 
Program, and related projects of the 
state energy agencies, and summarizes 
the results of our technical studies. It 
also considers future efforts of our 
regional program to meet its challenging 
assignment. 

Program Manager: Patrick Fox, P.E., 
Bonneville Power Administration, 
Portland, OR. 

Editor: Craig L. Chase, Biomass 
Energy Systems and Energy Resource 
Management, Bellevue, WA. 

Managing Editor: Phil Adamsak, 
Portland, OR. 
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DISCLAIMER 

This report was,.prepared as an account of work sponsored 
by an agency of the  United States Government. Neither 
t he  United States Government nor any agency thereof, nor 
any of their employees, make any warranty, express or 
implied, or assumes any legal liability or responsibility for 
the  accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial 
product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute 
or imply its endorsement, recommendation, or favoring by 
the  United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not 
necessarily state or reflect those of the  United States 
Government or any agency thereof. 
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Preface 

F o r  the past two decades, economic incentives and environmental policy 
actions have played central roles in the selection of fuel options for utilities, 
industry, commercial, and residential applications. 

natural gas - each a significant but varying contributor to greenhouse gas, 
tropospheric ozone, regional haze, and water-quality degradation. 

In response to these energy-conversion challenges, a number of public 
policy agendas developed. They translate into emission/effluent command and 
control regulations establishing acceptable amounts of pollution. Yet, support 
for “socially acceptable” amounts of pollution is changing. 

Traditionally, the fuels of choice have been and continue to be coal, oil and 

The reality is, pollution prevention is the 
most cost-effective option for reducing, or in 
many cases eliminating, the cost associated 
with command and control regulation of 
emissions and effluents, mitigating environ- 
mental and physical damage, and adverse 
health effects. 

Fossil fuels are a major factor within our 
economy. Their production, conversion and 
application are major sources of pollution, 
environmental degradation and global 
warming. Consequently, the development 
and application of renewable fuels options 
are the order of the day. 

The issue, then, is how to improve the 
economic competitiveness of renewable 
fuels (and biomass in particular)? How to 
enhance this energy-resource option by 
“leveling the playing field‘’ in recognition of 
its environmental benefits compared to other 
fossil-fuel options? This in turn will 
influence future energy-resource investment 
decisions, e.g., fuel-price risk and future 
environmental-regulatory compliance risk. 

This brings us to environmental costing 
or externalities - evaluating the full, life- 
cycle cost of a fuel-supply and conversion 
option and accounting for unintended 
environmental impacts or byproducts. 

There are a number of central consider- 
ations associated with environmental 
externalized accounting. These include 
defining the issues, evaluating the environ- 
mental implications and related costs, 
incorporating the externalized environmen- 
tal cost into energy-resource planning, and 
energy-resource planning, development and 
management implications. 

Contemporary environmental-manage- 
ment philosophy is approaching environ- 
mental degradation with innovative eco- 
nomic incentives and performance-based 
considerations. 

Itidlistrid Ecology “...is to interpret and 
adapt an understanding of the natural system 
and apply it to the design of the man-made 
system, in order to achieve a pattern of 
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industrialization that is not only more 
efficient, but also intrinsically adjusted to 
the tolerances and characteristics of the 
natural system.” (Tibbs, 1992, 169) This 
translates into industrial (and energy 
conversion) activities that are environmen- 
tally sustainable. 

Pollution Prevention “. ..pollution 
prevention means to reduce or eliminate the 
amount and toxicity of society’s pollutants at 
their source.” (CEQ, 1990,79) This calls for 
an ethic that merges economic and environ- 
mental objectives seeking short-term 
efficiency gains and long-term technological 
change. This translates into seeking up-front 
reduction or elimination of the waste, rather 
than employing extensive treatment tech- 
nologies to treat the waste stream or 
emission. The approach is based on source 
reduction, recycling or reuse, separation, 
concentration and exchange; treatment, and 
finally disposal. (Holmes, Singh, and 
Theodore, 1993,463) 

Integrated Resonrce Planning (least 
cost planning) is an electric-power planning 
concept that calls for resource acquisitions 
that result in the lowest costs to society. This 
means more than just reducing the costs of 
building and operating new generation 
resources; it also focuses on environmental 
costs and effective risk management. The 
approach is intended to ensure that costs and 
benefits, both, of supply and demand options 
are evaluated when seeking the most cost- 
effective energy option. 

Sitstainable Ciiltiiral and Economic 
Developtiient - “The given that economic 
and cultural development must take place 
and be maintained over the future of human 
existence. That this development must take 
place within the broad context of ecological 
limits and the physical and chemical law of 
the biosphere.” (Ruckelshaus, 1989, 167) 

challenge - the clean, efficient and sustain- 
able use of resources. 

All of these philosophies have a singular 

On the energy side of the equation, 
biomass energy1 offers a real and defin- 
able response to this challenge. To speed 
its development, Congress set up the 
regional biomass energy programs. 

These programs were established, in 
part, to provide technical assistance to 
potential developers and users of biomass 
energy, to match local biomass resources to 
local energy opportunities - technology 
transfer. As in the past, one of today’s 
strongest drivers of biomass-energy 
resource development is the sustainability of 
the resource itself. The development of a 
region’s biomass resources offers a number 
of definable benefits: 

Biomass is a renewable resource, 
sometime classified as a waste or 
residue, that provides a number of fuel 
and energy conversion options. 
Biomass resources are generally 
dispersed and widely available. 
The development of local biomass 
resources as energy options can help 
local economies and create new jobs. 
Biomass energy applications are 
comparatively benign, and offer the 
potential for alleviating local, regional, 
and global environmental impacts 
associated with energy usage and 
“residuals” disposal. 

Biomass energy applications can be 
implemented without significant 
adverse local socioeconomic impacts. 

CRAIG L. CHASE 
Biomass Energy Consultant 

Includes: wood (standing and down rrees, forest residues 
and cull material, thinning residues, energy farms, mill 
processing residues. pulping sludge, and secondary wood 
processing residues); oil seed crops, field crops and crop 
residues, animal waste. and food processing residues and 
wasre; waste water treatment sludge and biogas (waste 
water treatmenl plants, anaerobic digestors, and landfill 
gas); and municipal solid waste (refuse derived fuel. mixed 
waste paper fractions. and landfill gas). 

“For society, material and energy become wastes when it is 
less costly to discard them into the environment than put 
them to other uses. Such wastes are termed residuals.” 
(CEQ. 1990.81) 

ii 
~ 
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1 .  Policv Guidance 
Regional Mission 
The mission of the 

Regional Bioenergy 
Program is to expand 
the use of biomass 
energy in cost-effective, 
environmentally sound 
ways. Since biomass 
resources occur 
throughout the region, 
their local use for 
energy can: 

strengthen local 
economies; 

expand the choice of 
fuels; 

reduce import 
dependency; and 

help the environment. 

Guidance for regional bioenergy programs was clarified by the Energy Policy 
Act of 1992, the nation's first comprehensive energy-policy update. 

The Act provides a national framework for developing realistic, environ- 
mentally tolerable, domestic energy sources. It also collects incentives and 
advisories that were previously scattered amongst the National Energy Strategy 
of 199 1, the 1990 Clean Air Act Amendments, and other policy agendas and 
executive orders. 

Biofuels from domestic renewable resources have a large place in the En- 
ergy Act. Nine of its thirty titles provide for products such as biodiesel, ethanol 
and methanol. Several market incentives are offered. Among them are tax 
deductions for clean-fuel vehicles and fueling facilities; expanded tax-exemp- 
tion eligibility for alcohol-gasoline blenders; and low-interest loans for convert- 
ing vehicle fleets to alternative fuels. 

Further realignment of national policy on 
world energy issues is underway, as noted. 
Vice President A1 Gore, speaking before the 
United Nations Commission on Sustainable 
Development in June 1993, said that new 
ways of combining economic development 
with renewable-resource preference and 
environmental protection are under study by 
the President's Council on Sustainable 
Development. 

Since 1979 when the Pacific Northwest 
and Alaska Regional Bioenergy Program 
program went into action, regional resource 
demonstration activities have explored a 
broad range of biomass resources. Market 
forces and new environmental sensitivity 
have reshaped their availability. Our region's 
logging residues, once described for 
bioenergy purposes as "the nation's wood- 

pile," are no longer debited as waste if they 
are left on the the forest floor. Rather, they 
may be credited as nutrients or biological 
habitat. 

Nor are the residues as plentiful. Debris- 
rich old-growth logging has declined for a 
variety of reasons, while second-growth 
timber leaves less residue. Further, new uses 
- for example, "engineered" building 
materials' such as oriented strand board and 
laminated lumber made of residues or low- 
grade timber - make them too valuable a 
resource for serious consideration as power- 
plant fuel. 

I Glued laminated beams. trusses or panelr of specific 
dimensions, sometimes of woods not commonly used in 
American construction. 

~ ~ 
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However, forest residues still are 
counted as potential fuel because of their 
environmental offsets. These are the avoided 
costs of the pollution that would otherwise 
be generated by fossil fuels, costs which are 
external to the price paid for the fuel. 

Also, interest is growing in liquid fuels 
from oilseeds such as safflower and rape, 
and in ethanol feedstocks such as grains, 
municipal waste paper or pulp-mill sludge. 

Power Planning 

Energy planning in the Columbia Basin 
segment of our region is the responsibility of 
the Northwest Power Planning Council, 
under the Pacific Northwest Electric Power 
Planning and Conservation Act, Public Law 

This Council of members representing 

96-50 1. 

each of the four states is charged with long- 
range, least-cost planning. It also is respon- 
sible for restoring and protecting fish and 
wildlife populations that were lost to 
hydroelectric development. It also is charged 
with bringing public opinion into its 
decision-making. 

The Council’s current 20-year power 
plan estimates that 480 MW2 of new 
biomass-fueled cogeneration energy will be 
available at 1 1.8 cents per kilowatt-hour or 
less. It recommends that utilities in the 
region, including the Bonneville Power 
Administration, take all available offers 
now. 

The Council also estimates that 90 MW 
of new, biomass-fired thermal-electric 
generation will be available at 10 to 18 cents 
per kilowatt-hour. The power plan recom- 
mends that all cost-effective biomass energy 
be optioned and acquired, that utilities 
participate in the Regional Bioenergy 
Program, and that steps be taken to define 
the resource more closely. 

Another 30 MW will be available from 
municipal solid waste, it calculates, but 
public acceptance is unpredictable. The 

Council recommended further study of the 
issues. 

Another body, the Electric Power 
Research Institute, has identified 240 MW 
of potential landfill biogas generation in our 
region, in a survey of potential sites for a 
new molten-carbonate fuel cell. 

Changing Regional Environment 

Our program has four components in 
support of its mission: 

State Grants to strengthen and integrate 
the state agencies working in biomass 
energy; 

demonstrate, validate, or evaluate biofuel 
technologies, or to overcome market 
barriers; 

Applied Research and Applications to 

Technology Transfer activities to 
optimize information sharing among 
bioenergy developers; and 

Resource assessments. 

Changing Economy 

These are interesting times for the 
Regional Bioenergy Program. 

As noted, the forest-products 
industry is in transition, affecting the 
biomass supply. Wildlife and fishery 
considerations are restricting access to both 
forestry and hydroelectric  resource^.^ 

Urbanization and migration are 
increasing the attention given to some 
environmental values including air and 
water quality, and solid-waste management. 

A decade of electric-energy surplus 
has passed, and the region is now a net 
importer of electricity on the Pacific North- 
west-Southwest Intertie, which was built to 
send surplus energy in the opposite direction. 

3 More about fuel gas generation on Page 15. 

4 E.g., U.S. Endangered Species Act rulings in 1991 
prohibiting logging in cenain old-growth forest to protect 
the Nonhem Spotted Owl, and requiring salmon- 
preservation measures in the Columbia River to protect the 
Idaho sockeye salmon. 

2 blegawarrs 
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New approaches to power generation, such 
as the construction and operation of major 
generation resources by non-utility develop- 
ers, are accepted with startling speed. The 
efficiency gains of cogeneration, the 
availability of Canadian natural gas, and the 
loss of hydroelectric capacity for ecological 
reasons have greatly revised the status of the 
hydroelectric option. 

- : One of two nuclear power plants5 has 
been closed for mechanical reasons, and the 
operator of the other plant is on notice to 
improve efficiency. 

solid waste, particularly in Alaska, is 
increasingly being tolerated. Alaska’s 
unusual waste-disposal problems - 
permafrost, lack of roads, and an interna- 
tional compact requiring small harbor towns 
to accept shipboard wastes -give the state 
a pioneering opportunity in small-scale 
MSW-to-energy technology. With new oil 
exploration on the Arctic Slope, Alaska also 
may face a new population trend. 

7; Energy recovery from municipal 

In other states, success in recycling 
has resulted in accumulation of some MSW 
components before a market has been found 
for them. 

The Intermountain states have their 
own changes underway.6 Once-pristine 
waterways and landscapes are overused, 
greening with algae and graying with 
woodstove smoke. Natives and big-city 
immigrants alike feel the environmental 
effects of population growth in issues such as 
water quality and municipal wastes. In 
addition, agriculture is girding for a new 
generation of economic problems by learning 
how to diversify into energy crops yielding 
liquid fuel or chemical feedstocks. Projects 
are underway in Oregon’s Tillamook Valley, 
and Washington’s Skagit Valley. 

-- West of the Cascades along the 
populous 1-5 corridor, as well as the coastal 
fringes and valleys, emissions from autos, 
slashburning, woodstoves and agricultural 
fieldburning have opened opportunities for 
new bioenergy applications to become the 
“disposal method of choice”. 

5 Trojan Nuclear Plant has been shut down by Portland 
General Co.. and Washington Public Power Supply System’s 
WNP-3 is on notice to raise operating efficiency. 6 Idaho’s Coeur d’Alene, Silver Valley and ,Middle Snake 

River regions, and Montana’s Missoula. Libby and Colville. for 
example. 
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Future Program Direction 

Future regional bioenergy program activities will be strongly influenced by a 
number of national energy and environmental public policy actions: The 
Climate Change Action Plan; Executive Order 12844, Federal Use of Alterna- 
tive Fueled Vehicles; Energy Policy Act of 1992; and the 1990 Clean Air Act 
Amendments. Of particular interest are: 

0 Climate Change Action Plan 

This plan ". ..responds to the threat of global climate change and helps the 
U. S. economy toward environmentally sound economic growth.. .', The 
emphasis is on emissions reduction through energy efficiency and conser- 
vation, alternative fuels and renewable-energy resource development and 
demonstrations, methane gas recovery and use, integrated resource plan- 
ning, and pollution prevention. 

0 Executive Orders 12759 and 12844 

These Orders seek to reduce atmospheric pollution, stimulate economic 
activity and create jobs by requiring Federal agencies to acquire alternative- 
fueled vehicles and to reduce gasoline and diesel use 10 percent by 1995. 

Regionally, energy policy is being 
4haped by wildlife, fishery and natural 
resource management issues; urban air- 
quality improvement priorities; changing 
Columbia and Snake River management 
priorities; abundant low-cost natural gas - 
the fuel of choice - and least-cost energy 
planning considerations. 

To respond to the opportunities pre- 
sented by this dynamic setting, and to take 
ad\ antage of the energy and environmental 

mefits presented by the region's abundant 
biomass-resource base, two broad resource- 
(It-velopment areas were established as the 
basis for the Fiscal Year 1994 Annual 
Operating Plan. 

Direct Combustion, focusing on 
residential wood combustion and commer- 
cial biomass combustion applications, 
municipal solid waste combustion, under- 
utilized biomass residues for residential, 

power generation, and industrialkommercial 
applications, and workshops and seminars. 

Biomass-Derived Liquid Fuel (petro- 
leum substitute), focusing on Biodiesel 
(rapeseed-based fuel) process development 
and vehicle demonstrations; safflower-oil 
testing, characterization, demonstration as a 
fuel additive and industrial product; and 
cellulose-to-ethanol process development 
and demonstration. 

Open Solicitations: To encourage strong 
private industry participation and biofuels 
commercialization, a regional Request for 
Proposal (RFP) will be issued to fund at 
least two biomass development and demon- 
stration projects in 1994. 

This RFP has a 2: 1 cost-sharing require- 
ment (project sponsor to U. s. DOE funds). 
In addition, proposed projects must show: 

Technical soundness and feasibility 
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of the proposed project, including 
technology application or innovation, 
viability and quality of fuel feed stock, 
and commercial/market feasibility. 

Ability to comply with Federal, 
state, and local environmental policies, 
laws and regulations, and permits 
relating to air quality, water quality, 
solid waste disposal, hazardous pollut- 
ants emissions and discharges, and 
occupational health and safety. 

Technical and management 
capability of the project’s sponsor and 
participants, showing the skills and 
physical facilities (equipment) to 
complete the project successfully. 

Financial capability and resources 
necessary to see the project through to 
competition and to verify cost-sharing. 

Continuing Projects: on-going 
activities or projects, continuing from 
previous-year funding, focus on the develop- 
ment of liquid fuels or fuel additives from 
oilseed crops, pulping sludge, and waste 
paper fractions. 

Use in High-speed Diesel Engines -The 
focus of this work is on biodiesel process 
design, development, refinement, and 
demonstration using rapeseed oil as a 
feedstock; fuel testing and characterization; 
diesel-engine performance testing, commer- 
cial-viability analysis, environmental- 
sensitivity testing (toxicity and biodegrad- 
ability), criteria-pollutant emissions testing 
and additional on-the-road demonstrations 
using 100 percent biodiesel. 

The Cooperative Agreement, with the 
University of Idaho, has been modified to 
add a task for “Dynamometer Transient 
Conditions Emissions Testing.” These tests 
will be conducted under variable en,’ oine- 
speed and -load conditions to determine 
hydrocarbon (HC), carbon monoxide (CO), 
carbon dioxide (C02), oxides of nitrogen 
(NO,), and particulate matter (PM) emis- 
sions. The testing procedure and protocol 
will be consistent with those developed for 

Development of Rapeseed Biodiesel for 

heavy-duty diesel engine operations by the 
Los Angeles County Metropolitan Transpor- 
tation Authority (formerly the Southern 
California Rapid Transit District) and 
accepted by the California Air Resources 
Board. 

Establishment of a Rapeseed Biodiesel 
Process Scale-up and Commercialization 
Steering Committee -The Idaho Depart- 
ment of Water Resources is heading up an 
effort to establish a “Rapeseed Biodiesel 
Commercialization Working Group 
(BIOCOM).” The group’s mission would be 
promoting the commercial production and 
utilization of rapeseed Biodiesel as a clean 
fuel. Future Biodiesel development and 
commercialization activities will involve 
fuel-production scale-up in a pilot-scale 
biodiesel production facility, and commer- 
cial demonstrations in commercial or public 
service vehicles. 

Given the successful outcome of these 
activities, the program management is 
exploring opportunities to expand Biodiesel 
development activities by participating in 
two large-scale demonstration projects - one 
at the Idaho National Engineering Labora- 
tory and the other within the National Park 
System. 

Safflower Oil Development - The 
Safflower Oil development plan has five 
parts: 

1. 
scaled-down locomotive-type en,’ oines to 
determine which diesellsafflower oil blend 
can best reduce emissions and optimize fuel 
economy; 

Performance and emissions tests on 

2. Recommended Practice - 50-3 
locomotive engine tests to determine if the 
safflower-oil diesel additive is compatible 
with locomotive engines and with their 
lubrication oil; 

3. identification of industrial chemical 
potential for oleic and linoleic safflower 
oils; 

4. Researching and developing means 
to lower the costs of safflower oils; and 
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5. Identifying non-agronomic 
constraints to the development and econom- 
ics of a Montana fuel safflower oil industry. 

As part of this development plan, the 
Montana Department of Natural Resources 
and Conservation joined with the North 
Dakota Agricultural Products Utilization 
Council, North Dakota State University, and 
SVO Specialty Products (a division of 
Lubrizol Corp.), to conduct fuel screening 
tests on a high-speed diesel engine. These 
tests were designed to identify vegetable oils 
and vegetable oil blends with diesel No. 2 
which can reduce emissions and be cost- 
competitive with new diesel-fuel formula- 
tions. 

Initial SAE test results of high-oleic 
safflower oil, high-oleic sunflower oil, 
conventional sunflower oil, methyl soyate, 
and methyl ester of high-oleic rapeseed oil 
suggest: 

blended with vegetable oils of 15 percent 
or greater volume; 

the data are unclear, particularly at full 
power; 

Emissions are reduced for all fuels 

For blends of less than 15 percent, 

promising from an emission-reduction 
standpoint. 

The initial analysis suggests that high- 

Safflower oil and its blends appear 

oleic vegetable oil has good thermal 
stability, durability, and engine compatibil- 
ity, and reduces CO, HC, and NOx emis- 
sions. 

The next step is blend selection for use in 
a continuous 400-hour endurance test using 
the Engine Manufacturers Association 
(EMA) 200-hour test protocol. 

Cellulose (pulp sludge) to Ethanol 
Development - Longview Fibre Co., 
Mycotech Corp. and Tecogen, Inc., continue 
to work on a waste-sludge-to-ethanol 
project. During the first phase of this effort, 
Mycotech will analyze sludge samples to 
determine and optimize sugar yields. 

Given acceptable results, the next phase 
will involve an in-plant process scale-up and 
demonstration at the Longview Fibre mill. 
This work will be carried out in mid-FY 
1994, without regional funding. The 
Regional Program may become involved 
during the third phase, which will address 
commercial scale-up feasibility and design 
during FY 1995. 
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Regional Goals and Objectives 

Goal: Strengthen and expand the region’s efforts to encourage the acceptance and use of 
biomass fuels as viable energy options. This will be accomplished through technology transfer, 
information, and education activities designed to improve public understanding and accep- 
tance of the various biomass energy options. 
Objective: Continue improving the region’s information exchange program. Focus on promoting 
opportunities to use biomass resources as an energy option. 

Goal: Continue developmental activities that lead to cost-effective biomass resource recovery 
and energy-conversion options that abate or mitigate environmental concerns resulting from 
energy-conversion activities and waste disposal. 
Objective: Continue program activities that define and assess the biomass resource base and the 
economic potential for the region. Develop and publish reliable information of the quantity and 
quality of biomass fuel resources. Relate biomass fuel-use opportunities to new public policies and 
changing views on energy use. 

Objective: Continue program activities aimed at identifying or assessing environmental sensitivities 
as they relate to biofuels development, recovery and conversion. Increase field activities that focus 
attention on the need to further our understanding of these environmental sensitivities, trade-offs, 
mitigation measures, and costs. Attention will be placed on improving recovery and conversion 
efficiencies, and emission and effluent reductions. 

Goal: Continue technical assistance and targeted energy activities that will enable industrial 
and institutional users to match local biomass resources with energy requirements. 
Objective: Demonstrate the technical and economic feasibility of using 
biomass fuels through resource surveys, technology development and demonstration activities. 

Goal: Foster cooperation between industry and energy agencies through cost-shared projects 
that will build private sector confidence in the adoption of biomass-energy technologies. 
Objective: Ensure program responsiveness, encourage cosponsors, and increase technology-transfer 
effectiveness. 

Objective: Encourage an active dialogue with industry and trade groups. 
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II. Biofuel Programs 

Our region offers major growth 
opportunities in three biofuels; liquid 
transportation fuels. solid woody and 
cellulosic fuels, and biogas. 

Private-sector involvement will increase 
when market incentives of the Energy 
Policy Act of 1992 receive their appropria- 
tions and open new financial opportunities. 
Technologies such as biodiesel and 
safflower-oil fuels, and dual-fuel firing, that 
have been maturing in the regional “test 
bed” for a decade are advancing toward 
commercialization. 

Other biomass doors are expected to be 
opened by emerging technologies in diesel 
engines. fuel cells, and microbiological 
processing. 

The market incentives within the 

Energy Policy Act include: 

fleets must use domestic, alternative 
fuels (Title 111, Section 302); 

alternative fuels (Title IV, Section 409); 

alternative-fueled fleets (Title V, Section 
501); 

Businesses handling alternative 
fuels must buy alternative-fueled 
vehicles (Title V, Section 501); 

Tax deductions for clean-fuel 
vehicles and refueling facilities that 
qualify (Title XIX, Section 179A); and 

Proportionate tax exemptions for 
alcohol/gasoline blends of less than I O  
percent (Title XIX, Section 1920). 

Half or more vehicles in federal 

State and local incentives to use 

Low-interest loans for owners of 

Recovering logging 
debris in Intermountain 
forest 
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Direct Combustion: Pellets in Our Future? 

Biomass fuel is a traditional energy source in the Pacific Northwest & Alaska, 
where the economies are driven largely by natural resources. In Washington 
State, for one, it provides 22 percent of household heating and 25 percent of the 
industrial fuel.’ 

The timber industry and agriculture generate large quantities of residues that 
could fuel electric power generation. The type and source varies widely, both 
geographically and over time. In general, transportation cost is higher than for 
other fuels because of low weight per unit volume. 

Forest-products manufacturers use residue-fired steam heat to dry lumber 
and veneer, and many sawmills and pulp mills also generate electricity, most 
often in cogeneration systems. Today, the electric generating capacity from 
biomass fuels in the Pacific Northwest is 660 MW. Aside from one 48MW 
standalone plant, most comes from cogeneration plants of 2 to 10 MW. 

To wood-heat interests, holding onto these traditional customers is today’s 
high strategy. Fossil-fuel dealers aggressively target wood-heated households, 
claiming superior convenience and at least comparable cost for gas or oil. 
Wood-heat interests are seeking to expand market share through acceptance as 
an alternative residential-energy source, or as a fuel-switching strategy sup- 
ported by conservation-minded electric utilities. 

Densified Logs, Pellets Seen As 
Clean Fuels of Tomorrow 

Densified fuels - familiar wood pellets 
and logs - have received much recent 
attention. They may be the fuel of tomorrow, 
simply because they offer help with so many 
problems and add less than fossil fuels to 
global warming. Woodstoves an emission 
problem? Switch to pellets or densified logs. 
Waste paper filling landfills? Pelletize it and 
blend it with wood. Grass straw piles up 
after harvest, incubating pests? Run it 
through the pelletizer, too. 

Consumers are buying pellet stoves in 
serious numbers, according to the Associa- 
tion of Pellet Fuel Industries in Bellevue, 
Wash. About 200,000 of them are installed 
nationally, mostly on the West Coast, and 

about 50,000 more are going in annually at 
prices of $2,000 to $2,500. 

In total, pellets displace about 625 MW 
of peak electrical generation, a capital- 
investment bargain at $450 per kw, accord- 
ing to an estimate by the association. 

Pellets aren’t without problems. They’re 
not as easy to handle or store as gas or oil. 
Pellet stoves need more frequent cleanouts 
than gas or oil furnaces, and generate ash for 
disposal. Also, like most gas and oil heaters, 
they quit when the power quits. 

The pellet-feedstock supply is less 
competitive, too. The raw fiber is increas- 
ingly being used for products such as 
particleboard and oriented-strand construc- 
tion panels. There is currently an oversupply 
of pellets, but this isn’t all bad, according to 
the association, because the visibility is 
important for consumer confidence. The 

I Washington State Energy Oftice. 
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industry’s preferred course is to take up the 
surplus by selling more stoves. 

One way to get more into use, the 
Association suggests, is for electric utilities 
to subsidize pellet stoves as conservation 
devices, or as “fuel-switching,” because of 
the heating load they displace. 

The industry has set out to boost 
acceptance by smoothing technical and 
distribution problems. It will educate 
distributors to anticipate and troubleshoot 
operator problems. 

The industry also is proposing study of 
basic stove and fuel technology. Some pellet 
feedstocks are more corrosive than others. 
Some leave more ash or slag. Stove metal- 
lurgy needs better definition of the fuels, so 
that makers can chose the most corrosion- 
resistant alloys. Further, while fuel charac- 
terization has pointed to some effects of salt 
contamination, the chemistry of the corro- 
sion is inadequately defined for manufactur- 
ers, who need data correlating contaminants 
and corrosion rates with specific alloys. 

Fuel Tests Range from Salty 
Wood to Mixed Waste Paper 

In that direction, a basic regional 
bioenergy activity recently established 
combustion-engineering data on a variety of 
fuel woods and other cellulosic fuels. The 
study, by a Oregon State University (OSU) 
team, focused on regionally plentiful fuels 
including discarded office paper and junk 
mail. 

The OSU team indicated ways to use 
waste paper and other problematic refuse- 
derived materials for energy. Mixed waste 
paper and RDF’ are major landfill compo- 
nents, and energy conversion is a regional 
goal. 

potential fuels that are now shunned 
because they are high in ash, chlorine or 

The findings are applicable to a range of 

2 Refuw-derived fuel: burnable material retrieved lrom 
municipal holid \ \ a \~e .  

heavy metals. The data cover both environ- 
mental and operational concerns. 

H. Canova and Taejin Lee of OSU’s 
Department of Mechanical Engineering. It 
was cofunded by the Regional Bioenergy 
Program, and reported in Municipal Solid 
Waste Combustioil: Testing and Evaluatitig 
the Cornbustion Characteristics of Waste 
Fuels, published by the Regional Bioenergy 
Program in 1992. 

The test fuels were office paper and 
magazines, municipal RDF. Clean, heart- 
wood ponderosa pine was also tested, as a 
benchmark fuel. All were pelletized for the 
combustion tests. The pine was included for 
baseline comparison and in blends with 
other materials. 

The study by Dwight J. Bushnell, Joseph 

Results showed that cofiring the biomass 
with clean wood pellets lowered some 
troublesome emissions to acceptable levels, 
both by dilution and by reducing the impact 
of random metallic or chloride inclusions 
such as small batteries, plastics, or coated 
papers. The wood also maintained tempera- 
tures and stabilized combustion. 

The higher heating values were approxi- 
mately 9,000 Btdlb for wood, 8,000 for 
RDF and 7,000 for papers. 

A full range of dioxin and furan emis- 
sions was found, in parts-per-billion 
quantities. With RDF fuel, these polychlori- 
nated compounds varied seasonally, reflect- 
ing the program’s segregation of samples by 
calendar quarter. 

The highest dioxin and furan emissions 
resulted from oxygen-rich combustion, and 
were accompanied by high chloride levels in 
exhaust gases. Paper fuels did not signifi- 
cantly affect either dioxins or furans. 

Bottom-ash leachates were very alkaline 
for all the samples. Wood and paper leachate 
showed a pH of 12, and RDF leachate was 
about pH 10, compared to typical mixed 
waste paper MSW landfill leachate ranges of 
5 to 8 pH. Metallic content was lower than 
in typical landfill leachate. The main 
leachate elements found were aluminum, 
calcium, chromium, molybdenum, potas- 

MSW Fuel Values* 

Higher heating Value - Dry 

(BtuNb) 

Food waste 8,000 

Paper 7,200 

Cardboard 7,000 

Plastics 14,000 

Textiles 7,500 

Rubber 

Leather 7,500 

Yard waste 7,900 

Wood 8,000 

14 - 16.000 

Source: “Municipal Solrd 
Waste Combustion: Tesfing 
and Evaluating the Combus- 
tion Characteristics of Wasle 
Fuels;” Bushnell. Canova and 
Lee 
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Densified logs 
reduced emissions 
in home use 
compared to 
cordwood fuels. Low 
emissions during #2 
Mixed Log test, 
which had a low 
burn rate because of 
warm ambient 
weather, indicate 
broader tolerance for 
weather variation. 

sium, sodium, strontium, and sulfur. 

Firing problems included ash buildup 
with pelletized mixed waste paper (MWP) 
and RDF fuels, and clinkers and corrosion 
with RDF fuels. The ash buildup would be 
reduced if the materials were fed as fluff, the 
report said. It predicted that careful furnace 
design can minimize clinkers. 

Densified-Wood Logs Show 
Promise in Smoky Airsheds 

Densified-wood logs, sold under familiar 
brand names, were found in another study to 
reduce severe winter airshed pollution where 
home wood-fueled heating is a factor. 

The tests were conducted in Klamath 
Falls, Ore., a severely woodstove-polluted 
airshed in a mountain basin at 3,800 feet 
altitude. They showed that densified logs 
produced only half as much particulate air 
emission as cordwood. 

The study suggested that switching a 
community’s woodstoves from cordwood to 
densified wood at the onset of air stagnation 
might be an effective abatement strategy 
despite the higher fuel cost. It recommended 
further evaluation of the logs for rural 
nonattainment airsheds and sites such as ski 
resorts, which could readily apply the 
method despite the manufactured fuel’s 
premium price. 

The readings were taken in nine homes 
during normal January stove use. Perfor- 
mance was monitored and logged by a 
computerized sampler developed and 

Average Emissions for All Nine Stoves (Gramshour) 
From: In-Home Demonslralion of Reduction of Woodslove Emissions 
from /he Use of Densified Logs 

Particulates 24.43 12.09 18.56 11.39 
co 126.69 99.61 11 0.73 94.63 
Volatile organics 20.84 13.86 18.14 10.40 

Cordwood 1# mixed log #2 mixed log Fir-chip Log 

installed by OMNI Environmental Services, 
which conducted the study for the Oregon 
Department of Energy and the U.S. Environ- 
mental Protection Agency. 

temperature inversions and dense haze, with 
woodstoves stoked against the deep chill. (It 
was January 1988 in Klamath Falls when 
EPA monitors recorded the highest particu- 
late level on record in the U.S., 792 micro- 
grams of particulates per cubic meter of air. 
A level of 600 is rated a public-health 
emergency.) 

January is characterized by sharp 

Two brands of densified log were 
compared to cordwood. One brand reduced 
PM- IO3 particles by more than half, and the 
other by about 24 percent. Other pollutants 
also were reduced significantly; carbon 
monoxide was about 25 percent lower and 
volatile organic compounds (VOC) dropped 
about 40 percent. 

The two brands were almost identical in 
heating value. The cleaner-burning brand 
was mixed ponderosa pine, red fir and 
western larch chips, and the other was 
Douglas-fir. Both were the familiar 4 1/4- 
inch by 13-inch extruded logs. 

The tests lasted for four weeks. Each 
week, the fuel was changed. Unusually 
warm weather during one test week caused 
slow bum rates, with consequent poor 
combustion and expected high emissions. 
However, emissions remained low. The 
report inferred that densified logs “may have 
a wider envelope of good performance with 
regard to bum rate than does cordwood . . . 
important for relatively wm-climate 
nonattainment areas.” 

Four of the stoves in the test were 
conventional models. Two others were EPA- 
certified catalytic stoves and another three 
were EPA-certified noncatalytic stoves. The 
emission reductions were consistent among 
all the stoves. 

Heating with densified logs cost more 
than twice as much as cordwood in the test. 
Densified logs, at $150 per ton, cost $14.50 

Paniculate matter smaller than IO microns. 
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per million Btu. Lodgepole-pine cordwood, 
at $70 per cord, cost $7 per million Btu. 

However, the cost would have been 
equal - $14.50 per million Btu - if the 
pine were $185 per cord, which it reaches in 
some areas such as urban California, 
according to the study. It added that densi- 
fied logs at such prices might be relatively 
economical. 

The report suggests that, even with a 
sharp price differential, short-term use of 
densified logs might be a preferable strategy 
to an outright burning ban. Communities 
such as Rocky Mountain ski resorts, where 
fireplaces are significant pollutant sources 
and fuel cost is less critical, could readily 
adopt a fuel-switching strategy, the report 
Observes. 

The authors speculated that others, rather 
than total bans, might prefer to subdize low- 
income householders who cut their own 
firewood, or buy it cheaply. 

Since shipping costs are a main fuel- 
price component, establishment of local 
manufacturing sources might be desirable. 

The authors recommended tests of other 
densified biomass materials such as straw 
from wheat, grass, rice and other grains that 
present disposal problems but might be 
converted into low-pollution fuel logs. 

Helping Mill Owners 
Weigh Pellet-Making 

An add-in personal-computer spread- 
sheet application for small-scale pellet 
entrepreneurs is part of a handbook pub- 
lihhed by the regional program. 

It offers a cash-flow worksheet, 
Densefuel, to help mill owners model the 
bottom-line effect of adding a pelletizer to 
use surplus residues. 

The publication, “A Handbook for 
Small-Scale Densified Biomass Fuel 
(Pellets) Manufacturing for Local Markets,” 
gives an overview of the industry, and 
includes a case history of a small-scale mill 
operator who added a pelletizer. 

The handbook was written by Richard L. 
Folk and Robert L. Govett. The included 

program, “Densefuel,” requires Lotus 1-2-3 
or compatible spreadsheets running on a 
common MS DOS-type personal computer, 
IBM-XT level or better. The 959-line 
program is printed as an appendix, but the 
authors will copy it directly onto a mailed 
diskette as a courtesy. 

The report features a case study of a 
fuel-pellet add-on at a family-owned, 30- 
employee specialty mill, the Browning Cut 
Stock Co. of Latah County in north-central 
Idaho. The mill makes a variety of specialty 
products from pine lumber. It generates 
about 500 tons of clean residues a year, 
much of which was formerly burned, 
landfilled, or given away. 

In 1987 Browning bought an alfalfa- 
pellet mill and modified it for fuel pellets. 
The machine went into full production of 51 
16-inch fuel pellets after a year of machine 

Excerpt from Densefuel 
pellet-mill appraising 
spreadsheet program 
shows how owner 
extends local informa- 
tion into a financial 
analysis. It illustrates 
cash-flow from a 
hypothetical pelletizer 
added to a manufactur- 
ing plant. 
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For a copy of 
Densefuql, send a 
diskette and postage 
to Richard Folk, 
University of Idaho, 
College of Forestry, 
Wildlife, and Range 
Sciences, Depart- 
ment of Forest 
Products, Moscow, 
Idaho, 83843,2081 
885-5850. 

and process improvements. The bagged 
pellets are sold at the plant or delivered to 
feed, stove and building supply dealers 
within 100 miles. 

Browning allowed the authors to make 
experimental runs with feedstocks including 
mill residues and alternative fibers: whole- 
tree chips, field-crop residue (rape stalks) 
and recycled newsprint. The report presents 
details of feedstock preparation, material 
flow, special problems, system bottlenecks 
and production levels. Sensitivity analysis 
identified the key production variables 
affectipg cost, output or quality, and key 
marketing variables. 

A national overview of the wood- 
densification market is followed by a 
closeup view of the Intermountain region: 
Idaho, western Montana and eastern 
Washington and Oregon. 

In 1991, 19 pellet plants in the Inter- 
mountain West had an estimated output of 
143,650 tons. Many remote, smaller mills 
there have piles of clean fiber that might 
appropriately be used for fuel pellets, it says. 
While big mills often preempt the residues 
for fiber feedstock or to bum as bulk process 
fuel, the region has more than 185 small 
primary processors and 300 secondary 
manufacturers without such needs. 

Process steps typically include raw 
material storage and handling, grinding, 
drying, densification, cooling and cleaning, 
bagging and storage. 

Because small plants rely strongly on 
operator skill and intuition in adjustments, it 
advises buyers to view manufacturers’ 
capacity specifications cautiously. 

The model is tailored for an adaptive 
approach to equipment, process control, 
labor allocation and marketing. 

Three market segments are discussed: 
industrial, residential, and municipal and 
institutional. A specific marketing strategy is 
advised for each, to balance their varying 
profit margins, seasonality, sales and 
handling requirements. 

The interactive spreadsheet program 
projects after-tax net cash flow based on 
prospective direct investment, fixed costs, 
labor costs, variable costs, revenue and 
operating days. Full earned depreciation is 
added to after-tax profits because pelletizing 
is stipulated as an add-on to the existing 
plant. 

Total revenues are projected from pellet 
production and sales price inputs. 

Residue from the primary product is 
treated as a cost. If the residue is presently 
used, this use is an opportunity cost. If the 
residue has no value or other use, there is a 
disposal cost, whether stockpiled, inciner- 
ated, landfilled or given away. 

The model places no cash value on air- 
or water-quality improvement or goodwill 
benefits such as discounts to employees or 
enhanced service to a community. 
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10,000 cows = 145,000 gallons per day Coarse fiber and grit screened 

MEAD 
Methane 
Agricultur 

from 40 or more for resale as potting soil and 
d soil amendments 

I 2 ' .  

Farmers fertilize Dastures with Methane-fueled enaine. 

annually 

Digested slurry is drained and dried. 
Solids are bagged as commercial 
fertilizer. Liquid is returned to farmers 
for field amlication. 

Energy and 
-al Development 

1 

S 

sanitized organic' fluid, completing drives generator - 
the nutrient cycle. for 8 million kWh 

Electricity is distributed 
by local utility district. Fertilizer is sold as 

premium local nutrient. 

Biogas: A Resource in Waiting 

Biogas is slow to develop as an energy source in our region. New regulations 
and emerging technology could change the picture. 

A noteworthy new application is a proposed dairy-manure-processing 
district in Tillamook County, Ore. Named MEAD (Methane Energy and Agri- 
culture Development), it aims to curb surface-water pollution and generate 
some 8 million kWh annually, at the same time creating commercial 
byproducts. Locally conceived and privately developed, it is evaluating con- 
struction and operation proposals. Startup is planned for 1995. 

Sponsors of this $14 million bioenergy project are 30 local dairies. The 
Regional Bioenergy Program has participated substantially and early as an 
invited participant, along with the Oregon Department of Energy and Oregon 
State University. 

The plan is unusual for its district processing plant, and for its local begin- 
nings. It is sponsored by leaders from dairies, industry, agriculture and the City 
of Tillamook. A private energy developer prepared the design and is one of two 
firms competing for the operating contract. 
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A county economic-development 
committee conceived of the project, to 
forestall imminent regulation under the U.S. 
Clean Water Act; cow manure was creating a 
built-in growth limit and menacing the 
region’s carefully promoted image of 
wholesomeness. 

Tillamook, on Oregon’s rainy north 
coast, is natural dairy country. The creamery 
association’s cheese factory is one of the 
nation’s largest. But the dairies’ broad, green 
meadows are cut by rivers famous for 
salmon and steelhead trout. The rivers drain 
into Tillamook Bay, a large estuary provid- 
ing clams, oysters, crab and bottom fish, as 
well as passage to the Pacific Ocean for the 
migratory species. Commercial and sports 
fishing provide important community 
income. 

The MEAD plant would process the 
manure of 10,000 cows. It is designed to 
supply methane gas to the local utility 
district, from its digester, fueling 8 million 
kWh of generation annually. It is intended to 

create about $5 million worth of fertilizer 
and soil-additive products for sale annually, 
and to return processed fluid to dairies for 
liquid pasture nutrient. 

of the nitrogen from surface runoff. The 
runoff nourishes undesirable algae in the 
streams, and is the source of fecal bacteria 
that flood the estuary several times a year, 
halting the oyster harvest. 

Another pressure will be eased by the 
expected improvement in odor. 

Processing is to remove about 75 percent 

The participating dairies are to pay a 
service charge of $2 per ton, which is said to 
be less than other disposal methods. 

Financing is to be a mixture of tax-free 
bonds, grants and private investment. A $2 
million grant from the U.S. Environmental 
Protection Agency is a key element, along 
with $8.4 million in pollution control bonds. 
The utility district will issue $1.3 million in 
revenue bonds, and the Port of Tillamook 

Farmers Explain MEAD Supporf 
Why would a matter-of-fact dairy farmer support such an innovative 

proposal as MEAD? Here are the reasons given to interviewers while the 
project was being debated: 

Cost effectiveness. Doesn’t dramatically increase the current cost of 
handling manure 

Effectively reduce manure loading on the land 

Protect and enhance the quality brand image of the 77llamook dairy 
industry and products 

Return some nutrient to their pastures in the form of the liquid nutrient 
and/or digested fiber for its organic content 

Marketing the project’s services will be enhanced during construction 
of the facility 

Remove manure application as a constraint to herd expansion and the 
resulting revenue from increased milk production. 
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will borrow $1 million through industrial 
revenue bonds. 

The Regional Bioenergy Program, which 
granted $60,000 for feasibility studies 
through the Oregon Department of Energy, 
is furnishing another $25,000 for the final 
paperwork. 

The proposed plant would be in three 
separately owned sections: 

Conservation District would own the $12 
million processing facility. There, manure 
would be received from trucks and con- 
verted into products. 

The Tillamook Soil and Water 

The Tillamook People’s Utility 
District would own the $1.5 million gas- 
powered generation plant, producing about 
1,500 kWh per day of energy, plus heat for 
the treatment processes. 

The $2.5 million fertilizer produc- 
tion plant would be privately owned, 
probably by the operating contractor. Solids 
from the digester would be dried, bagged, 
and sold regionally as “Oregon Green,” an 
environmentally positive plant food. Fiber 
byproducts are to be marketed as a soil 
amendment or potting soil ingredient to the 
state’s big horticultural industry. 

The process effluent, a dilute fertilizer, 

The plan is open-ended. Surveys show 
that the founding dairies plan to increase 
their herds, and that other farmers hope to 
join. Some members have suggested a 
manure pipeline from nearby farms to the 
central plant, which is to be on a Port of 
Tillamook industrial site. That Tillamook 
Bay industrial site. That proposal is under 
study. 

would be returned for use on pastures. 

I 

Proposed MEAD Organization 

Farmers 
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Manure-Processing Facility 
Tillamook County Soil & Water Conservation District 
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Regional Potential* 
For Fuel-Cell Gas’ 

Washington 112 mW 

Oregon 100 mW 

Idaho 14 mW 

Alaska 10 mW 

Montana 4 rnW 

Total 240 mW 

2 M W modules 

Oregon Gov. Barbara Roberts has called the 
MEAD project “a national model for public/ 
private partnership to deal with the increas- 
ing problems facing agriculture and rural 
areas,” noting that it will create a new 
industry and add jobs to the county. 

0 

Institutional factors do not encourage 
biogas utilization in our region. Local 
governments manage municipal solid waste 
and wastewater, and are concerned prima- 
rily, even solely, with disposal. Large 
wastewater plants often are built with gas 
systems, but only for onsite use. 

Consequently, there is probably less than 
15 MW of undeveloped potential for 
conventional biogas production in the entire 
Pacific Northwest & Alaska. 

A new technology that is nearing the 
market offers a different vision, however. 
Looking ahead to the completion of a 2 MW 
molten-carbonate fuel cell late in this decade, 
the Electric Power Research Institute (EPRI) 
has identified 240 MW of potential landfill 
generation in our five states. 

To qualify, a site needs at least 10 years’ 
flow of 750,000 square foot a day for 10 
years, equal to an annual inflow of 72,000 
tons per year. 

This technology will be peculiarly 
suitable for landfills, since it is enhanced by 
the C 0 2  in landfill gas. Contrarily, in 
conventional conversions the C02 reduces 
energy value. 

landfill-gas electrical generation in our 
region is a 1.5 MW unit of the Eugene 
(Ore.) Peoples Utility District, now being 
doubled to 3 MW. 

But until the fuel cell anives, the only 

Like the operators of municipal systems, 
owners and managers of farm-waste 
disposal systems are not eager to recovery 
energy for its own sake. Similarly, most food 
processors simply look for lowest-cost 
disposal. 

Even so, the new regulations requiring 
gas collection and flaring have improved the 
economics for conventional biogas technol- 
ogy. Four Washington landfill operators are 
considering energy production, and several 
Oregon sites are also being appraised. 

I 7illamook Anaerobic Digestion Facility Preconstruction 
Study; Unisun Biowaste Technology; March 1992. 
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These two biodiesel- 
powered pickup 
trucks are cruising 
Idaho roads on 
homegrown fuel. 
Long-term tests are 
underway to qualify 
the fuel under 
national engineering 
standards. 

Source: University of 
Idaho Department of 
Agricultural Engineering 

Can Our Region Make Its Own Motor Fuels? 

Three major liquid-fuel activities are underway in our region. All offer the 
potential of reducing greenhouse-gas emissions and displacing imported oil. 

Two are diesel fuels, and offer potential solutions to certain air-quality 
problems in other regions. The third, ethanol, would benefit municipal air 
quality where transportation emissions are principal pollutants. 

The diesel fuels could support new energy crops for idle farmland in most 
parts of the nation. The ethanol could profitably draw energy from pulp waste 
and paper scrap that are now disposal problems. 

All three are emerging now from years of preliminary development. The 
diesel-fuel programs were conceived, launched, and pursued locally, before 
qualifying for regional bioenergy funds. The ethanol development applies a 
low-cost enzyme medium created by a Montana biochemical laboratory to 
complement enzymatic-hydrolysis research by the National Renewable Energy 
Laboratory. It has the potential of drawing major energy resources from two 
enormous waste streams: sludge from processing recycled paper, and straw. 

answer. Conservatively, these developments can at least reduce our vulnerabil- 
ity to supply variations and undesired emissions. 

Could the region produce its own motor fuels? “Probably, ” is a reasonable 

- 
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Locomotive-type engines 
at South west Research 
Institute. Measuring 
internal deposits in such 
engines is a crucial step 
in upcoming tests to 
qualify Montana safflower 
as a pollution-reducing 
fuel additive. 

(Photo by Southwest 
Research Institute) 

Pollutant-Reducing Safflower Oil 
Fuel Blend For Diesel Engines 

In Montana, an 11-year-old program to 
displace petroleum products with safflower- 
seed oils is testing pollution-reducing 
locomotive-fuel blending stocks. 

The project originally aimed at the 
general railroad-fuel market, where the 
18,000 diesel locomotives of Class I 
railroads, alone, bum more than 3 billion 
gallons of oil a year. These 12- and 16- 
cylinder, medium-speed, heavy-duty engines 
consume more than 3 gallons of fuel per 
minute under load. Similar engines drive 
towboats and stationary loads such as 
electrical generators and oil-well pumps. 

It’s clear now that safflower isn’t likely 
soon to be their primary fuel. Its price is too 
high, 

Diesel-oil prices were rising when the 
Montana project began, and its supply was 
unsure. The Department of Energy was 
predicting $1.47 per gallon by 1995. Clearly, 

*sup; 

that prediction was off the mark; oceans of 
diesel are available now on the futures and 
spot markets at $0.60. 

Even so, Montana developers have pared 
costs almost to the predicted level. They 
project an industrial grade at $1.60 per 
gallon. 1 

Also, railroads now are skeptical about 
quality and supply, based on their own 
studies of substitutes or extenders during the 
1970’s. 

Even so, the Montana Department of 
Natural Resources and Conservation 
(DNRC) believes its newly bred oilseeds 
have a potential role in specialty low- 
pollution fuel blends, and is pursuing that 
market niche with help from private and 
public sponsors. 

Railroads are under increasing pressure 
in problem airsheds to clean up their 
exhausts. States are clamping down on 
existing rail fleets, and the U.S. Environ- 
mental Protection Agency is drafting 
emission limits for new engines. 

’ Safflower oil without the food-grade oil’s color or odor 
assurances. 
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Montana‘s developers are out to docu- 
ment their claims that a relatively small 
proportion of safflower oil blended into 
diesel fuel reduces smoke and other particu- 
late emissions. They also reason that 
safflower additive reduces acid rain, 
greenhouse gas emissions and water 
pollution in relationship to its blend ratio, 
because it is virtually free of sulfur, totally 
lacks fossil C02, and is biodegradable. 

added to the list of approved pollution- 
control measures, alongside special petro- 
leum formulations, altered injection timing, 
modified injectors, and reduced idling 
practices. 

As well, Montana’s safflower oil 
development has important non-fuel 
industrial interests. 

They’re seeking to have safflower blend 

Besides its basic DNRC funding, the 
work now has grants from the Regional 
Bioenergy Program and the U.S. Depart- 
ment of Agriculture, the State of Montana, 
Agrigenetics, Inc., and the specialty oil 
manufacturer SVO Specialty Products, Inc., 

These sponsors’ various goals include: 

petroleum substitutes; 

A test plot of safflower at 
the East Montana 
Agriculture Research 
Center. Genetic program 
is breeding emphasizing 

unique new oleochemical feedstocks; 

market rights to patented, high-yield 
varietal oilseeds; commercial qualities. 

improved human and animal foods; and Source: Montana State Universify 
(Eastern Agrrcultural Research 

a non-subsidized, drought-resistant crop Center) 

to grow on fallow wheatland. 

Besides the paying sponsors, the 
Association of American Railroads is 
observing from the sidelines, according to 
Richard Cataldi, manager of the AAR 
energy and locomotives program. 

Montana’s safflower project began in 
1983 under the state’s Renewable Energy 
and Conservation Program, funded by a 
portion of the coal-severance tax aimed at 
replacing fossil fuels. 

Safflower was chosen for development 
because fuel trials in laboratory engines at 
nearby Montana State University indicated 
that it might be the most market-ready of 
potential Montana energy crops. 

The DNRC targeted locomotives 
because their engines, classified as “medium 
speed,” are more tolerant of vegetable oils 
than the smaller high-speed types. Also, 
industry approval seemed simpler, with only 
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Super-safflower uses* 

High-linoleic oils: 

Industrial coatings 

Floor finishes 

Alkyd resins 

Non-yellowing, high-quality 
drying paints 

Natural biodegradable oil 
replacing petroleum-base 
chemicals 

Health food 

High-oleic oils: 

Spray food coatings 

Liquid medium for flavors, 
seasonings, nutrients 

Blend with olive oil 

Infant-food base 

Snack-food frying oil 

Health food 

Base for hydrogenated 
shortenings (margarine, etc.) 

Suntan oils, creams, lotions 

Lubricant in high-friction uses 

‘Eastern Agricultural Research Center. 
Montana State University 

two American and one Canadian locomotive 
makers, than in the crowded field of high- 
speed truck, tractor, and industrial engines. 

Agronomists advised that safflower is a 
desirable crop. Grown in rotation with 
wheat, the state’s biggest crop, it interrupts 
wheat’s disease and pest cycles. It is deep- 
rooted, tapping deep nutrients and mois- 
ture.* Also, it can improve tilled soil, even 
reversing irrigation damage, and farmers can 
work it with their wheat equipment. 

Safflower, Carthamus tinctorius, is a 
member of the thistle family (along with 
sunflower). It is a native Asian and African 
crop; the flowers made a red dye, carthamin, 
used until chemical dyes took over in the 
early 20th Century, and the oil is still used 
there in paint, ink, cosmetics, cooking and 
medicine. 

Brought to the U.S. from India early in 
this century, it was introduced as a crop after 
World War I1 in Nebraska, California, 
Montana, Texas and the Dakotas. Montana 
grows about 40,000 acres for food-oil, and 
could plant another million acres in rotation 
with wheat or barley. This would press into 
about 900,000 barrels of oil, the energy 
equivalent of 800,000 barrels of diesel fuel. 

Safflower meal, the protein-rich seed 
meal left after the oil is extracted, is the 
state’s main sheep-feed supplement. 

Like most vegetable oils, safflower oil is 
a complex compound. It has several types of 
the long-chain hydrocarbon molecules called 
fatty acids, and minor amounts of other fatty 
components, including vitamins. 

Its two principal fatty acids are of equal 
energy value, because each has 18 carbon 
atoms in its molecule. Each type is classed 
as “unsaturated.” This describes the type of 
bond between carbon atoms in the mol- 
ecules. 

One of them, oleic acid, has a single 
carbon-bonding link, for which it is named 
“monounsaturated.” The other, linoleic acid, 
has a double carbon-bonding link, so is 
called “polyunsaturated.” 

in nutrition, and in industrial uses such as 
internal combustion engines. 

They differ in blossom color and in the 
proportions of fatty acids. One, distin- 
guished by red-and-white flowers, has a 
predominance of oleic acid. It is used in the 
Montana breeding program, but not com- 
mercially grown there. 

The second strain, yellow-blooming, is 
the basic Montana crop. Standard versions 
yield a high level of linoleic acid, and 
breeding has sharpened that trait in some 
varieties so that they produce the highest 
proportion of linoleic acid known.3 

These links determine the oil’s behavior 

There are two major safflower strains. 

Some of the other new varieties have an 
opposite blend with exceptional proportions 
of oleic acid. Their oil is more stable than 
most other cooking oils, so can be used at 
higher temperatures and has longer shelf life 
- important traits to fast-food processors. 

That stability also is significant in 
industrial uses. In engines, high-oleic 
safflower oil has performed almost as 
cleanly as diesel fuel in preliminary tests. It 
caused less of the unacceptable lubricant 
thickening that disqualifies other prospective 
fuels. Further, it didn’t leave the carbon or 
polymer deposits that disqualify most 
vegetable oils because they foul combustion, 
and gum up injectors and piston rings. 

The project’s other safflower product, 
high-linoleic oil, appears to have prospects 
as a feedstock in the $12 billion 
oleochemical market. There, it could 
compete with petrochemicals as a clear, 
hard-drying base for paints, floor finishes, 

Deep-rooted, safflower breaks up dried hard-pan and 
consumes water from lower levels than wheat. This is the 
water that can otherwise rise. floating salts to the surface 
where they dry into “saline seep.” an inhospitable cmst that 
reduces productivity. 

The name “linoleic” allude, to llnseed oil. another source of 
linoleic acid, which comes from flax. whose genus is h u m .  
Oleic acid is the pnncipal ingredient of  olive oil, from the 
olive genus olea. 
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alkyd resins, industrial coatings and other 
compounds. 

Jerald W. Bergman of Montana State 
University’s Eastern Agriculture Research 
Center at Sidney, is believed to be the only 
government safflower geneticist in the 
nation. His task in the project is to improve 
oil purity and yield, increase byproduct 
value and reduce production costs. 

The center has isolated more than 4,000 
safflower breeding lines. It has crossbred 
high-purity strains yielding more than 80 
percent of the selected fatty acid, and less of 
the unwanted fractions. Lubrizol has 
licensed one of the high-oleic strains, 
Montola 2000, and is growing it as a 
commercial crop. 

The Research Center has also brought a 
high-linoleic variety, Morlin, to the point of 
commercial release. 

The minor oil components may be a key 
to further fuel enhancement. They’re being 
identified with liquid chromatography. 
Fractional amounts of these saturated acids 
and other fatty compounds may be the 
causes of lube-oil thickening and ring- 
groove deposits. Minimizing these fractional 
components could be a major contribution. 

To improve animal nutrition, workers are 
reducing one fractional component that 
gives the meal a bitter taste, and increasing 
two others that cattle need, the essential 
amino acids lysine and methionine. 

Also, they are breeding thinner seed 
hulls to reduce fiber bulk, increasing the 
proportion of protein, and thus the nutrition 
of the meal. A mere 1 percent rise in protein 
content will add a premium price for the 
meal byproduct equivalent to the cash flow 
gained by a 5-cent per-gallon price boost for 
the oil. 

The current work plan includes such 
elements as conclusive laboratory and field 
tests of blend qualities, a systematic search 
for oleochemical markets, and a study of the 
economic and policy concerns for safflower 
as an energy crop. 

Fuel blends for the locomotive engine 
tests were screened in the engine laborato- 
ries. of North Dakota State University. 

Southwest Research Institute (SWRI) in 
San Antonio, Texas, will do the operational 
t e ~ t i n g . ~  An elaborate series of trials will be 
run in locomotive-type test engines. If they 
show safflower blends to be effective and 
economic, a railroad will be asked to allow 
operating trials under severe field condi- 
tions. 

The breeding program continues. It 
involves further selection for cost reduction, 
specific oil components and improved 
byproducts. 

Begun as a fuel venture, the safflower 
program now is looking toward 
oleochemical applications, as well, to 
displace petroleum and help the region’s 
farmers. 

It has similar projects for the Association of  American 
Railroads, the U.S. Environmental Protection Agency, the 
State of  California, and the three North American 
locomotive manufacturers: General Electric, the Electro- 
Motive Division of  General Motors, and Bombardier 
Montreal Locomotive Works. 
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The road-testing activity calls for a 
pickup to run on 100 percent biodiesel fuel 
for 12 consecutive months. It is to be 
extensively documented, with engine-oil 
analysis for wear products. 

Development of a farm-level manu- 
facturing process for ethyl ester, 
similar to the one developed earlier 
for methyl ester. 

This task focuses on an affordable 
chemical processing plant scaled for a 
regional operator such as a farmers’ coop- 
erative. It must produce 200 gallons of 
ethyl-ester biodiesel for the program’s use. 

Commercial viability analysis. 

This activity is extensive. 

It requires a complete analysis and 
comparison of the three road trials’ perfor- 

mance, maintenance, particulate emissions 
and wear. 

It calls for analyzing commercial and 
industrial prospects for biodiesel byproducts 
such as specialty lubricants and hydraulic 
oils, industrial and chemical feedstocks. 
These are to include economic, technical, 
environmental, and market issues. 

Toxicity and biodegradability are to be 
determined for each biodiesel fuel, including 
acute aquatic toxicity and shake-flask tests. 

Comparative durability of methyl and 
ethyl biodiesels is to be determined, with 
one-year durability assessed in quarterly 
tests of viscosity, peroxide value, density, 
neutralization, and combustion heat. 

A proposal for testing operating emis- 

Yanmar 3TN75E-S 
high-speed diesel test 
engines in University 
of Idaho laboratory 
They were chosen for 
similarity to common 
agricultural engines. 
Source: Universify of Idaho 
(Department of Agriculfural 
Engineering) 
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Farmer-Scale Biodjesel Plant 

Rapeseed 
1 

Reactor/Separator 
Crude 

Water iodiesel 
(Ester) 

/- To Glycerol 
Purifier 

Optional Washing 
or neutralizing 

(Can be blended with diesel oil ethanol) 

Chemical plants for 
farmers to make their 
own biodiesel are 
designed in the Idaho 
project. This plant uses 
plastic fixtures and 
plumbing. Users can 
feed it rapeseed oil and 
methanol, to manufac- 
ture biodiesel and 
glycerol. 

sions of vegetable-oil based fuels in the 
three test vehicles is to be developed from a 
literature review of testing methods and 
protocols. 

Net carbon-cycle benefits are to be 
calculated, followed by a cost-benefit 
analysis of using biodiesel fuels. Handling 
and storage requirements are to be summa- 
rized. 

Emissions testing. 

Recently added to the program, exhaust 
emissions of critical substances will be 
tested for criteria pollutants, under dyna- 
mometer transient-condition protocols of the 
Southern California Metro Transit Authority. 

Technical information and technol- 
ogy transfer. 

Progress will be reported quarterly, and 
an extensive, peer-reviewed final report will 
be required. There will be also be technical 
presentations, vehicle displays, and publica- 

tion of technical articles in trade, energy and 
environmental publications. 

Ultimately, a transit or truck fleet 
demonstration will be sought. This will 
require establishment of a pilot-scale fuel- 
production facility. 

Project cofounder C.L. Peterson is 
confident of the outcome. In previous long- 
run laboratory trials, undiluted biodiesel 
performed at least as well as conventional 
diesel fuel. 

Peterson and his cofounder, plant 
geneticist Dick Auld, argue that biodiesel 
has the potential to supply most, or even all, 
of U.S. agriculture’s diesel-fuel needs, while 
putting idled farmland to work. It’s much 
more than an emergency stopgap, they 
maintain, and should be treated as a perma- 
nent addition to America’s liquid-fuel 
resources. 

Even though Rudolf Diesel, himself, ran 
engines on natural vegetable oil for a while 
in the 19th century, it isn’t a satisfactory 
diesel fuel, particularly for the high-speed 
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PROPERTIES 

Cetane rating 
Flash point (“C) 
Cloud point (“C) 
Pour point (“C) 
Viscosity (cs) Q 40°C 

Q 100°C 
Sulfur (pct, wt) 
Density (kg/L) 
Gross comb. heat 

Biodiesel vs. No. 2 Diesel Oil 

Neat 
Rapeseed Oil 

42.6 
274 
-1 1 

46.7 
9.8 
0.02 
0.906 
17,370 

- 

Biodiesel Diesel 

47.8 54.4 

-2.2 -1 2.2 
-9.4 -28.9 
5.6 3.2 
2.39 1.26 
0.031 0.32 
0.874 0.852 
17,500 19,500 

No flash seen 80 

By Phoenix Chemical Lab. lnc, Chicago 

engines used in trucks, tractors and com- 
bines. It clogs up engines in a number of 
ways. 

Vegetable oil consists mostly of triplet 
clusters (triglycerides), like bunched 
bananas, of fatty-acid molecules. Each 
triglyceride cluster has its three long fatty 
acids, connected by one short molecule of 
glycerol (glycerin). 

oil than a vegetable oil. It looks, feels, and 
bums like oil. However, biodiesel is 
properly called an “ester,” because its 
triglyceride clusters have been separated by 
the transesterification process. 

The esters are named after the alcohol 
used in their transesterification: either 
methyl esters or ethyl esters, for biodiesel. 

Biodiesel behaves more like a petroleum 

In the Idaho process, the neat rapeseed 
oil agitates in a plastic tank with alcohol and 
a catalyst (potassium hydroxide) This 
detaches the glycerol and unbundles the 
fatty-acids. 

The transesterification plant is simple, 
reliable, and economical enough to be used 
efficiently by local farm cooperatives. 

Unfortunately, biodiesel costs an 
estimated $1.35 per gallon to manufacture, 
plus the price of the feedstock oil. This is 
more than the price of highway-taxed diesel, 
and much more than the untaxed diesel oil 
delivered to farms. 

All the same, a market toehold is 
perceived for it as a low-pollution specialty 
fuel or fuel blend for city buses and delivery 
trucks - a mitigation strategy for problem 
urban airsheds. 

The cost is expected to go down, as 
geneticists continue working toward a new 
set of raw-material costs. They seek to 
increase rapeseed yields 30 percent to 50 
percent through selective breeding and 
genetic modification. 

Definitive tests are under way. Engine 
exhaust, with virtually no sulfur or aromatic 
particulates, should be relatively nonpollut- 
ing compared to petroleum fuel, and 
significantly less smoky. Also, mixing 

Most vegetable oil 
consists of triple 
clusters of fatty-acid 
molecules, called 
triglycerides, held 
together by a 
glycerol molecule. 
This diagram shows 
a triglyceride with its 
glycerol molecule 
(at the top). 
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Biodiesel power was 
equivalent or slightly 
better than power from 
conventional fuel in 
University of ldaho 
laboratory tests. 

Winter Rapeseed 
Crop Advantages 

Control soil erosion 
on summer fallow 

Deep tap root 
breaks up plow pan 

Reduce weeds, 
diseases and insects 
of other crop 

Could tap export 
market 

I I , I , I I I I 
0 Engine hours 200 400 600 800 1000 

biodiesel with conventional diesel reduces 
particulate emissions in proportion to the 
dilution, with only a fractional loss of 
power. 

The developers are optimistic that 
petroleum’s apparent price advantage may 
be corrected someday, as understanding of 
“real” energy costs” gathers weight in 
energy policy. They hope that fuel prices 

will reflect related external expenses such as 
tax breaks for oil producers and explorers, 
military defense of petroleum-providing 
nations, emission controls, and damage to 
human health and the environment. 

Even if biodiesel doesn’t take off as they 
believe it should, it remains a realistic new 
domestic backup fuel, which was their 
original aim. 

Auld. D.L.; Peterson, C.L.; and Koms. R.A.; Ifinter 
Rapeseed Oil as u Renewable Fuel /or the United Stures: 
National Bioenergy Conference, Coeur d’Alene. Idaho. 
March 1991. 
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Proposed Sludge-to-Ethanol Process 

Low Cost Enzyme for 
Cellulose/Glucose Conversion 

I Yeast 

Paper Mill 
Waste Sludge 

Process 
Ethanol Fuel P 

3( 
Recycle Paper Coating Solids 

Ethanol Breakthrough Sought 
Using Paper-Mill Sludge 

A system for profitably making low-cost 
ethanol out of the residual sludge that paper 
mills accumulate, particularly mills recy- 
cling used paper, is being pursued by the 
Regional Bioenergy Program through the 
Washington State Energy Office and the 
Montana Department of Natural Resources 
and Conservation. 

It would use a new, sharply lower-cost 
enzyme from a Montana firm in an im- 
proved version of a chemical process 
wggested by U.S. Army research and 
pursued by the National Renewable Energy 
Laboratory. It would exploit features of 
paper-mill sludge which make it a prepro- 
cessed feedstock for ethanol conversion. 

Paper-mill sludge is piling up in the U.S. 
at a rising rate, now 4 million dry tons a 
year- enough to make 4.5 million barrels 
of alcohol with energy equivalent to about 3 
million barrels of gasoline. The rate is 
increasing with the spread of paper recy- 

cling. Washington’s 20 paper mills amass 
almost a third of the nation’s total, about 
1.25 million dry tons a year. Another 19 
mills in Oregon, two in Alaska and one each 
in Idaho and Montana give our re,’ oion a 
sizeable feedstock potential. 

Ethanol, the ethyl alcohol found in 
whiskey, wine and beer, is a good motor 
fuel. I t  has been considered for general fuel 
service in the United States since the early 
days of automobiles, but handicapped by 
costing more than gasoline. In Brazil, 
however, with 4.2 million cars, sugar-cane 
ethanol is the national fuel. 

Low-level blending into gasoline is 
widespread in the U.S. today, mainly 
because of federal and state tax subsidies. 
These seek ethanol’s environmental, 
foreign-trade, and strategic advantages 
relative to gasoline. 

Up to 20 percent ethanol/gasoline blends 
can be used without modifying auto en- 
gines’ appreciably. In 1992, up to 8 percent 
of all gasoline sold in the United States was 
10 percent ethanol-blended, called gasohol. 

Ethanol has a very high octane value; in 

Proposed process 
will convert pulp-mill 
sludge to ethanol 
and minerals, using 
economical enzymes 
from a Montana 
biochemical re- 
search firm 

I Northwest Pulp & Paper Association. 

Wright. Efhorrolfrorrt Ligrrocellirlose. 
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some parts of the country most premium 
unleaded gasoline is an ethanol/gasoline 
blend. Although ethanol contains only two- 
thirds the energy of gasoline by volume, 
blends appear to deliver about the same 
mileage as neat gasoline. 

The proposed pulp-sludge process 
should make fuel-grade alcohol competi- 
tively priced with gasoline, and in large 
amounts, according to Tecogen, Inc., its 
designer. 

Tecogen is a division of Thermo Power 
Corp., which is a subsidiary of Thermo 
Electon Corp. of Waltham, Mass., a large 
builder of advanced-technology products 
from paper recycling, cogeneration and 
resource-recovery systems to medical 
instruments. 

The sludge is more than half cellulose, 
and convertible to alcohol at a yield of about 
62 gallons a ton, Tecogen calculates. 
Ethanol production might be profitable 
without the governmental subsidies. 

The process to be used is based on 
investigation of the quick rotting of World 
War I1 Army clothing and tents in jungle 
environments. A fungus, Trickoder-ma 
r-eesei, was found to be exuding an enzyme 
that converted the rugged cellulose cloth 
into glucose. 

The proposal speculates that commercial 
success with sludge feedstock could lead to 
the use of other cellulose resources including 
MSW, agricultural residues and dedicated 
woody energy crops. Other chemical products 
are also possible, using the same process. 

The process would employ a thrifty, 
solid-culture enzyme medium developed by 
Mycotech, a Butte, Mont., biochemical firm 
specializing in fungus applications. That 
firm uses the same production approach to 
manufacture commercial biopesticides and 
soil-remediation compounds. 

In the process of simultaneous saccharifi- 
catiodfermentation, dry enzymes mixed with 
the sludge digests the cellulose into glucose, 
which ferments into ethanol. Then the ethanol 
is concentrated by distillation, and the 
enzymes are sent back for further use. 

The new dry enzyme medium costs as 
little as one-fifteenth as much as liquid 
forms. The proposal intends to improve the 

results still further by salvaging the commer- 
cial paper-finishing minerals that are freed 
when the cellulose fibers dissolve -kaolin 
clay and calcium carbonate coatings and 
titanium dioxide whitener- for resale or 
reuse. 

The project is broadly regional. 
Tecogen’s proposal, which seeks a 
bioenergy grant for a three-year commercial- 
ization program, was addressed to the 
Montana DNRC, which has been working 
with the Washington State Energy Office to 
apply the Mycotech enzyme and the 
Tecogen process to mixed waste paper from 
Washington state’s municipal solid waste. 
Montana has long been a cosponsor of 
Mycotech’s search for new uses for agricul- 
tural residues, from which the enzyme 
medium is derived. 

The state agencies had considered paper- 
mill sludge only as a second-rank feedstock 
target, but Tecogen, which has a sister 
company that designs paper-recycling 
systems, believes sludge is better than waste 
paper. 

It argues that the sludge is a prepro- 
cessed feedstock, already stripped of lignin, 
a wood component that inhibits the ethanol 
conversion. The cellulose fibers in sludge, 
rejected from the pulp stream because they 
are too short for papermaking, make better 
contact with the enzymes because there is 
less non-fermentable material in the way. 

At least equally important, the price of 
sludge is better than the price of waste 
paper: it is negative. Most mills pay to dump 
it. Others dewater the sludge and incinerate 
it in the mill’s boilers, where it contributes 
little or no heat and leaves considerable ash 
- yet another residue for disposal. Waste 
paper, in comparison, can be sold for a few 
dollars a ton on the export market, making 
that the base price. 

a capital-cost estimation and economic 
sensitivity evaluation based on an actual 
paper-mill waste stream. 

Next would follow a laboratory-scale, 
batch-wise simulation, process design and 
optimization, and update of the economic 
analysis. This would be followed by a pilot- 
plant phase with a transportable pilot plant, 
evaluating the feedstocks at a number of 

The multi-phase project would start with 
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Economics Projection for Sludge-to-Ethanol Plant3 
$10 Million Investment - $1.20/gal Ethanol 

Sludge-tipping fee, $/wet ton $50 25 10 O* 0** 

Annual revenue $000,000 $9.6 6.9 5.2 4.1 2.5 
Pre-tax return $000,000 $8.1 5.3 3.7 2.6 0.95 

Return on investment 81 YO 53% 37% 26% 9.5% 
'wifh mineral recovery "without mineral recovery 

mills. Business and commercialization plans 
would be written for each site. 

A large, unsatisfied ethanol market is 
waiting. In  Washington alone, some 
13-.000,000 gallons were blended into 
gasoline in 1992. More will be needed soon, 
as federal regulations require other metro- 
politan airsheds to use oxygenated gasoline 
with alcohol-based additives to reduce 
carbon-monoxide pollution. 

Ethanol producers now in the rep' oion can 
only meet a fraction of the demand. Wash- 
ington has two manufacturers; one ferment- 
ing wood-pulping residues, and the other 
!4ng brewery waste. Their combined 

capacity is 3,700,000 gallons per year. 

In nearby Idaho, two plants use potato- 
processing wastes, and one in Montana 
ferments spoiled grain. Their annual 
production is 4.5 million gallons, for a 
regional total of 8.2 million gallons.Two 
more plants are under construction; one in 
Washington to use potato and grain wastes, 
and another in Montana to convert wheat. 

Commercialization could result in favorable 
national energy and environmental impacts, the 
proposal predicts. Major papermakers of the 
region and elsewhere have expressed interest in 
participating. To the mills, ethanol conversion is 
value-added utilization of waste. 
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V. State Energy Agencies 

s t a t e  energy agencies participate in the Regional Bioenergy Program through 
their representatives on its Biomass Utilization Advisory Group. The agencies 
also play active roles in the program’s highly leveraged State Technical Assis- 
tance activities, and confer informally on issues of common interest. 

Thus, the regional program has a valuable window on state activities of 
interest. Among these are regulation, facility siting, environmental-impact 
mitigation, resource management, and local economic development. 

Safflower blossom from 
Ahntana fesfplotis fVPical of 

of fuels from biological 
sources. programs. 

Each agency is guided by its state’s energy policy in coping with opportuni- 
ties and problems in biomass utilization. They also benefit from broadly shared 

deve’opmenf experience within the region, and from coordination with related national 

Source: East Montana Agriculture 
Research Center State bioenergy programs receive $50,000 annually from the regional pro- 

gram to support and coordinate their activities, to which their states must add 
$25,000 as their 50 percent match. 

I 
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Overview 

Size: 591,000 sq. mi. 

Population: 570,345 

Industries: Oil, gas, tourism. 
fishing, mining, forestry 

Forest: 129,045,000 acres 

Income: $21,932 per capita 

Program Title: State of 
Alaska Bioenergy Technical 
Assistance Program 

Contractor: Alaska Division 
of Energy, P.O. Box 190519- 
0869, Phone 907-261 -7227 

Manager: Peter Crimp. 
Division of Energy, Alaska 
Department of Community 
and Regional Affairs 

Bioenergy for Alaska: Rugged State Sees 
Local Biofuels Staunching Cash Outflow 

Alaska’s energy environment is shaped by remoteness, low population 
density. rigorous climate and fragile ecology. This means that there are few off- 
the-shelf solutions; most bioenergy projects must be custom designed. 

Ironically for the home state of the giant North Slope oil field, Alaska’s 
biomass is a prime target of the Regional Bioenergy Program because the cost 
of importing refined fuel oil from the Lower 48 states is a major economic 
factor. and clean disposal of municipal waste and wood residue from milling 
operations is a necessity. 

And, urban and maritime wastes are a formidable challenge. Already short 
of disposal sites, Alaska now must also accept waste from the vessels that call 
at her harbors under MARPOL, the United Nations maritime-pollution conven- 
tion.’ Waste-to-energy is an attractive alternative, but difficult because the 
communities are small for conventional energy-conversion packages. 

State energy objectives include promoting bioenergy, resolving institutional 
barriers that restrain its use, developing self-sustaining bioenergy applications, 
providing information and technology transfer, and setting up a statewide 
framework to promote and support bioenergy issues. 

1 En.ictsd tor the L* S. .I, P.L. 100-200. tlir Marine Pl.i\tic Pollution Re\earch and Conirol Aci. regulates oceai~ic dumping. and 
rcquirrr pori\ m d  teriiiiiuI\ IO pro\ ide relii\e-di\po\al iac~l~ i~e>.  
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South Tongass Wood-Fired 
Power District Under Study 

At the southeastern end of the Alaska 
Panhandle, in the island communities near 
Ketchikan, the energy agency is studying the 
feasibility of displacing diesel-generated 
electricity with wood-fired. 

The fuel would be the large quantities of 
residue nearby from the southern portion of 
the Tongass National Forest and Native 
Lands. Currently, residue that isn’t burned 
for power and process heat at the saw and 
pulp mills is landfilled, open-burned, or fed 
into wigwam burners. 

Throughout, the Energy Division has 
worked closely with the US. Forest Service 
and state environmental authorities. 

In the first phase of the study, a Division 
of Energy2 consultant quantified the 
availability of wood residue from sawmills, 
pulp mills, sort yards, and logging opera- 
tions, and the cost of processing and 
delivering it to four potential energy-facility 
sites. 

Approximately 17,000 bone dry tons 
(BDT) per year are available from primary 
sources - the larger mills that are expected 
to remain in operation in the long term. 
Another 16,000 BDT of bark fragments and 
chippable long butts are available from sort 
yards. 

Delivered costs range widely, depending 
on the fuel source, processing costs, and 
energy-recovery location. The study has also 
estimated costs and availability of alterna- 
tive fuels; logging residues, municipal solid 
waste, and local coal. 

The second phase of the study will 
recommend a site for an energy facility, 
prepare a concept design for the facility, and 
perform an economic and environmental 
analysis. 

The siting and design element will 
consider factors such as site-development 
costs, proximity to power and heat markets, 

availability of transmission facilities, land- 
use patterns and ownership, and goals of 
local utilities. 

In addition to assessing air and water- 
quality impacts, the analysis will discuss the 
avoided impacts of reduced landfilling, fuel- 
oil transport and storage, and generation of 
power by diesel units. 

The economic analysis will compare 
costs of wood-fired, fossil fuel-fired, and 
hydroelectric energy and heat. 

Fairbanks North Star Persuaded 
To Weigh Waste-to-Energy Use 

Solid waste is hauled to the landfill in 
the Fairbanks area in frozen bales during 
winter, 200 miles from the Arctic Circle. 

At temperatures of 40 to 60 degrees 
below zero Fahrenheit, MSW defies most 
shredders and must be thawed before 
combustion or processing. The community 
airshed is a non-attainment for carbon 
monoxide during winter, affecting energy 
options. Recycling isn’t feasible because of 
the distance to scrap buyers. 

The landfill must be closed in four or 
five years. Fairbanks’ North Star Borough, 
which manages solid-waste for Fairbanks 
and outlying areas, has been trying to choose 
a new disposal site or system, but perma- 
frost, wetlands, high water tables and other 
difficulties are substantial. The borough 
includes a military base, the cities of 
Fairbanks and North Pole, and several 
communities and remote households. 

Their search for a disposal system was 
well under way when the Alaska Division of 
Energy learned that it didn’t cover the option 
of MS W energy recovery. 

North Star Borough had begun siting a 
landfill without determining which option 
was the most cost-effective, although several 
firms had submitted proposals for waste-to- 
energy plants. 

bioenergy programs have secured an equal 
footing for a waste-to-energy option, which 
could provide as much as 7.5 MW of 

Since then, the state and regional 

~ ~~~ 

* Previously the Alaska Energy Authority 
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generating capacity. They have funded 
broadened evaluation, to compare all options 
on a least-cost-planning basis. 

A Division of Energy grant supports in- 
depth comparison of mass bum and dedi- 
cated refuse-derived fuel (RDF) combustion, 
and of co-firing RDF in existing boilers. 
Public involvement in planning and evalua- 
tion is to be documented. 

The evaluation is to cover markets for 
power and steam, environmental strategies, 
effects on local economics and fuel, and an 
economic analysis including tipping fees 
and power or steam sales. 

Juneau / Lemon Creek Joint 
MSW Heat-Recovery Analysis 

The incinerators for Juneau’s municipal 
solid wastes are set up for heat recovery, but 
heat has never been recovered. Now, the 
Division of Energy has performed an initial 
feasibility study of distributing the heat to 
public and private institutions in a proposed 
heating district. 

The privately-owned MSW incinerators, a 
pair of Consummat CS1600 units, bum 
about 20,000 tons a year, reducing it to 
2,400 tons of ash. 

The heat could be distributed to the nearby 
Lemon Creek Correctional Center, a 
retirement home, a public school, and two 
very large retail stores. The correction 
center, alone, bums 110,000 gallons of oil 
annually for space and water heat. 

The project addresses a potentially 
inexpensive, efficient, and environmentally 
sound source of energy The analysis 
estimated available energy, heating require- 
ments and capital costs, and presented a 
simple financial analysis. 

The study was reviewed by cooperators 
in the project: Channel Corp., the incinerator 
operator; the Tlingit Haida Regional 
Electrical Authority; the City and Borough 
of Juneau; and the Alaska Department of 
Corrections. 

The next step will complete a full 
financial analysis concept design and 
feasibility assessment. 

Seward Sawmill Studied; Might 
Heat Prison, Nearby Industry 

A tangle of energy and environmental 
problems and opportunities in Seward is 
being studied for bioenergy solutions, under 
a technical-assistance grant from the 
Division of Energy. 

The site is a proposed heating district for 
an industrial-park and prison, steam and 
possibly electricity generated with sawmill 
waste. 

The purpose is to demonstrate the 
economics of installing a waste-fired energy 
plant to supply a heating district. 

The sawmill, which emerged from 
Chapter 11 Bankruptcy Act protection in 
1993, generates about 100 tons of residues 
daily. These are stockpiled because the 
Seward landfill has been closed and the next 
nearest one is 100 miles away on the Kenai 
Peninsula. 

Another supply element is that 105 tons 
of waste paper that is retrieved from 
Seward’s municipal waste annually. 

mill itself, a nearby correctional center, and 
other buildings in the vicinity. The mill uses 
diesel generators for plant electricity, and is 
hampered by high kiln-drying costs. The 
prison burns 250,000 gallons of oil a year 
for heating. A ship chandlery in the indus- 
trial park plans an expansion that will need 
300,000 gallons of heating oil a year. 

Potential energy customers include the 

The prefeasibility analysis covers heating 
and electrical needs and costs; fuel costs and 
quantities, including waste paper, wood and 
mill residues, coal and other fuels; and 
capital costs. 

Back-Pressure Steam Turbine 
Set for Sitka MSW Incinerator 

By upgrading a 25-ton-per-day MSW 
incinerator to generate electricity, Sitka is 

Alaskans generate 
about twice as much 
municipal waste, per 
capita, as the national 
average. Rates as 
high as 6.6 pounds 
per Alaskan have 
been measured, 
almost twice the 
national average of 
3.58 pounds. 

Reasons include the 
rugged packaging of 
Alaskan freight, data 
skewed by frequent 
mingling of residential 
and business waste, 
and censuses that 
ignore seasonal 
residents. 

-Alaska Division of Energy 
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expected to save about $23,000 in annual 
energy costs while continuing to heat 
Sheldon Jackson Community College. 

with broad potential in Alaska and the 
Pacific Northwest: a small-scale, back- 
pressure turbine for rural hospitals and 
sawmills to increase energy recovery in an 
existing waste-to-energy facility. 

The boilers have been operating at only 
30 psig despite their 150 psig ratings. They 
bum 25 tons of MSW and sewage. Raising 
pressure to capacity and running the surplus 
steam into a back-pressure turbine to 
generate electricity should provide about 
290,000 kWh of electricity annually. 

The project is mainly financed by the 
City-Borough of Sitka. The turbine-genera- 
tor, to be installed this winter, is expected to 
reduce operating costs. The City-Borough 
will add a larger electostatic precipitator to 
provide redundancy in flue-gas handling, 
and other state-of-the-art pollution controls. 

A Division of Energy grant will be used 
for capital expense. It secures visitor access 
and technology transfer, with documentation 
of the selection, installation, startup and 
performance of the low-pressure, steam- 
turbine generator system. 

The Energy Division reasons that 
increased efficiency is needed to keep the 
city’s disposal costs competive, and to 
provide contemporary emissions controls. 

The project demonstrates technology 

Wood Fuel Studied for Prison 
at Sutton, near Anchorage 

In a widely publicized demonstration, a 
small, wood-fueled heating system was 

installed at the Palmer Correctional Facility 
at Sutton, in the Matanuska Valley near 
Anchorage. 

The system is saving 8,000 to 10,000 
gallons of heating oil a year. It uses two 
350,000 B tubour cordwood-fired boilers 
and a 3,000 gallon accumulator tank. 
Locally harvested land-clearing or logging 
residues are the fuel. 

The site is the agricultural complex of 
the Alaska Department of Correction 
Industries minimum-security facility. I t  w a h  

one of a number of government buildings, 
schools, and other public facilities offered. 

The project’s startup was widely 
reported, with video coverage relayed to TV 
stations over the state satellite system. 

The Division of Energy went through the 
entire permitting process that a small 
commercial user would have faced in 
substituting unwanted harvesting residues 
for oil as fuel. 

It assessed fuel availability and quality. 
and examined transportation, environmental 
and economic issues, including contacts 
with regulatory agencies about permits, 
boiler performance and other information. 

Proposed sites were examined for cost. 
weather, heat load, evaluating equipment. 
and cost. Data were reviewed by the 
Regional Bioenergy Task Force. Finally, the 
design completed and equipment selected, 
bids were sought. 

an operation and maintenance plan, and 
monitored performance for 12 months. 

After installation, the agency developc 
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Rapid Idaho Growth Strains Infrastructure; 
Energy Agency Plays Bioenergy Role 

w i t h  the fastest employment-growth rate in the West - 4.6 percent in 1992 
- Idaho’s infrastructure is strained by the added load on airsheds, energy grids, 
waterways, and landfills. 

It shares the regional need for new energy, as well. In bioenergy, work is 
going forward on wood-pellet manufacturing systems, sewage-treatment 
biogas, recovery of under-used steam energy, and woodstove-user education. 

the state’s own energy-development purse, made up of funds retained for 
a1 ternative-energy programs from Idaho’s share of federal oil-price penalties. 

of the Environmental Protection Agency, Region X. The Panhandle-area of 
northern Idaho, with a wood-residue surplus, is one of two Idaho sustainability 
demonstrations. The other is the Middle Snake River area, where a multi- 
county council is seeking to reverse severe water-quality losses. 

Also, Idaho is a significant particicipant in national efforts to develop a non- 
fossil diesel fuel. The University of Idaho biodiesel engineering team began 
working on a liquid fuel more than 10 years ago, inspired by the plight of local 
farmers in harvest season during the shortages of the 1970’s. (See Page 23.) 

Demonstration projects are supported by Regional Bioenergy grants, and by 

Significantly, the state is the launch site of the new Sustainability Initiative 

Wood-Pellet Feedstock Drying 
System for Small Sawmills 

An award-winning project sponsored and 
partly underwritten by the Idaho Department of 
Water Resources, is an innovative pellet- 
feedstock dryer designed and built by a 
sawmill operator in the Wasatch Mountain 
town of Ovid. 

This project won a national Small 
Business Administration commendation for 
the builder. The system dries two tons per 
hour of sawmill waste that would have been 
incinerated previously, because it was too 
wet to be fed to the company’s pellet mill. 

A unique exhaust recirculator removes 
particulates and volatiles while cooling the 
intake air. 

The owner built it for $142,000, about 
half as much as comparable commercial 
equipment. The IDWR made a grant from 
IDWR Stripper Oil funds. 

Low-Cost, Turnkey Pellet Mill with 
Dryer, for Small Operator 

In another effort to put wood residues to 
work, a developer has obtained an IDWR 
grant to help build a small, turnkey pellet 
mill and dryer. This equipment, to handle 
1.5 tons per hour, is targeted to cost 
$125,000, about half the price of available 
equipment. 

The mill will include feedstock infeed, 
feedstock sizing, feedstock drying, pelletiz- 
ing, pellet cooling and bagging systems. 

1 ]Idaho I 

Overview 
Size: 83,564 sq. miles 

Population: 1,039,295 

Industries: Agriculture, 
manufacturing, tourism, 
lumber, mining, electronics 

Income per capita: $15,401 

Forest: 21.81 8,000 acres 

Program Title: Bioenergy 
Technical Assistance 
Program 

Contractor: Idaho Depart- 
ment of Water Resources, 
Statehouse 1336 North 
Orchard, Boise ID 83720 

Project Manager: Gerald 
Fleischman Energy 
Resource Section 
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The demonstration is to show a pellet 
plant that is affordable for small-scale forest 
industries. 

The IDWR is using Stripper Oil funds 
for the project. 

Woodstove Education Supported 
in Air-Polluted Silver Valley 

Silver Valley, a picturesque mining, 
logging and tourism region3, is a PM- 1 O4 
non-attainment air-quality area in the winter, 
mostly because of woodstoves. To reduce 
emissions enough to allow continued 
biomass heating, the IDWR sponsored a 
stove-user education program. 

The education program was modeled on 
an Oregon plan that was credited with 
substantial pollution reduction in a notori- 
ously dirty airshed. 

Wood is the principal fuel for one-third 
of Silver Valley’s 10,000 residents. The 
education program was shaped partly by that 
finding, plus data from air-pollution moni- 
tors that showed the “chemical signatures” 
of woodstove sources, organic carbon and 
soluble potassium. 

The program began with eye-catching 
brochures on smart burning, delivered by 
volunteer groups to every residence in the 
principal community. In more sparsely 
populated regions, they were handed out 
with U.S. Forest Service firewood permits. 

“Lungs for Life,” a Lung Association 
program, was coordinated with a wood- 
energy curriculum for students through 
junior high school ages. 

Silver Valley threads the steep. forested Bitterroot Range 
of  the Rocky Mountains. Once famous for gold and silver 
mines, it now relies on tourism for much of  its income. 

Paniculate matter less than IO microns in diameter. 

Biogas-System Improvements 
at Nampa Wastewater Plant 

The Energy Division joined the City of 
Nampa in a puzzlingly successful improve- 
ment of the biogas system at the municipal 
wastewater treatment plant. 

The project aimed to correct severe 
corrosion that corroded the plant’s boilers 
and fuel filters. The cause was believed to 
be particulates, water aerosols, and droplets 
of hydrogen sulfide entrained in the biogas. 

The IDWR participated, using its Oil 
Stripper funds. 

Collected gas was rerouted through a 
second digester to allow particulate to settle, 
and through a water-seal compresser to help 
remove contaminants. 

Result: the hydrogen sulfide is still there, 
but corrosion is sharply reduced., and 
downtime is minimized, but . Analysts have 
been hired to explain the success. The gas 
now bums blue and steady, where it used to 
be yellow and flickered. Operators believe 
the reason is that aerosol water has been 
reduced. More tests are on order. 

Back-Pressure Steam Engine 
Electric-Generation System 

Many sawmills in Idaho and elsewhere 
operate their residue-fired boilers below 
rated capacity. With combustion and 
pressure components already in place and 
permitted, they are ideal candidates for 
cogeneration retrofits. 

Grants from the regional program and 
the IDWR Stripper Funds are sharing costs 
of a demonstration in which a developer will 
install a small cogeneration steam engine at 
a sawmill in Samuels, in the northern 
Panhandle area near Coeur d’ Alene. 
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The residue-fired boiler is rated at 300 
psi. but supplies heat for kilns and veneer 
driers at about 100 psi. The engine will take 
steam from the boiler at 300 psi and return it 
to the dryers at 50 psi. The pressure drop 
will generate about 230,000 kwh of energy 
each month from residues that now go to 
waste. 

The firm has signed the wheeling and 
power-sales contracts it needs to sell energy 
across the power grid. The only remaining 
hurdle is selecting equipment and building 
the plant. 

of the local cooperative, Northern Lights, 
and Bonneville Power Administration for 
delivery to Washington Water Power Co. 
The 5368,000 project will have simple 
payback of 2.3 years, according to the plan. 

The electricity will be wheeled over lines 

The contractor is designing the retrofit 
\ysteni, obtaining the permits and contracts, 
and arranging the generator purchase. No 
environmental permits were needed because 
the boiler system already has a permit. 
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Overview 

Size: 147,046 sq. mi 

Population: 808,487 

industries: Agriculture, timber, 
mining, tourism, oil & gas. 

income per capita: $16,043 

Forest: 21,910,000 acres 

Contractor: Montana Dept. of 
Natural Resources and 
Conservation, Energy Division, 
1520 East Sixth Ave., Helena, 
Mont. 59620-2301,40644- 
6773 

Project Manager: Howard E. 
Halnes Jr., Bioenergy Engineer, 
Energy Division 

Montana Seeks Small Projects As Well As Big, 
for Maximum Visibility and Quicker Results 

I n  addition to its major initiatives in liquid biofuel development (see Pages 19 
and 28), the Montana bioenergy program has focused on small energy projects 
with local backing, to reduce risk, shorten lead time, and earn maximum en- 
ergy-program visibility for successful projects. Economic development has 
been integral: the state’s energy policy cites a “Three-E’ goal blended of 
Energy, Environment, and Economics. 

The office also has responded to energy-related air-quality problems, mostly 
caused by residential emissions that impact industry. 

Many of Montana’s bioenergy-development partners have been small and 
moderate-sized entrepreneurs, but the DNRC also has developed strong rela- 
tionships with national corporate leaders looking for innovative, energy-related 
technologies and biofuels to meet federal environmental and occupational 
health regulations. 

Montana Energy Cost Comparison Chart 

S/GAL 
5 -  

$/DRY TON $/GREEN 

280 - 
S/GAL 

elKwHR WKCF 5 7  WGAL ‘/3G_AL WTON 560- TON $/WETTON 
WWETTON 480 

500 
720 - 
-668 

1 1  - 30- 4- S/BBL 560- 
520 - 

480- 

440- 

180 - 

160 - 480 - 

440- 

400 - 

120 - 360 - 

_ _ _ _ _ _  - _ - - a  - _ _ - -  520 
4- 

240 400 

360 220 400 

200 

180 

9 -  4- 600- 

a -  

7 -  

5 4 -  400- 3- 140 - 

480 - m- 3 -  2 -  20 - 
3- 

320 

140 

120 200 240 - 300- 80- 240 - 
200 

160 
200 - 200 - 

60- 240 - 

1 -  180 - 120 

80 120 - 
40 60- 

2 -  280 - 360 - 280- 
5 -  2 -  

2- 

100 - 
80- 

4 -  
10 - 1 -  

3 -  160 - 160 - 

1- 40- 120 - 120 - 60- 

80- 40- 

40 - 20 - 

1- 

80- 

40- 
20 - 1-  

Natural Gw Fuel Oil No. 6 Prn m e  Subbiluminous Coal Wood Waste 5% MC Pellets 
930,000 BTU/KCF 149,760 BTIJ/GAL 91500 B ~ G A L  175 MBTUITON 17 MBN/TON 16.4 MBTUITON 

Electrid Fuel Oil No. 2 Gasoline Crude Oil Bituminous Coal 50% MC Wood Waste Straw or MSW 
23 65 MBTU/TON 9 MBTU/TON 15 MMBN/TON SA13 m/& 138,800 BTU/GAL 125,ooO BTU/GAL 5 6 MBIU/BBL 

Energy-Cost Comparison Chart from Montana Bioenergy Guidebook compares costs of Montana fuels 
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Guidebook Clarifies Legal Steps 
for Montana Bioenergy Projects 

An attractive, readable introduction to 
the business and legalities of bioenergy 
production has been published by the 
Montana Department of Natural Resources. 

"The Montana Bioenergy Guidebook" is 
a 122-page, five-chapter primer on 
bioenergy development. It is an update of an 
earlier handbook published by the state 
energy agency. 

The Guidebook avoids much technical 
jargon. Where technicality is unavoidable, a 
short glossary on the inside front cover 
handily clears up terms such as VOC 
(volatile organic compounds) and MCA 
(Montana Code Annotated). 

Even the inside back cover is put to 
work, with a simple chart that allows instant 
price comparison of 10 Montana fuels. A 
ruler laid across the page shows that 
bituminous coal at $120 per ton compares in 
energy value to wood waste at $80 dry ton, 
straw at $80 per wet ton, municipal solid 
waste at $80 per wet ton, propane at 50 cents 
per gallon, or electricity at 2 cents per 
kilowatt hour. 

Chapter topics include use of the 
Guidebook, bioenergy technologies, 
environmental regulations, categories of 
permits, and special locale or technology 
considerations. 

The liberally illustrated technology 
chapter tells about fermentation, anaerobic 
digestion, cogeneration, densification, direct 
combustion. gasification, landfill gas, 
liquefaction, oilseed extraction, and pyroly- 
sis. Charts are plentiful. A table of permits. 
licenses. and special issues is provided for 
each technology. 

The environmental chapter examines air 
and water quality and waste management 
matters. 

One chapter identifies permits that may 
be needed. These include coincidental 
general licenses like a feed dealer's permit 
for handling coproducts such as distillers' 
grains or oilseed meal, or a timber-removal 

permit for collecting low-quality wood for 
fuel. 

A final, catch-all chapter discusses items 
such as dam safety, business licenses, and 
flood-plain or lakeshore regulations. 

Appendices are plentiful. They list 
bioenergy facilities in the state by technol- 
ogy and location. A directory of relevant 
state and federal agencies and private 
associations is included. 

Finally, a county-by-county almanac of 
biomass resources is provided. They range 
from bark and sawdust to the ethanol 
potential from distressed crops. Charts show 
safflower and canola oil prospects. 

Town's Economic Change Shifts 
Woodstove-Emission Strategy 

To seek relief from air pollution in 
Libby, a town near the Kootenai National 
Forest, the DNRC teamed with the state 
Department of Health and Environmental 
Services, local governments, and major 
businesses. 

Economic changes frustrated the clean- 

The community is one of several in 
Montana that are troubled by woodstove 
pollution and road dust during the tempera- 
ture inversions that are common on cold 
winter nights, and by non-attainment air- 
quality status that puts a lid on industrial 
expansion. 

up, but authorities are coping with them. 

The problem is Libby's site, a deep 
mountain valley, and its principal residential 
heating source, woodstoves. 

More than 70 percent of the 2,750 
residents heat with wood, and no other fuel 
is affordable to a large portion of them. 
More than half the town's housing stock is 
mature mobile or modular homes, most 
often with oversized wood stoves replacing 
the original electric baseboard heaters. 

The sawmill owner, a large international 
corporation, was barred from modernizing 
its old mill because of new-source air- 
emission permit restrictions. 
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The pollution arises in still winter nights, 
when folks stoke their stoves full, then 
reduce the air intake for a longer burn. The 
dampered-off stoves emit plumes of 
unburned particulates into the temperature- 
inverted airshed. 

A number of strategies were discussed, 
but all were limited by needs of the low- 
income population - 30 percent of the 
residents -who gather their winter’s fuel in 
the forests. 

Options that were suggested included: 

. 

Requiring all-electric home heating; 

Starting a city-owned electric 
company to generate electricity with 
wood fuel, and exchange residential 
electricity for cordwood (discussed as 
the “wooden nickel” approach); 

Building a natural-gas pipeline; 

Installing residential propane or fuel 
oil; or 

Banning residential woodburning. 

The program had to adjust twice: first, 
when the sawmill’s owner decided to 
suspend its expansion plans, and again when 
it abandoned Libby entirely. 

A consultant evaluated options. The firm 
found that it was not practical to eliminate 
wood energy, too costly to form a wood- 
fired electric company, and impractical to 
require expensive, low-pollution pellet 
stoves. 

Options remaining included to encourage 
more efficient burning, to provide low- 
interest bank loans for better stoves or 
furnaces, and to offer a cordwoodpellet 
exchange program. 

The county hired an air-quality specialist 
to coordinate a public education program. It 
trained people to demonstrate wood- 
moisture meters at public meetings. Public- 
service announcements read and sung by 
school classes were provided to radio 
stations. Information packets were mailed, 
and public ideas solicited. 

In 1992 and 1993, the regional bioenergy 
program allowed Libby to comply with the 
EPA mandates on particulates for the first 

time in 20 years. However, results may 
change because the mill was sold in late 
1993 and more than half the employees laid 
off. 

State Forest Residue Resource 
Updated, Projected to 2000 

The DNRC updated forest-residue 
availability and costs from 1986 through 
1990, and projected the quantity and 
availability through 2000. 

The results were published in Forest 
Residue Availability in Montana, 1986-2000. 
Publication was supported by the Regional 
Bioenergy Program and the U.S. Forest 
Service, with cost-sharing by the Montana 
Wood Products Accociation, Champion 
International Corp., and the Montana 
Society of American Foresters. 

The survey defined residues as the 
woody material left after logging, thinning 
and stand conversion; including dead and 
culled trees on other timberland. 

It found that more residue is removed 
now than five to ten years ago. It projected 
that residue available for energy will 
continue to decline because of more efficient 
logging, greater commercial demand, and 
management rules requiring residues to be 
left for nutrients and other constructive 
reasons including esthetics. 

Logging slash more than 10 years old 
will not be a source of wood fiber because 
of expense or prior removal. 

Total residue potential in the state was 
estimated at over 2 million tons, with a 
possible annual harvest of about 110,000 
oven-dry tons for the next 20 years. 
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Oregon’s Energy Plan Calls for Increase 
from Wood, Other Fenewable Resources 

Oregon’s bioenergy goals are included in the state’s biennial Energy Plan, the 
fifth such plan of a state that derives 15 percent of its energy from wood, and 
expects to add another 8 percent by the end of this decade. 

Besides supporting development of cleaner-burning wood and biomass 
pellets and other densified fuels, the program is active in community projects 
such as Tillamook County’s Methane Energy and Agriculture Development 
(MEAD), (Page xx) which will convert dairy manure into energy and useful 
products. Bioenergy study grants have helped MEAD from its early days. 

The state program also can help biomass developers obtain low-interest 
financing through the Energy Department’s Business Incentive programs, with 
tax credits, small-scale energy loans, and technical assistance. Also, it serves on 
the board seeking commercial uses for the rye-grass straw formerly burned off 
after harvest, a practice now restricted by the Legislature. 

In a successful 1993 legislative initiative, the Oregon Department of Energy 
drafted a budget incentive encouraging state institutions to install cogeneration 
and renewable resource equipment. Agencies now keep part of their earned 
savings, instead of returning them to the general fund. 

Overview 

Size: 97,073 sq. mi. 

Population: 2.921.921 

Industries: Forestry, agriculture. 
tourism, high technology, 
manufacturing 

Income per capita: $17,592 

Forest: 27,057,000 acres 

Contractor: Oregon Department 
of Energy, 625 Marion St. NE, 
Salem, OR 97310, 5031378-2778 

Project manager: Alex Sifford, 
Bioenergy Program Manager 

Urban Woodwaste Recycling in Oregon 

Source. Issues Affecting Waste Wood Availabrlify at the Sfate and Local Level, Oregon Department of Energy 

Plant City Feedstock Fiber Fuel Other Total 
Tondyr Tondyr Tondyr Tondyr 

Biomass 1 (steam boiler) Medford Pallets, yard debris, const. mall. ? ? ? nla 

Biomass Technologies Salem, Pallets, woods debris 228,000 
(fiber processor) Klamath Falls 

228,000 

Bred1 Saw Service (recycler) Portland Pallets ? ? ? nfa 

Emerald (fiber processor) Eugene 

Garrison’s Pallet Exch (chipper) Salem Pallets 

25,900 

10,000 

25.900 

10,000 

Grove Lumber Transport (chipper) Eugene Trim ends 1,324 1,324 

Grimm’s Fuel (bark dust. compost) Lake Oswego Yard debris, wood 38 38 

METRO (district waste disposal) Portland Wood, yard debris, const. matl. 24,000 24.000 

Taylor Machine Products Portland Pallets, pallet supplies ? ? ? nla 

The Dalles Disposal The Dalles Pallets, yard debris, const. mall. 3,750 3.750 7,500 

Valley Landfill Corvallis Yard debris, const. mall. ? ? ? n/a 

Wood Exchange (recycler) Portland Pallets. cable drums, doors 70,000 70,000 

Wood Waste Compostersl Portland Pallets, yard debris, const. mall. ? ? ? 25,000 

1 End-use figures not available TOTAL 335.224 27.750 3,788 363.012 
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and particleboard. They also handle fuel 
chips when the situation is right. Their raw 
materials are urban wood wastes - shipping 
pallets, cable reels, doors and mill residues. 

Rural recyclers, in contrast, are sending 
debarkers and whole-tree chippers into the 
woods to process residues there. Besides 
chips and hog fuel, they deal in credits for 
fire-prevention and replanting. 

Their principal customers are hog-fuel 
users and landscape markets. The pit owners 
retain the lowest grades for landfill cover; it 
is cheaper than dirt. 

Wood Recyclers Arise, Report on 
Waste Issues Reveals 

The nation's leading lumber state, 
Oregon is running short of wood residues, 
and has spawned a new forest-products 
specialty - wood recycling. 

With growing fiber demand, shrinking 
supply, and a sharp rise in prices, these 
gleaners have sprouted along Interstate 5, 
which threads the major forested counties 
and industrial centers, and reaches into 
Washington and California. 

Department of Energy's Issues Affecting 
Waste Wood Availability at the State and 
Local Level. Authors Alex Sifford and Gene 
Davis report that virtually no urban wood 
waste goes unused. 

With access to the remaining virgin 
forests sharply limited, and second-growth 
timber not matured, the timber supply is 
shrinking and new efficiencies are reducing 
its waste. 

The development is described in Oregon 

In 1991, lumber production was about 60 
percent of previous peak levels. It is 
believed to have dropped another 10 percent 
in 1992, and future timber supplies are 
extremely uncertain in the face of pending 
litigation and legislation. 

drawing bids above $100 per bone dry ton 
from papermakers. Some Oregon pulp mills 
are buying in 10 states and several prov- 
inces. Biomass cogeneration plants in 
northern California are a major hog-fuel 
consumer in southern Oregon. 

At the same time, landfill tipping fees 
reaching $65 per ton have made it cheaper to 
recycle woody waste than to dump it. 

Dealers at the population centers prefer 
to trade in the prime fiber needed for paper 

Fiber demand is high, with the top grades 

Another level of recycler handles yard 
waste and construction debris, mainly to 
divert them from landfills. Some are landfill 
operators, themselves, prolonging the lives 
of their pits, the report says. 

Oregon Updates, Combines 
Biomass Hand books 

The bioenergy program has collected 
three helpful biomass publications into a 
new, updated one, the Oregon Bioenergg 
Guidebook. 

The purpose is to help prospective 
bioenergy project developers visualize the 
permit process. 

"It is not a substitute for obtaining 
detailed information," the introduction 
warns, advising that appropriate agencies be 
contacted about licenses, permits, standards, 
operating requirements, and enforcement. 

Separate sections deal with biomass 
resources, bioenergy technologies, permits 
and legalities, and descriptions of existing 
bioenergy facilities in the state. 

Changing trends in resource supply art: 
discussed. The dilemma of the simultaneous 
increase in demand for woody residues and 
shortened supply is demonstrated with 
recent supply and utilization statistics. 
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Also, the residue-market effects of 
declining forest vitality are outlined. Eastern 
Oregon has a 10-year supply of diseased or 
damaged fiber available for utilization at a 
rate of 2 17,000 tons per year, the report 
says. 

Agricultural and municipal resources are 
also discussed. 

On bioenergy facilities, it notes that 
forest-products industries have 30 wood- 
fired power plants generating about 170 
MW. It says that wood residues provide the 
industry with about 16 trillion Btu’s, which 
is dwarfed by the 43 trillion Btu’s it draws 
from pulp mills’ spent pulping liquors. 

It also observes that the Short Mountain 
landfill in Eugene supplies over 300 billion 
Btu of methane gas a year, equal to the 
annual needs of more than 16,000 homes. 

The section on legalities covers agencies, 

Saw and Plywood Mill Residue Data 

(000’s of oven-dry tons) 

Year Generated Unused 

1968 15,643 2,990 (19.3%) 
1976 15,383 530 (3.4%) 
1982 8,991 23 (0.3%) 
1985 13,481 75 (0.5%) 
Source: Oregon Bioenergy Guidebook 

permits, standards, and regulations. It warns 
that these may take up a substantial part of 
the total development time, and advises 
developers to start early. 

It identifies 10 state agencies and depart- 
ments that may have statutory roles in the 
process. 

Little mill residue is 
now unused. There 
are fewer mills, and 
they are more 
efficient, making less 
residue, and 
disposal is more 
regulated. Most 
residues now go into 
products and energy. 
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Washington Energy Off ice Sees Its Role As 
Impartial Information Supplier to Developers 

Overview 
Size: 69,139 sq. miles 

Population: 5,017,724 

Industries: Aerospace, 
forest products, foods, 
primary metals,. agriculture 

Income per capita: $19,442 

Forest: 21,856,000 acres 

Program Title: State of 
Washington Technical 
Assistance Program 

Contractor: Washington 
State Energy Office 

Project Manager: Dr. James 
D. Kerstetter, Washington 
State Energy Office, P.O. 
Box 43165, Olympia, WA 
98504-31 65, Phone 2031 
956-2069 

T h e  Washington State Energy Office (WSEO) describes itself as a source of 
impartial and objective information to support the state energy policy. 

That policy is to develop and use a diverse array of energy resources, with 
emphasizing renewables and consistent with state law and environmental 
policy. The energy supply must be sufficient to ensure the health and economic 
welfare of the citizenry 

Study of Alcohol-Fueled Vehicles 
Is Published 

Washington, actively exploring alterna- 
tive transportation fuels, has one county 
transit system fueling 50 of its buses with 
compressed natural gas (CNG), and King 
County, its most populous, switching much 
of its vehicle fleet to natural gas or propane. 

Under legislative mandate, low-emission 
vehicles are being added to the state’s own 
fleet, including both factory-equipped and 
converted alternative-fueled units. Plans are 
also reported to be under study by local 
governments, school districts and private 
fleet operators. 

prescribed increased use of alternative-fuels 
as a strategy for reducing air pollution. It 
specified the need for a service infrastruc- 
ture, as well. 

Some 5,823 alternative-fuel vehicles 
were registered in the state as of last June, 
including more than 480 CNG users 
operated by Washington Natural Gas Co. 

To help the transition, the WSEO 
published Alcohol-Fueled Vehicles, the 
second in a series of alternative-fuel 
advisories. It was written in cooperation 
with the state’s Departments of Ecology and 
Transportation. 

The 62-page report covers fuel availabil- 
ity and infrastructure, vehicle costs, eco- 

The Clean Air Washington Act of 1991 

nomic viability and environmental perfor- 
mance. 

It observes that the niche for alternative 
motor fuels is still evolving. This is partly 
because refiners now offer cleaner petro- 
leum-based fuels to comply with new 
restrictions, reducing the need for alternative 
fuels. 

Increasingly, the major arguments for 
change are to reduce oil imports and to 
support emerging domestic producers of the 
new fuels. These aims are defined in the 
National Energy Policy Act of 1992. 

Greenhouse-gas advantages over 
petroleum products, measured by CO2 
emission, are minimized in the report. It 
fails to differentiate the effects of fossil 
carbon from fossil fuel and biological fuel. 
But it does credit wood-based ethanol with a 
sharp advantage over gasoline and grain- 
based alcohol because it is presumed to be 
processed with heat from biomass. 

Ethanol, which is now produced in 
Washington from wood-pulping sugars, 
sugar beet and brewery wastes, is described 
as an excellent blending stock for motor- 
vehicle fuel. 

A gallon of ethanol delivers about one- 
third less energy than a gallon of gasoline. I t  
is useable without engine modifications in 
concentrations up to 10 percent. “Flexible- 
fuel” engines with appropriate ignition- 
timing devices can use up to 85 percent 
ethanol fuels, and modified diesel engines 
can use it to 95 percent. 
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Price is the main reason gasoline became 
the dominant motor fuel rather than ethanol. 
Current prices are about $1.50 per gallon 
wholesale. State and federal incentives to 
blenders and users bring it down to the level 
of gasoline. 

Methanol is corrosive. Using it as fuel 
requires substitution of some vehicle parts. 
In typical blends, it delivers about 61 
percent as much energy as gasoline, accord- 
ing to the WSEO publication. Bulk, neat 
methanol cost 40 cents per gallon in the Gulf 
States. 48 cents in California, and about 50 
cents in Seattle in 1993. Its price is related to 
the cost of its raw material, natural gas. 

Both methanol and ethanol compounds 
are used in the oxygenated-gasoline blends 
now required in cities with severe CO 
pollution problems. These are considered to 
be large potential markets, requiring about 9 
billion gallons of alcohol feedstock by 1998. 

Washington State Biomass 
Development Databook Issued 

The 1992 Waskirigtori State Directory of 
Bioriinss Erzer-gy Facilities is a statistical tool 
for bioenergy developers in a state that 
already derives almost one-fourth of its 
industrial energy from biomass. 

Washington could more than double its 
present annual 64 trillion Btu bioenergy 
generation, according to the data book. It 
offers county-by-county profiles and 
regional summaries of biomass markets, 
resources, users, and prospective new users. 

One of the 39 county profiles is included 
as an illustration, and the others are avail- 
s hle on request. Competing energy prices 
are shown, with historic consumption and 
pricing patterns. County-specific geographic 
and economic information are also provided. 

For comparability with previous studies, 
the data book observes established regional 
boundaries. It is liberally footnoted. Sources 
are listed at the end of each chapter and 
again in a general bibliography. A glossary 
explains jargon. 

The supply chapter warns that transpor- 
tation costs rule out extensive hauling. Data 
about biogas, municipal solid waste, and 
secondary wood-processing residue supplies 
are limited because of their short history in 
the state. 

Tables project future availability and 
price, material cost factors and transporta- 
tion costs. 

The chapter on potential demand names 
778 high-consumption pubIic and private 
energy users such as administrative build- 
ings, prisons, schools, and hospitals. It also 
names more than 200 year-around industrial 
plants with more than 20 employees and 
high energy demands. 

A chapter on competition says that 
Washington State’s changing energy picture 
contains new opportunities for biomass to 
compete with the conventional sources, 
electricity, natural gas, coal and petroleum 
fuels. 

Independent operators may find cogen- 
eration profitable, producing surplus energy 
for resale to local utilities, it suggests. In 
contrast to previous decades of cheap, 
bountiful hydroelectric power, the state is 
entering an era of shortages and environ- 
mental pressures that may have enormous 
cost impact. 

The data book was published by the 
Washington State Energy Office. It was 
written and prepared by Joyce A. Deshaye, 
energy specialist, and James D. Kerstetter, 
bioenergy program manager, and funded by 
a grant from the Regional Bioenergy 
Program. 
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Washington State’s forests 
absorb Cog, reducing the state’s 
net emission 12 percent, 
inventory shows. The state emits 
2 percent of the nation’s gross 
greenhouse gases, and I 
percent of the net. 

Washington Greenhouse-Gas Summary 
Source: Greenhouse Gas Emissions Inventory for Washington State, 1990 

c o 2  CH4 N20 C02Equiv 
(000 tons) (000 tons) (000 tons) (000 tons) 

Energy related 

Fossil fuel 
combustion 

Biomass fuel 
corn bustion 

73,173 

11,864 

73,173 

11,864 

Coal mining 10 114 

Subtotal 85,037 10 85,151 

310 

Materials 
production 

Production process 2,347 19,571 

Landfills 1,416 4,827 

Forest products 36,300 36,300 

Forestry slash fires 1,004 1,948 0.140 1,063 

Ann. forest growth (62.300) (62,300) 

Subtotal 21,233 312 0.140 (539) 

Agricultural 

Domestic animals 

Animal manure 

Fertilizer use 

91 

53 

3 

996 

583 

790 

Agricultural burns 6 .044 77 

Subtotal 1,620 14 .072 1,788 

Land-use related 

Forest conversion 

Forest reserves 

Wetlands 

.072 

14 

4.31 9 

(2,680) 

149 

Subtotal 1,620 14 72 1,788 

Total gross emissions 

Total sinks 

Total net emissions 

130,404 

(64,980) 

65,424 

485 

485 3 

3 153,826 

(64,980) 

88,846 

5 Includes 2.153 tons of CF4. equivalent to 17,224.000 tons 
of c02 

State’s Global-Warming Gases 
Inventoried; Responses Studied 

Global climate change was formally 
recognized as a worldwide issue at the Rio 
de Janeiro Earth Summit in 1992. Now, in 
preparation for recommending state actions 
to minimize its contribution to that threat. 
the WSEO has inventoried Washington’s 
emission of “greenhouse” gases. 

The study, Greenhouse Gas Emissions 
Inventory for  Washington State, 1990, 
covered gas emissions and gas sinks within 
the state’s borders. It did not count other 
states’ emissions from activities that 
contribute to Washington life or business. 
Neither did it subtract Washington 
emissionslisted in production of goods for 
use elsewhere. 

Gas-emitting activities were divided 
among four areas: energy, materials, 
agriculture, and land use. The gases were 
carbon dioxide (C02), methane (CHq), 
nitrous oxide (N20, and carbon tetrafluoride 

The amounts were not typical of national 

(CF4). 

averages. First, the state’s forests strongly 
influence net carbon dioxide emission, 
removing 50 percent of C02, compared to a 
national average of 12 percent removal. 

Second, the state’s aluminum smelters 
emit significant carbon tetrafluoride, the 
equal in greenhouse effects to 19 percent of 
the state’s C 0 2  emissions. 

Finally, 92 percent of the state’s electric- 
ity is generated by hydroelectric or nuclear 
sources, so that energy generation is 
virtually a zero emitter. 

In most cases, the study followed 
methods suggested in States Workbook 
Methodologies for  Estimating Greenhoiise 
Gas Emissions, issued by the EPA in 1992. 
In others, alternative methods were devel- 
oped. Generally, an emission factor relates 
gas emission to a measurable quantity of 
some activity. 
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Washington Issues Four-State 
Recycling, MSW-Use Summary 

Washington state, claiming the highest 
recycling rate in the United States, 34 
percent, has published a regional summary 
of recycling and waste-to-energy practices. 

Titled Miiriicipal Solid Waste in the Pacific 
Northrest arid Alaska, the 150-page book is 
a firm data source for people confronting 
solid-waste policies. 

The report forecasts the states’ MSW- 
management programs in separate chapters. 
I t  estimates future availability of fuel for 
waste-to-energy ventures, and also estimates 
current and future waste generation, 
recycling and landfilling activities. 

Waste-commodity quantities were derived 
by applying ratios from Washington waste- 
audit data to each state’s population and 
waste-generation rates. The detailed 
Washington audits include such items as six 
kinds of paper, three kinds of plastic, 
disposable diapers, and seven kinds of metal 
products, not including batteries. 

The illustrated text covers waste genera- 
tion, recycling, regional markets for re- 
cycled products, and projections. It also 
discusses public attitudes on recycling and 
the use of recycled materials for energy. 

Appendices are informative about federal 
regulations, national trends, public opinion 
polls, and contacts for each state. They 
conclude with an extensive glossary. 

(large print, Braille, or audio tape.) phone 
The book is available in alternate format 

Some random notes from the text: 

Nationally, per-capita waste 
generation shows a steady increase 
of one-tenth of a pound every five 
years. 

Municipal collection of MSW 
shields waste-commodity develop- 
ers from market-caused demand 
variations 

Government aid is essential now to 
emerging plastics recyclers, but 
will fade in importance. 

Current Energy Recovery from MSW Combustion 
State Location Capacity Throughput Gross Energy 

Alaska Juneau 

Fairbanks 

Sitka 

Idaho Cassia County 

Montana Living ston 

Oregon Marion County 

Washington Spokane 

Tacoma 

Skagit County 

Whatcom County 

70 

20 

25 

50 

120 

550 

680 

31 7 

178 

100 

70 

20 

25 

29 

0 

520 

680 

270 

137 

100 

702 

260 

325 

377 

0 

6,760 

8,840 

3,510 

1,781 

1,300 

Source: Municipal Solid Waste in the Pacific Northwest and Alaska; Washington State Energy Office 
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Rubberized asphalt paving, used to 
dispose of tires, costs more than 
conventional asphalt, but some 
studies show lower life-cycle cost. 

Composting of yard waste is 
considered by some states as an 
alternative to incineration or 
landfilling. 

Alaska ships most of its recycled 
materials to Washington state. 
Alaskan recycling is only profitable 
in metals and cardboard. Anchor- 
age, the state’s most successful 
recycling community, sells 10 
percent of its waste out of state. 

Idaho’s only waste-to-energy plant 
was closed because of worry about 
clean-air standards. 

Montana, the sixth-least-populated 
state, is studying solid-waste 
management to control out-of-state 
waste shipments. 

In Oregon, curbside recycling 
collection is available to almost 75 
percent of residents. The state’s 
waste-management act requires 
rural communities to offer recycling, 

Oregon’s recycled-material 
requirements for manufacturers and 
publishers are the most comprehen- 
sive in the nation. 

Washington, now recycling 34 
percent of its MSW, is committed 
to 50 percent by 1995. 

Washington has created waste- 
generation regions to manage 
disposal and recycling. At least 20 
of its 39 counties have less than 10 
years of landfill capacity remaining. 

Two of the four Washington paper 
mills that recycle mixed waste 
paper have reduced their consump- 
tion because of quality-control 
problems. 
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Appendix 1 : Publications 
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4 

4 

4 

4 

4 

4 

4 

4 
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mental Services; Beaverton, Ore.; July 1992. 

Bushnell, Dwight J.; Canova, Joseph H.; and Lee, Taejin; Miiiiicipal Solid Waste 
Coiiibiistiori: Testing and Evaliiatirig the Combustion Cliaracteristics of Waste 
Fuels; Oregon State University, Corvallis; August 1992. 

Bushnell, Dwight J.; Canova, Joseph H.; and Lee, Taejin; Miiiiicipal Solid Waste 
Coriibiistioii: Fuel Testing and Cliaracterizatioii, Task I Report; Oregon State 
University; Corvallis; Oct. 1, 1990. 

Deshaye, J.A.; Miiriicipal Solid Waste in the Pacific Northwest arid Afaska; Wash- 
ington State Energy Office, Olympia, July 1993. 

Fleischman, Gerald; Use of Bioinass Energy by Non-Forest Product Facilities; 
Idaho Department of Water Resources; Boise; March 1991. 

Folk, R.L., and Govett, R.L.; Handbook for Sinall-Scale Densijied Bioinass Fuel 
Pellets Manirfclctiiriiig for Local Market; University of Idaho; Moscow; July 1992. 

Idaho Department of Water Resources; Silver Valley Deinoiistratioii Project Report; 
Boise; August 1993. 

Idaho Department of Water Resources; Wood Pellet Feedstock Drying System 
Denionstration Project; Boise; February 199 1. 

International Resources Unlimited, Inc..; Oregon Bioenergy Guidebook; Oregon 
Department of Energy; Salem; September 1993. 

Kerstetter et all, Washington State Biornass Data Book; Washington State Energy 
Office; Olympia; 1992. 

McCoy, Gilbert A.; Kerstetter, J.D.; and Lyons, John Kim; Alcohol-Fueled Vehicles; 
Washington State Energy Office; Olympia; June 1993. 

Rogers, Rick; Miiriicipal Solid Wcrste: A Resoirrce Assessiiieiit for Energy Recovery 
in Alaska; Alaska Power Authority; Anchorage; 1992. 

Sifford, Alex, and Davis, Gene; lssiies Affecting Waste Wood Availability at the State 
and Local Level; Oregon Department of Energy; Salem; 1993. 

Unisyn Biowaste Technology; Tillaniook Aiicierobic Digestion Facility 
Precoiistriiction Study; Regional Bioenergy Program; Seattle; March 1992. 

Williard, Raelen, and Haines, Howard E. Jr.; Moritaiia Bieriergy Giiidebook; 
Montana Department of Natural Resources and Conservation; Helena; December 
1991. 

50 FY 1992-1 993 Yearbook 



Appendix 2: Key Agencies 

Pacific Northwest & Alaska Biomass Utilization Advisory Group 

US. Department of Agriculture, US. Forest 
Service, Region 6 
Robert Lease 
Box 3623 
Portland, OR 97208 
5031326-2967 

U.S. Department of Energy, Bonneville Power 
Administration 
Pat Fox 
Box 3621 
Portland, OR 97208 
5031230-3449 

U.S. Department of Energy, Seattle Support 
Office 
Jeffrey James 
800 Fifth Ave., Suite 3950 
Seattle, WA 98 104 
2061553-2079 

US. Environmental Protection Agency, Region X 
Chris James 
2061553- I 194 
Gary O'Neal 

1200 Sixth Avenue 
Seattle, WA 98 I O  1 

2061553- I792 

U.S. Department of Interior, Bureau of Land 
Management 
Kent Tresidder 
Box 2965 
Portland, OR 97208 
5031280-7070 

Alaska Division of Energy 
Peter Crimp 
Box 190869 
Anchorage, AK 995 19-0869 
907126 1-7227 

Idaho Department of Water Resources 
Gerald Fleischman 
Statehouse Mall 
Boise, ID 83720 
2081327-7959 

Oregon Department of Energy 
Alex Sifford 
Renewable Resource Division, 
625 Main St., NE 
Salem, OR 973 10 
5031378-2778 

Oregon Department of Forestry 
Paul Bell 
2600 State St. 
Salem, OR 973 I O  
5031378-6459 

Montana Department of Natural Resources 
and Conservation 
Howard Haines 
Energy Division 
1520 East Sixth Ave. 
Helena, MT 59620-2301 
4061444-6773 

Washington State Energy Office 
James D. Kerstetter 
925 Plum, MS43 I65 
Olympia, WA 98504-3 I65 
2061956-2069 
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Appendix 3: Bioenergy Facilities 

Wood Combustion 
Alaska 

LOCATION NAME 

McGrath McGrath School (Iditarod) 
Nikolai Nikolai School (Iditarod) 
Wrangell Wrangell Forest Prods. 
Sitka 
Ketchikan Louisiana-Pacific 
Haines Chilkoot Lumber (Currently closed) 
Klawock 
Sutton Alaska Deptartment of Corrections 

Alaska Pulp Corp. (Currently closed) 

Klawock Timber Alaska (Currently closed) 

Idaho-Forest Products 

FUEL 

Oil (wood furnace) 
Wood 

Hog 
Hog 

Hog 
Hog 
Cordwood 

Hog, sludge 

USE 

Space 
Proc, space, cogen 
Process, cogen 
Process 
Process, cogen 
Process, cogen 
Space 

LOCATION 

Princeton 
Emmett 
Kooskia 
d' Alene 
Oldtown 
Juliaette 
Coeur d'Alene 
Dearmond 
St. Anthony 
Post Falls 
Grangeville 
Kamiah 
Orofino 
Ovid 
Moyie Springs 
Post Falls 
Sandpoint 
Priest River 
Coeur d'Alene 
Coeur d'Alene 
Lewiston 
Pierce 
Post Falls 
St. Maries 
Plummer 
Princeton 
St. Maries 
Laclede 
Elk City 
New Meadows 
Bonners Ferry 
Coeur d'Alene 
Colburn 
Sandpoint 
Plummer 

NAME 

Bennett Lumber Products 
Boise Cascade 
Clearwater Forest Ind. 
DAW Forest Products 
DAW Forest Products 
Gem State Lumber 
Idaho Forest Industries 
Idaho Forest Industries 
Idaho Forest Industries 
Idaho Veneer 
ldapine Mills 
Kamiah Mills 
Konkolville Lumber 
Jensen Lumber 
Louisiana-Pacific 
Louisiana-Pacific 
Louisiana-Pacific 
Merritt Bros. Lumber 
Northwest Timber 
Potlatch 
Potlatch 
Potlatch 
Potlatch 
Potlatch 
Pacific Crown Timber Prod. 
Princeton Lumber 
Regulus Stud Mill 
Riley Creek Lumber 
Shearer Lumber Prod. 
Tamarack Energy Partnership 
W-l Forest Prod. 
W-l Forest Prod. 
W-l Forest Prod. 
W-I Forest Prod. 
Wood Power 

USE 

Space, process 
Space, proc, cogen 
Process Coeur 
Space, process 
Space, process 
NA 
Space, process 
NA 
NA 
NA 
Space, process 
NA 
Space, process 
Process 
NA 
NA 
Process 
Process 
NA 
Process 
Space, proc, cogen 
Space, process 
NA 
Process 
NA 
NA 
NA 
Space, process 
Space, process 
Cogen 
Process 
Process 
NA 
NA 
Cogen 
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Idaho-Commercial Combustion 
~~ ~ 

LOCATION NAME 

Cottonwood Country Haus Rest./Motel 
Orofino Barnett-Thompson Chevrolet 
Orofino The Centre’ 
Pingree Reed’s Tomato Company 
Post Falls Hughes Greenhyouse 
Sandpoint LaGrace Apartments 
Sandpoint Rapid Lightning Ranch 

Idaho-Institutional Combustion 

FUEL 

Pellet 
Pellet 
Pellet 
Pellet 
Pellet 
Pellet 
Pellet 

~~ 

USE 

Space, water 
Space, water 
Space 
Space 
Space 
Space, water 
Space 

LOCATION NAME 

Bonners Ferry 
Cottonwood 
Cottonwood 
Cottonwood 
Craigmont 
Elk River 
Moscow 
Orofino 
Orofino 
Post Falls 
Salmon 
Salmon 
Salmon 
Sandpoint 
Blackfoot 

Rocky Mountain Academy 
Prairie Elem. School 
Prairie High School 
St. Mary’s Hospital 
Craigmont High School 
Elk River Elern. School 
University of Idaho 
Orofino Elem. School 
Orofino Jr. High 
Frederick Post Elem. Sch. 
Pioneer Elem. School 
Salmon High School 
Salmon Jr. High 
Sandpoint Baptist Church 
Basic American Foods 

Montana-institutional Combustion 

FUEL 

Pellet 
Pellet 
Pellet 
Pellet 
Pellet 
Cordwood 
Proc fuel 
Pellet 
Pellet 
Pellet 
Hog 
Hog 
Hog 

Hog 
Pellet 

USE 

Space, water 
Space, water 
Space, water 
Space, water 
Space 
Space 
Space 
Space 
Space 
Space 
Space, water 
Space, water 
Space, water 
Space, water 
Process 

LOCATION 
Ashland 
Ashland 
Belgrade 
Bonner 
Columbia Falls 
Columbia Falls 
Darby 
Darby 
Deer Lodge 
Dixon 
Fortine 
Huntley 
Libby 
Livingston 
Missoula 
Missoula 
Olney 
Pablo 
Polson 
Seeley 
St. lgnatius 
Superior 
Thompson Falls 
Thompson Falls 
Whitefish 

NAME FUEL USE 
Northern Cheyenne Pine 
St. Labre Indian School 
Louisiana-Pacific Corp. 
Stimson Lumber Co. 
F.H. Stolze Land & Lumber 
Plum Creek Mfg. Limited Partnership 
Darby Lumber 
Stolze-Conner Lumber 
Louisiana-Pacific 
Flathead Post & Pole 
Plum Creek Mfg. Limited Partnership 
Montana Southern Agricultural Research Center 
Stimson Lumber Co. 
Park County Solid Waste Recovery System / Brand S Lumber Co. 
Missoula White Pine Sash 
Stone Container Corp. 
American Timber 
Plum Creek Mfg. Limited Partnership 
Pack River Lumber 
Pyramid Mountain Lumber 
St. lgnatius Elementary School 
Mineral County Public Library 
Thompson River Lumber 
Crown Pacific Inland, Limited Partnership 
Glacier Log Homes 
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Oreaon-Industrial Combustion 

LOCATION 
Eugene 
White City 
Portland 
Elgin 
Independence 
Joseph 
LaGrande 
Medford 
White City 
Eugene 
Eugene 
Roseburg 
Klamath Falls 
Goshen 
Bend 
Redmond 
Hood River 
Baker City 
Eugene 
Grande Ronde 
Mill City 
Lyons 
Gilchrist 
ldanha 
Hood River 
Eugene 
Monroe 
Gardiner 
Pilot Rock 
Klamath Falls 
John Day 
Riddle 
Heppner 
Lakeview 
Portland 
Pilot Rock 
John Day 
Medford 
Merlin 
Klamath Falls 
Springfield 
St. Helens 
Lyons 
Prineville 
Springfield 
Brownsville 
Prairie City 
Springfield 
Coquille 
Dillard 
Dixonville 
Green 
Riddle 
Cave Junction 
Newberg 
Oregon City 
Hines 
Brookings 
Grants Pass 
Springfield 
Albany 
Grants Pass 
Springfield 
White City 

NAME 
American Laminators 
Biomass I Ltd. 
Blasen & Blasen Lumber 
Boise Cascade 
Boise Cascade 
Boise Cascade 
Boise Cascade 
Boise Cascade 
E. Burrill Lumber 
Cascade Handle 
Cascadian 
Champion Bldg Products 
Columbia Plywood 
Cone Lumber 
DAW Forest Products 
DAW Forest Products 
Dee Forest Products 
Ellingson Lumber 
Emerald Forest Products 
Fort Hill Lumber 
Frank Lumber 
Freres Lumber 
Crown Pacific 
Green Veneer 
Hanel Lumber 
Hearin Forest Industries 
Hull-Oakes 
International Paper 
International Paper 
Jeld-Wen 
John Day Lumber 
D.R. Johnson Lumber 
Kinzua 
Lakeview Lumber 
Linnton Plywood 
Louisiana-Pacific 
Malheur Lumber 
Medite 
Miller Redwood 
Modoc Lumber 
Morgan Mfg. 
Multnomah Plywood 
North Santiam Plywood 
Ochoco Lumber 
Ore. Ind. Lumber Prod. 
Oregon Strand Board 
Prairie Wood Products 
Rosboro Lumber 
Roseburg Forest Products 
Roseburg Forest Products 
Roseburg Forest Products 
Roseburg Forest Products 
Roseburg Forest Products 
Rough & Ready 
Smurfit Newsprint 
Smurfit Newsprint 
Snow Mountain Pine 
South Coast Lumber 
Spaulding & Son 
Springfield Forest Prods. 
Stone Forest Industries 
Stone Forest Industries 
Stone Forest Industries 
Stone Forest Industries 

USE 
Process 
Process, cogen 
Process 
Process 
Process 
Process 
Process, cogen 
Process, cogen 
Process 
Process 
Process 
Process 
Process 
Process 
Process 
Process 
Process 
Process, elec 
Process 
Process 
Process 
Process 
Process, elec 
Process 
Process 
Process 
Process 
Process 
Process 
Process 
Process 
Process, cogen 
Process, cogen 
Process 
Process 
Process 
Process 
Process 
Process 
Process 
Process 
Process 
Process 
Process, elec 
Process 
Process 
Process, cogen 
Process 
Process 
Process, elec 
Process 
Process 
Process 
Process 
Process, elec 
Process, elec 
Process, elec 
Process 
Process 
Process 
Process 
Process 
Process 
Process 
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Oregon-Industrial Combustion (con’t.) 

LOCATION 
Forest Grove 
Roseburg 
Glendale 
Noti 
Sheridan 
Grants Pass 
White City 
Eugene 
Warm Springs 
Warrenton 
Cottage Grove 
North Bend 
Albany 
Bend 
Coburg 
Dallas 
Drain 
Eugene 
Foster 
Springfield 
Sweet Home 
Vaughn 
Willamina 
Mill City 

NAME 
Stimson Lumber 
Sun Studs 
Superior Lumber 
Swanson-Superior For. Prod. 
Taylor Lumber 
Tim-Ply 
Timber Products 
Tree Products Mfg. 
Warm Springs For. Prod. 
Warrenton Forest Prods. 
Weyerhaeuser 
Weyerhaeuser 
Willamette Industries 
Willamette Industries 
Willamette Industries 
Willamette Industries 
Willamette Industries 
Willamette Industries 
Willamette Industries 
Willamette Industries 
Willamette Industries 
Willamette Industries 
Willamina Lumber 
Young & Morgan Lumber 

Oregon-Commercial Combustion 

USE 
Process 
Process 
Process 
Process 
Process 
Process 
Process 
NA 
Process, elec 
Process 
Process, elec 
Process, elec 
Process 
Process 
Process 
Process, elec 
Process 
Process 
Process 
Process 
Process 
Process 
Process 
Process 

~~ -~ 

LOCATION NAME 
Coos Bay House of Myrtlewood 

Oregon-Institutional Combustion 

FUEL USE 
Shavings Space heat 

~ 

LOCATION NAME 
Bonanza Bonanza Elementary 
Chiloquin Chiloquin Elementary 
Klamath Falls Henley High 
Long Creek Long Creek 
Merrill Merrill Upper Elementary 

Oregon-Utility Wood Combustion 

FUEL 
Pellets 
Pellets 
Pellets 
Pellets 
Pellets 

USE 
Space, water 
Space, water 
Space, water 
Space, water 
Space, water 

~ ~~ 

LOCATION NAME 
Eugene Eugene Water & Elec. Bd 

Washington-Industrial Combustion 

FUEL 

Hog 

USE 
Space, water, elec 

LOCATION 

Asotin 
Clallam 
C I a I I a m 
Clallam 
Clallam 
Clark 
Clark 
Clark 
Cowlitz 
Cowlitz 
Ferry 
Grays Harbor 
Grays Harbor 
Grays Harbor 

NAME 

Guy Bennett Lumber Prods. 
Allen Logging 
Daishowa America 

ITT Rayonier 
Ft. Vancouver Plywood 
James River 
Pacific Wood Treating 
Longview Fibre 
Weyerhaeuser 
San Poll Lumber 
ITT Rayonier 
Simpson Door 
Weyerhaeuser 

K-Ply 

FUEL OUTPUT 
Million B t a r  

136,510 
182.784 

1,081,200 
408,000 

1,574,081 
654,500 
876,384 
178,500 

2,152,302 
8,500,000 

467,500 
3,747,820 

381,480 
1,360,000 
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Washington-Industrial Combustion (con’t) 

LOCATION 

Jefferson 
King 
Lewis 
Lewis 
Lewis 
Lewis 
Lewis 
Mason 
Mason 
Okanagan 
Okanagan 
Pacific 
Pend Oreille 
Pierce 
Pierce 
Pierce 
Pierce 
Pierce 
Pierce 
Pierce 
Pierce 
Pierce 
Skagit 
Skamania 
Snohomish 
Snohomish 
Snohomish 
Snohomish 
Snohomish 
Snohomish 
Spokane 
Stevens 
Stevens 
Stevens 
Stevens 
Thurston 
Walla Walla 
Walla Walla 
Walla Walla 
Walla Walla 
Whatcom 
Whatcom 
Whatcom 
Yakima 
Yakima 
Yakima 

NAME 

Port Townsend Paper 
Weyerhaeuser 
Cowlitz Stud 
Cowlitz Stud 
DeGoed Bulb Farms 
Kinnear of Wash 
Morton Forest Products 
Shelton Corrections Ctr. 
Simpson Timber 
Colville Indian Precision Pine 
Omak Wood Products 
Weyerhaeuser 
Vaagen Brothers Lumber 
Boise Cascade 
Buffelen Woodworking 
Coastcraft 
Fred Tebb & Sons 
Puget Sound Plywood 
Simpson Tacoma kraft 
Tacoma Steam Plant #2 
Wash. Soldiers Home/Colony 
Western State Hospital 
Goodyear Nelson Hdwd Lumbc 
Stevenson Co-Ply 
Jeld-Wen of Everett 
Northwest Hardwoods 
Scott Paper 
Smith Street Mill 
Summit Timber Power House 
West Coast Forest Prods. 
W.I. Forest Products 
Boise Cascade 
Plum Creek Manufacturing 
Vaagen Bros. Lumber 
Washington Water Power 
Hardel Mutual Plywood 
Boise Cascade 
Louisiana-Pacific 
Strauser Manufacturing 
Wash. State Penitentiary 
Georgia-Pacific 
Mt. Baker Plywood 
The Oeser Co. 
Boise Cascade 
Jeld-Wen Fiber of Washington 
Layman’s Lumber 

FUEL 

Hog 
Hog 
Hog 
Hog 

Hog 
Hog 
Hog 
Hog 

Hog 
Hog 
Hog 

Mill residue 
Mill residue 

Hog, mill residue 

Mill residue 
Mill residue 
Mill residue 
Mill residue 
Hog 
HoglRDFCoal 
Pellets 
Pellets 

!r Hog, mill residue 
Hog 
Mill residue 
Mill residue 
Mill residue 
Hog 
Hog 

Hog 

Hog 
Hog 
Hog 

Hog 
Hog 

Hog 
Hog 
Hog 
Hog 
Hog 
Hog 

Mill residue 

Hog, mill residue 

Mill residue 

Hog, mill residue 
Pellets 

OUTPUT 
Million Btu/yr 

1,321,121 
1,341,963 

182,580 
282,999 
27,625 
13,090 

21 3,843 
166,787 

1,424,124 
364,140 

3,276,240 
392,547 
112,931 

2,617,541 
264,741 

0 
2,601 

202,300 
2,958,000 
2,167,700 

1,799 
204,000 
209,967 
21 2,245 
11 9,000 
191,709 

2,618,000 
0 

572,101 
80,240 

328,544 
1,872,958 

871 
304,045 

5,950,000 
305,609 

1,498,992 
142,800 
51,000 
51,000 

2,669,000 
328,644 

4,760 
2,006,000 

148,750 
35,700 

MSW Combustion 

LOCATION NAME USE 
Brooks, Ore. Marion County MSW-Energy 11 MW elec 
Sitka, Alaska City & Borough MSW 35 Ibs steam 
Bellingham, Wash. Thermal Reduction Co. 1 MW elec 
Mt. Vernon, Wash. 2 MW elec 
Spokane, Wash. Spokane County Waste-to-Energy Electricity 
Hayburn, Idaho Cassia County Waste-to-Energy Not operating 

Skagit County Public Works Dept. 
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Biomass Densification 

Idaho-Densification 

LOCATION NAME 

Coeur d’Alene 
Juliaetta Browning Cut Stock 
Ovid Jensen Lumber 
Sandpoint Lignetics of Idaho 
St. Anthony 
Moyie Springs 

Montana-Pellets 

Coeur d’Alene Fiber Fuels 

C&S Snake River Wood Products 
North Idaho Energy Logs 

FUEL OUTPUT 
Tons per day 

Sawdust, shavings 80 tons pellets 
Mill residues 3 
Sawdust, shav, chip 30-50 pellets 
Sawdust, shav, chip 
Chips, log waste 40 pellets 
Sawdust, shavings 20 units logs 

250 tons pellets 

LOCATION NAME 
Belgrade Belgrade Wood Products 
Billings Agri Systems 
Darby Bitteroot Timber Products 
Eureka Eureka Pellet Mills 
Libby HOODOO Mountain Pellets 
Lincoln Blackfoot Forest Products 

Oregon-Densification 

LOCATION 
Hood River 
Forest Grove 
Oakland 
Enterprise 
Tualatin 
Cornelius 
Springfield 
Klamath Falls 
Brownsville 
White City 
Salem 
Albany 
Union 
Portland 

NAME 
Bear Mtn Forest Prods 
DMH 
Evergreen Forest Prods 
Great Western Pellets 
Hardwood Industries 
Hazelnut Growers of Ore. 
Kingsford Products 
Modoc Lumber 
Northwest Pellet Mill 
Royal Oak Enterprises 
Salem Wood Products 
Straw Products 
Firtech Industries 
Wood Air 

Was hington-Pellets 

FUEL 
Cedar/fir shavings 
Oak shavingddust 
Fir 
Fir 
Oak shavingdhog 
Shells, paper 
Fir hog 
Pine/fir shav/hog 
Hog 
Hog 
Shav/dust/paper 
Straw/oak/paper 
Pine 
Oak shavhog 

USE 
Pellets 
Logs 
Pellets 
Pellets 
Logs 
Logs 
Briquets 
Pellets 
Pellets 
Briquets 
Logs 
Logs 
Pellets 
Logs 

LOCATION 

Grays Harbor 
King 
Kitsap 
Okanagan 
Okanogan 
Pierce 
Skagit 
Snohomish 
Spokane 
Stevens 
Yakima 

NAME 

Wood Pellet Co. 
Seattle-Tacoma Box 
Pope & Talbot 
CD Pellet 
MJM Pellet Mills 
Manke Lumber 
Kaaland Mill 
Johnson Pellet Mills 
Spokane Pres-To-Logs 
Panorama Wood Products 
Simmons Densified Fuels 

MASS 
TonsPlr 

3,650 
5,200 

37,440 
6,000 

NA 
40,000 

9,360 
1.000 

36,000 
3,000 
6,000 

OUTPUT 
Million Btu/Yr 

62,050 
88,400 

636,840 
102,000 

NA 
680,000 
159.1 20 
17,000 

612,000 
51,000 

102,000 
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Washington-Hog fuel, compost, mulch 

LOCATION 

Clark 
Grays Harbor 
King 
King 
King 
King 
Pierce 
Thurston 
Thurston 

NAME 

H&H Wood Recyclers 
EGH Recycling 
Horizon Trucking & Excavation 
Northwest Wood Recycling 
Rainier Wood Recyclers 
Redmoor Resource Reduction 
Portside Recycling 
McHugh Recycling 
Waste Reduction 

Washington-Pellets 

MASS 
TonsPlr 

30,030 
72 

156,000 
5,616 
6,912 

27,600 
120,000 

6,739 
78,000 

OUTPUT 
Million BlulYr 

510,510 
1,224 

2,652,000 
95,472 

11 7,504 
469,200 

2,040,000 
11 4,563 

1,326,000 

LOCATION NAME 

Ringling, Mont. AlcoTech 
Caldwell, Idaho J.R. Sirnplot Co. 
Heyburn, Idaho J.R. Simplot Co. 
Grant County, Wash. NW Agri-Products 
Thurston County, Wash. Olympia Brewing 
Whatcom County, Wash Georgia-Pacific 

Chemical Recovery 

Washington-Black pulp liquor 

ETHYNOL 
TonsPlr 

1,500,000 gals 
3,000,000 gals. 
3,000,000 gals. 
1,000,000 

435,000 
9,000,000 

OUTPUT 
Million BtulYr 

135,000 
270,000 
270,000 

90,000 
39,150 

810,000 

LOCATION NAME 

Clark James River 
COWlltZ Longview Fibre 
Cowlitz Weyerhaeuser Paper 
Grays Harbor Weyerhaeuser 
Pierce Sirnpson Tacoma Kraft 
Snohomish Scott Paper 

Biogas 

Idaho-Wastewater Treatment Plants 

SOLIDS BURNED 
TonsPlr 

178,330 
747,000 
603,000 

NA 
746,928 
210,000 

ENERGY VALUE 
Million BtuP/r 

2,318,290 
9,711,000 
7,839,000 
2,197,803 
9,710,064 
2,730,000 

LOCATION NAME 

American Falls 
Blackfoot 
Boise 
Boise 
Coeur d'Alene 
Nampa 
Pocatello 
Preston 
Soda Springs 

American Falls WWTP 
Blackfoot WWTP 
Boise-Lander WWTP 
West Boise 
Coeur d'Alene WWTP 
Nampa Wastewater Division 
Pocatello WWTP 
Preston WWTP 
Soda Springs WWTP 

Montana-Wastewater Treatment Plants 

OUTPUT 
Million BluNr 

1,147 
NIA 

31,580 
17,000 

NIA 
23,984 
24,090 

723 
602 

USE 

Space, process 
Space, process 
Space, process, cogen 

Space, process 
Space, process 
Space, process 
Space, process 
Space, process 

LOCATION NAME 

Billings Billings WWTP 
Bozeman Bozernan WWTP 
Helena Helena WWTP 
Kalispell Kalispell WWTP 
Missoula Missoula WWTP 
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Oregon-Wastewater Treatment Plants 

LOCATION 

Corvallis 
Goshen 
Grants Pass 
Gresham 
Hillsboro 
Klamath Falls 
Medford 
Milwau kie 
Oregon City 
Pendleton 
Portland 
Salem 
Springfield 
Tigard 
Woodburn 

NAME OUTPUT 

Corvallis WWTP 8 
Short Mountain Landfill 447,000 
Grants Pass WWTP 6 
Gresham WWTP - 
Rock Creek WWTP 17 
Klamath Falls WWTP 5 
Medford WWTP 26 

MMBtQr 

Kellogg - 
Tri-City WWTP - 
Pendleton WWTP 8 
Columbia Blvd. WWTP 130 
Willow Lake WWTP 43 
EugeneEpringfield Metro WWTP 166 
Durham WWTP - 
Woodburn WWTP 3 

Washington-Landfills 

LOCATION NAME OUTPUT 

Clark Leichener 276,000 
Cowlitz Cowlitz County 45,600 
Grays Harbor Aberdeen 13,786 
Grays Harbor Hoquiam NA 
King Enumclaw NA 
King Hobart 50,458 
King Kent Highlands 567,648 
King Midway 307,476 
King Cedar Hills 1,734,480 
Kitsap Hansville 69,379 
Kitsap Olympic View Sanitaty 189,216 
Klickitat Roosevelt Regional 9,600 
Lewis Centralia NA 
Mason Mason County 0.012 
Pierce Hidden Valley 0.011 
Pierce Purdy 0.094 
Pierce Tacoma 0.8 
Snohornish Cathcart 0.9 
Thurston Hawks Prairie 0.012 
Whatcom Cedarville 0.022 

Washington-Wastewater Treatment Plants 

USE 

Space, process 
Process 
Space, process 
Space, proc, cogen 
Space, proc, cogen 
Process 
Space, proc, cogen 
Space, proc, cogen 
Process, cogen 
Space 
Space, process 
Process, cogen 
Space, proc, cogen 
Process, cogen 
Process 

LOCATION 

Benton (County) 
Benton 
Chelan 
Chelan 
Clallam 
Columbia 
Douglas 
Franklin 
Grays Harbor 
Island 
King 
King 
King 
King 
King 
King 
King 

NAME 

Prosser 
Richland 
Chelan 
Wenatchee 
Port Angeles 
Dayton 
Douglas County 
Pasco 
McLeary 
Oak Harbor 
Des Moines Creek 
Metro Aikl 
Metro West Point 
Miller Creek 
Redondo 
Renton 
Salmon Creek 

OUTPUT 
Million Btulyr 

4,800 
4,800 

13,200 
4,800 
3,000 

600 
4,800 

10,800 
276 

4,800 
13,200 
9.000 

45,000 
9,000 
8,400 

203,400 
9.000 
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Washington-Wastewater Treatment Plants (con’t) 

LOCATION 

Kitsap 
Kitsap 
Kitsap 
Kittitas 
Lewis 
Lewis 
Pend Oreille 
Pierce 
Pierce 
Pierce 
Pierce 
Pierce 
Skagit 
Spokane 
Thurston 
Walla Walla 
Whitman 
Yakima 
Yakima 

NAME 

Bremerton 
Central Kitsap 
Port Orchard/Kitsap Dist. 
Ellensburg 
Centralia 
Chehalis 
Newport 
Chambers Creek 
Puyallup 
Rainier State School 
Tacoma STP-1 
Tacoma STP-3 
Mount Vernon 
Spokane 
Lon 
Walla Walla 
Pullman 
Sunnyside 
Toppenish 

OUTPUT 
Million Blulyr 

8,400 
8,400 

#5 33,000 
12,600 
3,000 
7,800 

18,000 
28,800 

6,000 
4,800 

66,000 
3,000 
2,400 

48,000 
25,200 

8,400 
6,000 
4,800 
4,800 
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