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INTRODUCTION

The overall goal of this Joint Fire Science Program project (07-3-3-03) is to provide a
synthesis of information products available to federal land managers to enhance their ability to
understand and deal with the economic and financial aspects of woody biomass removal as a
component of fire hazard reduction treatments. Here, woody biomass is the sub- or non-
merchantable portion of a merchantable tree (i.e. tops and limbs) or non-merchantable small
whole trees that must be removed as part of prescription objectives. In locations with utilization
infrastructure, woody biomass is typically burned in boilers for energy production, although
there are a number of alternative uses.

This document synthesizes and evaluates the body of economic and financial biomass
information, literature, tools and databases currently available to federal land managers in the
western United States. It is hoped that this information acts to fill the gaps between existing
information and tools and managers’ awareness of and ability to use these tools and information
to promote the use of biomass in place of open burning.

The following information includes information from web-based biomass related
resources, literature from peer-reviewed journals, Forest Service publications, technical reports
and releases, and white papers. More specifically, the location and characteristics of biomass-
utilizing facilities in several western states, the types, tree sizes, and volumes of wood fiber these
facilities purchase, the value of wood fiber delivered to these facilities, and GIS data depicting
mill locations and biomass-utilizing facilities are among the information identified. The first
section in this document lists biomass cost and volume estimator tools, models and related
information; the second section contains an annotated bibliography of forest biomass related
literature from a wide variety of publication outlets. The third section identifies sources of
biomass, lumber, and log prices regionally and nationwide and the fourth section identifies
biomass utilization facility locations and other related information.



BIOMASS ECONOMIC AND FINANCIAL MODELS AND
TOOLS

BIOPAK

Means, Joseph E., Heather A. Hansen, Greg J. Koerper, Paul B. Alaback, Mark W. Klopsch.
1994. Software for computing plant biomass--BIOPAK users guide. Gen. Tech. Rep. PNW-
GTR-340. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest
Research Station. 180 p.

Means, Joseph E., Olga N. Krankina, Hao Jiang, and Hongyan Li. 1996. Estimating live fuels for
shrubs and herbs with BIOPAK. Gen. Tech. Rep. PNW-GTR-372. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station. 21 p.

BIOPAK is a software package that contains a plant measurement library of over 1,100 documented equations that
estimate plant components, e.g. leaf mass, leaf area, stem wood mass, bark mass, fuel size classes. BIOPAK can
choose equations from those contained in an equation library using built-in assumptions based primarily on
comparisons of plant dimensions, geographic area sampled and seral stage sampled for input data and prediction
equations. Alternatively, a user can direct the program to search a specific subset of the equation library or use a
particular equation for particular input data. In this manner, equations from other species may be used for species in
the data for which equations are unavailable.

Available at: http://www.fsl.orst.edu/lter/data/tools/software/biopak.cfm?topnav=149
Online database of model equations:
http://andrewsforest.oregonstate.edu/data/abstract.cfm?dbcode=TP072&topnav=97
BIOPAK manual:
http://andrewsforest.oregonstate.edu/pubs/webdocs/reports/pub1659.pdf

Data requirements: Runs with DOS-type commands. Biomass estimations are made for many

species based on prescribed measurements such as diameter, stem length, cover, etc. The

independent variables are equation and species specific.

Contact: Don Henshaw dhenshaw @fs.fed.us henshaw @fsl.orst.edu

don.henshaw @oregonstate.edu

Last updated: 2002

BIOMASS SITE ASSESSMENT TOOL (BIOSAT)

The Biomass Site Assessment Tool (BioSAT) model is used to identify the top 20 locations for 13 southern U.S.
states. The trucking cost model of BioSAT is used with Timber Mart South 2009 (http://www.tmart-
south.com/tmart/index.html) price data to estimate the total cost, average cost, and marginal costs for biomass
facilities that use mill residues for up to 1.5 million dry tons of annual consumption. Costs in south Mississippi,
southeast Georgia, southeast Oklahoma, southwest Alabama,and east Texas range from $25 to $38 per dry ton for
up to 1.5 million annual dry tons. Additional research on BioSAT is forthcoming for 33 eastern U.S. states. These
studies will include more types of woody and agricultural biomass (e.g., logging residues, pulpwood, corn stover,
etc.). Additional cost models for transportation such as truck combinations with rail and barge will be components of
BioSAT.

Available at: http://www.biosat.net
Data requirements: Unknown; contact BioSat for more information




Contact: James H. Purdue jperdue @fs.fed.us
Timothy M. Young tmyoungl @utk.edu
Last updated: October 2009

COORDINATED RESOURCE OFFERING PROTOCOL (CROP)

The U.S. Forest Service and Bureau of Land Management undertook a series of CROP pilot projects as a means of
addressing the growing fuel load problem within major forest systems and the realized potential for fostering
catastrophic wildfires within these systems across the United States. Focused on biomass removal (versus biomass
inventory), the CROP model was initially developed in 2003 targeting unlevelized, uncoordinated, and erratic
resource offerings from public forest lands at landscape scale. The key tenets of CROP projects are: to facilitate
coordination of biomass removal between public agencies; facilitate the use of long-term multi-agency stewardship
contracts to achieve biomass removal; increase the certainty of "levelized" biomass supply offerings from public
agencies; invite investment back into a sustainable forest management landscape; and, heighten public trust and
support for biomass removal from public lands operating within a transparent process.

Available at: http://www.forestsandrangelands.gov/Woody Biomass/supply/CROP/index.shtml
Data requirements: None. Summaries of CROP projects already conducted are available at the
web address.

Contact: Ed Gee eagee @fs.fed.us

Last updated: March 2009

FIA BIOSUM

Fried, Jeremy S.; Christensen, Glenn; Weyermann, Dale; Barbour, R. Jamie; Fight, Roger;
Hiserote, Bruce; Pinjuv, Guy 2005. Modeling opportunities and feasibility of siting wood-fired
electrical generating facilities to facilitate landscape-scale fuel treatment with FIA BioSum In:
Systems Analysis in Forest Resources: Proceedings of the 2003 Symposium, p. 207-216.

FIA BioSum is a concept-based methodology that generates cost estimates, identifies opportunities and evaluates
the effectiveness of fuel treatments in region-wide forested landscapes. The BioSum modeling framework
incorporates a transportation cost model, a treatment cost accounting module, a log valuation model, and a crown fire
hazard evaluator with Forest Inventory and Analysis (FIA) plot data.

Available at: www.fs.fed.us/pnw/fia/biosum

Data requirements: inventory plot data with expansion factors; road network with travel time
per unit distance assigned to the road segments; silvicultural treatments coded in FVS; product
prices. Also, a raft of assumptions, such as filters on what characteristics lead to an acre being a
candidate for treatment, definitions of hazard, definitions of hazard improvement, choice of
logging systems, objectives (make money, improve fuel hazard, maximize material removed,
minimize material removed, etc.)

Contact: Jeremy Fried jsfried @fs.fed.us

Last updated: February 2009

FIRE RESEARCH AND MANAGEMENT EXCHANGE SYSTEM (FRAMES)



FRAMES is an internet based database that contains a library of data, documents, projects, tools, and webpages to
support fire management and research. The goal of FRAMES is to provide a systematic method of exchanging
information and transferring technology between wildland fire researchers, managers, and other stakeholders in order
to make wildland fire documents, data, tools, and other information resources easy to find, access, distribute,
compare, and use.

Available at: http://frames.nbii.gov/portal/server.pt
Data Requirements: Vary by selection

Contact: Greg Gollberg gollberg @uidaho.edu
Last updated: Continually

FOREST RESIDUE TRUCKING SIMULATOR (FORTS)

USFS Southern Research Station Forest Operations Research to Achieve Sustainable
Management Research Work Unit 4703. Auburn, AL.

FoRTS is a spreadsheet based calculator designed to help compare alternative methods of moving biomass from the
forest to a wood-using facility. It will estimate loading and hauling costs for different combinations of equipment,
evaluate the best mix (numbers and types) of equipment, compare different hauling routes, examine reloading, or
two-stage hauling opportunities. FORTS does not provide actual costs because it does not include factors such as
profit and overhead. It is intended to represent a relative comparison among options.

Available at: http://www.srs.fs.usda.gov/forestops/biomass.htm

Data requirements: Road travel route description; biomass materials (species, moisture content,
etc); equipment selection (in-woods, transportation, processing)

Contact: Jason Thompson jasonthompson @fs.fed.us

Last updated: 2006

LANDSCAPE FIRE AND RESOURCE MANAGEMENT PLANNING TOOLS PROJECT
(LANDFIRE)

LANDFIRE is an ongoing research project and database that contains geospatial data products that describe existing
vegetation composition and structure, potential vegetation, surface and canopy fuel characteristics, historical fire
regimes, and fire regime condition class. LANDFIRE provides fire and land managers with the information required to
identify lands with wildland fuel build-up and facilitate the prioritization, implementation, reporting, and monitoring of
landscape fuel treatments. These data may be used during specific wildland fire incidents to increase firefighter
safety, pre-position resources, and evaluate fire behavior under a variety of weather conditions.

Available at: http://www.landfire.gov/index.php

Data requirements: Extensive. LANDFIRE is creating spatial data layers that include: all layers
required to run fire modeling applications such as FARSITE and FlamMap, Existing Vegetation
Type, Canopy Height, Biophysical Setting, Environmental Site Potential, Fire Regime Condition
Class, and fire effects layers.

Contact: helpdesk @landfire.gov

Last updated: Continuous

NATIONAL ASSOCIATION OF CONSERVATION DISTRICTS
WOODY BIOMASS UTILIZATION DESK GUIDE



This Guide is designed for use by Resource Conservation & Development and Extension professionals throughout
the U.S. It also contains handouts and other resources to assist in educating respective audience. The Woody
Biomass Desk Guide and Toolkit provides an overview of woody biomass production and utilization in the U.S., tips of
how to provide effective outreach for clientele, and educational handouts to share with audiences. The purpose of this
guide is to equip natural resource professionals and outreach specialists with the information and tools needed to
increase awareness of the use of woody biomass for energy in the U.S.

Available at: http://nacdnet.org/resources/guides/biomass
Contact: Sarah Ashton sashton@warnell.uga.edu
Last updated: Online publication

USDA FOREST SERVICE REGION 6 FOREST PRODUCTS WEB PAGE
LOGGING SYSTEMS & ECONOMIC PROGRAMS

This website contains information, programs and forms used in implementing forest health maintenance, restoration,
and improvement projects on the 19 national forests in Oregon and Washington. The website houses many
executable programs developed by the USDA Forest Service, and the software is public domain. Programs can only
be installed on IBM-compatible machines.

Available at: http://www.fs.fed.us/r6/nr/fp/FPWebPage/FP70104A/Programs.htm
Data requirements: Variable; program specific
Contact: Rick Toupin rtoupin@fs.fed.us
Michael Daugherty rtoupin @fs.fed.us
Last updated: 2008

USDA FOREST SERVICE SOUTHERN RESEARCH STATION
MOISTURE CONTENT CONVERTER

This is an Excel spreadsheet that converts wood moisture contents from either dry basis to wet basis or wet basis to
dry basis. The moisture content of biomass affects the gross weight of the material that is being handled. Green
material will have a higher density than drier material because of the extra water weight in the cells of the wood. In
biomass markets, it is important for all parties to have a common understanding of the dry mass of material that is
being sold or processed. Generally biomass loads are sampled for moisture content and then converted to a dry-
basis measure such as "bone dry tons" or "bone dry units."

Available at: http://www.srs.fs.usda.gov/forestops/downloads/MC_Converter.xls
Data requirements: Percent moisture content to convert

Contact: Jason Thompson jasonthompson @fs.fed.us

Last updated: 2008

USDA FOREST SERVICE SOUTHERN RESEARCH STATION
BIOMASS HEAT VALUES BY TREE SPECIES

Located here are tables of heat of combustion (Btu/ovendry pound) of stems and branches of 6-inch trees from 22
hardwood species growing on southern pine sites. Heat value, or heat of combustion, which is defined as the total
amount of heat obtainable from ovendry material when burned in an enclosure of constant volume, allowing no
deductions for heat losses, is a very useful parameter to know when dealing with biomass.



Available at: http://www.srs.fs.usda.gov/forestops/biomass.htm
Data requirements: Species

Contact: Jason Thompson jasonthompson @fs.fed.us

Last updated: 2007

USDA FOREST SERVICE SOUTHERN RESEARCH STATION
BIOMASS PUBLICATIONS FROM THE FOREST OPERATIONS RESEARCH UNIT:
A SYNTHESIS

The Forest Operations Research Unit at the Southern Research Station has been studying biomass-related topics
since 1977. This CD aids the reader by organizing these publications in one easy-to-use CD. Included on the CD are
an executive summary, two bibliographies, individual publications (in PDF format), and a keyword listing. The types of
publications on the CD consist of presentation reports, published reports, portions of books, and master's theses.

Available at: http://www.srs.fs.usda.gv/pubs/biomass _cd
Data requirements: Vary by selection

Contact: Dana Mitchell danamitchell @fs.fed.us

Last updated: 2008

USDA FOREST SERVICE WOODY BIOMASS UTILIZATION WEBSITE

The Woody Biomass Utilization Team is an interdisciplinary team that promotes and facilitates the planning and
delivery of an integrated, interdisciplinary approach to the recovery and utilization of woody biomass from ecological
restoration and hazardous fuels reduction work. Field coordinators have been designated at each of the National
Forest Regions and Research Stations to coordinate woody biomass utilization efforts throughout the Forest Service.

Available at: http://www.fs.fed.us/woodybiomass/index.shtml

State biomass supply links: http://www.fs.fed.us/woodybiomass/strategy/supply.shtml
Contact: woody_biomass @fs.fed.us

Forest Service Woody Biomass and Bioenergy Contacts:
http://www.fs.fed.us/woodybiomass/contact/fscontacts.shtml

Last updated: June 2009




BIOMASS PRODUCTION, COST AND RELATED LITERATURE

Abt, Karen L., Jeffrey P. Prestemon. 2006. Timber markets and fuel treatments in the western
US. Natural Resource Modeling. 19(1): 15-43.

This paper presents a model of interrelated timber markets in the U.S. West to assess the impacts of large-scale fuel
reduction programs on these markets, and concomitant effects of the market on the fuel reduction programs. The
model maximizes area treated, given fire regime-condition class priorities, maximum increases in softwood
processing capacity, maximum rates of annual treatments, prohibitions on exports of U.S. and Canadian softwood
logs from public lands and a fixed annual treatment budget. Results show that the loss to U.S. private timber
producers is less than the gains for timber consumers (mills).

Geographic area: Western United States
Keywords: wildfire, mechanical treatments, spatial equilibrium, welfare

Alabama Forestry Commission. 2009. Woody Biomass Energy Opportunities in Alabama.
Montgomery, Alabama. Available at:
http://216.226.177.78/Biomass/Woody%20Biomass%20Energy%200pportunities %20in%20Ala

bama.pdf

This publication provides information on the woody biomass materials available in Alabama, timber harvest and price
trends and per unit cost comparisons with traditional energy sources. It also contains references to further information
that investors should find useful when deciding whether or not to install wood-using energy systems. References are
provided to manufacturers of wood-using energy systems, grant sources, tax credit incentives, and case studies of
others who have installed successful systems.

Geographic area: Alabama

Angus-Hankin, C., B. Stokes, A. Twaddle. 1995. The transportation of fuelwood from forest to
facility. Biomass and Bioenergy, 9 (1-5): 191-203.

In spite of this simplicity secondary transport is typically responsible for between 20 and 40% of the delivered fuel
cost. To achieve a full payload within maximum allowable load dimension restrictions the material transported must
have a minimum bulk density of about 250 to 280 kg/m3. While conventional forest products generally exceed this
limit, fuelwood in an unprocessed form may have a bulk density of only 120 to 150 kg/m3. To offset this problem
fuelwood material can be compacted before loading, or compacted in the trailer, but, more frequently, it is
comminuted before transport. Processing of fuelwood to a chip allows the use of standard transport systems
designed for the transport of wood chips for the pulp sector. Major technological gains to improve the transport
efficiencies of fuelwood are unlikely in the immediate future.

Geographic area: Non-descript
Keywords: Wood fuel, residues, transportation, bulk density

Arola, Rodger A.; Miyata, Edwin W. 1981. Harvesting wood for energy. Research Paper NC-
200. St. Paul, MN: U.S. Dept. of Agriculture, Forest Service, North Central Forest Experiment
Station.



This paper illustrates the potential of harvesting wood for industrial energy, based on the results of five harvesting
studies and presents information on harvesting operations, equipment costs, and productivity. It further discusses
mechanized thinning of hardwoods, clearcutting of low-value stands and recovery of hardwood tops and limbs and
also includes basic information on the physical and fuel properties of wood.

Geographic area: Michigan
Keywords: logging, whole-tree chipping, fuelwood, mechanized thinning, clearcutting, residues

Arriagada, Rodrigo A., Frederick W. Cubbage, Karen Lee Abt, Robert J. Huggett Jr. 2008.
Estimating harvest costs for fuel treatments in the west. Forest Products Journal, 58 (7/8): 24-30.

The costs for harvesting timber fur forest fire fuel reduction purposes were estimated for 12 states in the West. These
simulation inputs were used to estimate average costs for 12,039 Forest inventory and Analysis plots in the West,
and then that FRCS output was used develop regression equations that estimated costs as a function of small,
medium, and large size trees per acre, as well as slope. Ground-based mechanical whole tree harvesting systems
were cheapest in the areas where they could be used, with a mean cost of $620 per acre. The other three ground-
based systems had mean costs ranging from $958 to $1,627 per acre. Cable yarder systems mean costs were much
more expensive, at $2,794 and $3,535 per acre. The results do indicate that fuel reduction harvests in the West are
expensive, and provide magnitudes of these costs that can be used for planning and budgeting purposes for
landowners and forestry professionals.

Geographic area: Western United States

Ashmore, Colin, Donald L. Sirois, Bryce J. Stokes. 1987. Evaluation of roll designs on a roll-
crusher/ crusher/splitter biomass harvester: test bench results. Proceedings of the Southern Forest
Biomass Workshop; 1986 June 16-19; Knoxville, TN. Muscle Shoals, AL: Tennessee Valley
Authority. p. 113-116.

An alternative to conventional methods of processing small diameter trees for energy use is roll crushing/splitting.
The concept involves the crushing and splitting of stems to expedite field drying and to facilitate handling. This
method has been considered a feasible alternative for handling stems found in short-rotation harvesting. This paper
reports cn one of these objectives, the evaluation of roll designs by the Southern Forest Experiment Station for
effectively feeding woody Southern biomass into a set of crush rolls. For each of four roll designs, the specific
objectives were to determine feeding efficiencies, crushing/ splitting efficiencies, and operating restraints that would
allow the greatest range of material site to feed through the primary and secondary rolls.

Geographic area: Canada

Atkins, Dave, Robert Rummer, Beth Dodson, Craig E. Thomas, Andy Horcher, Ed Messerlie,
Craig Rawlings, David Haston. 2007. A report on conceptual advances in roll on/off technology
in forestry. Smallwood News. October 08, 2007: 1-14, Missoula, Montana.

This study looks into increasingly severe fire seasons over the last two decades that have led policymakers to
recognize the need for thinning overgrown stands of trees. Thinning presents a financial challenge and the problem is
that hazardous fuel reduction projects —especially projects in the Wildland/Urban Interface— contain mostly smaller
trees, which have traditionally lacked market value. Since these projects can'’t pay for themselves, managers have
been looking for ways to reduce the net costs of fuel reduction projects.

Geographic area: Montana



Badger, Phillip C. 2002. Processing cost Analysis for biomass feedstocks. Oak Ridge National
Laboratory, Oak Ridge, Tennessee. ORNL/TM-2002/199.

The purpose of this study was to identify and characterize all the receiving, handling, storing, and processing steps
required to make woody biomass feedstocks suitable for use in direct combustion and gasification applications,
including small modular biopower (SMB) systems; and to estimate the capital and operating costs at each step. Since
biopower applications can be varied, a number of conversion systems and feedstocks required evaluation. The
boundaries of this study were from the power plant gate to the feedstock entry point into the conversion device.

Geographic area: United States

Bain, Richard L., and Ralph P. Overend. 2002. Biomass for heat and power. Forest Products
Journal, 52(2), 12-19.

Bain and Overend provide a national history of biomass used for energy, a brief market and supply analysis, and a
current status of technology. They additionally identify research needs.

Geographic area: United States

Barger, Roland L. 1979. The forest residues utilization R&D program. In: Harvesting and
utilization opportunities for forest residues in the northern Rocky Mountains: Symposium
Proceedings 1979; November 28-30, 1979, Missoula, MT. GTR-INT-110. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Intermountain Forest and Range Experiment Station,
5-16 p.

The purpose of this publication is to report the results of research conducted by the Residues R&D Program in
harvesting and utilization opportunities for forest residue. Additionally, to provide a record of proceedings of the 3-day
symposium exploring both research and industrial experience in residues utilization; to provide a compendium of
information useful to those involved or interested in improving the recovery and utilization of forest residues.

Geographic area: Intermountain and Northern Rocky Mountains
Keywords: forest residues, wood utilization, timber harvesting, forest practices.

Barger, Roland L.; Benson, Robert E. 1979. Intensive utilization with conventional

harvesting systems. In: Harvesting and utilization opportunities for forest residues in the northern
Rocky Mountains: Symposium Proceedings 1979; November 28-30, 1979, Missoula, MT. GTR-
INT-110. Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Forest and
Range Experiment Station, 77-95 p.

Forest residues utilization research has included case studies of the efficiency of existing harvesting systems in
achieving close fiber utilization. Field evaluations included the use of in-woods chipping systems in gentle terrain;
crawler skidder systems in gentle terrain; and skyline systems in steep terrain. In each situation, utilization standards
ranged from conventional saw log utilization to near-total utilization of available fiber. Intensive utilization has been
achieved concurrent with saw log harvesting, rather than through postharvest salvage. The total costs of harvesting
merchantable material and residue together are partitioned to derive costs of residue recovery. Costs of recovery
vary significantly among the case situations studied, and also vary with the method by which costs are allocated.
Residue recovery costs commonly run $30-$60 per dry ton.



Geographic area: Rocky Mountain Region (Montana, Wyoming)
Keywords: forest residues, timber harvesting, wood residues, utilization, logging systems,
timber harvesting productivity

Barnett, Paul E., Donald L Sirois, Colin Ashmore. 1986. Reduction of biomass moisture by
crushing/splitting - a concept. In: Proceedings of the Southern Forest Biomass Workshop, 1985
June 11-14, Gainesville, FL. Gainesville, FL. University of Florida. p. 13-16.

A biomass crusher/splitter concept is presented as a possible means of maintaining rights-of-way or harvesting
energy wood plantations. The conceptual system would cut, crush, and split small woody biomass leaving it in
windrows for drying. A subsequent operation would bale and transport the dried material for use as an energy source.
A survey of twenty southern power companies shows the potential applicability of a biomass harvesting system.
Drying characteristics and power requirements are presented for three southern tree species.

Geographic area: Canada and southeastern United States

Baughman, Ronald K., Bryce J Stokes, William F. Watson. 1990. Utilizing residues from in-
woods flail processing. In: Stokes, B.J., ed. Proceedings of the International Energy Agency,
Task VI, Activity 3 Workshop, “Harvesting Small Trees and Forest ResiduesA; 1990 May 28;
Copenhagen, Denmark. Auburn, AL: U.S. Department of Agriculture, Forest Service, Southern
Forest Experiment Station; 1990: 21-30.

A tub grinder was employed to process debris discharged by a flail. The machine successfully passed the material
through a 7.62 cm screen and discharged the reduced debris into a chip van for transport. It was found that fuel
production is directly dependent upon the production of clean chips by the flail/chipper portion of the system and the
available biomass of the stand. Clean chips were produced at 57 green tonnes/PMH with fuel yields of from 14 to 21
green tonnes/PMH. The usual disposal of flail residues is an additional cost charged to the clean chips; processing
turns the residues into a positive cash flow.

Geographic area: Oklahoma

Becker, Dennis R., Dalia Abbas, Kathleen E. Halverson, Pamela J. Jakes, Sarah M. McCaffrey,
Cassandra Moseley. 2009. Characterizing lessons learned from federal biomass removal projects.
Final report submitted to Joint Fire Science Program, 07-3-2-08. Boise, Idaho.

The purpose of this study is to identify and assess utilization challenges in different parts of the United States. The
information collected through case studies is used to address persistent conventional wisdoms to biomass utilization
that may help land managers better accomplish project objectives through informed planning and implementation. It
may also be used to illuminate particular barriers to biomass utilization that can be addressed through policy
development at the local, state, or national level.

Geographic area: United States

Benson, Robert E.; Schlieter, Joyce A. 1979. Residue characteristics in the northern
Rocky Mountains. In: Harvesting and utilization opportunities for forest residues in the northern
Rocky Mountains: Symposium Proceedings 1979; November 28-30, 1979, Missoula, MT. GTR-

10



INT-110. Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Forest and
Range Experiment Station, 33-43 p.

In the northern Rocky Mountains, 350-450 million cubic feet (9.9 to 12.7 million cubic meters) of logging residue is
generated each year. Up to 60 percent of the residue material is technologically suitable for wood products, but
condition, size and product potential vary among forest types. Other factors which influence residue utilization are
level of harvest, trends in wood processing, industrial uses and economic conditions.

Geographic area: Northern Rocky Mountains
Keywords: forest residue, logging residue, utilization

Benson, Robert E., Cameron M. Johnston. 1976. Logging Residues Under Different Stand and
Harvesting Conditions, Rocky Mountains. USDA Forest Service Research Paper INT-181.
Intermountain Forest and Range Experiment Station, Ogden, Utah.

Volume and characteristics of logging resieues from 34 clearcut and partial cut harvest areas are presented. Residue
volumes ranged from almost 3,600 cubic feet per acre down to 550 cubic feet per acre, depending on treatment.
More than 60% of the residues were sound.

Geographic area: Montana, Wyoming, Idaho

Bergman R, Zerbe J. 2008. Primer on wood biomass for energy. USDA Forest Service, State and Private
Forest Technology Marketing Unit, Forest Products Laboratory, Madison, WI (rev. Jan. 2008). Available
at http://www.fpl.fs.fed.us/documnts/tmu/biomass_energy/primer_on_wood _biomass for energy.pdf

This paper explains and describes the concepts of wood energy on a residential, commercial, and industrial scale in
the United States so that the Forest Service can help meet the demands of communities involved in the forest-
products industry. In addition, terminology associated with this field is explained so individuals can develop a basic
understanding of and familiarity with technical terms common to bioenergy. Definitions specific to wood energy are
given at the end of this report.

Geographic area: United States

Bolding, M. Chad, and Bobby L. Lanford. 2005. Wildfire fuel harvesting and resultant biomass
utilization using a cut-to-length/small chipper system. Forest Products Journal, 55 (12), 181-189.

This study examined and measured the feasibility of ground-based mechanical harvesting to reduce forest fuel
buildup and produce energywood. It shows a cut-to-length harvesting system coupled with a small in-woods chipper
provided a low impact way to harvest pre-commercial trees and tops along with merchantable logs. A smaller, less
expensive chipper allowed operations to stay small and more efficient when compared to a larger operation and
grinder. Productivity and cost results showed the system to be capable of harvesting non-merchantable trees and
utilizing non-merchantable portions of merchantable-sized trees as energywood chips.

Geographic area: Alabama

Brinker, Richard W., and Robert A. Tufts. 1989. Whole-tree chipping in the Southern United
States. In: Stokes, B.J., ed. Proceedings of the International Energy Agency, Task VI, Activity 3

11



Symposium, “Harvesting Small Trees and Forest Residues™; 1989 Jun. 5-7; Auburn, AL.: U.S.
Department of Agriculture, Forest Service, Southern Forest Experiment Station; 140-149.

This paper provides a general overview of chipping wood for pulp and energy wood including fuel chip production
costs, problems, innovations, and system designs.

Geographic area: South

Brown, James K. 1978. Weight and Density of Crowns of Rocky Mountain Conifers. USDA
Forest Service Research Paper INT-197. Intermountain Forest and Range Experiment Station,
Ogden, Utah.

Relationships between live and dead crown weight and DBH, crown length, tree height, and crown ratio are
presented for 11 Rocky Mountain conifers. Also included are partitioned estimates of crown foliage and branchwood.
This study shows a high correlation between DBH and crown weight.

Geographic area: Northern Idaho and western Montana

Brown, James K. 1976. Predicting Crown Weights for 11 Rocky Mountain Conifers. Working
part on Forest Biomass, Int. Union For. Res. Organ. Cong. June 22, 1976. Oslo, Norway, 13 p.
Intermountain Forest and Range Experiment Station, Ogden, Utah.

For 11 conifer species in the Rocky Mountains the best fitting regression relationships between live and dead crown
weight and DBH, crown length, tree height, and crown ratio were determined. Also determined were fractions of
crown weight in foliage and branchwood diameter classes.

Geographic area: Northern Rocky Mountains (Idaho, Montana)
Keywords: tree biomass, crown sampling, crown weights, forest fuels

Brown, James K, J.A. Kendall Snell, and David L. Bunnell. 1977. Handbook for Predicting Slash
Weight of Western Conifers. USDA Forest Service Gen. Tech. Rept. INT-37. Intermountain
Forest and Range Experiment Station, Ogden, Utah.

Procedures are provided for predicting weights of slash using tables of either slash weight per tree by DBH or slash
weight per square foot of tree basal area by DBH. Slash weights include crowns and non-merchantable bole tips to 3
— 6 inch diameters. Slash can be predicted for material less than and greater than 3 inch diameters.

Geographic area: Idaho and Montana

Calkin, David, Krista Gebert. 2006. Modeling fuel treatment costs on Forest Service Lands in the
Western United States. Western Journal of Applied Forestry. 21(4): 217-221.

This report intends to increase the accuracy of cost data available for planning and prioritizing fuel management in
national forests. A survey of fire management officers was used to develop regression models that may be used to
estimate the cost of hazardous fuel reduction treatments. The model was based on the USDA Forest Service Region,
biophysical setting, treatment type, and design. The study found that treatment size described the largest amount of
variation in cost per acre, with increased size reducing cost per acre, on average.
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Geographic area: Continental United States
Keywords: Fuel treatments, prescribed burning, economics

Cleaves, David, Jorge Martinez, and Terry Haines. 2000. Influences on prescribed burning
activity and costs in the national forest system. USDA Forest Service Gen. Tech. Rept. SRS-37.
Southern Research Station, Asheville, N.C.

This study covers the results of survey concerning National Forest System prescribed burning activity and costs from
1985 to 1995. Four types of prescribed fire were looked at, including slash reduction, management-ignited fires,
prescribed natural fires, and brush, grass, and rangeland burns. Ninety-five of 114 national forests responded to the
survey providing rankings of importance for nine resource enhancement targets, 14 possible barriers to burning, and
12 factors that influence burning costs. Furthermore, the survey also asked the respondents the anticipated burning
levels over the next ten years and what burning levels would be needed to achieve the desired management goals on
National Forest System lands.

Geographic area: United States
Keywords: Ecosystem management, environmental laws, hazard reduction, management ignited
fire, national forests, prescribed natural fne.

Clark A., J.R. Saucier 1990. Table for estimating total-tree weights, stem weights, and volumes
of planted and natural southern pine in the southeast. Georgia For. Res. Paper 79. 23 p.

This article has tables and equations for estimating total-tree weights, stem weights, and volumes of plantation-grown
loblolly, and slash when DBH and height to a four inch top or total height are known.

Geographic area: Mid-Atlantic & Southeast United States

Clark A., J.R. Saucier, W.H. McNab.1986. Total-tree weight, stem weight, and volume tables for
hardwood species in the southeast. Georgia For. Res. Paper 60. 44 p.

This paper is the cooperative research with the USDA Forest Service, Southeastern Experiment Station and the
Georgia Forestry Commission. Together they conducted a study to develop reliable weight and volume equations and
tables for the hardwoods in the Southeast that are commercially important. The tables and equations developed
estimate the green weight of wood and bark and volume of wood excluding bark in the total tree, stem to a four inch
top, and stem to sawlog top for numerous commercially viable hardwood species in the Southeast are presented.

Geographic area: Southeast United States

Daugherty, Peter J., Jeremy S. Fried. 2007. Jointly optimizing selection of fuel treatments and
siting of forest biomass-based energy production facilities for landscape-scale fire hazard
reduction. INFOR. 45(1): 17-30.

This study looks into landscape-scale fuel treatments for forest fire hazard reduction that can potentially produce
large quantities of material suitable for biomass energy production. The analytic framework FIA BioSum addresses
this situation by developing detailed data on forest conditions and production under alternative fuel treatment
prescriptions, and computes haul costs to alternative sites at which forest biomass-based energy production facilities
could be constructed. This research presents a joint-optimization approach that simultaneously selects acres to be
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treated by fuel treatment prescription and assigns bioenergy production facility locations and capacities. Effects of
alternative fuel treatment policies on fuel treatment effectiveness, economic feasibility, material produced, generating
capacity supported, and the location and capacity of assigned facilities are evaluated.

Geographic area: central Oregon & northern California
Keywords: joint optimization, spatially explicit facility siting, forest biomass energy.

Demchik, Michael C., Dalia Abbas, Dean Current, Don Arnosti, Myra Theimer, and Patty
Johnson. 2009. Combining biomass harvest and forest fuel reduction in the Superior National
Forest, Minnesota. Journal of Forestry, 107 (5): 235-241.

In this paper the impact of combined biomass/fuel reduction harvests on the pools of forest fuels was analyzed to
determine whether biomass harvest reduced the cost of mechanical fuel treatments. Two potential biomass harvest
systems were tested in wildland-urban interface areas on the Superior National Forest in Minnesota. Both systems
performed similarly in terms of cost and efficiency at harvesting biomass. It was found that the cost of biomass
harvest was impacted by site conditions, forwarding distance, the number of units harvested with one machine haul,
the number of machines that were hauled, acres harvested, and inclusion of roundwood. Income from the sale of
biomass did not cover the costs of harvest and delivery.

Geographic area: Minnesota
Keywords: energy, harvesting, cost assessment

Dwivedi, Puneet and Janaki R.R. Alavalapati. 2009. Stakeholders’ perceptions on forest
biomass-based bioenergy development in the southern US. Energy Policy, 37 (5): 1999-2007.

This study analyzes perceptions of four stakeholder groups regarding forest biomass-based bioenergy development
in the southern US. Results suggest that NGO representatives perceived rural development as an important
opportunity. Government stakeholder group noted that less or no competition with food production and promoting
energy security were major strength factors. Conversion technologies that are still under trial were identified as a
major weakness by industry representatives. Representatives of academia felt that the competition from other
renewable energy sources could be a major threat. Overall, all stakeholder groups were in favor of forest biomass-
based bioenergy development in the southern US.

Geographic area: Southern United States
Keywords: Southern US, forest biomass-based bioenergy development, stakeholders’
perceptions

Edman, F. Talmage. 1989. Small stem thinning in the Pacific Northwest with barking and
chipping in the woods. In: Stokes, B.J., ed. Proceedings of the International Energy Agency,
Task VI, Activity 3 Symposium, “Harvesting Small Trees and Forest Residues”; 1989 Jun. 5-7;
Auburn, AL.: U.S. Department of Agriculture, Forest Service, Southern Forest Experiment
Station; 126-130.

This paper provides a brief history of the development of a system with to economically thin overstocked, naturally
seeded stands in the Pacific Northwest. It also provides a comparison of flail debarking efficiency in the woods with
small alder systems with a pulp log debarker in a satellite yard.

Geographic area: Puget Sound, Washington
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Emergent Solutions, Christopher Allen and Associates. 2003. Pre-feasibility assessment: small
diameter under (SDU) wood feedstock for a 10 MW co-generation facility at the Milltown dam
site. Submitted to U.S. Forest Service — State and Private Forestry, Montana Community
Development Corporation, Bonner Development Group. Available at:
http://www.mtcdc.org/news-events/reportspublications.html

A pre-feasibility assessment is an early stage and limited analysis of the probable risks and returns of an investment.
Focused on gathering preliminary information, it helps decision makers determine if there is a basis for investing
additional capital and time in the proposed project. This pre-feasibility assessment to explore the potential of using
SDU wood from local forests as the feedstock for a 10 MW co-gen plant concept at the Milltown Dam site.

Geographic area: Montana

Evans, Alexander M. 2008. Synthesis of knowledge from woody biomass removal case studies.
The Forest Guild, Santa Fe, NM. 39 p.

Woody biomass — usually logging slash, tops and limbs, or trees that cannot be sold as timber — is the lowest valued
material removed from the forest and presents economic and logistical challenges. This report brings together 45
case studies of how biomass is removed from forests and used across the country to demonstrate the wide variety of
successful strategies, funding sources, harvesting operations, utilization outlets, and silvicultural prescriptions.

Geographic area: United States

Evans, Alexander M. and Robert T. Perschel. 2009. An assessment of biomass harvesting
guidelines. Forest Guild, Santa Fe, NM.

This report compares the guidelines for harvesting woody biomass from various states including, Maine, Minnesota,
Missouri, Pennsylvania, and Wisconsin. These biomass harvesting guidelines as well as this paper cover topics such
as dead wood, wildlife, water quality, soil productivity, silviculture, and disturbance as it pertains to biomass removal.

Geographic area: Northeast United States and Canada

Eza, Douglas A.; McMinn, James W.; Dress, Peter E. 1984. Wood Residue Distribution
Simulator (WORDS) . Gen. Tech. Rep. SE-28. Asheville, NC: U.S. Department of Agriculture,
Forest Service, Southeastern Forest Experiment Station. 6 p.

The Wood Residue Distribution Simulator (WORDS) attempts to find a least-cost allocation of residues from local
sources of supply to local sources of demand, given the cost of the materials, their distribution, and the distribution of
demand. The results are useful in evaluating the feasibility of developing wood energy either for a sub-region in
general or for specific locales. This paper gives an example of its application to mill residues in the State of Georgia.

Geographic area: United States
Keywords: energy, supply, demand, Georgia
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Fahey, Thomas D. 1979. Value ranking for utilizing lodgepole pine residues. In: Harvesting and
utilization opportunities for forest residues in the northern Rocky Mountains: Symposium
Proceedings 1979; November 28-30, 1979, Missoula, MT. GTR-INT-110. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Intermountain Forest and Range Experiment Station,
239-250p.

Relative values per ton of log input are developed for poles, corral poles, house logs, lumber, studs, veneer, chips,
and fuel on a current market basis. The techniques to reevaluate on different markets are demonstrated. Product
specifications, demand, and potential to salvage significant volumes are also addressed.

Geographic area: Rocky Mountain Region
Keywords: Residues, forest products, lodgepole pine, poles, house logs, lumber, veneer, chips

Faurot, James L.1977. Estimating merchantable volume and stem residue in four timber species:
ponderosa pine, lodgepole pine, western larch, Douglas fir. USDA Forest Service Research
Paper INT-196, 55 p. Intermountain Forest and Range Experiment Station, Ogden, Utah.

This report presents tables and equation for estimating total cubic volumes of wood, wood residue, and bark for
ponderosa pine, western larch, and Douglas fir. The equations and tables provide a means fore estimating wood and
bark residue volumes from tops, bole sections, and smaller sub-merchantable stems. Tables and equations can also
be used to estimate total cubic volume for the size classes, species, and locale sampled.

Geographic area: Montana

Fiedler, Carl E., Charles E. Keegan III, Daniel P. Wichman, and Stephen F. Arno. 1999. Product
and economic implications of ecological restoration. Forest Products Journal, 49 (2), 19-23.

This study evaluated restoration prescriptions for three widely occurring ponderosa pine stand conditions and
determine to what level the value of product removals could finance the treatment costs. The article compares the
cost in both terrain suitable for ground-based harvesting systems as well as cable systems and with or without a
roundwood pulpwood market.

Geographic area: Inland Northwest United States

Fiedler, Carl E., Charles E. Keegan, Todd A. Morgan, and Christopher W. Woodall. 2003. Fire
hazard and potential treatment effectiveness: A statewide assessment in Montana. Journal of
Forestry, 101 (2), 7.

This assessment of Montana used data collected from Forest Inventory and Analysis (FIA) plots across Montana and
summarized by forest type, density, and structure. The focus of the analysis was on ponderosa pine/Douglas fir/ dry
mixed conifer forests that had historically seen low-intensity fires. Applying the Fire and Fuels Extension to the Forest
Vegetation Simulator crown fire hazard was modeled and two fire hazard reduction approaches, a thin from below
approach and a comprehensive ecologically based treatment were evaluated.

Geographic area: Montana
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Fight; Roger D., R. James.Barbour. 2005. Financial analysis of fuel treatments. Gen. Tech. Rep.
PNW-GTR-662. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Research Station. 20 p.

This paper discusses the My Fuel Treatment Planner (MyFTP) software to show the effect treatment variables have
on the cost and net revenue from fire hazard reduction treatments in dry forest types of the Western United States.
The study is meant to help design a hazard reduction treatment with the cost estimation of four ground-based
systems, four cable systems, and two helicopter systems.

Geographic area: western United States
Keywords: Financial analysis, silviculture, fire, prescriptions, economics, fuel treatments

Fire Science Digest. 2009. Making biomass pay: obstacles and opportunities. Joint Fire Science
Program, Issue 6. Available at: http://www.firescience.gov/Digest/FSdigest6.pdf

Here it is recognized that utilizing biomass taken from forests to cover the cost of fuel reduction is an attractive ideal.
However, getting woody biomass from the forest to the consumer is economically and logistically difficult, and efforts
to make biomass utilization profitable have been disappointing so far. JESP-funded researchers have found that,
while there is no recipe for building a successful economy around forest biomass, certain elements are essential:
commitment and budget support from land-management agency leaders, processing and transportation
infrastructure, developed or potential markets, and the ability of community members to work together. The
researchers’ findings give land managers and community leaders a basis for assessing whether biomass utilization
can be successful in their communities.

Geographic area: United States

Forest Guild. 2008. Woody Biomass Removal Case Studies. Forest Guild, Santa Fe, NM
Available at: http://biomass.forestguild.org

These case studies show that all aspects of woody biomass removals, from markets to mechanization, are evolving.
This report identifies the building blocks for successful biomass projects — including public involvement, partnerships
with contractors, and judicious mechanization of harvesting operations — that are present in the management of many
forests across the country.

Geographic area: United States and Alaska

Forest Resources Association. 2007a. Adding a chipper to a treelength system for biomass
collection. Technical Release 07-R-3. Rockville, Maryland. Available at:
http://www forestresources.org

Forest Resources Association. 2007b. Chipping biomass: A challenge in first thinnings.
Technical Release 07-R-32. Rockville, Maryland. Available at: http://www.forestresources.org

Forest Resources Association. 2008a. Gathering and Transporting Hogfuel from Logging Slash.
Technical Release 08-R-28. Rockville, Maryland. Available at: http://www.forestresources.org
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This paper provides a brief description of how and Idaho logging contractor has developed an innovative collection
and transportation method for gathering scattered logging slash and then processing and concentrating it into
volumes more easily accessed by chip vans.

Geographic area: Idaho

Forest Resources Association. 2008b. New Sizing Head for Processing Slash Piles. Technical
Release 08-R-29. Rockville, Maryland. Available at: http://www.forestresources.org

This short paper describes how working with neighboring industrial forest landowners, Grays Harbor Paper in
Washington has developed a new processor head to assist securing additional hogfuel from existing logging slash
piles.

Geographic area: Washington

Fresco, Nancy, Stuart F. Chapin, III 2009. Assessing the potential for conversion to biomass
fuels in interior Alaska. Res Pap. PNW-RP-579. Portland, OR: U.S. Department of Agriculture,
Forest Service, Pacific Northwest Research Station. 56 p.

In this study, the feasibility of switching from fossil fuels to wood energy in rural Alaskan villages in forested regions of
interior Alaska are assessed. This analysis demonstrated that conversion to biomass fuels is economically viable and
socially beneficial for many villages across interior Alaska. Modeling results based on recent data on rural energy
use, demographics, economics, and forest dynamics indicated that the installation costs of biomass systems would
be recouped within 10 years for at least 21 communities in the region. In addition, results showed that all but the
largest remote communities in the interior could meet all their electrical demand and some heating needs with a
sustainable harvest of biomass within a radius of 10 km of the village. Biomass conversion also offers potential social
benefits of providing local employment, retaining money locally, and reducing the risk of catastrophic wildfire near
human habitation.

Geographic area: Alaska
Keywords: Biomass fuel, carbon offset, interior Alaska, wood energy

Fried, J.S., G. Christensen, D. Weyermann, R.J. Barbour, R. Fight, B. Hiserote, and G. Pinjuv.
2005. Modeling opportunities and feasibility of siting wood-fired electrical generating facilities
to facilitate landscape-scale fuel treatment with FIA BioSum In: Bevers, Michael; Barrett, Tara
M., comps. Systems Analysis in Forest Resources: Proceedings of the 2003 Symposium; October
7-9, Stevenson, WA. PNW-GTR-656. Portland, OR: U.S. Department of Agriculture, Forest
Service, Pacific Northwest Research Station, pp. 195-204.

The FIA BioSum modeling framework that incorporates Forest Inventory and Analysis (FIA) plot data, a transportation
cost model, a treatment cost accounting module, a log valuation model, and a crown fire hazard evaluator and was
applied to a 28 million acre study area of western Oregon and northern California. It was shown that with four 50 MW
biomass-fueled power plants strategically distributed over the study area, up to 5.3 million acres could be effectively
treated with net revenue of 2.6 billion dollars, a merchantable yield of 9.5 billion cubic feet, and a biomass yield of 79
million green tons, if net-revenue maximizing fuel treatments are selected.

Geographic area: western Oregon and northern California
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Gan, Jianbang, C.T. Smith. 2007. Co-benefits of utilizing logging residues for bioenergy
production: The case for East Texas, USA. Biomass and Bioenergy, 31 (9): 623-630.

This study evaluated the co-benefits associated with the utilization of logging residues for electricity production in
East Texas, USA. The benefits evaluated included the value of CO2 emissions displaced due to substituting logging
residues for coal in power generation, reductions in site preparation costs during forest regeneration, and creation of
jobs and income in local communities. Based on the 2004 Forest Inventory Analysis data and a 70% biomass
recovery rate, annual recoverable logging residues in East Texas were estimated at 1.3 Mt (dry). These residues, if
used for electricity production, would displace about 2.44Mt of CO2, Removing logging residues would also save
$200-250 ha in site preparation costs. Input—output modeling revealed that logging residue procurement results in
about 1340 new jobs created and 215M$ in value-added generated annually. These results offer new insights into the
cost competitiveness of forest biomass and bioenergy production.

Geographic area: Texas
Keywords: Forest residues; Carbon value; Site preparation costs; Community impact; Electricity

Gibson, L. 2007. WMSP economic assessment. Conducted for WMSP multi-party monitoring
FAO 2001. Global forest resources assessment. Forestry Paper 140, Rome, pp. 75-80.

This paper looks into the Healthy Forests Initiative to find the economic impacts on the timber harvesting and
processing industry in the White Mountain Region of Arizona. The study’s goal was to have a factual and critical
baseline which quantitatively describes changes in firms in the forest industries in the region while also points out
new ways that the area might capitalize on current and potential industry for more economic benefit from the forest
cluster.

Geographic area: Arizona

Gingras, J-F. 1995. Harvesting small trees and forest residues. Biomass and Bioenergy. 9 (1-5):
153-160.

This report summarizes the progress achieved under the auspices of the Activity “Harvesting small trees and forest
residues” during 1992 — 1994. The work performed included literature reviews to assess potentially recoverable
material as a function of harvesting system, analysis of factors affecting chipping quality and productivity, a
comparison of firewood processing technologies, small tree and residue harvesting method reviews, a description of
some prototype combination machines for recovering roundwood and forest biomass and an update on multiple-tree
handling harvester head development in the Nordic countries.

Geographic area: Canada, Finland, Norway, United Kingdom, Sweden
Keywords: Harvesting; residues; forest biomass; firewood; multiple-tree handling

Gonsior, Michael J. 1979. Outlook for new harvesting technology. In: Harvesting and utilization
opportunities for forest residues in the northern Rocky Mountains: Symposium Proceedings
1979; November 28-30, 1979, Missoula, MT. GTR-INT-110. Ogden, UT: U.S. Department of
Agriculture, Forest Service, Intermountain Forest and Range Experiment Station, 113-146 p.

This paper analyzes harvesting per se as well as its role in the total forest management picture. Models are
presented for testing the sensitivity of total management cost and the harvesting components of cost to alternative
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silvicultural, utilization, and other forest management objectives. These models are used to discern opportunities for
new harvesting technology.

Geographic area: Northern Rocky Mountains
Keywords: logging systems, timber harvesting, forest management, cost modeling, new
technology

Grushecky, Shawn T., Jingxin Wang, David W. McGill. 2007. Influence of site characteristics
and costs of extraction and trucking on logging residue utilization in southern West Virginia.
Forest Products Journal 57 (7/8): 63-67.

The increased utilization of logging residues has received considerable attention as a potential source of renewable
biomass and as a raw material for engineered and conventional wood products. We investigated the relationship
between logging residue accumulations and site characteristics on 70 timber harvests in southern West Virginia. The
average overall weight of wood residue remaining after timber harvest in the 14-county region was 10.4 tons/acre.
Scenarios of residue extraction and trucking indicated a cost range of $58.20/cunit or $94.30 per thousand board feet
(MBF) to $193.10/cunit ($312.80/MBF Doyle). These results suggest that extracting residues to the landing during
harvesting would be most cost-effective. Likewise, the use of grapple skidders and appropriate loading and trucking
equipment would be more economical than other systems modeled.

Geographic area: West Virginia

Hall, Richard B. 2008. Woody bioenergy systems in the United States. In: Zalesny, Ronald S.,
Jr.; Mitchell, Rob; Richardson, Jim, eds. Biofuels, bioenergy, and bioproducts from sustainable
agricultural and forest crops: proceedings of the short rotation crops international conference;
2008 August 19-20; Bloomington, MN. Gen. Tech. Rep. NRS-P-31. Newtown Square, PA: U.S.
Department of Agriculture, Forest Service, Northern Research Station: 18.

This paper describes how most wood bioenergy crop systems in the United States are still in the early stages of
development, with a wide variety of approaches under test in different regions of the country. In the United States,
dedicated wood biomass cropland is expected to increase to more than 2 million ha with an average production rate
of 18 t/ha. Another 334 million dry t/yr can come from forest residues and wood wastes. This short paper provides a
few examples.

Geographic area: United States (New York, Pacific Northwest, Minnesota)
Keywords: adoption impediments, cultural systems, Populus, Salix, yields

Hampton, H.M., S.E. Sesnie, B.G. Dickson, J.M. Rundall, T.D Sisk, G.B. Snider and J.D. Bailey.
2008. Analysis of small-diameter wood supply in northern Arizona. Forest Ecosystem
Restoration Analysis Project, Center for Environmental Sciences and Education, Northern
Arizona University.

This report looks specifically at how forest products businesses are likely to play a key role in the achievement of

forest management activities to restore fire-adapted ponderosa pine ecosystems in Northern Arizona by reducing
treatment costs and providing economic opportunities by harvesting, processing and selling wood products. A 20-
member working group was put together to identify a level of forest thinning treatments as well as potential wood

supply from restoration byproducts in Northern Arizona.

Geographic area: Northern Arizona
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Han, H., J. Halbrook, and F. Pan. 2008. Economic evaluation of a roll-off trucking system
removing forest biomass resulting from shaded fuelbreak treatments.USDA Forest Service, Six
Rivers National Forest.

This study shows that mechanical removal of slash has not been successfully implemented in many areas due to
limited accessibility to sites and the high costs associated with collection and transportation of slash. To address
these issues, a roll-off truck paired with a small skid-steer loader was used to collect and transport slash to a
centralized processing site where slash was ground as hog fuel for energy production. Financial analysis indicated
that contractors can receive high rates of return on their invested capital after accounting for inflation and income
taxes, but limited work opportunities are a concern for them.

Geographic area: Northern California
Keywords: biomass energy, fuel treatment, forest fires, roll-off containers

Han, Han-Sup, Harry W. Lee, Leonard R. Johnson, Richard L. Folk, and Thomas M. Gorman.
2002. Economic feasibility of Small Wood Harvesting and Utilization on the Boise National
Forest — Cascade, Idaho City, Emmett Ranger Districts. University of Idaho, College of Natural
Resources, Department of Forest Products, Moscow, Idaho, 61 pp.

This report discusses opportunities for biomass energy in southwest Idaho, looking at the amount of biomass
available and potential costs and economic feasibility of harvesting small-diameter trees. Biomass in this report is
classified into three different potential sources that include tops, limbs and small stems (slash) generated from
harvesting larger commercial timber, the volume generated from thinning younger stands and finally traditional
primary manufacturing processes that generate chips, shavings, and sawdust.

Geographic area: Idaho

Han, Han-Sup, Harry W. Lee, Leonard Johnson. 2004. Economic Feasibility of an Integrated
Harvesting System for Small-Diameter Trees in Southwest Idaho. Forest Products Journal, 54
(2), 21-27.

In order to reduce the risk of wildfire in the Interior Northwest of the United States the economic feasibility of small
wood thinning and utilization is considered in this article. The major factors influencing economic feasibility were
forest harvesting methods used, road accessibility and conditions, hauling distances to processing facilities and the
market price of thinning materials. This article also includes a detailed discussion of tree volume and potential product
recovery in (roundwood/sawlog, clean chip, biomass fuel) with respect to a variety of harvesting methods (stump-to-
truck, skyline, helicopter, mechanized whole tree) and their associated economic considerations.

Geographic area: Idaho

Hardy, Colin C. 1998. Guidelines for estimating volume, biomass, and smoke production for
piled slash. Gen. Tech. Rep. PNW-GTR-364. Portland, OR: U.S. Department of Agriculture,
Forest Service, Pacific Northwest Research Station. 28 p.

Guidelines in the form of a six-step approach are provided for estimating volumes, oven-dry mass, consumption, and
particulate matter emissions for piled logging debris. Seven stylized pile shapes and their associated geometric
volume formulae are used to estimate gross pile volumes. The gross volumes are then reduced to net wood volume
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by applying an appropriate wood-to-pile volume packing ratio. Next, the oven-dry mass of the pile is determined by
using the wood density, or a weighted-average of two wood densities, for any of 14 tree species commonly piled and
burned in the western United States. Finally, the percentage of biomass consumed is multiplied by an appropriate
emission factor to determine the mass of PM, PM10, and PM2.5 produced from the burned pile. These estimates can
be extended to represent multiple piles, or multiple groups of similar piles, to estimate the particulate emissions from
an entire burn project.

Geographic area: western United States
Keywords: Fuel, emissions, piled slash, smoke management

Hartsough, Bruce R. 1989. Harvesting small stems and forest residues in the Pacific
Southwestern United States. In: Stokes, B.J., ed. Proceedings of the International Energy
Agency, Task VI, Activity 3 Symposium, “Harvesting Small Trees and Forest Residues”; 1989
Jun. 5-7; Auburn, AL.: U.S. Department of Agriculture, Forest Service, Southern Forest
Experiment Station; 100-107.

At the time of this paper, most forest residues were too expensive to recover, but some materials were being chipped
at the roadside. This paper describes biomass-powered generating facilities and the sources of materials for the
plants in California at the time it was produced.

Geographic area: California

Hartsough, Bruce R., Bryce J. Stokes. 1990. Comparison and feasibility of North American
methods for harvesting small trees and residues for energy. In: Stokes, B.J., ed. Proceedings of
the International Energy Agency, Task VI, Activity 3 Workshop, "Harvesting Small Trees and
Forest Residues"; 1990 May 28; Copenhagen, Denmark. Auburn, AL: U.S. Department of
Agriculture, Forest Service, Southern Forest Experiment Station; 1990: 31-40.

In this study a database of North American harvesting systems was developed. Parameters for each system included
site, material and product characteristics, equipment mix and production rate. Onto-truck and delivered costs per
green tonne, and breakeven oil prices were developed using standard costing methods. Systems costs were
compared over the ranges of piece size, volume per unit area removed, capital/labor ratio and other variables.
Feasibilities of various systems were also compared.

Geographic location: North America

Hartsough, Bruce R., Erik S. Drews, Joseph F. McNell, Thomas A. Durston, Bryce J. Stokes.
1997. Comparison of mechanized systems for thinning ponderosa pine stands and mixed conifer
stands. Forest Products Journal, 47(11/12), 59-68.

Presents a comparative study of three systems used for thinning pine plantations and mixed conifer stands. Whole-
tree methods; Cut-to-length systems; Hybrid systems. All three produced small sawlogs and fuel chips. Time-motion
data were collected to predict cost per unit volume.

Geographic area: California
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Hartsough, Bruce R., Xiaoshan Zhang, and Roger D. Fight. 2001. Harvesting cost model for
small trees in natural stands in the interior northwest. Forest Products Journal, 51(4), 54-70.

Data from numerous published studies were combined to estimate the costs of harvesting small trees in natural
stands in the Interior Northwest of North America. This article discusses cost estimates for harvesting small trees in
natural stands in the Interior Northwest of North America. The cost relationships for six harvesting systems were
modeled. Specifically there were four harvesting methods for gentle terrain discussed (manual log-length, manual
whole tree, mechanized whole-tree, mechanized cut-to-length systems) and two harvesting methods for steeper
terrain (manual log-length, mechanized cut-to-length systems).

Geographic area: Inland Northwest United States

Hazel, Dennis W., Robert E. Bardon. 2008. Evaluating wood energy users in North Carolina and
the potential for using logging chips to expand wood fuel use. Forest Products Journal, 58(5), 34-
39.

A survey to characterize the extent and nature of commercial-scale wood energy in North Carolina was sent to 200
primary wood-processing, secondary wood-manufacturing and nonwood-processing facilities known to have used
wood fuels in 2004. Ninety-four percent of responding facilities estimated their energy savings were 40 percent or
greater by using wood energy instead of fossil fuels. Twelve percent of facilities were generating electricity, and 22
percent expressed interest in exploring the feasibility of generating electricity. Results suggest most wood residues
produced by wood-processing facilities in North Carolina are currently being used as fuel. Thus, expansion of wood
energy must be based on use of logging chips or municipal woodwastes. The main constraints found for using
logging chips as a fuel were price, moisture, dirt, and chip size. Facilities that currently purchase wood residues for
fuel indicated a willingness to purchase logging chips at similar prices in the future.

Geographic area: North Carolina

Henley, John W. 1979. Technical and economic aspects of harvesting dead lodgepole pine for
energy. In: Harvesting and utilization opportunities for forest residues in the northern Rocky
Mountains: Symposium Proceedings 1979; November 28-30, 1979, Missoula, MT. GTR-INT-
110. Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Forest and
Range Experiment Station, 213-215p.

This study highlights the results of a study of the economic feasibility of harvesting dead lodgepole pine for fuel and
products. Costs, production rates, and recoverable wood volumes were obtained from a 3-month study of a whole-
tree logging operation in which dead lodgepole was harvested for fuel and products.

Geographic area: Oregon
Keywords: Lodgepole pine, harvesting, energy, residues

Host, John R. 1979. Low capital investment logging systems. In: Harvesting and utilization
opportunities for forest residues in the northern Rocky Mountains: Symposium Proceedings
1979; November 28-30, 1979, Missoula, MT. GTR-INT-110. Ogden, UT: U.S. Department of
Agriculture, Forest Service, Intermountain Forest and Range Experiment Station, 97-111 p.

This report, part of a larger study of factors affecting the utilization of small trees, deals with the impact of capital
investment on logging productivity. Equipment selling price is not an indicator of machine productivity. Translated
into machine production costs, which do not include any wages, supervision, or overhead, it cost 12 to 48 cents to
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skid each piece, with higher costs associated with higher priced skidders. Ten skidders and fifteen yarders were
studied. The selling price of these machines ranged from $72,000 to $240,000. Yarding costs varied directly with
selling price and ranged from $1.10 to $4.30 per piece and $5.77 to $23.90 per Cunit.

Geographic area: Northern Rocky Mountains
Keywords: capital productivity, logging production, logging costs, yarding, skidding

Howard, James 0. 1978. A technique for predicting logging residue volumes
in the Douglas-fir region. USDA Forest Service Research Paper PNW-235. Pacific Northwest
Forest and Range Experiment Station, Portland, Oregon. 14 p.

This report presents the findings of a study for determining the feasibility of predicting the volume of logging residue
on clearcuts prior to harvesting. Data were collected from 160 clearcuts on Bureau of Land Management (U.S.
Department of Interior) and National Forest (U.S. Department of Agriculture) lands in western Oregon and western
Washington. Multiple regression techniques were used to develop equations relating preharvest stand and economic
characteristics to measured residue volumes. The regression procedure resulted in the development of individual
equations for each of four Bureau of Land Management Districts in western Oregon. Separate equations were also
derived for the National Forests in Oregon and those in Washington.

Geographic area: Pacific Northwest (Oregon, Washington)
Keywords: Residue measurements, clearcutting systems, computation, Oregon, Washington

Howard, James O. 1979. Wood for energy in the Pacific Northwest: an overview. Gen. Tech.
Rep. PNW-GTR-094. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Research Station. 28 p.

The first section describes fuel values and significant processes used to generate various energy products from
wood. Physical, technical, and economic availability of the wood resource is discussed in the second section. The
paper concludes with an outline of some critical problems in handling wood and some socioeconomic factors that
impact the production of energy from wood.

Keywords: energy, biomass, wood utilization, Pacific Northwest

Hunter, M.E., W.D. Shepperd, J.E. Lentile, J.E. Lundquist, M.G. Andreu, J.L.. Butler, F.W.
Smith. 2007. A comprehensive guide to fuels treatment practices for ponderosa pine in the Black
Hills, Colorado Front Range, and Southwest. Gen. Tech. Rep. RMRS-GTR-198. Fort Collins,
CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station. 93 p.

This paper presents recommendations for fuels treatments in ponderosa pine forests in the Southwest, Colorado
Front Range, and Black Hills of South Dakota stemming from a synthesis of existing knowledge in the peer-reviewed
literature and discussions with fuels treatment practitioners. Specific treatments, the circumstances under which they
can be applied, treatment effects, and recommendations related to where, how, and how often fuels treatments may
be prescribed to achieve desired outcomes are described.

Geographic area: Southwest United States, Colorado Front Range, South Dakota Black Hills
Keywords: southwest, Black Hills, ponderosa pine, wildfire, forest thinning, prescribed fire

24



Hurteau M.D., G.W. Koch, B.A. Hungate. 2008. Carbon protection and fire risk reduction:
toward a full accounting of forest carbon offsets. Frontiers in Ecology and the Environment,
6(9): 493-498.

This paper looks into the carbon sequestering abilities of forests and finds that policies currently in place promote
avoidable carbon releases and discourage actions that would actually increase long-term carbon storage. When
stand-replacing catastrophic fires move through an area, the study found that by thinning the area and prescribed
burns would have reduced the carbon dioxide release from live tree biomass by as much as 98%.

Geographic area: Western United States

Hurteau, Matthew and Malcolm North. 2009. Fuel treatment effects on tree-based forest carbon
storage and emissions under modeled wildfire scenarios Frontiers in Ecology and the
Environment, 7.

This paper provides results of modeling the effects of eight different fuel treatments on tree-based C storage and
release over a century, with and without wildfire. Model runs show that, after a century of growth without wildfire, the
control stored the most C. However, when wildfire was included in the model, the control had the largest total C
emission and largest reduction in live-tree-based C stocks. In model runs including wildfire, the final amount of tree-
based C sequestered was most affected by the stand structure initially produced by the different fuel treatments. In
wildfire-prone forests, tree-based C stocks were best protected by fuel treatments that produced a low-density stand
structure dominated by large, fire resistant pines.

Geographic area: Sierra Nevada (California)

Ince, Peter J., John W Henley, John B Grantham, Douglas L. Hunt. 1984. Costs of harvesting
beetle-milled lodgepole pine in Eastern Oregon. Gen. Tech. Rep. PNW-GTR-165. Portland, OR:
U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. 32p.

The cost of harvesting and recovering round wood logs and whole-tree chips from small diameter lodgepole pine
infested by mountain pine beetle was studied in the Blue Mountains of eastern Oregon in 1979. The average cost of
producing chips was $31.30 per ton, wet, delivered 50 miles from harvest sites. A gross energy balance indicates that
energy required by harvesting was about 3.4 percent of the gross energy content of the delivered products.

Geographic area: Oregon
Keywords: Logging enterprise costs, lodgepole pine, wood utilization, energy, insect damage,
forest products, mountain pine beetle

Jenkins, Jennifer C., David C. Chojnacky, Linda S. Heath, Richard A. Birdsey. 2003. National
scale biomass estimators for United States tree species. Forest Science. 49: 12-35.

This report compiled all available diameter-based allometric regression equations for estimating total aboveground
and component biomass, defined in dry weight terms, for trees in the United States. A modified meta-analysis based
on the published equations to develop a set of consistent, national-scale aboveground biomass regression equations
for U.S. species was implemented. Equations for predicting biomass of tree components were developed as
proportions of total aboveground biomass for hardwood and softwood groups. This analysis represents the first major
effort to compile and analyze all available biomass literature in a consistent national-scale framework.

Geographic area: United States

25



Keywords: Allometric equations, forest biomass, forest inventory, global carbon cycle

Johansson, J., J. Liss, T. Gullberg, and R. Bjorheden. 2006. Transport and handling of forest
energy bundles- advantages and problems. Biomass and Bioenergy. 30 (4): 334-341.

This study shows that bundles (especially if dry) are cheaper to transport than fuel chips in road transport bins. The
useful cargo space is the limiting factor for trucks when transporting dry material. Transport cost decreased until the
moisture content reached the critical levels, below 40.9% for chips in road transport bins and below 44.7% for
bundles on timber truck. However, there are also other advantages with a dryer material.

Geographic location: Sweden
Keywords: Bundle; Forest fuel; Main hauling; Terminal; Timber truck; Road transport; Road
transport bins; Transport cost; Wood chips

Johnson, Leonard R. Recovery of woods residues in the Intermountain Region. 1989. In: Stokes,
B.J., ed. Proceedings of the International Energy Agency, Task VI, Activity 3 Symposium,
Harvesting Small Trees and Forest Residues; 1989 Jun. 5-7; Auburn, AL.: U.S. Department of
Agriculture, Forest Service, Southern Forest Experiment Station. 11-31.

At the time of this paper, it was found residue recovery operations in the intermountain region were mostly
experimental, as mill residue supplies were adequate for hogfuel demand. However it was recognized that future
wood fiber supplies and environmental concerns would provide incentives and markets for more residue recovery
from the woods. This paper summarizes residue recovery research projects using a variety of equipment. Cost
results are provided.

Geographic area: Montana, Idaho, Oregon, Washington

Johnson, L. 2002. Adapting conventional harvesting equipment to small diameter stands — The
Fritz Experiments. In: Small Diameter Timber: Resource Management, Manufacturing, and
Markets, proceedings from conference held February 25-27, 2002 in Spokane, Washington.
Compiled and edited by D.M. Baumgartner, L.R. Johnson, and E.J. DePuit. Washington State
University Cooperative Extension. (Bulletin Office, WSU, PO Box 645912, Pullman, WA
99164-5912. MISC05009. 268 pp.

In this study, two units, one on steep slopes and one on gentle slopes, were harvested using variations to
conventional harvesting systems in northeastern Washington. On the steep slope unit, cut-to-length processing and
forwarding were observed on the steep slopes in small diameter timber. Adjacent stands were harvested using the
cut-to-length processor and a feller-buncher, but were transported to the landing with a cable yarder. On the gentle
slope units, cut-to-length harvesting at 40-foot trail spacing was compared to whole tree harvesting, a unit felled
mechanically but processed at the forwarder trail, and a unit felled by hand but processed at the trail when trail
spacing was set at 130 feet. Comparisons are made between production and cost for these system variations.
Harvesting costs on the gentle slope units were significantly less than on