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PREFACE AND EDITORS’ NOTE

Ronald S. Zalesny, Jr., Rob Mitchell, and Jim Richardson

We are pleased to present the proceedings of the Short Rotation Crops International Conference:
Biofuels, Bioenergy, and Bioproducts from Sustainable Agricultural and Forest Crops held in
Bloomington, MN, in August 2008. For quite some time, there has been a substantial need for an
international conference integrating biological and social aspects of producing both herbaceous
and woody crops for biofuels, bioenergy, and bioproducts. Increasing energy prices worldwide
have made alternative sources economically feasible in recent times. Our conference goal was to
create an international forum to strengthen old collaborations and create new partnerships to
attack some of the pressing issues facing the world’s demand for energy. This collection of abstracts
represents many of the extensive efforts under way to help understand these issues. We hope these
proceedings may help to spark further conversations among scientists, academicians, regulators,

and the general public. We encourage you to contact the authors to cultivate such discussions.

We were thankful to work with a productive team of conference organizers (page viii) representing
the private and public sectors from a broad range of scientific disciplines. Sponsorship of the
conference was phenomenal (page ix). The collective efforts of organizers and sponsors helped
create a diverse and balanced program. We are also grateful to Neil Nelson, Tom Schmidt, and Jill
Zalesny for reviewing earlier versions of this document, as well as Susan Wright, Rhonda Cobourn
and the rest of the production services team who produced these proceedings with a seemingly
impossible timeframe. Lastly, we thank the authors for their diligent efforts in preparing abstracts,
presentations, and posters, as well as the conference participants for contributing to the networking

potential and knowledge base of the overall experience.
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DEVELOPMENT OF A WILLOW BIOMASS CROP HARVESTER
BASED ON A NEW HOLLAND FORAGE HARVESTER AND
SPECIALLY DESIGNED WILLOW CUTTING HEAD

Lawrence P. Abrahamson®*, Timothy A. Volk?, Ed Priepkeb, John Posselius®,
Daniel J. Aneshansley®, and Lawrence B. Smart®

College of Environmental Science and Forestry, State University of New York
®Case New Holland
“Department of Biological and Environmental Engineering, Cornell University

Willow shrubs have several characteristics that make them an ideal feedstock for biofuels,
bioproducts, and bioenergy. They have been tested across the northeast and midwest United States
and in Canada from Prince Edward Island to Alberta. The largest single cost factor for willow
biomass crops is harvesting and transportation, which can account for up to 60 percent of the
delivered cost of the biomass. The development of a cost-effective harvesting system that produces
consistent sized chips has been a barrier to the deployment of willow biomass crops. SUNY’s College
of Environmental Science and Forestry has been working with Case New Holland and Cornell
University for several years to develop an effective harvester system based on an FX-series New
Holland forage harvester. A specially designed hydraulic driven willow cutting head manufactured
by Coppice Resources Ltd. (CRL) in the United Kingdom has been fitted to the forage harvester

for harvesting willow biomass crops. The FX45 forage harvester and modified cutting head were
used during summer and winter of 2006. This combination was able to harvest 1.9-2.5 acres/hour
with 70 percent field efficiency if stems were <3 inches in diameter and fairly uniform. Case New
Holland fitted the CRL willow cutting head to a new FR-series forage harvester during fall of

2007 and after running trials they found that this series of forage harvester will be a more effective
harvesting system than the previous FX forage harvesters. In limited trials (2007) with the FR
forage harvester, harvesting rates of 3.6 acres/hour were reached. A forage blower was used to
automatically unload a field forage wagon of willow chips into a chip trailer for road transport.
Since fall of 2006 this method of transferring and transporting harvested chips has worked very
successfully. The development of this willow harvesting system is helping to overcome barriers to the

commercialization of willow biomass crops.

KEY WORDS: SRWC, biomass crops, willow cutting head, forage harvester

*Corresponding author: State University of New York, College of Environmental Science and Forestry, 224
Ilick Hall, 1 Forestry Drive, Syracuse, NY 13210; Phone: (315) 470-6777; Email: labrahamson@esf.edu
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25%x’25: AMERICA’S ENERGY FUTURE

R. Bruce Arnold

Member: National Steering Committee of 25x’25

“25%’25: America’s Energy Future” is a coalition of some 700 partners with diverse interests. Groups
such as corporations; environmental organizations; farm and forest groups; religious organizations;
and government, academic and Native American groups are among the partners in this organization.
Twenty-nine U.S. governors have given their support, and 13 state legislatures have passed 25x25
resolutions. The mission of 25x°25 is: “By 2025, America’s farms, forests, and ranches will provide
25 percent of the total energy consumed in the United States while continuing to produce safe,
abundant, and affordable food, feed, and fiber.” This paper will discuss the partner-approved 25x°25

action plan to move the nation forward to attainment of the stated mission.

KEY WORDS: biomass, energy, action plan

*Contact information: 244 Wencin Terrace, West Chester, PA 19382-1990; Phone: (610) 431-63206;
Email: brucearnld@aol.com
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PULLING IT ALL TOGETHER—PLANNING GUIDELINES
AND DESIGN TOOLS FOR CREATING MULTI-PURPOSE
LANDSCAPES TO SUPPORT ENERGY OBJECTIVES

Gary Bentrup®’, Gary Wells®, Michele Schoeneberger?, and Michael Dosskeyb

4USDA National Agroforestry Center, Forest Service, Southern Research Station
PUSDA National Agroforestry Center, Natural Resources Conservation Service

Sustainable bioenergy production requires we plan, design, and manage lands across multiple scales
and land uses, balancing energy production with the other services we want from these lands. This is a
challenge on private lands, where action is controlled predominantly at the landowner level. “Pulling
it all together” implies creating policies, programs, planning concepts, and design tools that take into
account these many services so they can be implemented in concert rather than in conflict with each
other. Planning guidelines are needed that better match land-use management to land capability,
building in greater resiliency and flexibility on the land to future economic and climate vagaries.
Tools also must be available for communicating and building support for multi-purpose landscapes.
A conceptualized watershed supporting a diversified bioenergy platform, as well as production of
food, feed, livestock, and environmental and social services, is presented. Productive conservation
systems, especially agroforestry, are an integral part of this watershed. Actual planning and design of
such a watershed requires a multi-scale planning framework and tools, such as those we have been
developing at National Agroforestry Center. The Conservation Buffers Guidelines book, synthesized
from 1,400+ research publications, provides illustrated rules-of-thumb for planning and designing
buffers to address multiple objectives, including feedstock production and added conservation to
mitigate bioenergy production impacts. A number of GIS-based suitability assessments (e.g. buffer
performance and water quality, agroforestry products, riparian connectivity, and farming suitability)
can be overlaid to provide guidance for optimally locating systems to meet multiple purposes. Other
tools include a buffer-width tool for water quality and a cost-benefit analysis tool for then designing
the individual practices in a system. CanVis provides photo-realistic scenarios that enable landowners
to “test-drive” alternatives on the lands. By “Pulling it all together,” landowners, natural resource

professionals, communities and industry can build a sustainable, multi-purpose bioenergy future.

KEY WORDS: agroforestry, bioenergy, riparian forest buffers, planning, design

*Corresponding author: USDA FS/NRCS National Agroforestry Center, East Campus-University of Nebraska-
Lincoln, Lincoln, NE 68583-0822; Phone: (402) 437-5178, ext. 4018; Email: gbentrup@fs.fed.us
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WOODY BIOMASS CROPS IN THE MIDWESTERN UNITED
STATES: PAST, PRESENT, AND FUTURE

William E. Berguson

Natural Resources Research Institute, University of Minnesota — Duluth

Hybrid poplar research has a long history in the Midwest beginning with the pioneering work of
Dave Dawson at the U.S. Forestry Sciences Laboratory in Rhinelander, Wisconsin, in the 1970s.
Since that time, research has been under way by a number of organizations throughout the region,
including the US Forest Service, lowa State, and the University of Minnesota. This foundation

of existing research in the region eventually led to the commercial application of hybrid poplar
plantations to supply fiber to a paper mill in central Minnesota. A plantation program was started

in 1995 by Champion International and is being managed by Verso Paper, the current owner of the
mill at Sartell, Minnesota. This project consists of more than 23,000 acres at this time. Research

in poplar culture and genetic improvement accelerated in Minnesota with the formation of the
Minnesota Hybrid Poplar Research Cooperative in 1996, which has carried out an aggressive program
of breeding and field testing on Verso Paper property as well as other sites throughout Minnesota.
Results of yield tests in commercially managed stands indicate that yields of current poplar clones can
be expected to range from a minimum of 3.5 tons ac” yr' t0 5.5 tons ac” yr . Large-scale genetics
field tests show promise for improvement of yield in the future with superior clones oftentimes
exhibiting yields of 1.5 to 2.0 times that of current commercial hybrids. The history of poplar
research and commercial application will be presented along with a discussion of current activities and

needs for the future.

KEY WORDS: hybrid poplar, tree improvement, productivity, breeding

*Contact information: 5013 Miller Trunk Highway, Duluth, MN 55811; Phone: (218) 720-4296;
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WATER PERSPECTIVES ON LARGE SCALE BIOENERGY

Goran Berndes

Chalmers University of Technology, Sweden

Long-term climate change is a growing challenge that will change the availability of land and water
resources and also the pattern of biomass production. Furthermore, the adaptation and mitigation
response strategies implemented by society can strongly influence land and water use: a growing
global demand for both food and bioenergy is increasing the pressure on land and water resources,
with implications for their ability to provide ecosystem support functions. The recent period of
increasing food prices and land use changes in various parts of the world can be explained partly by
the increasing bioenergy demand but also by rapid economic growth and changing food consumption

patterns.

The presentation will review global and regional trends as well as longer-term scenarios for food and
bioenergy, primarily based on a water perspective. Implications for water availability and use will be
discussed with some global/regional conclusions. Stressing that the envisaged bioenergy development
also implies opportunities, the presentation will further discuss the possibility of integrating the
cultivation of new types of bioenergy crops within expanded agricultural systems in a modified
water resource context. In the presenter’s view, this is an area that has received too little attention

in the present bioenergy debate. The use of bioenergy for mitigating climate change has been

widely discussed but the role of bioenergy in agricultural strategies to adapt to climate change is less

explored.

KEY WORDS: water demand, water resources, bioenergy, competition, synergies

*Contact information: Department of Energy and the Environment, Division of Physical Resource Theory,
Chalmers University of Technology, Sweden; Phone: +46 31 772 3148; Email: goran.berndes@chalmers.se
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AGROFOREST MANAGEMENT SYSTEMS CAN PRODUCE
BIOFUEL FEEDSTOCKS AND IMPROVE KEY ENVIRONMENTAL
SERVICES ON RETIRED AGRICULTURAL LANDS IN THE
WESTERN GULF REGION

Michael A. Blazier®’, Hal O. Liechtyb, Matthew H. Pelkki®, Philip A. Tappeb,
and Charles P. West®
®Louisiana State University AgCenter
®School of Forest Resources, University of Arkansas-Monticello
Crop, Soil, and Environmental Sciences, University of Arkansas-Fayetteville

To meet federal and state biofuel mandates in the United States, production of crops used as biofuel
feedstocks must dramatically increase. Increasing biofuel production capacity will necessitate
bolstering biofuel production from corn and soybean in the Midwest with crops grown in other
regions of the country and with crops other than those conventionally used as biofuel feedstocks.
However, dramatic expansion of lands used for agriculture could degrade environmental quality.
Clearing forests reduces carbon sequestration and alters wildlife habitat. Increased fertilizer use
associated with agriculture can lead to nutrient pollution of waterways. Agroforest management
systems in which crops are harvested annually as biofuel feedstocks are grown in alleys between trees
and can be used to enhance wildlife habitat and carbon sequestration of forests while producing
biofuels. These systems have relatively low water and fertilizer requirements due to efficient allocation
of growing space and site resources. Agroforest systems diversify farm markets and reduce economic
risks of entering the biofuel market. Agroforest systems also provide key ecosystem services, such

as increased carbon sequestration, reduced nitrogen pollution of waterways, and increased wildlife
diversity. Fertilizer use could be further minimized by using such systems to produce switchgrass,

a nutrient-efficient perennial grass with high biomass growth potential, as a biofuel feedstock. The
Western Gulf region of the United States has abundant land that has been retired from agricultural
and pastoral production due to changing economic or social trends. Producing biofuels on such lands
with agroforest systems can enhance environmental services currently provided by such lands while
increasing regional biofuel production. The information presented will discuss: (1) designs of these
ecosystems, with concerns related to establishment, production, and harvesting; (2) likely impacts on
soil and water quality and carbon sequestration; and (3) the potential influence of these systems on

biodiversity in the Western Gulf region.

KEY WORDS: agroforestry, switchgrass, cottonwood, pine, biodiversity, nutrient cycling

*Corresponding author: Louisiana State University AgCenter Hill Farm Research Station, 11959 Highway 9,
Homer, LA 71040; Phone: (318) 927-2578; Fax: (318) 927-9505; Cell: (318) 927-7671;
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BIOFUELS ARE PEST FOOD, TOO!

John J. Brown*, R. Andrew Rodstrom, Eugene R. Hannon, Neal T. Kittelson,
and Douglas B. Walsh

Washington State University

Biofuel crops are monocultures that insects and diseases will use as an energy resource and they will
compete with our intended use of these crops. Repeated land use for one cropping system without
rotating crops will increase the potential for losses due to pest activities, and pest management will
reduce profits. Site preparation to minimize pest populations will be rewarded. Irrigated cropping
systems will facilitate delivery of pest control chemicals. What are the most serious pest problems

in biofuel production? How can these pests be controlled? What is the cost/benefit ratio of control
measures and what are the factors that define an economic threshold for initiation of control efforts?
Many riparian species of insects attack both willow (Sa/ix) and poplar (Populus) hosts. We have
successfully used a synthetic sex pheromone to control a clearwing moth (Sessidae: Paranthrene
robiniae) that can cause major damage to irrigated hybrid poplar grown in eastern Oregon and
eastern Washington. Our efforts toward reducing populations of a carpenterworm moth (Cossidae:
Prionoxystus robiniae) below an economic threshold show promise. Our most difficult pest problem
in hybrid poplars is the poplar/willow borer (Curculionidae: Cryprorhynchus laparhi), which, true to
its common name, attacks Sa/ix, too. Repeated use of imidacloprid delivered through the dip system
controls aphids (Chaitophorus: Chaitophorus populicola) and cottonwood leaf beetles (Chrysomelidae:
Chrysomela scripta), and seems to be reducing the poplar/willow borer, too. Likewise, insect pests

of corn, sugarcane, and rice are known to feed on Miscanthus spp., and nematode and diseases of
Panicum virgatum can severely reduce biomass production. Introduction of Miscanthus x giganteus has
potential as a biofuel, but it could serve as an alternate host to corn (Ostrinia nubilalis and Diatraea
grandiosella) and sugarcane pests (Diatraea saccharalis). With the potential of pest movement between

crops a “Good Neighbor” pest control strategy may be required.

KEY WORDS: poplar, borers, pest control, sex pheromone, imidacloprid

*Corresponding author: Department of Entomology, Washington State University, Pullman, WA 99164-6382;
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ECONOMICS OF WILLOW BIOMASS PRODUCTION AND POLICY
TO ENHANCE MARKET PENETRATION

Thomas S. Buchholz?, Timothy A. Volk?, Michael J. Kelleher® *,
and Lawrence P. Abrahamson?®
®College of Environmental Sciences and Forestry, State University of New York (SUNY),
PSUNY Center for Sustainable and Renewable Energy

Woody biomass has significant potential as a sustainable energy source to provide society with fuel,
thermal energy, and electrical power. Short-rotation coppice (SRC) willow crops are a promising
source of biomass for the production of sustainable energy and bioproducts. However, current
markets for biomass are thinly traded, the economics of willow plantations is little understood, and
there are potential market barriers to the adoption of willow as a biomass energy crop. We analyze
how financial incentives influence profitability of SRC willow plantations in upstate New York

and identify barriers to further expansion. We introduce SRC willow plantation economics under
different parameters that can impact market penetration, such as biomass productivity, land rent,
biomass price, fuel costs, and labor costs. We then examine the impact of various incentives on
profitability of SRC willow plantations. Financial incentives used include low-cost loans, annual
subsidy payments, and establishment grants. We also examine the influence of nonfinancial factors,
such as imperfect information, status quo bias, and land-ownership patterns, on the adoption of
willow as a biomass energy crop.

Recent studies suggest that a 20-acre SRC willow plantation is economically viable only with a
biomass productivity above 3 oven-dried-tons (odt)/acre/year and a biomass price of above $50/odt.
Dependence on start-up loans can obliterate a plantation’s profitability.

We introduce various incentive scenarios using a mix of the three financial tools. Establishment grants
are one of the most promising financial tools; a grant for 50 percent of establishment costs, or $549/
acre, would nearly double the internal rate of return in the case study. Results indicate that incentives
focusing on the early stages of plantation establishment are the most promising ones. We also develop
policy recommendations to address the nonfinancial market—structural and ownership parameters

that may impact SRC willow acreage expansion.

KEY WORDS: short-rotation coppice, willow crops, economic analysis, policy, incentive, market

barriers

*Corresponding author: State University of New York, College of Environmental Science and Forestry,
Department of Forest and Natural Resource Management, 220 Bray Hall, 1 Forestry Drive, Syracuse, NY
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COPPICE CULTURE FOR BIOMASS PRODUCTION IN
SOUTHEASTERN UNITED STATES

Mark Coleman* and Douglas Aubrey

U.S. Forest Service, Southern Research Station, Savannah River

Coppice culture of hardwood trees is common in cool climates using willow, and in tropical regions
using eucalyptus. However, coppice culture is rare in the southeastern United States, despite Klaus
Steinbeck’s successful applications using American sycamore (Platanus occidentalis) three decades ago.
Sycamore, poplar, willow, and eucalyptus are candidate species for coppice culture in the southeastern
United States. Southern latitude willow varieties are undomesticated, yet widespread distribution

of the native Salix nigra indicates development potential. Sycamore’s rapid early growth is a great
advantage during coppicing. However, sycamore has been discounted as a biomass producing

crop because dieback inevitably occurs during years 3 to 6. Coppicing sycamore may avoid disease
establishment. Similarly, eucalyptus is easily killed aboveground by winter frosts in temperate
climates, but roots are rarely damaged. Annual removal of frost-damaged eucalyptus tops would allow
regrowth from protected rootstock. To collect information on biomass production and regrowth
capacity for southeastern coppice culture, high-density test plots were installed at the Savannah River
Site, near Aiken, SC. Plots were designed to include two hybrid poplar clones (OP-367, 15-29,
Eucalyptus grandis, E. amplifolia), sycamore seedlings, and locally collected Salix nigra. Trees were
planted at 14,815 trees ha' arranged in dual-row plantings developed for willow coppice culture.
During the establishment year, sycamore and poplar clone OP-367 were top producers (3.4 + 1.1 and
2.1 +0.9 Mg ha™', respectively). Stock quality negatively impacted willow and poplar clone 15-29
productivity (0.5 + 0.2 and 0.8 + 0.3 Mg ha'', respectively). We could not plant eucalyptus because
of non-native planting restrictions at the Savannah River Site. However, frost damage and regrowth
information collected for unmulched, styroblock-held seedlings indicates that survival and regrowth
potential was greatest for E. amplifolia. Few E. grandis survived the 469 freezing hours that occurred,
while most of the E. amplifolia survived with vigorous regrowth, thus demonstrating potential for

coppice as a frost-avoidance biomass culture method.

KEY WORDS: sycamore, eucalyptus, willow, hybrid poplar, short-rotation woody crop, frost damage
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SWEDISH EXPERIENCES WITH APPLICATIONS OF MUNICIPAL
AND INDUSTRIAL RESIDUES ON LARGE-SCALE
SHORT-ROTATION COPPICE PLANTATIONS

loannis Dimitriou* and Par Aronsson

Swedish University of Agricultural Sciences

Short-rotation coppice (SRC) with willow (Salix sp.) is a commercial crop in Sweden grown on
approximately 15,000 hectares of agricultural land to produce biomass for energy. The produced
biomass is almost entirely used in district heating plants for combined heat and power generation. In
recent years, nutrient-rich residues, mainly municipal and industrial wastewaters as landfill leachate
and log-yard runoff, as well as solid material as sewage sludge and wood-ash, have been successfully
applied to willow SRC to reduce fertilisation costs and simultaneously increase biomass production
and/or facilitate alternative low-cost treatments. Pollutant and nutrient contents in residues and
soils are reduced through plant uptake and microbial degradation, and at the same time biomass
production is enhanced. The information provided will describe operating systems in Sweden where
large-scale willow SRC plantations treat different residues (municipal wastewater, landfill leachate,
log-yard runoff, sewage sludge, wood-ash) and simultaneously produce biomass. This presentation
also will give results from research efforts to estimate parameters of special environmental concern
(e.g., nutrient leaching, plant stress tolerance, heavy metal fluxes) related to such applications, in an

effort to evaluate the risk of environmental hazards from such practices.

KEY WORDS: willow, Salix, Sweden, phytoremediation, vegetation filters, municipal wastewater,
landfill leachate, log-yard runoff, sewage sludge, wood-ash

*Corresponding author: Swedish University of Agricultural Sciences, Department of Crop Production Ecology,
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HYBRID ASPEN GROWTH RESPONSE TO SHEARING IN
MINNESOTA: IMPLICATIONS FOR BIOMASS PRODUCTION AND
CARBON SEQUESTRATION

Grant M. Domke*, Anthony W. D’Amato, Andrew J. David, and Alan R. Ek

Department of Forest Resources, University of Minnesota,

Recent interest in the use of woody biomass for energy has created an opportunity for the
development of silvicultural systems that can produce high levels of biomass over shorter rotations
than traditional approaches to plantation management. One area within this arena where there

is a great deal of potential is the management of short-rotation hybrid aspen. In particular, early
successional hardwood tree species, such as those in the Populus genus, typically exhibit rapid

initial height and diameter growth, making these species ideally suited for short-rotation forestry
applications aimed at maximizing biomass production over short time scales. In many cases, greater
levels of early growth have been achieved through the use of aspen hybrids (Populus tremuloides
Michx. x P tremula L.), which are crosses between quaking aspen (2 zremuloides) and European
aspen (2 tremula). In addition to the rapid growth of these hybrids, the prolific root sprouting ability
of this species presents potential management options for the production of woody biomass using
coppice methods after initial plantation establishment. Moreover, the use of existing aspen root
stocks as sources of regeneration for subsequent rotations provides a silviculturally straightforward
and cost-effective means for sustaining these systems over multiple short rotations. Finally, the
expansion of aspen root systems with each subsequent rotation provides a long-term opportunity for
increasing belowground carbon storage on these sites. Here we present the results of a 15-year study
investigating the growth response of hybrid aspen clones to shearing on upland sites in northern
Minnesota. We describe specific clonal responses in terms of sucker density and early diameter

and height growth. In addition, we use these findings to evaluate potential silvicultural options for

managing these systems and their implications for carbon storage and biomass production for energy.

KEY WORDS: hybrid aspen, Populus, carbon sequestration, biomass production, growth and yield
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AGROFORESTRY AND CELLULOSIC ETHANOL FROM
SUSTAINABLE POPLAR TREE FARMS

Jake Eaton

GreenWood Resources, Inc.

GreenWood Resources (GWR) manages 14,000 hectares of poplar farms in the Pacific Northwest
region of the United States and is developing nurseries and short-rotation high-yield poplar
plantations in Chile and China. The U.S. farms are managed on 12- to 15-year rotations for multiple
products, including sawlogs, chips, and residuals for bioenergy. GWR intends to certify all the tree
farms to the Forest Stewardship Council standard. In addition to the sawlog production business,
GreenWood Resources is fully committed to the goal of developing renewable sources of energy. To
this end, GreenWood is refining agronomic technologies that will optimize the production systems
for poplar energy farms. Poplar feedstock will be used for cogeneration and pellet production, and it
will become a feedstock of choice for cellulosic ethanol. Over the next 3 to 5 years it is GWR’s goal to
lead the development of sustainable poplar energy plantations in North America, South America, and
China. GreenWood is well positioned to play a valuable role in bringing all of the essential elements
together for successful commercialization of poplar tree farms for renewable energy. GWR is a global
leader in the development of elite poplar germplasm as well as the production systems to optimize
poplar energy farm operation. GWR has relationships with technology partners who will build
pilot-scale cellulosic ethanol facilities that use poplar feedstock. Additionally the company has the
ability to develop sound financial structures to access the capital that is required for large-scale project
financing. The time is right for biomass energy to become a significant part of our future energy
security. However, unprecedented investment will be required for biomass energy to become a reality.
Questions related to sustainability and land use also will need to be addressed.

KEY WORDS: poplar, tree improvement, production systems, cellulosic ethanol, sustainability
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INTENSIVE UTILIZATION OF HARVEST RESIDUES IN
SOUTHERN PINE PLANTATIONS: QUANTITIES AVAILABLE AND
IMPLICATIONS FOR NUTRIENT BUDGETS AND SUSTAINABLE
SITE PRODUCTIVITY

Mark H. Eisenbies®’, Eric D. Vance®, W. Michael Aust®, and John R. Seiler®
8U.S. Forest Service

®National Council for Air and Stream Improvement Incorporated
“Virginia Tech Department of Forestry

The rising costs and social concerns over the use of fossil fuels have resulted in increased interest in
and opportunities for biofuels. Biomass in the form of coarse woody residues left on site following
traditional timber harvest in the southeastern United States constitutes a potentially significant source
of biomass that could be utilized for bioenergy. Questions remain regarding whether the removal of
this material would be a sustainable silvicultural practice given the potential impact on soil nutrient
cycling and other ecosystem functions. Our objective is to use published studies to estimate quantities
of residual materials that may be available as a source of bioenergy or biomaterials following harvest
of southern pine forests. Quantities of nutrients potentially removed with the residues and their
potential replacement with fertilizer are calculated, and a more general assessment of the implications
of residue removals on sustainable productivity across a range of sites conducted. Generally between
50 and 80 Mg/ha of material are left on site after typical stem-only harvests, of which half could be
removed using chippers at the landing. Based on these estimates, increase in mid-rotation fertilization
rates of 45 to 60 percent may be needed on some sites to fully replace the nutrients removed for
bioenergy. Field experiments show that residue removals do not degrade forest productivity in many
cases, but more data are needed to assess the effects of frequent removals (i.e., from short-rotation
systems) over long time periods and to identify sites that may be particularly sensitive to the practice.
Markets for previously nonmerchantable materials also may provide incentives for improved forest

management by landowners.

KEY WORDS: fertilization, forest soils, harvesting residues, sustainability
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LIFE-CYCLE ANALYSIS OF SMALL-SCALE ENERGY SYSTEMS
UTILIZING OILSEEDS GROWN IN THE MIDWEST

Seth Fore*, Paul Porter, and William Lazarus

University of Minnesota

As the concern over price and supply of petroleum continues to increase, there are burgeoning efforts
to find alternative sources of renewable fuel. Oilseeds commonly grown in the Midwest can be
crushed on-farm to create vegetable oil and meal that can be utilized in numerous ways to decrease
producers’ demand for petroleum and feed products. Vegetable oil can be converted to biodiesel,

run straight in diesel engines, or used as a heating fuel. The meal counterpart can be used a high-
value protein substitute in livestock rations or can be burned in pellet stoves for heat generation.

As alternative methods for producing renewable fuels emerge, it is important that complete life-
cycle accounting measures are implemented to ensure there is a positive net energy balance over the
petroleum product replaced. There is a need to conduct life-cycle analysis on small scale on-farm
oilseed crushing systems to substantiate whether there is a positive net energy balance gained through

utilizing oilseed crops grown on-farm as a replacement for fuel and feed.

KEY WORDS: small-scale energy production, life-cycle analysis, biodiesel, straight vegetable oil
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USE OF MARGINAL LAND AND WATER TO MAXIMIZE
BIOFUEL PRODUCTION

Gayathri Gopalakrishnan, M. Cristina Negri*, Michael Wang, May Wu, and Seth Snyder

Argonne National Laboratory, Energy Systems Division

The development of sustainable, renewable energy sources has become an issue of increasing
importance due to both the recent increase in gasoline prices in the United States and the
international scientific consensus to reduce greenhouse gas emissions to mitigate climate change.
Advanced biofuels are a primary component of the emerging energy portfolio. To strengthen the

nation’s energy security, mitigate greenhouse gas emission, and revitalize the rural economy, the

Energy Independence Security Act of 2007 mandated the production of 36 billion gallons of biofuels

by 2022, of which 21 billion gallons must be advanced biofuels. This mandate would result in an

increase in biomass production of approximately seven times the current amount—from 190 million

dry tons to 1.36 billion dry tons of biomass. Biomass is a land-based renewable resource and such
a significant increase is likely to result in large-scale conversion of land, from current uses to energy
feedstock generation, potentially causing increases in the prices of food, land, and agricultural
commodities as well as disruption of ecosystems. Further, while a majority of current bioenergy
crops are not irrigated, their yield is usually dependent on water availability. This study evaluates
sustainable production of bioenergy crops through the use of marginal land and impaired water
and discusses the potential for growing cellulosic biofuel crops such as poplar and switchgrass in
optimized systems such that (1) marginal land is brought into productive use; (2) impaired water is

used to boost yields; (3) clean freshwater is left for other uses that require higher water quality; and

(4) feedstock diversification is achieved that helps ecological sustainability, biodiversity, and economic

opportunities for farmers.

KEY WORDS: cellulosic biomass, biofuels, marginal land, poplar, sustainability, water
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SUSTAINABLE BIOENERGY PRODUCTION IN
AGROFORESTRY SYSTEMS

Andrew M. Gordon®*, Dean Current®, Michele Schoeneberger®, and Gary Bentrup®
®Department of Environmental Biology, University of Guelph, Canada

®Center for Integrated Natural Resources and Agricultural Management, University of Minnesota
National Agroforestry Center, Southern Research Station, U.S. Forest Service

The objective of this conference is to foster greater exchange between the agricultural and forestry
sectors on the science and application of producing crops for biofuels, bioenergy, and bioproducts.
However, the real challenge and opportunity lies in how agricultural and forestry efforts can actually
be integrated to sustainably meet the future renewable energy targets facing the United States and the
world. Agroforestry is just that—the combination of agricultural and forestry technologies to create
integrated, diverse, and productive land use systems. The synergy of agroforestry creates enhanced
performance, efficiencies, and benefits that cannot be achieved individually in the agricultural or
forestry sector. Used extensively in the tropics and with growing use in temperate areas, agroforestry
provides many benefits to both landowner and society including crop/livestock/building/road
protection, soil and water resource protection, greenhouse gas mitigation, wildlife habitat,
recreational opportunities, and alternative income generation, including biofuel production. Serving
from its earliest times as a source of fuelwood, agroforestry today offers a variety of options to create
diverse, multi-purpose plantings that support energy objectives, as well as other services critical for
sustainability of the lands and people. These options range from providing additional conservation
services for mitigating adverse impacts from other biofuel production systems to serving as feedstock
sources. Short-rotation crops, both woody and herbaceous, are ideally suited for agroforestry. Work
in both North America and Europe focuses on the use of agroforestry as a means to create combined
energy/food/natural resource systems. Ongoing research at Ontario and Minnesota is exploring

the use of new species, species combinations, and performance in different landscape positions as

a means to develop more diverse, innovative systems that can provide income generation through
the sale of biomass for energy, improved water quality through targeted plantings, and payments for

environmental services.

KEY WORDS: alley cropping, conservation, riparian forest buffers, short-rotation crops, windbreaks,

working trees
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SHORT-ROTATION FORESTRY IN GERMANY:
LESSONS FROM THE PAST, PRESENT RESEARCH ACTIVITIES,
AND FUTURE PERSPECTIVES

Holger Griinewald and Georg von Wuhlisch*

Johann Heinrich von Thiinen-Institute,
Federal Research Institute for Rural Areas, Forestry and Fishery, Institute of Forest Genetics

Wood has traditionally played a major role in Germany in supplying biomass for energy. Demand for
this raw material is expected to rise with new policies promoting renewables. Short-rotation forestry
(SREF) is regarded as a promising option to counteract the limited availability of energy wood from
traditional forestry. This paper summarizes and reviews Germany’s experiences with SRE Germany
lies between 47 °N and 55 °N latitude. In areas generally suitable for SRE precipitation averages 700
mm but can be as low as 400 mm. The mean temperature there is 9 °C (with a range of 7 to 11°C).
Thus, conditions resemble North America in their variability. Enhancing cooperation between Europe
and North America is of vital importance for solving common problems. For many sites Populus
clones are preferable, while Salix clones and Robinia pseudoacacia increasingly are being used on other
sites. Recommendations to match the available clones to available sites need much improvement.

For example, satisfactory growth performance has been confirmed for only a few Populus clones (e.g.,
Max, Androscoggin) and under a limited range of conditions. With site-adapted clones, yields of 12
to 16 t dry matter ha'! yr‘1 can be achieved. Testing and breeding still need to be increased to reach
expected production levels. Plantation management and harvesting techniques need to be further
developed if SRF is to become an accepted biomass production system. Depending on political
support and economic returns SRF is expected to cover an area between 0.5 and 4 million ha of

former agricultural land.

KEY WORDS: short-rotation forestry, tree improvement, woody biomass production, Populus,

Robinia pseudoacacia, Salix
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WOODY BIOENERGY SYSTEMS IN THE UNITED STATES

Richard B. Hall

Department of Natural Resource Ecology and Management, lowa State University

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. However, 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. The most advanced work focused primarily on energy is with willows in New York
grown at stand densities of over 14,300 stems/ha with the first commercial harvest at 4 yrs and a total
of seven coppice rotations expected. Ten commercial clones are now available and newer clones with
up to 40 percent improvement in yield are under test. Work on fast-growing poplar selections and
cultural practices for growing them is also well-advanced in several regions of the country with the
current emphasis on bioproducts. This production infrastructure will facilitate future shifts to include
biofuels. The largest concentration of plantations is in the Pacific Northwest with about 17,000 ha.
Cultural practices vary from irrigated plantations, harvested at ages from 6 to 15 yrs for different
products, to 11,000 ha planted to primarily one clone (210 clones under test) on 12-yr rotations in
Minnesota, to agroforestry plantings of hybrid aspens yielding 22 t/ha in Iowa at 10 yrs of age. A
variety of studies show wood biomass energy production to be the most sustainable, environmentally
favorable crop that can be grown in many areas, but much research is still needed to answer specific
concerns. Major impediments are the time and cost for establishment, competition with annual crops
for land, price competition with bioproduct markets, social resistance to monoculture plantations, the

need for more efficiency in harvests, and techniques for drying wood for some energy applications.

KEY WORDS: adoption impediments, cultural systems, Populus, Salix, yields
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THE COUNCIL FOR SUSTAINABLE BIOMASS PRODUCTION

John Heissenbuttel

Interim Director, Council for Sustainable Biomass Production
President, Phoenix Strategic Solutions, Inc.

The Council for Sustainable Biomass Production (CSBP) was initiated in 2007 to ensure that
biomass feedstock for cellulosic refineries in the United States is produced in a sustainable manner,
balancing economic, environmental, and social imperatives. The CSBP is seeking to generate broad
multi-stakeholder consensus on guidelines for sustainability to set this emerging industry on a
course of continuous improvement with full support from growers, germplasm providers, social and
environmental interests, and refineries. The presentation will provide an overview of CSBP activities

to date and its plan for future development and implementation.

KEY WORDS: sustainable, biomass, cellulosic, multi-stakeholder
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EFFECT OF LANDSCAPE POSITIONS AND THEIR ASSOCIATED
SOIL AND TERRAIN ATTRIBUTES ON BIOMASS CROP YIELD
AND GROWTH RATES

Gregg A. Johnson®*, Ryan T. Thelemann?® Haowen cai®, Sudipto Banerjeeb,

Craig C. Sheaffer?, Hans-Joachim G. Jung®, Katie B. Petersen?, and Ulrike W. Tschirner®
4Dept. Agronomy and Plant Genetics, University of Minnesota
PBiostatistics-Division of SPH, University of Minnesota
‘USDA Agricultural Research Service, St. Paul, Minnesota
dDepartment of Bioproducts and Biosystems Engineering, University of Minnesota

To advance the use of biomass crops as a feedstock for a wide range of bioindustrial applications,

it is essential that we optimize the placement of crops at the field scale in a way that will maximize
overall productivity and profitability while addressing critical environmental and ecological issues.
The value gained by selective placement of dedicated biomass crops will come from an understanding
of how crop growth and productivity are influenced by terrain, soil properties, and other attributes.
The ability to predict optimal plant growth across species is critical in developing novel approaches to
biomass crop management. We will present information from field research exploring 1) differences
in plant growth and development between woody tree species (willow and poplar), a perennial forage
legume (alfalfa), a warm-season perennial grass (switchgrass), and a warm-season annual grass (maize)
as a function of landscape position; and 2) the relationship between plant growth and environment
across seven landscape positions. Results from 2 years of monitoring plant growth and the biomass
yield show that landscape position does have an effect on plant growth and development. In addition,
our analysis reveals that certain soil and terrain properties affect these yield values differently
depending on the crop and/or landscape position. Our use of Bayesian statistical methods in addition
to traditional approaches allows us not only to recognize the effects of landscape position properties

on biomass crops, but also to predict yield when such landscape position properties are known.

KEY WORDS: landscape position, biomass, Bayesian statistics, willow, poplar, switchgrass
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BIOENERGY: AGRICULTURAL CROP RESIDUES

Jane M.F. Johnson

USDA Agricultural Research Service, North Central Soil Conservation Laboratory

The increasing cost of fossil fuels, especially natural gas and petroleum, and a desire to curtail
greenhouse gas emissions are driving the expansion of bioenergy. Plant biomass, including woody,
grain, and nongrain, are potential energy sources. Prior to the industrial revolution, plant biomass was
a major fuel source for heating and cooking. The energy paradigm is shifting to renewable sources of
energy, with agronomic and forest products expected to make a significant contribution. The United
States is one of the largest producers and users of fuel ethanol, with corn grain the primary feedstock.
Critics and proponents alike recognize that alone ethanol from corn grain cannot replace gasoline.
Considerable financial and research efforts continue to go into the development of commercially
viable cellulosic ethanol production. In addition, utilization of thermochemical platforms (e.g.,
gasification) is expanding. Regardless of the energy platform, biomass harvest must be conducted in
a sustainable manner. The potential risks and benefits vary among the various feed-stocks. Nongrain
biomass has other uses, such as animal feed and bedding, protecting the soil from erosive forces, and
providing the raw material for maintaining and building soil organic matter. Excess harvest of crop
biomass increases the risk of erosion, loss of soil organic matter, and thereby the risk of declining
productivity. The amount of biomass inputs required to maintain soil organic carbon exceeds the
amount required to limit wind and water erosion to soil tolerance levels. Soil and water conservation
benefits must be included in any biomass assessment to prevent long-term environmental damage as
the nation seeks near-term solutions to energy problems. Strategies to minimize potential negative

impacts of bioenergy while striving to maximize benefits will be discussed.

KEY WORDS: crop residue, bioenergy, soil conservation, renewable energy
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COMPETITION-INDUCED GROWTH INCREASES IN POPLAR

Jon D. Johnson* and Jeff C. Kallestad
Washington State University-Puyallup

The response of Populus trichocarpa, P deltoides, and their interspecific hybrids to competition was
studied both in a greenhouse and in the field. The competition response was manipulated by growing
trees at close spacing with open-grown trees serving as the control. The competition response is
mediated by phytochrome and is a result of decreasing red:far-red ratio as the canopy closes and
leaves overlap. Responsive clones showed consistent increases in height, diameter, shoot weight, and
specific leaf area. The number of branches and root weight decreased in these same clones. The height
growth response was a result of increased internode length; the number of nodes remained unchanged
between treatments. In a field study, a measurable response to competition was evident within one
week of moving trees from open grown to close spacing. Genetic control of the response was studied
in a three-generation pedigree population (Family 331): The P #richocarpa mother was responsive
and the P, deltoides father was not. In the F, parents, one hybrid was responsive and the other no