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Preface

The oral papers and poster papers presented at the First Biomass Conference of the Americas in
Burlington, Vermont, August 30-September 2, 1993, and available when publication of this book began,
are reproduced herein. It should be emphasized that almost all of these papers were published as received,
whether they were in camera-ready form or not. - The technical content of each paper and the opinions
expressed are attributed entirely to the authors. In a few cases, grammatical changes were made, and
abstract pages were retyped to improve readability.

The First Biomass Conference of the Americas was designed to provide a national and international forum
to support the development of a viable biomass industry. Although papers on research activities and
technologies under development that address industry problems comprised part of this conference, an effort
was made to focus on-scale-up and demonstration projects, technology transfer to end users, and
commercial applications of biomass and wastes. The conference was divided into these major subject
areas:

¢ Resource Base

e Power Production

+ Transportation Fuels ,

¢ Chemicals and Products

» Environmental Issues

* Commercializing Biomass Projects

» Biomass Energy System Studies

e Biomass in Latin America — Overview

The papers in this book are grouped in the same subject areas.

We believe this conference is the first of its kind and that it fills a real need to document and disseminate
information on important developments in biomass. It is our intent to continue this program biannually
in coordination with the biannual conference presented by the Commission of the European Communities
on biomass developments in Europe, and to expand the program by including an exposition of vendors
who market biomass equipment and services to the industry. The Second Biomass Conference of the
Americas has been scheduled for 1995.

We would like to express our sincere appreciation to all the authors, who made an extra effort to produce
quality papers under a rather stringent time schedule, to the Session Chairs who also doubled as members
of the Program Committee and assisted in the selection of papers, to the Executive Committee who kept
us headed in the proper direction, and to the sponsors of the conference—the U.S. Departments of
Agriculture and Energy; the U.S. Environmental Protection Agency; Energy, Mines and Resources Canada;
and the National Renewable Energy Laboratory, under whose auspices the conference was presented. ‘The

cooperation of these organizations was a key ingredient essential to the planning, organization, and
presentation of this conference.

Donald L. Klass
Entech International, Inc.
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Abstract

Concerns about the heavy reliance on foreign sources of fossil fuels, environmental impacts of buming
fossil fuels, environmental impacts of agricultural activities, the need to find sustainable renewable
sources of energy, and the need for a sustainable agricultural resource base have been driving forces for
the development of biomass as a source of energy. The development of biomass conversion technologies,
of high-yielding herbaceous and short-rotation woody biomass crops, of high-yielding food, feed. and
fiber crops, and of livestock with higher levels of feed conversion efficiencies has made the transition
from total reliance on fossil fuels to utilization of renewable sources of energy from biomass a reality. A
variety of biomass conversion technologies have been developed and tested. Public utilities, private
power companies, and the paper industry are interested in applying this technology. Direct burning of
biomass and/or cofiring in existing facilities will reduce emissions of greenhouse and other undesirable
gases. Legislation has been passed to promote biomass production and utilization for liquid fuels and
electricity. Land is available. The production of short-rotation woody crops and perennial grasses
provides alternatives to commodity crops to stabilize income in the agricultural sector. The production of
biomass crops can also reduce soil erosion, sediment loadings to surface water, and agricultural chemical
loadings to ground and surface water; provide wildlife habitat; increase income and employment
opportunities in rural areas; and provide a more sustainable agricultural resource base.



Background

This paper is divided into two major sections. The first will highlight the current situation with respect to
the production and use of biomass to produce energy. The second will give a brief overview of the past,
present, and future role of the agricultural sector as a supplier of biomass as a renewable source of energy.

What Is Blomass?

For this paper, the term biomass (plant and animal matter) includes a broad range of materials that are
biological in nature and can be used to produce various forms of energy. This includes agricultural and
forestry products, agricultural and forestry waste products, and animal wastes such as manure. These
products may be used for direct combustion, gasified, and/or processed into biofuels such as ethanol,
methanol, ethyl or methyl esters, methane, and biocrude. This paper will emphasize the use of biomass as

a renewable source of energy for electric power generation and the potential land base available to
produce biomass.

Why Blomass?

The developing of a public consciousness of the environmental effects of burning fossil fuels has
probably done more than anything else to identify biomass as a desirable renewable source of energy.
There have been many concemned persons over the years. About two centuries ago, the English
economist Thomas Malthus predicted that the world's resource base was limited and that population
growth would eventually outstrip the ability of the world's resource base to provide food for the growing
population. At that time, population was growing faster than agricultural production technology. Since
Malthus, the wonders of technology have increased the rate of growth in the development and adoption of
agricultural technology so that it is now growing faster than demand for food and fiber from agricultural
sources. The development and adoption of technology have also made possible instant communication
around the world. Instant communication has had profound impacts on forming public opinion and
public policies. The oil shocks of the 1970s and related economic impacts were highly publicized.
Environmental impacts of human activities on renewable and non-renewable resources are now better
understood. Education of the general public on major impacts of the use of fossil fuels, agricultural
chemicals, and destruction of forests, among other things, has evoked interest in returning to agriculture
as a source of renewable energy.

Scientists have been researching the interactions and interventions of man with nature for centuries. In
the early 1960s, Rachel Carson's book, Silent Spring, excited and sensitized the world. This book and
other environmental and conservation activities provided the impetus required to protect the Nation's soil,
water, and related resources. In addition to the creation of the Environmental Protection Agency, a
variety of other actions were taken to protect, conserve, and enhance the Nation's soil, water, and related
resources. Of these actions, Public Law 95-195 is of major importance for the purposes of this
conference. This Act is called the Soil and Water Resources Conservation Act of 1977 (RCA). It
requires the Secretary of Agriculture to assess the Nation's soil and water resources and to develop a
national program "for furthering the conservation, protection, and enhancement of the soil, water, and
related resources of the Nation..." (U.S. Congress 1997).

The 1985 Food Security Act was the first legislation to link supply control and farm income stability
programs to conservation. This Act tied the benefits of all agricultural financial assistance programs to
compliance with good stewardship of the land. Producers that have any lands that are classed as highly
erodible must have a conservation plan and put it into effect by the end of 1994 in order to participate in
any financial assistance program available from the U.S. Department of Agriculture.

Additional research has identified the impact of a wide variety of gases associated with hurpan activit_ies
on air quality, acid rain, depletion of the ozone layer, and global climate change. The bumning of fossil



fuels for the production of electric power, industrial production, agricultural production, and
transportation is a major contributor to these problems. Some important actions that are underway to
reduce the negative impacts of burning fossil fuels are given below.

The Energy Security Act of 1980 established a goal for agriculture to produce 10 percent of the Nation's
annual liquid fuel consumption by 1990. This act also permitted the Secretary of Agriculture to provide
technical and financial assistance for a variety of energy-conserving activities.

The Department of Energy has initiated the development of technology to produce biomass for
conversion to biofuels for internal combustion engines and for the production of electricity by direct
combustion and/or gasification.

The Electric Power Research Institute is also promoting the development and utilization of biomass for
producing electricity.

International treaties and/or agreements to reduce the emissions of "Greenhouse Gases" (GHG) have been
signed by many nations. The developed nations have initiated a set of country studies to help developing -
countries determine the actual situation in their countries with respect to the level of production of
greenhouse gases and to initiate programs to mitigate negative impacts.

The above concems provide a very brief overview of why we are here today. Two important questions
that need to be answered are first, do we have the technology to use biomass to produce energy; and

second, do we have the necessary land resources? These questions will be answered in the sections that
follow.

Biomass: Current Situation

Biomass could play a major role in production of energy and improve environmental qualities in many
regions by reducing emissions of GHG and other pollutants into the atmosphere. These gases and
pollutants include carbon dioxide, carbon monoxide, nitrous oxide, methane, sulfur dioxide, and
suspended particulates. This section will summarize the current situation in the biomass power industry;
examine the potential role of cofiring biomass and biomass residues in the production of electricity and
their environmental benefits; identify potential energy crops; estimate capacity of plants using biomass;
and discuss policies that could enhance use of biomass wastes, biomass residues, and energy crops.

The U.S. agricultural sector has traditionally been a producer of food and fiber. However, through
improvement in technologies, more agricultural products are being used for producing electricity and
liquid fuel for transportation. Currently the energy generated from biomass (wood and com) accounts for
2.8 quads or 3.5 percent of total energy production in the United States. Wood is the largest contributor
to biomass energy, about 2.7 quads (Turhollow 1993, U.S. Department of Energy 1993 and 1984).

Blomass Types

Currently biomass waste is the primary source of fuel used in biomass power facilities (American Paper
Institute 1991, Louisiana State University 1992, 1984a, and 1984b). Biomass for wood-burning power
plants is provided from urban wood, fuel wood, wood byproducts, and waste wood (Klass 1984 and
USDA and USDOE 1990). Fuel wood is produced on private wood lots, national forests, and state wood
lots. Wood byproducts are mainly spent liquor and sawdust (USDA and USDOE 1990, USDOE 1992,
USDOE 1993a, USDOE 1993b, and USDOE 1993c). Waste wood includes cull logs, hogged bark, and
manufacturing scrap wood. However, at present, a large percentage of waste wood remains unutilized.
The Department of Energy estimates that enough biomass waste will be available to allow the biomass
power industry to expand modestly throughout the 1990s (USDOE 1991a and USDOE 1993d).



Agriculture and forestry, in addition to their main roles of producing food, fibers, and lumber, have
become a source of biomass for energy and other new uses. Large portions of these byproducts are
currently either bumed in the field or disposed of in landfills. Products such as nutshells, rice hulls,
bagasse, cotton gin trash, orchard trimmings, and forestry byproducts have potential as fuels for cofiring
‘or as a supplement in biomass-dedicated plants (Tumbuli 1993 and USDOE 1991b).

According to the National Wood Energy Association, about 11 million tons of agricultural waste were

. produced in 18 states in 1989 (National Wood Energy Association 1993 and USDOE 1991b).
Agricultural wastes were also produced in other states for which 1989 annual statistics are not available.
Wood and wood waste account for most of the biomass energy used in the United States today (USDOE
1991b and 1993d). More than 140 million tons of wood are used for commercial, industrial, utility, and
residential purposes. Sixty-five percent of this wood is used for commercial, mdustnal or utility energy
production. Thirty-five percent is used to heat homes (table 1).

Table 1 Regional Biomass Data, 1989

Great North- North- South- West-

Lakes east west east ern Hawaii Total
Wood
(1,000 tons)
Commercial 6,404 16,985 20,728 46,806 6,306 97,229
Residential 7,398 14,281 3,739 16,398 3,386 45,202
Agricultural
waste
(1,000 tons) ?50 1,800 5,668 3,138 10,956
Alcohol
(1,000 gal.) 918 15 187 151 1,271
Biogas
(MMCF/year) 16 54 589,093 6 657,005 0.8 1,241,173

Source: National Wood Energy Association

Great Lakes: IL, IN, IA, MI, MN, OH, WI.

Northeast: CT, DE, MA, MD, ME, NH, NJ, NY, PA, RI, VT.
Northwest: AK, ID, MT, OR, WA.

Southeast: AL, AR, FL, GA, KY, LA, MS, MO, NC, SC, TN, VA, WV,
Western: AZ, CA, CO, KS, NE, NV, NM, ND, OK, SD, TX, UT, WY.

Expansion and development of biomass power depends on environmental and economic incentives
provided to utility companies to promote new technologies which lower biomass production cost per ton.
New biomass power plants require a long-term, reliable and abundant supply of biomass such as chipped
or whole trees. Therefore, waste wood could be used as a supplemental source but not as a primary
supply source.



Energy Crops

The United States has a vast supply of biomass that is available for energy production (Keener and Roller
1975). The production of energy crops as a renewable source of energy can generate jobs in rural areas,
increase farm income, help reduce the budget deficit by providing altemative sources of income
(displacing commodity crops), and help improve the US trade balance (Hall et al. 1993 and Williams
1992). Herbaceous and woody crops have been identified as suitable energy crops for production of
electricity. There are varieties of energy crops which can be produced annually in large volume in the
United States. Soil types, climate, and land availability are the main determinants of types and volume of
energy crops in each region (Turhollow 1993, Wright et al. 1993, and Wright and Ehrenshaft).

Energy stored in the biomass can be used in solid form or can be converted to liquid forms. Direct
combustion of energy crops is the easiest way to produce energy. Buming wood has been a source of
.energy for humankind since prehistoric times. However, direct combustion of energy crops for heat is
inefficient and has limited use because of high hauling costs. The introduction of efficient boilers and
possibility of gasification of biomass brought new opportunities for energy crops. Energy crops can also
be converted to liquid fuels such as ethanol or biocrude. Energy crops are grouped in two large
categories: herbaceous and woody crops. Herbaceous energy crops are perennial with the exception of a
few annual crops. Land preparation and planting energy crops account for a large percentage of
production costs. Therefore, perennial energy crops (herbaceous or woody) are more cost efficient than
annual energy crops.

Currently, there are no commercial plantings of herbaceous or woody crops strictly for the production of

electricity in the United States. Energy crops are not produced commercially because of lack of demand.

In addition, the bulkiness and high transportation cost of biomass curtail biomass use and limit the size of
plants.

Herbaceous Energy Crops

Herbaceous energy crops have more variety and greater versatility than woody energy crops. Some are
annual crops with thick stems like sorghum, and some are perennial with thick stems like energy cane.
Others are perennial with thin stems like switchgrass. Depending on conditions, herbaceous energy crops
can be either grown in monoculture or interseeded with more than one species in a stand. They can also
be double-cropped with other energy crops or with conventional agricultural crops.

A number of grasses and legumes are being evaluated for their potential as energy crops in the
Department of Energy Herbaceous Energy Crop Program (Wright et al. 1993 and Wright and Ehrenshaft
1990). Grasses include Bahia grass, Bermuda grass, eastern gama grass, reed canary grass, napiergrass,
rye, Sudan grass, switchgrass, tall fescue, timothy, and weeping love grass. Legumes being tested include
alfalfa, bird's-foot trefoil, crown vetch, flatpea, clover, and sericea lespedeza. Field testing is taking place
at a number of sites around the country.

There are advantages and disadvantages to growing herbaceous crops for energy production. Many of
these crops are already familiar to farmers, and production practices and the equipment used to produce
them as energy crops are already part of the farmers' knowledge and capital base. Bulkiness, post-harvest
losses, and annual cultivation and other intensive practices required to maintain high yields are common
problems with herbaceous energy crops.

%

Short-Rotation Woody Specles

Using wood to produce energy is as old as mankind. Today, tree species suitable for energy crops must
produce large quantities of wood in a short period of time. Scientists call such species "short-rotation
woody species” because their growth and harvest cycle is relatively short, i.e. 5 to 10 years. The U.S.
Department of Agriculture (USDA) and U.S. Department of Energy (DOE) are field testing several short-



rotation woody species, including hybrid poplar, black locust, eucalyptus, silver maple, sweet gum, and
sycamore. Research projects are being conducted in many regions of the United States, including the
Northeast, Southeast, Great Lakes, and Northwest. Results can be used to develop trees that are adapted
to specific locations.

Before short-rotation woody species can be used as an economic source of enérgy, there are various
unresolved issues which call for continued investigation and experiment. Among the attainable goals of
this research are higher yields per acre, enhanced regrowth which would allow more frequent coppicing,
resistance to insects and to weed competition, and improved harvest and handling techniques. Additional _
problems for short-rotation woody species when compared with herbaceous energy crops include soil
erosion, higher costs of production, long-term capital investment in new machinery and equipment and
other production inputs. Also, there are high risks associated with the production of woody energy crops,
and many farmers are not willing to invest in energy crop production.

Biomass Energy Production

U.S. biomass electric power generation experienced substantial growth as a result of incentives provided
by the Public Utility Regulatory Policies Act of 1978 (PURPA) and higher prices of fossil fuels (USDOE
1993a and 1993b). Prior to 1979, there were only 200 megawatts-electric (MWe) reported for biomass
energy-based generating capacity in the United States. About 8,400 MWe of installed biomass power
generating capacity were reported by Robert Williams and Eric Larson by the end of the 1980s (Williams
and Larson 1993). However, according to the Department of Energy in 1992, U.S. power plants fueled
by wood and other biomass resources accounted for approximately 6,500 MWe (USDOE 1992).

During the 1980s, national interest grew quickly in wood bumning electric generating plants as a direct
result of federal tax policy and state utility regulatory actions. During 1980-85, 3,054 megawatts of
power from wood-burning generators were reported (USDOE 1992). In 1986 alone, 1,839 megawatts of
power from biomass buming went into operation. In 1989 and 1990, according to the National Wood and
Energy Association only 614 and 300 megawatts of wood-fueled electricity were brought into operation.

It is estimated that there are nearly 1,000 wood-fired plants in the United States, ranging from one to over
100 megawatts (USDOE 1992). Only a third of these plants offer electricity for sale. The rest are owned
and operated by paper and wood products industries for their own use.

Despite rapid growth in the 1980s, active biomass power projects have decreased in number in the 1990s.
The biomass power industry is now in a low-growth phase because of low fossil fuel prices (natural gas),
competitive bidding for power sales, loss of federal tax credit, and costly permitting procedures.

Competition from natural gas-fired generators has also dampened the market for biomass projects. The
price of natural gas peaked in the 1980s and has declined since. Low investment cost per kilowatt hour
(KWh), high efficiency in converting natural gas to electricity, lower prices of natural gas due to use of
new technology for gas well drilling, availability, and less pollution relative to coal and oil make natural
gas an ideal source of energy for production of electricity.

Biomass-fired power plants are either stand-alone or cogeneration (Williams and Larson 1993 and
Williams 1992). There are 149 stand-alone biomass plants, reported in 30 states (table 2). Only three
states -- California, Florida, and New York -- reported more than 10 biomass-based power plants. The
number of biomass-burning plants per state in the rest of the country ranged from 1 to 5. About half of
the plants are located in California. Total capacity reported for Califomia is more than 700 MWe. The
average capacity varies from 1 to over 100 megawatts of electricity.

There are 367 cogeneration biomass power plants with an average capacity of 16 megawatts locgted in 36
states. Most of them are located in the Northeast, Northwest, and Southeast. Three states -- Ma{ne,
Florida, and New York -- account for 1,600 MWe or 27 percent of biomass-based electric capacity.



Table 2 Electricity Generating Plants Burning Biomass Fuel in the U.S., 1989

Stand-alone Cogeneration

Capacity Avg. Cap. Capacity Avg. Cap.

Region? Number MWe Mwe Number MWe MWe
Great Lakes 14 224 16 60 655.2 1
Northeast 34 771 23 70 1,906 27
Northwest 9 159.2 18 58 761 13
Southwest 21 4435 21 125 2,062 16
Western 69 791 11 41 438 11
Hawaii 2 70 35 13 129 10

Total 149 2,458.7 17 367 5,951.2 16

§ource: Renewable Energy, Sources for Fuel and Electricity, Island Press, 1993
See table 1 for definitions of regions.

More than half of the biomass cogeneration capacity is located in the Southeast (2,069 MWe) and Great
Lakes (655 MWe) regions. In contrast, more than half of the stand-alone biomass-burning eleciric
generating capacity is located in the Western (791 MWe) and Northeast (771 MWe) regions.

Potentlal Plants

In addition to existing biomass-bummed stand-alone and cogenerating electric generating plants, there are
many coal generating plants which have the potential for cofiring biomass. Cofiring biomass and coal is
another alternative for some coal generating plants to reduce SO, emissions. Under Title IV: Acid
Deposition Control of the Clean Air Act Amendments of 1990, plants must reduce annual SO, emissions
by ten million tons from 1980 levels (USDOE 1993a).

Cofiring biomass with coal, however, is not currently a viable option for electric utilities due to low heat
value, high moisture contents, collection and handling problems, supply availability and costs.
Alternatively, many plants are considering near-term solutions such as switching to lower sulfur coals,
installing flue gas desulfurization (FGD) equipment, cofiring natural gas, purchasing allowance, reducing
output from or retiring plants. Options such as coal cleaning, retrofiring and utilization of clean coal
technologies are considered as longer-term options.

Retrofitting a coal plant to bum biomass generally requires boiler modifications and the addition of a
separate biomass fuel handling system. However, operation of such a plant is very similar to that of a
coal plant. The major drawbacks of cofiring include decreased boiler efficiency due to less Btu and high
moisture content of the biomass and boiler derating resulting in part from increased flue gas and air flow
rates.

Biomass can also be converted to fuel gas or biocrude which can be used in high efficiency combustion
turbine-based power generation cycles such as combined cycles or steam-injected gas turbines (Meridian
1992, Meridian and Antares 1993, and USDOE 1993a). Through gasification, solid biomass can be
converted to a low Btu fuel gas. The principal advantage is the high combustion efficiency associated
with gaseous fuel. Through fast pyrolysis, biomass can be converted o a biocrude similar to number 6
(bunker ¢) fuel oil. Biocrude has advantages relative to solid biomass fuels in that it is more easily
transported. Biocrude has many disadvantages such as low Btu content (10,000 Btu/ib), low pH.(2.5 to
3.2), and instability in high temperatures (over 40 degrees Celsius).



Cofiring biomass with coal in utility boilers offers many environmental benefits beyond reducing SO,
emissions (Dyn Corp. et al.). Biomass is a renewable source of energy with sulfur content below 0.1
percent and moderate Btu (8,800 per dry pound). Using wood waste as a fuel reduces landfill materials
and consequently extends landfill life. In addition, the use of wood waste in boilers with pollution
control, instead of burning waste wood in uncontrolled furnaces, is another means of reducing emissions.
Furthermore, biomass has less ash content than coal and offers zero-net CO, combustion, therefore
lowering the CO, emissions and ashes of coal-fired plants.

Section 404 (f) of Title IV of Clean Air Amendments Act (CAAA) includes provisions for eaming credits
from SO, emissions avoided through energy conservation measures or use of renewable energy. These
allowances are eamed regardless of the emission rate and ceiling for every KWh generated by renewable
energy or saved by demand side management. The eamed credits will be allocated from 300,000
allowances in the Energy Conservation and Renewable Energy Reserve on a first come, first served basis.

In addition to decreased boiler efficiency, boiler derating, and increased slagging potential, there are other
constraints in cofiring biomass with coal. These include long-term availability and reliability of biomass
supply, types of coal-fired boilers, plant capacity, and economic and environmental issues related to
cofiring biomass. Among the existing coal-fired boiler technologies only stokers, pulverized coal units
(PC), and fluidized beds have potential to cofire solid biomass. The advantages and disadvantages of the
above boilers are discussed in detail by Piscitello and Demeter (1992).

To identify potential plants for cofiring biomass, resource requirements and technical and economic
criteria are applied to the Environmental Protection Agency's National Allowance Database. The 1985
database contains operation information on 3,700 operating units, including location, capacity, heat rate
and SO, emission rate (Piscitello and Demeter 1992). Based on screening procedures used by the
Antares Group on 3,700 operating units, only 24 units are considered candidates for biomass cofiring
(table 3). The final screening involved a unit-by-unit review of present cofiring requirements, resource
requirements, local biomass availability, and whether the utility operating unit was in Phase I or Phase II
utility. Phase I is designed to reduce SO, emission rates of the 110 "dirtiest" utility-owned power plants
in the 48 contiguous states to 2.5 Ib of SO,/MMBtu by January 1, 1995. Phase II sets an emission ceiling
of 1.2 Ib/MMBtu for all generating units (both utility and non-utility) farger than 25 MWe by January 1,
2000.

Table 3 Coal-firing Generating Units with Potential to Cofire Blomass

Equiv. Approx. Price

Percent biomass feedstock of  Number

F%egion1 Capacity biomass capacity required coal of
MWe heat input MWe ton/day $/MBtu units

Great Lakes - 423 34 145 4,170 1.98 3
Northeast 200 28 47 1,860 1.90 5
Southeast 1,710 34 566 17,680 2.03 16
Total 2,333 32 758 23,710 2.03 24

Source: Biomass Cofiring Analysis Summary, Scott Piscitello and
Christian Demeter, June 1992.
1 See table 1 for definitions of regions.



More than 2,000 MWe capacities have potential for biomass cofiring. Most of these capacities are
located in the Southeast region. The equivalent of biomass capacities will account for about one third of
total capacities. Feedstock requirements for these units are about 24,000 tons per day.

Demonstration Pllot Plants

The Electric Power Research Institute (EPRI), Minnesota and Wisconsin power companies, and the
Department of Energy are promoting the use of energy crops as a main feedstock for about 10
demonstration electric generating plants (table 4). The main purpose of these pilot plants is to
demonstrate the use of energy crops as a feedstock for electric generation (Energy Performance System,
Inc. 1991, 1992).

Table 4 Energy Crop Pilot Plants, Location, Size, and Fuel Types

Capacity Energy crop
Suggested location MWe acreage Fuel types1
Arkansas/Mississippi 25 25,000 SRwWC
California ‘ 25 25,000
Georgia/Alabama 25 25,000 SRWC
Hawaii 25 25,000 HEC
lowa 25 25,000 .
Tennessee 25 25,000 HEC
Texas 25 25,000
Washington 25 25,000 SRWC
Wisconsin/Minnesota 100 100,000 WTB

T Type of biomass fuel as identified: SRWC = Short-rotation woody crop, HEC = Herbaceous
energy crop, and WTB = Whole tree burner.

Operation of these demonstration plants will help to reduce the existing barriers to using biomass as a
dedicated feedstock. In addition, the pilot plants promote cooperation between utilities and farmers, thus
reducing the risk and uncertainty for both groups. Feedstocks for these plants are from short-rotation
woody crops and/or herbaceous energy crops. Among the pilot plants designed to use woody energy
crops, whole-tree buming plants, developed by Energy Performance Systems, Inc., are more practical and
cost efficient. Whole-tree buming systems have lower feedstock handling losses and require less capital
investment for feedstock handling than those designed to burn processed wood chips.

Agriculture: A Supplier of Biomass

Agriculture has been and may continue to be a major supplier of biomass for energy. This section
summarizes agriculture's role as a past, present, and potential future source of renewable energy.

The development and adoption of technology is one of the most important factors that has impacted the
supply of energy from biomass originating in the agricultural sector. The development and adoption of
agricultural technology was facilitated by legislation designed to promote the public welfare. Some of the
key pieces of legislation are summarized below. It is important to note that 1) agriculture was a major
supplier of energy from renewable resources prior to the development and adoption of the intemal
combustion engine; 2) the development and adoption of tractors, related machinery and equipment, and



other agricultural production technologies have had a significant impact on land use and availability for
production of energy from biomass; and 3) that the development and diffusion of agricultural technology
was and is a very successful national policy.

Legislation Promoting the Development of USDA

The development of our agricultural system resulted from specific pieces of legislation designed to

promote the public welfare through development, dissemination, and adoption of agricultural technology.
Examples of such legislation include the following:

. the Organic Act of 1862 established the Department of Agriculture and gave it authority to
acquire and diffuse useful information related to agriculture;

. the Morrill Act of 1862 established the first land-grant university system to promote
agriculture, technology, and industry;

. the Hatch Act of 1887 strengthened the land-grant system by providing support to state
experimental stations; ’ :

. the second Morrill Act of 1890 established the 1890 land-grant colleges to provide
agricultural education for blacks; and

. the Smith-Lever Act of 1914 authorized USDA to cooperate with state extension programs
in agriculture-related fields.

Other policies designed to stabilize farm income and control the supply of agricultural products have had
significant impacts on the adoption of new technology. In general, these policies have tended to reward
the adoption of technology.

Impacts Assoclated with the Development and Adoption of Technology

Until the advent of the internal combustion engine, agriculture was a principal supplier of energy from
renewable resources. Animals were a major source of power for transportation in cities, moving
agricultural production from farm to local markets, agricultural production, and mining.

The adoption of tractors with associated farm machinery and equipment led to the development of a large
set of technologies related to plow depth and seed bed preparation, timing of practices and control of
planting depth, the placing of fertilizers, and the application of related agricultural chemicals required for
hybrids and other high-yielding crop varieties. These new technologies significantly improved yields.
The impacts of adopting these new technologies are noted below:

. a reduction in per capita land requirements for domestic consumption of 2.34 acres in the 1930s
to 0.93 in the 1980s;

. a reduction in land requirements to produce feed for animal power from 65 million acres in the
1930s to less than 4 million acres in the early 1960s;

. a reduction in farm labor requirements from an average of 10.4 million worker-years in the 1930s
to 1.9 million worker-years in the 1980s (based on 2080 hours per worker-year);

. a significant increase in the use of agricultural chemicals and machinery;

. significant reductions in the relative costs of food and fiber;
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. an increase in the acres of row crops; and
. a decrease in acres of close grown crops.

Technological development in livestock production efficiencies has also had a significant impact on land
use. In 1989, Robertson et al. reported that the dairy sector produced approximately 40 percent more
milk in 1988 than in 1930 with fewer animals and less land. Given 1930s' technology and today's level of
demand, we would need an additional 33 million acres for hay and 15 million acres of feed grains
(Robertson et al., 1989). Since the 1930s, the decrease in land requirements for animal power and milk
production has released over 100 million acres of cropland for other uses.

Avallability of Cropland for Blomass Production
Privately owned land in farms in the United States reached its zenith of approximately 1,161 million acres
in 1950. Since then, land in farms has decreased to approximately 964 million acres, a 17 percent

reduction. Of the 964 million acres, 421 million are classed as cropland and 494 million acres could be
converted from other uses to cropland (table 5).

Table 5 Selected Data on Cropland Planted and Land in Farms

Cropland planted Land in farms
(millions) (millions)
Yeard Acres Hectares Acres Hectares
1930 369.5 149.5 990.1 400.7
1940 347.8 140.7 1,065.1 431.0
1950 353.2 1429 1,161.4 470.0
1959 329.6 133.4 1,123.5 4547
1969 291.2 117.8 1,062.9 430.2
1978 336.4 136.1 1,014.8 410.7
1987 304.9 125.2 964.5 390.3

4 Data are for Ag-Census years at approximately 10-year intervals.
Includes Alaska and Hawaii.

The total potential cropland base in private farms is approximately 915 million acres. This includes the
current cropland base and also pasture, range, and forest lands that have a potential for conversion to
cropland as identified in the 1987 National Resources Inventory (table 6).

As shown in table 7, a significant amount of land was used to produce power from land prior to the
development of the intemal combustion engine. By the end of the 1960s, land used for animal power
became so insignificant that it was dropped as a category in the Agricultural Statistics series of the
Department of Agriculture.

As a result, fewer acres of close grown crops -- hay, oats, rye, and barley -- were required to produce
animal power. These acres were shifted into row crops. A shift back to close grown or to short-rotation
woody crops would provide more habitat for wild life, reduce erosion, sediment loadings, and agricultural
chemical loadings to ground and surface waters. This in turn would help to promote a more sustainable
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agricultural resource base. Table 8 shows the general trends in the distribution of cropland between row
crops and close grown crops.

Table 6 Potential Cropland

Acres Hectares

(millions) (millions)

Current cropland 421.4 170.5
Potential cropland

high potential 353 143

medium 117.6 47.6

low 340.7 137.9

Total potential 915.0 370.3

T Land in farms that has a high, medium, or low potential for conversion to cropland.

Table 7 Land Use for Energy, 1920 to 1964

Acres Hectares Percent of
Year/period (millions) (millions) cropland
1920 ] 91 37 25
1930s 65 26 19
1940s 32 13 9
1950s 12 5 4
1960s 4 2 1

Source: Agricultural Statistics

Table 8 Distribution of Row and Close Grown Crops, 1939-1989

Row crops Close Grown Crops
(millions) _ (millions)
Decade Acres Hectares Acres Hectares
1930s 132.9 53.8 174.4 70.6
1940s 126.5 51.2 192.2 77.8
1950s 108.1 43.7 178.6 72.3
1960s 125.4 507 | 147.9 59.9
1970s 150.4 60.9 147.9 59.9
1980s 162.1 65.6 . 1513 61.2

Source: Agricultural Statistics
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During the last 3 decades, land in annual and long-term set-asides has fluctuated from 0 to 78 million
acres. As of the 12th sign-up, there are approximately 36 million acres in the Conservation Reserve
Program, a long-term cropland retirement program.

Over the past 50 years, the rate of development of technology has increased faster than the rate of
increase in demand for food and fiber. Various projections have been made to estimate land requirements
to produce food and fiber for domestic and export demands. If the above historical trend continues
through 2030, an average of 190 million acres will be needed to supply projected levels of domestic
consumption and exports. Projections on land requirements made for the second RCA Appraisal indicate
that average land requirements may range from a low of 218 million acres to a high of 346 million acres.
Actual land use may vary as much as 80 miilion acres above or below the averages due to uncertainties
associated with weather and international demand.

In the near term (1990s), the Northem Plains, Corn Belt, Lake States, and Southem Plains are most likely
to have land available for biomass production. During the early to mid-2000s, there is likely to be some
shifting in land use due to higher water requirements as yields continue to increase. This will shift the
relative advantage to the Corn Belt over the Great Plains. Of the 1and projected to be idled in 2030, up to
40 percent of the excess will come from the Northem Plains, 16 percent from the Southern Plains, and 9
percent from the Lake States.

Other Factors to Consider

A successful biomass program must be developed around the existing and expected structure of the farm
sector. The current structure has evolved significantly over time. The structure of agriculture will
continue to change as new technologies are developed and as society becomes more aware of the need to
protect the Nation's soil, water, and related resources. Over the next 4 to 5 decades, agriculture has the
potential to significantly reduce emissions of greenhouse gases and other air pollutants released into the
atmosphere from combustion of fossil fuels.

The number of farms has decreased from 6.8 million in 1935 to 2.1 million in 1990. Land in farms has
decreased from 1,161 million acres in 1950 to 964 million in 1987. As mentioned above, labor
requirements have dropped from around 10 million worker-years in the 1930s to approximately 2 million
worker-years in the 1980s. Of the 1.9 million farms that reported sales of agricultural products in the
1897 Agricultural Census, the top 5 percent of the producers accounted for 95 percent of the market value
of products sold. For more information, see tables 9 through 11.

Projections on the distribution of farm land for the year 2000 indicate that there will still be a significant
change in the structure of the farm sector. Tweeten, Heady, and Lin et al. have projected the following:

. over 1/2 of the farms will have 2,000 acres or more;
. the largest 50,000 farms will operate approximately 1/2 of the land;

. 50,000 farms will produce most of the farm output, next 200,000 will produce next largest
share, and the rest will produce the smallest portion.
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Table 9 Number of Farms for Selected Census Years, 1935-1990

Million
Year farms
1935 6.8
1945 5.9
1959 3.7
1969 ' 2.7
1979 , ‘ 2.3
1987 2.1
1990 2.1

Source: Agricultural Statistics

Table 10 Distribution of the Value of Products Sold by Farms in 1987

Percent value

Percent farms of production
top 5 - 55

next 22 34
next 27 10
bottom 46 : 2

Source: 1987 Census of U.S. Agriculture

Table 11 Distribution of Farm Size, 1987

Farm size Percent of farms Percent of land
less than 179 acres 68.8 16.6
180 - 499 acres 20.8 21.3
500 - 1,999 acres 8.9 27.7
2,000 or more 1.5 34.3

Source: 1987 Census of U.S. Agriculture

Summary and Policy implications

The promotion of biomass production will provide an economic use for current and projected surplus
agricultural lands. This assumes that biomass can be produced at a rate of return comparable to
alternative crops. If demand for biomass were sufficient, additional land could be converted from the
total potential cropland base.

The development of electric power generation from biomass would have positive impacts on the rural
sector. First, underutilized land resources could be put to productive use. This would increase on-farm
income and employment. Second, because additional equipment would be required as the demand for
biomass production increases, additional jobs will be created in the farm services sector. Third, the
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transformation of biomass into a higher valued product (electricity) in rural areas will also generate
employment opportunities and increase income generation in rural areas.

Current policies that promote urban sprawl will limit the amount of land available for biomass
production. Land in farms reached its zenith in 1950 at 1,161 million acres. Since 1950, land in farms
has decreased 17 percent. As land for food, feedstuffs, livestock, and biomass production becomes
limiting, prices of all products will tend to rise.

~ Policies to promote the development and adoption of agricultural technology at the historical rate could
provide up to 150 million acres of the current cropland base for biomass production by 2030.

Policies to promote the production of biomass under long-term contracts and/or a futures market that
would assure a market for specific quantities and gualities of biomass would tend to stabilize income and
employment for biomass producers.

Policies to promote the production of biomass could include the utilization of commodity set-aside fand
and CRP land at a reduced payment schedule. This would permit producers to learn how to produce a
new product at a fower risk and also reduce the cost of commodity supply control and income
stabilization programs.

Policies to promote the production of biomass must consider the changing structure of the agricultural
sector. Can producers with limited land resources improve their standard of living by producing
biomass?

Policies to promote the production of biomass must be coordinated with policies to protect the Nation's

soil, water, and related resources; policies to improve income and employment opportunities in rural
areas; and policies to mitigate negative impacts of greenhouse gas emissions.
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Abstract

The USDA Forest Service has developed long-term projections of wood energy use as part of a 1993
assessment of demand for and supply of resources from forest and range lands in the United States. To
assess the impact of wood energy demand on timber resources, a market equilibrium model based on
linear programming was developed to project residential, industrial, commercial, and utility wood energy
use from various wood energy sources: roundwood from various land sources, primary wood products
mill residue, other wood residue, and black liquor.

Baseline projections are driven by projected price of fossil fuels compared to price of wood fuels and the
projected increase in total energy use in various end uses. Wood energy use is projected to increase from
2.67 quad in 1986 to 3.5 quad in 2030 and 3.7 quad in 2040. This is less than the DOE National Energy
Strategy projection of 5.5 quad in 2030. Wood energy from forest sources (roundwood) is projected to
increase from 3.1 billion (10%) ft3 in 1986 to 4.4 billion ft3 in 2030 and 4.8 billion ft3 in 2040 (88, 124
and 136 million m3 , respectively). This rate of increase of roundwood use for fuel -- 0.8 percent per year
-- is virtually the same as the projected increase rate for roundwood for pulpwood. Pulpwood roundwood
is projected to increase from 4.2 billion ft3 in 1986 to 6.0 billion ft3 in 2030 and 6.4 billion ft3 in 2040
(119, 170 and 183 million m3, respectively).
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Introduction

The Forest Service of the U.S. Department of Agriculture is directed under requirements of the
Renewable Resources Planning Act (RPA) of 1978 to make periodic assessments of the current and long-
range demand for and supply of renewable resources from forest and range lands in the United States.
The Forest Service prepares major assessments each decade and is now completing a mid-decade update.
The assessment update has been prepared in draft form (USDA Forest Service 1993). This paper
discusses part of the assessment update. It focuses on a part of the timber situation--the analysis of
demand for and supply of wood for energy. The results in this paper are an update of the projections
prepared for the 1989 RPA Assessment (High and Skog 1990). '

The model discussed in this paper, the National Wood Energy Model (NAWEM), projects how much of
several types of wood energy will be used by 1) households, 2) pulp/paper/paperboard mills, 3) solid
wood products mills, 4) other industries, 5) commercial buildings, and 6) electric utilities in response to
projected changes in fossil fuel prices and wood energy supply.

Wood for energy can come from many sources. To assess timber demand, it is useful to sort wood
energy supply sources because many sources are not used for sawlogs, veneer logs, or pulpwood. As a
result, much wood energy supply (nongrowing stock) may not compete with lumber, panels, and paper
for wood input. Wood energy supply sources used to prepare this report include:

Roundwood, in the form of
Stickwood (primarily for residential use)
Logging residue (wood that would be left on harvest sites if not used for fuel)
Chips (made by whole tree harvesting and chipping)

Wood residue from primary wood products mills:
(wood and bark from pulp and paper mills, sawmills, and panel mills)

Wood residue from secondary wood products mills
construction waste, demolition waste, and discarded wood products (e.g. pallets)

Black pulping liquor from wood pulp mills

Roundwood, which by definition comes directly from timber, is further subdivided into categories
traditionally used to assess timber supply: first, by hardwood and softwood species; second, by land
source--timberland, other forest land, and nonforest land; and third, (on timberland only) by type of
timber volume--growing stock and other. Timberland produces growing stock growth of 20 ft- per acre
per year or more; other forest land produces less. The "other" category of timber volume includes tops,
branches, cull sections, and saplings. For simplicity, we group roundwood into four categories:

Growing stock volume
Hardwood
Softwood

Other sources
Hardwood
Softwood
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Methods Used to Project Wood Energy Use to 2040

Wood energy demand and supply have been projected through the year 2040 with the use of a computer
model (NAWEM) that simulates economic markets, where supply of wood fuels from 15 sources is
balanced against demand from six end users for three U.S. regions. The model is constructed using the
Price Endogenous Linear Programming framework (PELPS) developed at the University of Wisconsin
(Zhang, Buongiorno, and Ince, in preparation).

NAWEM determines the quantities and prices of wood fuels supplied, and quantities and prices of wood
energy demanded in various end uses. The model interacts sequentially with other U.S. Forest Service
models. It obtains input projections from, TAMM/ATLAS and NAPAP, and provides output projections
for TAMM. Through several exchanges of projections, these models provide mutually consistent
projections of supply and demand for timber, wood products, and wood energy for the U.S. forest sector..
Figure 1 shows projections that are passed between models. TAMM and associated models project
sawtimber, lumber and panel production, and end use (Adams and Haynes 1980); ATLAS projects
timber growth, inventory and the distribution of timber removals. NAPAP projects pulpwood use; pulp,
paper, and paperboard production; and paper and paperboard recycling (Ince, in press).

NAWEM is disaggregated into three independent regional models, North, South, and West. They are run
simultaneously. Since transporting wood fuel for long distances is not economical, we assume there is
no interregional trade in wood fuel supplies. The regions are shown in figure 2.

Structure of the Model

The model projects wood energy use by solving a series of annual linear programming problems, starting
with the base year 1986. In each year, three sets of sector characteristics are specified : 1) a set of raw
material (wood fuel) supply equations, 2) a set of technology conversion characteristics, and 3) a set of
end-use demand equations. For each year, market equilibrium quantities and prices of wood energy
commodities supplied and demanded are calculated by using linear programming to maximize consumer
plus producer surplus (in terms of a graph of supply and demand curves, this is the area under demand
curves above price plus area above supply curves below price). Between yearly estimates, projected
values of exogenous variables are used to update supply equations, technology conversion factors, and
demand equations.

Demand and supply equations are of the Cobb-Douglas form with the allowance for possible dynamic
partial adjustment of demand or supply by including a lagged independent variable on the right-hand side
of equations. This is to accommodate the possibility that demand and supply may be slow to respond to
wood energy or fossil fuel price changes. That is, long-run price elasticity may be greater than short-run
price elasticity.

Wood Energy Demand Equations

Demand equations are estimated for six end uses: Residential Households, the Pulp and Paper Industry,
Other Forest Products Industry, Other Industry, Commercial Buildings, and Electric Utilities. Demand is
measured in Btus (joules) of energy content in the wood fuel before conversion to heat, steam, or
electrical energy.
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Demand equations for residential fuelwood use have elasticities estimated from a model using cross-
sectional data on fuelwood use in 1980-81 (Skog 1989). The model shows how fuelwood demand per
household responds to changes in prices of fuelwood and fossil fuels; household income; population
density; heating degree days; and percentage of land in forests. For our long-run projections, we assume
heating degree days will remain at the long-run average level and forest land area will remain at the
current levels.

Results show that household demand response to fuel price change is slightly inelastic (less than 1)
(table 1). Fuelwood use per household declines with increasing population density and increases with

increasing income. Demand is adjusted for increasing efficiency of wood and fossil fuel burning between
yearly estimates. ‘

Wood energy use in the Pulp and Paper Industry is divided into two parts: use of black liquor, and use
of wood and bark. Demand for black liquor for fuel is projected exogenously based on projections of
paper and paperboard production from the NAPAP model. Demand for wood and bark for fuel is
projected by NAWEM endogenously using estimated demand equations. The wood and bark demand
shifters include wood fuel price, fossil fuel price, quantity of purchased fuel, and lagged wood and bark
demand (Zhang 1992). Equation estimates indicate demand is determined primarily by previous period
(lagged) demand and changes only slowly in response to changing prices and quantity of purchased fuel
(table 2) . As for household demand, demand equations are adjusted for expected increasing efficiency of
wood and fossil fuel burning.

Demand equations for Other Forest Products Industry and Other Industry were estimated with a single
equation using data for all industry (other than Pulp and Paper). Demand shifters include wood fuel
price, and fossil fuel price, the level of industrial production, and lagged wood energy demand. Equation
estimates indicate demand is determined largely by previous period demand, but to a lesser extent than
that for Pulp and Paper (table 2). Changes in prices and production level have a greater short run
influence on demand for Other Industry than for the Pulp and Paper Industry. That is, the impact of a
given change in prices occurs more quickly for Other Industry.

Separate equations are used in NAWEM for Other Industry. Although the elasticities are the same as for
Other Forest Products Industry, different shift variables are used to indicate the trend in the level of
industrial production. Roundwood use in the industry is used as a shift variable for Other Forest

~ Products, and the U.S. index of industrial production is used for Other Industry. Demand equations are
adjusted between yearly estimates for expected increasing efficiency of wood burning and fossil fuel
burning.

Demand equations for Commercial Buildings use shifters including wood and fossil fuel prices, amount
of commercial floor space and lagged wood energy demand. Equation estimates suggest demand is more
responsive to prices than the Pulp and Paper Industry but less responsive than Other Industry (table 2).

Demand equations for Electric Utilities use shifters including wood and fossil fuel prices, amount of
power produced and lagged wood energy demand . Equation estimates suggest demand by Electric

Utilities is about as responsive to price changes as demand for Commercial Buildings (table 2)

Note that the demand elasticities in table 2 are short run elasticities. They indicate the change in demand
over one year in response to a change in prices or the indicator of production.
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Table 1.--Residential fuelwood demand equation elasticities

Own price Fossil fuel Number of Household income  Population density

price households

-0.87 0.87 1.00 0.30 -0.55

Source: Skog 1989.

Table 2.-- Wood energy demand equation elasticities

Demand elasticity with respect to:

End use Own price  Fossil fuel Sector Sector Lagged
price production production wood energy
indicator indicator name demand
North
Pulp and paper -.08 .08 .04 Purchased fuel .96
Other Forest Products -.39 .39 .19 Roundwood use .81
Other Industry - -.39 .39 .19 Industry production .81
Commercial Buildings -.15 15 .16 Floor space .84
Electric Utilities -.13 13 .09 Power production 91
South
Pulp and paper -.08 .08 .04 Purchased fuel .96
Other Forest Products -.39 39 19 Roundwood use 81
Other Industry -39 .39 .19 Industry production .81
Commercial Buildings -.15 .15 .16 Floor space .84
Electric Utilities -13 13 .09 Power production 91
West
Pulp and paper -.08 .08 .04 Purchased fuel .96
Other Forest Products -.39 .39 19 Roundwood use 81
Other Industry -39 .39 .19 Industry production .81
Commercial Buildings -.14 .14 .16 Floor space .84
Electric Utilities -.10 .10 .29 Power production 71

Sources: Zhang 1992.
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Long run elasticity (response over several years) is calculated as:
ELR =(Egr/((1-ELD))

where Ey g and EgR are short run and long run elasticities, respectively, and
E| p is the elasticity with respect to lagged wood energy demand.

For example, the long run wood price elasticity for Pulp and Paper wood energy demand (excluding
black liquor) is 2.0 (=.08/(1-.96)). In the long run demand is highly responsive to prices of wood
and fossil fuels. Long run elasticities are 1.4 to 2.1, except for Commercial Buildings and Electric
Utilities in the West where elasticities are lower.

Technical Conversion Factors and Technology Improvement

Wood fuel supply quantities in cubic volume are converted to Btus of energy based on 8600 Btw/1Ib for
both hardwood and softwood, and 30.4 1b/f3 for softwoods and 34.8 Ib/ft3 for hardwoods.

Projected technology improvements in the efficiency of converting wood to energy have an influence by
shifting demand equations and thereby decreasing the amount of demand as efficiency increases. For
residential fuelwood use, the improvement in efficiency is estimated to average about 0.9 percent per
year; for Commercial Buildings, 0.7 percent per year; and for all industrial sectors, 0.6 percent per year.

Wood Fuel Supply Equations

Supply equations were prepared for 16 categories of wood fuel (tables 3 and 4). Preparation of these
equations was more speculative than for wood fuel demand because data are very limited. Supply price

is generally the price including delivery to a particular end user. Supply to alternate users may have extra
transport costs added.

Sixteen supply sources were identified in an effort to distinguish among characteristics of various
sources. The first six sources in table 3 are stickwood sources used only by Residential Households and
are supplied by household harvesting or commercial vendor harvesting. Residential Households also use
logging residue (in the form of stickwood) and coarse residue from primary wood products mills.
Logging residue supply is wood taken for fuel in either combined harvesting operations when sawlogs,
veneer logs, or pulpwood are removed, or subsequent to initial harvesting operations.

If black liquor is excluded, Pulp and Paper mills use the same wood fuel sources as Other Forest Products
Industry mills: residue from primary wood products mills, logging residue, and other residue (which
includes residue from secondary wood products mills).

Other industry, Commercial Buildings, and Electric Utilities are assumed to compete for the same
sources as forest products plants but generally incur higher transportation costs. As the price of these
residue sources increases we assume they will also use chips from whole tree harvesting. Unlike logging
residue harvest, whole tree harvesting only takes wood for fuel. No other products are extracted.

Supply equations in table 3 are specified by several features:
--an elasticity with respect to delivered price,
--an elasticity with respect to the inventory or annual production of the wood source, and
--in some cases, an exogenously given upper limit of supply and reservation price from TAMM.
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Table 3.--Wood fuel supply equation elasticities and/or use of an upper limit
Demand elasticity with respect to:
Supply equation Own price Inventory or Inventory or Upper limit
production production and/or
- variable reservation price
source
Softwood growing stock - .85 1.00 SW GS inventory -
Hardwood growing stock 85 1.00 HW GS inventory -
Other softwood roundwood .90 1.00 SW GS inventory -—
Other hardwood roundwood .90 1.00 HW GS inventory -—
Other forest roundwood 95 1.00 GS inventory -
Non-forest roundwood .95 - --- -
Logging residue ‘ .95 1.00 Annual logging TAMM
residue production
Softwood coarse residue 1.00 1.00 SWC Residue TAMM
Hardwood coarse residue 1.00 1.00 HWC Residue TAMM
Softwood fine residue 1.00 1.00 SWF Residue TAMM
Hardwood fine residue 1.00 1.00 HWF Residue TAMM
Softwood bark : 1.00 1.00 SW Bark TAMM
Hardwood bark 1.00 1.00 HW Bark TAMM
Other wood residue 1.00 - -—- o

Table 4.--Whole tree chip supply equation variables, elasticities and/or use of upper limit

or reservation price.

Demand elasticity with respect to:

Supply Own price  Growing Sawlog Bond Lagged Upper limit
equation/region stock price discount wood projection
inventory rate supply source
Softwood chips
North .903 250 -.009 -- 5 ---
South .909 .300 .110 -- .70 -
West - - --- - - TAMM
Hardwood chips
North 1.674 .590 .550 .78 41 -—
South 3.618 .350 .550 4.12 .65 -
West — — — — — TAMM

Source: Ince, in press.

3 GS is growing stock volume. SWC, HWC, SWF, and HWF are softwood coarse, hardwood coarse, softwood

fine, and hardwood fine residue, respectively.
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The elasticities in table 3 with respect to delivered price are based on estimates of pulpwood supply
equations for the Lake States (Adams 1975). These results suggest an elasticity of about 1. Price
elasticities were set lower for growing stock than for nongrowing stock on the premise that owners would
be less willing to sell growing stock for fuelwood because it may have an alternate market for pulpwood,
or other higher valued products. p
Whole tree chip supply equations were developed based on pulpwood roundwood supply equations used
in the NAPAP model (Ince, in press). We assume that pulpwood roundwood and whole tree chips would
_be supplied from the same inventory pool of timber and would be harvested by the same type of
harvesting operators. This timber inventory pool includes both growing stock (used for pulpwood) and
nongrowing stock (not used much for pulpwood). The NAPAP pulpwood supply equations were
adjusted to include the estimated amount of nongrowing stock associated with the growing stock
supplied for pulpwood. These adjusted supply equations are included in NAWEM as a source of both
pulpwood roundwood supply and whole tree chip supply (table 4). In NAWEM, pulpwood demand from
NAPAP (plus associated but unharvested nongrowing stock) is deducted from the supply. NAWEM

solves for additional amounts of growing stock and nongrowing stock taken from the supply equations
for fuel.

Assumptions and Limitations

The demand equations were constructed using historical data on the assumption that end users would
alter wood energy demand in response to changing prices, industry production, and other factors in a
manner similar to recent history. No provision was made for government intervention in markets beyond
“environmental restrictions, which are reflected in the historical data.

We assume, in these base case projections, that economical fuelwood supplies will be restricted to the 16
categories used in the model and that conditions would not develop to allow extensive development of
plantations of fast-growing trees for fuel.

'Projections of the amount of roundwood that comes from growing stock are strongly influenced by the
assumed proportion of whole tree chips that are from growing stock. We assume that as whole tree
harvesting expands, harvest methods and composition of harvested stands will decrease the proportion of
whole tree chips that come from growing stock over the projection period.

External Inputs

Supply and demand equations are shifted over time by changes in independent variables such as timber
inventory or industrial production. These independent variables, with the exception of price, are
projected exogenously. Demand equations are shifted by variables which include average fossil fuel
prices in various sectors, the industrial production price index, commercial floor space, and electric
power production. These projections are from the National Energy Strategy (DOE 1991). Residential
demand equations are shifted by additional variables including U.S. population, household income, and
population per household (USDA Forest Service 1988). Selected supply equations are shifted by
pulpwood roundwood use, pulpwood residue use, and purchased energy in the Pulp and Paper industry
from the NAPAP model (Ince, in press). Supply functions are also shifted by hardwood and softwood
growing stock inventory, primary mill wood residue production, sawtimber price, and harvest of
sawtimber and pulpwood (determinants of logging residue). Except for pulpwood roundwood, these
latter projections are from the TAMM model.
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Projections of Wood Energy Use 1986 to 2040

Demand for Wood Energy

Overall, NAWEM projects total wood energy use to increase 39 percent between 1986 and 2040: from
2.66 quad in 1986, to 3.40 quad in 2030, and 3.70 quad in 2040 (table 5, figure 3)

(1 quad equals 1.055 x 10l joules). In comparison, the National Energy Strategy base case projects
higher total use of 5.5 quad by 2030 (DOE 1990). Both NAWEM and NES base case projections
exclude use of biomass to make alcohol fuels. It appears the difference between the projections is due to
the substantially different projection methods used. The NES projections of wood energy use given in
two parts: electric power production (0.5 quad in 2030) and dispersed applications (5.0 quad in 2030).
The dispersed applications projections are made using equations linking historical changes in aggregate
wood energy use in three sectors (industrial, residential, commercial/utility) to historical changes in
GNP, electricity prices, and world oil price. They do not account for projected changes in wood fuel
price.

The NES projections for 2030 are probably to high because the projection equations were estimated on
data over a period when price was low for residential fuelwood and mill residue was cheap and readily
available for use by industry, commercial buildings, and utilities. Mill residue is now almost fully
utilized for fuel or products and future increases in industrial/commercial/utility wood energy use must
come from more expensive logging residue and whole tree chip sources. The NES projections are to
high because they do not account for these projected changes in wood sources and the resultant extra
increases in price of wood fuels. '

NAWEM projects wood energy use will increase fastest for Other Industry (126 percent), Commercial
Buildings (68 percent), and Electric Utilities (56 percent) over the projection period. But the proportion
of total wood energy use in these sectors will still be low--7.6 percent in 2040. Residential use will
increase 53 percent, Pulp and Paper 27 percent, and Pulp and Paper 2 percent. Pulp and Paper use will
increase by 30 percent in the North and South, but will decline by 31 percent in the West due to
constraints on timber harvest. ‘

Wood energy use will increase the most over the projection period in the North, 54 percent, followed by
the South, 38 percent, and the West, 15 percent. Two key reasons of the differences among regions are
differences in projected average fossil fuel prices (each region has a different mix of fuels), and regional
differences in the availability of various sources of wood supply.

Supply of Roundwood for Energy

The impact of wood energy use on forest wood resources is determined by the amount of wood fuel that
comes in the form of roundwood from forests, either growing stock or nongrowing stock. Use of forest
sources are lower to the extent that wood energy is produced from alternate sources, including wood mill
residue, black pulping liquor, or waste wood products such as pallets. Although NAWEM projects
roundwood and wood residue use for fuel, the following section focuses on roundwood use because of its
important impact on forest wood use. '

NAWEM projects roundwood use for energy to increase from 3.1 billion ft3 in 1986 (26 percent from
growing stock) to 4.4 billion 3 in 2030 and 4.8 billion ft3 in 2040 (22 percent growing stock) (table 6,
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Figure 3.--U.S. Wood energy use, 1972-1986, with projections to 2040.
Sources: Klass 1988, DOE 1991. (1 Btu = 1055 joules)
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Figure 4.--U.S. Roundwood use for energy, 1970-1986, with projections to 2040.
Source: USDA Forest Service 1990. (1 ft3=0.028 m?)
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Table 5.--Wood energy demand in the U.S. in 1986, with projections to 2040

Pulp and Paper
Other
Region/ Black Wood and Forest Other
Year Total Residential Liquor Bark Products Industry Commercial Utilities
Quadrillion Btu@
North
1986 0.849 0.570 0.100 0.070 0.045 0.048 0.011 0.004
1990 0.807 0.529 0.107 0.068 0.045 0.044 0.011 0.004
2000 0.977 0.665 0.124 0.066 0.048 0.057 0.013 0.005
2010 1.067 0.724 0.127 0.069 0.053 0.072 0.015 0.006
2020 1.126 0.770 0.131 0.070 0.055 0.078 0.016 0.006 -
2030 1.218 0.856 0.116 0.073 0.056 0.092 0.018 0.006
2040 1.309 0.933 0.106 0.076 0.058 0.110 0.020 0.006
South
1986 1.288 0.242 0.650 0.261 0.094 0.035 0.006 0.000
1990 1.292 0.215 0.694 0.252 0.092 0.032 0.006 0.000
2000 1.494 0.261 0.825 0.253 0.107 0.041 0.007 0.000
2010 1.611 0.285 0.867 0.273 0.125 0.053 0.008 0.000
2020 1.680 0.301 0.901 0.277 0.136 0.057 0.008 0.000
2030 1.666 0.331 0.815 0.293 0.152 0.067 0.009 0.000
2040 1.782 0.357 0.859 0.357 0.123 0.076 0.010 0.000
West
1986 0.526 0.175 0.146 0.060 0.116 0.019 0.005 0.005
1990 0.500 0.150 0.161 0.060 0.102 0.018 0.004 0.005
2000 0.508 0.158 0.196 0.061 0.060 0.021 0.005 0.007
2010 0.525 0.166 0.200 0.064 0.055 0.027 0.006 0.008
2020 0.544 0.175 0.206 0.065 0.055 0.029 0.006 0.008
2030 0.558 0.197 0.184 0.067 0.061 0.033 0.006 0.008
2040 0.604 0.222 0.170 0.072 0.080 0.045 0.007 0.008
United States
1986 2.663 0.987 0.897 0.391 0.255 0.102 0.022 0.009
1990 2.600 0.894 0.963 0.380 0.239 0.094 0.022 0.009
2000 2.979 1.084 1.144 0.381 0.215 0.119 0.025 0.011
2010 3.203 1.174 1.195 0.406 0.233 0.152 0.029 0.013
2020 3.350 1.245 1.239 0412 0.247 0.164 0.030 0.014
2030 3441 1.384 1.115 0.433 0.270 0.193 0.033 0.014
2040 3.695 1.512 1.135 0.505 0.261 0.231 0.037 0.014

2 1 Btu = 1005 Joules.
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Table 6. -- Roundwood used for fuel in the U.S.in 1986 with projections to 2040
(excludes logging residue use)2

Roundwood Growing Stock
Year Total HW Sw Total HW SwW

Million cubic feet?

North

1986 1825 1705 121 241 223 18

1990 1748 1636 112 264 247 18

2000 2189 1952 236 . 326 268 58

2010 2441 2095 346 363 276 87

2020 2530 2209 322 371 295 76

2030 2674 2404 271 - 356 299 57

2040 2898 2668 230 377 332 45

South

1986 739 682 - 57 329 286 43

1990 758 702 57 344 301 43

2000 800 743 57 365 323 42

2010 864 747 116 399 325 74

2020 875 773 102 384 319 65

2030 914 849 65 361 311 49

2040 998 926 73- 354 299 55

West

1986 531 192 340 228 86 142
1990 513 183 330 227 84 143
2000 -~ 575 200 375 272 95 177
2010 644 230 414 297 107 190
2020 708 254 455 315 113 203
2030 799 295 : 504 312 114 198
2040 914 302 612 314 119 195
United States

1986 3096 2578 518 798 595 202
1990 3019 2521 498 835 632 203
2000 3563 2895 667 963 686 277
2010 3949 3072 877 1058 708 350
2020 4114 3235 878 1070 727 343
2030 4388 3548 840 1029 724 304
2040 4810 3896 914 1045 750 295

2 HW is hardwood and SW is softwood. -
b1 3 =0.0283 m3

30



figure 4) (88, 136 and 124 million m3, respectively). The increase is 55 percent over the projection
period. NAWEM projections are consistent with the 1989 Forest Service fuelwood projections of

5.1 billion ft3 by 2040 (High and Skog 1990). Our current projections are lower primarily because
projected fossil fuel prices are now lower. In 1989 DOE projected world oil prices to increase to

$61 (1990$/barrel) by 2030. Currently the National Energy Strategy projects world oil price to increase
to $49 (1990S$/barrel) by 2030. The rate of increase of roundwood use for fuel, 0.8 percent per year, is
virtually the same as that the projected rate of increase of roundwood use for pulpwood. Pulpwood
roundwood is projected to increase from 4.2 billion ft3 in 1986 to 6.0 billion ft3 in 2030 and

6.4 billion ft3 in 2040 (119, 170 and 183 million m3, respectively) (Ince, in press). This rate of increase
in greater than for total roundwood harvest which is projected to increase from about 18 billion ft3 and
25 billion ft3 between 1990 and 2040, or 0.68 percent per year.

The proportion of roundwood used for fuel that is from growing stock is a critical factor in determining
the impact of wood energy use on forest wood sources. Most timber products (sawlogs, veneer logs, and
pulpwood) come predominantly from growing stock - 70 percent or more. But only 26 percent of
fuelwood comes from growing stock. If this proportion from growing stock declines to 22 percent as
projected by NAWEM then the wood energy drain from growing stock will increase about 31 percent
through 2040, much less than 55 percent increase for all wood energy from roundwood, and less than the
40 percent increase for all roundwood harvested.

Conclusions

Wood energy use is projected to increase 39 percent, which is modest in comparison to the large
increases in the 1970's and early 1980's. This is based on projected increases in fossil fuel prices from
the National Energy Strategy, the aggregate increases in residential and industrial energy consumption,
and the supply response, including price increases, from wood energy sources.

Roundwood use for fuelwood is projected to increase about 55 percent over the projection period, which
is faster than for the projected use of wood residue and black liquor sources.

Roundwood use for fuelwood is projected to remain a significant factor in forest management and
harvesting at about 75 percent the volume of roundwood used for pulpwood. But, unlike pulpwood
roundwood, fuelwood roundwood is projected to use only 22 percent from growing stock volume by
2040. Pulpwood roundwood is 74 percent from growing stock. Therefore, fuelwood use has a much
lower impact on drain of growing stock than pulpwood.

These projections would be altered by changes in key assumptions; a change in the trend in fossil fuel
prices; major advances in technology which reduces the cost to convert wood to energy; an increase in
the proportion of fuelwood roundwood from growing stock; advances in reducing the cost of producing
short rotation woody crops; and changes in government regulations or incentives such as those that
would restrict harvesting to maintain ecosystem features or that would promote tree planting to sequester
atmospheric carbon.
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Abstract

The National Audubon Society sees biomass as an appropriate and necessary source of energy to help
replace fossil fuels in the near future, but is concerned that large-scale biomass plantations could displace
significant natural vegetation and wildlife habitat, and reduce national and global biodiversity. We support
the development of an industry large enough to provide significant portions of our energy budget, but we
see a critical need to ensure that plantations are designed and sited in ways that minimize ecological
disruption, or even provide environmental benefits. We have been studying the habitat value of
intensively managed short-rotation tree plantations. Qur results show that these plantations support large
populations of some birds, but not all of the species using the surrounding landscape, and indicate that
their value as habitat can be increased greatly by including small areas of mature trees within them. We
believe short-rotation plantations can benefit regional biodiversity if they can be deployed as buffers for
natural forests, or as corridors connecting forest tracts. To realize these benefits, and to avoid habitat
degradation, regional biomass plantation complexes (e.g. the plantations supplying all the fuel for a
powerplant) need to be planned, sited, and developed as large-scale units in the context of the regional
landscape mosaic.

Introduction

As the world seeks alternatives to fossil fuels to slow global warming, attention has naturally focused on
a variety of solar energy sources, including biofuels. Since the carbon accumulated in the biomass of
growing plants through photosynthesis is almost entirely derived from atmospheric CO,, the combustion
of that biomass does not, if the resource is used sustainably, cause a net input of CO, to the atmosphere.
Advances in the extraction of this energy make the deliberate farming of biomass crops a realistic addition
to our energy budget in the near future.
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Clearly, any technology that will produce energy without adding to the planet’s atmospheric carbon budget
should be examined carefully. Yet, without proper management, large-scale dependence on biofuels would
bring its own major environmental problems. Of special concem to ecologists is the prospect that
increasingly intensive land usage to grow biomass for energy will further reduce natural biodiversity (Cook
et al. 1991). Moreover, by making bioenergy more competitive with other alternatives to fossil fuels, the
application of biotechnology and other new technologies may increase its ecological impacts.

If bioenergy becomes a major contributor to our national (or global) energy budget, the 1and needed for
production of the biomass involved will be very substantial (Beyea et al. 1991). It is therefore critical to
understand the impacts that biomass plantations have on wildlife habitat values in the affected 1andscapes.
We see the possibility of immense tracts of land being converted to short-rotation monocultures of rapidly
growing plants. These may replace croplands, pasturelands, prairies, forests and degraded lands.

Biomass plantations are likely to provide habitat that is more suitable for a wider range of species than
the habitat provided by typical row crops. Likewise, they are likely to-provide better habitat than do
degraded lands that are poorly vegetated or dominated by weedy vegetation. Conversely, it is. unlikely
that biomass plantations will represent habitat improvements compared to forests or prairies, although their
relative value will depend on their design and management.

Biomass plantations are typically envisioned as monocultures that will be intensively managed for maximal
production with little or no concemn for their value as wildlife habitat, i.e., like agricultural row crops.
As monocultures, such plantations will have greatly reduced plant species diversity, and will probably
provide good habitat for only a fraction of the fauna that would occupy the site with its natural vegetative
cover. Among vertebrates, widespread generalist species that are least at risk are most likely to prosper
in monocultural biomass plantations. Conversely, with some exceptions, those species that are habitat
specialists or have restricted ranges are unlikely to prosper in such plantations.

It may be possible to design and manage plantations to provide higher quality wildlife habitat without

unacceptable losses in biomass productivity. Determinants of agricultural and forestry practices that

maintain natural biodiversity and are sustainable on a long-term basis are emerging in such disciplines as
sustainable agriculture, agroforestry, new forestry and landscape ecology (Harris 1984, Gliessman 1990,

Probst and Crow 1991). It appears that long-term sustainability entails the management of complex

natural ecosystems and successional sequences, or the use of crop management systems modeled on such

natural processes.

We support the development of a biofuels industry, provided that the industry is developed in an
environmentally sensitive manner. Biomass plantations should be integrated into landscapes in ways that
enhance rather than degrade the regional (gamma) biodiversity. This paper discusses ways to enhance
natural regional biodiversity while developing biomass plantations. We propose here some guidelines for
designing and siting biomass plantations in ways that enhance regional biodiversity.

We believe that restoring the natural biodiversity in agricultural landscapes will require a more regional
approach to land-use decisions. In choosing the appropriate crop in a given field, for example,
consideration should be given not only to the soil and moisture conditions of the field and the market
conditions, but also to the field’s surroundings. For example, a woody biomass crop might be the most
appropriate crop from a biodiversity perspective to plant in a field occupying a gap in an expanse of more
natural forest, or in a field separating two tracts of forest. Field sizes and surrounding habitats greatly
affect habitat value of agricultural landscapes (Best et al. 1990), and can be altered to enhance
biodiversity.
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Ecological Guidelines

Sultable Lands

From a biodiversity perspective the most suitable lands for biomass plantations are currently or recently
cultivated farrnland. Such land generally supports only minor components of the historic natural flora,
and the more adaptable fauna. We do not favor converting existing forest lands to short-rotation biomass
crops, as that is likely to displace portions of the forest biota. We also oppose breaking natural prairie
or other native grasslands to plant biomass crops.

Conservation Reserve Program (CRP) lands are often suggested as appropriate sites for biomass crops.
These are areas of farms that are particularly susceptible to erosion, and that are enrolled in a government

“program that pays the landowner to remove them from cultivation and keep them vegetated, often with
perennial grasses. Perennial biomass crops require less soil disturbance than cultivation of annual crops,
and so may be suited to these lands. Use of these lands for biomass crops presumably would terminate
the subsidy program, and return them to economic productivity.

Many bottomland areas, particularly in eastern North America, have rich soil but often crops are lost
because the fields are too muddy to negotiate at planting or harvest time. These areas may be well suited
to woody perennial biomass crops, where harvest can be delayed without loss of a crop. These areas
typically were wetlands before conversion to agriculture, at least by liberal wetland definitions, and many
of them abut surviving wetlands. Proposals for biomass plantings on these lands should be assessed
carefully to ensure that they do not degrade the adjacent wetlands. In particular, soil conditions and
hydrology need to be studied to determine whether the water needs of the biomass crop would affect the
water table in adjacent wetlands. In some cases restoration to wetland status will be the most appropriate
use for these lands.

Native taligrass prairic has become a rare habitat in North America. Clearly prairie remnants are not
appropriate land for planting biomass crops. On the other hand, plantations of switchgrass (Panicum
virgatum), a native prairie grass, may provide some of the habitat value of prairie, and thus benefit prairie
wildlife.

Target Specles

If the goal is to enhance natural regional biodiversity while establishing biomass plantations, the most
effective strategy will be to concentrate on preserving or restoring habitat for the habitat specialist species,
including those that need large expanses of relatively uniform habitat (obligate prairie species, for
example). The species that occupy edge habitats, and are comfortable in mosaics of disparate patch types,
will be able to survive and reproduce in a variety of landscapes. It is counter-productive, from a regional
biodiversity perspective, to manage landscapes for maximum numbers of deer, rabbits, quail, or other such
habitat generalists. Instead, concentration on providing habitat for prairie specialists, forest-interior
species, wetland biota, wide-ranging camivores, and so on will contribute the most to the regional
biodiversity. The others generally are capable of taking care of themselves, at least insofar as population
persistence is concemed.
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Ecological Scale

It is becoming increasingly obvious that the quality of landscapes as habitat for wildlife depends on the
scale of patchiness in them (e.g. Wiens et al. 1987). Animals that are patch specialists may need patches

of their preferred habitat of a particular minimum size, or a particular minimum density of patches within
the landscape. '

The responses of wildlife to habitat patchiness involve not only patch sizes, but also the nature of the
differences among patches. From the animals’ perspective these differences define patch quality. A forest
interior animal might prefer oak-dominated patches over beech groves, for example, because the former
produces more or better food, or better nest sites, but may be willing to travel through the beech, and use
it when necessary. A patch of cleared land, on the other hand, might be perceived as totally unsuitable,
and perhaps dangerous habitat, to be avoided at all costs. Most animals will respond very differently to
a mosaic of patches of different forest types than to a mosaic of forested and open patches.

The scale of the landscape mosaic in North America has generally been set by political, economic, and
labor considerations, rather than by biological ones, and the scales chosen were not necessarily optimal
for maintaining natural biodiversity. The primary tools for land development and management in most
of the United States west of the original 13 colonies were the Homestead Acts. Similar land-granting acts
were employed in Canada. These policies resulted in the conversion of much of the low elevation upland
forests in temperate eastern North America into a mosaic of pastures, cultivated fields, and remnant
woodlots. Large tracts of forest persisted mainly at higher elevations in the Appalachians and in areas
of low-fertility soil and poorly drained soil in the southeastern United States and around the Great Lakes.
Much of the Canadian boreal forest survived because it occupies areas where growing season are too short
for much agriculture, and where soil conditions are generally poor for cultivated annuals.

In the United States, the Homestead Acts generally gave land to settlers in 80-acre units, with the
requirement that a certain percentage of each farm be cleared and farmed for five years. This provision
determined the scale of landscape patchiness over great areas of the east: woodlots were generally 40 acres
or less, and at least half of the landscape was cleared for pasture or cultivation, except where the soil was
unsuitable for farming. In the Western United States, much of the more fertile mesic areas were cleared
and farmed at the same scale. Substantial areas of land were ceded to industrial interests to foster

development (primarily railroad land grants). These grants were generally in units of square miles (640
acres) or more,

In the future, before major changes in land-use patterns are made, such as large-scale conversion to
short-rotation biomass plantations, we suggest that the consequences for biodiversity of the various
possible scales of implementation be explicitly investigated. We suggest further that such explorations
can (and in the case of biomass plantations, will) lead to discovery of actual environmental benefits at
some scales, rather than just ways to minimize degradation. As a first approximation, we would expect
the natural biodiversity to be most secure in landscapes with patch sizes (or aggregates of structurally
similar patches) of the same magnitude as the pre-agricultural landscapes. More realistically, research can
be directed toward determining the scales of patchiness needed by various wildlife.

In predominantly forested landscapes, filling forest gaps with woody biomass plantations should increase
the effective size of the forest tracts, and thus make the landscape more suitable to forest-interior wildlife.
Plantations arranged as broad bands around forest tracts may increase effective patch size for forest-interior
birds. Similarly, extensive plantings of herbaceous biomass crops may provide habitat for prairie specialist
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species (e.g. Greater Prairiec Chickens, Tympanuchus cupido) that do not do well in farmland mosaics.
Switchgrass is probably the most benign possible crop to plant adjacent to remnant natural prairies.

One relatively easy habitat enhancement strategy would be to use woody biomass plantations to provide
habitat corridors connecting forest fragments. Recently (Simberloff et al. 1992) the value of corridors has
been questioned, but we do not find these arguments convincing. Instead, we see the claimed lack of
rigorous experimental evidence for the value of corridors more as a reflection on the status of landscape-
level ecological studies than on the value of the corridors themselves. Further, while Simberloff et al.
questioned corridors largely from the point of view of cost-effectiveness in nature-reserve systems,
biomass plantations sited as corridors should be economically viable in their own right.

Boundary Conditions

The nature of plantation boundaries will have major implications for their value as wildlife habitat. Where
woody plantations abut more natural forests, we recommend planting right to the edge of the forest,
without any unvegetated buffer or gap. We think that as the plantation matures forest interior wildlife will
treat the forest/plantation edge as if it were a boundary between patches of forest of different types, rather
than as a forest edge. Whether or not they use the plantation, they should use the forest right up to the
boundary, rather than avoiding an edge zone. Our studies in the Domtar fiber plantations in Ontario
(Hoffman, Cook, and Beyea unpub. manuscript) indicate that some forest-interior birds (Ruffed Grouse,
Ovenbird) ranged into a plantation embedded in a second-growth forest, and others (Veery, Red-eyed
Vireo, Chestnut-sided Warbler) used the forest and plantation edges, but were not detected in the
plantation interior.

Cholce of Blomass Crops

We strongly recommend using as biomass crops species, cultivars, or hybrids that have genetically close
relatives in the region. Thus, poplars, cottonwoods, and their hybrids in temperate to boreal North
America share landscapes with several native Populus species, and plantations may provide habitat to the
wildlife that uses stands of the natives. Perennial switchgrass is a dominant component of native tallgrass
prairies. Several trees under consideration in the southeastern United States (black locust, sycamore, sweet
gum) are natives. Most emphatically, we recommend that genetically alien species not be used.
Eucalyptus and Casuarina should not be used for biomass plantations outside of Australia. A study of
bird use of Eucalyptus and Casuarina plantations in central Califomnia (Kelly et al. 1990) found little use
by forest birds, although the plantations were used as nesting sites by ground-feeding birds (House Finch,
Carpodacus mexicanus; Mouming Dove, Zenaida macroura, Brewer’s Blackbird, Euphagus
cyanocephalus) that presumably fed in the surrounding fields. Poplars should not be used in Australia.
Switchgrass and other native grasses should be used in North America in preference to African, Asian,
or Australian grasses. '

The use of crops with close relatives present locally also may have economic advantages. The dominant
components of any natural flora have a history of co-evolution with their pollinators, their herbivores, and
their herbivores’ predators, and with soil micro-organisms. As successful dominants they will have
evolved relationships with these organisms that keep herbivory at manageable levels. Alien plants brought
in for cultivation are likely to be distasteful to the native "background" populations of herbivorous insects
that provide the basis for many terrestrial food webs, so plantations of these aliens are unlikely to provide
much food for spiders and insectivorous birds and mammals, and are likely to have slower leaf
decomposition rates than native species. At first glance, the aliens’ lower losses to herbivores might seem
beneficial from a production perspective, but such crops are very susceptible to outbreaks of diseases and
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herbivorous insects imported from their native habitats. Pests that cause minor losses in the native habitat
can be devastating in a foreign plantation situation, where their predators are absent. The history of
agriculture is full of instances of devastating imported crop pests, that must have been no more than
annoyances to the crops’ ancestors. In the long run it will be healthier to develop crops from locally

native groups, and to tolerate a moderate background loss to herbivory, than to risk catastrophic losses
to imported pests.

Some of the hybrid poplar plantations we studied in Ontario are bounded by overgrown fencerows
containing mature trees. We regard these as contrasting habitat inclusions, and discuss them below.

Exclusion of Noxious Organisms

In agricultural landscapes we commonly see organisms, plants and animals, that we regard as pests. These
tend to be species, introduced or native, that are pre-adapted to take advantage of the habitat conditions
created by agricultural disturbance and food crops. Switching from annual food crops to perennial
biomass crops should reduce populations of some weedy plants, by reducing the extent and frequency of
soil disturbance through cultivation. Conversion from livestock and food-crop agriculture to biomass crops

should reduce populations of some of the animal pests by removing their attractants, such as waste grain
and spilled feed.

The Brown-headed Cowbird (Molothrus ater) is a special case that deserves further discussion. Cowbirds
are brood parasites, and lay their eggs in the nests of other birds. The nestling cowbirds are aggressive

competitors of the other nestlings and the host parents generally end up raising the cowbirds rather than
their own offspring.

We see opportunities to use the development of short-rotation tree plantations for biomass energy projects
as a tool for managing landscapes to reduce the effects of cowbirds on breeding songbirds. Several
aspects of cowbird biology are relevant to this conclusion. Brown-headed Cowbirds apparently evolved
from neotropical ancestors, and invaded temperate North America by exploiting a relationship with bison _
(Bison bison). Cowbirds followed the great herds of bison on the American prairies and plains, and fed
on insects flushed by the animals, and on insects attracted to the dung of the bison.

Since the disappearance of the great bison herds, cowbirds have switched to feeding in agricultural
situations, particularly around cattle. Historically, they apparently were limited to open prairie habitats,
where they used grassland and marsh birds as their primary hosts. These hosts evolved defense
mechanisms that keep parasitism rates at tolerable levels. With the fragmentation of the eastem (and
western) forests and the development of the dairy industry and other agricultural practices cowbirds have
expanded their range in several directions, and have been using many new host species. This range
expansion appears to be continuing, and cowbird populations have been increasing throughout much of
their new range.

In these areas, cowbird courtship and feeding continue to be mostly limited to developed and open habitats
— pastures, lawns, mowed roadsides, plowed fields, bamyards and so on. Females, however, fly
considerable distances, even into forests, in search of nests to parasitize. In the fragmented landscapes
of eastern North America, the forest songbirds provide new and naive hosts that have not evolved the
defense mechanisms that allow the prairie birds to survive cowbird parasitism.

If woody biomass plantations were established in the currently open areas of a forest/farmland mosaic,
they should displace much of the foraging and courtship habitat for cowbirds, thus locally reducing their
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populations. Broad buffers of woody biomass plantations surrounding forest fragments might reduce the
frequency with which the females penetrate into the forest in search of nests.

Depredation of songbird nests in temperate North America tends to be more severe in small forest
fragments than in larger forest blocks (Wilcove 1985). The primary predators (omnivorous mammals such
as raccoons, opossums, skunks, and squirrels; jays and crows; and snakes) use forest-edge habitats
extensively, and tend to be very successful in fragmented forest landscapes. Woody biomass plantations
connecting and surrounding forest fragments might reduce the attractiveness of the landscape to these
predators.

Contrasting Habitat Inclusions

Within forests, small areas of contrasting forest type can add greatly to wildlife use and diversity. Patches
of cedars in deciduous forest can be very important as winter roost and den sites for a variety of wildlife.
Brushy stream-courses can also greatly increase overall species diversity. Inclusions of mature trees left
within short-rotation woody plantations can add greatly to habitat value. The hybrid poplar plantations
we studied in Ontario occupied complexes of formerly cultivated fields, separated by fencerows with
heavy brush cover and some mature trees. These fencerows were left in place within and along some
edges of the plantations. The mature trees provided suitable sites for woodpecker holes, and thus allowed
a variety of hole-nesting birds (various woodpeckers, Black-capped Chickadee, Parus atricapillus; Great-
_ crested Flycatcher, Myiarchus crinitus, possibly Eastem Bluebird, Sialia sialis) to occupy the plantations.
Song sparrows (Melospiza melodia) were abundant throughout the younger plantations, but tended to
concentrate their activity in and near the fencerows in the more mature plantations. If the fencerows had
been removed we think Song Sparrows would have been much less common in the older plantations.

Weed Control

In woody plantations weed control is generally necessary, at least in the early stages of growth, to reduce
competition for light, water, and/or nutrients. Without weed conirol, planiation productivity is generally
reduced. In later stages, the trees are generally able to outcompete the weeds by shading them, so less
weed control is necessary. Unfortunately, this weed control reduces the value of the plantations as wildlife
habitat. In the Ontario plantations, the annual weeds that persisted seemed to contribute greatly to the
value of the plantations as habitat for songbirds. We suspect that a majority of the insect food, and any
seeds consumed by the birds were produced on the weeds rather than on the poplars.

Cultivation for weed control avoids possible toxicity problems associated with chemical weed control,
but may be inappropriate on lands susceptible to erosion. Cultivation may also be very disruptive to small
mammal populations. We recommend coppicing or pollarding woody biomass crops whenever possible,
because we think that the need for weed control will be reduced. Coppice generations will have far larger
root systems than newly established trees, and with their multiple trunks should be able to compete more
successfully for light with the weeds. Pollarded woody crops will overtop most weeds immediately and
have even less need for weed control.

We suspect that weed control will be far less of an issue with herbaceous perennial biomass crops such
as switchgrass. Switchgrass is a prairie species, adapted to growing in dense stands, with a variety of
other herbaceous perennials, and it appears to be a superior competitor. In any case "contamination”
of the biomass with other species should be inconsequential, as the other biomass should bumn or ferment
as well as the switchgrass.
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Monoculture versus Polyculture

To date, most of the biomass crop development programs have concentrated on developing single crops
to be planted as monocultures. Monocultures are much simpler to work with experimentally. Differences
in productivity are easier to measure and understand, and causes of failure are more readily apparent. On
the other hand, monocultures are likely to be less attractive as wildlife habitat than mixtures of different
species. We see the development of monocultural biomass crops as a necessary step in the evolution of
the industry, but we believe that in the long run they should be replaced by polycultures. We think that
research efforts to develop competitive polycultures should be undertaken as the industry develops. It is
worth noting that biomass crops need not aspire to the standards of uniformity we expect of food crops,

although some technical problems with buming mixtures of different tree species may need to be
overcome.

One experiment in Hawaii involved planting alternating rows of Eucalyptus and the legume Albizzia:
higher yields were obtained than in monocultures of either species ( ). We do not advocate using
these alien species together, but mixtures of appropriate native-derived crops may increase yields as well
as improve the habitat value of the plantations. On a finer genetic scale, the differences in branching
structure of different hybrid poplar clones affected their use as nest sites by birds in E.A. Hansens’s clonal

trials (E.A. Hansen pers. comm. and WH pers obsn.), so mixing clones in single-crop plantations may
enhance biodiversity.

With perennial herbaceous crops the potential of polyculture may be even greater. The current favorite
herbaceous biomass candidate in temperate North America is switchgrass. This is a native prairie grass,
adapted to growing and prospering in multispecies prairic communities. We suspect that multispecies
plantations of prairie plants will produce yields comparable to those of switchgrass monocultures, and we
propose that direct trials be conducted to test this question. Perhaps, restored species-rich prairie will be
as suitable for biomass production as switchgrass monocultures. Proponents of switchgrass as a biomass
crop plan a single annual harvest to follow the growing season (i.e. between late August and October).
This late harvest should be much less disruptive to wildlife than traditional haying activities in
monoculture or in prairie polyculture, as it follows the end of the breeding season for most birds and many
mammals. It also follows seed maturation for many prairie plants, so it should not greatly affect prairie
species composition. Again, some technical problems with optimizing yield from mixed biomass
(particularly for ethanol production) may need to be overcome.

Conclusions

Biomass energy croplands are likely to provide better habitat for the native biota than annual rowcrop
agriculture, but lower-quality habitat than natural systems. Considerable opportunity exists for
substantially restoring the natural biodiversity of agricultural landscapes by replacing annual rowcrops with
perennial biomass crops. However, we believe the actual habitat value of a landscape containing biomass
plantations will be very sensitive to the details of location, culture, and crop selection in the plantations.
The ecological guidelines we have proposed should serve to direct research into the most ecologically
sensitive ways to integrate biomass plantations into landscapes. Because many of the consequences for
biodiversity are highly scale-dependent, adequate tests of our proposals may not be possible until
industrial-size plantations are actually established. We strongly urge that the first industrial-scale woody
plantations be explicitly set up to test our recommendations about use of plantations as corridors and
buffers, and for exclusion of noxious organisms. We also urge that explicit tests be conducted of the yield
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and economics of switchgrass monocultures versus prairie polyculture systems. We urge that research
efforts worldwide on biomass crop development concentrate on identifying and culturing promising local
plants, rather than on adapting alien species.

Finally, we stress that much of the loss of regional biodiversity that has occurred in North America and
elsewhere can be attributed to the scale of land-use decision-making. Typically decisions about crop
selection and cultivation are made on a field-by-field or parcel-by-parcel basis. Successful restoration of
regional biodiversity will require such decision-making on a landscape scale, with biodiversity as an
explicit goal. Decisions about the best use of each parcel should consider not only its potential for yield,
but also its relationship to the whole landscape.
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Abstract

Wood biomass is one of the most significant renewable sources of energy in Brazil. Fuelwood and
charcoal play a very important role not only for household energy consumption but also for the cement,
iron and steel industries. Wood is used as an energy source by the pulp and paper, composite board and
other industries of the country, mainly for steam and electricity generation. Ethanol, lignin-based coke
and methanol from wood were produced at experimental units in Brazil but were not implemented on a
commercial scale. Currently a new experimental plant using a technology developed in the United States
is being built in the state of Bahia to generate electricity from Eucalyptus. This technology is a Biomass
Integrated Gasification/Gas Turbine process which is expected to make the use of wood biomass
economically feasible for electricity generation. Forest plantations are the main source of wood biomass
for energy consumption by the Brazilian industrial sector. Fiscal incentives in the 1960’s helped the
country to begin a massive reforestation program mainly using Eucalyptus and Pinus species. A native
species, bracatinga (Mimosa scabrella) has also been used extensively for wood energy plantations in
southern Brazil. Technical, economic, social and environmental impacts of these plantation forests are
discussed along with a forecast of the future of wood energy utilization in Brazil.
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Introduction

Wood as an energy source (fuelwood and charcoal) in the Brazilian economy decreased from 43% in
1970to 15% in 1990. This was caused by the substitution of subsidized liquid petroleum gas for domestic
fuelwood as the population moved from rural areas to urban centers. In terms of tons of oil equivalent
(foe) this change corresponded to a consumption of 32 million toe in 1970 compared to 27 million toe
in 1990. Although wood’s use decreased dramatically percentage-wise, the shift from domestic to non-
domestic utilization increased energy efficiency and kept the 0il equivalent values nearly the same.

The oil embargo of the 70’s forced Brazil to look for alternative sources of renewable energy. To meet
this need a large scale biomass program using sugar cane and wood received special attention in terms
of fiscal incentives for both production and consumption. At that time, wood became a very important
source of raw material for charcoal, liquid fuels, steam, and thermoelectricity generation. These energy
products were used by the cement, pulp and paper, iron and steel, and grain dryer industries as well as
other industrial sectors of the country.

In the early 1980’s native forests accounted for 80% of the total supply of charcoal while forest
plantations contributed the remaining. By 1991, the use of wood from the native forests decreased to 60%
while the use wood from forest plantations doubled to 40%. Thus the forest plantation program helped
alleviate the timber harvesting pressure on the native forest ecosystems resulting in positive environmental
impacts. In 1991, the pulp and paper industry alone consumed 5 million steres of wood for energy as a
substitute for fuel oil. This wood came from their own plantation forests as well as from small private
ownerships. Wood’s use for energy amounted to almost 13% of the industry total wood consumption.
Of this, Eucalyptus accounted for 63% and Pinus for 17% (ANFPC 1991).

In the southern Brazil, most of wood used (66%) by the forestry sector is obtained from forest plantations
(Eucalyptus sp, Pinus sp, Mimosa scabrella, and Acacia mearnsii). The native forests account for the
rest. In that region, the second largest use of wood is for energy generation. In 1991, in the state of
Parand, wood biomass for energy production accounted to 18% of all energy consumption. In the
industrial sector wood was the second largest energy source accounting for 33% of the energy supply
(COPEL 1992).

An extreme case of fuelwood dependence is exhibited by the state of Minas Gerais. The largest Brazilian
producers of iron and steel are located in that state. In 1989, fuelwood and charcoal satisfied 38% of
the state’s total demand for energy and 45% of its industrial demand. In that year, fuelwood was the
major source of energy with plantation forests accounting for 27% of the total supply of this raw material
(CEMIG 1989).

Now, there is a growing trend to adopt agroforestry systems, ranging from small to large-scale ventures.
These systems are based on short-rotation tree species, such as Eucalyptus sp, Pinus sp, Mimosa sp,
and Acacia sp. These type of plantations could gain the interest of new landownerships and add a
considerable amount.of wood biomass for energy supply in the country.

This paper will explore the importance of wood biomass for energy in Brazil and point out the
experiences of the Brazilian forest sector in dealing with energy production issues. There will be special
emphasis placed on discussing two key wood-energy plantation species - the exotic Eucalyptus sp and the
native bracatinga (Mimosa scabrella). |
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The Wood-Based Energy Programs

There are four main industrial users of wood: steel and cement, steam generation, liquid fuels and
thermoelectricity. Household use of wood is declining due to the increased consumption of liquid
petroleum gas. Charcoal is very important as an energy input for the iron and steel industries and as a
fuel oil substitute in the cement industry. The thermochemical process of wood pyrolysis to supply fuel
to boilers, kilns and engines is also an important energy use. Wood-based liquid fuels such as ethanol and
methanol were also produced at pilot level but not implemented commercially.

The Charcoal and Fuelwood Energy Programs

Brazil’s reserves of oil and coal are relatively small considering the extent of its territory. Further,
Brazilian coal is of low quality for producing iron and steel due to its high sulphur and ash content. Thus,
opposed to most of the industrialized countries of the world, charcoal as a substitute for coal played a
very important role in the development of the Brazilian iron and steel production sector. The use of wood
placed a heavy burden on Brazil’s native forests and also contributed to the development of the large-scale
short rotation plantation forestry over the last 25 years. According to the F.A.O. (1991) in 1989 Brazil
consumed 182.806 million cubic meters of fuelwood and charcoal and this is projected to continue at that
level until year 2010. In 1991 the charcoal-based iron and steel industry in Brazil contributed US$3

billion to the country’s economy generating 189,500 jobs and paying US$485 million in tax revenues to
the government (ABRACAVE 1992).

Over the last ten years utilization of native forest-based charcoal increased 119% while forest plantation-
based charcoal utilization increased 351%. This is a positive trend both from the environmental and
economic point of view. Currently the Brazilian government has removed some fiscal incentives from
the forest sector of several charcoal-based industries. This has caused some to switch to imported coal.
Decrease in use of charcoal will alleviate the pressure on the native forests. Plantations may be used for

other purposes such as woodpulp. The environmental, social and economic impacts of these changes will
need to be monitored in the future.

A government program called Our Nature was created in 1989 to generate 100% self sufficiency in the
charcoal-based industries within a seven-year period. In the Amazon region those goals would be attained
by sustained yield management of the native forests while in the other states of the country they would
be accomplished through plantation forestry.

Fuel oil is utilized as a fuel by industries to produce thermal energy, mechanical energy and electricity.
Most of these industries can promote partial or total substitution of fuel oil by biomass-based fuels.
Among them, woody biomass has all the necessary conditions to substitute for fuel oil if used directly
(firewood, chips and logging residues) or transformed (charcoal brickets, tar, etc...). Charcoal and wood
tar played a very important role as a fuel oil substitute in the cement and steel industry in the 1980’s.
Thermochemical processes of pyrolysis and gasification for supply of fuel to boilers, kilns and engines
also attracted the attention of large companies such as Nestlé and Petrobrds. Nestlé initiated a US$40
million program to convert fuel oil use to biomass over its nationwide network of factories.

Copene, a subsidiary from Petrobrds also started a project to replace 200 thousand barrels of fuel oil

annually by using wood at the Camagari petrochemical complex in the state of Bahia. An extensive area
of Eucalyptus plantations was established by Copener, the forest division of Copene. The plantations
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were close to the area in order to guarantee the supply of wood for the large energy generation complex.
The wood was pulverized and burned in the boilers for steam generation. Low costs of fuel oil caused
the project to be discontinued by Copene which is now exporting the plantation’s wood and pursuing joint
ventures with national and international pulp and paper companies.

In 1981, the cost (as a percentage of oil price) to produce a gigacalorie of fuel oil by using charcoal was
43.8%, by using debarked wood 34.9% and by using logging residues only 9.6%. In 1991 the pulp and
paper sector alone consumed 4.3 million steres of wood for energy as a substitute for fuel oil. Of this
wood, Eucalyptus accounted for 61.5%, Pinus for 19.6% and 18.9% from other forest species. To
supply their needs for fuel oil substitution and for producing pulp and paper, the Brazilian pulp and paper
sector has established 1.4 million hectares of forest plantations and is planning to establish an additional
855 thousand hectares plantation by the year 2000.

Studies conducted by Shell, Chesf and Eletrobras have shown that ceteris paribus energy production from
biomass cannot presently compete in price with energy generated from oil, coal and natural gas. The only
way it can compete is by generating a more valuable form of energy viz electricity. This is possible by
using a technology developed in the United States. This new technology is the Biomass Integrated
Gasification/Gas Turbine (BIG/GT). In this technology the gas is used to power a turbine which produces
electricity. The exhaust gases from the turbine are captured for additional energy production. Compared
to the traditional 20% efficiency in the steam-based electricity production systems this new technology
has a 40% conversion efficiency. In 1992 Brazil submitted a technical proposal to the Global
Environmental Facility to build an experimental BIG/GT plant and to study the economic feasibility of
the process. The project was approved and is now underway (Carpentiere et al. 1992).

The Ethanol Program

In 1979, the Brazilian Congress approved the creation of Coalbra (Brazilian Company for Wood Ethanol
and Coke Production) whose shares were owned by the Brazilian government (51%) and by private
investors - mainly equipment producers and forest plantation owners. The program goals involved much
more than simply increasing ethanol’s physical production. The program had broad social objectives such
as: to minimize environmental impacts, to use marginal agricultural lands, to develop local research and
development, to generate jobs, to decrease oil and coal imports, and to increase equipment production.

Initial studies dealing with acid hydrolysis of wood in Brazil began in 1976 at the National Institute of
Technology in Rio de Janeiro. Several pilot experiments were conducted in its laboratories which tested
ethanol and lignin-derived coke from Eucalyptus sp, Pinus sp, Gmelina arborea, native tree species
and other cellulose material suitable for acid hydrolysis (Longo and Araujo Neto 1980). The pilot
experiments in Rio de Janeiro showed the estimated cost of one liter of wood-based ethanol was US$0.34.
This was twice the cost of ethanol derived from sugar cane. However, due to the social, environmental
and economic importance placed on the forest plantations, the Brazilian government proceeded with the
program. It also was thought there would be a possibility of reducing the production cost of the ethanol.
Since the wood raw material accounted for 60% of the total cost using logging residues could lower that
cost. Further, by-products such as lignin tar, lignin-based coke, calcium sulphate, methanol, furfural and
single-cell proteins could be produced and sold, increasing the revenue from the wood-based ethanol
production. For every 100 liters of ethanol produced it is possible to obtain 3.5 kg of furfural, 7.5 liters
of methanol and 60 kg of lignin-based coke. Revenues from these by-products can amount to 75% of the
price of ethanol (Kling 1980).
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In 1984, Coalbra began production at a 11 billion liters per year pilot plant located close to Uberlédndia,
Minas Gerais. The production was based on a Russian dilute acid hydrolysis technology using
Eucalyptus. In addition to ethanol it was to produce lignin-based coke, furfural and one-cell proteins for
animal feed. Despite the success of obtaining the required production at the experimental level, the
process was not implemented commercially. In this case, like the pilot experiments in Rio de Janeiro, the
costs were too high. The cost was 10% to 20% higher than sugar cane-based ethanol. The process was

also capital intensive and required a large quantity of wood (Rosille-Calle 1987). In 1988 the plant was
closed and the company was disbanded.

In producing ethanol from wood it is necessary to take into consideration the investment level, the energy
input-output balance and the possibility of generating by-products. The capital investment for wood-based
ethanol production is 2-3 times higher than that required to produce a similar product from sugar cane,
manioc, and sorghum. Investments in this process are high because the equipment has to be resistant to
corrosion by sulphuric acid. In Brazil, a plant to produce 100 thousand liters of wood-based ethanol per
day would require US$20 to US$30 million of capital investment. Further, energy consumption in the
wood-based ethanol process is also higher than for the sugar cane-based product. Almost 50% of the
wood in wood-based ethanol process must be used to generate energy. Table 1 shows the energy
efficiency of different sources of biomass.

Table 1. Energy Efficiency of Different Sources of Biomass

BIOMASS SOURCES - NET ENERGY in Mcal.ha.year
Sugar Cane (ethanol) - 17.224 —
Manioc (ethanol) 7.091
Eucalyptus (ethanol) 11.822
Eucalyptus (methanol) 17.856
ource: Cesp

Even though wood-based ethanol has had its problems it still warrants consideration. Advances in the
technological aspects of the production process such as continuous hydrolysis and high temperatures could
improve economic performance. Wood also presents some advantages relative to sugar cane, manioc and
other crops since forest plantations are less sensitive to changes in climatic conditions. Wood has a more
stable market price in the long run. Finally forest plantations are usually established on marginal lands
that could not be used for food production whereas sugar cane and manioc often are produced using
prime agricultural land.

The Methanot Program

Methanol from gasification of Eucalyptus was the endeavor of a five-year US$80 million program
developed by Cesp a S 4 o Paulo state-owned company (Trindade 1989). The company chose Eucalyptus
because of its high yields over a short 7-year rotation. Eucalyptus also grows well on marginal lands like
the savanna region of the country, and has a large number of species adaptable to the different climatic
and edaphic conditions of Brazil. Finally, it grows 365 days per year (there is no dormant period) and
has relatively low costs of production.
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Cesp began it’s wood-based methanol production in Corumbataf (Sa0 Paulo state) with two pilot plants
producing methanol from charcoal. In Jupi4 between the states of Sao Paulo and Mato Grosso do Sul,
Cesp built three experimental wood gasification units located near 300,000 ha of Eucalyptus plantations.
Each plant was designed to use a different technology in order to determine the best one for industrial
wood gasification (Bueno 1980).

Cesp used methanol as a substitute for gasoline in Otto-cycle engines and the company operated several
methanol-fueled vehicles during the tests. A substitute for diesel engines was also studied using additives
to make the methanol suitable for that type of engine. For fuel oil substitution Cesp modified an oil-fired
boiler which drove a turbine generator producing 15,000 Kw. This equipment was manufactured in Brazil
and used for steam generation. Methanol was also used to substitute for propane gas for thermal treatment
of metal and alloys. The pilot studies showed that methanol requires fewer inputs than wood and sugar
cane-based ethanol production but the energy efficiency of the process is low (Rosillo-Calle 1987). The
production cost of this fuel would be around US$0.23 per liter which at that time was not competitive
with sugar cane-based ethanol, gasoline, and diesel (Zagatto 1980).

Technical Aspects of the Short Rotation Eucalyptus and Bracatinga Forest Plantations

Timber Yields

The short rotation large-scale Eucalyptus plantations in Brazil, exhibited a dramatic increase in timber
yield over the last 23 years. From 1970 to 1993 the average annual yield in some regions rose from 35
m®.ha'.year' to 70 m*.ha’.year" (Betters et al. 1991). At the experimental level, even higher yields have
been obtained by both forest companies and research institutions. This increase in Eucalyptus stand
productivity in the country is a result of a substantial forest research effort, in particular in genetics and
biotechnology. Genetic gains were reinforced by better silvicultural and management practices.

The initial growing stock for the short rotation coppicing-stands generally ranges from 1100 to 2200
seedlings per hectare. Plantings normally are established on a3 m x 3 m or 3 m x 1.5 m spacing. It has
been found that the mean annual increment of the stand increases somewhat with wider spacing. Wider
spacing is used to facilitate harvesting and weed control and to reduce wind damage. It also allows
intercropping of agriculture crops when this is desired (Betters et al. 1991).

For short rotation Eucalyptus plantations, weed control is done twice a year and considered critical
during the first two years before canopy closure. Where labor is cheap and plentiful the weeding is done
by disking between the tree rows and hand hoeing in the rows. Some forest companies use herbicides
such as glyphosate at a rate of 3 to 4 liters per hectare before planting and tractors to disk between tree
rows after stand establishment. Others are using cattle and sheep to reduce grass competition in
plantations and to lessen the fire danger. Small-scale plantations are also being intercropped, in the first
year, with corn and beans as a way to off-set plantation establishment costs. The most recent advance in
this area is the use of herbaceous legume species planted at the time of stand establishment to offset the
growth of undesirable weeds.

The control of leaf-cutting ants is an expensive cultural treatment in Eucalyptus plantations. Once

established in a stand they can destroy a young plantation in few days, so it is necessary to have careful
monitoring of the plantations to detect the colonies at an early stage. Until last year, dodecachlor-based
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baits were used to control ant population. The use of this product is now forbidden and a sulfluramid-
based bait is used instead.

Bracatinga (Mimosa scabrella), a native nitrogen-fixing tree cultivated in southern Brazil (mainly in
Parana state), usually is reforested by natural regeneration. Fire is used to prepare the land for planting.
The initial growing stock of those stands can sometimes reach 20,000 seedlings per hectare. Farmers
generally reduce the number of plants to 3,000 to 4,000 per hectare through thinnings. This reduction
in stand density allows intercropping with corn and beans in the first year of the seven-year rotation. The
average timber yield of the bracatinga is about 13 m’.ha'.year' and can be double that on higher
quality sites (EMBRAPA 1988). Although bracatinga has a lower average yield than Eucalyptus
viminalis (19 m’.ha”.year") it remains the key forest plantation species in the cold highlands of the
southern Brazil. Bracatinga is preferred because it can be grown at a much lower cost (Graéa et al.
1986) and the rural landholders usually do not have capital for large investments. Further, as opposed
to Eucalyptus, there is no need for fertilization, tending and control of leaf-cutting ants.

Growing Stock and Stand Establishment

Australia is the main source of genetic material for the Eucalyptus plantations in Brazil. South Africa,
New Zealand and the Timor Island in Indonesia also contributed with several species and provenances.
The most widespread Eucalyptus species introduced in Brazil is Eucalyptus grandis, along with species
such as Eucalyptus saligna, Eucalyptus urophylla, Eucalyptus camaldulensis, Eucalyptus citriodora,
Eucalyptus viminalis, and others. '

A national genetic improvement program is carried out by state and federal research institutions. Forest
companies can be directly associated with it or have their own independent tree improvement programs.
The use of vegetative propagation techniques (cuttings and micropropagation) is becoming widespread
among large companies. This has resulted in considerable gains in timber yields in large-scale forest
plantations. The nursery process takes 70 to 80 days, where the plants stay under shade half of the time
and the other half in the sun before going to the field for planting.

Most of the planting is done by hand and the trees are watered immediately and then again after one week
if no suitable rainfall occurs. After harvest, logging slash is burned or used for energy purposes. The area
between the rows is disked and the site is broadcast fertilized. Stump sprouts normally appear within 2
to'3 weeks. If the existing stand is to be replanted, the stumps are covered with soil, and the new trees
are planted in the same row between the old stumps. Otherwise, stumps are removed either using a "root
rake” or heavy chains pulled between crawler tractors. The stands renewal depends on individual coppice
yields and its costs. Although most of Brazilian companies ordinarily adopt 2 coppices, some companies
are lowering the number of coppices and even choosing not having coppice at all. This occurs in cases
where new genetic improvements make a replanting a better financial option.

Since bracatinga is a native species, the genetic material has been collected locally by provenances and
submitted to genetic improvement trials at EMBRAPA-CNPFlorestas. This facility is located in Colombo
in the state of Paran4. In places where bracatinga does not exist direct planting (by seed or by seedlings)
is required. The recommended density is 3000 to 4000 seedlings per hectare. Once the bracatinga
plantation is established, seeds will be naturally incorporated into the soil by the time of clearcutting and
there will no need to plant again.
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Logging and Transportation

In Eucalyptus plantations, most of the forest companies do their own harvesting. However, there is an
increasing trend towards subcontracting such operations. Plantation harvesting involves manually felling
the trees using chain saws, where the average operator cuts 120 trees per day. The crowns are lopped
off and the trees bucked or left whole depending on the equipment used to move the logs to the landing.
Grapple loaders are used to pick up the logs. Close to 70 percent of log transportation to the mill is done
by trucks, the remainder by rail. The average haul distance is about 75 km one way, with a maximum
of 200 to 300 km. Transportion costs have been of primary concern to the companies since they are
dependent on expensive transport fuels.

Since bracatinga is a farm-operated activity some of the harvesting operations are still done by ax. The
logs are cut at a length of 0.8 to 1.2 m with 2 minimum diameter of 4 cm. The wood is carried out using
either horse carriers or tractor trucks and is piled close to the roads where it is sold to prospective buyers.

The Economic, Social and Political Aspects of Forest Plantations

Plantation Costs

Plantation, cultural and administration costs for one hectare of Eucalyptus, over a seven-year rotation
period, can vary substantially depending on the region, soil fertility, species, and technology (Table 2).
The data observed for Sao Paulo (SP) and Rio Grande do Sul (RS), are typical of Eucalyptus plantations
used for pulp and biomass energy production. While data from Minas Gerais (MG), represent plantations
used for charcoal and fuelwood. For bracatinga, the data is from Parand (PR).

Table 2 Plantation Costs and Yields for Eucalyptus and Bracatinga
in US$ per Hectare for a 7-year Rotation

Genus State - Planting Cultural Administrative Yield
US$.ha' US$.ha' US$.ha' st.ha

Eucalyptus | RS 856.90 136.30 371.20 323.8
Eucalyptus SP 722.70 225.10 321.30 455.0
Eucalyptus SP 783.69 285.00 232.07 273.0
Eucalyptus MG 584.19 137.36 384.83 210.0
Eucalyptus MG 1171.37 281.92 522.81 360.0
Eucalyptus MG 518.00 278.00 162.80 108.0
Eucalyptus MG 684.00 859.00 162.80 150.0
| Eucatyptus MG 646.27 236.80 132,46 180.0
[  Mimosa PR 64.00 38.40 210.5Q 182.0

Source: Information gathered by the authors
Table 2 indicates the cost advantage of bracatinga. It is important to note that for Eucalyptus, coppicing

costs must be lower than replanting costs since coppicing yields decrease after the first harvest. Forest
companies which deal with large Eucalyptus plantations have almost unanimously reported reductions
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in coppice yields. Coppicing net revenues can offset the high initial planting costs making the whole cycle
(21 years) profitable.

For the state of Minas Gerais, it is common to have coppicing costs amounting to only 10% of planting
costs. At the same time, yields are reduced by 15% and 30% for the first and second coppices,
respectively. Some companies have reported that it is more profitable to replant their plantations after the

first or second harvesting. This depends on renew costs and future yields of more productive genetic
material (EMBRAPA 1989).

Logging and Transportation Costs

In the state of Minas Gerais, logging and transportation costs can reach US$1,190.00 ha™ for flat areas
and up to US$1,674.00 ha" for steeper regions. For a 21 year, 3-coppice Eucalyptus plantation, this
represents 60% and 51% respectively of all operational costs (Tecflor 1989). In other states and regions,
these costs are reported to make up 70% of the total delivered wood costs.

For bracatinga, due to its lower planting and cuitural costs, the logging and transportation costs, can
reach US$190.00 per hectare which represents 93% of the total operational costs (Graca and Mendes
1987). In order to save time and money, bracatinga farmers often prefer to sell standing trees. This leaves
the logging and transportation costs for the buyer or to contractors. As part of payment, contractors are
often allowed to plant corn and beans for themselves in the following cycle.

Economic Incentives and Forest Legislation

With the passage of the Forestry Code of 1965 and Public Law 5106 in 1966, Brazil implemented several
- important incentives including: a) Reforestation incentives to include tax breaks amounting to the planting
and maintenance costs of a plantation for the first four years (land costs not included). Those eligible
included reforestation companies, individual landowners, or individuals or companies operating through
third parties (reforestation companies). A tax rebate up to 50% of income tax due was allowed if
applicable in forest projects; b) Income from sale of manufactured wood products could be reduced up
to 25% from tax credits based on reforestation expenses; c) Credit agencies could give preferential rates
to individuals or companies purchasing reforestation equipment; d) Plantations and native forests were
exempt from land tax increases due to an increase in land value (Betters et al. 1991). This incentive

program generated a major new timber supply source via the establishment of short-rotation tree
plantations. '

Currently, a large wood products industry is in place and wood energy (charcoal, fuelwood, etc) supplies
have been augmented substantially. The area of plantations is now over 6.5 million hectares. The main
forest species are of the genus Eucalyptus and Pinus with 52% and 32% of total area, respectively.
These plantations provide 39% of wood consumed for industrial purposes. Rural employment
opportunities have improved greatly, and Brazil has become a net exporter of short-rotation-based wood
products that are competitive worldwide. These products include plywood, hardboard, pulp and paper
and pine lumber. Exports from the iron and steel industry also have increased.

In 1988 the fiscal incentive program was terminated. Without such incentives there are now concerns
about future supplies and competition from world markets. As a result several state level initiatives, such
as Pro-Florestas (financed by IDRB) and FLORAMINAS (an ongoing project) in Minas Gerais have
recently provided financial help for small land ownerships interested in establishing plantations.
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In both social and economic terms, the forest sector has achieved national importance, as it contributes
5.6% of total Gross Domestic Product (GDP) and 4% of total exports. It generates a total of 2.5 million
of jobs in factories and in the field.

It is interesting to note that no fiscal incentives were provided for bracatinga. It was considered unsuitable
for large-scale plantations, had a limited growing area and had only one major use, fuelwood. Thus, it
was not included in the incentive program.

Environmental Aspects of Forest Plantations

The critics of Eucalyptus have mentioned that these monocultural plantations create problems in
biodiversity, generate soil erosion, reduce soil nutrients, and compete with the production of food crops.
Some discussion is necessary in order to put these concerns in the right perspective. First, with the fiscal
incentives, Eucalyptus became the most planted species, having 2.2 million hectares in the state of Minas
Gerais alone. This all happened very quickly which caused some of the problems. There was little
professional expertise available to monitor the planting. The first school of forest sciences was created
in 1960 and the first graduate program (M.Sc.) in 1974. Thus at that time little was known about the
silvicultural aspects of the species in order to effectively deal with the negative impacts on the
environment. At the time it was thought that Eucalyptus could be grown in any type of soil. This was
not the case and many stands had low yields and poor survival on certain sites. There was some poor
decisions made about species and provenances, resulting in major insect damage, less vigorous coppices
and a low rate of survival. Inadequate management practices, mainly linked to soil preparation,
contributed to erosion. The fact that the program moved ahead so quickly contributed to some of those
problems.

Biological diversity (plant, animal or both) generally suffers when using a pure monoculture short-rotation
species. Although these eftects have not been quantified, many companies are now trying to increase
biodiversity by keeping areas of natural forests along side the Eucalyptus plantations. One large forest
company in the state of Parand, has been preserving an area of over 40 thousand hectares of natural
forests adjacent to its Pinus and Eucalyptus plantations. This example has been followed in other states.
In addition the more widespread use of agroforestry systems with Eucalyptus will enhance biodiversity.

Erosion is another concern, since the use of heavy mechanization for soil preparation and intensive weed
control have contributed to soil erosion. Moreover, the short rotations cause more nutrient loss since the
young Eucalyptus plants have a higher nutrient uptake. Although Eucalyptus is an efficient nutrient user,
it is not unlike any agricultural crop, such as soybean or sugar cane, as far as nutrient depletion is
concerned. The same can be said about the depletion of the water table where any monocultural
cultivation, be it forest, agriculture or pasture, generate a similar pattern of water usage.

Sorting out causes and effects in complex subject like this requires a great deal of research. Reis (1993),
has advocated the following approach in order to minimize the environmental impact caused by
Eucalyptus plantations. She states that there is a need for ecological zoning, considering species and
adequate management practices. Future management needs to intensify biodiversity by mixing of forest
and agricultural plants (agroforestry systems). There needs to be more use of biological control as
opposed to pesticides. On steeper areas less mechanization should be used to conserve soil. Research
needs to be done on ecological systems of native forest species as substitutes for Eucalyptus. Further,
in the near future, an institutionalized process for envirohmental impact assessment, should be
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implemented. Many of companies, such as, Cenibra, Pains, Belgo-Mineira, Aracruz, Mannesmann,

Klabin, Riocell, Duraflora, Ripasa and others, have already developed specific departments to deal with
environmental questions.

Bracatinga has multiple purposes: nitrogen fixing, good nutrient cycling, soil protection, biological
diversity, production of honey in mid-winter. In the case of bracatinga, there has always been intense
public scrutiny regarding its use. Only mature stands can be harvested and only on a sustained yield basis.
Widespread clearcutting is not allowed in order to preserve water tables and reduce soil erosion. This
policy has contributed to stabilizing fuelwood supply in times of increasing demand and causes
bracatinga’s real price to increase making thousands of small farmers better off. Thus, besides its positive
environmental contribution, bracatinga has provided a reliable and stable source of income.

Future Trends for the Forest Plantations

There is no doubt that environmental issues will continue to be a primary concern with Eucalyptus
plantations, not only in terms of its negative aspects but also with its positive side as a CO, sequester.
There will be greater demand for the use of agroforestry systems with Eucalyptus, to offset plantation
costs and increase supply of agricultural and animal products. Fuelwood will continue to have an
important role because it is a cheap, renewable raw material source and provides a great deal of stable
employment. Research will be devoted to find alternative short-rotation forests (involving better species
and management alternatives) for Eucalyptus, in order to minimize its monocultural aspects.
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EVALUATING A BIOMASS RESOURCE: THE TVA REGION-WIDE
BIOMASS RESOURCE ASSESSMENT MODEL
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Abstract

The economic and supply structures of short rotation woody crop (SRWC) markets have not been .
established. Establishing the likely price and supply of SRWC biomass in a region is a complex task
because biomass is not an established commodity as are oil, natural gas and coal. In this study we project
the cost and supply of short-rotation woody biomass for the TVA region - a 276 county area that includes
all of Tennessee and portions of 10 contiguous states in the southeastern United States. Projected prices
and quantities of SRWC are assumed to be a function of the amount and quality of crop and pasture land
available in a region, expected SRWC yields and production costs on differing soils and land types, and
the profit that could be obtained from current conventional crop production on these same lands. Results
include the supply curve of SRWC biomass that is projected to be available from the entire region, the
amount and location of crop and pasture land that would be used, and the conventional agricultural crops
that would be displaced as a function of SRWC production.

Finally, we show the results of sensitivity analysis on the projected cost and supply of SRWC
biomass. In particular, we examine the separate impacts of varying SRWC production yields.
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Introduction

Wood is an alternative fuel for electric power generation at coal-fired plants in the Tennessee
Valley Authority (TVA) region. Short rotation wood energy crops (SRWC) could provide a source of
this woody biomass. The amount of wood (biomass yield) that can be produced by SRWC in a
region (for example, a county) is a function of the 1) amount of crop and pasture land in the county,
2) soil quality of this land, 3) current use of crop and pasture land in the county, 4) management
practices used to grow SRWC, and 5) regional climate characteristics. The price paid by power
plants for SRWC biomass is a function of the cost of production, harvesting and transportation and
therefore the price that farmers must receive in return for growing SRWC biomass.

The objective of this study was to project quantities of SRWC biomass that could be produced
in a 276 county region and the cost of producing the wood. Cost of production here refers to the
price paid to farmers. Using a schedule of projected quantities and prices, we derived a supply curve
of SRWC biomass for the 276 county region. ,

The economic supply structure of a market for SRWC biomass has not been established for
this region. Because SRWC biomass is not an established commodity as are oil, coal and natural gas,
projecting the yield, production cost and thus supply of SRWC biomass in the TVA region is based
on a comparison with conventional agricultural and pasture land conversion options. A basic
assumption was that price system incentives would determine the margin at which farmers would be
induced to convert currently used conventional agricultural land to SRWC biomass production. This
margin or economic incentive, called the breakeven price (BEP) is the price that farmers would need
to receive for growing biomass that assured them of equal or greater profit levels than they would
receive if they planted the same land with the most profitable conventional crop or maintained pasture -
land in pasture. Profit to farmers is considered a function of the 1) expected yields of conventional
agricultural crops (determined by soil quality, management practices, and weather), 2) market price,
which in this analysis was assumed to be set by a national market and thus insensitive to local supply
and demand, 3) production cost, which is affected by management practices and soil quality, and the
- existence of government commodity programs. We did not consider government commodity
programs in this study.

The rest of this paper is organized as follows. Section two describes the methodology by
outlining the geographic scope and modeling approach including economic assumptions about
production trade-offs and decisions. In section three, we present the results in the form of a supply
curve and discuss an interpretation of this cost-supply curve. The final section concludes the paper by
discussing some implications and expanded research work.

Methods

In order to produce a supply curve for biomass for the 276 county region, both quantities and
prices had to be derived. Since no biomass is currently grown in organized markets in this region,
neither prices nor quantities were available. Derivation from the quantity side relied on the
assumption that farmers of agricultural lands would convert their land to biomass production when the
price per unit of biomass harvested would meet or exceed their current profit margins. Therefore,
information about yields, costs of production and market prices would have to be determined for both
conventional agricultural crops and SRWC crops. Knowledge of these numbers would give
information about physical properties and factors regarding economic decision making. The
breakeven price was calculated using the following equation:



1) ( YLDc * PRICEc ) - COSTc = ( YLDw * BEP ) - COSTw

where YLDc was the particular conventional crop yield expected, PRICEc was the expected market
price of the conventional crop, COSTc was the cost of conventional crop production, YLDw was the
yield of woody biomass, BEP was the breakeven price of SRWC to the farmer to be calculated, and
COSTw was the cost of production of SRWC woody biomass. The left-hand side of the equation
may be considered land rent or the returns to land, labor, capital and management as a result of
growing conventional crops on cropland. We considered land rent, similarly, as a result of keeping
pasture land in pasture production. The right-hand side of the equation, therefore, is land rent
received as a result of growing biomass crops on either conventional crop land or pasture land.

The notion of a breakeven price (to be calculated) was that a farmer would convert his
conventional crop agricultural production lands to woody biomass production when it became
profitable enough for him to do so. Based on available information on the remaining five coefficients
in the above equation, we could solve for BEP. Figure 1 shows a diagram by which information
flows through each stage of our analysis.

Land Base Characterization

Figure 2 demonstrates the span of counties across the 11 state area. For the purposes of our
study we selected eight subregions within the TVA region. The boundaries of the subregions were
based on current land use and physiographic features and largely followed the boundaries of the
United States Department of Agricultural (USDA) Major Land Resource Areas in this region (United
States Department of Agriculture 1981).

In order to adequately and completely describe the geographic region, national agricultural
data bases were used to characterize soil types, agricultural crops grown, and the acres of crop and
pasture land for each county. Information on soil types was derived from the national resource
inventory (NRI) (Soil Conservation Service 1984) and the SOILS5 data base (United States
Agricultural Stabilization Conservation Service 1989).  SCS soil classes were aggregated into nine
categories for each of the eight subregions so a representative SCS soil class code could be used. The
NRI was then scanned to determine the most common soil type for each soil class. Soil names were
cross referenced with NRI soil codes using the SOILSS database. Finally the SOILSS data base was
accessed by soil name to provide all information possible about different horizons, slope
characteristics and other information for each of nine soil categories. ,

In order to determine the dominant agricultural crops grown in a particular region, the
National Agricultural Statistics (NAS) were accessed by county to determine, by acreage, the three
dominant conventional crops grown in each of the eight subregions United States Department of
Agriculture 1988, 1989). Each of the subregions would then have three crops which represented at
least 80 percent of the region’s agricultural land base considered. The trio of dominant crops for
each region were some combination of corn, cotton, soybeans or wheat. The Agricultural Census
data provided information about the crop and pasture acreage for each county United States
Department of Commerce 1989).

Conventional Agricultural Crop Yields

Crop yields were available from the NAS. The 1988, 1989 and 1990 data for the three
dominant crops for each subregion provided data on average yield. However, since we wanted to
make the yields more sensitive to the soils within a subregion, we used the Erosion Productivity
Impact Calculator (EPIC) model (Sharpley and Williams 1990) to simulate yields using soil
information directly available for each soil type associated with each soil category for each subregion.
EPIC is a widely used productivity and erosion simulation package. EPIC required a physiology
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characteristics module for each conventional crop grown, the SOILSS soil name specific module,
wind and weather data, and a crop management scenario. The subregion’s wind and weather data
module selected was that national weather service (NWS) weather and wind station data which was
closest to the geographic center of the subregion. -Management scenario information for the EPIC
module was taken from state crop budget data information available from agricultural extension
offices. For subregions which included counties from two or more states, information from the
dominant state was used to characterize both crop budget and management practices. Tillage
practices considered predominant for each state were used; the dominant tillage practices considered
for most states was no-till, except for cotton acreage which was predominantly conventional till. A
total of 216 EPIC simulations were completed, providing information on yields about three crops on
nine soil categories in eight different subregions.

To provide more accurate yield information, an index of the ratio of NAS crop yield and
EPIC simulated crop yield was produced. This index was used in Equation 1 and would be more
representative of the true yield for a subregion. A more detailed explanation of this index is found in
Graham and Downing (1993) in these proceedings.

Conventional Crop Market Prices and Production Costs

Conventional crop market prices were assumed constant across the entire study region. These
were taken from Johnson (1990).

Each state crop budgeter provided an accurate production budget for each of three ¢ *minant
crops in each subregion. Management scenarios were important determinants of the cost ot
production as were tillage practices. In order to determine overall investment and tr.ide-offs, a
discount rate of 6 percent was used.

Pasture rent values were determined on the state level as well. Pasture rent values considered
were from the average gross cash rent per acre statistics from selected states for 1986-1990 (United
States Department of Agriculture 1990). These values were estimated cash rent as a percent of the
per-acre value of rented pasture.

SRWC Yields

There are several common SRWC varieties considered capable of reasonably fast growth,
good quality for conversion, or resistant to disease. The varieties selected for growing in the
subregions were sweetgum, poplar, sycamore, and black locust. SRWC wood was considered to
grow better on some SCS soil classes than others, so each variety was tailored to the particular soil
category. As displayed in Table 1, poplar was projected to grow on only the first and fourth soil
categories, sweetgum was projected to grow best on the second and third. Black locust was expected
to grow best on soil categories S and 6 and sycamore on soils 7 categorization. No SRWC wood
was considered capable of growing on soil categories 8 and 9.

There have been numerous field trials conducted in the United States to evaluate SRWC yields
(Bransby 1990, and Parrish 1990). There is little or no field data on SRWC yields in the 276 county
study region. Therefore, expected yields for the 276 county region were assembled based on the best
possible information from experts in the field (Cherney 1990, and Dobbins 1990). Yields were
projected to range from 3.5 to 5 dry tons per acre across all subregions and were sensitive only to
soil category, not subregion. Yields on pasture land of the same soil category were considered to be
lower by an average of 20 percent because of conversion transition problems such as soil compaction
and previous cropping and fertilization practices. EPIC does not yet contain an SRWC simulation
module for any of the SRWC species we wished to model, so it was not used to simulate yields.
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Table 1

SCS Soil Classes Soil Categories SRWC Species
1 1 Poplar
2w 2 Sweetgum
2e 3 Sweetgum
2s 4 Poplar
3w, 4w 5 Black locust
3e 6 Black locust
4e 7 Sycamore
3s, 4s 8 —
5-12 9 -

SRWC Production Costs

Each biomass crop species had a different rotation length based on knowledge of optimal
rotation as seen in field trials in other parts of the country. Individual budgets for each rotation for
each species were constructed to reflect the 6 percent discount rate, custom harvesting, and variable
and fixed costs of production. Harvesting, for example included chipping costs, which would more
accurately reflect the total cost of the final product. Losses for shrinkage were included, but
transportation costs to move the product from the field to the utility plant were not.

BEP. solution

The result of solution of Equation 1 for all subregions (8), across all soil categories (9) and
for each conventional crop for crop land and pasture land, was a file containing 144 observations.
We were thus able to calculate the breakeven prices for each crop as well as the maximum breakeven
price for each subregion and soil category. The conventional crop corresponding to the maximum
breakeven price was also identified. The maximum breakeven price was not allowed to imply a
negative land rent. There were many instances in which none of the conventional agricultural crops
were profitable. This may not be unrealistic as it is clear from discussions with the agricultural
extension offices that farmers are going out of production in many of the counties examined.

Results

The solid supply curve shown in Figure 3 represents the SRWC biomass supply curve for the
entire region of 276 counties. The total dry chipped tonnage of biomass projected to be supplied is
" shown to be 74 million tons. The price per dry chipped ton of SRWC biomass is shown to range
from $28 to $93. Each step of this aggregate supply curve demonstrates a change in the price. For
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example, approximately 25 million tons are available at a price of about $43 per ton. Two concepts
of this additive supply curve are noteworthy. First, the steeper portions of the curve represent
smaller groups of biomass available while the flatter portions of the curve represent more abundant
quantities of biomass, at particular prices.

Based on how the breakeven prices for biomass were calculated, we showed that each county
included in the study region had an individual quantity of biomass projected to be supplied at
individual prices. The particular species of SRWC wood were also identified, as well as the acres
and particular conventional agricultural crop displaced. The percentage of crop land and pasture land
for each county was identified also.

An economic interpretation of the curve shows that movements along the curve (known as
changes in quantity supplied) can only be made by either a change in price or quantity. Shifts in the
curve itself would be due to changes in other determinants of supply such as changes in production
technology or changes in the discount rate. For example, the broken curve in Figure 3 would
represent the supply curve if production yields are increased by 25 percent. The supply curve
appears shifted out and to the right as a result of costs of production decreasing on a per acre basis
per unit of yield.

Figure 4 shows the conversion of the solid supply curve in Figure 3 from dollars per ton
($/Ton) to dollars per million British Thermal Units ($/MBtu). This curve can be used to compare
the $/MBtu of coal, or other energy inputs to conversion for electricity production. TVA currently
pays about $1.20/MBtu for coal (Gold, 1993). This curve is also useful in determining the trade-offs
in using wood for production of ethanol as an end product vs production of electricity. Thus, woody
biomass may be seen as having competing uses; for electricity production and conversion to ethanol.

Spatial distributions of the range of available quantities of woody biomass available at
different prices are portrayed in the Figure 5. Each of the three maps represent the distribution by
county for the quantities of woody biomass projected to be available at $2.00, $2.50 and $3.00 per
MBtu. The land that currently produces more profitable conventional agricultural crops would tend to
produce greater amounts of biomass, but at higher prices. Information such as this is important
because it indicates something about the quality of land in certain areas, especially along the
Mississippi River and in some of the corn growing regions of southern Illinois and Indiana. By the
same logic, forested areas in the Virginia and North Carolina counties would tend to produce less
quanities of biomass.

Discussion and Conclusions

The supply schedule (list of quantities available at certain prices) can be useful as inputs to a
geographic information system (GIS). Modeling efforts currently underway using these data include
determining optimal hauling distances and transportation routes for SRWC biomass from production
location(s) to existing coal-fired power plants in the TVA region. Data needs for assisting in these
kinds of decisions as well as decision making about future optimal location of electric power
generating plants and other conversion facilities using GIS as a tool may include this supply
information by county and information on geographic road location networks. Other information
useable by GIS as "overlays" may be digitized maps showing the location of wetlands or other
environmentally sensitive areas, major power transmission lines, locatlon of population centers, and
location of specific cropland usage areas (Noon 1993).

Extensive EPIC crop simulation modeling of conventional crops provided baseline information
on level of fertilizer use, the effect on soil runoff, and evapotransporation levels of plants. This
information is useful in determining the environmental effects of growing conventional agricultural

59




crops vs other biomass crops as a landscape alternative. These effects have been outlined and
modeled in Graham and Downing (1993) focusing on herbaceous energy crops in particular.

This analysis includes no information about the effect of crop reduction program lands (CRP),
livestock production areas, or agricultural reduction program (ARP) larids. In major agricultural
areas, these considerations would be important in determining the BEP and for estimating the
environmental effects. Data are available on ARP and CRP lands, by farm contract, and could be
used in a resource analysis that included a linear program to solve for the optimal quantities of
biomass to be produced (English, et al. 1992).

A parallel study is in process to determine the BEP of herbaceous energy crops (HEC) on the
same production lands. It would not be determined if SRWC and HEC would be in competition on
these lands, but relative BEP and production supply curves could be generated by the same modeling
technique. An EPIC simulation module for switchgrass as well as sorghum is available, representing
two crops commonly considered as HEC crops.

Risk has been analyzed by McCarl, et al. (1919) to determine the possible presence of risk (in
the form of a risk coefficient) assumed by farmers in agriculture. Our analysis does not attempt to
attach a risk coefficient, but it is apparent that there is probably some differential price that may have
to be added to the BEP in order to actually induce farmers to switch from short rotation conventional
agricultural crops to longer rotation biomass crops such as poplar and sweetgum. Further work in
this areas is need to assess the particular associated risk coefficient associated with these trade-offs.

Further analyses needed relate to the nonmarket benefits that may accrue to society regarding
the growing of biomass in lieu of agricultural crops. This has to do with the environmental analysis
(Graham and Downing 1993) but considers some very important trade-offs to do with the
environmental degradation and costs and benefits to society (Downing and Graham 1993).

Our analysis takes into account only the supply side of SRWC production of biomass for
conversion to electricity. The other side of the total analysis would be from the demand side, where
demand for biomass wood could be derived to establish an equilibrium price in the options for trade-
offs for energy inputs.
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Abstract

In Hawaii, imports of fossil fuels continue to accelerate and now provide over 90% of the total
energy supply at a cost exceeding $1 x 10° annually exported from the local economy.
Concurrently, sugarcane and pineapple crops, the traditional mainstays of the state's economy,
have declined such that as much as 80,000 hectares of agricultural land are now available for
alternative land uses. The feasibility of short-rotation forestry for sustainable energy
production on these former sugarcane and pineapple plantation lands is being evaluated using
species- and site-specific empirical models to predict yields of Eucalyptus grandis, E. saligna,
and Leucaena leucocephala, a system model to estimate delivered costs, and a geographic
information system to extend the analysis to areas where no field trials exist and to present
results in map form. The island of Hawaii is showcased as an application of the methodology.
Modeling results of methanol, ethanol, and electricity production from tropical hardwoods are
presented. Short-rotation forestry appears to hold promise for the greening of Hawaii's energy
system and agricultural lands for the benefit of the state's citizens and visitors. The
methodology is readily transferable to other regions of the United States and rest of the world.
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As traditional plantation crops such as sugarcane and pineapple continue to decline in Hawaii,
landowners and other decision-makers are considering short-rotation forestry for energy
production as an alternative enterprise. To provide useful information to interested parties,
our research team at the University of Hawaii developed a decision support system featuring
three integrated components: (1) empirical SRIC yield models of three promising tropical
hardwoods, Eucalyptus grandis, E. saligna, and Leucaena leucocephala, constructed using
growth data, site characteristics, and management variables from field trials in Hawaii; (2) a
SRIC biomass system model of production costs, including establishment, maintenance,
harvesting, transport, and storage; and (3) a geographical information system to extend the
analysis to areas where no field trials exist and to enhance the communication of results
visually (Phillips er al., 1993). In this paper, three sites on the island of Hawaii were
analyzed using the above methodology to estimate yield and delivered cost of feedstocks for
conversion to ethanol, methanol, and electricity. Estimates of capital, O&M, feedstock, and
production costs at the plant gate ($/liter and $/kWh) are presented for one site.

Because E. saligna demonstrated the highest yields and lowest delivered costs at all three sites
modeled, we present results for only this species. Using an optimum SRIC management
strategy of approximately 7 m? of growing space and 7 years of age at harvest for Hilo coast
E. saligna plantations, the average cost of chips delivered to a bioconversion facility located at
Pepeekeo is = $36/dry Mg (Fig. 1). A potential biomass supply curve of E. saligna from the
Hilo coast indicates that 200,000 dry Mg/year could be produced at = $36/dry Mg (Fig. 2).
Yield (dry Mg) and cost estimates ($/dry Mg) of delivered chips were calculated for three sites
on the island of Hawaii. The Hilo coast site was the most productive one modeled and could
provide more than },600,000 dry Mg over 7 years with most of the feedstock costing under
$35/dry Mg (Tables 1 and 2). Hilo coast E. saligna yield and delivered cost maps are
showcased in Figs. 3 and 4.

Table 1. Potential SRIC Production E. saligna Based on Optimized Management
Strategy at Three Sites on the Island of Hawaii.

Hamakua coast? Hilo coast? Ka'u®

' Biomass Biomass Biomass
Yield Range  Area  Production Area Production Area  Production

(dry Mg/ha)  (ha) (10°dry Mg) (ha) (10°dry Mg) (ha)  (10° dry Mg)

< 100 1,322 108 22 2 4,524 253

100 - 150 1,852 231 1,830 238 501 58

150 - 200 1,859 320 5,468 975 14 2

> 200 2,745 725 2,113 449 741 265

Total 7,778 1,384 9,433 1,664 5,780 578
Average Yield 178 (dry Mg/ha) 176 (dry Mg/ha) 100 (dry Mg/ha)

®* Growing space = 7 m’, rotation age = 7 years, nitrogen fertilizer application = 0.15 kg/tree;
® Growing space = 12 m’, rotation age = 9 years, nitrogen fertilizer application = 0.15 kg/tree.
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Table 2. Cost Estimates of E. saligna Chips Delivered to Specific Bio-conversion
Plants on the Island of Hawaii.

Hamakua coast Hilo coast plantations  Ka'u plantations to

plantations to to Hilo Coast Ka'u Agribusiness

Cost Hamakua Sugar Co. Processing Co. millat  Co. mill at Pahala

Range mill at Haina (15 km)®  Pepeekeo (11 km) (15 km)
($/dry Mg) (10° dry Mg/yr)°®

<35 o8 114 25
35 - 40 24 . 57 1
> 40 46 ~ ’ 31 29

* Average distance from plantations to mill; ® includes 15% feedstock handling and storage loss.

These feedstock results were then used with specific bioconversion processes for estimating the
costs of manufacturing energy products at a plant capacity of 95 x 106 liters per year (25 x 106
gallons per year) for ethanol and methanol fuels and 25 MWe for electricity. The technology
and assumptions for each of the bioconversion processes used to estimate costs are described
by Hohmann and Rendleman (1993) for ethanol, Wyman er al. (1993) for ethanol and
methanol, and the U. S. Department of Energy (1992) for electricity. Preliminary levelized
cost estimates are $0.32/liter for ethanol, $0.21/liter for methanol, and $0.071/kWh for
electricity (Table 3). Short-rotation forestry for energy production appears to hold promise for
the greening of Hawaii's energy system and agricultural lands.

Table 3. Cost Estimates of Biomass Energy Products Manufactured at a
Hypothetical Bioconversion Facility at Pepeekeo, Hawaii.

Energy Product

Cost Estimates? Ethanol® Methanol° Electricity®
(10° $)

Capital costs 56.2 ~ 55.0 38.2

O & M costs 7.7 7.9 2.2

Feedstock costs 9.1 4.4 3.3

Levelized cost $0.32/liter $0.21/liter $0.071/Kwh

($1.21/gallon) ($0.80/gallon)

® 1991 US $; ® simultaneous saccharification and fermentation system, capacity = 95 x 10° liters per year;
° low-pressure indirect gasifier with hot-gas conditioning and MEOH synthesis, capacity = 95 x 10° liters
per year; ¢ fixed-bed gasifier coupled to open cycle turbine, capacity = 25 MWe.
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Abstract

The focus of this paper is a computer-based system for estimating the costs of supplying wood
fuel. The system is being developed for the Tennessee Valley Authority and is referred to as the
Biomass Resource Assessment Version One (BRAVO) system. The main objective in developing
the BRAVO system is to assist TVA in estimating the costs for supplying wood fuel to any one of
its twelve coal-fired power plants. The BRAVO system is developed within a Geographic
Information System (GIS) platform and is designed to allow a user to perform "what if" analyses
related to the costs of wood fuel supply. Three types of wood fuel are considered in the BRAVO
system: mill residues, logging residues and short-rotation woody crops (SRWC). Each type of
wood fuel has unique economic and supply characteristics. The input data for the system includes
the specific locations, amounts, and prices of the various types of wood fuel throughout the TVA
region. The system input is completed by data on political boundaries, power plant locations, road
networks and a model for estimating transportation costs as a function of distance. The resultis a
comprehensive system which includes information on all possible wood fuel supply points,
demand points and product movement costs. In addition, the BRAVO system has been designed
to allow a user to perform sensitivity analysis on a variety of supply system parameters. This will
enable TVA to thoroughly investigate the financial impacts of issues such as increased competition
for wood fuel, environmental policies, fuel taxes, and regional economic cycles.
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Background and Motivation

The focus of this paper is a computer-based system for estimating the costs of supplying wood
fuel. The system is being developed for the Tennessee Valley Authority and is referred to as the
Biomass Resource Assessment Version One (BRAVO) system. The main objective in developing
the BRAVO system is to assist TVA in estimating the costs for supplying wood fuel to any one of
its twelve coal-fired power plants which are located in Tennessee, Kentucky, and Alabama.
Burning wood in lieu of coal has the advantages of reducing sulphur-dioxide emissions and
helping decrease the flow of wood residue into landfills. TVA's short-term strategy for using
biomass as an energy resource includes cofiring wood at a coal-fired plant rather than construction
of a new, dedicated wood-burning facility. The cofiring strategy will allow TVA to gain
experience in wood procurement, handling, and combustion without excessive capital risk. In
addition, the cofiring facility can be easily reconverted into coal-only which protects TVA during
periods of unfavorable wood fuel supply.

The task of estimating wood fuel costs is particularly challenging due to the fact that wood fuel is
not an established commodity and that wood fuel availability and price are often dependent on
conditions that are external to TVA. In contrast to conventional fossil fuels, geographic proximity
to supply is a main determinant in the cost of wood fuel at a power plant. For example, the cost
per MBtu-mile for transporting wood is three times that of coal based on weight alone. Asa
consequence, BRAVO 1s being developed within a Geographic Information System (GIS)
platform. The GIS platform allows for the efficient storage, retrieval and display of data and
results. Further, the GIS platform allows analysis to be performed on transportation networks so
that accurate estimates of hauling distances and costs can be determined.

System Design

The system is designed to estimate the total purchase and transportation costs of wood fuel under
various levels of demand. Three types of wood fuel are considered in the BRAVO system: (1) mill
residues, (2) logging residues and (3) short-rotation woody crops (SRWC). Each of the three
types of wood fuel has unique economic and supply characteristics. The system considers mill
residues as any unused bark, fines, shavings, etc... available from either primary (lumber mills,
paper mills) or secondary (eg., furniture manufacturers) industries. Logging residues are defined
as tree crowns, tops, or boles that would otherwise be left on-site during a logging operation.
Short-rotation woody crops are intensive culture woody crops which are grown on land that would
otherwise be used for growing traditional agricultural crops.

The data for mill and logging residues is provided by TVA's Forest Resources Program. For each
primary or secondary mill in a seven state region, the data includes the mill location and the
quantity, type and current usage of wood residues. As an example, Figure 1 displays the counties
and mill locations within a 40-mile radius of TVA's Colbert Steam Plant (denoted by a star) located
in the northwest corner of Alabama. Mill residue prices are based on Timber Mart-South
estimates.
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For logging residues, we assume future logging practices will be similar to recent practices with
respect to general location, terrain, type of harvest and potential for residues. The estimated
logging residue amounts are computed from U.S. Forest Service data and assigned to forest plot
locations with each plot location representing approximately 5000 acres. Figure 2 displays the plot
point locations for the Colbert 40-mile radius. The prices associated with logging residues

represent estimates of the incremental cost to a logger to recover residues during merchantable tree
harvests.

The data for the short-rotation woody crops (SRWC) is provided by the Energy Crop Development
Program at Oak Ridge National Laboratory. For each county, a cost/supply curve is developed
which gives the quantities available within the county at specific price intervals. The prices

represent payment levels necessary to induce a farmer to produce SRWC in place of conventional
Crops. :

The system input is completed by data on political boundaries, power plant locations, road network
and a model for estimating transportation costs as a function of distance. The road network is a
digitized version of TVA's 1:633,000 scale regional wall map. Figure 3 shows the road network
over the Colbert 40-mile radius. BRAVO is designed to run on a UNIX-based workstation. The
system procedures and user interface are written in ARC Macro Language (AML) which is part of
the GIS software ARC/INFO, a product of Environmental Systems Research Institute (ESRI).

System Usage

With the input data, BRAVO is a comprehensive system which includes information on all possible
wood fuel supply points, demand points and product movement costs. With this information, the
system can then estimate the total costs to supply a power plant with varying levels of wood fuel.
Figure 4 displays an example output. The chart shows the marginal and average cost curves for
supplying wood fuel to a particular location. Obviously, the marginal cost per dry ton increases
along with an increase in demand at a particular location. However, the rate of marginal cost
increase is highly demand location dependent within the TVA region.

In addition, the system is designed to allow a user to easily specify and analyze "what if" scenarios
with respect to supply, demand and transportation costs. For example, the user can specify that
only half of the potential logging residues are available and that mill residues can be obtained only
from large mills. As another example, the user can specify a $.50 per gallon tax on diesel fuel and
examine its effects on total cost and procurement. From its inception, the BRAVO system has
been designed to allow a user to perform sensitivity analysis on a variety of supply system
parameters. This will enable TVA to thoroughly investigate the financial impacts of issues such as
increased competition for wood fuel, environmental policies, fuel taxes, and regional economic
cycles. Finally, the BRAVO system is designed to be methodologically portable and expandable.

Additional resource layers or alternate transportation networks can be readily incorporated into the
system.
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Figure 1. Counties and mills for Colbert 40-mile procurement zone.
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Figure 2. Forest plot locations for Colbert procurement zone.
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Figure 3. Road network for Colbert procurement zone.
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Figure 4. Example supply cost curves (top curve is marginal).
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FOREST BIOMASS AND ENERGY-WOOD POTENTIAL IN THE SOUTHERN UNITED STATES

Joseph R. Saucier, M.S., Project Leader
Southeastern Forest Experiment Station
Forestry Sciences Laboratory
Athens, Georgia 30602

Abstract

Timber resource data were compiled from the most recent USDA Forest Service
inventory data for the 12 Southern States from Virginia to Texas. Timber
resource 1inventories traditionally include only trees 5 inches dbh and
greater and their volumes to the prevailing merchantable top diameter
expressed in cubic feet, board feet, or cords. For this paper, conversion
factors were developed to express timber inventories in weight and to expand
the inventories to include the crowns of merchantable trees and trees less-
than 5 inches dbh. By so deoing, the total aboveground biomass is estimated
for the timberlands in the South.

The region contains 185 million acres of timberland. Some 14.6 billion green
tons of woody biomass are present on socuthern timberland--about 79 tons per
acre. When mature stands are harvested, the average acre in the South has
22.2 tons of woody material left in crowns and sapling, and 5.1 tons in cull
stems. Thus, an average of 27.3 green tons per acre of potential energy wood
are left after conventional harvests. Conversion factors that are presented
permit estimates for specific tracts, areas, counties, or states.
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Introduction

This paper provides estimates of the amount of woody biomass that is present
on timberland in the Southern United States--the 12 States from Virginia to
Texas. Interest in the woody biomass of the South is high for several
reasons. First, this region is rapidly becoming the most important in the
Nation for timber production. Tree growth is relatively rapid and major
markets for timber and paper products are nearby. Second, the rapidly
growing economies of Southern States provide promising markets for woody
biomass that is unsuitable for traditional wood products.

The estimates presented here are based on the most recent published data from
the statewide forest inventories that are conducted by the Forest Inventory
and Analysis (FIA) Units at the Southern and Southeastern Forest Experiment
Stations. Inventories of the individual States were completed between 1987
and 1993. The published data sources are included in the list of references.

General Resource Description

Land area in the 12 Southern States totals 329 million acres. About 185
million acres (56.2%) are classed as timberland. Alabama, Georgia, South
Carolina, and Virginia have more than 60% of their land area classed as
timberland while Florida has the lowest (43.2%) (table 1).

Table 1. Total Land and Commercial Timberland Area for 12 Southern States

Commercial Proportion in

State Total area timberland timberland
- - - Thousand acres - - - ~ - Percent - -

Alabama 32,491.3 21,932.0 67.5
Arkansas 33,320.0 17,246.6 51.2
East Oklahoma 10,103.8 4,895.5 48.4
East Texas 22,192.1 11,565.3 52.1
Florida 34,652.8 14,982.6 43.2
Georgia 37,140.5 23,631.2 63.6
Louisiana 26,265.4 13,782.8 52.5
Mississippi 30,228.9 16,981.6 56.2
North Carolina 31,228.2 18,710.4 59.9
South Carolina 19,320.6 12,178.8 63.0
Tennessee 26,447.0 13,265.2 50.2
Virginia 25,409.8 15,447.6 60.8
South 328,800.4 184,619.6 56.2

Nonindustrial private landowners, which include farmers and other private
individuals who do not engage in forest products manufacturing, own
two-thirds of the South's timberland (table 2). Forest industry owns 23%
of the timberland acreage. In terms of industry holdings, Georgia,
Alabama, and Florida rank first, second, and third.

Table 3 shows the division of each Southern States' timberland among major
forest types. Ninety percent of the timberland is in four forest types:
35% is in oak-hickory, 25% is in loblolly-shortleaf pine, 15% is in
oak-pine, and 15% is in oak-gum-cypress. In terms of stand-size classes,
44% of the South's timberland is occupied by sawtimber stands, 27% by
poletimber stands, and 27% by sapling-seedling stands (table 4). Two
percent of timberland is classes as nonstocked.
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Table 2. Areca of Commercial Timberland by Ownership for 12 Southern States

Total

commercial National Other Forest Other
State timberland forest public industry Farmer private

------------ Thousand acres - - - - - = - = = - =
Alabama 21,932.0 605.4 556.7 5,499.5 4,764 6 10,505.8
Arkansas 17,246.6 2,296.8 778.8 4,376.3 2,926.0 6,868.7
East Oklahoma 4,895.5 222.7 359.5 1,047.3 1,097.1 2,169.0
East Texas 11,565.3 610.3 152.7 3,820.8 1,369.8 5,611.7
Florida 14,982.6 990.2 1,452.9 5,446 .4 1,114.9 5,978.2
Georgia 23,631.2 751.8 *893.6 5,870.1 4,877.7 11,238.0
Louisiana 13,782.8 hg5.7 743.1 4,472.1 724.9 7.346.9
Mississippi 16,981.6 1,212.1 707.2 3.332.9 4,171.5 7.557-.9
North Carclina 18,710.4 1,082.4 920.3 2,420.4 5,0841.9 9,245.5
South Carclina 12,178.8 576.5 596.8 2,706.6 3,136.4 5,162.5
Tennessee 13,265.2 £556.0 953.0 1,143.9  3,848.9 6,763.4
virginia 15,447.6 1,468.1 515.2 1,554.8 3,870.4 8,039.1
South 184,619.6 10,868.0 8,629.8 41,691.1 36,944.1 86,486.7

Table 3. Area of Commercial Timberland by Forest Type for 12 Southern Statés

Loblolly- Longleaf- Other Other
All shortleaf Oak- Oak- Oak~-gum=- slash hardwood softwood
State species pine pine hickory cypress pine types types
---------------- Thousand acres - - - - - = - = = = = = - - = =
Alabama 21,932.0 6,259.9 4,521.8 7,661.4 2,258.9 1,197.5 16.3 16.2
Arkansas 17,246.6 4,185.4 3,049.9 7,264.6 2,582.5 - 164.2 -
East Oklahoma 4k,895.5 1.098.6 702.2 2,590.8 409.9 - ;4.0 -
East Texas 11,565.3 3,936.7 2,401.8 3,369.3 1,519.1 279.9 58.5 -
Florida 14,982.6 1,376.6 1,210.8 1,890.4 4,271.1 6,149.9 83.8 -
Georgia 23,631.2 6,833.7 3,063.9 5,917.6 3,245.2 4,178.0 318.4 7h.
‘Louisiana 13,782.8 4,165.1 1,891.0 2,107.9 4,352.9 849.1 501.8 14.9
Mississippi 16,981.6 3,930.8 3,522.9 5,477.2 3,051.7 841.5 157.5 -
North Carolina 18,710.4 5,604.5 2,580.2 7,008.0 2,490.4 411.1 369.4 246.2
South Carolina 12,178.8 4,656.9 1,543.7 2,644.2 2,300.9 769.6 252.8 10.7
Tennessee 13,265.2 1,333.8 1,591.5 9,476.5 639.3 - 154 .4 6.7
Virginia 15,447.6 3,135.8 1,941.2  9,377.1 392.3 - 384.3 216.9
South 184,619.6 46,517.8 28,020.9 64,785.0 27,514.2 14,676.6 2,455.9 564.4

Table A. Area of Commercial Timberland by Stand Size Classes for 12 Southern States

Total

commercial Sapling and
State ' timberland Sawtimber Poletimber seedling Nonstocked

————————————— Thousand acres - = - - = = = - - = - - -
Alabama 21,932.0 7.639.4 5,912.5 8.336.0 44 1
Arkansas 17,246.6 7,450.1 5,769.7 3,830.2 196.6
East Oklahoma 4,895.5 1,496.6 2,004.3 1,394.5 0.0
East Texas 11,565.3 5,715.1 2,813.3 2,778.5 258.4
Florida 14,982.6 4,926.6 3,882.8 4,401.6 1,771.6
Georgia 23,631.2 9,285.4 6,294.3 7,388.5 663.0
Louisiana 13,782.8 8,137.3 2,165.1 3.409.8 70.6
Mississippi 16,981.6 8,116.8 4,203.9 4,458.9 202.0
North Carolina 18,710.4 9,117.2 4,939.1 4,500.9 153.2
South Carolina 12,178.8 5,511.2 3,085.9 3,307.7 274.0
Tennessee 13,265.2 6,521.2 4,397.5 2,340.8 5.7
Virginia 15,447.6 7.599-4 4,710.0 3.034.0 104.1
South 184,619.6 81,516.3 50,178.4 49,181.4 3,743.3
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Estimating Biomass

Reports of timber inventories have traditionally included only trees 5 inches
dbh and greater and their volumes to the prevailing merchantable top diameter
expressed in cubic feet, board. feet, and cords. For the purpose of this
report, conversion factors were developed to express timber inventories in
weight (CF-1) and to expand the inventories to include the crowns of
merchantable trees (CF-2) and trees less than 5 inches dbh (CF-3). By so
doing, the total aboveground biomass was estimated for trees greater than
l-inch dbh in the Southern region. Conversion factors used are as follows:

CF-1. Green weight of wood and bark per cubic foot of wood
Sof twoods 73 1lbs/cu.ft.
Soft Hardwoods = 71 lbs/cu.ft.
Hard Hardwoods = 83 lbs/cu.ft.

CF-2. Crown percent in trees greater than 5.0 inches dbh

: Sawtimber Poletimber

Sof'twoods = 15% 25%

Soft Hardwoods = 18% 30%

Hard Hardwoods = 25% 35%

CF-3. Percent of total cubic foot volume in trees less than 5.0 inches dbh

Softwoods = 10%

Soft Hardwoods = 17%

Hard Hardwoods =  16%

Conversion factors 1 and 2 are based on total-tree weight and volume data
collected at this laboratory from over 6,000 trees of the major species in
the South. These data are published in numerous individual species or
species group reports and summarized largely in the following reports.
(Saucier et al., 1981 and Clark et al., 1986). Conversion factor 3 was
derived from forest inventory data collected by the Forest Inventory and
Analysis Unit of the Southeastern Station found in the references listed.

Results

The estimates of the total Southern timber resource are presented in table 5
and on a per-acre basis in table 6. The estimates are given for each of the
12 Southern region States and by the species group categories of softwoods,
hard hardwoods, and soft hardwoods. Table 5 shows that the 185 million acres
of commercial forest land in the Southern region contain 14.6 billion green
tons of woody biomass. North Carolina and Georgia lead with 1.8 billion tons
each, followed by Virginia, with 1.6 billion tons. '

Average amounts of biomass per acre vary considerable by state. Commercial
forest lands of Virginia have the highest average per-acre biomass, with
103.0 green tons, while East Oklahoma is lowest, with 45.8 green tons
(table 6). Four factors obviously influence the biomass of a forest acre:
age, stocking, species composition, and site productivity. The average
biomass per acre in the Southern region is 79.3 green tons.

Estimates of biomass fuel can be made from data in table 6. For example, in

the final harvest, the average acre in the Southern region has 22.2 tons of
" crown material and saplings, and 5.1 tons of cull stems, for a total of 27.3
green tons of potential energywood. Estimates for specific tracts can be
made if the merchantable volume in cubic feet is known by application of the
conversion factors used in this analysis.
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Table 5. Green Weight of Aboveground Tree Biomass (Excluding Foliage) on Commercial Timberland in the South, by State and Species Group

Southern region by . i
Biomass Growing stock Cull Saplings

state and species

. a , .
group Total Stem Crown Total Stem Crown Total Stem Crown Total

————————————————————————— Million tons - - - - - - = = - = - - - - = & - - - - - - - - -

Alabama:
Softwoods 536.4 413.9 122.5 477.0 405.2 71.8 10.5 8.7 1.8 48.7
Hard hardwoods 478.7 320.1 158.6 359.7 279.3 80.4 53.0 40.8 12.2 66.0
Soft hardwoods 295.5 204.6 90.9 229.9 186.2 b3.7 22.7 18.4 4.3 42.9
Total 1,310.6 938.6 372.0 1,066.6 870.7 195.9 86.2 67.9 18.3 157.6
Arkansas:
Softwoods 511.2 hoz.0 109.2 455.8 394.6 61.2 8.9 7.4 1.5 46.5
Hard hardwoods 622.9 4240 199.0 469.0 371.4 97.6 68.0 52.6 15.4 85.9
Soft hardwoods 182.6 129.1 53.5 139.3 114.9 0 23.7 17.5 14.2 3.3 26.5
Total 1,316.7 955.1 361.7 1,064.1 880.9 182.5 94 .4 Th.2 20.2 158.9
East Oklahoma:
Softwoods 73.7 52.4 21.3 65.2 50.9 14.3 1.8 1.5 0.3 6.7
Hard hardwoods 129.3 85.7 43.6 70.4 s5h.1 16.3 41.1 31.6 9.5 17.8
Soft hardwoods . 21.8 15.1 6.7 13.1 10.7 2.4 5.5 4.4 1.1 3.2
Total 224.8 153.2 71.6 148.7 115.7 33.0 48 .4 37.5 10.9 27.7
East Texas: .
Softwoods 4o9.6 321.8 87.8 358.4 310.0 48.4 14.0 11.8 2.2 37.2
Hard hardwoods 267.4 182.6 84.8 167.3 133.4 33.9 63.2 9.2 14.0 36.9
Soft hardwoods 119.9 84.2 35.7 81.1 66.8 14.3 21.4 17.4 4.0 17.4
Total 796.9 588.6 208.3 606.8 510.2 96.6 98.6 78.4 20.2 91.5
Florida: :
Softwoods vob7.h 370.0 107.4 427.1 364.2 62.9 6.9 5.8 1.1 43.4
Hard hardwoods 220.8 151.0 69.8 130.4 104.6 25.8 60.0 h6. 4 13.6 30. 4
Soft hardwoods 218.9 i54.6 64.3 161.9 134.2 27.7 25.2 20.4 4.8 31.8
Total 917.1 675.6 241.5 719.4 603.0 116.4 92.1 72.6 19.5 105.6
Georgia: .
Softwoods 790.1 615.3 174.8 712.0 610.0 102.0 6.3 5.3 1.0 71.8
Hard hardwoods 560.5 382.7 177.8 427.5 340.0 87.5 55.7 42.7 13.0 77.3
Soft hardwoods 463.2 326.6 136.6 361.4 298.7 62.7 34.5 27.9 6.6 67.3
Total 1,813.8 1,324.6 489.2 1,500.9 1,248.7 252.2 96.5 75.9 20.6 216. 4
Louisiana:
Softwoods 4734 368.8 104.6 421.3 361.2 60.1 9.1 7.6 1.5 43.0
Hard hardwoods 328.0 221.5 106.5 234.9 184.5 50. 4 48.1 37.0 11.1 45.3
Soft hardwoods 265.9 185.8 80.1 191.6 156.5 35.1 35.7 29.3 6.4 38.6
Total 1,067.3 776.1 291.2 847.8 702.2 145.6 92.9 73.9 19.0 126.9
(Continued)
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Table 5. Green Weight of Aboveground Tree Biomass (Excluding Foliage) on Commcrcial Timberland in the South, by State and Species Group

-~Continued
Southern region by . i
Biomass Growing stock Cull Saplings
state and species
a
group Total Stem Crown Total Stem Crown Total Stem Crown Total

————————————————————————— Million tons - = =~ - - = - = = = = = = « = « = & « - - - - ~ -

Mississippi:

Softwoods b75.7 372.8 102.9 h12.7 356.1 56.6 19.8 16.7 .1 43.2
Hard hardwoods 511.7 350.0 161.7 353.5 282.0 71.5 87.6 68.0 19.6 70.6
Soft hardwoods 283.7 200.2 83.5 200.3 165.8 34.5 42.2 34.4 .8 41.2
Total 1,271.1 923.0 348.1 966.5 803.9 162.6 149.6 119.1 30.5 155.0
North Carolina:
Softwoods 605.1 h61.1 144.0 538.7 hs7. 4 81.3 4.4 3.7 0.7 62.0
Hard hardwoods 681.0 459.3 221.7 524.7 410.4 114.3 63.6 h8.9 14,7 92.7
Soft hardwoods 561.8 391.7 170.1 by .2 366.4 80.8 31.4 25.3 6.1 83.2
Total 1,847.9 1,312.1 535.8 1,510.6 1,234.2 276.4 99.4 77.9 21.5 237.9
South Carolina:
Softwoods 2446 .9 349.8 97.1 ho1.1 345.4 55.7 5.2 4.4 .8 4o.6
Hard hardwoods 304.6 207.9 96.7 227.8 181.2 46.6 34.8 26.7 8.1 42.0
Soft hardwoods 308.2 218.5 89.7 231.2 192.3 38.9 32.2 26.2 6.0 44 .8
Total 1,059.7 776.2 283.5 860.1 718.9 i41.2 72.2 57.3 14.9 127.4
Tennessee:
Softwoods 150.9 117.2 33.7 132.7 113.4 19.3 h.s5 3.8 0.7 13.7
Hard hardwoods 716.8 489.6 227.2" 556.3 442.0 114.3 61.6 b7.6 14.0 98.9
Soft hardwoods 247.3 175.2 72.1 191.5 159.1 32.4 19.9 16.1 3.8 35.9
Total 1,115.0 782.0 330.0 880.5 714.5 166.0 86.0 67.5 18.5 148 .5
Virginia:
Softwoods 320.9 ‘246.1 74.8 287.7 2h2.7 i5.0 4.0 3.4 0.6 29.2
Hard hardwoods 877.3 589.8' 287.5 675.5 527.6 147.9 80.8 62.2 18.6 121.0
Soft hardwoods 392.4 274 .4 118.0 308.5 252.9 55.6 26.9 21.5 5.4 57.0
Total 1,590.6 1,110.3 480.3 1,271.7 1,023.2 248.5 111.7 87.1 24.6 207.2
Total softwoods 5,342.3 4,152.8 1,189.3 4,739.7 4,060.3 679.4. 109.8 92.5 17.4 4g2.5
Total hard hardwoods 5,867.0 3,980.2 1,841.8 4,321.0 3,409.8 911.2 738.2 570.4 167.8 762.8
Total soft hardwoods 3,426.0 2,h07.1 1,018.9 2,585.2 2,129.6 455.6 341.2 277.5 63.7 499.6
Total South 14,635.3 10,540.1 4,050.0 11,645.9 9,599.7 2,046.2 1,189.2 940. 4 248.9 1,754.9

a
Includes total sapling weight.
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Table 6. Average Per Acre Green Weight of Aboveground Tree Biomass (Excluding Foliage) on Commercial Timberland in the South, by State

and Species Group

Scuthern region by

Biomass Growing stock Cull Saplings
state and species
group Total Stem Crown Total Stem Crown Total Stem Crown Total

Alabama:

Softwoods 24 .5 18.9 5.6 21.8 18.5 3.3 0.5 0.4 0.1 2.2

Hard hardwoods 21.9 14.7 7.2 16.4 12.8 3.6 2.4 1.9 0.5 3.0

Soft hardwoods 13.5 9.3 4.2 10.5 8.5 2.0 1.0 0.8 0.2 2.0

Total 59.9 42.9 17.0 48.7 39.8 8.9 3.9 3.1 0.8 7.2
Arkansas:

Softwoods 29.6 23.3 6.3 26.4 22.9 3.5 0.5 0.4 0.1 2.7

Hard hardwoods 36.1 24.6 11.5 27.2 21.5 5.7 3.9 3.0 0.9 5.0

Soft hardwoods 10.6 7.5 3.1 8.1 6.7 1.4 1.0 0.8 0.2 1.4

Total 76.3 55.4 20.9 61.7 51.1 10.6 5.4 4.2 1.2 9.1
East Oklahoma:

Softwoods 15.0 10.7 4.3 13.3 10.4 2.9 0.4 0.3 ° 0.1 1.4

Hard hardwoods 26.4 17.5 8.9 14.4 11.0 3.4 8.4 6.4 2.0 3.6

Soft hardwoods 4.4 3.1 1.3 2.7 2.2 0.5 1.1 0.9 0.2 0.6

Total 45.8 31.3 14.5 30.4 23.6 6.8 9.9 7.6 2.3 5.6
East Texas:

Softwoods 35.4 27.8 7.6 31.0 26.8 4.2 1.2 1.0 0.2 3.2

Hard hardwoods 23.1 15.8 7.3 14.5 11.5 3.0 5.5 4.3 1.2 3.2

Soft hardwoods 10.4 7.3 3.1 7.0 5.8 1.2 1.9 1.5 0.4 1.5

Total 68.9 50.9 18.0 52.5 h4.1 8.4 8.6 6.8 1.8 7.9
Florida:

Softwoods 31.9 24.7 7.2 28.5 24.3 4.2 0.5 0.4 0.1 2.9

Hard hardwoods 14.7 i0.1 4.6 8.7 7.0 1.7 4.0 3.1 0.9 2.0

Soft hardwoods 14.6 10.3 4.3 10.8 9.0 1.8 1.7 1.4 0.3 2.1

Total 61.2 4s.1 16.1 48.0 40.3 7.7 6.2 h.g 1.3 7.0
Georgia:

Softwoods 33.4 26.0 N 30.1 25.8 4.3 0.3 0.2 0.1 3.0

Hard hardwoods 23.7 16.2 .5 18.1 14,4 3.7 2.4 1.8 0.6 3.3

Soft hardwoods 19.6 13.8 .8 15.3 12.6 2.7 1.5 1.2 0.3 2.8

Total 76.7 56.0 20.7 63.5 52.8 10.7 4.2 3.2 1.0 9.1
Louisiana:

Softwoods 34,4 26.8 7.6 30.6 26.2 4.4 0.7 0.5 0.2 3.1

Hard hardwoods 23.8 16.1 7.7 17.0 13.4 3.6 3.5 2.7 0.8 3.3

Soft hardwoods 19.3 13.5 .8 13.9 11.4 2.5 2.6 2.1 0.5 2.8

Total 77-5 56 .4 21.1 61.5 51.0 10.5 6.8 5.3 1.5 9.2

(Continued)_w
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Table 6. Average Per Acre Green Weight of Aboveground Tree Biomass (Excluding Foliage) on Commercial Timberland in the South, by State

and Species Group--Continued

Southern region by

Biomass Growing stock Cull Saplings
state and species
group Total Stem Crowna Total Stem Crown Total Stem Crown Total
—————————————————————————— Tons - - = = =~ - = = ="= - - = = = - - = == - - == --
Mississippi:
Softwoods 28.0 22.0 6.0 24.3 21.0 3.3 1.2 1.0 0.2 2.5
Hard hardwoods 30.1 20.6 9.5 20.8 16.6 4.2 5.2 4.o 1.2 b2
Soft hardwoods 16.7 11.8 h.g 11.8 9.8 2.0 2.5 2.0 0.5 2.4
Total 74.8 s54.4 20.4 56.9 47.4 9.5 8.9 7.0 1.9 9.1
North Carolina:
Softwoods 32.4 24.7 7.7 28.8 24 .5 4.3 0.3 0.2 0.1 3.3
Hard hardwoods 36.4 2h.6 11.8 28.1 22.0 6.1 3.4 2.6 0.8 5.0
Soft hardwoods 30.0 20.9 9.1 23.9 19.6 h.3 1.7 1.3 0.4 4.4
Total 98.8 70.2 28.6 80.8 66.1 14.7 5.4 4.1 1.3 12.7
South Carolina:
Softwoods 36.7 28.7 8.0 32.9 ~28.4 4.5 0.4 0.3 0.1 3.3
Hard hardwoods 25.0 17.1 7.9 18.7 1h.9 3.8 2.9 2.2 0.7 3.4
Soft hardwoods 25.3 17.9 7.4 19.0 15.8 3.2 2.6 2.2 0.4 3.7
Total 87.0 63.7 23.3 70.6 59.1 11.5 5.9 4.7 1.2 10.4
Tennessee:
Softwoods 11.4 8.8 2.6 10.0 8.5 1.5 0.3 0.2 0.1 1.0
Hard hardwoods 54.0 36.9 17.1 41.9 33.3 8.6 4.6 3.6 1.0 7.5
Soft hardwoods 18.6 13.2 5.4 14.4 12.0 2.4 1.5 1.2 0.3 2.7
Total 84.0 58.9 25.1 66.3 53.8 12.5 6.4 5.0 1.4 11.2
Virginia: ’
Softwoods 20.8 15.9 4.9 18.6 15.7 .9 0.3 0.2 0.1 1.9
Hard hardwoods 56.8 38.2 18.6 43.7 34.2 .5 5.2 .o 1.2 7.8
Soft hardwoods 25.4 17.8 7.6 20.0 16.4 3.6 - 1.7 1.4 0.3 3.7
Total 103.0 71.9 31.1 82.3 66.3 16.0 7.2 5.6 1.6 13.4
Total softwoods 28.9 22.5 6.4 25.7 22.0 3.7 0 0.5 0.1 7
Total hard hardwoods 31.8 21.6 10.2 23.4 18.5 4.9 h.o 3.1 0.9 b1
Total soft hardwoods 18.6 13.0 5.6 th.o0 11.5 2.5 1.8 1.5 0.3 2.7
Total South 79.3 57.1 22.2 63.1 52.0 11.1 6.4 5.1 1.3 9.5

a
Includes total sapling weight.
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BIOMASS ENERGY INVENTORY AND MAPPING SYSTEM

Joseph D. Kasile, Ph.D., Associate Professor
School of Natural Resources
The Ohio State University
2021 Coffey Road
Columbus, Ohio 43210

Abstract

A four-stage biomass energy inventory and mapping system was conducted for the entire
State of Ohio. The product is a set of maps and an inventory of the State of Ohio. The set
of maps and an inventory of the State’s energy biomass resource are to.a one kilometer grid
square basis on the Universal Transverse Mercator (UTM) system. Each square kilometer
1s identified and mapped showing total British Thermal Unit (BTU) energy availability.

Land cover percentages and BTU values are provided for each of nine biomass strata types
for each one kilometer grid square.

LANDSAT satellite data was used as the primary stratifier. The second stage sampling was
the photointerpretation of randomly selected one kilometer grid squares that exactly
corresponded to the LANDSAT one kilometer grid square classification orientation. Field
sampling comprised the third stage of the energy biomass inventory system and was
combined with the fourth stage sample of laboratory biomass energy analysis using a Bomb

calorimeter and was then used to assign BTU values to the photointerpretation and to adjust
the LANDSAT classification.

The sampling error for the whole system was 3.91%.
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Background

The assessment of biomass for the production of energy is the first step in the development
of a biomass energy production process. This assessment must contain two key features:
(1) the amount of each type of biomass and its energy equivalent and (2) the location of this
biomass on a mapping system that shows the transportation infrastructure. This project is
the first in the Great Lakes region to meet both of these criteria.

Project

A system of biomass mapping and inventory of energy biomass using remotely sensed data
was developed. The system demonstrates the methodology by providing a complete energy
biomass inventory of the State of Ohio on a Universal Transverse Mercator (UTM) format
to a one-kilometer grid square basis.

Maps to a scale -1:250,000 and 1:62,500 displaying the relative energy biomass on a one
square kilometer basis were produced. For 1:1,000,000 scale, the relative energy biomass
was displayed on a 100 square kilometer basis. Highway overlays were provided for each
of these scale maps to provide access routes to the energy biomass.

Methodology
The specific steps taken to develop the biomass energy resource assessment are listed below:

1. A LANDSAT analysis of the entire State of Ohio was secured. The LANDSAT
computer tape provided Level 1 classification of 23.5 x 10° picture elements (size: 1.1 acres
each) that included most of the state of Ohio and adjoining boundaries. The Level 1
classification categories are: urban, agriculture, rangeland, forest, water, barren and
unidentified. '

2. A random selection of 820 one square kilometer cells out of 101,491 within the State of
Ohio boundaries were photointerpreted on 1:24,000 scale stereco photo quadrangles.
Photointerpretation used the same classification categories as did the LANDSAT, however
the forest category was subclassified into: dense hardwood (50 to 100% crown cover);
sparse hardwood (less than 50% crown cover); conifer forest (more than 80% conifer crown
cover); and mixed conifer/hardwood forest.

3. A statistical analysis was conducted to correlate the LANDSAT category classifications

with those conducted by photointerpretation. Statewide ratios of photointerpretation divided
by LANDSAT classification were computed.

4. Ground samples were then installed in 114 randomly selected photointerpretation
categories with probability proportional to statewide total energy biomass of each category
with a minimum of S field samples in each category.
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5. Energy biomass was then derived on a one square kilometer basis using the following
parameters.

One square kilometer is 247.1 acres. Using the equation developed by Kasile, 1984, total
weight per acre of hardwood five inches and larger, diameter freast height, trees is:

Total weight= -315 + 2673.1 (basal area per acre)

Then using 8100 British Thermal units (BTU) per oven dry pounds of wood and 70 percent
moisture content (dry weight basis) the average BTU’s per pound were calculated to be
4666 (green weight basis, 70°F). The average weight per acre in dense hardwood forest for
all trees 5 inches and larger D.B.H. was 124.7 tons. This converts to 1.1635 x 10° BTU’s per
acre and 287.5 x 10° BTU’s is the maximum energy biomass available for one square
kilometer for the purpose of this report. BTU’s for the other three forest categories were

computed similar to that of dense hardwood forest with 3126 BTU’s per pound green weight
basis for conifers.

Agricultural land was defined as that which is cultivated, i.e., corn, soybeans, wheat. The
International Bio Energy Directory and Handbook, 1984 computes values of 7,000 BTU’s
per pound for straw and corn stover. BTU’s per acre for agriculture were proportioned

based on acres per crop and production per acre, statewide, for a weighted average of 6.5
x 10° BTU’s per acre

Rangeland harvests (hay crops) were stated to be 1.5 tons per acre at 15 percent moisture
content producing 2.1 x 10°> BTU’s per acre.

6. The area percentage and energy biomass on a one square kilometer basis were then
computed by multiplying the LANDSAT acreage by the photointerpretation ratio for each

category; then determining the percentage of acres in each adjusted photo classification
category.

7. The maps present a pictorial representation of the percentage of BTU’s in each one
square kilometer U.T.M. cell relative to the 287.5 x 10° BTU maximum for the dense
hardwood forest category. Figure 1 depictes energy biomass relative to fully stocked dense
hardwood forest. The "darker" the particular one kilometer block, the more energy biomass
available in that one kilometer cell. Accessibility and location of the energy biomass is
provided by the U.T.M. coordinate system. '

Statistical Analysis

Sampling errors were computed for the ratio of photointerpretation area divided by
LANDSAT area for each classification category using the 820 photointerpretation/
LANDSAT coirelated one square kilometer cells. The average sampling error of
photointerpretation, weighted by total area in each classification category is 0.09%. The
weighted average field sampling error, weighted by the BTU’s of energy in that classification
category was: 3.91%. The weighted combined sampling error is then:
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Sampling error, combined = (0.09%)*> + (3.91%)* = 3.91%
Planning for Biomass Energy Use

To use the product of the energy biomass mapping and inventory system one would locate
U.T.M. cells on the biomass energy map on the basis of their darkness. Cells, or groups of
cells, with large amounts of energy biomass will appear dark on the map. Using the
transportation overlay, access to these high energy cells could be determined. To determine
‘the actual amount of energy biomass in BTU’s and how those BTU’s are distributed by
energy type one would look in Figure 2 for the proper coordinates and then read the land
cover percents and the BTU’s by cover type.

If a whole-tree chipper operation were used to supply a fuelwood boiler operation, the one
kilometer cell shown on the fourth line from the bottom of Figure 2 shows that 83.2 percent
of the area for that one square kilometer is covered by dense hardwoods; 7.2 percent of the
area is covered by sparse hardwoods, 4.7 percent of the area is covered by mixed
conifers/hardwoods; and 1.6 percent is covered by conifers. The BTU’s available from these
four cover types are: 23899 x 107; 975 x 107; 1023 x 10”; and 451 x 10 respectively.

The small sampling error associated with this methodology to estimate energy from biomass
over large areas provides a high degree of reliability in the U.T.M. energy values. Before
any strategy of biomass energy development can be implemented, a detailed inventory is
necessary. The tables and maps provided by this report provide that necessary detail to
include amounts and types of energy biomass, and the routes to access and transport the
material. Such information is the first step in providing private enterprise with the
knowledge to institute an energy biomass utilization system.
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BIOMASS RESOURCES IN CALIFORNIA

Valentino M. Tiangco, Ph.D. . Energy Commission Specialist
and Prab S. Sethi, M.S., M.B.A., Associate Mechanical Engineer
Research and Development Office
California Energy Commission, 1516 Ninth Street, MS-43
Sacramento, CA 95814

Abstract

The biomass resources in California which have potential for energy conversion were assessed and
characterized through the project funded by the California Energy Commission and the U.S.
Department of Energy's Western Regional Biomass Energy Program (WRBEP). The results
indicate that there is an abundance of biomass resources as yet untouched by the industry due to
technical, economic, and environmental problems, and other barriers. These biomass resources
include residues from field and seed crops, fruit and nut crops, vegetable crops, and nursery crops;
food processing wastes; forest slash; energy crops; lumber mill waste; urban wood waste; urban
. yard waste; livestock manure; and chaparral. The estimated total potential of these biomass
resources is approximately 47 million bone dry tons (BDT), which is equivalent to 780 billion MJ
(740 trillion Btu). About 7 million BDT (132 billion MJ or 124 trillion Btu) of biomass residue
was used for generating electricity by 66 direct combustion facilities with gross capacity of about
800 MW. This tonnage accounts for only about 15% of the total biomass resource potential
identified in this study. The barriers interfering with the biomass utilization both in the on-site
harvesting, collection, storage, handling, transportation, and conversion to energy are identified.

~ The question whether these barriers present significant impact to biomass "availability" and
"sustainability" remains to be answered.
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Biomass Program (WRBEP) and California Energy Commission for the financial support of this study. This
work would not have been possible without the research efforts by a “CEC biomass research team”
including Ying Lee, Nancy Shaffer, Keith Kesser, Doug Reichle, Steve Adelman, and Jim Emery. The

program support, guidance and comments of George Simons and Kelly Birkinshaw are deeply
appreciated.
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Total Resource Potential

The California Energy Commission in collaboration with the U.S. Department of Energy's Westem
Regional Biomass Energy Program (WRBEP) has conducted a study to evaluate the status of
biomass energy development in California [1, 2]. Twelve major sources of biomass fuel were
selected for assessment in this study, namely: (1) field and seed crops, (2) fruit and nut crops, (3)
vegetable crops, (4) nursery crops, (5) food processing waste, (6) forest slash, (7) lumber mill
waste, (8) urban wood waste, (9) yard waste, (10) livestock manure, (11) energy crops, and (12)
chaparral. These biomass fuels can be utilized using either of the three biomass-to-energy
conversion technologies in use today: direct combustion, gasification, and anaerobic digestion. The
choice of technology is often dictated by the type of residue.

The total potential of biomass resources in California is approximately 47 million bone dry tons
(BDT) (Table 1), which is equivalent to 783 billion MJ (740 trillign Btu). Livestock manure is the
most abundant resource, accounting for over a quarter of the total biomass potential (Table 1).

Chaparral and field and seed crop residue together contribute over thirty percent of the total
biomass resources potential. Less abundant are lumber mill waste, forest slash, and urban yard
wastes. Fruit and nut crops, food processing waste, urban wood wastes, vegetable crops, energy
crops, and nursery crops contribute the least amount of biomass.

The San Joaquin Valley Air Basin has the highest residue production (12.1 million BDT), slightly
over one quarter of the total resource potential. Most of the residue produced in this region comes
from livestock manure (4.2 million BDT), field and seed crops (3.5 million BDT), and fruit and
nut crops (1.2 million BDT). The Sacramento Valley Air Basin is the second highest producer of
biomass, contributing about 7 million BDT. And by county basis, Fresno County has the highest
~ biomass residue production (2.9 million BDT).

Amount of Biomass Currently Used for Energy Purposes

In 1992, California had a total electric power capacity of over 56,700 MW. About 19 percent of
this power was generated by in-state renewable resources (hydro, geothermal, solar, wind, and
biomass). The remaining 81 percent was generated by fossil fuels, nuclear power, and imports
from out of state. Biomass energy conversion technologies currently produce about 1.5 percent of
California's total electricity capacity. Direct combustion alone accounted for approximately 800
MW, which is about 75 percent of the total capacity supplied by biomass conversion systems.

Approximately 7 million BDT (124 trillion Btu) of biomass residue was used for generating
electricity by 66 direct combustion facilities. This tonnage accounts for only about 15 percent of
the total biomass resource potential identified in this report. The biomass resources that are
presently being used for energy production include lumber mill waste, livestock manure, urban
wood waste, forest slash, food processing waste, fruit and nut crop residue, and field and seed
crop residue. Wood waste is_the primary fuel source in the biomass combustion industry. It
accounted for about 73 percent of the total biomass fuel consumption in 1990. Wood wastes are
used in 61 of the 66 direct combustion facilities. Forty nine (74 percent) of these plants use wood
waste exclusively.

No energy production was reported utilizing chaparral, urban yard waste, energy crops, nursery

crops or vegetable crops. About half of the biomass residue for energy production came from

lumber mill waste (3.43 million BDT). Urban wood waste and forest slash contributed

approximately 0.81 million BDT and 1.52 million BDT respectively to energy production. A few

direct combustion facilities ( 4 power plants) used residue from field and seed crops (0.24 million
BDT) and food processing waste (0.49 million BDT). Only two direct combustion facilities

actually used livestock manure (0.22 million BDT) for electricity generation.
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Biomass Resources in California (BDT, MJ and BTU)

Table 1.
Fuel Type A B , C D=A-B-C
Total Potential Biomass Facilities Uses Other Uses * Gross Potential=Total - All uses
million | billion | trillion | million | billion { trillion | million | billion | trillion | million | billion | trillion
BDT MJ BTU BDT MJ BTU @DT MJ BTU _BDT MJ BTU

aparra

11.90

182.00

173.00

3.34

3.17

3.65

55.81

' 53.05

8.03

122.85

116.77

Livestock Manure

Urban Yard Waste 3.05 4230 40.10 0.00 0.00 0.00; 0.003 0.04 0.04 3.05 4226 40.06
Urban Wood Waste 162 30.10 28.50 0.81 1497 1417 0.24 452 4.28 057 10.62 10.05
Lumber Mill Waste 5.47 106.00 100.00 3.43 66.48 62.72 193 37.41 35.29 0.11 2.1 1.99
Energy Crops 0.51 8.97 8.50 0.00 0.00 0.00 0.51 8.97 8.50 0.00 0.00 0.00
Forest Slash 523 99.60 91.60 1.62 28.84 26.52 0.00 0.00 0.00 3.72 70.76 65.08
Food Processing Waste 1.74 30.80 29.20 0.49 8.62 8.17 0.71 12.50 11.85 0.55 9.68 9.18
Nursery Crops 0.02 0.41 0.39 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.41 0.39
Vegetable Crops 092 1490 14.10 0.00 0.00 0.00 0.00 0.00 0.00] - 092 1490 1410
Fruit & Nut Crops 1.88 33.50 31.70 0.33 5.89 5.57 0.00 0.00 0.00 1.65 2761 26.13
Field & Seed Crops 6.62 105.00 99.70 0.24 3.76 3.57 0.38 5.95 5.65 6.01 98529 90.48
Total 46.62 783 740 7.02 132 124 7.42 125 119 32.18 525

Percent 100% 15% 16% 69%

* 3.65 million BDT of livestock manure was sold tor fertilizer.

* 3 thousand BDT of urban yard waste was recycled.

* 244 thousand BDT of urban wood waste was recycled.
* 1.93 million BDT of lumber mill waste was used for particle board and plywood production.
* 37% of energy crops was used as firewood and 63% was unspecified.
* 0.71 million BDT of high moisture content food processing waste (pomace etc.) was used for animal feeding.
* 375 thousand BDT of field and seed crop residue (rice and wheat straw) was used for animal feeding.




Amount of Biomass Currently Used for Non-Energy Commercial
Purposes

Approximately eight million BDT of biomass residue is being used for non-energy commercial
purposes, an amount equivalent to 124 trillion Btu. This accounts for about 16 percent of the total
biomass resource potential (Table 1). Alternate uses for biomass products are as follows: livestock
manure, which accounts for the highest percentage, is used as a fertilizer or for soil amendment;
lumber mill waste is used for plywood production; field and seed crop residue, primarily wheat.
and rice straw, is used for animal feed and animal bedding; about 0.71 million BDT of the high
moisture food processing wastes was also used for animal feed. Urban wood waste and urban
yard waste are both recycled for various purposes. Approximately 37 percent of the 0.51 million
BDT of energy crops was used as firewood for domestic consumption, while the other 63 percent
was used for other purposes, such as wind breaks and for the preservation of wildlife species.
Most residual field and seed crop materials, like bean straw, corn stalks, and wheat and rice straw,
are left on the harvesting fields and are plowed back down into the soil for the next planting
season. This organic material is essential in crop rotation systems as a soil conditioner, improving
the air and water holding capacity of the soil and reducing wind and water erosion. It also
improves the soil texture, serves as a field mulch, and improves soil tilth. In addition,
approximately 2.08 million BDT of field and seed crop residue was burned to prevent the spread of
plant disease and to help remove the residual materials before the next planting season.

Gross Biomass Resource Potential

Gross biomass resource potential is defined in this report as the total biomass resource potential
minus the amount of biomass currently being used for energy and the amount of biomass used for
non-energy commercial purposes. Calculating across biomass resource categories, there is an
estimated 32 million BDT gross biomass resource potential (equivalent to 497 trillion Btu). This
means that approximately 69 percent of the total biomass resource potential is not currently being
used. Livestock manure, chaparral, field and seed crop residue, forest slash, and urban yard waste
account for 92 percent of the gross biomass resource potential.

Barriers

Taking advantage of the gross biomass resource potential depends on acknowledging and
addressing a number of serious barriers. These barriers can be categorized into four types:
technical, environmental, economic, and institutional. They interfere with biomass resource
utilization both in the on-site harvesting, collection, and handling stage, as well as during the
process of transportation and conversion of biomass to energy.

Technical Barriers

All of the difficulties experienced in combustion can be related to biomass fuel characteristics,
specifically low bulk density and high moisture content. Field and seed crop residue, fruit and nut
crop residue, and other biomass residues vary widely in their energy content, in their inert
components, chemical constituents, and physical properties. This requires careful mixing or fuel
blending to match the requirements of fuel types to individual combustion technologies. There is a
lack of specific data on the dry yields and the soil, climate, water, and nutrient needs of energy
crops. Because of fixed growing schedules, most agricultural residue is available only during short
periods of time during the year. Consequently, the supply of agricultural residue for biomass fuel
is not steady year round. Slagging was one of the major concerns of the biomass combustion
facilities, especially for the plants combusting agricultural and animal wastes. Slagging deposits
can drastically reduce heat transfer lowering the boiler efficiency, and can produce severe




maintenance problems. Another problem which is not well understood is the problem of boiler
fouling and corrosion caused by reactions of alkali metals from the fuel ash. This issue poses a
significant impact on the availability of biomass. Over 50% of the fluidized bed facilities surveyed
indicated having problems with erosion in the fluidized bed due to the highly abrasive nature of the
bed material. In fluidized bed combustion, erosion will impact, to some extent, almost all
components that come into contact with the bed material. Corrosion is another problem that was
- reported primarily by fluidized bed facilities. Similar to slagging, corrosion is related more to fuel
type than reactor design. Erosion and corrosion of the refractory was also a major problem.

Environmental Barriers

Removing field residue can cause soil degradation, soil erosion, and soil compaction. Additional
research on the effect of biomass fuel cultivation on soil conditions is necessary. Studies of
nutrient cycling should also be considered. Wildlife habitats will be affected if forest slash or field
crop residue is removed from its original site. A majority of the environmental barriers that effect
availability of wood wastes as biomass fuels deal directly with the repercussions of timber harvest.
Timber resources in California are finite, and availability problems will eventually occur whenever
the cutting of timber outstrips its growth rate. One factor directly affecting the percentage of
forested land available for harvest is the exclusion of old growth (primary) forest from being
harvested due to the habitat destruction iricurred by logging. An environmental concern which has
not been adequately researched and affects the availability of wood waste is the amount of forest
slash that can be harvested without undue soil erosion, nutrient loss, and loss of small animal
habitat, particularly that of the spotted owl. The outlook on collecting agricultural residues as
opposed to in-field burning is positive from an air pollution controls perspective, but when
residues are removed from the field, their vital nutrients and capacity to prevent soil erosion and
compaction are removed as well. Ash from biomass combustion facilities have three main physical
properties that create environmental problems to its disposal: the high pH value of the ash, the

concentrations of heavy metals found in the ash, and the very fine crystalline silicon particulates
found in fly ash.

Economic Barriers

The high cost of harvesting, raking, baling, collecting, processing, and transporting many biomass
fuels severely limits the availability of these resources for energy production. Capital costs for
biomass combustion facilities, are very high, typically ranging from $1500/kW to $2500/kW. In
contrast, capital costs for a modern state-of-the-art combined cycle range from $600/kW to
$800/kW. The California Public Utilities Commission (CPUC) adopted Interim Standard Offer 4
(ISO4) in Decision 83-09-054 on 13 October 1983. The ISO4 contracts provide the option for
some qualifying facilities to obtain fixed energy prices for up to 10 years after which energy prices
revert to the short-run avoided cost (SRAC) of the purchasing utility. The SRAC is intended to
represent the cost a utility avoids by purchasing energy from a QF. The SRAC, which is calculated
primarily based on fuel prices, is expected to be far below the fixed, forecasted energy prices
specified in the ISO4 contracts at the end of the fixed priced period. As a result, QFs may
experience substantial revenue reductions at that time. The end of the fixed price period will
probably have a significant impact on biomass projects primarily because fuel costs have increased
dramatically in recent years [4]. There are many competing markets for biomass fuels which will
decrease the availability of these fuels and drive prices even higher. For example, both the particle
board and pulp industries utilize wood chips and wastes to fabricate their products. If, as
expected, both of these industries continue to grow, the availability of wood wastes for biomass
combustion will decrease, especially since wood waste for combustion commands a lower price
than wood residues allocated for pulp or composite wood applications.
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Institutional Barriers

Lack of incentives to producers (farmers) and users (biomass facilities) of biomass fuels, including
tax incentives, rebates, etc., contribute to the slow development of biomass as an alternate energy
source. For instance, there are currently no tax credits available for direct combustion facilities and
other biomass-to-energy conversion facilities. California has many non-attainment air districts
making the siting of a biomass facility in these areas very difficult. Several facilities in these areas
have experienced difficulty in obtaining offset fuels. Stiffer permitting regulations in non-
attainment districts typically raise the power plants capital, operational and maintenance costs.

Resource Availability

The demand for biomass fuels for electricity production has increased from about 100,000 BDT
per year in 1981 to about 7,000,000 BDT per year in 1990. PG&E has projected that the demand
may reach nearly 8,000,000 BDT per year in 1993 [3]. Meeting this need depends on an accurate
assessment of the avallabﬂlty of biomass fuel given existing barriers and competing uses. Several
criteria for estimating the availability of biomass resources are identified, which are reported in the
Biomass Resource Assessment Report [1].

Conclusion

Meeting the increased demand and sustainability of biomass fuels for electricity production is
dependent on accurate assessment and availability of potential biomass fuels. The estimated total
potential of these biomass resources is approximately 47 million bone dry tons (BDT), which is
equivalent to 780 billion MJ (740 trillion Btu). About 7 million BDT (124 trillion Btu) of biomass
residue was used for generating electricity by 66 direct combustion facilities. This tonnage
accounts for only about 15% of the total biomass resource potential identified in this study. Wood
waste is the primary fuel source in the biomass industry. Four direct combustion facilities are using
agricultural residues and two direct combustion facilities are using livestock manure for electricity
generation. About 8 million BDT of biomass residue is being used for non-energy purposes such
as soil amendment or fertilizer, animal bedding and feed, firewood, wind breaks, and for
preservation of wildlife species. The gross biomass resource potential was estimated to be 32
million BDT. Several barriers to the utilization of these residues to energy conversion were
1dent1ﬁcd The question whether these barriers present significant impact on the "availability" and
“sustainability” of biomass resources remains to be answered. :

The biomass industry's future depends upon these issues: 1) the renegotiation of the Standard
Offer #4 contract's capacity and energy payments in 1995 and beyond; 2) the development of
reliable fuel sources; 3) the ability to produce higher thermal efficiency biomass energy conversion
technologies than are presently available in order to compete against fuel fossil technologies, and 4)
sustainable and "available" biomass fuel.
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Abstract

Finland is one of the leading countries in the use of biofuels. The share of wood derived fuels
of the total primary energy requirement was about 14 % (ca. 4 million toe) and peat about 5
% (1.4 million toe). The possibilities for increasing the use of biofuels in Finland are
significant. There is theoretically about 10 million m*/a (about 2 million toe/a) of harvestable
wood. Areas suitable for fuel peat production (0.5 million ha) could produce ca. 420 million
toe of peat. At present rates of use, the peat reserves are adequate for centuries. During the
next few years 0.5 - 1 million hectares of fields withdrawn from farming could be used for
biofuel production. The production potential of this field area is estimated to be about 0.2 -
0.5 million toe. In addition, the use of wastes in energy production could be increased.

The aim of the new Bioenergy Research Programme is to increase the use of economically
profitable and environmentally sound bioenergy by improving the competitiveness of present
peat and wood fuels. New economically competitive biofuels, new equipment and methods for
production, handling and using of biofuels will also be developed. The main research areas
are production of wood fuels, peat production, use of bioenergy and conversion of biomass.

The main goals of the Bioenergy Research Programme are:

- To develop new production methods for wood fuels in order to decrease the production
costs to the level of imported fuels. The total potential of the wood fuel use should be
at least 1 million toe/a.

- To increase the competitiveness of peat fuels by decreasing the production costs by 20
%, and also reduce environmental load.

- To develop and demonstrate at least 3 - 4 new equipment or methods for handling and
use of biofuels. The equipment and/or methods should provide economically competiti-
ve and environmentally sound energy production.

The most important area of research on wood fuel production is the development of various
methods, machines and systems, in order to produce economically competitive fuel. Integrated
harvesting appears to have the most promising potential. The central research focuses in peat
production are the better utilisation of peat available in a bog and the development of peat
production methods and machines. The work aims at decreasing production costs and also
environmental load. The increase of bioenergy in the space heating of small houses and
farms, as well as in heat and power production are the central areas in the use of bioenergy.
The research into the conversion of biomass concentrates on the production of biomass-based
liquid fuels. ‘
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1 Introduction

The Finnish Ministry of Trade and Industry (MTI) started eight new energy technology
research programmes for the next six years in the beginning of 1993. One of these new
programmes is the Bioenergy Research Programme. The Research Programme concentrates
on production of biofuels, small-scale use and conversion of biomass into liquid fuels. Bio-
energy is researched not only in this programme. Also in research programmes for Energy
and Environment Technology, Combustion and Gasification and Energy and Environment in
Transportation bioenergy has a minor role.

2 Biomass resources and bioenergy use

The latest inventories of Finnish forests showed a significant increase in the overall growth.
At present the estimated annual growth of stem wood is about 80 million m*/a, corresponding
to about 126 million m*/a of total biomass (stem, branches, top wood, leaves and needles,
stumps and roots). The use of wood has not increased in proportion to the forest growth. The
annual rate of stem wood cuttings has been 50 - 60 million m*/a during the 1980’s, while the
increased growth of stem wood would allow the use of 70 - 80 million m’/a. For this reason
there is a lot of unused wood available. It is estimated that at least 10 million m*a (1.8
million toe/a or 20 TWh/a) could be harvested for energy use.

In Finland the peat resources are also significant. According to GTK (the Geological Survey
of Finland), there are about 500 000 ha of bogs suitable for fuel peat production. The energy
content of these bogs is about 420 million toe (4700 TWh). The use of fuel peat in 1990
corresponded to about 14 TWh and the role of fuel peat in energy production is estimated to
increase to over 20 TWh by the year 2000. The peat resources will last for centuries at the
present level of use.

It is estimated that about 0.5 - 1 million ha of Finnish agricultural land will be made
redundant from traditional farming during the next few years. These areas could be used for
biomass production. The energy potential available from the fields is estimated to be 0.2 - 0.5
million toefa (2 - 5 TWh/a). From some fields it is possible to produce fuel peat as well. The
utilisation of solid wastes and sludges has not been significant in Finland. The energy content
of unused wastes is estimated to be about 0.9 - 1.3 million toe/a (10 - 15 TWh/a). This is
formed by municipal, industrial and agricultural waste.

The share of wood fuels in Finland’s energy production is significant. About 4 million toe/a
(45 TWh/a) of total energy requirement is produced with wood and wood derived fuels.
Roughly one half of this amount is waste liquors from pulp industry and the other half mainly
waste wood from the industry and firewood. The total share of wood derived fuels in energy
production in Finland is about 14 %.

The role of fuel peat has increased rapidly in energy production in Finland during the last two
decades. At the moment the use of fuel peat forms about 5 % of the total energy production,
corresponding to about 1.4 million toe (15 TWh). About 90 % of the used fuel peat is milled
peat. Fuel peat is used mainly in municipal heat and power production, in industry and in
power production in condensing power plant.

The share of liquid;form biomass products, MSW and waste water sludges in energy
production in Finland is relatively small, corresponding to less than 0.1 million toe/a.
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3 Goals of the research programme

The research on wood fuel production was rather insignificant during the late 1980’s and
early 1990’s. Most of the research work has been carried out at METLA (Finnish Forest
Research Institute), TTS (Work Efficiency Institute), METSATEHO (R&D unit for timber
procurement and production at the Finnish Forest Industries Federation), the University of
Joensuu and VTIT (Technical Research Centre of Finland). In addition, industrial enterprises
have taken part in this work.

METLA has concentrated on the research of wood production and harvesting. TTS has
examined the harvesting and use of small-sized wood for fuel, especially on farms. METSA-
TEHO is concerned with research on industrial harvesting and harvesting machinery. Fast
growing energy forests are studied at the University of Joensuu, while the treatment of wood

raw-material and machinery in integrated fuel and raw material production are researched at
VTT.

In Finland, during the last few years, fuel peat production has been studied in two large
energy research programmes. The work has mainly been funded by Ministry of Trade and
Industry. These programmes were concerned with the peat production based on solar drying
and artificial dewatering of peat. Also the purification of run-off water from peat production
sites has been rescarched. Several companies involved with peat and energy production have
taken part in the research and funding of these programmes. In addition to companies,
research has been done at VTIT and the University of Qulu.

The research on the use of biofuels has included both biomass conversion into liquid fuels,
gasification and combustion. The conversion of biomass has concentrated on black liquor and
soap. Gasification and combustion research has been concentrated on providing basic
knowledge on the. gasification and combustion phenomena and development of new power
plant processes (mainly based on pressurized gasification and combustion). The use of
biofuels has mainly been researched by the Abo Akademi, VTT, boiler manufacturers and
fuel users in two research programmes.

The aim of the new Bioenergy Research Programme is to increase the use of economically
profitable and environmentally sound bioenergy by improving the competitiveness of present
peat and wood fuels. New economically competitive biofuels, new equipment and methods for
production, handling and use of biofuels will also be developed.

The main goals of the Bioenergy Research Programme are:

- To develop new production methods for wood fuels in order to decrease the production
costs to the level of imported fuels. The total potential of the wood fuel use should be
at least 1 million toe/a.

- To increase the competitiveness of peat fuels by decreasing the production costs by 20
%, and also reduce environmental load. ‘

- To develop and demonstrate at least 3 - 4 new equipment or methods for handling and

use of biofuels. The equipment and/or methods should provide economically competiti-
ve and environmentally sound energy production.

102



- To demonstrate at least 3 - 4 large-scale biofuel end-use technologies. Each of these
' should have a potential of 0.2 - 0.3 mill. toe/a till the year 2000.

- To produce basic research results on the conversion of biomass, evaluation of quality,
usability, environmental effects of use and the total economy of different products. The
aim of the biomass conversion research is to create 2 - 3 new methods to be further
developed within industry.

4 Main research areas
4.1 Main research areas and estimated funding

The main research areas of the Bioenergy Research Programme are production of wood fuels,
peat production, use of bioenergy and conversion of biomass.

Public funding for the research programme during 1993 - 1998 is suggested to be FIM 138
million. The estimated funding from industry is FIM 72 million. The total funding of the
Bioenergy Research Programme would then be total FIM 210 million.

4.2 Production of wood fuels

The most important research area is the production technology, which can be divided into
integrated and separate production methods of wood raw-material and wood fuel. There are
several advantages of integrated harvesting. The output from the harvested area is significant-
ly higher when -compared with present methods. In small-diameter cutting areas the output
could even be doubled. With whole tree harvesting the productvity of the forest increases and
the unit costs decrease. The utilisation of wood raw material could be improved in terms of
both quality and quantity.

The most important task in integrated harvesting is to separate the fuel fraction (bark, leaves,
needles etc.) and industrial wood fraction. These separation methods can be divided into
whole tree chip -methods and whole tree bundle delimbing and debarking -methods. The
possible research and development projects in the area of integrated harvesting are:

- development of harvesting of undelimbed or partially delimbed tree,
- separation of whole tree chips into industrial raw material and fuel and
- development of whole tree bundle delimbing and debarking methods.

In separate wood fuel production, wood is harvested only for energy use. Harvesting is
mainly targeted at the harvesting reésidues and forests, which are not harvestable for industry.
The possible projects in separate wood fuel production are:

- production of wood fuel from the harvesting residues,

- harvesting techniques of small-diameter trees which are not suitable for industrial
processing and

- wood fuel production techniques on farms.

In addition to the fuel production techniques, the research is targeted at the planning and

controlling methods of fuel production, the inventory of energy wood resources, development
of the silviculture and thinning models and integrated production of fuel peat and wood fuel.
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4.3 Peat production

The central research areas in pear production are production from shallow bogs and the
development of peat production methods and machines. Development work in this area aims
at decreasing the production costs and environmental loads around the peat production sites.

Decreasing the peat production costs is achieved primarily by increasing the capacity of each
machine in the peat production chain. The following parts of the production chain will
undergo further research and development work:

- shortening the preparation time of a bog,

- underdraining of the peat production site,

- utilising all the available peat in a bog,

- developing a simple and fire-secure production chain,

- utilising modern production planning and control techniques,
- use of automatic machines,

- utilisation of post-farming and shallow peat areas and

- decreasing the transportation costs of peat.

Further goals are to develop new peat products, post-production use of bog in energy
production, utilisation of the surface peat layer and to increase integrated peat and wood fuel
production.

The environmental effects of peat production are primarily decreased by developing more
environmentally sound peat production and cleaning techniques, by increasing underdraining
in peat production areas and by optimizing the fraction size of drying milled peat. Dust
emissions of peat production is given special attention in the case of vacuum harvesting of
peat. Formation of greenhouse gas -emissions of peat production will also be studied.
Reduction of environmental load is researched also in the new Energy and Environmental
Technology Research Programme.

4.4 Use of bioenergy

The long-term goal of the research in bioenergy use is the increase in biofuel use in heat and
power production and for space heating of houses and farms. In addition, the decrease of
emissions from small-scale burning will be examined. The technical problems arising from an
increase in the use of wood fuels and fuel peat are solved and efficient, economical and
environmentally sound small-scale energy production techniques are developed. In order to
reach these goals, handling and combustion techniques and methods will be developed. The
most important projects are:

- the handling and drying of biofuels for new power plant processes,
- the use of biofuels in district heating plants and small-scale power plants and
- improvement of the small-scale combustion techniques and decreasing of the emissions.

The research in combustion technology will be concentrated on the small-scale (< 20 MW,)
applications. The research on the larger scale technologies, e.g. power plants using pressurised

combustion and gasification is part of the new Combustion and Gasification Research
Programme.
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4.5 Biomass conversion

The biomass conversion research concentrates on the production of environmentally sound
biomass-based liquid fuels. The research is directed especially towards the production of fuel
oil, liquid fuel for small-scale power production, traffic fuel and fuel additives. The most
important research and development projects are:

- liquid fuel production from the by-products of the pulp industry (black liquor, lignin,
soap, tall oil) and
- the production of liquid fuel from wood or peat with flash-pyrolysis.

The research for production of biofuels for traffic is done in close co-operation with the new
Research Programme on Energy and Environment in Transportation. The research topics are
derived from the traffic energy and environmental point of view.

5 Applicability of research results

It is possible to maintain a competitive wood fuel by developing the production of wood fuels
in Finland. This also has an effect on the Finnish national economy. In 1991 the total primary
energy requirement in Finland was about 30 million toe. A level of 1 million toe could be
achieved with new wood fuel production methods. This amount would represent about 3 %
of the present energy requirement in Finland.

By developing wood fuel production it is possible to increase the economic utilisation of
small-sized first thinning trees and also solve the silvicultural problems of first thinning
forests. The increase in wood fuel utilisation also decreases the CO,-emissions. Replacing e.g.
1 million toe/a coal with wood fuels decreases the CO,-emissions by about 3.8 million t/a.
During 1990 fossil fuel CO,-emissions into the atmosphere were about 53 million tons in
Finland.

The peat production research directly benefits industrial peat production. The machinery
developed in ongoing research programmes have not yet been fully utilized. Applying the
research results in practice will happen in the early years of this research programme. These
results, as well as new results from the research and development programmes will also
secure the effectiveness and competitiveness of peat production in the future and, in addition
respond to the environmental regulations set for peat production.

VTT has estimated, that the use of bioenergy could be increased by 3 million toe till the year
2010, i.e. to the level of 8.5 million toe. At the same time, the power production could be
increased by ca. 2000 MW, with biofuels. Till the year 2000, the figures could be 1.5 million
toe and ca. 1000 MW, respectively. The increase in power production would consist of small-
scale power production (160 MW,), peat-fired condensing power production (300 MW,),
municipal combined heat and power production (160 MW,) and pulp and paper industry
combined heat and power production (330 MW,).
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Abstract

Research has been conducted on both the agronomy and the conversion of biomass. However, few
studies have been initiated that combine the knowledge of growing biomass with site specific resource
availability information. An economic appraisal of how much biomass might be grown in a specific area
* for a given price has only just been initiated. This paper examines the economics of introducing biomass
production to three midwest representative areas centered on the following counties, Orange County,
Indiana; Olmsted County, Minnesota, and Cass County, North Dakota. Using a regional linear
programming model, estimates of economic feasibility as well as environmental impacts are made.

At a price of $53 per metric ton the biomass supplied to the plant gate is equal to 183,251 metric tons.
At $62 per metric ton the biomass supply has increased to almost 1 million metric tons. The model
predicts a maximum price of $88 per metric ton and at this price, 2,748,476 metric tons of biomass are
produced.
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Introduction

Increased interest in the development and utilization of alternative energy sources has shown that biofuels
can be a feasible substitute for fossil fuels. Research indicates that a national energy program dedicated
to the production of fuel from lignocellulosic crops could have major impacts on traditional energy
sources in the United States. With proper development and with open and constant markets, energy
from biomass could supply up to 10 percent of the nation's energy consumption (Biofuels and Municipal
Waste Technology Division). Furthermore, biofuels have additional benefits not found in traditional fuel
sources. These benefits include that: biomass represents a renewable energy source, biomass lessens our
nation's reliance on fossil fuels; biomass fuel use is relatively benign to the environment; and biomass
represents an alternative crop for farm regions facing low crop prices.

While substantial research has been conducted on the adaptability of biomass grown as a commercial
energy crop, and on the process of converting biofuel crops into energy, httle work has been completed
analyzing the economic and physical impacts of biofuel production in an agriculturally based area. Stable
biomass supplies would require substantial land use shifts from traditional to energy crops. Hectarage
currently devoted to traditional crops will be replaced by biomass feedstocks if biomass production
proves to be economically more attractive. Depending upon crop mixes, such shifts could have direct
environmental impacts as levels of leaching, precipitation run-off, fertilizer and pesticide usage, and soil
erosion change. Changes in farm income, food prices and government farm program participation may
also occur. This study attempts to address some of these issues by analyzing the impacts arising from a
biomass conversion facility located in each of three midwest regions.

~ The objective of this study is to determine the feasibility of supplying agriculturally-produced switchgrass
to a potential biomass conversion facility located in Cass County North Dakota. The analysis includes
estimitation of quantities of biomass supplied, changes in traditional crop sector activities, and
environmental impacts. The supply of biomass is a function of its price, land resources available and
costs of transportation. Environmental impacts are a function of price and hence of supply, changes in
cropping practices and any change in erosion parameters.

In the Cass County region alone, there exist more than 6 million hectares (15 million acres) of cropland
on more than 18 thousand farms. Currently, small grains dominate, however most of the region's
farmland has the potential to produce biomass such as switchgrass, a grass native to much of the
midwest. Given adequate institutional support, farmers may select switchgrass as an altemative crop
enterprise.

In each region, a county has been identified to serve as the region center and as a potential site for the
conversion plant location. Counties surrounding the processing plant have been aggregated into three
hauling subareas based upon distance from this regional center. Transportation costs of biomass
feedstocks are assumed to be a significant portion of production cost, therefore, within a region, subareas
have been created to distinguish separate hauling distances. Counties within a 48 kilometer (30 mile)
radius of the plant site are defined as being included in Hauling Region 1. Counties within a 48-96
kilometer (30-60 mile) radius are in Hauling Region 2, and Hauling Region 3 includes all other counties
~ within a 145 kilometer (90 mile) radius. '
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One potential plant site for biomass conversion is located in Cass County North Dakota. The Cass
County region is comprised of twenty-six counties located in eastern North Dakota, western Minnesota
and northeastern South Dakota. Farms in eastern North Dakota and western Minnesota are located in
the Red River Valley; an agriculturally significant region known for small grain and row-crop production.

Olmsted County Minnesota is the second conversion plant site. This region includes 42 counties in
southeastern Minnesota, southwestern Wisconsin and northeastern Iowa. Farms traditionally grow
row-crops, primarily comn and soybeans, with some oat and hay production. The final plant site is located
in Orange County Indiana. This region includes 58 counties in southern Indiana, northwestern Kentucky
and southeastern Illinois. Like the two previous regions, it has been subdivided into three subareas by
hauling distance. Space limitations prevent a detailed analysis of each region; thus, only the Cass County
region is examined further in this paper.

Soil and Crop Information

Information for the determination of soils and their characteristics is taken from the 1982 National
Resources Inventory (NRI). The NRI is the federal govemment's primary information source for
assessing the condition of the nation's water, soil and related resources (USDA, SCS). Acres in the
region are summed by Major Land Resource Area (MLRA) and by Land Quality Group (LQG). Each
LQG represents a particular Land Capability Class and Land Capability Subclass. Within that summation
the dominant soil is determined based on number of hectares. One dominant soil is chosen to represent
each particular LQG within an MLRA.

Crop yield and erosion estimates for each MLRA, LQG and rotation are simulatedud using the Erosion
Productivity Impact Calculator (EPIC) (USDA, ARS), a plant growth and erosion simulator. The
EPIC program requires weather generation parameters, and soil and tillage data for it to simulate soil
erosion, plant growth and related processes over time. Weather generation data from Bismarck, North
Dakota is used on all runs of EPIC. Representative soils for each land group in the model are selected
using NRI data. Tillage and production practices, including levels of input use for the selected crop
rotations are determined from the crop budgets developed for Cass County.

Representative crops for the region are selected based upon the 1987 Census of Agriculture (USDC).
The Census of Agriculture provides numerous county and state estimates of agriculturally related, land
use categories. For the purposes of this study, hectares in each crop are summed by MLRA, expressed
as a percentage of harvested cropland, and sorted by hectares in descending order. Once crops are
selected as representative of the region and MLRA, a set of rules from English provides the criteria for
establishing which crops are required in rotations. Adoption of these rules provides assurance that crop
production, as estimated by the Census of Agriculture, is reflected accurately in each MLRA.

After the crop rotations are selected, the 1982 NRI provides a list of actual rotations being grown by
MLRA with rotations in hectares in descending order. By combining crop data from the Census of
Agriculture, with rotations actually grown from the NRI, a set of rotations for the region are developed
meeting these rotation rules. Each MLRA in the Cass County region produces a unique set of crop
rotations. A total of 51 different rotations containing various combinations of traditional crops grown in
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the region are selected for the model. For the Cass County region the predominate crops include wheat,
barley, sunflowers, com grain and hay. )

Budget Development

The development of budgets for the Cass County Region requires the selection of management practices,
inputs, prices, costs and quantities for each specific crop. North Dakota State University (NDSU)
Extension Service publications are used to develop this data. Specific costs are estimated through use of
the Budget Planner Version 2.0 developed by North Carolina State University and distributed by the
University of California, Davis (Klonsky).

Machinery Component

The equipment data is taken directly from a list produced by the NDSU Extension Service (Swenson and
Aakre). The implements are consistent with those in use on a 600-800 hectare (1,500-2,000 acre) farm
growing a combination of small grains, hay and row-crops in the Red River Valley of southeastern North
Dakota. Purchase price, annual use, years of life, trade-in value and hectares per hour are provided for
each machine and placed directly in Budget Plarmer. All equipment is assumed to be purchased new in
1992 and depreciated accordingly. This extension bulletin also includes a listing of common tillage
practices for the area when growing small grains. Row-crop and hay management practices are assumed
to utilize common, conventional tillage techniques.

Inputs

Fertilizer recommendations are derived from Dahnke and Fanning and assume a market yield as the yield
goal and soils containing "medium" amounts of primary nutrients. Herbicide and insecticide application
rates are from Meister. All fuel prices, seed prices and quantities, market yields and fertilizer prices are
from Swenson and Aakre. Machine and non-machine labor costs are assumed to be $8 and $10 per hour
respectively. Twine is purchased per kilogram and the number of required kilograms per hectare
depends on the crop and year. Both long and short term interest rates are assumed to be 6 percent.
Current cropland rent per acre is $39.53 (Swenson and Aakre). '

Fixed Costs

Cash fixed costs are allocated to individual crops in Budget Planmer based upon the relative hectares of
that crop. Annual telephone expenses are assumed to be $440 per telephone, and office expenses are
$1,500 per year. Equipment insurance rates of $4 per $1,000 of equipment, and property tax rates of $5
per $1,000 of assets, are assumed. Equipment repair costs are calculated by Budget Plarmer. Noncash
fixed costs, include buildings and other depreciable assets, have a total value of $75,500. Their combined
salvage value is $5,600, with an average useful life of 26 years and total annual repairs of $800.

Methodology

A linear programming model is used to estimate biomass supplies and changes in current cropping
practices. The model maximizes net revenue subject to various resource constraints. Prices for biomass
production are changed in an incremental fashion, thereby producing an estimated biomass supply curve.

109




Space limitations prevent a detailed description of the mathematical model used in this study, however, a
complete model description is available from the authors.

The objective function is subject to several constraints including land, labor, fertilizer and energy. The
land constraints require that production activities not exceed the total amount of land available or the
amount of land having conversion potential. The fertilizer constraint requires that the amount of fertilizer
not exceed that which is purchased plus the amount available in the region from livestock wastes.
Energy and labor are also constrained, limiting the objective function potential.

Supply of Biomass

Developing a supply curve for biomass requires estimating the quantities supplied at various prices
(Figure 1). Biomass price changes in this analysis ran from $44 to $88 per metric ton ($40 to $80 per
ton) delivered biomass in $2.00 increments. Biomass does not appear at the plant gate until a price of
$53 per metric ton ($48 per ton) is reached. At this price, biomass supply is equal to 183,251 metric tons
(202,000 tons). At a price of $62 per metric ton (356 per ton) the biomass supplied is in excess of
900,000 metric tons (1 million tons). At $70 per metric ton ($64 per ton) the biomass supply equals
1,995,806 metric tons (2,200,000 tons). By the maximum of $88 per metric ton ($80 per ton), estimated
biomass supplies are 2,748,476 metric tons (3 million tons) at the plant gate.

When no biomass is produced, the region produces 1,173,280 metric tons (46,190,000 bushels) of corn
for grain, 1,248,921 metric tons (45,890,000 bushels) of wheat, 647,729 metric tons (29,750,000
bushels) of malting barley, 406,872 metric tons (14,950,000 bushels) of soybeans, 16,534 metric tons

Price ($/metric ton)
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Figure 1. Biomass supply curve
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(1,139,158 bushels) of oats, 27,408 metric tons (604,254 hundredweight) of sunflowers and 41,213
metric tons (45,430 tons) of legume hay. In this solution, no com silage or non-legume hay is produced.
For all crops produced, over S0 million kilograms (110 million pounds) of nitrogen, 9.5 million kilograms
(21 million pounds) of phosphorus, and 20 million kilograms (44 million pounds) of potassium are
applied.

At a price of $56 per ton, quantity of wheat has fallen to 1,045,348 metric tons (38,410,000 bushels),
both com and barley are at 736,634 and 631,400 metric tons (29,000,000 bushels) respectively, oat
production has dropped to 12,157 metric tons (837,595 bushels), and legume hay has decreased to
37,817 metric tons (41,687 tons). Both soybean and sunflower production has remained unchanged. At
this biomass price, 106,545 hectares (263,280 acres) of cropland have shifted into biomass production.
Fertilizer quantities have also fallen; nitrogen has decreased to 39.5 million kilograms (87 million
pounds), phosphorus is used at a rate of 8 million kilograms (18 million pounds) and potassium is 17
million kilograms (37 million pounds).
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Abstract

The growth and concentration of the livestock industry has led to environmental disposal problems for
large quantities of manure at feedlots, dairies, poultry production plants, animal holding areas and
pasturelands. Consequently, waste management systems that facilitate energy recovery are becoming
increasingly attractive since they address pollution problems and allow for energy generation from
manure resources. This paper presents a manure resource assessment for the 13 U.S. Department of
Energy, Western Regional Biomass Energy Program states, describes and evaluates available energy
conversion technologies, identifies environmental and regulatory factors associated with manure
collection, storage and disposal, and identifies common disposal practices specific to animal types and
areas within the WRBEP region. The paper also presents a pro forma economic analysis for selected
manure-to-energy conversion technologies. The annual energy potential of various manures within the
WRBEP region is equivalent to approximately 111 x 1013 Btu. Anaerobic digestion systems, both
lagoon and plug flow, offer positive economic returns in a broad range of utility service territories.
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3 U.S. Department of Energy, Western Regional Biomass Energy Program, P.O. Box 3402, Bldg.
18, 1627 Cole Blvd., Golden, CO 80401

112



Introduction

This paper presents the results of one project conducted under the auspices of the U.S. Department of
Energy, Western Regional Biomass Energy Program (WRBEP). WRBEP is a leading organization in the
identification, development and commercialization of various biomass resources and technologies in the
thirteen WRBEP states, which are as follows: Arizona, California, Colorado, Kansas, Nebraska, Nevada,
New Mexico, North Dakota, Oklahoma, South Dakota, Texas, Utah and Wyoming. Figure 1 provides a
map showing the WRBEP territory.

The growth and concentration of the livestock industry has led to the generation of large quantities of
manure at feedlots, dairies, poultry production plants, animal holding areas and pasturelands. If not
properly managed, livestock waste can cause significant harm to both water and air quality. Throughout
the nation, increasing regulatory pressure has been imposed to reduce water contamination and methane
emissions associated with large livestock operations. Consequently, waste management systems that
facilitate energy recovery are becoming increasingly attractive since they address pollution problems and
allow for energy generation from manure resources.

The purpose of this paper is to:

e present a manure resource assessment for the 13 WRBEP states;

e describe and evaluate available energy conversion technologies;

¢ provide an economic analysis for energy conversion of manures;

¢ identify environmental and regulatory factors associated with manure collection, storage and
disposal, and identify common disposal practices specific to animal types and areas within the
‘WRBEP region; and ’

o Qutline future efforts.

Resource Assessment

The animals inventoried for the resource assessment include feedlot cattle, dairy cows, swine (breeder
and market), and poultry (layers, broilers and turkeys). In calculating the energy potential of manure
produced per animal type, the following factors were taken into consideration: volatile solids produced
per day, biogas energy content, waste management system loss, and energy conversion efficiency. Table
1 lists the assumptions used for each animal type.

The energy potential of manure resources per ton varies significantly from animal to animal. Therefore,
total animal numbers are not always as significant as manure volume per animal type and the biogas
content per ton. Table 2 shows the volatile solids, collectible solids and energy potential for manure per
1,000 head of each animal type for one year.

Calculations and data provided in this paper indicate an energy potential of about 111 trillion Btu (22
million barrels, in 0il equivalent) produced annually in the WRBEP region. The energy potential
composite figure may not pinpoint the true economic potential, but illustrates the magnitude of the
manure resource. Table 3 shows the ranking of the 13 WRBEDP states in terms of the energy potential of
manure resources.
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Table 1. Assumptions for Calculating Manure Energy Potential

8.6

600

40%

60%

* TAM refers to typical animal mass
1 Barker

2 ASAE 1990

3 Wilcox 1993

Table 2. Manure Energy Potential Per Year for 1,000 Animals

Dairy Cows 2,04 1,840 10,817
Feedlot Cattle 1,040 780 4,494
Swine Breeders 321 257 1,336
All Swine 217 173 902
Swine Market 201 161 835
Poultry Turkeys 24 .14 88
Poultry Layers 9 8 49
Poultry Broilers 6 ) 5] . 33

* MMBtu refers to millions of Btu

In terms of animal populations, the states of California, Nebraska, Texas, Kansas and South Dakota rank
high within the WRBEP area in most individual animal categories. California is number one among
WRBERP states for dairy cow, turkey and layer production and number two for broiler production.
Nebraska is the top WRBEP state for feedlot cattle and swine. Texas ranks first in broilers and second in
feedlot cattle, layers and dairy cattle. South Dakota ranks second in swine and third in dairy cows,
poultry layers and broilers. Colorado is in the top half of WRBEP states for feedlot cattle, swine and
turkeys. Oklahoma ranks third in poultry broilers. Arizona, Wyoming, Utah, North Dakota, Nevada and
New Mexico rank low in terms of animal populations for most individual animal categories examined in
- this paper.
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Table 3. Summary of WRBEP States Annual Manure Resource Energy Potential

{tons/yr. N ‘ s
Nebraska 7,137,861 5, 548 689| 31 432 811
Texas 5,288,556 4,396,126 26,203,432
Califomia 4,163,179 3,530,725 20,841,160
Kansas . 2,417,181 1,897,990, 10,785,830
Oklahoma 1,271,552 1,133,594 6,906,154
South Dakota 995,384 839,111 4,700,018
Colorado 583,720 475,077 2,730,882
Arizona 436,080 361,104 2,088,017
New Mexico 337,599 283,399| 1,653,411
Utah 334,025 264,537 1,568,116
North Dakota 308,414 270,541 1,544,703
Nevada 91,378 75,216 435,899
Wyoming 78,877 63,180 364,245
Total 23,443,806 19,139,289 111,254,678

Federal and State Regulations to Control Pollution from Livestock Waste

The principal poliutants from livestock waste are ammonia, excess nutrients and pathogens, along with
biochemical oxygen demand (BOD). The major pollution problems associated with livestock waste are
methane emissions from anaerobic digestion, surface water and groundwater contamination, and air
pollution due to the formation of odor, dust, volatile organic acids and ammonia. Current federal and
state regulations governing manure disposal target two areas: water quality and air quality.

Federal Regulations
Water Quality

The first comprehensive federal effort to improve water quality was the implementation of the Clean
Water Act in the early 1970s. The initial focus of the CWA was regulating "point sources” of pollution.
Livestock point sources consist of man-made structures such as feed pens, confinement buildings, slurry
tanks, pipes or culverts, holding ponds or lagoons, irrigation systems, and dead animal disposal facilities
(Sweeten 1991). Livestock point sources are directly regulated by the U.S. Envxronmental Protection
Agency, or by state agencies on behalf of the U.S. EPA.

Any concentrated animal feeding operation (CAFO) that discharges pollutants into U.S. waters must
obtain a National Pollutant Discharge Elimination System (NPDES) permit (CW A, Section 402). The
basic requirements of the NPDES require "no discharge” from CAFOs into U.S. waterways. For an
animal feeding operation to be considered a CAFO, the following criteria must be met (Weinberg 1991):
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1. Animals are stabled or confined and fed for 45 days or more in a twelve month period;
2. Vegetation is not sustained on any portion of the lot or facility;
3. The feedlot must have either:
A 1,000 animal units (AUs) (Beef cow = 1 AU, dairy cow = 1.4 AU; swine = 0.4
AU) and discharge pollutants, or,
B. between 301 and 1,000 AUs, if pollutants are discharged into:

i. navigable waters through a man-made conveyance; or,
ii. into navigable waters that originate outside of, but come into
contact with the area used by the operation;
4, Pollutants are discharged in absence of a 25-year frequency, 24-hour duration rain storm.

Smaller facilities (less than 300 AUs) may be designated as CAFQOs on a case-by-case basis if they
present a significant risk to water quality. Most small facilities, however, are classified as non-point
sources of pollution. Section 319 of the Clean Water Act creates a program to control non-point sources,
including range and pastureland, feeding and watering sites, small-scale confinement facilities and
manure disposal areas. Section 319 requires each state to submit both an assessment of state waters not
expected to meet water quality standards because of non-point source pollution and a management
program for controlling non-point source pollution. Most federal efforts to control agricultural non-point
sources have emphasized a voluntary, non-regulatory approach based on the implementation of best
management practices (BMPs) instead of regulation-driven treatment plans.

Air Quality

Methane can be produced through the fermentation of organic matter in the digestive tracts of animals
and is one of the "greenhouse gases” that contribute to global warming. The federal government does not
have any formal rules or regulations aimed at reducing methane emissions in the United States.

However, the U.S. EPA, Global Change Division, is currently in the process of assessing the feasibility
of capturing methane for conversion to on-farm electricity (Roos 1993).

State Regulations

Throughout the WRBEP region, the responsibility for developing and enforcing manure disposal
regulations usually rests with state water quality control divisions. At a minimum, all of the states in the
WRBEP region adhere to the U.S. EPA regulations governing discharges from 1,000 AU or greater
animal feeding operations. Many states, including Arizona, California, Colorado, Nebraska, and Texas
have more stringent regulations than those required by the federal government, and several allow local
authorities to enact regulations even stricter that those imposed by the state.

Livestock Waste Storage and Disposal Methods

Manure can be collected in either a liquid, semi-solid slurry or solid form depending on the animal and
operation type. Table 4 provides a brief description of 10 manure management systems utilized in the
WRBERP area.
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Table 4. Manure Management System Descriptions

. ‘System
Pasture and
Range is not handled in any formal manner.

Daily Spread Manure is collected in any form on a daily basis and field spread.

Solid Storage | Manure is collected daily or biweekly as a solid or semi-solid and stored

- | for several months before it is applied to fields.

Deep Pit Solid | Manure (from caged layers and occasionally broilers) falls into deep, well-

Stacks ventilated pits. The dried manure is removed periodically and field spread.

Drylot Manure is allowed to accumulate in unpaved, open or semi-covered

(paddock) feedlots. The dried manure is removed and disposed of, usually as a soil
amendment.

Litter Poultry is often raised on beds of litter (wood shavings, straw, etc.).
Manure is deposited directly into the litter, and the litter is removed
periodically.

Pit Storage Swine are sometimes raised in buildings with slatted floors and storage

pits below. Manure stays in pit storage from 3 to 6 months.
Liquid/Slurry Liquid or slurry manure is stored in outside pits, tanks or lagoons. A

Storage typical lagoon has adequate space to retain 3 to 6 months waste.
Anaerobic A lagoon is often designed to treat waste and reduce odor, pathogens and
Lagoon BOD. The lagoon water can be recycled for field application.

Anaerobic Liquid or slurry manure is placed in a digester to undergo controlled
Digester decomposition and produce and recover methane for energy purposes.

Energy Conversion Technologies for Animal Manures

Various technologies are available for the conversion of animal manures to energy, including direct
combustion, gasification and anaerobic digestion systems. In general, the preferred technology for on-
farm energy conversion is anaerobic digestion because of its simplicity, compatibility with common
manure management technologies, and relatively low initial capital costs. This paper focuses on
anaerobic digestion, although certain gasification technologies may offer competitive advantages in the
future. Further, there is one large-scale combustion system in operation in California that illustrates the
feasibility of the combustion technology (NEOS 1990).

Anaerobic Digester Technology

An anaerobic digester is essentially a vessel containing bacteria that decompose organic matter and
produce biogas in the absence of oxygen. The anaerobic digestion process occurs in three stages:
hydrolytic, acid forming, and methanogentic. During the first stage bacteria break complex organic
materials into simple sugars. In the second stage, anaerobic and facultative heterotrophic bacteria break
down the simple sugars into simple organic acids. In the final stage, bacteria known as methanogens
utilize simple organic acids in two decomposition pathways to produce methane. The first reaction splits
acetic acid into methane and carbon dioxide while the second reaction combines hydrogen and carbon
dioxide into methane and water

117 °




The simplest anaerobic digester is the ambient anaerobic lagoon. Manure in an adequately sized lagoon
will progress naturally through all three stages. Five other unit processes - plug flow, complete mix,
packed reactor, upflow sludge blanket and sequencing batch reactor - control environmental conditions in
the digester to optimize methane production. Table 5 illustrates the levels of process complexity (i.e. the
number of mechanical components) and operational complexity (i.e. the amount of maintenance and
labor required for the production process) for the six digesters. The table also shows relative initial and
operating costs. Itis not surprising that the costs follow the process and operational complexity patterns.

Table 5. Digester Characteristics

Ambient Low Low Low Low
Temperature

Covered

[Lagoon

Plug Flow Low Low Low Low
Complete Mix |Medium Medium Medium |[Medium
Packed Medium Medium Medium |[Medium
Reactor '

Upflow Sludge |High High High High
Blanket

Sequencing High High High- High
Batch Reactor

Economic Analysis

The economic analyses presented in this paper illustrate a range of technologies and animal operations in
distinct niche markets. The intent is to depict the breadth of the manure energy conversion facilities.

Table 6 shows the location, technology, capacity (kW), and manure types for each of the five economic
models.

Table 6. Manure-to-Energy Facility Sites

South Dakota Plug Flow Digester 35 Dairy cows

Nebraska Complete-Mix Digester 101 Swine, market

Texas - Covered Lagoon Digester [41 Dairy cows

California Covered Lagoon Digester |81 Dairy cows

California _|Direct Combustion 20,000 Dairy cows, feedlot cattle
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Income Statements

Pro forma income statements were developed to model the feasibility of each of the five manure-powered
energy projects. Basic economic and technical assumptions for anaerobic digesters were formed to allow
variations in location, economic conditions, and technology. The assumptions are based on prior
research and available data best suited for the technology and location of the facility and are summarized
in Table 7.

The economic analysis focuses on dairy and swine operations because of the prevalent manure
management technologies and the energy content of the animal manures. Dairy and swine manure have
high moisture contents, making them idea for anaerobic digesters, which require manure in liquid or
slurry form. Many swine and dairy operations already employ flushing systems which transport manure
as a slurry and are compatible with digester systems.

Table 8 summarizes the significant financial analyses from each of the income statements. Three of the
five scenarios modeled for this effort illustrate significant positive economic returns to the farm

operation. Some dairy operations employing plug flow and covered lagoon digesters (South Dakota and -
California) appear to be attractive investments. A swine operation in Nebraska using a complete-mix
digester is also projected to be economically feasible.

Table 7. Summary of Assumptions for Five Manure-Fueled Power Plants

: i .agoon - . |Lagoon
Animal population 300 cows| 10,000 hogs| 500 cows| 1,000 cows N/A
Generating capacity 35 kW 101 kW 41 kW 81 kW 20 MW
Installed cost $144,047 $284,753| $128,082| $201,466] $60,000,000
Fixed O & M costs $13.20 $13.20 $13.20 $13.20 $11.25
(per kWh/yr) ,

Equipment salvage $7,350 $24,975 $8,610 $17,000{ $12,000,000
value )

Equipment Life (years) 10 10 10 10 10
Electricity purchase $0.075 $0.067 $0.036 $0.050 N/A
price (per kWh)

Electricity seliing price $0.045 $0.040 N/A N/A - $0.035
(per kWh)

Electricity production 216,047 624,137 252,055 504,111 115,632,000
(kWh/yr) .

Total on-farm energy | 180,000 430,000 267,500 600,000 N/A
consumption (kWh/yr)

For complete references, see "Energy Conversion of Animal Manures: Feasibility Analysis for Thirteen Western States
(NEOS Corporation 1993)

Additional assumptions that held for all five systems are: Tax rate (20%), inflation rate (5%), discount
rate (9%), loan interest rate (9.25%) and down payment on loan (33.3%).
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$43,000 $14,000 ($9,000) $49,000 1(333,000,000)

$0.1126 $0.0693 $0.0847 $0.0767 $0.0847

The South Dakota plug flow digester had the highest installed cost on a per-kW-basis. It was also the
smallest of the power plants. This means that for its power generating ability it has the highest debt load

and has to generate more electricity over the long-run or generate electricity more cheaply than
alternative sources.

The Nebraska complete-mix digester has the highest capital cost of any of the anaerobic digestion
technologies. The farm is assumed to be a farrow-to-finish swine farm. Swine manure is very low in
total solids. Because of this, the only types of digester that could be used are a mixed digester, such as
the complete-mix, and a covered lagoon digester. However, a lagoon cannot be easily heated and the

temperatures in Nebraska are too cold during the winter to sustain digestion. Thus, the only alternative is
the mixed-tank digester.

The Texas lagoon digester is not judged economically attractive for the given assumptions. Despite the
low capital and operating costs, this digester is not competitive with grid-connected electricity's low
price. However, small increases in manure collection efficiency, from 55% to 65%, would lead to a
positive net present value (NPV).

Financially, the California digester performs the best of all four digesters. Its NPV is equal to $48,772
and its levelized cost is $0.0767/kWh. This project, like the Texas digester, would perform even better
financially if the manure collection efficiency were to increase. The major difference between the Texas
and California covered lagoon digesters is size. The California power plant is 98% larger than the Texas
plant. Despite this, its installed cost is only 58% higher.

Using the currently available energy purchase prices for qualifying facilities (QFs), the California
manure-burning power plant is not economically feasible. Its NPV is -$33,000,000 and the levelized cost
is $0.0847/kWh. The best conditions for improving the financial performance of this facility, or one like
it, would be a major increase in QF energy purchase prices. This project may also become feasible if the
manure disposal costs rise. The power plant operators may then be able charge for manure removal if
there is great enough demand for a cheaper disposal alternative.

Economic Sensitivity Analysis

Sensitivity analyses were performed to measure the effects of altering one or more of the assumptions
incorporated in the income statements. The effects on the NPV and levelized cost caused by altering the
discount rate, down payment, inflation rate, interest rate, and installed cost are analyzed by changing one
factor at a time. Multiple-factor sensitivity analyses were performed to measure the effects of the most
likely combination of variations in assumptions.
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Altering the discount rate, which represents the time value of money or the opportunity cost of capital,
affected both the NPV and levelized cost figures. Decreasing the discount rate increases the present
value of future cash flows resulting in a higher NPV and a higher levelized cost for all scenarios.

Varying the size of the down payment changes the amount of capital borrowed. Increasing the down
payment decreases the NPV. The levelized cost decreases with an increase in down payment because the
operating costs are decreased (i.e., annual finance charges are reduced). The converse holds true for all
three cases. ’

Only the operating income portions of the pro forma income statements are affected by the inflation rate.
Therefore, increasing the inflation rate increases the apparent revenues and costs. The levelized cost
increases as the inflation rate increases simply because the costs increase. NPV increases for the same
reason.

The interest rate affects the operating costs by changing the amount of interest paid on the 1o0an.
Increasing the interest rate increases operating costs which lowers the project's NPV and increases its
levelized cost. -

The effect of changing the installed cost of a project on NPV and levelized cost is the same as that of the
interest rate. Increasing the installed cost of a project increases the operating costs through increased
interest payments and larger down payment which decreases NPV and increases the levelized cost.

In general, the greater the absolute magnitude of the NPV, the less sensitive it is to changes in a factor.
For example, the California manure-burning power plant has the greatest NPV when taken as an absolute
value. It is the least sensitive of the five power plants to'all factors. Conversely, the Texas lagoon
digester has the smallest NPV and it is the most sensitive of the power plants to changes in factors. NPV
is most sensitive to the installed cost of the project. Even the NPV of the California manure-burning
power plant changed +16.6 by a +10% change in installed cost. And this power plant was the least
sensitive to installed cost of the five power plants. .

In the multi-factor sensitivity analyses, performed since it is unlikely that one assumption would vary
independently of all others, the assumption with the most influence on the financial strength of the
digesters was the installed cost of the power plant. When the effects of varying the assumptions were
combined, installed cost had more influence than the other assumptions. For the direct combustion
power plant the price paid by the utility for the electricity produced was most significant. The price of
electricity did not have the same influence on the digesters because their largest source of revenue was
the savings created by displacing grid-supplied electricity.

Economic Analysis Conclusions

Three of the four digester power plants would be feasible, based on their positive NPVs, with the given
assumptions. The only digester judged not feasible was the covered lagoon digester in Texas. However,
its NPV of -$8,857 is not so low that it could not be improved. In the sensitivity analysis of the Texas
power plant, two assumptions, the interest rate and installed cost, proved to have the most influence on
NPV. The California manure-burning power plant was not feasible and needs to sell its electricity for
almost 100% more than present rates in California to be feasible. )
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Conclusions

Several major conclusions stem from the analyses in this paper. First, substantial manure resources exist
in the WRBEP area. Calculations and data provided in this paper indicate an energy potential of about
111 trillion Btu produced on an annual basis. Although much of this resource may be considered
unrecoverable for a variety of reasons, there is ample opportunity to capture energy on a regional scale
with modest contributions to the energy balance. Similar to other biomass resources and technologies,
niche market opportunities are apparent.

Some animal operations and some states have greater potential for energy conversion than others.
Manures that are more appropriate for energy conversion tend to be associated with dairy and swine
operations. Manure management systems typical of dairy and swine operations, often liquid- or slurry-
based, facilitate the ease of manure movement. Large agriculture-based economies in California, Texas
and Nebraska, WRBEP's top three states in terms of manure energy potential, sustain substantial animal
populations that contribute to their energy conversion potential. Warmer states within WRBEP,
including Texas, New Mexico, Arizona, and California, may have the greatest potential for energy
conversion of manures because of the ability to use low-cost lagoon technologies.

Federal and state environmental regulations fostering "best management practices" are major forces
influencing the adoption of manure management practices that merge well with energy conversion
options. To the extent that regulatory agencies, working in concert with state extension personnel, are
able to implement the regulations, greater adoption of energy conversion technologies at the farm level
will occur. The regulatory agencies will be challenged to promulgate the regulations. The economic
benefits to the farmer associated with the on-fartn promotion/enforcement process should be emphasized
to facilitate regulatory compliance.

Economic benefits to the farmer appear to be real. Energy conversion technologies such as anaerobic
digestion, and to a limited extent, gasification, are more mature than when first promoted in the late
1970s. Lagoon digesters show positive economic results in the warmer WRBEP areas, and plug flow
and complete-mix digesters appear to have economic advantages in the colder climates. Although it is
critical to emphasize the site-specific nature of the economic analyses, it is clear that opportunities for
energy conversion of manure resources exist for animal operations in a broad geographic range within
WRBEP.

Future Efforts

Future efforts with WRBEP may be categorized within the technology transfer and technology
development areas. It is clear that there are opportunities for livestock operations to utilize energy
conversion technologies for manure resources. The WRBEP mission to promote the adoption of
economically advantageous technologies should lead to a series of workshops to facilitate the flow of
information to farm operators. Coordination of the workshops on a sub-regional basis with state
extension personnel will help ensure that the proper audience is reached. The technologies and economic
approach used in this study may serve as reasonable templates upon which to base the workshops.

Technology adoption at the farm level will be hampered by the dearth of "real world" data. Many of the
energy conversion inputs to the economic model in this paper are based on small data sets. Energy
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production rates as a function of technology, animal diet and climate are poorly documented, leading to
considerable uncertainty for the farm operator. WRBEP has the opportunity to increase data availability
by focusing on data collection activities for existing digester operations within the region. Further,
WRBEP anaerobic digester PON II recipients should be required to carefully document their activities
and collect complete data. Such data collection will be useful in providing the necessary information to
farm operators upon which to base their business decisions.

The site-specific nature of determining the economic and practical feasibility of energy conversion of
manure resources lends itself to the utilization of a geographic information system (GIS). WRBEP has
the opportunity to implement a GIS to complement and coordinate data collection and analysis efforts
and improve technology transfer activity efficiency. GIS is increasingly being incorporated into research
and data storage efforts to facilitate information retrieval on an area-specific or data element-specific
level. A county-level GIS analytical effort, coupled with close cooperation of state extension personnel,
will help to identify appropriate targets for energy conversion projects.
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Abstract

The disposal of wastes associated with the processing of cotton is posing increasing problems for cotton gin
operators in the western United States. Traditional disposal methods, such as open-air incineration and
landfilling are no longer adequate due to increasing environmental concerns. This paper evaluates the
technical, economic and environmental feasibility for cotton gin trash to serve as an energy resource.
Cotton gin trash has been quantified, by county, in the five cotton-growing states of the western United
States. The energy conversion technology that appears to offer the most promise is gasification. An
economic evaluation model has been developed that will allow gin operators to analyze their own situation
to determine the profitability of converting gin trash to energy.
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Introduction

Cotton is among the leading cash crops in the United States. At the farm level alone, the production of
each year's crop involves the purchase of more than $4 billion worth of supplies and services. Altogether,
business revenue stimulated by cotton is estimated at some $50 billion - the greatest of any U.S. crop
(National Cotton Council 1992). Five states (Arizona, California, New Mexico, Oklahoma, and Texas)
within the U.S. Department of Energy's Western Regional Biomass Energy Program (WRBEP) territory
produce significant quantities of cotton. In these five states, the cotton industry employs more than
100,000 people and generates more than $8.5 billion in revenue (National Cotton Council 1991).

Generally, two mechanical methods are used to harvest cotton - spindle-harvest and stripper-harvest. Gins
that process stripper-harvested cotton generally generate larger quantities of cotton gin trash (CGT) than do
gins that process spindle-harvested cotton. A commonly accepted value for wastes from stripper-harvested
cotton is 609 bone-dry pounds of CGT per bale of cotton ginned, versus the spindle method which yields
109 bone-dry pounds/bale (Thomasson 1990). Table 1 shows the predominant harvest method used in each
of the WRBEP cotton states.

Table 1. Cotton Harvesting Methods in the WRBEP Region
(Numbers indicate the percent of cotton harvested by each method)

_ 1. . Cotton Harvesting Method
State| Spindle | - - Stripper| Other (Scraped)
Arizona 96 0 4
California 100 0 0
New Mexico 60 40 0
Oklahoma 16 84 0
Texas 28 72 0

{Source: Glade et al. 1993)

A major problem facing the cotton g]nning industry is the search for environmentally and economically
acceptable methods for disposal of gin trash. Although this problem has been researched extensively, the
majority of CGT is still not being utilized in an economicaily effective manner, and disposal is a costly
issue for many ginners and cotton producers (Thomasson-1990). Common disposal methods include
spreading on land, composting, feeding to livestock and landfilling. An alternative disposal method is to
convert the CGT to energy through gasification.

Common Cotton Gin Trash Disposal Practices in the Western U.S.

A telephone survey was conducted to determine current CGT disposal practices. State cotton ginners'
associations were contacted to identify important characteristics of the cotton industry for each cotton-
producing state in the WRBEP region. Representative cotton ginners and cotton seed oil crushers in each
cotton-producing county were contacted and asked to provide information regarding waste disposal
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practices. State and federal regulations regarding cotton gin trash disposal were also assessed (Cohen and
Lansford 1992).

Although there is at present no single most desirable method of CGT disposal, there is a great opportunity
for entrepreneurs who wish to pursue more profitable uses for CGT (Thomasson 1990). The problem
faced in CGT disposal is two fold. Ginners must not only collect and store CGT, but also dispose of it, and
both operations must be performed without excessive air pollution. Storage of CGT throughout the ginning
season is undesirable because of potential fire hazards and because most gins do not have enough storage
facilities. There are many ways to dispose of CGT, including field application, composting, use as
livestock feed, conversion to energy, and disposal in landfills.

About 85% of the gins surveyed spread CGT on farmland. Feeding CGT to livestock was the second most
used disposal practice (41%}), followed by composting (11.5%) and landfilling (.33%). None of the gins
surveyed reported incinerating CGT, and many gins used more than one CGT disposal practice. Figure 1
shows this breakdown (Cohen and Lansford 1992).

Federal and State Regulatory Issues

Federal regulations concerning CGT disposal are obscure, as most federal regulations found for this study
were not specifically set up for CGT, but rather focused on air pollution, solid waste disposal, and on the
presence of chemicals that may have been sprayed on or are naturally occurring in cotton. For example,
aflatoxins are naturally occurring mycotoxins produced by molds that may be found in cotton gin trash and
other animal feeds.

The Clean Air Act was amended in 1990 to provide a more effective program to improve the quality of the
nation's air. Sections 107-110 of the act address air quality control regions, air quality criteria and control
techniques, national ambient air quality standards, and implementation plans. While there is nothing
specific to CGT disposal, these sections set forth laws stating that every state must adopt some type of air
quality control program, and set forth guidelines as to what must be included in these programs.

Public Law 94-580 (1976), the Solid Waste Disposal Act, provides technical and financial assistance for
material and energy recovery from discarded materials, the safe disposal of discarded materials, and
regulates the management of hazardous wastes. Sections. 1001-1008 give the General Provisions under this
act. Since nothing more applied to CGT it was assumed that disposing of CGT in approved landfills is not
prohibited by the federal government.

Section 40 of the Code of Federal Regulations (CFR) addresses environmental protection. Part 50 of this
section specifically addresses the national primary and secondary ambient air quality standards and part
50.6 sets the national level for particulates. CGT disposal would fall under this section due to the dust that
it can generate. Section 40, Part 186 may relate to CGT disposal, because some CGT is used for animal
feed. This section gives the Federal Regulations of Tolerances for Pesticides in Animal Feeds. Part
186.588 sets a standard of 6 parts per million of S, S, S, Tributyl phosphorotrithioate in cattle feed. This
chemical is a common cotton defoliant that could be a component of CGT. Some of the trade names for
this defoliant include Folex, Parathion (generic name), and D.E.F.

Section 21 of the CFR addresses food and drugs. The Food and Drug Administration regulates the amount
of aflatoxins allowed in animal feed. Part S09 governs unavoidable contaminants in animal food and food-
packaging material and includes aflatoxins. The level was set at 20 parts per billion in 1969, but in 1982
the FDA raised the level to 300 parts per billion in animal feed.
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State regulations were determined by contacting state government air quality offices. All of the state
offices have regulations concerning air quality that either follow or are more strict than the national
guidelines. Oklahoma and Arizona have specific regulations concerning CGT. No regulations could be
obtained that specifically addressed CGT for other states. None of the states had any restrictions on
landfilling CGT.

Cotton Gin Trash Availability in the WRBEP Region

This section presents findings of a resource assessment of total CGT production, by county, for the five
major cotton-producing states in the western United States. For comparative purposes, information on
energy potential is also included. The amount of CGT generated in each county is based on the method of
harvest (stripper vs. spindle) as well as the total amount of cotton produced in that county, not the total
amount ginned. This methodology was chosen because the data for total cotton ginned, by county, are
incomplete. Although it is likely that not all of the cotton grown in a given county is ginned in that same
county, it is believed that the amount of cross-county cotton movement is minimal (Johnson 1993; Mayfield
1993). Thus, this approach offers the best way to estimate CGT availability by county.

This assessment utilizes U.S. Department of Agriculture, National Agricultural Statistics Service
(USDA/NASS) data for average annual cotton production based on the years 1981 through 1991. Data for
1986 and 1983 were not included in these calculations due to lack of availability. To adjust for seasonal
variations in cotton production, a ten year average (1981-1991) was used to estimate annual CGT
generation. State-level annual production figures for the years 1967-1991 were analyzed to determine
long-term trends in the industry. Table 2 provides a state summary of the county-level data.

Table 2: Cotton Gin Trash Production (1981-1991 average) and Number of Gins

S | ESTIMATED
ANNUAL COTTON ENERGY |
GIN TRASH POTENTIAL |  ANNUAL -
Average 1981-1991| ACTIVE | (Million - | BARRELS OF OIL
___State (bone drytons). | GINS | BTUs/YR) | EQUIVALENT -

Arizona 60,967 90 816,953 140,370
California 155,454 138] 2,083,089 357,919
New Mexico 5,411 26 72,507 12,458
Oklahoma 85,076 63 1,140,018 195,879
Texas 1,065,925 494 14,283,395 2,454,192
Total WRBEP Region 1,372,833 812| 18,395,963 3,160,818
Rest of U.S 258,955 724| 3,469,997 596,219
Total U.S 1,631,788] 1536] 21,865,960 3,757,038

Source: USDA NASS; Cotton Ginnings (Summary reports for the years 1981 through 1991)

As indicated in Table 2, there are approximately 1.6 million bone dry tons of cotton gin trash generated
annually in the United States at 1,536 gins. The WRBEP region produces approximately 1.4 million tons,
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or more than 80 percent of the nation's total. Texas alone produces almost two thirds of U.S. CGT. Texas
also has more cotton gins than any other state in the country, and as indicated, produces more than five
times the CGT as the next closest state, California. Oklahoma and Arizona also produce significant
quantities of CGT. Outside of the WRBEP region, Mississippi is the largest producer, generating
approximately 90,000 bone dry tons per year. Figure 2 is a regional map of the western cotton producing
states, showing the major cotton producing areas within each state.

Arizona

Two counties, Maricopa and Pinal, generate approximately 45,000 tons of CGT, or nearly 75% of
Arizona's 60,967 annual tons of CGT. These two counties also contain 58 out of the 90 active cotton gins.
Although cotton is harvested using the spindle method (which yields less CGT per bale than the stripper
method), the sheer volume of cotton grown and ginned in Arizona leads to the generation of large quantities
of CGT. The quantity of cotton ginned in Arizona in 1991 is approximately 60 percent higher than the
quantity ginned in 1967. The number of active gins in Arizona has declined from a high of 120 in the late
1970s to alow of 85 in 1991. The increase in the overall quantity of cotton ginned coupled with the
decrease in the number of gins means that the volume passing through each gin has steadily increased. It
appears that several counties in Arizona may be candidates for pilot CGT to energy projects.

California

Most of California's CGT is generated in the San Joaquin Valley counties of Fresno, Kern, Kings, Tulare,
Madera and Merced. These six counties generate nearly 150,000 tons of CGT, or 95 percent of
California's annual total. The number of cotton bales ginned in California in 1991 is more than double the
quantity ginned in 1967, while the number of active gins in California has declined steadily from a high of
270 in 1967 to today's figure of 126. The average number of bales per gin in 1991 was more than 20,000
bales per gin, as compared to approximately 4,000 bales per gin in 1967. Although the CGT generated in
California is spread out over a very large geographic area, it appears that there could be opportunities for
CGT energy conversion pilot-projects to be developed in any one of the counties mentioned above.

New Mexico

New Mexico produces very little cotton, hence there is very little CGT available in the state. Dofia Ana
county has the most CGT, with approximately 1,900 tons per year. Based on this information, it is likely
that energy production from CGT is not a viable alternative in New Mexico. The average volume of cotton
passing through each gin has steadily increased since 1967, but not nearly as much as in the other states in
the WRBERP territory. It is likely that New Mexico will remain a small player as far as cotton production is
concerned. Based on the information available, opportunities for energy generation from CGT in New
Mexico appear to be minimal.

Oklahoma

Oklahoma's cotton producing counties are concentrated in the extreme southwest portion of the state. Most
of the cotton in the region is stripper-harvested, which leads to large quantities of CGT being generated in
several counties. The counties which have significant amounts of CGT are: Tillman, Jackson, W ashita,
Kiowa and Harmon. The 231,000 bales of cotton ginned in Oklahoma in 1991 represents only a slight
increase over the 189,000 bales ginned in 1967. The number of active gins in Oklahoma has declined from
a high of 139 in 1967 to alow of 61 in 1991. The average volume of cotton passing through each gin has
steadily increased. This trend reinforces the evidence that CGT is being concentrated at fewer gins in
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After more than fifteen years of research by various institutions, especially Texas A&M University, an
economically feasible method has been found to convert CGT to energy through a fluidized bed gasification
process. To prevent ash slagging, CGT must be converted to a gas in an oxygen-starved atmosphere at a
temperature no more than 14500F at any point in the system. The fluidized bed gasifier is the only gasifier
that presently meets these requirements.

Hot Gas Cleanup

When CGT fuel is converted to gas for combustion, ash is entrained in the gas stream. Before oxygen is
added to the gas for completion of the combustion process, the ash must be removed to prevent ash
slagging. Preferably, the ash removal should take place at the temperature of the hot gas (1200°F to
14009F) so that sensible heat is not lost during the process. The temperature at which the solids separation
takes place can be lower, but it should be higher than 800CF to prevent tar condensation. Removing ash
prior to combustion requires smaller solids separation equipment than would be necessary if the solids were
removed following combustion, because the volume of gas is much greater following combustion. A
smaller solids separation device is a significant advantage of gasification over direct combustion.

A Sample CGT Fueled Energy Conversion System

Figure 3 is a flow chart of a conventional biomass energy conversion system capable of producing
electricity from CGT. A more advanced system, although not yet ready for commercial application,
utilizes an integrated gasifier and gas turbine and has a much greater efficiency than the system depicted in
Figure 3. When this system reaches full development, it will be smaller in size for its power output and
more cost effective. In addition to electricity, it is possible to generate process steam and actwated carbon
(the char-ash) from both of these systems.

Char-ash as a Source of Activated Carbon

A little-used by-product of the CGT gasification process is char-ash. Char-ash, which contains significant
carbon, can be separated from the gas stream at low temperatures by means of a cyclone system. For
many years, researchers were unsure of how to dispose of this material. However, recent research carried
out at Texas A&M University has indicated that the char-ash produced from CGT gasification is a "low
quality” activated carbon (AC) with an jodine number of 242, versus a high quality commercial AC with an
iodine number of 800 (Parnell et al. 1991). The AC from CGT is considered low quality because it
contains more ash than commercial AC. However, research indicates that the CGT activated carbon is just
as effective at removing heavy metals and COD from waste water as is commercial AC (Capareda 1990).
CGT char-ash may have potential as a source of AC in the water. treatment industry.

Activated carbon is used mostly for waste water treatment and drinking water purification. U.S. demand
for activated carbon is projected to expand 4 percent a year through 1994 to 147,500 tons annually. Total
western world consumption stood at 300,000 tons/year in 1988, with the United States and Japan
accounting for 60 percent of the total (Blendon Information Services 1990).

Although municipal-scale treatment plants are still the major market, recently demand has grown for AC-
based home water filters. Changes to the Safe Drinking Water Act will increase the number of synthetic
-organic chemicals and heavy metals that must be controlled in drinking water. The new regulations will
also require the lowering of the maximum allowable concentrations of certain organic chemicals
(trihalomethane (THM) for example) in drinking water. It has been demonstrated that activated carbon is
very effective in removing THM and other organic compounds from drinking water (Lykins et al. 1988).
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Oklahoma. Oklahoma appears to have several counties and gins where both gin volume and the amount of
available CGT may warrant more detailed investigation of pilot energy production.

Texas

Texas produces more cotton and hence more gin trash than any state in the country. The 10-year average
for CGT generation in Texas is more than 1 million tons per year. The high plains area of Texas has the
greatest concentration of CGT in the entire United States. Texas has seen a steady increase in the amount
of cotton ginned since 1967. In 1991, Texas cotton gins processed more than 4 million bales of cotton.
The number of active gins in Texas has declined from a high of 1,200 in 1967 to a low of 472 in 1991.
The average volume of cotton passing through each gin has increased nearly five fold since 1967. The top
ten cotton producing counties in Texas are Gaines, Lubbock, Hale, Terry, Dawson, Hockley, Lynn, Lamb,
Floyd and Crosby. These counties are clustered together, and all generate significant quantities of CGT.
This region represents the area with the greatest opportunity for pilot CGT to energy conversion projects.

Energy Production From Cotton Gin Trash

As an energy feedstock, CGT has a major advantage over other biomass resources because CGT does not
need to be collected and transported to a processing facility. CGT is already produced at a central facility,
the gin, as a by-product of the cotton ginning industry. Converting CGT directly to energy is a seldom-
used way to dispose of CGT, requiring special capital-intensive facilities. Because converting CGT to
energy is costly, it is likely that only large ginning facilities will consider this an option.

A possible problem with converting CGT to energy is that many cotton gins operate seasonally, and waste
is not produced year-round, leading to inefficient use of capital-intensive equipment and thus high fixed
costs (Lansford et al. 1984) The newest ginning technology involves the construction of super gins that
replace three or four older cotton gins, and use bale moderators to extend the ginning season. As this
evolution in the ginning industry continues, the supply of CGT will be concentrated and made available for
a longer period of time. The further concentration of gin trash will improve the likelihood that CGT can be
used for energy production.

Experience has shown CGT to be a difficult resource to use for fuel because it causes severe slagging in
direct combustion, regardless of the type of combustor used (LePori 1993). Direct combustion of CGT is
therefore not recommended without further technological advances. Using CGT as a fuel source is most
feasible with gasification, but it must be done using a carefully designed and controlled process.
Gasification of CGT is a promising alternative for CGT disposal and has the potential to create a large and
relatively stable CGT market.

Fluidized Bed Gasification of CGT

Gasification of CGT offers several advantages over direct combustion. Gasifiers can convert the energy
content of a feedstock to hot combustible gases at 85 percent to 90 percent thermal efficiency (Thomasson
1990). Also, the fuel throughput per unit area is greater for gasification than for combustion. This means
that smaller gasification units can process the same amount of fuel as larger combustion units. A final
advantage is that the materials that cause slagging and clinking can be removed at low temperatures, which
means that the gas can be cleaned up and then used at higher temperatures without significant loss of
sensible heat (Parnell et. al. 1991).
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The capital and operating costs of complying with the new THM standard could be significant for utilities
serving more than 10,000 people (McGuire and Meadows 1988) . Many water utilities are presently
investigating the use of activated carbon for trace organic removals. Because commercial AC is so
expensive (high quality commercial AC has a value of approximately $2,000 to $3,000 per ton) many
smaller utilities may not be able to afford it. If a lower priced AC were commercially available, the
potential market could be substantial. Since the sale of char-ash as an activated carbon is a promising
possibility, it can be included as an output product (along with steam and electricity) in the economic
analysis of the gasification system alternatives.

Economic Analysis

The economic analysis of CGT gasification is based on an existing cotton ginning facility with the
capability of hauling additional CGT to the plant site. The analysis includes different economic and
financial conditions faced at the facility. The basic assumptions underlying the model are shown in Table
3. Two scenarios are considered: a "Base Case" facility and a "High Efficiency” facility. The technology
for the high-efficiency facility is still in the developmental stages and is not currently available for
commercial applications. Economic sensitivity analyses were conducted to illustrate the effects of changes
to input assumptions. :

The "Base Case" Scenario: Conventional Steam Power Plant

In order to perform an economic analysis, a "typical” plant size and site was chosen as the base case. The
facility depicted is a cogeneration plant, where the gasifier is used to fuel a conventional steam power plant.
The capacity on this unit was chosen to be 2.0 MW with an installation cost of approximately $2.8 million.
In addition to generating electricity for its own needs, the facility is capable of selling back electricity to the
utility. The cost to allow for these sales is an additional $50,000 for interconnectors and switchgears.
Table 3 summarizes the values used for evaluating the economic feasibility of the base case.

Based on the size of the generator and the combined efficiency of the boiler and steam turbine, the ginning
facility would need access to a feedstock of approximately 38,000 tons of CGT per year. This quantity of
gin trash would be generated at a gin that processes approximately 108,500 bales of cotton annually,
assuming stripper-harvest. A gin of this size does not presently exist anywhere in the WRBEP region, so
the facility would need access to the CGT of several gins. However, future consolidation of gins into
"super gins” may make this a more likely scenario.

The plant project has a net present value (NPV) of negative $6,530,735 and a levelized cost of
$0.0824/kWh. The levelized cost per kWh is greater than that which would be paid for purchasing the
same amount of electricity ($0.050/kWh). Thus, the base case is an unfavorable situation in which the gin
operator would most likely not be interested in pursuing a simple generation option.

Under the base case, the ginning facility would probably be required to haul additional CGT to the site.
The costs of this hauling are not included in the analysis due to difficulty in determining the average
distance traveled and a lack of information on costs ($/ton) for hauling CGT. However, including a cost
for hauling CGT would cause the NPV to drop even lower. Furthermore, the base case scenario does not
allow for the sales of either char-ash or excess steam.
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Sensitivity Analysis

The sensitivity analysis measures the change in the NPV and the levelized cost caused by altering a single
assumption. For this analysis, the altered assumptions will include:

e Char-ash Sales;

¢ Steam Value; and,

e Both Char-ash Sales and Steam Value
There are a total of three analyses performed by differing the aforementioned assumptions. First, the
results are presented showing the economic impact on the NPV and levelizéd cost by including a value for
the sales of char-ash, while holding all other assumptions constant. Second, the impact on NPV and
levelized cost is shown by adding a value for the sales of excess steam, while holding all other inputs
constant. Finally, an analysis showing the economic impact of allowing for char-ash and steam sales is
presented. For the analysis, the char-ash is conservatively valued at 10% of the high grade AC price, or
$200/ton. Steam production associated with the gasification/combustion process has a value for process
use. In this analysis, the value is-assumed to be $2.00/1,000 1b. of steam.

At $200/ton for char-ash, the NPV of the project bécomes positive $7,343,914 and the levelized cost
increases to $0.0882/kWh. The increase in the levelized cost, relative to the base case, occurs due to a
higher taxable income, leading to substantially higher taxes. Char-ash sales offer CGT-fired gasification
systems an opportunity for producing a non-energy revenue stream. Under the steam sales scenario, the
NPV of the project becomes negative $4,372,304 and the levelized cost is $0.0824/kWh. The NPV has
increased over the base case but is less than that of the char-ash sales scenario. The combination of both
char-ash and steamn sales offers the greatest NPV of three scenarios. The NPV for this scenario is
$8,275,271 and the levelized cost increases to $0.0978/kWh. Once again, the levelized cost has increased
due to higher taxable income. :

The "High-Efficiency"” Scenario: Integrated Gasifier/Gas Turbine Power Plant

An integrated gasifier/gas turbine power plant offers significant improvements in efficiency relative to
conventional gasifier/steam turbine combinations. However, such an integrated unit is not commercially
available, although several are being developed. This section will analyze the estimated economic
performance of the high-efficiency unit.

The major difference between the high-efficiency unit and the base case unit is the generator efficiency
assumption. The gas turbine unit has an assumed efficiency of 33%, whereas the combined boiler and
turbine efficiency for the base case unit is assumed at 12%. In both cases, gasifier efficiency is assumed to
be 75%. Because the gas turbine unit has a greater efficiency, it can process the same quantity of CGT as
the base case, while producing substantially more power. Processing the same 38,000 tons of CGT
assumed under the base case, the improved plant would produce approximately 5.5 MW of electricity.
Once again, it is unlikely that this amount of CGT could be found at any one gin, so CGT would probably
have to be brought in from several ginning sites. The last assumption to be changed for the high-efficiency
unit is the installed cost. With the greater capacity and CGT supply requirements, it is assumed that it will
cost $5.225 million for a 5.5 MW unit.

Based upon the new assumptions outlined above, the integrated gasifier/gas turbine unit has a NPV of

negative $5,128,733 and a levelized cost of $0.0447/kWh. The levelized cost is less than the cost of
purchased electricity, but with the negative NPV, it is not financially feasible to pursue this option.
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Table 3: "Base Case" Economic Analysis Assumptions

*  Feedstock Requirements

* ¥ I I

* = ox * ¥

LR IR K 2R T B I N B A .

Method of Harvest
) Stripper=1

108,500
1

_ Spindle=2"

Tons of CGT (1)
Capacity
Installed Cost
Costs

Fixed

Variable
CGT Disposal Costs
Depreciation Method
Equipment Life

Equipment Salvage Value

Electricity Prices
Purchase
Energy
Demand
Sell
Energy
Demand
Energy Production
Total Gin Energy
Consumption
Available Waste Heat
Energy Use
Char-ash Produced
Char-ash Value
Steam Produced
Steam Value
Interconnect/Switchgear
Tax Rate
Inflation Rate
Discount Rate

Electricity/Energy Escalati

Loan Interest Rate
Down Payment on Loan
Fuel Tax Credit

Buu's per barrel-of-oil

| Bales
Enter lor2

37977

2,001
$2,800,000

$142.46

39.99
$0.00

kw

/kW/year

mills/AWh
/bale ginned

ACRS

10
$560,000

$0.050
$48.00

$0.022
$28.00
14,020,185

2,600,000
6,500
65.0
9,494
$0
20,000
$0
$50,000
50

5

9

1

9.25
33.3
$5.35
5.80

Capacity Calculation Assumptions:

*
*
*
*
*

CGT Energy Content
Gasifier Efficiency
Boiler/Turbine Efficiency
Generator Heat Rate
Conversion Factor

7,000
75

12
37,922
3413

years

/kWh
/kW/year

/kWh
/kW/year
kWh/year

kWh/year
Btu/kWh
kWh/Bale
Tons
/Ton
Ib/hour
Klb

%

olyear

%

%

%

%

/barrel of oil equivalent
million

Btw/lb.
%

%o
Bu/kWh
Btu/kWh

Electricity Production Calculation Assumptions:

*

Availability Factor

*= Entered Values

80

%

#= Calculated Values
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The sensitivity analysis for the high-efficiency facility uses the same changes as used in the base case. As
in the sensitivity analysis performed on the base case, each scenario is analyzed for its impact on the NPV
of the unit as well as the levelized cost of production by the unit. By selling the char-ash for $200/ton, the
resulting NPV of the integrated gasifier/gas turbine project becomes positive $7,910.676 and the levelized
cost increases to $0.0491/kWh. With a large NPV and a levelized cost of electricity below the utility price,
it would be more profitable for a gin to produce electricity and sell char-ash for AC.

When the steam value is increased to $2.00/1,000 Ib., the NPV of the project becomes negative $2,970,302
and the levelized cost is 0.0447/kWh. The combination of both char-ash and steam sales offers the greatest
NPV of the three scenarios but simultaneously shows the largest levelized cost. The NPV for this scenario
is positive $8,979,837 and the levelized cost increases to 0.0522/kWh. With a levelized cost only slightly
higher than the assumed purchase price of electricity and a large, positive NPV, this option is the most
profitable of all the scenarios analyzed.

Summary of Economic Analysis

The assumptions altered in these analyses are not the only factors that are capable of being changed. The
assumption table (Table 3) and the corresponding income statements are written so as to allow for a closer
approximation of regional economic conditions. "Entered” values can make it possible to duplicate current
market conditions in any WRBEP state or utility service territory. Each scenario presented herein will have
dramatically different results by using site-specific data, and accurate market value of char-ash and steam.
Table 4 summarizes the results of the economic analysis.

Table 4: Summary of Economic Analysis

!

‘CGT Gasification Scenario

Base Case High Efficiency
Levelized Levelized
‘Cost Cost

NPV(®) | ¢awn) | NPV®) | $xwh)

Electricity Only ' (6,530,735) 0.0824] (5,128,733) 0.0447
Electricity + Char-ash 7,343,914 0.0882] 7,910,676 0.0491
Electricity + Steam (4,372,304) 0.0824| (2,970,302) 0.0447
Electricity + Char-ash + Steam 8,275,271 0.0978] 8,979,837 0.0522

Once commercially available, the integrated gasifier/gas turbine system offers the greatest opportunity for
use of CGT. Due to the efficiency of the system, the levelized costs are comparable with utility energy
prices and the positive NPV is attractive for entrepreneurs. Selling char-ash and valuing the steam along
with the electricity production gives the greatest NPV of $8,979,837.
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Conclusions

The majority of CGT generated in the western United States is not being utilized in an economically
effective manner, and CGT disposal is a costly issue for many ginners and cotton producers. Although few
regulations have been implemented that specifically address CGT, the cotton ginning industry is effected by
a wide range of regulations, including those relating to the environment, health and safety, and
transportation. As far as regulations are concerned, the primary issues facing ginners are the standards for
particulate matter and the amended Clean Air Act. Although the Clean Air Act is meant primarily for
urban areas, it will affect every industry, including agriculture. Gins in PM10 non-attainment areas and
gins whose emissions contain arsenic, will face the biggest challenges. These gins will most likely be
required to make costly investments in new control technologies.

Although widely practiced in the past, concerns over air quality and the enactment of stricter government
regulations have made open-air burning a less acceptable method of disposal. A survey of gins in the
WRBEP region indicates that the most common method of CGT disposal is field application. A significant
number of gins feed CGT to livestock, and just a few use it for compost. CGT is seldom disposed of in
landfills because the costs of transportation and tipping fees outweigh the costs of giving CGT away. As
an energy feedstock, CGT has a major advantage over other biomass resources because CGT is already
produced at a central facility, the gin, as a by-product of the cotton ginning industry. A possible constraint
to using CGT as an energy feedstock is that many cotton gins operate seasonally, and waste is not
produced year round.

The five cotton producing states in the WRBEP region produce nearly 1.4 million tons of CGT, or more
than 80 percent of the CGT generated in the country. The greatest concentration of CGT can be found in a
cluster of counties located in the high plains of Texas. These counties present the greatest opportunity for
implementation of a pilot gasification/gas turbine project. Certain counties in California, Oklahoma and
Arizona also produce significant quantities of CGT, with New Mexico being a much smaller player.

Trends within the cotton ginning industry were analyzed over the past 25 years. In each of the states within
the WRBERP territory, the total amount of cotton ginned each year has increased steadily, while the overall
number of gins in operation has decreased. This means that the volume of cotton being ginned (and hence
CGT being produced) at individual gins has increased. These larger volume gins are called "super gins"
because they replace three or four older cotton gins and use bale moderators to extend the ginning season.
Super gins concentrate the supply of CGT and make it available for a longer period of time. Because
converting CGT to energy requires significant capital expenditures, it is likely that only large ginning
facilities, where significant quantities of CGT are already present, can consider cogeneration as an option.

A major problem associated with direct combustion of CGT for energy is the dirt, sand, salts and other
contaminants always present in CGT. These contaminants melt easily at the high temperatures common to
the combustion process, and produce slag and clinkers that can damage or reduce the efficiency of the
conversion equipment. For this reason, it appears that the most promising technology for converting CGT
to energy is fluidized bed gasification,

Fluidized bed gasification of CGT for energy production is technically feasible using currently available
technology. However, the economic analyses indicate that converting CGT to energy will be most
profitable if an integrated gasifier/gas turbine system isused. Attaching a value to the char-ash and steam
significantly improves the economics of this system. A potential drawback of this arrangement is one of
scale. The-inputs used in the economic analysis assumed an input of 38,000 tons of CGT, which would
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correspond to an extremely large gin that processes approximately 108,500 bales of cotton per year. It is
doubtful whether any gins of this size exist in the WRBEP territory. At the present time, conversion of
CGT to energy does not appear to be a viable solution for most small to medium sized cotton gins. Other
disposal methods (such as composting and spreading on 1and) are less capital intensive, have lower
operating costs and are less time-consuming for the gin operator.

Several caveats apply to the above statements. First, several small-to-medium size gins may be able to
combine their CGT, thus increasing the resource available for energy conversion. However, hauling costs
and distances must be carefully analyzed and included in the economic model. Second, the assumptions
made in the economic analysis are rather general in content. For example, the cost of electricity was
assumed to be 5 cents per kWh. Raising or lowering this value, depending on an individual gin's particular
situation, will change the economics of the project. Modification of other assumptions will have similar
impact. Third, the market for CGT activated carbon is still unknown. Without significant technology
transfer efforts and additional research, present users of activated carbon are unlikely to recognize that an
alternative source may exist.

Future Actions

The resource inventory that was completed for this report was carried out at the county level. In order to
determine where a pilot CGT-to-energy project might be implemented, it will be necessary to carry out a
more detailed analysis of resource availability at the gin level. This effort could be carried out as a survey,
and efforts should initially concentrate only on the top cotton producing counties of states such as Texas,
Oklahoma and California. The use of a geographic information system (GIS) could facilitate this analysis.

There are three major reasons to carry out a more detailed resource assessment. First, it is necessary to
determine the specific location of gins that produce enough CGT to fuel a gasifier. Second, in order to
complete a more detailed economic analysis it is necessary to know site-specific data (such as present CGT
disposal costs, cost of electricity, amount of CGT available, location of nearby gins, etc.) for individual
gins. The third reason for doing a site specific assessment is to determine if any individual gin operators
would be interested in participating in a pilot project.

Finally, a study should be conducted to determine the market potential for low value activated carbon. If
the char-ash really does have a market value of $200/ton as activated carbon, the economics of CGT to
energy projects could improve significantly. Included in this study could be an analysis of gasifying CGT
solely to produce char ash. In other words, the gas could be flared and activated carbon would be the
desired product.
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CGT Disposal Methods in the WRBEP Territory
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Figure 2
Cotton Producing Regions in the WRBEP Territory
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SYSTEMS FOR HARVESTING AND HANDLING
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Abstract

In the warmer regions of the United States, cotton plant residue must be buried to
prevent it from serving as an overwintering site for insect pests such as the pink
boliworm. Most of the field operations used to bury the residue are high energy
consumers and tend to degrade soil structure, thereby increasing the potential for
erosion. The residue is of little value as a soil amendment and consequently is
considered a negative value biomass. A commercial system to harvest cotton plant
residue would be of both economic and environmental benefit to cotton producers.

Research has been underway at the University of Arizona since the spring of 1991 to
develop a commercially viable system for harvesting cotton plant residue. Equipment
durability, degree of densification, energy required, cleanliness of the harvested material,
and ease of product handling and transport are some of the performance variables which
have been measured.

Two systems have proven superior. In both, the plants are pulled from the ground using
an implement developed specifically for the purpose. In one system, the stalks are baled
using a large round baler, while in the other the stalks are chopped with a forage
harvester, and then made into packages using a cotton module maker. Field capacities,
energy requirements, package density and durability, and ease of handling with
commercially available equipment have been measured for both systems. Selection of an
optimum system for a specific operation depends upon end use of the product, and upon
equipment availability.
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introduction

Cotton is Arizona’s major crop, with more than 190,000 hectares (470,000 acres) planted
annually, while total U.S. plantings exceed 4,400,000 hectares (11,000,000 acres). It has
been estimated that the total amount of cotton crop residue produced in the United
States exceeds 2.4 million tonnes (2.6 million tons) per year.

In Arizona, cotton plant residue must be buried to prevent it from serving as an
overwintering site for insect pests such as the pink bollworm. Most of the field
operations used to bury the residue are high energy consumers, and tend to degrade soil
structure, thereby increasing the potential for erosion. The residue is of little value as a
soil amendment, and consequently is considered a negative value biomass. A
commercial system to harvest cotton plant residue would be of both economic and
environmental benefit to cotton producers.

Project Description

The cotton stalk harvesting project commenced at the University of Arizona in the spring
of 1991. Field evaluation of various implements began following the cotton harvest, and
continued into January of 1992. During the summer of 1992, equipment modifications
were completed, and additional equipment was obtained. Field evaluation began in
November, and continued into February of 1993. To facilitate presentation, project
activities have been divided into three categories of operations.

Uprooting and Windrowing

Three implements were evaluated to determine their effectiveness for pulling the plants
from the soil and bringing them together into a windrow.

1. Uprooter-Shredder-Mulcher (USM). This two row Israeli implement undercut
and then pulled the cotton stalks from the soil. After pulling, the stalks were conveyed
by belts to a shear-bar cutter, where they were chopped and blown down a chute, which
placed the material below the soil surface. For this project, the USM was modified.
The chute was replaced with a forage harvester spout, so that the chopped material
could be blown into a trailing wagon, rather than below the ground surface.

2. Cotton stalk puller. This implement was designed and fabricated for the
project. The two row implement undercut the cotton stalks, then used a pair of counter
rotating pneumatic tires, which were hydraulically powered, to pull each row of stalks
from the ground. The pulling action of the tires, combined with the forward motion of
the implement, caused the stalks to be thrown up and to the rear, where they were
directed together by a pair of shields, to form a windrow on the soil surface.

3. Windrow inverter. This commercial implement was developed to invert forage
windrows and place them adjacent to their original location, thereby hastening field
drying. Since the operation of combining windrows was essentially that of moving one
windrow to the side and placing it on top of another, it was thought that this implement
could perform the task for cotton stalks, and hence it was included in the test program.
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Densification

Of the various types of equipment considered functionally suitable for cotton stalk
densification, only the two thought most promising were evaluated during the test
program.

1. Large round balers. These implements, developed for forage harvesting, collect
the crop and roll it into a cylindrical form. Twine, wrapped around the outside of the
bale, holds bales together for handling. Large round balers are manufactured in two
sizes. The smaller units produce bales measuring 1.2 m (4 ft) long and 1.2 m (4 ft) in
diameter, while the larger ones produce bales 1.5 m (5 ft) long, and 1.8 m (6 ft) in
diameter. Both sizes were evaluated during the trials to compare energy efficiencies.

2. Cotton module makers. These implements produce large, relatively dense
packages of harvested seed cotton which can be easily transported. They typically
produce modules measuring 2.1 m (7 ft) wide, by 2.2 m (7.5 ft) high, and up to 9.6 m (32
ft) in length. Modules made from two forms of chopped cotton stalks were evaluated
during the course of the study. Several were made with the USM when set to a
theoretical length of cut of 35 mm (1.40 in.). Another series was made from material
chopped using a pull-type forage harvester set to a theoretical length of cut of 28 mm
(1.125 in.). This material was collected from windrows which had been uprooted by the
cotton stalk puller. In each case the chopped material was transported to the module
maker using a high dump wagon, with compression (ie. densification) of the module
obtained using the module maker’s hydraulic system, powered from a tractor PTO.

Handling

Both large and small round bales were successfully loaded onto trailers and trucks
using tractor-mounted front end loaders, and forklifts. These devices, which are also
used for handling other baled materials, are commercially available. A truck-mounted
cotton module mover was used to load and transport the modules. The modules
generally retained their integrity through the loading, transport and unloading processes.

Resulls
Biomass yield

Biomass yields varied with harvest method. For the USM, an average yield of 6166
kg/ha (5501 Ib/ac) was recorded in 1991, and 4013 kg/ha (3580 Ib/ac) in 1992. The
1991 yields for baling averaged 4987 kg/ha (4449 Ib/ac). These values are on an as- .
harvested basis. In 1992, yields for the balers and forage harvester averaged 3990 and
4125 kg/ha (3560 and 3680 1b/ac), respectively, at harvest. On a dry matter basis the
1992 values were 2354, 2368 and 2600 kg/ha (2100 2113 and 2320 Ib/ac), respectlvely,
for the USM, balers and forage harvester.
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Weights and Densities

All of the bales, and each load of chopped material, were weighed at harvest. In
addition, some of the modules and bales were weighed following several weeks of field
storage. This information, when combined with dimensional measurements of the
various packages, was used to calculate average package density at harvest, and following
storage. (Table 1) The greatest module density was recorded for those made using the
forage harvester. In comparing the baler data, it can be seen that the smaller unit
provided the greatest density.

Table 1. Average Weight and Density of Modules and Bales at
Harvest, and When Hauled from the Field.

Weight Density
(Ib) (Ib/ft)
System Harvest Haul Harvest ~ Haul
1991 1992 1991 1992 1991 1992 1991 1992
Modules
USM 7863 7320 10.52 8.86
Forage 11972 * 14.95 *
Harvester
Bales : ,
Small 505 426 339. 301 9.53 8.04 6.40 5.68

Large (2 rows) 1094 862 844 665 7.70 6.07 5.94 468
Large (4 rows) 801 832 608 604 564 5.86 428 425

* Still in Storage

Soil Contamination

Soil collected with the cotton stalks was measured to determine the amount of
contamination in each system. The USM modules averaged 7.7 and 3.3 percent soil,
respectively for 1991 and 1992, while the forage harvester modules averaged only 2.7
percent soil. The USM would be expected to retain more soil than the forage harvester
since the plants are pulled, chopped and immediately placed in the module. Material
collected with the forage harvester, is handled twice, with the second operation taking
place when the soil on the roots is drier, and hence easily dislodged.

The bales contain significantly less soil than the modules. This is as expected, since the
tumbling action inside the bale chamber knocks soil from the roots, allowing it to fall to
the soil surface. The small bales averaged 0.48 percent over the two years, while the
large bales averaged 0.68 percent soil contamination.
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Energy Requirements and Field Capacities

Energy required for each of the harvesting operations was measured. The mean values
compiled during the studies are presented in Table 2 along with operating speeds and
field efficiencies, determined through a series of time studies. In all cases the values
cited are considered to be those which are achievable under commercial conditions, and

are not necessarily the highest or lowest figures recorded. *

Table 2. Energy Requirements, Field Efficiencies and Capacities for the
Various Harvesting Operations.

Method # Travel  Theor. Field Effect. Energy Energy
rows \Velocity Capac. Effic. Capac. (hp- (hp-
(mph) (ac.hr) (%) (ac/hr) hr/ac) hr/t)
Puller 2 3.84 3.10 81 250 12.75 7.29
Windrow inverter 2 2.73 442 94 4,16 0.55 0.22
USM 2 3.84 3.10 81 2.51 23.29 15.28
Forage harvester 2 1.85 0.51 : - 12.96 7.07
6 1.89 457 80 365 4.83 5.34
Baler Small 2 2.06 166 86 1.43 9.18 478
Baler Large 2 143 . 115 80 0.92 12.51 7.03
Baler Large 4 1.49 240 81 1.95 10.37 5.46
Module maker - ‘ 1.20 0.50

In comparing the USM to the forage harvester, energy required for pulling stalks must
be added to cutting energy. The total energy for harvesting on an area basis is 47.4 and
33.4 kw-hr/ha (25.7 and 18.1 hp-hr/ac) for two and six rows, respectively. On a weight
basis the values are 11.8 and 10.5 kw-hr/t (4.4 and 12.8 hp-hr/ton) respectively. These
are both less than the USM.

The most energy efficient baling process, on either an area or weight basis, was found for
the small baler collecting two rows. The least efficient operation was the large baler
harvesting two rows.

The USM and the puller provided the greatest theoretical field capacity, of the two row
operations. Considering that the USM provided a once over harvest, its competitive
performance was further enhanced. For the other systems, two or more operations were
required to harvest cotton stalks. That is, for example, stalks must first be pulled or cut,
and then baled. Pulling, followed by baling, yielded a theoretical field capacity for the
system of 0.34 and 0.23 ha/hr (0.83 and 0.58 ac/hr), for the small and large balers
respectively, using a single tractor to power both the puller and baler. These values are
considerably less than values for the USM.
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Since several harvesting scenarios are possible, the energy required for systems having
the most potential for commercial use were estimated by adding the energy required for
the individual operations which make up each system, as shown in Table 3. In each in-
stance, the density used in the calculations was that of the material placed into storage.

Table 3. Energy Required, Density, and Energy/Unit Density for Various
Harvesting Systems.

Energy Energy Density Energy/Unit

System (hp- (hp- (Ib/ft%) density
hr/ac) hr/ton) :
Pull-Small baler 20.93 12.07 9.05 1.33
Pull-combine 4 rows with
inverter-large baler 24.21 13.19 5.75 229

Pull-Combine 6 rows with

inverter-forage harvester

-module maker 18.13+ 12.85+ 14.95 0.86
USM-module maker 24.49+ 15.78+ 10.52 1.50

+ does not include energy for transporting stalks to
the module maker, or for unloading the dump wagon

It can be noted from Table 3 that the most efficient system, from the standpoint of
energy required/unit density, is modules made from stalks which are pulled, combined
into a windrow made up of six rows of cotton stalks, and then chopped using a forage
harvester. The most inefficient method is the larger of the two round balers. On the
basis of energy per unit weight of material harvested, three of the systems are
comparable, with the USM requiring slightly more energy.

Summary and Conclusions

Based on the results obtained during the test program, it would appear that several
harvesting systems are commercially suitable. The puller and small baler, the USM, or
the puller and forage harvester appear to be the most promising.

Although the USM system works well, and is commercially available with the exception
of the discharge spout, its high initial cost combined with its propensity to need repairs
makes this system somewhat less than ideal. The principle of uprooting, followed by
chopping or shredding in a single operation, appears superior. A possible solution would
be to modify the puller to allow a forage harvester to be drawn directly behind it. This
would reduce system complexity as compared to the USM, and should provide a more
efficient method of harvesting cotton stalks than the USM now provides.

148



COLLECTION AND HAULING OF CEREAL GRAIN CHAFF

Brendan Reding, B.E., Project Manager; Philip Leduc, B.E., Manager,
Research and Development; Prairie Agricultural Machinery Institute
Humboldt, Saskatchewan Canada
Mark Stumborg, B.E., Design Engineer, Agriculture Canada
Ottawa, Ontario Canada

Abstract

Cereal grain chaff has been identified by Energy Mines and Resources, Canada, and Agriculture
Canada, as a suitable feedstock for ethanol production. Canada produces 13,300,000 t
(14,600,000 ton) of cereal grain chaff annually; mainly in the prairie region. Work conducted
at the Prairie Agricultural Machinery Institute (PAMI), Humboldt, Saskatchewan, has determined
that the collection of chaff for centralized processing is a problem due to low bulk density in its
natural state. This problem can be overcome by densification using either compression or size
reduction. Either method will be economical in a chaff shed radius of 140 km (87 mi) when
chaff is densified to 160 kg/m® (10 Ib/ft®). The size reduction method of densification may be
economical to hauling distances exceeding 166 km (103 mi), particularly if size reduction is a
required part of ethanol processing. Further work is under way to develop the required
equipment modifications to allow existing farm equipment to be used for this purpose.
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Introduction

Energy Mines and Resources Canada, in conjunction with Agriculture Canada, are involved in
an ongoing initiative to use agricultural by-products to produce energy. Cereal grain chaff has
been identified as a suitable feed stock for ethanol production.

Cereal grain chaff is produced in large volumes on the Canadian prairies and cereal grain
growing areas of the United States. For the crop years 1987 to 1991, Statistics Canada (1991)
reported Canadian cereal grain production was 26,360,000 t (28,990,000 ton) of wheat and
12,600,000 t (13,860,000 ton) of barley. A survey of PAMI combine test data revealed that
conservative ratios of chaff to grain are 0.41 for wheat and 0.20 for barley. A calculation using
these values results in a total annual cereal grain chaff yield for Canada of 13,300,000 t
(14,600,000) ton). The chaff, if uncollected, contains weed seeds which add to weed control
problems, and may have an allelopathic effect on emerging crops which reduces yields. The
existence of a heavy decomposing chaff mat also limits nitrogen availability to the new crop.
Currently, cereal grain production is only marginally profitable due to low grain prices and any
economic return available from chaff sales would be important to grain producers. Chaff
collection equipment has been developed to collect the chaff into small field piles for later
recovery and use as livestock feed. Craig et al. (1989) determined the cost of this process was
$2.35/t (2.14/ton). Coxworth and Redekop (1991) suggested a realistic chaff value for both
ethanol and feedlot usage would be $35 to $40/t ($32 to $36/ton). This work demonstrated that
the value of chaff for use in ethanol or livestock feed exceeds its cost of collection in the field
by approximately $33 to $38/t ($30 to $36/ton). Provided that an efficient method of collecting
the chaff from the field can be devised, significant economic returns should be available to yield
field prices of about $10/t ($9/ton) which should be high enough to encourage farmers to collect
the chaff in piles. The Prairie Agricultural Machinery Institute (PAMI) was contracted by Energy
Mines and Resources to carry out a series of projects designed to define and solve any problems
with a chaff collection and long haul system.

The primary problem in chaff collection is its low bulk density of 40 to 80 kg/m® (3 to 5 1b/ft)
in field conditions. Since transportation costs will form a high portion of the final value of chaff,

a low cost hauling system, which optimizes payload (by increasing the bulk density), needs to
be developed.

Results and Discussion

Initial work by Lischynski, et al., (1992) at PAMI indicated that field compaction was feasible
to a resulting chaff density of 160 kg/m® (10 1b/f®) by pressure application of approximately
110 kPa (16 psi) or to a maximum of 220 kg/m® (13.7 1b/ft®) at a pressure of 210 kPa (30.7 psi).
Laboratory tests indicated that repeated cycles of pressure followed by relaxation would only
increase the density by a further 10%. Tests using conventional garbage compression equipment
confirmed that densities in the 130 to 170 kg/m® (8.25 to 10.25 1b/ft®) range could be obtained.
Laboratory work also investigated the forces needed to retain compressed chaff and the shear
force required to remove it from the compression chamber. An economic analysis was conducted
using the capital cost equation from Audseley and Boyce (1974) with a number of basic
assumptions for equipment capital and operating costs for various chaff densities.
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'Cc= C=* i#* l+r + 1-r + 1-r1
2 2n n

Where C, = annual capital cost, i is the interest rate, r is the ratio of resale value,
n is the life of the equipment, and C is the original capital cost of the equipment.

Costs for all systems were based on the assumption of the use of one compactor. All systems
were considered as driven by a farm tractor during loading and a trailer or highway tractor
system for unloading. As_hauling distance increased, the number of trailers were increased to
keep the compactor or loader tractor working as steadily as possible. Annual repair costs were
taken as a percentage of original capital cost. Loading time was assumed as one hour and it was
assumed that all hauling would be done in 8 weeks per year. At 6 days per week and 12 hours
per day, the working time would be 575 hours per year. Travel time was based on a travel speed
of 80 km/h (50 mph). A chaff value of $10/t ($9/ton) in the field piles was used and a
processing plant delivered price of $35/t ($38.60/ton) was considered as the upper limiting cost.
Where possible, industry accepted rental rates for farm machinery were used (from the Farm
Machinery Custom and Rental Rate Guide 1992) instead of the Audseley and Boyce equation.

Costs for a moderate chaff density of 170 kg/m® (10.6 1b/ft’) are presented in Figure 1. Ata
hauling distance of 170 km (105 mi), the cost is $19.74/t ($17.93/ton). At 296 km (184 mi), the
$30.80/t ($27.50/ton) cost may still be economical ‘at higher chaff values.

Further work produced designs of two prototype chaff compression trucks, a rotary compactor
type and a reciprocating compaction type, to meet the basic requirement of production of
160 kg/m® (10 1b/ft®) compaction. When the designs were completed, the economic analysis was
redone based on estimated costs to manufacture and operate the designed compression units.

Detailed tests were also conducted to determine the efficiency of densifying chaff through particle
size reduction. Size reduction was attempted using standard farm machinery, including forage
harvesters and hammemmills. The forage harvester virtually had no effect on increasing the
density, whereas the hammermill proved successfully but was power intensive. The hammermill
used for the tests was a New Holland Model 357 grinder mixer and results are given in Table 1.
Further work is required to confirm these values because of the difficulty in obtaining steady
state flow conditions.
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Table 1. Hammermill Test Resuits.

Screen Size Chaff Density Approximate Power
mm  (in) | kg/m®  (bAf) | KW-ht - (hp-hiton)
3 (1/8) 184 (11.48) 239 (291)
6 (1/4) 140 (8.75) 101 (123)
19 (3/4) 95 (5.95) 18 (22)
Raw Chaft 60 (3.72) 0 (0)
*Further work is required to confirm these values because of
the difficulty in obtaining steady state flow conditions.

The detailed cost comparison illustrated below was completed based on the size reduction results
and the calculations from the prototype compactor design cost analysis. Table 2 and Table 3
illustrate the cost assumptions of chaff compaction and size reduction by hammermilling used

in the economic analysis.

Table 2. Compaction Cost Assumptions.

Rotary Compactor
Trailer Cost
Loader Cost
Tractor Size
Tractor Cost
Available Payload

Reciprocating Compactor

Trailer Cost
Compactor Cost
Tractor Size
Tractor Cost
Available Payload
interest Rate
Resale Value
Equipment Lifetime
Repair Cost
Highway Tractor Cost

$65,000
$15,000

89 kW (120 hp)
$35/h

11.7 t (12.9 ton)

$60,000

$22,000

89 kW (120 hp)
$35/h

11.9 1 (13.1 ton)
10%

15%

10 yr

2% of original cost
$40/h
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Table 3. Size Reduction Cost Assumptions.

Trailer Cost $40,000
Tractor Size 134 kKW (180 hp)
Tractor Cost $53/h
Available Payload 12.7 t (14.0 ton)
Interest Rate 10%

' Resale Value 15%
Equipment Lifetime 10 yrs
Repair Cost 2% of original cost
Highway Tractor Cost  $40/h

The results of the analysis are illustrated in Figure 2. At a chaff cost of $10/t ($9/ton) in the
field and $35/t ($38.60/ton) at the plant, both rotary and reciprocating compacting systems are
economical to a hauling distance of 140 km (87 mi) as hauling costs remain below $25/t
($39.60/ton). The size reduction system, as illustrated, is economical to a hauling distance of
166 km (103 mi). This analysis was based upon using standard highway transport trailers. When
the analysis is changed to consider the use of specialty wood chip trailers with increased
volumes, lower densities down to 128 kg/m3 (8 1b/ft3) can be hauled at similar cost

Conclusions

These figures suggest that all three systems studied had economical potential. Even lower density
values such as 128 kg/m® (8 Ib/ft’) will provide economical hauling of chaff to a centralized
processing plant, providing specialized hauling trailers are used.

Of the three systems, size reduction was the most economical. This advantage to size reduction
occurs primarily because heavy machinery is not required to contain this chaff. This reduces
relative payload and results in lower transportation costs as less trailers are then required. Since
size reduction is probably a mandatory component of plant processing, the savings realized by
field size reduction would further increase the feasible hauling distance.

Other than direct cost advantages, the size reduction system is less complex than the compaction
system. Existing low density haul trailers such as wood chip trucks could be used
interchangeably and only adaptations of existing farm machinery need be developed. The trailers
would also not have to be unhitched during loading as they could be top filled, so there are also
convenience advantages.

As a result of these findings, work is now under way by PAMI to incorporate a size reduction
functon into the operation of existing chaff loading machinery. Laboratory tests are under way
to optimize size reduction efficiency. A chopper type size reduction system and a fan shredder
type size reduction system are being evaluated for potential. Moderate increases in density have
been achieved with the chopper system, but more refinement is required to obtain the desired
bulk density of 128 kg/m® (8 1b/ft}). The perceived final outcome is to produce a combined, pile
pick-up, size reduction, and truck loading unit which can be readily powered by existing farm
tractoss.
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Figure 1.  Estimates of long hauling chaff costs at chaff denéity of 170 kg/m’
(10.6 Ib/At®).
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Figure 2.  Cost of chaff hauling using compaction and size reduction at 160 kg/m®
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Managing Woodwaste: YIELD from RESIDUE

Eric Nielson, P.Eng., LNS Services Inc.,
North Vancouver, British Columbia;
Stephan Rayner, Pacific Waste Energy Inc.,
Burnaby, British Columbia.

ABSTRACT

Historically, the majority of sawmill waste has been burned or buried for the
sole purpose of disposal. In most jurisdictions, environmental legislation
will prohibit, or render uneconomic, these practices. Many reports have been
prepared to describe the forest industry's residue and its environmental
effect; although these help those 1looking for industry-wide or regional
solutions, such as electricity generation, they have limited value for the

mill manager, who has the on-hands responsibility for generation and disposal
of the waste.

If the mill manager can evaluate waste streams and break them down into their
usable components, he can find niche market solutions for portions of the
plant residue and redirect waste to poor/no-return, rather than diposal-cost,
end uses.

In the modern mill, residue is collected at the individual machine centre by
waste conveyors that combine and mix sawdust, shavings, bark, etc. and send
the result to the hog-fuel pile. The mill waste system should be analyzed to
determine the measures that can improve the quality of residues and determine
the volumes of any particular catedgory before the mixing, mentioned above,
occurs. After this analysis, the mill may find a niche market for a portion
of its woodwaste.

The authors provide a set of useful, yet simple, mathematical tools that
permit the mill manager to evaluate his waste and compare it with the
specifications (requirements) of alternative value-based usage. Using these
estimates of volume and the description provided of the qualities of the

waste, as seen by these potential new customers, the mill manager would decide
if the possible opportunity warrants investigative effort.

A glossary of terms, defined as they relate to the Forest Industry, is
included. The authors suggest that a common set of terms will assist any
discussion to resolve woodwaste problems.

It is unlikely that a sweeping, all-encompassing hog-fuel solution, even if
it exists and could be developed economically, is the best answer for all
stake-holders.

The best solutions, from the point of view of biomass management and the
continuing well-being of the individual mill, will probably come from those
most knowledgeable about, and/or closest to, waste production. It is the
mill's management and operating personnel who are best able to change residue
from woodwaste, with its associated disposal cost, to a by-product that adds
value to the bottom line.
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Sawmill Residue is collected at the individual
machine centre by waste conveyors that mix sawdust, shavings, bark,
etc., in the hog-fuel pile. For many years, burning and burial were
common means to manage this waste. The system should be analyzed to

determine: the potential to improve the quality of the residues and an*

estimate of the volumes of any particular category before mixing occurs.
Thus, management may find a niche market for some of the woodwaste.

Dry Kilns Wood is dried to lower shipping cost.
Some B.C. Coastal mills may dry or pasteurize wood in order to destroy
the Pinewood Nematode.

Reman The waste situation can be drastically
improved by remanufacturing edgings, finger-jointing trim ends, etc.
Planermill Finishes lumber to market size. A lot of
sawdust and shavings are produced with a smaller quantity of wood.

Plywood / Veneer Chips can be produced from green
veneer trim, but not the dry veneer or waste panels, because of the low
me* and the presence of glue residue.

Chip Mill The overs from chip mills are normally
recycled to the mill for chipping. This practice seldom returns a usable
chip; it increases the quantity of pins and fincs and wastes energy. A chip
slicer is recommended.



INTRODUCTION

Governments have in place, or are planning, legislation that does not permit
burning with no benefit other than disposal. Many reports demonstrate the
scope of the forest industry's annual residue and its environmental effect.
The reports help those looking for industry-wide or regional solutions, such
as electricity generation, but have limited value for the mill manager. It is
not likely that an all-encompassing hog-fuel solution, if it exists, is the
best answer for all stakeholders and could be economically developed.

This paper assists the mill manager to evaluate waste streams, to look for a
niche market solution or a local use for portions of the plant residue. If
individual mills can redirect more waste to an economic return, rather than
a disposal-cost end use, the problem diminishes.

POTENTIAL WOODWASTE USES

Woodwaste or hog-fuel has a ‘shelf life' varying from nine months to three
years and is affected by such conditions as: species, wood:bark ratio,
temperature, rainfall, wind, pile management and others.

Electricity Bark comprises about half the woodwaste described; but, when
we review the potential residue usage options, it has slight demand except as
a fuel. In British Columbia, 20% of the energy required by industry is
supplied by incinerating woodwaste, mostly bark, in boilers to produce steam.
The woodwaste in BC that has not yet found a beneficial usage would generate
750 aMW. To put this in perspective, this additional energy is 130% of the
1991 Canadian Entitlement, often called Downstream Benefits, under the
Columbia River Treaty or 80% of the 1991 output from the Revelstoke
hydroelectric plant.

To determine the size plant that BTU,

is possible, use thep formula, BDT of fuel x l_gzr x 2,204.6
right. For a large plant, with watts= 3415 % 5.760 x CofU
high pressure and temperature ! !

steam, an efficiency (eff) of 30% BTU,.= High Heat of fuel - Latent Heat, H,0
would be appropriate. The Coeffi-

cient of Utilization (CofU) is the measure of the time the plant will be at
full power and, for this calculation, 85% is reasonable.

x eff

The minimum electricity Selected Wood CharactoriStics: averags vaiues, provided for sstimation only.
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acceptable-to-the-investor
plan can be devised.
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Heat Recovery Another approach that has wide use in 2

Canada is incineration in a burner with a steam or hot Wood Revidvs Treciing Coms
oil heat recovery beoiler on the stack gases. The energy e
recovered can drive an electric turbine, be used to dry ¢

lumber in a kiln, heat the plant, etc. In this case, we

recommend an eff of 20% and a CofU equal to 70%. @

The air quality of the larger plant will be superior; but i

the smaller unit can be designed to conform to air  « e
standards proposed by Departments of the Environment and w o I 1w
will be welcomed as a substantial improvement. kMoo,

Capital costs are lower for this down-sized solution, regulatory approval will
be substantially easier, and the Return on Investment will not be too much
lower.

The main impediments to implementation and financial success for either of
these residue usages are regulatory approval, distance from fuel to furnace,
value of electricity and the lack of any benefit(s) that can be derived from
the energy at the site. These could be the drying, briquetting of waste, dry
kilns, area heating, and others. This topic is too site and circumstance
specific to permit generalization; but, if unused woodwaste is concentrated
in an area, good value would be obtained from a site-specific study.

As a rule, green and dry material are evaluated separately, though many mills
will have them mixed. The conveyor curves (following page) help the manager
estimate volume per hour for each type of residue.

The first set of the following uses requires little more than screening. Some,
like briquetting, need special process equipment, and others, such as MDF, are
separate industrial operations.

Animal Bedding Dry sawdust and shavings are preferred. Residuals cannot be
contaminated with anti-stain or other chemicals, and Cedar is undesirable.

Asphalt Roofing Sander dust or flour can be used as filler for roofing or
a plastic extender in moulded shapes.

Green Houses Some nursery operators who have converted to wood fuel, hog-
fuel, pellet or briquette, report cost savings of® 50% over fossil fuels.

Hog-Fuel Export The export of hog-fuel, like chips, usually requires a
permit. The principle is that export is not allowed if the material is
required domestically. If hog-fuel is processed by cubing or pelletizing, the
permit for the export of needed-for-use, forest industry feed stock may not
apply. This utilizes sawdust, shavings and bark. The mixture is hogged and
dried then compressed by extrusion to increase its bulk density. Costs of
processing, including natural gas for drying and freight, may make the product
noncompetitive; however, if surplus, low-energy heat is available because of
the variable needs of another process, or if generation cannot use the residue
as it develops, this could be an attractive option.

Landscaping Hogged and screened bark with minor sawdust content is
wanted for decorative topping. The preferred species is Douglas Fir.

Mushroom Bedding Coarse green hemlock, aspen and alder sawdust and shavings
with nutrients can be employed for bedding mushrooms.

Nursery Bedding Hogged bark and sawdust can be used for soil extenders and
topping for nursery plants and shrubs. :

Pulp Furnish Opportunities to generate added volumes of chips and the
sale of sawdust depend on the plant location. Attention should be given to the
yield of existing sawmill waste chippers, affected by speed and maintenance,
to ensures that the maximum volume goes to the chip pile rather than to waste
as pins and fines.

Rustic Siding Small sawmills that do not have a barker may edge the slab
to produce a rustic siding.
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Trail Surfacing Hogged bark and
sawdust can top off hiking trails or
golf courses. This minimizes trail
upkeep, weed growth and soil erosion.
If it is a riding trail, cedar is not
recommended (White Line Disease).

Turf Industry Sawdust, in a mat
form, is seeded with grass. Potential
exists as the absorbent, with sewage
sludge, in hydro-seeding.

Wood-Fuel The use of wood as
household fuel is being limited by
many municipalities; yet, the needs
of national and provincial parks may
represent a local niche for a mill.

Briquetted Wood This is a proven
technology that could be economic for
the conversion of dry sawdust and
shavings to a useful product.
Institutions, such as hospitals,
schools, etc., that use o0il heat
could use this as an alternative
fuel. Briquettes resist water ab-
sorption and require much less space
than the feedstock. This practice
could supply plant or kiln heating
and local institution clients.

Cat Litter Small pellets made
from pure sawdust, essentially the
same technology as pelletizing, have
a market as an environmentally
friendly cat litter.

Cattle Fodder Cud-chewing
animals, such as cows and sheep, are
able to digest cellulose because
microorganisms in their rumens
produce somewhat similar enzymes that
hydrolyze cellulose to sugar. Studies

have shown that steam alters
hardwoods, such as aspen, so that
much of the carbohydrate can be

digested by sheep or cattle. This can
be used, with a protein or nitrogen
source, as a winter supplement .

Composting Wood, green or dry,
is mixed with sewage for nitrogen and
set up in wind rows to compost to
topsoil. A leachate control system
is required. Hardwood is preferred.

Floor Cleaners Dry sawdust or
shavings impregnated with anti-static
cleaning and sanitizing agents is
used for removing dust, oil and
liquid spills on industrial floors
and highways.

Moulded Wood Woodwaste (hogged)
and combined with sawdust to prepare
a mixture that is dried, mixed with
resin and poured into moulds.
Various products for the autc and
furniture industry can be produced;

RESIDUE CONVEYORS

Each graph can be used to calculate
the solid wood equivalent (SWE) and
volume of material handled.

H132
3
=
E2
E
@' {
£ . «
£ 9 Application:
bark, trim ends, logbucking
o3 ends, sawmill refuse.
oo Features:

fow to medium maintenance,
steep conveying angles,
high initial cost.

BOX LINK
“ jactual volume|
EY Wi
chips, sawdqst, hog-Tuel
L
g - Fachonted fary snavings | >(
E, N (S ===
g‘ \\ Application:
‘E | chips, sawdust, hog-fuel.
8 = Features:
. =" |aysmwess!  metering capability, medium
=1 — maintenance,high capacity,
0.

Singie Ovat Trple uss  Stecp conveying angles,

Nurmoer of Strands some noise, highinitial cost.

LONG LINK
E
® =mmoemsl
C Application:

bark, trim ends, log bucking
ends, sawmill refuse.
Features:

low to medium maintenance,
steep conveying angles.

TROUGH BELT

Application:
chips, sawdust, hog-fuel.
Features:
high capacity, low HP, less
= product damage, quiet,
S 2 x o & s s e Steep conveying angles.
Boht Sizo Smooth, 25°, ribbed, 36°.

m'/h @ 1m/min

=
= >

P

2

160



a British Columbia plant fabricates
inner automobile door panels.

Sewage Treatment Kelowna, BC, treats
100,000 litres per day of sewage with
hog-fuel. Sewage, at 6.5% solids, is
held in lagoons formed by hog-fuel
berms. High bark content is needed to
contain the ligquid. The berms are
turned into the centre to mix with
the sludge as water evaporates.
Compost is trucked to form a fertile
landfill. The process uses 25-40,000
m’ of hog-fuel annually.

Bio 0il A new technology
(the first commercial plant began
operation in 1993) that will reduce
green wood and bark to an oil that
can fuel a diesel or be burned in a
boiler. Other chemicals from the
reaction and better use of the
resultant carbon could make this a
profit centre for the mill.

Ethanol An emerging
technology that converts cellulose
and hemicellulose of green wood to
sugar and lignin. The sugars are
fermented and distilled to produce
alcohol. Ethanol, added to gasoline,
is an extender and oxygenator. It is
normally included in a ratio 10:90.
The 1lignin slurry is a useful
feedstock for glue or, dried, an
excellent biomass fuel.

MDF Medium Density
Fibreboard. Fine wood fibres are
blended with urea-formaldehyde or
phenol-formaldehyde resin, dried,
formed into a mat and compressed in
a hot press. Hardboard and parti-
cleboard technologies are combined.

Particleboard

Shavings and

sawdust are milled to particles and

dried to 3% mc™, blended with glue to
build mats that are pre-loaded into
a press and compressed under heat and
pressure.

CONCLUSION

If process energy costs are too high,
analyze 1low-quality energy, e.qg.
condensate return, or heat recovery
for drying and operation of the press
at a time other than the demand peak.
If woodwaste generates steam and/or
electricity, consider ‘storing' or
‘selling' energy in the form of dried
fuel, pellets, etc.

Thw mill*' location often dictates the
potential use of residuals because

the transportation costs for bulky :

materials can become prohibitive.

o

¥  volume of nonsolid wood, such as chips, sawdust, bark, etc.
% Chips Fragile pieces of wood, 2-6 mm thick and

¥ Higher Heat
: expressed in BTU/Ib or MJ/kg. The values are by weight and do
% not vary greatly between species; however, when expressed by
> volume, denser species normally provide greater heat.

: Hog-fuel
% term is widely used to identify any or all wood waste from
#  sawmills. We propose to limit the term hog to the machine and

GLOSSARY

: These terms are defined as they relate to the Forest Industry. In

some cases, the same 1erm does not have the same meaning for
everyone or is not limited to this definition. We suggest that the
glossary will assist any discussion to resolve wastewood problems.
Oceanographersuse it as a unit for the mass
of living organisms, e.g. plankion, in a volume or area. Modern
usage is any organic material, unrelated 1o an area or volume.

Theoretical ovendry weight divided by the

15-25 mm long, that are used as the primary feedstock in a pulp
mill. Produced by chip-n-saw edgers, disc chippers, etc.

Edgings Residual from a saw edger, often eight or
more feet long and quite thin.

Floar Fine material that passes through the screen
as being too small (< 2mm) to be uscd as furnish for a pulp mill.

This material comes from a chip-n-saw, saw edger, etc.

GPU or VMU Gravity Packed or Volumetric Unit. 200 &
of hog-fuel, chips or sawdust as compacted by gravity in a scow.
The heat value of wood or bark, ovendriced,

Common use equates hog and hog-fuel; the

hog-fuel to the material coming from the hog.

Lily Pad This is produced as the log enters the mill
when flared or damaged buts, usually less than 24~ thick, are
trimmed from the log.

Moistare The forest industry has two methods:
Pualp and Paper Mills 7
use the percentage (H,0) | L
in the original weight. 60) p%
o . 100 x H,0 o
" “original i »
Sawmillers prefer the g
i percentage of H,O to ® g
% the ovendry weight. 2 1
. peod = 100 X B0
2 ovendry 10
: Ovendry Dried o
to a constant weight at 20 100 200

103°C +2°C. ¥ %m0

Overs The output from a chipper, chip-n-saw, etc.,
that is too large to be accepted by the screen as a chip. If these
recycle to the chipper, they become fines and pins (waste).
Residuals The portion removed from the final lumber.
This includes material that presently has value (chips), may have
value (sawdust and shavings) or has a disposal cost (hog-fuel).
Sawdust Small particles of wood cut off by the saws.

{ If the length of the fibre is sufficient(>2mm), this material, if

green, could be used as pulp furnish. Both dry and green may be
available but cannot be used interchangeably.

Shavings Lumber is planed afler kiln drying and in
some cases in its green form. Green shavings can be used as a
pulp furnish.

Slabs Residual of an outside cut that squares the
log to a cant. If the plant saws barked logs, all of this is wood.
SWE Solid Wood Equivalent. Used in relation to

a o7 as 2 method of equating different forms of residue or product
to the original species.

Trim Ends Pieces of wood, usually less than 24" long,
and, if the mill has kilns, dry. Some green trim ends arc made in
the sawmill and possibly some dry wood from the planer.
Woodwaste Residue from the portion of the tree received
by the processing facility that is neither recovered nor used in the
process. Post facility waste is not included.
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Abstract

This paper provides an overview of the current biomass feedstock efforts in Brazil, Canada, and the
United States. The report from Brazil provides an historical perspective of incentive programs, the
charcoal and fuelwood energy programs, the alcohol program, and other biomass energy efforts. The
efforts in Brazil, particularly with regard to the sugar cane to ethanol and the charcoal and fuelwood
programs, dwarfs any other commercial biomass system in the Americas. In the author’s view one of the
bright spots in the future is the Biomass Integrated Gasification/Gas Turbine Electricity Project that
received initial funding (6-year project) in 1992. In the sugar cane-based ethanol industry biotechnology
research continues to develop higher yielding cane varieties and more efficient microorganisms to convert
the sugar cane carbohydrates into alcohol.

Canada is a large country where diversified forms of biomass can be found. A number of important
institutions and enterprises taking part in the economical development of the country are involved in
research and development pertaining to biomass. A large segment of the population is working on
various aspects of the biomass such as forestry, agricultural, industrial, urban, food processing, fisheries
and peat bogs.

Biomass feedstock research in the United States is evolving to reflect Department of Energy priorities.
Greater emphasis is placed on leveraging research with the private sector contributing a greater share of
funds, for both research and demonstration projects. The feedstock program, managed by QOak Ridge
National Laboratory, is focused on a limited number of model species with most of the research centered
at a regional level using a multidisciplinary approach. Activities have been expanded beyond those
~ traditionally associated with crop yield improvement to include a stronger emphasis on emerging
environmental issues such as biodiversity, sustainability and habitat management. DOE also is a
supporter of the National Biofuels Roundtable, which is developing principles for producing biomass
energy in an economically viable and ecologically sound manner. Geographical Information Systems are
also being developed as tools to quantify and characterize the potential supply of energy crops in various
regions.
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The United States Biofuels Feedstock Program
Introduction

The year 1993 has been an important and pivotal one for biomass feedstock development program of the
United States Department of Energy (DOE). ‘At the national policy level, we have seen major changes
in energy system and environmental management priorities, in terms of both technology choice and of
new paradigms of how the government should fund and manage research. The evolving nature of the
DOE biomass feedstock research and demonstration reflects these new priorities, as well as the new
DOE working relationships with the private sector and with other federal agencies. However,
underlying the biomass feedstock program is also the continuity provided by more than fifteen years of
field trial experience including species selection, breeding, and the development of superior breeding
stock, as well as the optimization of cultural techniques. In this overview, we will focus initially on the
new U.S. Federal energy and environmental research and demonstration priorities, as well as the new
research and demonstration management paradigms that will be driving future demonstration and
commercialization programs. We will also examine the major core thrusts of the current DOE biomass
feedstock research program and then will talk about specific research activities that demonstrate how the
new priorities and paradigms will work in practice.

New National Energy, Environmental, and Agricultural Priorities
and their Implications for Biomass Feedstock Research

With passage of the 1990 Clean Air Act Amendments (CAAA) and 1992 National Energy Policy Act
(NEPACT), the United States set itself on a course to reduce levels of urban air pollution (particularly
ozone, carbon monoxide and air toxics), lower powerplant emissions of sulfur dioxide and other
pollutants, stabilize emissions of global warming gases such as carbon dioxide, while simultaneously
decreasing U.S. dependence on imported petroleum. The new Clinton Administration, and the new
senior management team at the Department of Energy, have affirmed their commitment to these goals,
and to a larger future role for biomass energy for both power generation and for the production of liquid
transportation fuels. Domestic liquid and solid fuels derived from biomass are increasingly seen by senior
U.S. energy planners as among the most promising options for meeting the stricter emissions regulations
under the 1990 Clean Air Act Amendments. Biomass-derived fuels also have the added advantage of
lowering the levels of import of fossil fuels without increasing global warming emissions. In fact, when
derived from energy crops, such biomass-based fuels have no net carbon monoxide production since the
growing plants absorb as much CO, as is produced during the combustion process(NREL, 1993).
Biomass-based alcohols (ethanol and methanol).and ethers (such as ETBE and MTBE) can be used as neat
fuels or as gasoline blending agents to lower vehicular emissions of CO and volatile hydrocarbons.
Biomass-based combustion feedstocks can be used as the base fuel or co-fired with coal or other fossil
fuels in utility boilers to sharply lower emissions of SO, and CO.

At the same time, the United States is trying to fundamentally transform its farm policies, reducing the
level of farm price supports, diversify the farm economy by introducing new income sources, and
eliminate farm practices that contribute to soil erosion and to the over-application of pesticides and
herbicides. In this context, short-rotation wood energy crops and herbaceous energy crops are seen as
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valuable components in a sustainable management program designed to reduce soil erosion in marginal
lands and provide additional farm income on set-aside or low quality rural lands.

Four Elements of the New Government Research Paradigm for the 1990s.

All these new energy and environmental priorities must be implemented within the context of shrinking
federal budgets: research for its own sake or any form of business as usual are no longer possible. A
new paradigm of research program management is developing in the federal government, reflecting new
budgetary realities and a renewed emphasis on producing results that contribute to national policy goals.
The new research model has four key imperatives:

1) Concentrate the limited resources in those activities with high probability of success;

2) Leverage limited DOE funds;

3) Enlist the private sector as partners in scale-up and commercialization activities; and

4) Build broad coalitions to collaboratively address and solve potential environmental concerns

from field activities and technology scale-ups before they occur.
Narrow the Breadth of Research Activities

One of the characteristics of the new research model for the 1990s is that DOE will focus its financial
and manpower resources on a small number of activities that have a high probability of commercial
success, rather than on a broad range of activities or experiments that are selected because they are
interesting science. We will increasingly be betting on prospective winners, and channeling most of the
available funding to them. This is a process that we began in 1986, when we narrowed the range of
promising feedstocks based on more than eight years of field trials. That process continues today. For
example, the DOE biomass feedstock program is now concentrating most of its effort on understanding
and optimizing one model herbaceous feedstock (switchgrass or Panicum virgatum) and one model short
rotation woody crop (hybrid poplar or Populus sp.).

Leverage the Limited DOE Biomass Feedstock Program Funding

As is discussed below and shown in figure 3, the funding for the DOE biomass feedstock program has
been declining in recent years. However, the proposed transition from laboratory experiments and small
field tests to larger scale field demonstrations will require substantial new financial investments. DOE
is planning to bridge the shortfall in resources by cooperating with other Federal agencies and potential
biomass users (such as electric utilities and transportation fuel producers) in the design, management, and
funding of research and demonstration activities. A key step in the creation of this cooperative structure
was the signing in 1991 of a Memorandum of Understanding (MOU) on cooperation in biomass energy
between the Department of Energy and U.S. Department of Agriculture (USDA). When the MOU was
drawn up, it was expected by DOE that the USDA would assume a major role in funding future biomass
feedstock research, as well as drawing on its nation-wide extension program for field trials and
farmer/landowner education and support. Other important cooperative programs that are under
development include the recently announced solicitation for Letters of Interest, which offers cost-sharing
opportunities between DOE and various interested end-users to develop business plans for setting up
dedicated biomass production systems linked to biomass conversion units that would use the biomass
feedstock.
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Involve the Private Sector on Cost-Shared Basisin Technology Scale-up and Commercialization

In recent years, the DOE Office of Transportation Technologies has been a pivotal player in a number
of major cost-shared research and commercialization programs with American business firms. The
Advanced Battery Consortium, which includes DOE, the three major U.S. automobile manufacturers, and
a number of U.S. battery producers, was jointly funded by government and industry at a level of more
than $50 million to accelerate the commercialization of light-weight, high energy density batteries for use
in electric cars. Similarly, the DOE Biofuels Systems Division has signed Cooperative Research and
Development Agreements or CRADAs with several major firms, including AMOCO, to co-fund the scale-
up of the Simultaneous Saccharification and Fermentation Process or SSF technology developed by the
National Renewable Energy Laboratory (NREL) for the conversion of cellulosic feedstocks to ethanol.

Inviting private sector participation in cost-shared development is one of the fastest mechanisms for
determining whether or not a technology is really approaching commercialization. If industry sees the
technology as being technically promising and economically feasible, they will normally be interested in
participating in the pilot scale activities, and there are a number of good reasons to include potential
future producers in this venture. First, they know the market place into which the product will be sold.
Second, the private sector participation identifies early on the non-technical obstacles to
commercialization, ranging from lack of financing to shortage of specialized equipment. With industry
cooperation, solutions can be found while field trials and small-scale demonstrations are underway

Seek Collaborative Solutions to Potential Environmental Problems and Conflicts

For some time, major U.S. environmental organizations have been observing the U.S. biomass feedstock
development program, intrigued by its potential to displace significant usage of fossil fuels for power
generation and liquid fuel production, but concerned by possible ecological and environmental impacts
of the creation of dedicated biomass plantations. At the initiative of the U.S. Audubon Society and the
Electric Power Research Institute (EPRI); the U.S. DOE, several of its national laboratories,
representatives of electric utilities, pulp and paper companies, and a number of environmental
organizations have agreed to participate as members of the newly formed National Biomass Roundtable.
The purpose of this consensus building organization is to establish ground rules and guidelines for large-
scale biomass feedstock development that is acceptable to all parties, that protects biological dlversny,
and ensure environmentally sustainable systems.

The Current DOE Biofuels Feedstock Development Program

Strategic Goals

The DOE Biofuels Feedstock Development Program has a range of ambitious long-term strategic goals,
as well as near-term programmatic operational goals. The first strategic goal is to develop the biomass
base that would allow the United States to meet 15% of its primary energy demand from biomass. This
amounts to more than 16.5 - 18 X 10" BTUs or 16.5 - 18 quads. While very ambitious, this goal is
derived from a careful analysis of the large resource of land in the United States that is or could become
available for biomass production, as well as the biomass growth potential on those lands. As can be seen
in figure 1, Oak Ridge National Laboratory has identified more than 393 million acres (159 million
hectares) of land in the United States as being capable of growing energy crops without irrigation.
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More than 75% of this land is located in the North-Central and South-Central sections of the country,
with most of the remainder being along the Eastern Seaboard.

To make use of this large potential, the DOE biofuels feedstock development program will need to focus
not only on the development of fast-growing species, but on related environmental, economic, harvesting,
transportation, and storage issues that are cost effective and environmentally sustainable in the long-
term.

Cost Goals

To be widely used, biomass energy crops must be cost-competitive with other fuels. Therefore, cost
reduction has been one of the benchmarks by which we measure the success of our program. Through
species selection and selective cross-breeding, we have already succeeded in reducing the cost/million
BTUs from an average of more than $5.00/MBTUs in 1983 to $3.25/MBTUs today. As can be seen in
figure 2, our projected cost/dry ton is a function of many innovations, although the most important factor
is directly related to increasing the yield per acre. Researchers in the Pacific Northwest have recently
achieved yields of 20-25 Mg/ha/yr, which have been sufficient to encourage the pulp and paper industry
to install larger scale field trials with newly developed hybrid poplar plant material. Stettler et al, 1992).

To reach the wider base of utilization for energy production and be competitive with other feedstocks,
we project that feedstock costs must be reduced to $2.00/MBTU (34 $/dry ton), primarily through yield
increases and adaptation of improved clones to a variety of soil types and locations.

Major Elements of the DOE Feedstock Program

The DOE biomass feedstock program, which is managed by Oak Ridge National Laboratory, has six
major components: Crop Development, Environmental Research, Equipment Development, Systems
Integration and Assessment,Commercialization, and Information Management. This program draws
upon the technical strengths and collaboration of a number of national laboratories, major universities,
and cooperating state and federal agencies, as can be seen in table 1 (below).

In virtually every aspect of the current DOE Feedstock Research Program, we can find the new research
paradigm outlined earlier. The crop development program focus has been narrowed to two model energy
crops that appear most promising, one herbaceous and one woody, and leading researchers have
encouraged to seek additional funding sources to leverage DOE contributions. In most parts of the
program, the private sector is being involved, either through cost-shared applied research or through field
trials. More emphasis is being placed on economic analysis, in order to find the combination of factors
that will bring candidate feedstocks into the marketplace and will accelerate private sector co-funding of
ongoing research.

167




Table 1: Major Elements of the DOE Biomass Feedstock Program

Program
Component

Current Research
Foci

Key Implementing
Organizations/Contractors

—_———
Crop Development

Mapping/ Pathology

Model Midwest Region -- USDA Agricultural Research Service; sites
Herbaceous Productivity/ Breeding at lowa State, Purdue, Nebraska, and
Energy Research Indiana
Species ] .
Southern Region -- Breeding -- Oklahoma State
Breeding/Culture Trials/ Culture Trials --Texas A&M; Auburn; VPI
Physiology/ Tissue Culture | Physiology -- Oak Ridge Nat. Lab
Tissue Culture -- U. of Tennessee
Model Short | NW Poplar Research University of Washington and Washington
Rotation Group -- Molecular Gene- State; co-funding provided by USDA, NSF,
Woody tics/ Genetic Washington Technology Center, Boise
Species Improvement/ Genetic Cascade, James River Corporation, Scott

Paper, and Occidental Chemical Company

North Central Poplar
Research Cooperative --
genetic advancement of
populus deltoides/
accelerated breeding and
small distributed field
trials

USFS/Rhinelander;USFS/Grand Rapids; U.
of Minnesota; lowa State; Aspen
Cooperative

Southeastern RFP

To Be Determined

Environmental

Research

& Air Quality

Biodiversity Midwest - bird and small
animal populations

Habitat Frag- | Role energy crops can

mentation play in reducing habitat
loss

Chemical nutrient/pesticide cycling/

Fate/ Water erosion measurement/

greenhouse gas & carbon
dynamics

Oak Ridge National Laboratory/USDA
Forestry Service, U of Minnesota, and
National Audubon Society

Possible co-funding being explored

Equipment Development

Feedstock
Storage

Effects of storage
conditions on quality of
feedstocks

National Renewable Energy Laboratory,
Oak Ridge National Laboratory, and
others.
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Economics Analysis and Integration

Resource Southeast Regional Oak Ridge Nat. Lab/U. of Tennessee
Assessment Cost/Supply Curves

National Supply Curves Oak Ridge Nat. Lab/U. of Tennessee
Geographic Land-Use change/ cost- Oak Ridge Nat. Lab/Tennessee Valley
Info Systems | supply dynamics at Authority
(GIS] /Supply | various sites

Curves

Commercialization

Demonstration w/ Qak Ridge National Lab/TVA

Commercial Partners

Qutreach to potential Oak Ridge National Lab, USDA Extension

commercial collaborators Service, and respondents to Letter of
intent

information Management

Energy Crops | Data exchange among Oak Ridge National Lab and various
Forum feedstock researchers biomass feedstock collaborators
Data Base energy crop field data and | Oak Ridge National Lab

literature

The DOE Feedstock Budget

There are practical reasons why the DOE Biofuels Feedstock Development Program has been seeking to
leverage its funding and to encourage cost-shared activities with the private sector. The budget for
feedstock research has been declining over the past several years (see Figure 3). At the same time, the
number of interested parties has been increasing as well as the complexity of issues related to large-scale
feedstock development. (U.S. Department of Energy, 1993).

Cost-Shared Activities

As was mentioned earlier, it was initially expected that the Memorandum of Understanding (MOU) on
cooperation in biomass energy between the Department of Energy and U.S. Department of Agriculture
(USDA) would lead to large-scale USDA funding of biomass energy feedstock research. While this has
not yet happened, DOE has continued its collaborative efforts with USDA field units, particularly the U.
S. Forest Service Experiment Stations in Rhinelander, Wisconsin, and Grand Rapids, Minnesota, and a
smaller effort with the Agricultural Research Service’s switchgrass breeder in Lincoln, Nebraska. In
some cases DOE can play the role of a catalyst. By providing the base funding that helps create centers
of excellence, such as the University of Washington/Washington State University (UW/WSU) Poplar
Research Group, DOE encourages private firms to support particular aspects of the research in response
to their own needs. It also ties the research community more closely to the needs of the ultimate users
to their studies and provides immediate feedback on the utility of the work for the commercialization
process.
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Implementing the New National Priorities and Research Paradigms

To illustrate the new national energy/environment priorities, as well as the new federal research
paradigm, I would like to briefly describe two major initiatives: The Northwest Poplar Research Group,
and the recent Letter of Intent -- Economic Development Through Biomass Systems Integration, which

will determine the technical, economic, and environmental viability of integrated biomass production and
conversion systems.

The North-West Poplar Research Group

For the past fifteen years, the DOE Biofuels Feedstock Research Program has supported a consortia of
scientists at the University of Washington and Washington State University to increase the production of
woody biomass in Populus trichocarpa through the development of genetically improved cultivars that
are suitable for an operational short-rotation cultural system in the Pacific Northwest. This program has
used a multi-disciplinary approach to develop a new crop material and a matching cultural system to
produce feedstock predictability and repeatability. Key elements in this program’s success have been (1)
the choice of species and the approach to its genetic improvement, (2) the careful assessment of how
improved cultivars differ from unimproved stock, and (3) the successful transfer of the concept from the
research scale to the operational scale. Populus has been an attractive choice because of its rapid growth,
easy clonability and capacity to resprout. From its inception, this group of dedicated researchers has
focused narrowly on developing the most promising species for their. region, and as a result has
contributed to the DOE selection of poplar as the model short rotation woody energy crop. Early
hybridization experiments (crossing Populus trichocarpa with Populus deltoides) led to a remarkable
doubling of biomass productivity in four-year rotations. Over time, the scope of the research has
broadened, as has the range of skills involved. From two initial scientists, the group has grown to nearly
35, including twelve senior investigators as well as postdoctoral researchers, graduate student,
technicians, and visiting scientists.

While there are many factors that contribute to the success of the UW/WSU Poplar program, it has been
crucial that the team has been highly inter-disciplinary (currently involving senior investigators in eight
- different departments of the two universities), has served as a resource and center of excellence for
other researchers (distributing new hybrid cultivars to interested researchers around the world), has
welcomed early private sector involvement, and has been open to suggestions/requests from local
users of the research. The program has also adapted to new demands and needs that have emerged,
including the requirement to integrate biotechnology, pathology, envnronmental assessment and data
collection into the core laboratory and field research program.

From a core DOE feedstock development budget that has generally ranged from $200-$300 thousand,
the group’s annual research budget has been leveraged to the range of $1.2-$1.6 million. The program
has added grants from Washington State, US Forest Service, and National Institute of Environmental
Health and Safety grants to the core funding, thus significantly leveraging the DOE Biofuels research
program support. Equally important, they have also added more than $250,000 of industrial support,
initially from paper and fiber companies but now including substantial amounts of funding for new areas
of research, such as the use of poplar as an environmental remediation strategy. For all of these reasons,
the Northwest Poplar Research Group can serve as a model for other such consortia and, indeed Science
magazine recently singled it out in an editorial as "a challenging precedent for other areas" seeking
Federal research support.
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The DOE Solicitation for Letters of Interest

On May 10, 1993, DOE’s National Renewable Energy Laboratory (NREL) announced a "Letter of
Interest (LOI)" in the Commerce Business Daily to invite all interested parties to respond to this
solicitation entitied Economic Development Through Biomass Systems Integration.

This solicitation supports DOE’s efforts to assist in the commercialization of biomass energy systems and
is requesting proponents of integrated biomass production and conversion systems to share the cost of
feasibility studies. The LOI consists of two parts (A) Liquid Fuel Production and (B) Electricity
Production. In a related event, EPRI has issued a "Host Utility Announcement” in which they will
consider cost-sharing feasibility studies with EPRI members who respond to Part B of the LOL. For all
responses DOE has required a minimum of 50% cost-sharing.

EPRI is also considering funding a series of cost-shared feedstock demonstration projects with DOE and
possibly USDA. EPRI would like for these feedstock demonstration projects to grow enough feedstock
to supply a 25 MW power plant. Ideally, there would be 7-9 of these projects located in geographic areas
- that have a high potential for bioenergy production. These demonstrations should give potential utility
investors (as well as other interested parties) a good idea of the costs, environmental factors, and
sustainability of dedicated feedstock systems including short rotation trees and herbaceous energy crops.
By participating in this program, DOE will be able to leverage its resources to get a number of large
energy crop pilot installations planted. Feedback from the participating utility partners that will in turn
help guide future DOE feedstock research.

As was mentioned earlier, major co-funded efforts with key industry leaders, individual firms or trade
associates have become increasing prominent in the energy and environmental sectors in the past few
years, partly as a means for helping U.S. firms compete in increasingly complex world market, and partly
as an effort to speed introduction of technologies that are central to national environmental and energy
goals. In the case of biomass direct combustion, electric utilities have become increasingly interested in
testing emerging technologies that provide cost-competitive energy production while not requiring new
and expensive emissions clean-up technologies. Biomass, being naturally low in sulfur, is of particular
interest to utilities struggling to meet new sulfur dioxide limits imposed by the 1990 Clean Air Act
Amendments. This new attention to the importance of environmental issues, combined with the
leveraging of federal energy funding, is characteristic of the new direction for biofuels research.

National Biofuels Roundtable

The last example of innovation in the evolving federal biofuels feedstock research program is the National
Biofuels Roundtable. It represents a new cooperative approach to working with the environmental
community and seeking compromise solutions to potential problems. The National Biofuels Roundtable
was. born out of an all-day meeting two years ago, convened and sponsored by the National Audubon
Society and Princeton University to examine the extent to which biomass could be produced on a large-
scale for energy purposes without creating environmental degradation, such as erosion, groundwater
contamination, and the loss of biodiversity. This initial meeting has been the impetus to the formation
of the National Biofuels Roundtable. This organization is sponsored by EPRI, the National Audubon
Society, and DOE. It has brought together specialists from the environmental community such as the
National Resources Defense Council, the World Resources Institute, and the Union of Concerned
Scientists; DOE and its national laboratories; other Federal agencies such as the Forest Service, the Fish
and Wildlife Service, the Tennessee Valley Authority, and the Soil Conservation Service; private paper
and fiber companies active in short-rotation biomass production including the James River Corporation
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and Scott Paper Company;, and electric utilities including Minnesota Power that are interested in biomass
power. The National Biofuels Roundtable is currently working on a number of consensus documents that
are designed to provide guidelines for biomass energy development that can serve the dual purposes of
promoting the use of biomass while assuring that the installations will be undertaken in an
environmentally sound and sustainable fashion.

There are a number of aspects to the National Biofuels Roundtable that make it symbolic of the new
direction of Federal energy and environmental policy. First, environmental considerations are now
becoming a central part of the planning and execution of all activities, even the field testing of
technologies or energy sources that are not yet fully commercial. Second, the definition of environmental
concerns has broadened considerably in recent years, far beyond those that are mandated by the Clean
Air Act, Clean Water Act, and other U.S. environmental legislation. Now concepts such as the
preservation of biological diversity, are part of the planning cycle as well. Third, U.S. private sector
firms, federal agencies, and environmental groups have learned that potential problems can often be
solved by discussion and compromise rather than by confrontation and litigation. The result is a search
for "win-win" solutions that can move the commercialization process forward, insure reasonable rates of
returns for investors while assuring environmental protection and long-term sustainability.
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Brazil
General Information and Economic Indicators

In 1965, the per capita energy consumption in Brazil was about 286 kg of oil equivalent, reaching 915
kg by 1990. In the 1965-80 period, the average annual growth of energy production was 8.6% with
consumption growing at a similar rate of 7.9%. In the 1980-90 period production grew at an average
rate of 9.9% compared to a much lower 4.9% consumption rate. The economic recession which plagued
the country since the 1980s helped Brazil avoid the possibility of a severe energy crisis in early 1990s.

The two oil embargos of the 1970s forced the government to look for alternative sources of renewable
energy. As the largest oil importing country in the Third World, Brazil had to undergo major adaptations
to sustain its economic growth. The main options were to increase domestic oil production, to encourage
energy saving technology development and to search for alternative remewable sources of energy.
Although the later would have to encompass, among other sources, hydropower and solar energy this
paper will focus on the Brazilian biomass feedstock for energy program, which is unique worldwide.

The Brazilian program for energy production using biomass from sugar cane, wood, cassava, bamboo
and other sources, represents a giant economic effort in terms of fiscal incentives for energy production
and consumption, export and import policies and equipment and machinery development and production.
These combined programs contributed to change the structure of energy production and consumption
patterns of the country in a relatively short period of time. The programs not only helped to increase the
domestic energy supply, but also generated new jobs and opportunities in local economies. There were
some positive impacts on the environment and to Brazil’s research and development policies. ‘

Energy Consumption and Production

Energy consumption in Brazil in 1991 was based mainly on hydroelectric power (36.7%), fossil fuels
(30.1%) and biomass (26%) where the renewable sources accounted for almost two-thirds of the total
supply (see Table 2).

Over a period of 20 years, from 1970 to 1990, the consumption of petroleum (as a percentage of total
energy) moved from 34% to 30%, hydroelectricity from 16% to 37%, sugar cane products from 5% to
9% and fuelwood and charcoal from 43% to 15%. Imports of petroleumn and its derivatives decreased
from US$9.9 billion in 1980 to US$4.3 billion in.1991, a significant decrease due to increasing domestic
supply and energy substitution programs. The doubling of the supply of hydroelectricity was due to the
Brazilian government successfully accomplishing the construction of huge hydroelectric power plants
such as Itaipu and Tucurui. Sugar cane products also doubled their contribution as an energy source.
Domestic fuelwood use, on the other hand, showed a substantial decrease since it was replaced by
subsidized liquid petroleum gas (LPG), as the population moved from rural areas to the urban centers.
It is important to mention that although petroleum derivatives use was at about the same percentage of
consumption, increased domestic production replaced imports lowering Brazil’s external debts. The
discovery of the off shore Campos basin in the 1970s helped the country to increase its domestic oil
production.
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Table 2. Energy consumption in Brazil in 1991 by sources in
thousand of tons of oil equivalent (toe)

Sources Thousand of toe %
Electricity 71010 36.7
Petroleum derivatives 58280 30.1
Fuelwood and Charcoal 27091 14.0
Sugar cane products 19376 10.0
Coal and derivatives 4095 2.1‘
Natural gas 10984 5.7
Other fuels 2667 1.4
TOTAL 193503 100.0

Source: Ministério da Infra-Estrutura 1991

From 1980 to 1991, except for electricity, most of the real energy prices declined by more
than 50% while consumption increased by around 39%. Despite the generalized subsidies
given for energy production and consumption all over the country, the economic recession
acted to lower energy demand. Brazil also kept its exchange rate overvalued which is
equivalent to having an implicit taxation on exports, making imports cheaper. This was a way
to alleviate the burden of the oil import component on the country’s trade balance.

’

Energy Problems

Brazil’s hydropower energy amounted to 207 TWh (terawatthours) in 1990 and could reach 400 TWh by
year 2010. This represents less than 40% of the potential. The problem is that most of this energy
production would be generated in huge projects in the Amazon region involving large construction and
transmission costs and the possibility of serious environmental impacts.

The country’s attempt to have some nuclear sources of energy by constructing Angral and Angra2
nuclear plants in Angra dos Reis were not as successful as expected and posed several environmental
problems to this beautiful and famous resort site.

Despite Brazil’s huge area which occupies 50% of South America, the country is relatively poor in fossil
fuel reserves (oil and coal). Most of the domestic oil production is obtained from off shore basins and
the coal has a high level of sulphur and ash. It has become evident that the Brazilian reserves of
petroleum may be exhaustible in the foreseeable future. Thus, renewable energy sources are likely to
continue to mature as a viable solution to energy problems over the medium and long run.

However, even the renewable biomass feedstocks for energy production pose some major issues, such
as those related to the food versus fuel. That is, how to make the production of biomass for energy, and

N
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crops for food, compatible. As far as empirical evidence is concerned, it has not been clear that food
production has suffered from competition by sugar cane and forest plantations for energy. Nevertheless,
any time a program for increasing internal production of biomass is presented by some company or
institution the issue comes up again, as a counterforce to inhibit further development.

There are also the environmental aspects of increasing the stillage disposal of ethanol production from
sugar cane, along with the monocultural issues, when either sugar cane or Eucalyptus and Pinus
plantations are concerned. The large reforestation projects with exotic species like Eucalyptus and Pinus
are the target of criticism by certain segments of the Brazilian society. They claim these projects remove
rural people from their lands and from their cultural and local agricultural practices and increase
migration to the urban centers and result in poverty. These large reforestation projects are also said to
be the major cause of vast native forests deforestation mainly in the savanna-like and Atlantic forests not
to mention the well-known Amazon situation.

The lack of a consistent government policy toward research and development is also a very big problem
as demonstrated when government-sponsored research in sugar cane productivity was discontinued by the
closure of the Brazilian Institute of Sugar and Alcohol in 1990. There is also a shortage of well-trained
researchers to address the interdisciplinary area of biotechnology for both basic and applied research, and
microbiology relevant to biotechnical industrial processes. Brazilian universities and research institutions
have been subjected to tremendous reductions in their budgets, mainly affecting the agriculture and forest
research projects directed to biomass production and industrialization. In fact, all support for research
work for biogas production, mini-distilleries, bio-digestors, vegetable oils, and other renewable sources
of energy, has been discontinued by the government. There is no doubt that the relatively low prices
of fossil fuels, make it very difficult for renewable energy to compete in the market and inhibit research
for new energy sources.

Policy, Incentives and Energy Programs

The objective of the Brazilian energy program was to bring the country to energy self-sufficiency by
1993. A series of problems including those cited above contributed to Brazil’s failure to reach that target.
All fiscal incentives have been discontinued, even those directed to forest plantations for energy purposes.

The only energy program that still has some government support is the sugar cane-based ethanol
production. This support gives subsidies to the sugar cane producers and to the mills and distilleries via
credits and price policies, to consumers (lower prices of alcohol and alcohol-fueled cars, and lower
annual vehicle taxes), and to auto-makers (lower tax to produce ethanol-fueled engines). Since inflation
has been persistent in the last decade, and most of energy policies are conducted by the federal -
government, it is not surprising that those policies have been diverted toward artificially keeping energy
prices low in order to try to control inflation and raise the income of the poorer segments of the society.

Electricity and liquid petroleum gas are the good examples of where the government monopoly
companies, not only subsidize, but can create price discrimination given the level of consumption. For
example, farms and agro-industries have lower electricity rates. In many cities, local governments have
given subsidies for urban transportation companies. The 1988 Brazilian constitution declares that the
workmen cannot expend more than 6% of their income for commuting to work. So, a transportation
bonus, paid by the employer was created, to exempt the employee from such charges.
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Several other alternative plans for energy substitution were implemented during the 1970s. Several were

not successful (cassava, sorghum, vegetable oil, biogas, and others) and the causes will be discussed later
in this paper.

The Alcohol Program

Three factors help explain the creation of an Alcohol Program in 1975. First, the technology for use of
ethanol as a fuel in motor vehicles had been known since 1922. Second, in 1973 there was an
overdependence on petroleum-based fuels - 98 % of the energy used in transportation was petroleum-based
and 65% of the fuel used in the country’s main transportation form (highways) was gasoline. Third,
there was a sugar glut in the international market along with depressed prices, thus the ethanol producers
were a good alternative market for sugar cane growers. Further, there were additional facets that paved
the way for the program, such as availability of unskilled labor, abundance of land, favorable climate,
a well-developed sugar cane sector, and easy access to international financial markets for loans and
subsidized credit (Biller 1991).

The development of the sugar cane ethanol program can be divided into three different phases. The first
was from 1975 to 1979, where the objective was to diminish dependency on imported oil by using the
idle capacity of the sugar sector. The sugar cane was dedicated to the production of anhydrous alcohol

to be used as gasoline complement (all gasoline sold in Brazil contains 12 to 22% of anhydrous alcohol).
- The second phase, from 1979 to 1989, demanded major changes in the automobile manufacturing industry
since the major priority was the production of hydrous ethanol and vehicles powered by this fuel. In this
period, it was necessary not only to improve the hydrous ethanol distribution grid, but also to boost
consumer confidence in the new fuel. In this decade, autonomous plants were opened, dedicated to
produce only ethanol, instead of ethanol and sugar as did the conventional sugar mills. The third phase,
from 1989 to date is still to be defined given low petroleum prices, severe economic recession, all-time
record inflation rates and a new political experience in democracy. :

Sugar cane is the main source of alcohol in Brazil. Other sources, such as cassava, wood, bamboo and
sorghum, have had little use. Sugar cane was largely produced in northeastern Brazil until the end of
the last century, when a crisis in the coffee market induced southeastern coffee growers to switch to sugar
production. Now the south, mainly the state of Sao Paulo produces two times more sugar cane than the
northeast. The combination of soil and climate, the extensive mechanization and good genetic material
has provided the south with an absolute advantage in producing sugar cane. For instance, while sugar
cane yields an average of 52.8 tons/ha in the northeastern state of Pernambuco, the states of So Paulo
and Parand, in the southern region, produce 75.5 and 76.6 tons/ha, respectively.

Because hydrous ethanol is a direct gasoline substitute and anhydrous ethanol is a component of the
gasohol mixture, changes in movements in the international petroleum prices are not necessarily followed
by the gasoline market. Moreover, technology is such that only a fixed percentage of gasoline (maximum
of 26%) can be produced from a barrel of crude oil. With a falling demand for gasoline, an exportable
excess of supply of gasoline is created, linking therefore the opportunity cost of ethanol with the gasoline
exporting prices.

After overcoming initial apprehension over using hydrous ethanol, and the technology difficulties such

as engine corrosion and low mileage rates, the automobile industry actively rallied behind the Alcohol’s
program second phase. An impressive growth in domestic sales occurred in the 1979-89 period, where
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more than 4 million vehicles were sold, most of them light commercial automobiles. After 1989, the
trend changed, with a higher demand for gasoline cars (currently 70% of the total). This occurred
because of temporary suspension of ethanol production due to price and government indecision about the
program’s future. The government is now working on taking some action recognizing the long-term
importance of maintaining the ethanol program, considering its economic, social, strategic and
environmental importance to implementing a new model for sustainable development. The.program
contributed to a significant reduction in oil imports, opened up new opportunities for the equipment
supply industry and for technological innovation. It created 720 thousand directly-related jobs in the rural
sector. Whereas the combined oil and electricity industries represents less than 300 thousand jobs, most
in the urban, developed, over-populated areas (Brito 1991). Other benefits of great significance are the
estimated foreign exchange savings of 9 billion dollars, during the 1975-85 period. These savings may
have doubled by now.

In order to analyze ethanol as a fuel it must be kept in mind that there is a distinction between the types
of alcohol that are part of the Program. Anhydrous ethanol yields no price at filling stations, since it is
mixed directly into gasoline. Its pump price is reflected in the gasoline price. Since there is some
flexibility in the mixture of gasoline plus ethanol (gasohol), its demand has no clear trend. If hydrous
ethanol demand increases, more sugar cane is used for its production and less for anhydrous alcohol.
If domestic stocks of gasoline are high, less anhydrous ethanol will be used in the gasohol mix.

On the other hand, hydrous ethanol has had a sharp increase in its consumption. This is due to its
independent use and because the government has provided incentives for the purchase of ethanol-fueled
cars. Its real price is substantially lower than gasoline and over the years has kept more or less fixed
price ratio with gasoline. In order to continue the public interest in hydrous ethanol, a policy of lower
prices has been put into effect, since the mileage rate for ethanol-fueled cars is generally lower than that
of gasoline cars. Hydrous ethanol automobiles have been less heavily taxed by the government, and
therefore have been more attractive to prospective buyers. Finally, the highways user’s tax has been
lowered for ethanol vehicles.

The installed capacity of the country’s alcohol production is 16 billion liters per year which is sufficient
to meet consumption needs to the year 2000. If its present share (22.5%) of the growing market is
maintained, this capacity will rise to 23 - 28 billion liters per year in 2010 (Brito 1991).

Emissions from alcohol-fueled vehicles are substantially lower than those of gasoline, although in terms
of aldehydes, alcohol tends to be more of a pollutant. Research done by Volkswagen of Brazil, for its
Dasher model, indicates that the hydrous ethanol version emits fifty-seven percent less CQ,, sixty-four
percent less hydrocarbons, and thirteen percent less nitrogen oxides (Biller 1991). Sulfur oxides
emissions from hydrous ethanol vehicles are also insignificant. Another important pollutant, lead
emissions, was eliminated since anhydrous ethanol is a perfect substitute as an octane enhancer in
gasoline, and hydrous ethanol does not require the use of lead as an additive. A study done by Cetesb,
Sao Paulo’s environmental monitoring agency, shows that lead levels in the city decreased by 80%
between 1978 and 1983. However there was some increase in the level of emissions of aldehydes.

Although the positive environmental impact of ethanol usage is clear in the large cities, there is some
negative impacts in the production process. Pollution can occur by: 1) sugar cane field burning
(greenhouse gases, solid particles and hot ashes); 2) sugar cane washing (polluted water from the removal
of foreign bodies in the sugar cane); 3) filter-pie (byproduct from sugar cane juice treatment, rich in
organic matter); 4) stillage (byproduct of alcohol and sugar production process and rich in organic matter
and minerals in particular potassium); 5) bagasse burning (its solid particles can cause significant air
pollution). Sugar cane burning can be overcome by harvest mechanization and the development of
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varieties that do not require the burning process. Sugar cane washing can be eliminated by water
treatment and filter-pie by its use as fertilizer. Stillage has been successfully used as fertilizer (although
it may contaminate aquifers) and there is a great potential for its use to produce methanol through
biodigestion. Coopersucar the country’s largest cooperative, uses 63 % of it’s stillage to fertilize the sugar
cane plantations. Bagasse burning can be a important source of thermal and electric energy, and many
producers are already using it for this purpose (optimistic proponents have argued that over 40% of the
country’s electricity production could be obtained from this source alone).

In 1984, Coalbra, a state-owned company began to produce ethanol from wood in a demonstration plant
located in Uberlandia, Minas Gerais. The objective was to produce about 10.7 billion liters of ethanol
annually from wood obtained from Eucalyptus plantations in the region. The process was based on a
Russian technology which could, in addition to ethanol, generate important by-products such as furfural,
charcoal and animal feedstock. Despite its technological success at the demonstration level, this
technology was not commercially implemented in Brazil. This was because it could not compete with
the sugar cane-based ethanol technology. Hydrolysis of wood was too capital-intensive and demanded
a very large supply of raw material. The costs were 10-20% higher than sugar cane ethanol production.
Because of this, Coalbra was deactivated and the experimental plant closed in 1988.

Wood-based methanol production was an initiative of Cesp, an energy company located in Sao Paulo.
The company received a US$26.4 million loan from the InterAmerican Development Bank (IDB) to built
a pilot plant for research purposes. The process converted 1.6 tons of wood to 1 ton of methanol. CESP
wanted to use the methanol in Otto-diesel cycle engines, boilers, thermoelectric plants and pilot ignition
systems. Despite its potential as a low cost energy production process, the program was also discontinued
by the company because had a low energy transformation coefficient when compared to other energy
generation process.

The Charcoal and Fuelwood Energy Programs

As mentioned, Brazil’s reserves of oil and coal are relatively small considering the extent of its territory.
Further, Brazilian coal is of low quality for producing iron and steel due to its high sulphur and ash
content. Thus, opposed to most of the industrialized countries of the world, charcoal as a substitute for
coal played a very important role in the development of the Brazilian iron and steel production sector.
The use of wood placed a heavy burden on Brazil’s native forests and also contributed to the development
of the large-scale short rotation plantation forestry over the last 25 years. According to the F.A.O.
(1991) in 1989 Brazil consumed 182.806 million cubic meters of fuelwood and charcoal and this is
projected to continue at that level until year 2010. In 1991 the charcoal-based iron and steel industry in
Brazil contributed US$3 billion to the country’s economy generating 189,500 jobs and paying US$485
million in tax revenues to the government (ABRACAVE 1992).

It is interesting to note that approximately 10 years ago native forests accounted for 80% of the total
supply of charcoal while forest plantations contributed with only 20%. By 1991 the contribution of the
_native forests to charcoal production in Brazil decreased to 60% of the total with forest plantations rising
to 40%. Using 1982 as the base for comparison, utilization of native forest-based charcoal increased
119% while forest plantations-based charcoal utilization increased 351%. This is a positive trend both
from the environmental and economic point of view. Currently the Brazilian government has removed
some fiscal incentives from the forest sector of several charcoal-based industries. This has caused some

178



switch to imported coal. Decrease in use of charcoal will alleviate the pressure on the native forests.
Plantations may be used for other purposes such as woodpulp.

A government program called Our Nature was created in 1989 to generate 100% self sufficiency in the
charcoal-based industries within a seven-year period. Inthe Amazon region those goals would be attained
by sustained yield management of the native forests while in the other states of the country they would
be accomplished through plantation forestry.

Fuel oil is utilized as a fuel by industries to produce thermal energy, mechanical energy and electricity.
Most of these industries can promote partial or total substitution of fuel oil by biomass-based fuels.
Among them, woody biomass has all the necessary conditions to substitute for fuel oil if used directly
(firewood, chips and logging residues) or transformed (charcoal briquettes, tar, etc...). In 1978 a
National Forestry Program (NFP) was created whose main objective was to develop forest energy
plantations for industrial purposes. In addition to the traditional energy role wood became very important
for charcoal and liquid fuel production and steam and thermoelectricity generation. These processes were
used by the cement, pulp and paper, iron, steel-making and other industrial users (Hall 1987). A
considerable amount of new knowledge was generated in the biological and manufacturing fields and on
the use of short-rotation plantation forestry for both exotic and native species (Mimosa scabrella, Acacia
mearnsii, Eucalyptus sp, Gmelina arborea, Pinus sp, Araucaria angustifolia, Prosopis juliflora, Bambusa
vulgaris, etc...).

Charcoal and wood tar played a very important role as a fuel oil substitute in the cement and steel
industry in the 1980s. Thermochemical processes of pyrolysis and gasification for supply of fuel to
boilers, kilns and engines also attracted the attention of large companies such as Nestlé and Petrobras.
Nestlé initiated a US$40 million program to convert fuel oil use to biomass over its nationwide network
of factories.

Copene, a subsidiary from Petrobras also started a project to replace 200 thousand barrels of fuel oil
annually by using wood at the Camacari petrochemical complex in the state of Bahia. An extensive area
of Eucalyptus plantations was established by COPENER, the forest division of Copene. The plantations
were close to the area in order to guarantee the supply of wood for the large energy generation complex.
The wood was pulverized and burned in the boilers for steam generation. Low costs of fuel oil caused
the project to be discontinued by Copene which is now exporting the plantation’s wood and pursuing joint
ventures with national and international pulp and paper companies.

In 1981, the cost (as a percentage of oil price) to produce a gigacalorie (GCAL) of fuel oil by using
charcoal was 43.8%, by using debarked wood 34.9% and by using logging residues only 9.6%. In 1991
the pulp and paper sector alone consumed 4.3 million steres of wood for energy as a substitute for fuel
oil. Of this wood, Eucalyptus accounted for 61.5%, Pinus for 19.6% and 18.9% from other forest
species. To supply their needs for fuel oil substitution and for producing pulp and paper, the Brazilian
pulp and paper sector has established 1.4 million hectares of forest plantations and is planning to establish
an additional 855 thousand hectares plantation by the year 2000.

Other Biomass Energy Efforts

The use of vegetable oils as substitutes for fuel oil in Brazil was part of the energy policy of the country
in the 1980s. A number of significant studies were undertaken by the government and several
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government-sponsored universities and research institutions. The research efforts were concentrated more
in the direct use of the vegetable oils as fuel alone and also in mixtures with diesel, and diesel plus
ethanol. Some additives obtained from renewable raw material were also studied to be used in mixture
with diesel. Several exotic and native species like baba® cu, macauba, cotieira and even soybean and
castor oil were studied as possible fuel substitutes. However, except some local use by specific
companies or cooperatives, no commercial production or use occurred for such oils.

Studies conducted by Shell, Chesf and Eletrobras have shown that ceteris paribus energy production from
biomass cannot presently compete in price with energy generated from oil, coal and natural gas. The
only way it can compete is by generating a more valuable form of energy viz electricity. This is possible
by using a technology developed in the United States. This new technology is the Biomass Integrated
Gasification/Gas Turbine (BIG/GT). In this technology the gas is used to power a turbine which produces
electricity. The exhaustion gases from the turbine are captured for additional energy production.
Compared to the traditional 20% efficiency in the steam-based electricity production systems this new
technology has a 40% conversion efficiency. This new technology is the Biomass Integrated
Gasification/Gas Turbine (BIG/GT). In 1992 Brazil submitted a technical proposal to the Global
Environmental Facility (GEF) to build an experimental BIG/GT plant and to study the economic
feasibility of the process. The project was approved and is now underway (Carpentiere et al. 1992).

The Use of Biomass for Energy in Brazil - the Future

Initially forests were used indiscriminately to provide firewood and charcoal for industrial and household
consumption. Today, the remaining of the native forests are protected by federal, state and county
legislation and their utilization must conform to sustained yield management and biodiversity concerns.

While some companies such Acesita and Belgo Mineira are substituting imported coal for charcoal others
such as Mannesmann and Pains, are still using charcoal from their forest plantations to supply their
plants. These companies are developing new technologies for a more efficient conversion of wood into
charcoal and also obtaining by-products such as tar, chemicals and electricity from the carbonization
process. It is clear that charcoal as an energy source in Brazil will only survive if new technologies
continue to make its production a viable economic activity.

Despite the huge development of the Brazilian sugar cane-based ethanol industries this fuel cannot
compete in price with gasoline without a government subsidy. If, in the short run, international oil prices
rise then ethanol industry production may become economically viable. But even if this does not happen,
due to the existing capital investment in the sector and its importance as a job-generating activity, ethanol
production from sugar cane will likely remain an important biomass energy supplier in Brazil. If the use
of anhydrous ethanol is adopted in other countries of the world then ethanol production could enjoy
international markets. In the sugar cane-based ethanol production area research continues in the
biotechnology area to obtain high yield cane varieties and also more efficient microorganisms to convert
the sugar cane carbohydrates into alcohol. Utilization of sugar cane leaves, cuttings and bagasse as future
source of energy and animal feed are also under investigation.

The BIG/GT technology will be given emphasis in the future. A project has been developed for
evaluating its use over the next six years. The project has five stages. The first stage was to evaluate
the technical proposal and pre-investments studies. The second one, to be concluded by 1994, is in
progress and involves the development of equipment, basic engineering, economic feasibility studies and
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preparation of the basic structure for stage three. Stage three will consist of the construction over a 24
to 30 month period of the operational plant using a US$23 million funded by the Global Environmental
Facility. Additional capital resources will be provided by the associated companies: Eletrobras, Chesf,
Cientec, Cvrd, Shell Brazil S.A. and Shell International Petroleum Company. This joint venture effort
is coordinated by the Brazilian Minister of Science and Technology and the experimental facility will be
probably built in Bahia close to existing Eucalyptus plantations. The fourth stage will be 24 months in
duration and will comprise operational demonstration tests with sugar cane bagasse and wood biomass.
Finally, the fifth stage will be the commercial operation of the plant.

This BIG/GT project in Brazil is the first of its kind in the world and if successful will bring many
advantages such as: small size of the plants which allow decentralization of electrical energy production;
reduction of energy transmission costs; small capital investments allowing the private companies to enter
the sector; use of marginal agricultural lands for short rotation forest plantations devoted to biomass for
electricity energy production; the generation of rural jobs and the utilization of the Brazilian bioenergy
potential. The northeastern region of Brazil alone has a potential of using 197.1 million steres of wood
and to produce 19.673 thousand megawatts of energy per year.
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Canada
Introduction

Canada is a large country where diversified forms of biomass can be found. A number of important
institutions and enterprises taking part in the economical development. of the country are involved in
research and development pertaining to biomass. A large segment of the population is working in various
sectors of the biomass such as forestry, agricultural, industrial, urban, food processing, fisheries and peat
bogs.

In this presentation, biomass will be covered from the point of view of types and quantities that are
available in Canada for producing energy. Forest wastes, as well as the cost involved from a market -
point of view, along with a few examples of research carried out in this field will be addressed.

Canada covers an area of 997,100,000 hectares and is the second largest country in the world after the
Federation of Independent States. Bordered by three great oceans, the Atlantic, the Pacific and the
Arctic, it is located between 141° and 53° longitude and 42° and 83° latitude. A trip across Canada
shows an impressive climatic and topographical variety. The country is divided into ten provinces and
two territories. The population is estimated at 27,300,000 inhabitants of which 90% are located within
350 kilometers of the Amerlcan border; primarily because the climate is more favorable, but also because
we like our neighbor...

From its total area 453.3 million hectares are covered by forests, 75.5 million hectares by water and 67.8
million hectares by agricultural lands; there is obviously very little doubt that this is a forest country.

Biomass in Canada

Biomass in Canada can be divided into four main categories:

- forestry

- agricultural
- urban, and
- peat.

The bioenergy contribution to the total energy supply in Canada is approximately 7% (EMR Canada).

This energy level is equivalent to that produced by nuclear generation, and about half of that obtained

from coal. In certain provinces, the biomass contribution is even higher. For instance, it represents 12%

of the energy supply in the Maritime provinces and 23% in British Colombia. ‘
Before we discuss forestry biomass, let us consider the Canadian forest.

The Canadian Forest

As mentioned before, there are 453.3 million hectares of forest in Canada. This forest can be divided
in three groups. 209 million, hectares can be considered commercial, 193 million is classified non
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commercial (low density, small trees, muskegs, high elevation, etc.). 27 million hectares are protected
forests (buffer zones, river banks, etc.). Of this total forest area, 80% is under provincial jurisdiction,
11% under federal jurisdiction (particularly in the case of national parks) and 9% is owned by the private
sector (See Figure 4)(Forestry Canada, 1991).

The province of Québec has the largest area of timber productive forest with 22% of the total canadian
forest area territory followed by British Columbia and Ontario with 21% and 16%, respectively.
Surprisingly, 90% of New Brunswick’s area is covered by timber productive forests.

Canada’s potential is approximately 24 trillion cubic meters of wood (Forestry Canada, 1988). This
volume is concentrated mainly in British Columbia, with 38% of the total volume in Québec and 17%
in Ontario. The most productive forests are in British Columbia along the Pacific where forests can be
found with a volume of 1500m*/ha. Put into perspective, it represents more than ten times the volume
of the average canadian stand.

Canadian forests are composed of 80% coniferous trees such as spruce, pine and fir. Even though the
forest covers a large area, certain forests are not available for the production of ligneous matter, or are
simply not accessible. The following information concerns only forests which are accessible and not
reserved for particular uses (park, reserves).

Forest Biomass

Forest biomass is the most abundant source of biomass that can be found in Canada because of the area
covered by forests. This biomass source is estimated to be over 26 billion oven dry tons (Bonnor, 1985).
However, the quantity potentially available for the production of energy is much lower.

Forest biomass usable for the production of energy is termed forest waste, and includes harvest residues,
transformation residues and plantations of fast growing species for the purpose of producing energy.

Harvest Residues

Harvest residues include wood from non-commercial forests, surplus merchantable timber, and left over
wood residues on cutovers or on roadside such as slag, limbs, tops, branches, residual trees, trunks.

According to a study done in 1985 by Bonnor of the Pacific Forestry Centre, seven billion tons of
feedstock available for energy production from accessible forest sites, including commercial and non-
commercial forests, becomes 102 million tons per year, over a rotation period of 80 years, if only timber-
productive forest are considered. 102 million tons/year is equivalent to 59% of the total oil needed in
Canada annually and 22 % of all energy needed.

Non-commercial or non-productive forests are so-called because of low density and/or the species
involved for which traditionally there is no market in the forest industry. These forests make up 16%
of the total forest biomass but is not utilized significantly for energy purposes.

Surplus merchantable timber is the difference between the Allowable Annual Cut (AAC) and the volume
of harvested wood. 1991 data show that 163.7 million m* of wood has been harvested, of which 88%
were coniferous, over an annual potential harvest of 233 millions m3 (Figure 5). Wood surplus from
accessible timber-productive and non-productive forests represents an interesting source of energy
production. This type of biomass is made up of accessible wood, wood from trees that do not meet
commercial standards, or excess wood due to market demand. Accordingly, biomass surplus in timber-
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productive forests, as well as forests which are over matured, diseased, dead from insect injuries or by
fire, as well as forests made up of undesirable species, ready to be converted, could be converted as solid
or liquid combustible or as a chemical product with added value. The transformation cost would not be
greater than conventional forest operations cost and wood could be transported whether in the form of
trees, lengths, logs, or chips.

It is interesting to note that Forest companies in the region of Williams Lake in British Columbia started
a salvage operation of forest infested by insects in 1989. According to a study conducted by FERIC in

1992, what started as a clean up operation became an important source of ligneous fibers for many
companies.

Until now, most studies have been done on the value of exploitable forest residues, but only few studies
have been done on energy value of the biomass contained in unproductive forests. The quantity of
residues produced by forest harvesting is directly related, of course, to the type of operation. As a source

of energy supply, we are mainly considering slash pile residues on cutovers, those at the landings, and
those at the roadside. ‘

From an economical or environmental point of view it does not seem realistic to collect residues from
cutting sites. Past and present studies, particularly under ENFOR (Energy from forest) from the
Bioenergy Research Program of Forestry Canada, have been conducted to determine the impact of
collecting forest residues on the soils physical and chemical properties.

A study conducted in British Columbia in the late 1980s by Commander of Forestry Canada concluded
that those plots where a second rubber tire skidder was used to collect wood biomass were 16% more
damaged than plots conventionally harvested. The gouges were deeper, the ground more compacted, and
more scalping of the surface layers could be observed. Another study conducted in Québec by Bergeron,
demonstrated that the extraction of wood residues from the forest floor impoverishes the soil, particularly
from carbon and phosphorus and has negative effects on soil erosion, and diminishes the capacity of water
infiltration of thin soils.

The quantity of forest residues harvested for energy purposes vary, of course, with the harvesting
techniques, but also with the species harvested and the type of equipment used.

In 1992, Maranda and Rycabel estimated that 81.2 oven-dry tonnes (0.d.t.)/ha can be harvested in a
maple stand forest in Eastern Canada by a tree-length harvesting system, compared to 75.3 0.d.t./ha in
a black spruce stand by a cut-to-length harvesting system.

On the other hand, Commander was able to collect 145 o.d.t./ha (171 m’/ha) of wood biomass in a
central region of British-Columbia on a cutover of red cedar and hemlock stand, after a conversion with
a cut-to-length harvesting system. This average figure increases dramatically on the West Coast, where
it reaches 1100 tonnies/ha, comparatively to the national average of 89 tonnes/ha per timber productive
forest.

On the subject of hatvesting systems versus the quantity of harvestable residues, the cut-to-length
harvesting system leaving branches, tops, roots, leaves and secondary species on the site is the least
interesting from a supply point of view. " '

Under the tree-length harvesting system, the top and the bark of the trees, transported to the area,

represents 15% of the total tree biomass. Also, harvesting full-trees drags out 30% of available biomass
for energy. Consequently, it is the least costly and the most interesting method of harvesting.
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Evidently, the heating power of wood chips is related to the type of wood, its humidity level, and the
efficiency of the furnace use. Assuming an efficiency for a specific burning system is 70%, and a wood
chip humidity of 35%, a ton of wood chips generates 9738 MJ of heat.

- 100 - (H%/T)
(Fh (kealfkg) = Fo (kcallkg) X ~ or % (Maranda & Rycabel, 1992)),

where Fh is the calorific efficiency of the wet wood, and Fo the calorific efficiency of the dry wood, H *
is the moisture content.

Even though these residues produced by forestry operations exist in great abundance in Canada, the
limiting factor is the cost of harvesting, primary transformation and transportation to the plant.

Numerous studies have been done on this subject. The study by FERIC, estimates at between $22.50
and $26.00 is the total cost of production over a transportation distance of 50 km to the plant. If a cost
of delivered wood chip of $40 per oven dry ton is assumed to be competitive with the cost of fossil fuels,
wood chips produced by the Nicholson chipper (the purchasing cost of the chipper is not included in the
calculation) could be transported as far as 130 km (one way) in Eastern Canada.

The choice of the chipper (off-road or mounted on a semi-trailer) must be based on the annual required
production (0.d.t./year) often set by the energy chip market, as well as other factors such as road layout
and conditions, the proximity of the slash to roadside, and production costs.

Studies have demonstrated that the production of roadside chipping residues can be competitive, on a cost
basis, compared to other fuels. Thus, collecting wood residues on roadside and at the landing has a
beneficial effect on the forest, as opposed to collecting them on a cutover. Collecting these piles of
debris increases the area available for replanting, diminishes fire hazards as well as the cost involved to
reuse the land.

Some large Canadian forest industries are currently pursuing some studies to determine the cost-
effectiveness of harvesting and of transforming roadside residues for energy purposes. This demonstrates
actual company interest in this form of biomass.

The evaluation of the forest biomass in a national forestry inventory is under consideration by the
Canadian Forestry Service in Chalk River, Ontario. To date, Prince Edward Island is the only province
which includes this resource in its total forestry inventory. That project would help to greatly increase
the sources of forest residues for producing energy.

Transformation Residues

Transformation residues are mostly generated by pulp and paper mills, by sawmills and by veneer and
panel mills. It is de-inking slime (called black liquor), bark, sawdust, shavings, and chips.

In May 1993, Kentek Ltd., on behalf of Energy, Mines and Resources Canada, constituted a data base
on residues produced, used and disposed of by the Canadian forestry industries.

The annual production of plant residues is 21.3 million tonnes of oven dry wood; of which 19.4 million
tons are utilized, and a little more than 3 million tons, approximately 14.9%, discarded. Certain
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provinces including British Colombia, New-Brunswick and Prince Edward island, use almost all their mill
wastes. In fact, New Brunswick and Prince Edward Island have many district heating systems fed with
wood chips.

The pulp and paper\plants are major consumers of wood residues used to feed their boilers to generate
steam and electricity. In 1990, these plants utilized approximately 80% of the production of chips from
sawmills. Almost palf of these plants burned de-inking slime to produce heat.

In 1990, the Canadian pulp and paper industry was able to meet 52% of its own energy needs, an
equivalent of 378 PJ for a total demand of 728 PJ. 267 PJ were generated from spent pulp liquor, 100
PJ from biomass, 9 PJ came from hydraulic power and 2 PJ from other sources. The paper industry is
currently studying biomass dehydration to increase the quality of combustion.

Another portion of the transformation residues is also used to make panelboards, sold to farmers for
- agricultural and sold for horticultural purposes. Some are used for animal bedding and a small quantity
is used to make energy pellets: the remainder is incinerated in burners or burned in waste disposal sites.
Dried transformation residues are an important biomass source because it is accessible, clean, ready to
use with a humidity level which is generally not above 20%.

Usually, the pulp and paper industries can obtain this sort of residues by paying the transportation from
the sawmill to the plant. The transportation cost amounts to $5 per oven dry ton for a distance of 50 km.
For example, the province of British-Columbia produces enough wood chips derived from plants and
forests to produce 1.5 to 2 billion liters of ethanol per year that is enough to replace 4 to 5% of the
current annual requirement for gasoline in Canada. The Centre de Recherche en Sylvichimie de
I’Outaouais, a Canadian research centre specializing in wood chemistry, is currently studying the potential
for producing ethanol from forest residues.

Fast Growing Trees For Energy Use

Energy plantations do not yet exist on a large scale in Canada. We are still at the experimental stage of
establishing plantations and wind breaks with clones or hybrid trees, that feature faster than average
growth on a short rotation period of time. Plantations incorporating these tree species exist here and
there in Canada, but the wood from these plantations is used for pulp and paper making.

Many research centres and organizations, including Forestry Canada, Agriculture Canada, Energy, Mines
and Resources, Universities of Toronto, Laval, Guelph and Edmonton, the Department Natural Resources
of Ontario, the Centre Québécois de la Valorisation de 1a Biomasse, the Jardin botanique de Montréal,
REAP Canada, Wayerhauser, Domtar, Scott paper, MacMillan Bloedel, are conducting biogeography and
biometeorology studies in order to optimize clones and soils, genetic crossing, the establishment and
maintenance of plantation, biomass productivity, harvesting methods and loss/benefit analysis.

Associations have been formed in the last few years between research centres and farmers, and small
scale energy plantations have been established in agricultural fields. The purpose is to develop sources
of biomass located near transformation or utilization centres. Many farmers could also heat their
buildings with wood chips from fast growing trees.

However, our maintenance techniques need some improvements to diminish the total costs of production,

evaluated, (Kenney, Gables and Zsuffa, 1992), at $60.76/0.d.t.m with an average annual productivity of
12 o.d.t.m/ha.
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Research is still needed on the conversion of biomass from fast growing trees into a more refined fuel,
rather than direct combustion, through a biochemical or thermochemical process.

Agricultural Biomass

We will now give you a brief outlook on agricultural biomass, strictly from the point of view of the
vegetation, on urban waste and paper as a residue, and on peat biomass. In Canada, agricultural land
covers extremely large areas, in particular in the Prairies. Land under agricultural cultivation cover 32.3
million hectares, producing annually almost 56 million tons of agricultural products.

The production of ethanol from grains has been developed for some time and offers certain advantages.
However, the production of alcohol from grains that could other wise be sold for human consumption
increases the real cost of producing that alcohol. This is why agricultural residues such as chaff, stover
and straw are preferred as a low cost source of lignocellulosic material. Unlike corn and cereals, crop
residues have a little intrinsic value and can be obtained at a fraction of the cost. '

According to Agricultural statistics, approximately 25 million tons of agricultural straw waste are
generated annually in Canada. Assuming that 20 million tons could be available for conversion to liquid
fuels, approximately 290 PJ could be generated, representing 12% of the industrial sector’s demand and
3.6% of the national demand. '

Sun Root, a western facility produces 10 million liters of ethanol/year from corn. Depending on
feedstock prices, which vary considerably, ethanol can be produced for approximately 30 to 45 cents/litre.

Urban Biomass

Millions of metric tons of solid wastes are produced annually in Canada, of which almost 60% is of a
biomass nature. One third of these residues is derived from municipal pick up of domestic wastes, and
almost half comes from enterprises, institutions and industrial waste.

However, there is currently strong opposition to the creating of landfills and incinerators in urban areas.
The "Not in my backyard" syndrome is quite strong everywhere in the country. People are more and
more aware of pollution and the 4Rs (reduce, reuse, recycle and recover) are the favoured options. In
the beginning of 1991, Bell Canada launched a "Zero Waste" program in some of its buildings in Québec
and Ontario to familiarize the workers with the importance of the 4Rs.

The SENES Group from Toronto recently completed a study that estimated the quantity of paper waste
and the proportion available for recycling across Canada. It is estimated that 53% of a total quantity of
waste that varies between 5.7 and 7.6 million tons is recyclable. It is difficult to obtain a single and exact
number because many regions have not carried a survey on this subject. Corrugated cardboard constitutes
the bulk of it with almost 30% of the total quantity, but only 30% is recyclable because of the high
chemical content of this material. Clearly all variety of materials studied including: printing paper,
computer print-outs, corrugated cardboard, newsprint, coated paper, boxboard and other material
(telephone books, etc.), can serve as feedstock for incineration. The majority could serve as feedstock
for pyrolysis and fermentation depending on the nature of the chemical products involved, on the
concentration, and the type of heavy metal contained in the ink, and on the quantity of clay coatings used
for certain paper types. Research is currently underway on the fermentation of paperboard.

Temeco Enterprises serves as a good example to demonstrate the type of fermentation that can be applied
_ to'urban waste. Temeco is a subsidiary of Tembec Inc., a pulp and paper industry in the province of
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Québec. This mill is one of the few remaining in North America to make use of sulphite pulping
technology which produced a very low yield high quality pulp. The waste stream of this process (waste
sulphite liquor) is a series pollution threat. However, as it contains sugars, Temeco ferments it to
produce 10 to 15 million liters per year of alcohol, since 1991. It has a market value of $5 to $7 million.

Currently in Canada, 58.6% of all pulp and paper mills are now making products containing some
recycled fibers as part of the process and 20% of these have de-inking facilities (Figure 6). Two-thirds
of the fibre now utilized by all the paper mills is made up of wood chips, sawmills residues and recycled
paper (See Figure 7). The problem of waste wood from demolition sites has not been dealt with yet and
will be addressed in the near future.

Peat Biomass

The total area of peatlands in Canada is estimated at 111,328,000 hectares, covering close to 12% of the
country’s land surface. Nevertheless, 60% of Canadian peatlands are perennially frozen. Estimated peat
resources total approximately 3,004,996 million m®, equivalent to 338,000 Mt of dry peat. Measured
resources are estimated at 1,092 Mt. As a result, Canada is the third largest peat producer in the world.
Most Canadian peat production is used in horticulture, nurseries and landscaping, and by mushroom
growers. Domestic consumption of peat was estimated, in 1991, at 12% of the total shipments, with the
remainder being exported. Shipments comprised peat in bulk, bales and value-added products such as
pots and mixes.

Canada exports peat to about 35 countries of which the United States accounts for 89%, followed by
Japan at 10% and the Netherlands at 0.6%. Sales to U.S. originate mostly from Québec (51 %), followed
by Western Canada (35%) and Atlantic Canada (14%). Shipments in 1991 valued at $91.7 million. Peat
is harvested primarily in Eastern Québec, New Brunswick, Western Canada (Edmonton, Alta.; Carrot
River, Sask., Giroux and Elma, Man.), Nova Scotia, Prince Edward Island and Newfoundland.

From all the provinces, Newfoundland has the largest percentage of its area in peat, 11% (1,114,990 ha).
Since 1886, Newfoundland has a plant which supplies peat to numerous institutions in St. John’s for
energy generation. To date, only a few communities still use peat as a fuel. Climatic conditions typically
are the main factor prohibiting its use on a larger scale.

In 1992, Northland Ltd. installed mole drains (using Finland equipment) on sites already drained with
open ditches, as well as an undrained sites to determine the most effective drainage system to be
employed for different types of peat lands. For the next stage, the Stanton Group Inc. of Boston
currently proposed to operate a peat moss generating plant at the Abitibi-Price paper mill in Stephenville.
Peat moss would be harvested over an area of 2,000 to 3,000 hectares.

In 1990, the Canadian Sphagnum Peat Moss Association, whose members account for 90% of total
Canadian peat output, developed a preservation and reclamation policy for peatlands. The policy aims
at protecting the peatland eco-systems and recommends methods for operating and managing a peat log
which includes preparation techniques and reclamation measures.
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Canadian Conclusions

Clearly, Canada possesses considerable amounts of biomass, the most important being forest residues.
Numerous inventory have been made in order to quantify accurately all the different forms of biomass,
often by the provinces themselves. However, the process at the national level is not completed. In an
era of geomatics, it would now be essential to identify the sources of supply based on a general system
of location that should serve as a powerful tool for the assessment of the use of biomass on a local basis,
and the selection of the most appropriate biomass types and production techniques that would also serve
to evaluate the relevance one source of residue as opposed to another, knowing cost of production and
transport to the end-user plant.
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WILLOW BIOENERGY PLANTATION RESEARCH IN THE NORTHEAST
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Abstract

Experiments were established in Central New York in the spring of 1987 to evaluate the potential of Salix
for biomass production in bioenergy plantations. Emphasis of the research was on developing and refining
establishment, tending and maintenance techniques, with complimentary study of breeding, coppice
physiology, pests, nutrient use and bioconversion to energy products. Current yields utilizing Salix clones
developed in cooperation with the University of Toronto in short-rotation intensive culture bioenergy
plantations in the Northeast approximate 8 oven dry tons per acre per year with annual harvesting.
Successful clones have been identified and culture techniques refined. The results are now being integrated
to establish a 100 acre Salix large-scale bioenergy farm to demonstrate current successful biomass
production technology and to provide plantations of sufficient size to test harvesters; adequately assess
economics of the systems; and provide large quantities of uniform biomass for pilot-scale conversion
facilities.
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Fast-Growing Hardwoods Program at
SUNY College of Environmental Science and Forestry

The Fast-Growing Hardwoods Program was initiated at the State University of New York College of
Environmental Science and Forestry in 1983 to investigate cultural systems for the establishment, tending
and harvesting of short-rotation hybrid poplar clones. Existing literature on the culture of Populus was
evaluated and summarized, and specific techniques developed for the intensive culture of hybrid poplar in
New York and the Northeast. Clone-site trials were established on high-quality agricultural soils in the
Southem Tier of New York State and on upland soils in Central New York State. Hybrid poplar clones
suitable for sites within New York State were identified from these trials and appropriate cultural
techniques for successful production determined. Growth and yield of the trees was related directly to
individual clones and responsive to inherent site conditions, primarily soil properties. Maximum biomass
yields of the short-rotation hybrid poplar was approximately 5 oven dry tons per acre per year (odt/a) on a
five year rotation. Other trials demonstrated that no-till techniques can be used successfully to establish
hybrid poplar on potentially erosive soils. Trees planted under no-till attained similar survival and growth
rates as compared to conventional clean cultivation.

In addition to these major research emphases other important aspects of establishment, maintenance and
product recovery in intensively cultured hybrid poplar were explored. Deer browse was shown to have an
impact on hybrid poplar establishment and growth. Soil and weather conditions were seentobe
collectively important for the successful use of herbicides during establishment and tending. Preliminary
wood quality analyses among clones and between sites indicated that the suitability of various hybrid
poplar clones as substrate for bioconversion and usable energy products is dependent on both clone and site
conditions. Soil solution chemistry was shown to be minimally affected by intensive cultural practices and
that there was no measurable affect on soil water quality.

Bioenergy From Willow

Following the effort with short-rotation intensive culture of hybrid poplar, studies were initiated to
ascertain the potential suitability of Salix as a high yielding biomass feedstock. Bioenergy plantations
utilizing fast-growing tree species for high, sustained wood biomass feedstock is a concept gaining wide
acceptance in an energy dependent world. Maximizing the efficient production of energy by means of
optimizing the growth of selected tree crops is the goal of bioenergy plantations. In addition, fast-growing
woody biomass plantations can provide uniform, high quality, sustained woody feedstocks for a variety of
valuable chemical products - a dedicated feedstock supply system.

Wood has always been an important source of energy and, until this century, the world has relied mainly on
wood for cooking and heating. Today, in addition to traditional uses, wood biomass is employed for
electrical power generation and converted to liquid and gaseous fuels. Production of energy from woody
biomass has been the subject of extensive research in recent years because of uncertainties about future fuel
supplies. Biofuels use in the United States is expected to increase dramatically by the year 2000. Thus,
there is at present again a significant demand for wood for energy. With new, improved technologies for
energy conversion, this demand can increase dramatically in the not too distant future.
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Use of fast-growing bioenergy plantations of trees as a renewable feedstock for energy production has
another critical benefit in addition to the direct energy value. Growing and converting trees to usable
energy sequesters and recycles carbon directly from the earth's atmosphere and thus the amount of CO,
produced by utilizing wood energy merely equals the amount stored in trees while they grow. There is no
net addition to the global greenhouse gases and while the trees are growing there is a net reduction in CO;
in the atmosphere. In addition, current data indicates that the vigorous young bioenergy plantations are
growing at 10-20 times the rate of native Northeastern U.S. forests. Assuming that every pound of tree
biomass removed half a pound of carbon from the atmosphere, these intensively cultured bioenergy
plantations can provide a more rapid mitigation of possible global warming than native forests.

The major pollutants associated with wood combustion are NOy, VOCs (volatile organic compounds) and
CO,. Products from short-rotation intensive culture are CO7 neutral as described above. The amounts of
fine particulates produced by wood buming would require removal by electrostatic precipitation units.
Since wood biomass contains little sulphur, SOy is a negligible problem. In new boilers currently in
operation or available, higher temperatures and adequate oxygen supply reduce NO,, and VOC to very
small levels, < 1 ppm, which is considered negligible.

Large supplies of wood for energy can be created in some places by using low-value trees, and wood
residues and wastes. However, this supply is often either not sustainable and/or non-uniform, or not
available where needed.

In many locations land is available for bioenergy tree crops. This land can be of either marginal quality for
agriculture and needing tree cover for protection and environmental improvement, or of good quality where
there is a surplus of farm crops. A land base estimated at 200 million acres consisting of agricultural land
recently removed from production, and other marginal quality agricultural land, is potentially available for
bioenergy plantations in the United States. In such conditions a bioenergy plantation approach can be
taken to provide biomass for energy and provide alternative cash crops in a farming community where
many traditional farm crops are in a state of overproduction with many farmers surviving only with heavy
government subsidies. The concept of the energy plantations is not new; it was developed in response to
the "oil crisis” of the 1970s. Projects were initiated in many countries and with a variety 6f woody species
employed. Basic and applied research on the use of bioenergy plantations intensified in the Northeast in the
past decade with major programs developed at the College of Environmental Science and Forestry,
Syracuse, New York; Reynolds Metals Company, Massena, New York; University of Toronto, Toronto,
Ontario, Canada; and Ontario Ministry of Natural Resources.

Salix Clonal Production Trials

Willow bioenergy plantations were established in 1987 at the State University of New York College of
Environmental Science and Forestry's Genetic Field Station near Tully, New York (420 47' 30" N, 76° 07'
30W). The soil was a Palmyra gravelly silt loam (Glossoboric Hapludalf), a good quality agricultural soil,
with corn production generally in the range of 5 odt/a. Site preparation was done mechanically and
chemically. The site was sprayed with glyphosate (RoundupTM, Monsanto Agricultural Company, St.
Louis, MO) at the rate of 2.2 Ibs ai/a during August 1986, to kill all weeds and upon confirmation of
herbicide effectiveness, the site was plowed, cross-disked and raked. Simazine (Princep 4LT™ Ciba-
Geigy Corp., Greensboro, NC) was subsequently applied at the rate of 4.5 Ibs ai/a to prevent weed growth
during the first part of the 1987 growing season.
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Unrooted 10-inch long cuttings from five willow clones, plus a hybrid poplar clone known to be well
adapted to the site (Table 1), were collected from one-year-old stems during winter 1986 from nursery stool
beds and stored at 0°C until planting. Willow clones were selected for above-average biomass production
potential in a genetic selection trial in Ontario, Canada. Cuttings were planted flush with the ground during
the first week of April 1987, at 1.0 x 1.0 fi. spacing.

Experimental plots were 20 x 20 ft. in size including two exterior border rows. Experimental design was a
split-plot with three replicates per treatment for the whole-plot factor. Fertilization treatment was the
whole-plot factor and clone was the sub-plot factor.

Three of the whole-plot replications received fertilizer shortly after trees sprouted in each of the six years.
Fertilizer was applied to minimize nutrient availability as a growth-limiting factor. Elemental N, P and K
was applied as ammonium nitrate, treble superphosphate and muriate of potash at rates of 300, 100 and
200 Ibs/a/yr, respectively. Nitrogen was applied as urea through an irrigation system in 1990 at the
equivalent elemental rate. Each year's initial application consisted of the entire amount of P and K and 50
lbs/a of N. Subsequently, five additional applications of N at 50 Ibs/a were hand broadcast every three
weeks until August of all years, except in 1990 when it was applied through the irrigation system.

Plots were irrigated in 1989-1992 using a line system with distribution so that soil moisture tension
remained below 20 centibars. Amounts of water added ranged from 1.0 to 2.4 inches per acre per week,
with the larger amounts required during August. Irrigation was terminated in mid-September each year.

Trees were harvested annually during December, except first-year growth was harvested in January-March
1988.

First-harvest (non-coppice, 1987) oven dry biomass production was significantly affected by clone (Table
2). Fertilization did not significantly affect overall biomass production in 1987, although willow clone
SAM3 did respond dramatically to fertilization. Second-harvest (first coppice, 1988) survival and oven dry
biomass production were significantly affected by clone (Tables 2, 3). Survival after the first coppice was
80 (SA22) to 97 percent (NM5), averaging 92 percent. The most productive clone and treatment, hybrid
poplar clone NMS5 with fertilization, yielded 4.1 odt/a. Clonal biomass production rankings were different
in 1988 compared to 1987. Fertilization significantly increased biomass production during 1988,
averaging 1.8 and 2.5 odt/a for non-fertilized and fertilized trees, respectively, with some clones responding
better than others. Precipitation during the growing season was less than normal.

Trees were first irrigated in 1989. Third-harvest (second coppice, 1989) biomass production was
significantly affected by clone (Table 2). The most productive clone and treatment, willow clone SV1 with
fertilization, yielded 6.3 odt/a.

Fertilization significantly increased biomass production, averaging 3.6 and 5.0 odt/a for non-fertilized and
fertilized trees, respectively. With fertilization, all but one of the willow clones produced more biomass
than hybrid poplar clone NM5. Clonal biomass production ranks of willow clones did not change from
1988 to 1989, though hybrid poplar clone NM5 decreased in rank.

Fourth-harvest (third coppice, 1990) surv1val and biomass production were sxgmﬁcantly affected by clone
(Tables 2, 3). Highest overall production was 6.6 odt/a by fertilized willow clone SV1. Fertilization did
not significantly increase production, averaging 4.9 odt/a for both non-fertilized and fertilized trees.
Fertilization significantly reduced survival (77 vs. 90%). Significant clone-by-fertilizer interaction for
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Table 1. Origin of Clones Planted at SUNY Genetics Field Station

Clone

NMS

Sv1
SA22
SA2
SAM3
SH3

SP3

Origin

Populus nigra x P. maximowiczii (cl. "Max-4"). Munden,
West Germany

Salix x dasyclados. Brantford, Ontario, Canada

S. alba. Zagreb, Yugoslavia.

S. alba var. sanguinea. Novi Sad, Yugoslavia.

S. x rubens. Toronto, Ontario, Canada.

. purpurea. Munden, West Germany.

w»

S. purpurea. Brantford, Ontario, Canada.
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Table 2. Biomass Production (Standard Errors in Parentheses) of
Five Willow Clones and One Hybrid Poplar Clone, Fertilized or
Non-Fertilized, Harvested Annually -

Oven Dry Biomass
(tons/acre)

CLONE TRT 19871 1988 1989 1990 1991 1992

Sv1 F 0.5 3.7 63 66 7.3 4.0
(0.03) (0.39) (0.66) (0.08) (0.35) (0.12)

NF 0.5 2.6 48 6.2 6.7 3.9
(0.11)  (0.25) (0.53) (0.14) (0.33)  (0.09)

SH3 F 0.6 2.1 53 53 5.7 4.0
(0.07) (0.49) (0.09) (0.26) (0.36) (0.07)

NF 0.6 1.8 3.9 5.4 5.9 46
(0.07) (0.14) (0.09) (0.35)  (0.40) (0.11)

SAM3 F 0.5 1.7 3.4 3.5 3.8 1.9
(0.01) (0.06) (0.19) (0.65) (0.24)  (0.25)

NF 0.2 0.7 2.0 3.8 3.1 11
(0.02) (0.11) (0.23) (0.42) (0.40)  (0.19)

SA22 F 0.3 1.6 4.9 3.3 3.7 2.7
(0.03) (0.27) (0.22) (0.49) (0.47) (0.66)

NF 0.2 1.2 3.0 36 25 1.3
(0.05) (0.23) (0.27) (0.18) (0.17) (0.27)

SA2 F 0.3 1.7 56 5.9 6.0 3.9
(0.03) (0.28) (0.24) (0.33) (0.27)  (0.11)

NF 0.2 13 2.9 47 48 2.6
(0.06) (0.35) (0.65) (0.38) (0.93) (0.60)

NM5 F 1.4 4.1 4.4 4.5 5.1 3.4
(0.12) (0.11) (0.14) (0.08) (0.12)  (0.06)

NF 1.1 3.4 49 5.8 6.0 3.4

(0.15) (0.26) (0.18)  (0.29) (0.04)  (0.18)

1 Data from 1987 is non-coppice production. All other years are coppice production.
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Table 3. Survival (Standard Errors in Parentheses) of Five
Willow Clones and One Hybrid Poplar Clone, Fertilized or
Non-Fertilized, Harvested Annually

SH3

SAM3

SA22

SA2

NMS

SURVIVAL
%
TRT 1988 1990 1991
F 93 83 74
(0.6) (2.2) (4.5)
NF 97 94 9
(0.3) (0.6) (0.7)
F 90 80 70
(0.3) 2.2) (1.4)
NF 94 93 91
(0.3) (1.2) (1.9)
F 93 83 77
(1.5) (0.5) (2.5)
NF 92 90 85
(2.6) (1.7) (3.8)
F 78 76 70
(1.8) (2.0) (3.3)
NF 82 82 75
(3.1) (3.2 (5.3)
F 92 81 70
(3.2) (4.4) (3.1)
NF 98 94 87
(0.3) (0.7) (2.7)
F 97 60 48
(0.6) (0.7) (0.5)
NF 97 87 70
(0.7) (1.9) 2.7)
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biomass production was detected; three of the six clones produced more with fertilization than without.
Clone biomass production ranks of willows were similar from 1989 to 1990, with only the poorest two
clones changing ranks, and hybrid poplar clone NMS decreased in rank.

Fifth-harvest (fourth coppice, 1991) survival and biomass production were significantly affected by clone
(Tables 2, 3). The range in survival was 48 (NM5 fertilized) to 90% (SV1 non-fertilized) and in
production was 2.5 (SA22 non-fertilized) to 7.3 (SV1 fertilized) odt/a. Clone rank for biomass production
was the same as in 1990 except willow clone SA2 and hybrid poplar NMS5 reversed ranks. Fertilization
with N, P and K significantly decreased survival (68 vs. 83%) and slightly increased overall biomass
production (4.9 vs. 5.3 odt/a). Significant clone-by-fertilizer interaction for biomass production was
observed, with two clones (SH3 and NM5) producing less biomass with N, P and K fertilization than
without, the remainder producing more with fertilization.

Sixth-harvest (fifth coppice, 1992) biomass production by all clones dropped dramatically, averaging 40%
less in 1992 than in 1991 (Table 2). This reduction across all clones was related to the cool, wet 1992
growing season in which growing degree days were 33% less than in 1991. Vanability in production
related to yearly growing season weather fluctuations are strong reasons that long-term data is critical to
establishing the viability and sustainability of dedicated feedstock supply systems.

Serious insect or disease pests were not observed with one exception. Potato leathoppers (Empoasca fabae
Harris) were observed on willow clone SA22 (Salix alba) in 1989-1991, causing leaf necrosis and tree
stunting. Damage appeared minimal during 1989, but was severe enough in late summer 1990 to warrant
spraying with malathion, resulting in production of foliage larger than that produced prior to spraying.
Damage in 1991 was severe in early June so trees were sprayed again with malathion. Two applications
failed to control the leafhopper population. Potato leathoppers were also observed on Salix viminalis
clones in other experiments for the first time in 1991. Willow clone SA2, a Salix alba clone, and willow
clone SV1, a hybrid of Salix dasyclados and uncertain other species, were not attacked by the leathoppers.
Low production by willow clone SA22 relative to other willow clones in this study may be attributable to
damage by potato leathoppers.

Clonal variation in every trait examined was large, suggesting that clone selection is critical to efficient
biomass production. Clonal ranks of willows were reasonably stable after three years, suggesting willows
could be reliably selected after three growing seasons with annual harvests. Large clonal variation implies
that a genetic improvement program could rapidly achieve large gains. Willow clones in this experiment
were selected based on performance in a nursery trial at Kemptville, Ontario, yet some willow clones
produced more biomass than hybrid poplar clone NM5, a well-tested clone known to be well adapted to the
region. This suggests that with genetic improvement and matching clones to sites, biomass production by
willows probably will far exceed that of hybrid poplars.

When annual biomass production of the best producing clone SV1, fertilized and non-fertilized trees is
plotted over time, it is apparent that annual fertilization with N, P and K accelerated the rate at which trees
reached their highest production on the site by one year (Figure 1). In addition, fertilization generally
resulted in increased biomass production, but data in Table 2 indicates that the clone x fertilizer interaction
is critical. Likewise, since fertilization with N, P and K was met only to minimize fertility as a limiting
production factor, additional well-designed fertilizer trials are needed to truly access clonal response to
specific nutrients.
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Foliar nutrient values during 1990 and 1991 were similar to those reported for experimentally grown
willows in the literature. Foliage nutrient concentrations were not affected by fertilization in 1990 or 1991,
except foliage potassium concentration was significantly higher in fertilized trees in 1991. Clones differed
significantly in foliage concentration of all nutrients tested during 1990 and 1991 except nitrogen in 1990.
Clonal foliage nutrient status was not clearly related to biomass production. It was not clear which
element(s) trees responded to during 1988 and 1989, the two years when fertilization significantly increased
biomass production. Speculatively, nitrogen is the most likely element to which trees are responding since
fertilization did significantly increase stem nitrogen concentrations in three of five years.

Fertilization since 1987 reduced soil pH, averaging 5.9 and 5.3 in non-fertilized and fertilized plots,
respectively, in 1990. Reduced soil pH may be related to reduced survival and less stocking could affect
growth in the near future. The rate of nutrient removal by stemwood harvest of willows was high (100
Ibs/a of nitrogen for the most demanding clone during 1991) and similar to traditional agricultural crops
where fertilization is considered essential. The nitrogen application rate (300 Ibs/a annually) may have
been excessive, contributing to reduction in soil pH, but it appears that fertilizer application will be
necessary to sustain high production levels for sustainable repeated harvests.

Willow Spacing Trial

Plantations were established in 1987 to determine the influence of tree spacing and fertilization on biomass
production of willow clone SP3, Salix purpurea, with annual harvests. Spacings were 0.5 x 0.5, 1.0x 1.0,
and 1.5 x 1.5 ft. and plot sizes were 20 x 20 ft. with two exterior border rows. All site preparation,
planting, fertilization and irrigation was as in the clone-fertilizer study. The experimental design was a
split-plot (randomized complete block) with three blocks; fertilization was the main-plot factor and spacing
was the sub-plot factor.

Biomass production differed among spacings in 1987 (non-coppice) (Table 4). The densest spacing yielded
the most biomass in 1987 (1.0 odt/a with fertilization), but the difference between spacings was not as large
as might be expected given the number of trees planted, suggesting there was competition among trees
planted at 0.5 x 0.5 ft. and 1.0 x 1.0 ft. spacings during the first year. Fertilization with N, P and K
slightly increased first-year biomass production (0.5 vs. 0.6 odt/a).

First-coppice (1988) biomass production was equivalent among spacings, averaging 2.5 odt/a with
fertilization (Table 4). Fertilization with N, P and K slightly improved biomass production (2.0 vs. 2.5
odt/a). The most productive spacing-treatment combination (1.5 x 1.5 ft., fertilized) yielded 2.6 odt/a.
Survival was unaffected by fertilization or spacing, averaging 91 percent (Table 5). Clearly, competition
among trees limited individual tree production at the narrower two spacings.

In 1989, with little or no water stress due to irrigation, the two narrowest spacings produced significantly
more biomass than the widest spacing, but the narrower spacings were not different from each other (Table
4). Highest production was 5.5 odt/a at the 1.0 x 1.0 ft. spacing with fertilization. Fertilization with N, P
and K significantly increased biomass production (3.2 vs. 4.8 odt/a).

Spacing significantly affected third-coppice (1990) biomass production (Table 4). The 1.0x 1.0 and 1.5 x

1.5 ft. spacings produced significantly more biomass than the 0.5 x 0.5 ft. spacing, but the two wider
spacings were not different from each other (Table 4). Best production, 5.5 odt/a, was by fertilized
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Table 4. Biomass Production (Standard Errors in Parentheses) of
Willow Clone SP3 Grown at Three Spacings, Fertilized or
Non-Fertilized, Harvested Annually

OVEN DRY BIOMASS

(tons/acre)
SPACING

_(ft) TRT 19871 1988 1989 1990 1991 1992

0.5 F 1.0 25 4.8 4.8 4.2 3.4
X (0.09) (0.23) (0.14) (0.04) (0.75) (0.12)

0.5 NF 0.7 21 3.3 4.1 5.1 2.8
(0.10) (0.08) (0.14) - (0.40) (0.13) (0.14)

1.0 F 0.5 24 55 5.2 5.7 3.8
X (0.06) (0.38) (0.35) (0.19) (0.12) (0.14)

1.0 NF 04 2.0 3.7 53 6.2 3.2
(0.08) (0.42) (0.13) (0.09) (0.27) (0.01)

1.5 F 0.4 26 4.1 5.5 6.0 3.7
X (0.03) (0.08) (0.21) (0.09) (0.16) (0.11)

15 NF 0.3 20 26 5.2 6.2 3.3

(0.65) (0.31) (0.25) (0.25) (0.16) (0.28)

1 Data from 1987 is non-coppice production. All other years are coppice production.
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Table 5. Survival (Standard Errors in Parentheses) of Willow
Clone SP3 Grown at Three Spacings, Fertilized or
Non-Fertilized, Harvested Annualily

SURVIVAL
%
SPACING

_(ft) TRT 1988 1990 1991

0.5 F 94 75 67
X (3.1) (1.3) (1.3)

0.5 NF 92 90 85
(5.5) (4.4) 6.7)

1.0 F 93 88 87
X (1.5) (1.6) (2.3)

1.0 NF 80 80 80
(17.5) (15.8) (17.9)

15 F 91 86 86
X (2.4) (3.3) (3.3)

1.5 NF 94 92 92

(4.4) (3.5) (3.5)
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trees spaced at 1.5 x 1.5 ft. Fertilization with N, P and K did not significantly affect biomass production.
Survival was not affected by spacing or fertilization, averaging 85% (Table 5). Soil pH was decreased by
fertilization, averaging 6.1 and 5.4 in non-fertilized and fertilized plots, respectively.

Fourth-coppice (1991) biomass production was significantly affected by spacing, withthe 1.0 x 1.0 and 1.5
x 1.5 f&. spacings yielding significantly more biomass than the 0.5 x 0.5 ft. spacing. The most productive
spacing-treatment combination (1.5 x 1.5 ft. spacing, non-fertilized) produced 6.2 odt/a. Survival was not
affected by spacing, averaging 83% (Table 5). Fertilization with N, P and K did not affect biomass
production or survival.

Fifth-coppice (1992) biomass production of clone SP3 dropped substantially from the 1991 production in a
manner similar to the reductions seen with the other clones. Again, the lower production was related to the
poorer growing season of 1992, as compared to 1991 (Table 4).

Biomass production of fertilized and non-fertilized trees over time (Figure 2) was similar to that of the
clone-fertilizer study. Fertilized trees produced nearly 5.0 odt/a in 1989 and yielded approximately the
same amount of biomass during 1990 and 1991, but the non-fertilized trees did not reach the same level
until 1990, a year later.

Biomass production of the three spacings over time (Table 4) showed that trees planted at 0.5 x 0.5 and 1.0
x 1.0 f. spacings began to slow in their rate of increase in biomass production in 1989, while the 1.5 x 1.5
ft. spacing did not begin to slow until 1990. Production at the two wider spacings was similar in 1990 and
1991, approximately 1 odt/a more than the 0.5 x 0.5 ft. spacing. Percent survival at the three spacings in
1991 was similar, so inter-tree competition, not tree mortality, was the reason for lower production at the
narrowest spacing than in the two wider spacings. Assuming irrigation supplied adequate moisture, and
since there was no difference in biomass production between trees fertilized with N, P and K and those that
were not fertilized, it appears that competition was primarily for growing space. The 0.5 x 0.5 ft. spacing
was too dense for efficient biomass production after two growing seasons with the clone and management
system used, and the 1.5 x 1.5 fi. spacing appears preferable to the 1.0 x 1.0 f&. spacing because of reduced
planting costs. Speculatively, it is likely that the widest spacing would appear even more favorable if trees
were not irrigated, since irrigation may have benefited the narrower spacing most due to a higher level of
competition for water.

Summary

The Fast-Growing Hardwoods Program at the State University of New York College of Environmental
Science and Forestry has successfully demonstrated the potential suitability of Salix in short-rotation
intensive culture as a high-yielding biomass feedstock as one component of a dedicated feedstock supply
system. The research has documented plantation establishment, tending and maintenance techniques for
specific Salix clones, with complimentary results on breeding, coppice physiology, pests, nutrient use and
bioconversion to energy products. Current yields utilizing selected Salix clones developed by the
University of Toronto in short-rotation intensive culture bioenergy plantations in New York approximate 8
oven dry tons per acre per year. Immediate future objectives are to continue the strong integrated research
program on short-rotation intensive culture of woody biomass plantations developed over the past decade at
ESF utilizing results to establish large-scale Salix bioenergy farms to demonstrate current biomass
production technology; provide plantations of sufficient size to test prototype harvesters; provide
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opportunities to accurately assess economics of the systems; and provide large quantities of uniform
biomass for pilot-scale conversion facilities.
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Abstract

N

Fifteen years of research and development of energy forestry with Safix species has lead to a firm basis of
knowledge conceming the basic biology, stand ecology and production systems of fast growing willows
in Sweden. The biology research program continues to emphazise studies of plant biology and diseases as
well as areas such as clone/site interactions, mixed clonal plantations and breeding. The technological
research and development concentrates on functional and effective machinery for planting, harvesting etc.
A large variety of field tests and practical application on farm level have resulted in the recent
commercialisation of Salix plantations for energy production in Sweden. Until now about 8000 hectares
have been established as an agricultural crop on private farm land (1993). Most producers have a contract
for delivering wood chips to a district heating plant. Plantations are established with about 18 000
cuttings of selected willow clones per hectare. During the first summer weed control is the most
important treatment. Fertilizers are applied in order to keep a high production level, but should be
adjusted for economic optimum. Harvesting is performed during winter at 3-5 years intervalls. The
machines used are either a direct chipping or a whole stem harvester. The average annual production is
about 10 - 12 tonnes DM per hectare. The duration of Salix plantations is estimated to be 25-30 years.
There is an estimated potential of 300 000 hectares of Salix plantations, which would result in 15-20
TWh of energy corresponding to 5% of the need of energy in Sweden. Wood fuel from the conventional
forest cquals 60 TWh today, with a potential of being doubled within 10-20 years.

The economic outcome for the farmer of growing Safix mainly depends on the price of chips and the level
of production. A fundamental requircment for establishing plantations is that there is a wood fuel market
within a reasonable distance (about S0 km). In a calculation stretching over a period of 24 years with a -
production level of 12 tonnes DM per hectar and year, and at an interest rate of 6%, the net return is
about 1,000 - 1,500 SEK/ha/yr (about 7 SEK/USS$) if simultaneous chipping is used. With separate
harvest and chipping the enterprise in this calculation breaks even. Interest in the utilization of sludge,
ash, waste water and leakage water as nutrients for energy forests is increasing from local and regional
authorities.
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Introduction

Why Willow?

A crop which is to be used for energy cultivation must be as effective as possible in its utilization and
storage of solar energy. The energy crop must effectively utilize plant nutrients and also be simple to
grow and handle. Rapidly-growing deciduous trees of the Safix family (willow) have these properties.
The most efficient species have been selected in a breeding programme that has been ongoing since the
mid-1970's. Different clones (varieties) of osier (Safix viminalis) and water willow (Safix dasyclados) are
grown. Work on improved breeding for higher production and better resistance to diseases is being done
at the Swedish University of Agricultural Sciences and at the breeding company Svaléf Weibull AB.

Today, when there is a surplus of food crops in many western countries, farmers are looking for an
alternative crop. In addition to the requirement of being economically sound, such a crop should be easy
and inexpensive to establish and. if it is a woody species, it should have the ability of resprouting.
Willows naturally respond to these requirements although there is a wide variation within the genus Salix
. regarding different characteristics of importance for biomass production.

Energy production is an interesting possibility for agricultural land which is no longer needed for food
production. By replacing fossil fuels (oil, coal, gas, etc.) with biofuel, it is possible to create a more
environmentally-desirable energy production system and employment in rural areas. However, one of the
conditions is that the grower, the farmer, can market his product at a reasonable price. Salix is now
entering a stage as a commercial agricultural crop in Sweden. Until 1993 about 8000 hectares have been
established on private farmland. This paper gives a description of Safix production, possible acreage in the
future, explains how the crop can be grown and discusses the economic conditions associated with the
production.

Research in Short Rotation Forestry

Research into short rotation forestry using Salix started in the mid 70’ ies. Fifteen years of research and
development has lead to a firm basis of knowledge conceming the basic biology, stand ecology and
production systems of fast growing willows in Sweden. The biology research programme continues to
emphazise studies of plant biology and diseases as well as areas such as clone/site interactions, mixed
clonal plantations and breeding. The technological research and development concentrates-on functional
and effective machinery for planting, harvesting etc. A large variety of field tests and practical
application on the farm level have resulted in the recent commercialisation of Salix plantations in
Sweden.

Extension in Short Rotation Forestry

Extension advisers have now been appointed within the energy forestry programme operated by the -
Swedish Farmer’s Selling and Purchasing Association. These advisers have generally been concemned
with training in agriculture. They have degrees or certificates in agriculture and have previously given
production advices to farmers. Some are still working in this area on a part time basis. The farmers are
also offered the possibility to purchase cuttings and to hire certain machines through the extension
officers.
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The Production System

Plant Once and Harvest Six Times

A new energy plantation is established by planting cuttings taken from 1-year-old shoots of willow. The
cuttings are 20 cm long and about 18,000 are planted per hectare. After four years, the plantation is 6 m
tall and it is time to take the first harvest. This is done during the winter when the leaves have fallen off
and the soil is frozen. In the following spring, the plants start regrowing from the cut stumps. After a
further four years the next harvest is taken, etc (Figure 1). The plantation is estimated to have a life of at
least 25 years, i.e. to give at least six harvests.
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Figure 1. The principles used in growing Salix (Drawing: Sigge Falk).

Choose Suitable Land

Salix can be grown on all types of agricultural land. However, this species is more dependent on water
than other agricultural crops and thus the driest land should be avoided. Safix has the best growth on fine
sand soils with a good supply of water and nutrients. The soil pH should be above 5.5; if this is not the
case then liming must be done before planting. In order to supply itself with water, the plants of Safix
produce fine roots which penetrate to fairly great depths and they may enter the drainage pipes. This
implies that the drainage system may need to be re-laid at the end of the cultivation period.

Low areas, where there is risk of frost during the early summer and early autumn, are unsuitable for
growing Safix. In the same way, small fields surrounded by forest with abundant game are also
unsuitable. Grazing damage caused by moose and deer is worst at the start of the growing period, and a
fence may be one way of protecting the plantation for the first few years.
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At each harvest, about 100 tonnes of material will be transported from each hectare. Plans should be
made for storage places, and a suitable direction of planting should be chosen so that the rows will end as
close to the road as possible. Small fields of irregular shape are difficuit to harvest and thus the
profitability of the plantation is not as good.

Site Selection May Influence Other interests

Because of its tall mode of growth compared to conventional agricultural crops and its long period of
cultivation, energy forests will affect the profile of the countryside. Consequently, the plantation must be
located with consideration to the landscape and to the directives of the legislation on Nature
Conservancy. Other legal problems may also arise, e.g. whether the drainage system or access roads
affect other landowners.

Prepare the Land Carefully

The establishment of an energy forest may be compared with sowing for several future harvests at one
time. It is extremely important for the plantation to get a good start. Weeds are the worst enemy of the
energy forest during the establishment phase. Once the plantation has become established after a couple
of years, it will compete successfully with the weeds. Consequently, the land selected for growing Safix
must always be cleaned of perennial weeds before planting. This is best done by spraying with Roundup
or with a mechanical fallow during the year before planting. In the spring before planting, the field must
be harrowed to a relatively deep and fine bed (5-8cm). Larger stones must be removed. The final
harrowing should be done immediately before planting in order to remove the weeds that have started to
germinate. Sometimes the field could be rolled to preserve moisture and to press down stones.

On organic soils, the planting can be done after spraying with Roundup without tillage in the spring in
order to reduce the stand of seed-propagated weeds. This method is more risky and is not recommended
on old grassland.

Planting is Done With a Machine

Planting is done in the spring at the time of normal spring tillage. The cuttings are prepared during the
winter and are stored at 4°C. They are collected and placed in water for a couple of days before planting.
It is important to take the cuttings out of cold-storage in pace with the planting. Shoots and roots must
not have time to develop before the cuttings are planted.

The Salix cuttings are placed in double rows with a row spacing of 75 cm and 125 cm between the double
rows. The plant spacing in the row is 55 cm. This will give 18,000 plants per hectare. The cuttings must
be planted with the top end upwards and pressed down into the soil so that only a couple of centimetres
emerge.

Planting machines for Safix have developed rapidly during recent years. With a 2-row planting machine it
is possible to plant 1 hectare in about 4 hours (two planters and a tractor driver).

More automatic machines are currently being developed. With one of the machines the 20 cm cuttings
are cut from whole shoots in the same operation as they are planted into the soil. With a four row
machine of that type, 1 hectar is planted in 1 hour.

Effective Weed Control is Essential
The weed control must be started immediately after planting. During the entire first year, the Salix

plantation is extremely weak in its competition with the weeds. When it has become established and can
effectively shade the soil, then the weeds are a xg%x_]lor problem.




The soil-applied herbicide Gardoprim is sprayed on "black soil” immediately after planting. This
herbicide prevents the weed seeds in the soil surface from germinating. Its effect depends on the moisture
in the soil. Dose recommendations vary between 2 and 6 litres per hectare. The higher dose is required
on soils with high organic contents and high clay contents, but an excessively high dose on lighter soils
will lead to a risk of damage to the Safix, The effectiveness is diminished on organic soils. Gardoprim
will remain effective until the early summer, but a new generation of weeds often appears when the rain
starts to fall in July. It is now that mechanical weed control must be used. Harrows, rotary cultivators or
cultivators with spaced tines can be used. The tractor is driven in the same way as when the cuttings were
planted and straddles a double row.

How Should the Salix Crop Be Fertilized?

One of the advantages of growing Safix is that it has a low nutrient requirement per kilogramme of dry
matter produced. This is because the nutrient-rich leaves fall to the ground and remain there since the
harvest takes place during the winter. The leaves decompose and the nutrients re-circulate. However, the
nutrients removed with the stems must be returned if production is to continue. An average application
of 60-80 kg N, 10 kg P and 35 kg K is suitable. The first year, the year of planting, generally requires no
fertilizer as there is a risk that the weeds will benefit more than the Safix, In the beginning of the rotation
period, before the leaf litter has become accumulated, the fertilization rate may be slightly higher. The
fertilizer regime should be adapted to the soil type.

In the year after planting and after each harvest, applications can be made using conventional equipment.
In tall stands, it is necessary to use appliances for high-level spreading. Alternatively, smaller machines
which can enter the plantation below the canopy may also be used. Both principles are used in practice.

A growing interest in the utilization of sludge, ash, waste water and leakage water as nutrients for energy
forests is noticed from local and regional authorities. These components will rctum phosphorus,
potassium and micro-nutrients, at the same time as the ashes have a pH-increasing effect.

Is Salix Attacked by Diseases and Pests?

A Salix plantation provides a good home for many different insects. birds and animals. Most of them
cause very little or no damage to the plantation. Damage has been caused by leaf beetles, caterpillars and
gall midges in Salix plantations. Damage has also been caused by fungi such as Fusicladium saliciperdum
and rust. However, the different clones have varying susceptibilities to fungi and insects, and it has been
possible to discard the most sensitive and breed for better resistance. There is generally little reason to
introduce inputs to control fungi and insects in Safix plantations. There may possibly be justification to
control insects in cutting production since they cause early tillering of the shoots.

Considerable damage to the plantations may be caused by moose and deer during the establishment
phase. When the stand has reached a height of three metres, the grazing only takes place along the edges.
However, small areas of Safix should not be grown in districts with abundant game. Minor problems with
game can be solved with fencing during the establishment phase. Voles may gnaw the stems during the
winter; their preferred habitat is under withered weeds, so carcful weed control also reduces the risk of
attacks by voles.

Frost

Under Swedish conditions frosts during the growing scason may be a serious problem. The Salix
breeders are continously selecting for frost hardy clones.
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Harvest and Handling

Energy plantations are harvested in the winter when the leaves have fallen off. Harvesters have been
developed to either harvest entire shoots which are dumped in piles for chipping later, or for chipping
directly. The method and equipment that is most suitable depends on how the chips are to be handled and
used. In large heating-plants the chips can be combusted at the harvesting moisture content (ca. 50%).
In these cases, direct chipping can be used. If burning is to be done on the farm or in other smaller plants,
then drier chips are required. Shoots that are harvested whole and allowed to dry in piles during one
summer will have reached a moisture content below 30% by the subsequent winter. Choice of harvesting
system also has a major influence on the economics (Figure 2).
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Figure 2. Harvesting and handling systems for Salix. (Drawing: Sigge Falk).

There are effective machinery for the harvest. Today there are three different machines for direct chipping
and also three different machines for whole shoot harvesting. All machines are still prototypes, but for
example the Claas harvester is built on an ordinary machine for harvesting of maize. There is also a sugar
cane harvester, Austoft, beeing converted for salix harvesting.

How Much Energy is Produced?

Production in an energy plantation is most easily measured as oven-dry tonnes per hectare per year
(odt/ha/yr). An established energy plamauon produces 10-15 odtvha/yr. The production during the
establishment years is lower.

A growth rate of 12 odi/ha during one year corresponds to about 5.5 m3 oil or the heat requirement for
about 1.5 one-family villas. Af cach harvest after a 4-year period of growth approximately 50 odt (or 100
tonnes fresh weight at 50% moisture content) is harvested. The energy from 8000 hectares grown today
represents only a very small fraction of the energy need in Sweden. However, there is an estimated
potential of 300 000 hectares, about 10% of the agricultural arca in Sweden, which would give 15-20
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TWh. The main source of bioenergy in Sweden is the conventional forest of pine, spruce and birch. The
contribution from forest wastewood is today about 60 TWh and the potential is at least 100 TWh. Energy
from woody biomass originating from conventional forest and energy forests on farmland may amount to
125 TWh within 10-20 years, equivalent to about 30% of the energy need in Sweden.

Removing the Plantation

An energy plantation which is still growing well need not be ripped out as long as the chips can be
marketed. A rotation (stool life) of about 25 years has been chosen on the basis of, for example, the
period required to develop higher yielding material which may result in it being economically attractive
to change clone. The conditions may also have changed so that other crops can be grown. It is then fairly
simple to remove the energy plantation and return the soil to conventional cropping.

Economy in Salix Plantations

The economic outcome of growing Safix mainly depends on the price of chips and the level of production.

A fundamental requirement for establishing plantations is that there is a market for chips within a
reasonable distance (about 50 km). .

The difference between growing Safix and growing annual crops is that there is a major investment at
planting and then the income from the plantation is only obtained after harvesting.

Establishment of a Safix plantation costs about 9,000 SEK per hectare (about 7 SEK/USS$), including the
farmer's own work. In some cases, a subsidy may be obtained to assist with establishment costs.

Safix chips have a value of about 0.55 SEK per kg DM when delivered to a heating plant. Harvesting,
chipping, transport and marketing cost about 0.30 SEK per kg DM with whole shoots harvesting and
separate chipping, and about 0.20 SEK per DM with simultaneous chipping.

In a calculation stretching over a pertod of 24 years with a production level of 12 tonnes DM per hectar
and year, and at an interest rate of 6% the net return is about 1,000 - 1,500 SEK/ha/yr if simultancous
chipping is used. With scparate harvest and chipping the enterprise in this calculation breaks even.

Location of Salix Plantations

When research into energy forestry was started in the mid-1970's, experimental areas were established in
different parts of the country. Experiments showed that the highest production was obtained on arable
land in southem Sweden. During the mid-1980's, large-scale and smaller experiments were established on
private farms in southemn and central Sweden (Skine/Halland. Ostergétland and Milardalen). In 1988, the
Swedish Farmers' Sclling and Purchasing Association and the Federation of Swedish Farmers started a
development programme and are today conducting projects in seven regions of central Sweden.

An interesting new development is a group of 20 farmers, who in order to guarantee a market for their
woodchips. formed a private company and built a heating plant of 2 MW. They will grow 200 hectares of
Salix, burn it and sell hot water to the lokal district heating system in the village of Kolbick in central of
Sweden (Vistmanland). Since the farmers owning the company, handle all production stages themselves
they have good control of the economy. The amount of shares each farmer has in the company is
correlated to their area of the Safix, The heating plant was installed in February 1992 and some of the
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plantations were established during 1991 and 1992 and additional areas have been planted in 1993. Until
the Salix plantations are ready for harvesting the company will use woodchips from forest residues.

Conclusions

Growing Salix on agricultural land is an interesting altemative for farmers in Sweden. Since the
introduction of environmental taxes on fossil fuels there has been an increasing interest for biofuels from
the side of the authorities. Most cities and villages have a central heating system with a big boiler and
pipes for hot water distribution. The existing equipment for buming of woodchips from forest residues
are sufficient also for Salix chips. As the harvest and handling of Salix material is done effectively and
sufficient machinery have been developed there are now good opportunities for the farmers to establish
Salix on their land in pace with an increasing market of bioenergy. However the local market is most
important, as the volume wood per unit of energy is quite big.

The use of Salix as well as other bioenergy does not result in net increase of carbon dioxide in the

atmosphere and therefore the environmental-desirable and renewable energy sources will be even more
important in the future .
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FROM RESEARCH PLOTS TO PROTOTYPE BIOMASS PLANTATIONS

W.A. Kenney, B.J. Vanstone, R.L. Gambles, and L. Zsuffa
: University of Toronto
Toronto, Ontario, Canada

Abstfact

The development of biomass energy plantations is now expanding from the research
plot phase into the next level of development at larger scale plantings. This is necessary to
provide: more accurate information on biomass yields, realistic production cost figures, venues
to test harvesting equipment, demonstration sites for potential producers, and a supply of
feedstock for prototype conversion facilities.

The paper will discuss some of these objectives and some of the challenges encountered

in the scale-up process associated with a willow prototype plantation project currently under
development in Eastern Canada.
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Introduction

As in many parts of the developed world, Canada's energy from biomass programmes have
gained new life over the last few years. This is primarily in response to a need for alternatives to the
fossil fuels that contribute to the buildup of carbon dioxide in the atmosphere. Basic and applied
research has progressed in many areas. These include the conversion of woody biomass to liquid and
gaseous fuels, technologies relating to the production of woody biomass and the development of clones
of poplars (Populus spp.) and willows (Salix spp.) for the production of feedstocks in dedicated
plantations involving the principles of short rotation intensive culture (SRIC). Of necessity, much of
the developmental work in the latter aspect of the production of woody feedstocks must be carried out
in small plots (single-tree to a few hundred trees). While much work remains to be done for which
small plots are well suited, the time has come to begin the process of scaling-up. The establishment of
plots which are more representative of the types of systems that will eventually be used in the
production of energy feedstocks have many advantages. One such project in Ontario is currently in its
third year and will form the basis of the following discussion of the movement from research plots to
prototype plantations.

This paper will present some of the objectives of scaling-up from research plots. The technical
challenges have been addressed at many meetings, symposia and workshops in the past and will also be
addressed by many in the future. We will take this opportunity to address some institutional challenges
that we have encountered in our efforts to move from research plots to prototype farms.

The Roles Of Prototype Plantations

Demonstrating the Concept

While many principles of SRIC are similar to conventional agriculture, it is essential that
prototype plantations be available to demonstrate the concept to farmers, funding agencies and others
who may be involved in the production system. As will be discussed later, the concept differs from
conventional agriculture enough to warrant demonstration. For example, while ratooning of some
agricultural crops is not foreign to farmers, the coppicing of trees or shrubs is less commonly
understood. The principle of coppicing is important to the economic viability of SRIC for the
production of energy biomass. Similarly, by eliminating the need for site preparation and planting for
each harvest, coppicing will improve the energy balance of this system over the production of
conventional agricultural crops such as corn.

The investment of millions of dollars into the establishment of a conversion facility will only
come about if a secure and dependable supply of feedstock is available, at an appropriate price. For
example, a moderately sized ethanol plant producing 100 million litres per year would require in the
order of 24,000 ha of plantation assuming an annual yield of 12 oven-dry megagrams (odMg) per
hectare. While the prototype farms per se cannot be expected to provide sufficient quantities of
biomass to support a full scale operation, they will be essential to demonstrate the concept to potential
investors and to provide some feedstocks for prototype conversion facilities.
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A sustainable bioenergy programme must ultimately be the responsibility of the private sector.
Initially, however, governments at all levels must be involved to ensure that the desirability of
bioenergy is based on all the long-term benefits of such programmes and not just the return on
investment to one sector. Governmental support will come about only if the public can be convinced
that the system will be in their best interest. Prototype farms will help to promote the concept to the
public and will provide an opportunity to demonstrate their economic and environmental benefits.

Information for SRIC Financial Analyses

While bioenergy has been promoted for its many environmental benefits, it will be adopted and
survive only if it can be shown to be economically viable. As one component of the bioenergy system,
dedicated energy biomass plantations must also be shown to be economically viable. Many financial
and economic analyses of SRIC for the production of energy feedstocks have been carried out.
However, because of the lack of large scale plantations many of the data for such analyses must either
come from conventional forestry or from agricultural systems, or they must be based on assumptions of
costs and revenues. Prototype farms will provide an excellent opportunity to gather the much needed
data relating to the production of feedstocks in SRIC plantations.

Yield Verification

Consistent among the various financial analyses mentioned above is the observation that the
economic viability of SRIC for the production of energy biomass is particularly sensitive to variation in
annual yields (Berguson, 1987; Hansen, 1988; Kenney ef al., 1991; Rose et al.., 1981). As has.
already been mentioned, breeding and clonal selection programmes must be able to handle large
numbers of entries (families or clones) in the field-testing phase. The need to minimize within plot
variation, and the expense associated with the establishment and tending of these test plots requires that
each plot be small. Yield figures from such tests are most meaningful when considered as relative
values to identify superior entries when compared with others. Since the so-called "edge effect” can
result in significant overestimation of yields when small plots are used (Cannell and Smith, 1980;
Hansen, 1988; Johnson and Erickson, 1987; Zavitkovski, 1981), such tests should not be used to
estimate yields from operational plantings. All stages of the planning for commercial-scale plantations
will require accurate estimates of the expected yields from various plantation designs, using specific
clones on particular sites. These data can only be provided by the intermediate sized plots established
in prototype farms.

Field Testing of Equipment

The financial analyses have also identified the cost of harvesting and chipping as a major
component in the total cost of production. Some estimates are as high as 70% of the total cost.
Significant progress has been made in Europe in reducing these costs, primarily with modified
agricultural equipment. This approach has reduced the unit costs by virtually eliminating the
developmental costs associated with machines that are expected to have a small market (compared with
conventional agriculture). One example of this approach is the use of the Claas Jaguar forage
harvester. Modifications to this machine have been limited primarily to the cutting head. This
machine also completes harvesting and chipping in one operation resulting in a more desirable cost and
energy balance than that exhibited by systems which carry out the two operations separately. Progress
in this area is encouraging and will be critical to the development of SRIC for energy production. The
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development and testing of such machinery will require large areas of SRIC plantations, hence the need
for prototype farms.

Environmental Impact Assessment

Bioenergy is considered more acceptable than the use of fossil fuels since carbon released to the
atmosphere when biomass-derived fuels are burned can subsequently be fixed by the process of
photosynthesis. If this closed system were to be established in practice however, the biomass would
have to be produced on a sustainable basis and fuels used in the process would also have to be derived
from biomass or other non-fossil sources. As with the economic estimates mentioned above, the
validity of any estimates of the true benefits of using biomass derived fuels associated with the CO,
balance can only be confirmed once prototype farms approaching commercial-scale have been
developed.

One of the major driving forces for the development of bioenergy in Europe is the use of SRIC
plantations as biofilters for the treating of sewage sludge. Pot studies and small scale trials can be used
to test the potential benefits but again larger-scale plantations will be needed to determine optimum
sludge application rates and the logistical problems associated with the fertilization of SRIC plantations
with sludge.

Prototype farms will also provide a venue to assess the suitability of large-scale energy
plantations as habitat for birds and small mammals.

Considerable progress has been made in many facets of the production of biomass for energy.
While basic research must continue, it is imperative that prototype plantations or energy farms are
established to demonstrate the technology and validate the findings of research to date. The
development of prototype farms will encounter many new technical and institutional challenges.

Institutional Challenges

Many of the following comments may be unique to our situation in Ontario in the early 1990s;
they may have less significance to specific SRIC programmes in other times and/or places. They are
cited here to illustrate some challenges that may be encountered while scaling-up from test plots to
prototype plantations.

We have used the term prototype farms in referring to the intermediate stage between research
plots and commercial-scale plantations. Our choice in using this term serves as a basis for a
clarification of the role of these intermediate-scale plantations. The desire by many people involved in
bioenergy to demonstrate the technology to various audiences initially resulted in the use of the term
Demonstration Farms when referring to the larger scale plantations that were to be established. The
term demonstration may be something of a misnomer since it can imply that the technology is mature
and that we now have all of the answers (or at least most of them) and are about to demonstrate this
technology to the energy or agricultural community. Given the short time over which the technology
has been developing (perhaps 20 years), we don 't have all of the answers, in spite of the considerable
progress that has been made. Because of this, the term Prototype Farm (which was used by Jeff
Peterson of the New York State Energy Research and Development Authority) seems more apropos.
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One might think of the development of SRIC for energy as a land-use system that is in its early stages
of evolution. Many variations of a similar system will be developed based on sound basic research and
the experience of practitioners. Ultimately, the "phenotypes” must be exposed to real world selection
pressures to guide it along its path to being a well adapted system for the particular ecological and
socio-economic environment for which it is intended. Using an engineering analogy, the current level
of scale-up plantations should be considered closer to the prototype vehicle intended for the rigours of
the test track and not the final design headed for the assembly lines. It is also important to keep in
mind that in both the natural selection or the engineering analogy even while the current phenotypes or
model is being "tested” the next generation must be in development to ensure continual improvement
and an ability to adjust to changing environments or consumer demand. The same is true for the
various components of SRIC based energy production systems, including the development of new
planting stock. While poplar and willows have been cultivated and selected for hundreds of years, the
intensive breeding and selection of the two genera have a relatively short history. Unlike domesticated
agricultural crops, the planting stock that is currently available for SRIC Biomass Plantations is not far
removed from their wild parents. The financial support and basic research available for the
development of new varieties of agricultural crops is not seen in the development of SRIC crops.
While the need for continued breeding and selection work does not relate directly to the development
of prototype plantations, it is mentioned here to highlight the need for an integrated approach to the
development of SRIC that incorporates both basic research and the scaling-up process with an active
interaction between all phases. Just as the basic research and development should provide information
and material to the prototype farms, the prototypes must also be expected to feed information back to
the basic R&D. ) ' :

The integrated nature of SRIC for biomass production means that the individuals involved will
come from diverse backgrounds: foresters, agronomists, farmers, engineers, economists, etc. With
such diversity, it is essential that mechanisms are in place to facilitate the exchange of information
among all participants and that consensus is built to identify the optimum system for the given
conditions. For example, to the agricultural engineer developing a prototype harvester, uniformity in
the crop may be a very important factor. The tree breeder or agriculturalist however, will not want to
achieve this uniformity through a dramatic reduction in the genetic base. The integrated nature of the
production of energy from biomass can result in what might be called a "reverse turf war; is SRIC the
responsibility of Energy, Agriculture or Forestry agencies? Although energy biomass from SRIC is
promoted as an alternative crop for farmers, to be grown on agricultural land using quasi-agricultural
techniques, some representatives of both the Federal and Ontario Provincial Agricultural agencies have
suggested that SRIC for energy is not within their mandate. Arguments have been made that it is an
energy issue presumably since the product is not intended for human consumption, and still others
contend that it is a forestry issue, presumably since the crop is a woody perennial. Provincially, some
in the energy sector sees it as a forestry or agricultural issue since it is a matter of growing a crop and
the Forestry agency chooses not to become involved since SRIC is promoted as an alternative crop for
farmers, to be grown on agricultural land using quasi-agricultural techniques and, "we have enough
unused fibre already.” '

Promoting SRIC for the production of biomass for energy requires considerable care. The many
advantages of the system in terms of environmental benefits and the role it can play in providing
farmers with an alternative crop can (and should) result in an eagerness to expand the programme and
move from the research phase into the developmental phase. This eagerness must however, be
tempered by the need to test the current genetic material, the silvicultural systems and the associated
equipment. Failure to move into this phase quickly enough may result in the loss of momentum gained
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in the research programmes; moving too quickly into this phase or without adequately explaining the
potential risks or anticipated setbacks, could result in the disillusionment of some individuals or
agencies.

While our breeding programme in willows produced many clones for consideration, most clonal
screening trials consisted of relatively small plots. Consequently, no large base was available which
could produce the number of cuttings needed to establish demonstration or prototype farms. For every
hectare of plantation to be established approximately 1,000 stools are required to produce the needed
cuttings. In the establishment year, very few cuttings are produced (two to three per stool) where as
after the first coppicing, approximately 15 cuttings per stool can be expected. Because of this,
advancing from the research plot phase to prototype plantations will require the establishment of
sufficient stool-bed capacity to produce the required stock. Scaling-up may require up to two years
just to produce the required planting stock. This delay may seem unacceptably long for some who are
unfamiliar with the production of tree nursery stock.

Among the potential risks associated with scaling-up are increased losses due to pests and
diseases. Insect and pathogen populations may increase at a greater rate in larger scale plantation than
in research trials since the genetic diversity of the latter is likely to be greater. While early species,
family or clonal screening tria]s may remain relatively disease free it is important that funding agencies
and the potential users of the technology be made aware that pest problems may become significant
only after larger-scale plantations have been established. It is important that funding agencies
recognize that pest problems may develop which were not seen in earlier trials. Set-backs due to
insects and disease outbreaks at the prototype farm phase may be discouraging if this important role of
the prototypes is not recognized at the outset.

Conclusion

The development of programmes to produce energy from biomass must integrate all aspects of
the system from biomass production, to harvesting, to conversion and finally the marketing of both the
system and the products. An integral component of these phases associated with biomass production,
is the progression from small research plots to larger-scale prototype plantations. Because of the need
for the promotion of the technology and the diversity of the individuals involved, care must be taken to
identify the objectives of the prototype plantations while clearly outline the potential set-backs that
should be anticipated. By encouraging good communications among all sectors prototype farms will
form an essential link between continuously improving technologies and well adapted land-use systems
that can fulfil many needs in a sustainable manner.
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COMPATIBILITY OF SWITCHGRASS AS AN ENERGY CROP IN
FARMING SYSTEMS OF THE SOUTHEASTERN USA

D.l. Bransby, R. Rodriguez-Kabana and S.E. Sladden
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Abstract

The objective of this paper is to examine the compatibility of switchgrass as an energy crop in farming
systems in the southeastern USA, relative to other regions. In particular, the issues addressed are
(1) competition between switchgrass as an energy crop and existing farm enterprises, based primarily
on economic returns, (2) complementarity between switchgrass and existing farm enterprises, and (3)
environmental benefits. Because projected economic returns for switchgrass as an energy crop are
highest in the Southeast, and returns from forestry and beef pastures (the major existing enterprises)
are low, there is a very strong economic incentive in this region. In contrast, based on current
information, economic viability of switchgrass as an energy crop in other regions appears doubtful.
In addition, switchgrass in the southeastern USA would complement forage-livestock production, row
crop production and wildlife and would provide several additional environmental benefits. It is
concluded that the southeastern USA offers the greatest opportunity for developing switchgrass as
an economically viable energy crop.
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Introduction

Although isolated commercial plants that convert biomass to energy in the USA are currently
in operation, the concept of producing energy from biomass on a commercial scale is still in its
infancy, relative to other technologies. In addition, several technologies for producing energy from
biomass have not yet proceeded beyond the experimental stage. For example, the U.S. Department
of Energy proposes to install commercial scale demonstration plants over the next several years for
the conversion of biomass to ethanol by enzyme hydrolysis (Chum et al, 1991) while the private sector
is investigating similar options for other technologies, such as Biomass Gassification and Fuel Cells
(Anonym., 1993). The apparent intention for these demonstration units is to verify commercial
viability of the technologies, thereby providing the incentive for large scale commercial development
by the private sector. Clearly, the success of this whole process will depend heavily on the
commercial success of the demonstration plants. Therefore, it is critically important to maximize the
probability of commercial success of these plants.

Since cost of biomass production can account for close to half the total cost of energy
production from biomass, this factor should be a major consideration in development of
demonstration units. Clearly, cost of biomass production will be strongly related to biomass yield of
energy crops, which varies widely among different regions of the United States. In addition,
successful commercial development of biomass for energy production will depend on the compatibility
of energy crops with existing farming systems, which also vary widely by region. Consequently, the
choice of region for location of demonstration plants and initial commercial development will
probably be critically important to the success of the whole commercialization process.

The objective of this paper is to examine the compatibility of switchgrass as an energy crop
in farming systems in the southeastern USA, relative to other regions. In particular, the issues
addressed here are (1) competition between switchgrass as an energy crop and existing farm
enterprises, (2) complementarity between switchgrass and existing farm enterprises, and (3)
environmental benefits.

Competition from Existing Farm Enterprises

In order for switchgrass to be adopted by producers as an energy crop in place of existing
enterprises, it is necessary that it be more profitable than existing enterprises. Therefore,
introduction of switchgrass as an energy crop to any particular region is most likely to be successful
if (a) profitability of existing enterprises in the region is low, and (b) potential profitability of
switchgrass is high.

Profitability of Existing Enterprises

Forestry and pastures for beef production are the two enterprises which occupy most land on
which switchgrass is likely to be established in the Southeast. Both of these enterprises currently
offer low returns (on average, less than $40/acre/year) when compared to row crops such as corn in
the mid-West (mostly $100 to $150/acrefyear). Production of the more profitable row crops (as
opposed to forestry and beef pastures) in the Southeast is restricted mainly by unproductive soils
which are very erosive and often already highly eroded, and a prevalence of diseases and pests
compared to the mid-West. This reduces yields and increases production costs, thus diminishing
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returns. Consequently, even under the most suitable conditions for row crop production in the
Southeast, yields and returns for crops such as corn and soybeans are considerably lower than in the
mid-West, and are often less than $100/acrefyear.

Potential Profitability of Switchgrass

Potential profitability of switchgrass as an energy crop will-be highest in regions where
biomass yields are highest and where yields vary least from year to year, provided production costs
per acre are similar across regions. Clearly, research data on biomass yields of switchgrass throughout
the eastern USA indicate that yields in Alabama have been, on average, at least 50% higher than in
any other state, and among the least variable from year to year (Table 1; Martin and McLaughlin,
1992).

Table 1. Productivity Ranges for Switchgrass in Several States in the Eastern and Mid-
Western USA (Martin and McLaughlin, 1992)

Productivity Ranges

State : Best cultivar Year dry tons /a:ri:k(j;ry Mg ha)
Alabama ’Alamo’ 1990 15.4 10 11.0 (34.6 t0 24.7)
Indiana "Cave-in-Rock’ 1989 9.2t0 25 (20.7 t0 5.7)
lowa ’Cave-in-Rock’ 1988 3.7102.2 (8.3t05.0)
Nebraska 'Pathfinder’ 1990 28101.8 (6.21t0 4.1)
New York 'Cave-in-Rock’ 1989 5.81t0 1.8 (13.1 t0 4.0)
North Dakota "'Sunburst’ 1990 56103.3 (12510 7.5)
Ohio "Cave-in-Rock’ 1989 461036 (10.3t0 8.1)
Virginia ‘Cave-in-Rock’ 1989 7.2t05.3 (16.2t07.0)

The reasons for the high yields obtained in the Southeast are (a) a long growing season with
a high and well distributed rainfall, (b) adaptation of highly productive varieties such as *Alamo’,
which break winter dormancy early (often 4 to 6 weeks earlier than other varieties) and are therefore
able to take advantage of the extended period of favorable growing temperatures in the South, (c)
relative insensitivity of smtchgrass to soil type, and (d) little cwdence of serious pest and disease
problems, possibly because it is a native grass.

To project potential returns of switchgrass as an energy crop at this stage, without an
established switchgrass-to-biofuel industry, is clearly difficult. However, considerable applicable
information is available from hay production which can serve as a useful guide. If it is assumed that
it costs $60/acrefyear to produce switchgrass (fertilization, prorated establishment costs, etc.),
$121/acre for producers to cut and bale it themselves (as opposed to $20/ton for custom harvesting
and baling) and $5/ton for the producer to haul switchgrass 10 miles to a collection depot (as opposed
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to $8/ton for custom hauling), and the price received by the producer for switchgrass delivered to the
collection depot is $35/ton, then the cost and return figures in Table 2 apply.

Table 2. Effect of Switchgrass Yield on Gross Return, Costs and Net Returns for (a)
Self-Operated Production (Production, Harvesting and Hauling Done by the Producer),
(b) Custom Harvesting but Hauling and Production Done by Producer, or (¢) Custom
Harvesting and Hauling, and Only Production Done by Producer

Switchgrass Gross (@) Selt-Operated o CUS’S;""YHafVeSt © 2%"2{2“'::; =
i T | coss | ey | coss | ghet | coss | et
(tons/acre) $/acre
4 140 201 - 61 160 -20 172 -32
6 210 211 -1 210 0 228 -18
8 280 221 59 260 20 284 -4
10 350 231 119 310 40 340 10
12 420 241 | 179 360 60 396 24
14 490 251 239 410 80 452 38
16 560 261 299 460 100 508 52

Information in Table 1 and 2 allow several conclusions to be drawn. First, break even yield
.is around 6 tons/acre for self operated enterprises or where only harvesting is done on a custom basis,
but is over 8 tons/acre if both harvesting and hauling are done on a custom basis. Secondly, custom
harvesting and/or hauling substantially reduces net returns and makes economic feasibility
questionable. This is entirely understandable with a low-value commodity like biomass for ethanol
production, priced at $35/ton, as opposed to higher value commodities such as hay, which usually sells
for $50 to $75/ton. Thirdly, projected net returns for self operated switchgrass production appear
comparable with row crops if yields of 10 tons/acre or more can be achieved. Finally, the only state
that has consistently provided profitable yields to date is Alabama (Table 1). Given that these yields
were achieved in research plots and do not take into account harvesting and storage losses, economic
feasibility of producing switchgrass as an energy crop outside of the Southeast has to be considered
extremely doubtful at this point.

Complementarity with Existing Farm Enterprises

The southeastern USA is essentially a mixed farming region. While the acceptance of
switchgrass as a new crop in the region will depend largely on its projected returns relative to existing
enterprises, its complementarity with existing enterprises will also likely play an important role in its
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acceptance. In this regard switchgrass has much to offer, especially in association with forage-
livestock production, row crops and wildlife.

Forage-Livestock Production

Switchgrass and existing forage-livestock enterprises complement one another in several ways.
Switchgrass itself is an excellent forage, although it has not been used for this purpose in the
Southeast. It can be used for both hay and grazing, and provides high yields of excellent quality feed.
For example, Burns et al (1984) obtained average daily weight gains of 2.1 Ib per animal and seasonal
weight gains of 967 Ib/acre for beef steers grazing ’Kanlow’ switchgrass in North Carolina over a 3-
year period. This is almost double the production commonly achieved from traditional forage species
such as bahiagrass and bermudagrass. On the other hand, existence of a large forage industry in the

Southeast means that many producers already own hay-making equipment that is required to harvest
- and bale switchgrass as an energy crop. Therefore, at least initially, large scale purchase of equipment
will not be necessary.

Row Crops

Poor soils with low organic matter and impervious plow pans, and pests pose major restrictions
on yield and profitability of row crops in the southeastern USA. Nematodes are a particularly
devastating pest of soybeans, cotton and peanuts, but recently, many nematicides have been removed
from the market because of environmental concerns. Those that remain are expensive and are also
under scrutiny by environmental agencies. However, recent research has shown that use of bahiagrass
in medium- to long-term rotations with soybeans and peanuts can dramatically increase yields
(Rodriguez-Kabana, et al, 1991). Bahiagrass provides multiple benefits in the rotation, including
nematode control, puncturing of impervious plow pans with a powerful root system, and addition of
organic matter to the soil. Ongoing research at Auburn University suggests that switchgrass could
provide equivalent benefits, but would have added advantages over bahiagrass as both a forage and
an energy Crop.

Wildlife

Although not generally recognized as such, wildlife is an economically important enterprise
for landowners in the Southeast. For example, Stribling et al (1989) estimated that in Alabama alone,
more than $600 million are spent annually on hunting and hunting-related activities. This included
$30 million for land leases and fees, and $34 million for food plots. Switchgrass is well recognized
among wildlife specialists for providing preferred habitat and/or food for deer and quail in particular,
but also for many other species of wildlife. Therefore, it is quite possible that fields of switchgrass
on a property could elevate hunting leases and fees.

Environmental Benefits

Several environmental benefits of switchgrass as an’energy crop have already been mentioned
in previous sections. These include improved soil productivity from addition of organic matter and
puncturing of impervious plow pans, reduction in nematodes harmful to row crops, reduced use of
hazardous nematocides, and therefore reduced contamination of groundwater with chemicals and
harmful effects on non-target organisms, and enhanced wildlife. In addition, switchgrass will play a
major role in reducing soil erosion, especially if it replaces annual row crops currently grown on
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marginal land. It could also play an important role in reducing contamination of ground and surface
water because it is extremely efficient in assimilating soil nutrients, probably because of a very
extensive root system. For example, in Alabama ’Alamo’ switchgrass biomass contained over 270 Ib
of nitrogen per acre, after only 100 Ib of nitrogen per acre had been applied as fertilizer (Sladden
and Bransby, 1991). This very large excess of accumulated nitrogen over that applied as fertilizer

suggests that ’Alamo’ switchgrass may even have a nitrogen-fixing association with soil
MiCroorganisms.

N

Conclusions

Evidence in this paper indicates clearly that, based on competition from existing farm
enterprises, complementarity with existing enterprises and environmental benefits, the Southeastern
USA offers greater opportunity to develop switchgrass as an economically viable energy crop than
any other region. In fact, based on current information, economic viability of switchgrass as an energy
crop in any other region is indeed questionable. Consequently, this should be the major influencing

factor in locatmg demonstration ethanol plants, even if prospects for cost sharmg in these plants may
be more promising in other regions.
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Abstract

Increased research on C3 and C4 perennial biomass crops is generating a significant amount of
information on the potential of these crops to produce large quantities of low cost biomass. In many
parts of North America it appears that both Cq and C4 species are limited by water availability
particularly on marginal soils. In much of North America. rainfall is exceeded by evaporation. High
transpiration rates by fast growing trees and rainfall interception by the canopy appear to indicate
that this can further exacerbate the problem of water availability. C4 perennial grasses appear to
have distinct advantages over Cq species planted in monoculture systems particularly on marginal
soils. C4 grasses historically predominated over much of the land that is now available for biomass
production because of their adaptation to low humidity environments and periods of low soil moisture.
The planting of short rotation forestry (SRF) species in an energy agroforestry system is proposed as
- an alternative production strategy which could potentially alleviate many of the problems associated
with SRF monccultures. Energy agroforestry would be complementary to both production of
conventional farm crops and C4 perennial biomass crops because of beneficial microclimatic effects.
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Introduction

Studies involving fast growing plantations of trees have been ongoing since the early 1970's in
North America. More recently herbaceous feedstocks have received increased attention for their
biomass production potential. However, few attempts have been made to understand climatic
influences on the choice of biomass feedstocks or the potential to integrate production of woody and
herbaceous biomass crops. This paper will discuss the major constraints to monoculture production of
short rotation forestry (SRF) and warm season grasses and outline the potential advantages of an
integrated production of the two feedstocks. It is believed that a better understanding of the native
vegetation of North America and how climatic conditions influenced its development will help biomass
scientists understand the choice of biomass feedstocks and strategies to modify the climatic conditions
to favour biomass production.

Developing Efficient Biomass Production Systems

Crop production strategies need to be developed which are as efficient as possible in capturing

- sunlight {solar energy) and storing it in plants (solar battery). Desirable characteristics for energy
feedstocks include:

1. Efficient conversion of sunlight into plant material ;

2. Efficient water use as moisture is one of the primary factors limiting biomass production in most of
North America

3. Sunlight interception for as much of the growing season as possible;

4. Minimal external inputs in the production and harvest cycle (ie. seed. fertilizer. machine operations
and crop drying).

We know that to achieve these objectives:

1. There are two main photosynthetic pathways for converting solar energy into plant material: the C3
and C4 pathways. The C4 pathway is approximately 40% more efficient than the C3 pathway in
accumulating carbon (Beadle and Long. 1985).

2. C4 species use approximately 1/2 the water of most Cg species (Long et al., 1990).

3. In northern climates. sunlight interception is more efficient with perennial plants because annual
plants spend much of the spring establishing a canopy. '

4. Perennial crops do not have annual establishment costs (seed, tillage etc.) . As well they are N
efficient because N is cycled internally to the root system in the fall (Clark. 1977). Nutrient leaching.
and surface nutrient loss through soil erosion is minimal with perennial crop production compared to
annual crop production. C4 grasses have a higher N use efficiency than Cg grasses (Brown, 1985).

Based on these criteria, the fastest. most resource efficient crops to grow would be perennial
(4 grasses. Since 1986 the US Department of Energy (DOE) has extensively evaluated herbaceous and
woody biomass crops for biomass production. It is not surprising then that the lowest cost feedstock
production that has been achieved in North America has been with switchgrass ( Panrcum virgalum. &
(4 prairie grass. Several studies have estimated production costs below 1'3830.00/tonne (Sladden et
al.. 1991; Parrish et al.. 1990).

Recent reports by European biomass scientists have further highlighted the significant vield
and physiological advantages that C4 grasses hold over C3 species (1.e. cool season grasses or fast
erowing trees) for biomass production (Long et al. 1990; Stander. 1989; Rutherford and Heath. 1992). As
a result of @ number of these reports and promising early biomass yields from C4 species. much of
the current research in Europe is now evaluating the perennial Cy4 grass szscant/usand the annual Cy
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Figure 1. Map of eastern United States showing the ratio of rainfall to evaporation in perecentages in
different regions; prairie region is the 60 percent to 100 percent ratio.
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Ficure 2. Map of north-central united States showing peninsula-like projection of prairie vegetation
between the shortgrass region and the forested areas at the time of the “Xerothermic period™ as
viewed bv Transeau (Stuckey, 1981).
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specles sweel sorghum.
Effect of Climatic Conditions on the Centers of Plant Distribution in North America

American ecologists early in the 19th century demonstrated that water relations had a
powerful influence on the distribution of plants. Most authors have credited much of the development
of the concept to Transeau (in Stuckey, 1981) who in 1905 wrote:

" lnvestigalion shows [hal Jorests grassiands and deserts are arranged about certain cenlers,
which owe Lherr positions on the conlinent mainly lo climatic causes. That such centers cannol be
correlaled with lhe aistribution of heal or rain/all alone is evidenced by examinalion of the monthly,
seasona/ and annual aistibulion of these elements.

The lact thal so large a part of early aaaplalions shown by plants are more or less directly
connected with lranspiration, /ed the wriler lo construct & map [see fpure 1/ combining the fgures
for ramiall and evaporalion. The amount of evaporalion depends ypon the temperature of lhe
evaporating suriace, the refalive humiaily of the air and the velocily of the wind Therefore if we
combine the fpures for ramn/all and evaporalion we fave a number which will represent af least four
chmalie faclors, thal must powerfully mnfluence the water relalions and distributions of plants.

The Creal Plains are marked by an amount of rain/all equal to 060 percent of the
evaporation. Where lhe ralio rises lo belween 60 and 80 percent, lhe prairie regron, where dense
forests are conlined lo the river bolloms, is indicaled The resion where ‘gpen forests”,  “oak
gpenings” and “roves” occur on lhe yplands and dense forests on lhe low grounds, is indicaled by the
b80-100% ratjos.

The two maps (Figure 1 and Figure 2) that originated from Transeau’s work provide a general
indication of how vegetation in North America evolved as a result of climatic conditions. Biomass
scientists need to understand the native vegetation and climatic conditions of an area to more
effectively understand constraints to biomass production. Few biomass scientists may realize that a
prairie peninsula (Figure 2) once extended from the north central region of the United States into the
northeastern states of Ohio and Michigan and that low soil moisture periods combined with low
humidity were among the primary reasons that this ecosystem evolved. The information provided by
Transeau's search for an explanation for the prairie peninsula in North America may prove invaluable
for scientists looking to understand ecological constraints to maximizing biomass production. For
example, many North American SRF researchers working in unirrigated monocultures frequently find
that low biomass yields are obtained in the areas where the rainfall to evaporation ratio is lower than
100%. Even in areas where the natural landscape has a rainfall to evaporation ratio from 100-1507%,
the yield potential of SRF systems may be water limited because rapid accumulation of biomass
increases water loss through transpiration.

238



Preliminary Assessment of Barriers to SRF Productivity

The low water use efficiency of SRF systems may be the primary reason that yields have not increased
when researchers have left small plots and gone to field scale conditions. A summary of large plot and
field scale studies (unirrigated sites with borders) from a recent International Energy Agency (IEA)
publication indicates current yields being obtained (Table 1).

Table 1. Summary of recent production data from the IEA Report: How to Grow Short Rotation Forests
(Ledin and Alriksson. 1992)

Europe Species Yield (ODT/ha/yr)
Austria Wiliows 10.5

Sweden | Willows 11

England Willows & poplars 6 - i1

Denmark Willows 8.1

USA

Pennsylvania Poplars 10.4

Wisconsin Poplars 7.9

Washington Poplars 15.1

- ODT = Qven Dry Tonne

Data from other recent reports with relatively large plots or field scale plantings

France Poplars 7.9 ODT/ha/yr Auclair and
Bouvarel, 1992
Eastern Ontario | Poplars 2-3 0DT/ha/yr Hendry, 1990

The Washington study was the only study to have average yields above 11 0DT/ha/yr. This was
performed in a high rainfall area of the Pacific Northwest of the United States. If this study is
observed as an anomaly for North America (because of the area’s unique climatic conditions relative to
the rest of North America), it appears that most field scale yields are in the range of 7-11 0DT/ha/yr.
This would agree with Hansen {1988), in his review of SRIC (Short Rotation Intensive Culture) yields,
who states 7-11 0DT/ha as a reasonable estimate of potential SRIC field yields.

The problem of low water use efficiency by the trees in field scale plantations has been
identified by several researchers (Dickmann et al., 1992; Grip et al., 1989; Persson and Jansson. 1988;
Halldin and Lindroth. 1989). In some areas in Sweden where plantings have been made on bogs,
willows have lowered the water table (Persson. 1989). A water balance study in Sweden which simulated
a production of 12 0DT/ha indicated an evaporation of 526 mm. of which 375 mm was transpiration,
96 mm canopy interception and 95 mm soil evaporation. This rate of evaporation was 22% higher than
the Penman open water evaporation rate of 430 mm (Grip et al.. 1989). Several other Swedish studies
have also indicated evaporation rates of SRF systems being 10-50% higher than the potential
evaporation by the Penman formula (Persson and Jansson. 1988; Halldin and Lindroth. 1989). It should
not be surprising that water availability is proving to be a primary factor limiting yield for high
biomass producing systems. Forage scientists have demonstrated that biomass production is water
imited for C3 and Cy crasses on marginal sites in northeastern North America (Stout et al., 1988
Stout. 1992). and that forage productivity of C3 grasses is a good predictor of SRF yields on a site
(Wells and Fribourg. 1992). While average rainfall in northeastern North America mav be similar to

- that of Sweden. the intensity of ramnfall (frequent storms resulting in higher runoff) and the more
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continental climate of North America (lower relative humidity), suggest that the moisture use problem
would be exacerbated in North America for SRF. particularly on marginal soils (due to low water
holding capacity).

- The low water use efficiency of monoculture plantations of willows or poplars (Cq species)
indicates that the real yield potential for SRF in most of North America is only about 1/2 of that
required for economic production. 23 0DT/ha (Kenney et al., 1991) . Yields of 7-11 ODT/ha would put
biomass costs in the range of US$ 65-85/ tonne (Turhollow, 1992). Thus. an alternative to

~monoculture SRF systems needs to be developed if plantation forestry is to have a viable energy future
in North America, since plantations using irrigation systems are not an option (economically or
ecologically) for energy production. In summary, the agronomic and economic problems with the
monoculture SRF include: ’

1. Tow productivity because of low water use efficiency and low solar energy conversion compared to Cy
grasses, .

2. greater reliance on N, P and K fertilizer inputs than warm season grasses if a relatively short
rotation period is used (ie. 4 years or less).

3. significant disease and pest problems associated with fast growing trees and clonal material

4. planting, weeding, fertilizing and harvesting may require new equipment or custom operators to
perform farm operations,

9. lack of adaptability to marginal soils with low water holding capacity.

6. expensive and difficult harvesting process,

7. cost of reconverting the land back to agricultural production is high,

8. high initial capital investment,

9. not a farmer friendly crop because-of long harvest interval compared to conventional crops.

(4 Grasses As Biomass Crops

Most land suitable for biomass production from plantations in North America has a rainfall to
evaporation ratios of 50-110% (Figure 1). The prairie region, found in the 60-1007%

rainfall /evaporation area, occupies a major portion of this land base. The native prairie grasses that
were dominant in this area were the (4 perennial grasses. Among the most common were big
bluestem (Azdrgpgzon gerardiy. little bluestem ( Sedizachprium scoparrum). Indiangrass ( Sorghastrum
nulang. switchgrass ( Aanicum virgatum and prairie cordgrass ( Spartina pectinalq (Weaver and
Fitzpatrick, 1934). These species have all shown potential to produce biomass yields greater than 10
t/ha on unirrigated sites (Stubbendieck and Nielsen. 1989: Gould and Dexter, 1986; USDA, 1991). The
most thoroughly researched species has beenswitchgrass. It has many desirable characteristics for
blomass production including:

Hieh Productivity When appropriate cultivars are chosen, productivity is high across much of North
America. Yields of 20 to 30 ODT/ha have been obtained with lowland switchgrass ecotypes in Alabama
(Sladden et al. 1991). In studies near the Canadian border. winter hardy upland ecotypes of
switchgrass have produced yields of 9.2 ODT/ha in northern North Dakota (Jacobson et al., 1986) and
12.3 0DT/ha in northern New York (Thomas and Lucey, 1987). '

Moisture ffficient- Switchgrass uses water approximately 2 times more efficiently than traditional cool
season grasses (Stout et al.. 1988: Parrish et al., 1990 Stout. 1992). Its root system extends up to 3.3
metres and has a greater distribution of root weight at deeper soil depths than other prairie species

* (Weaver and Darland. 1949).
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Low N reguirements Compared to cool season grasses, optimal yields of switchgrass can be obtained
with much lower N requirements and response to N may not be observed in the early years of
production (Jung et al. 1990). N levels in switchgrass biomass are in the order of 0.5% N at full
maturity (Balasko et al. 1984) which is approximately 1/2 that of most coc! season grass species.

Low P reguirements On soils with low levels of available P, warm season prairie grasses have higher
dry matter vields and have P concentrations approximately 1/2 that of cool season grasses (Morris et
al. 1982). An adaptive advantage of C4 grass species is their use of mychorhizal symbiosis for nutrient
uptake. This may help explain the abundance of C4 plants in prairie soils low in available nutrients
(Hetrick et al. 1988).

Low K reguirements Swilchgrass has a lower critical K level than cool season grasses and seldom
shows response to K fertilizer (Smith and Greenfield, 1979).

Stand /longeriy Adapted switchgrass cultivars harvested for hay have excellent persistence, minimal
disease and insect problems and good cold tolerance.

Acid soil tolerance Switchgrass will tolerate extremely low pH soils (<5.0) which do not support the
growth of cool season grasses or legumes (Jung et al.. 1988)

Low harvest costs In studies in the northern United States. ! cut per season maximized biomass yields
from switchgrass while most cool season grasses generally require multiple cuts {Wright, 1990).

Soi restoring Switchgrass is one of the dominant species of the North American prairie that built
some of the most productive and rich soils in the western hemisphere.

Hjetr elbanol yie/d Switchgrass has a higher combined cellulose and hemi-celtulose content than cool
season grasses or legumes (Cherney et al. 1988).

Farmer friend/y Compared to other warm season grass species, switchgrass is inexpensive to seed and
establishes well. It has good seedling vigor, low seed costs. low seeding rates and good herbicide
tolerance.

Lnvironmentally friendly Switchgrass provides nesting cover and seeds act as a food source for birds.
The re-establishment of prairie grasses will improve water quality in several ways: annual grain crops
responsible for increasing erosion potential will be replaced, ground water nitrate levels (Ramundo el
al. 1992) and surface P loading (Sharpley and Smith, 1991) will be reduced. Pesticide impacts on
wildlife would be reduced because herbicides would be used probably only in the establishment year
unlike the annual use of insecticides and herbicides in field crop production. ;

Several other prairie species have also shown potential to produce biomass yields as high or
higher than the tallgrass prairie species, particularly outside of the main prairie region. Two of the
more promising species are prairie sandreed ( (aamoiilfa /ongifolia and eastern gamagrass ( Trypsacum
dactyfoided which have performed well in biomass trials in the Northern US Great Plains (USDA. 1989)
and Southern lllinois respectively {Faix et al.. 1980; Kaiser. 1989). The native range of these plants.
compared lo that of switchgrass. gives an indication that they may be as well. or better adapted than
switchgrass to these particular areas (Figure 3). .
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Figure 3. Native Range of promising biomass feedstocks (Maps from Stubbendieck et al.. 1992)

Energy Agroforestry As An Alternative

Many of the problems inherent in the SRF system may be reduced or eliminated if an
agroforestry approach to energy production is taken. This approach to using trees for energy
production has been suggested by others including Newman et al. (1990). Soltner (1991) and Ronneberg
(1992). The trees grown in a SRF production system would be used as windbreaks on high value land
m order to protect adjacent agricultural crops. The main reasons why an agroforestry approach may
be more successful in North America than the monoculture plantation concept are the following:

(1) by limiting the plantation to at most a few rows of trees, the interception of sunlight and
availability of water would be increased, thereby improving tree productivity;

(2) compared to conventional windbreaks which can be harvested after 25-35 years for timber, SRF
windbreaks for energy would make it possible to get a financial return after 5 years. The trees would
be seen more as an asset and not occupiers of valuable crop land.

(3) while the reduced competition from the adjacent agricultural crops would benefit the trees, the
crops would also benefit from the trees. The benefits of windbreaks have been well documented and
Include reduced wind speed, increased humidity levels, higher day time temperatures, higher soil
moisture, reduced wind and water erosion and increased snow trapping (reviewed by Kort, 1988);

(4) in most instances where short rotation windbreaks would be grown in conjunction with field crops.
they probably would not need to be fertilized as most farmers tend to overfertilize their crops. The
deep root system of the trees would help to recycle nutrients lost in the deepest layers of the soil.

Regarding crop yields, studies have indicated that perennial forage crops (alfalfa and mixed
hay) are highlv responsive to windbreaks (Kort. 1988). Establishment of windbreaks could potentially
have a very beneficial effect on C4 grass growth, particularly in its northern range, because of their
ability to reduce the chilling effect of high winds and increase davtime temperatures. Thus. systems
could be developed where fast growing trees would be planted in windbreaks while a C4 grass such as
switchgrass would be grown in between. Those systems would be entirely dedicated to energy
production. Because perennial grasses such as switchgrass can be grown effectively on marginal
agricultural land: those systems would also help to take out of production. either temporarily or
permanently, land that cannot sustain annual field cropping. In this case. the trees will probablv have
to be harvested at longer intervals due to slower growth rate. However, the lower land cost of those
marginal soils should compensate for the longer rotation.

Finally. because SRF harvesting technologies are not well developed. trees planted in
windbreaks could be harvested using a chain saw and tractor pulled wood chipper. One two row design
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of this simplified energy agroforestry scheme has been proposed by Soltner (1991) {Figure 4). This
svstemn would enable at least one row to remain as a windbreak while the other row was harvested or
in early coppice regrowth. REAP-Canada is currentlv assessing this approach to energy agroforestry
using combinations of willows, poplars and black locusts in an on-farm research program in ceniral
Canada. The combination of cne row of black locust with a row of poplar or willow may enable an
opportunity to reduce; eliminate the competition problems that have sometimes been reported with
legume, non-legume tree mixtures in block plantings (Hellman and Stettler. 1985; Hetiman. 1989) and
the need for N fertilization.
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Figure 4. Two row windbreak system with two different species and harvest cycles (Soltner. 1991)

Summary

If biomass production systems are to advance significantly in achieving the goal of low cost
and abundant biomass, a greater understanding of ecological and physiological processes needs to be
achieved. Much of the land base that Is available for biomass production in North America has
significant moisture imitations. C4 grasses have well developed characteristics for optimizing growth
under these conditions compared to Cg species. The best opportunity to use fast growing trees for
blomass production appears to lie with their application in agroforestry systems. Energy production in
the form of windbreaks would enable an optimization of growth of the fast growing trees while
complementing production of traditional farm crops or C4 perennial biomass energy crops. The
production of “"green energy” from biomass can onlv be realized if an ecological approach to biomass
production 1s taken. ‘

243



References

Auclair. D. and L. Bouvarel. 1992. “Influence of spacing and short rotations on Agpw/us trichocarpa v
ae/lordescoppice.”  (an J For Res R2: 541- 548,

Balasko. J.A.. D.M. Burner and W.V. Thayne. 1984. "Yield and quality of switchgrass grown without soil
amendments.”  Aeron /76 204-208.

Beadle. C.L. and S.P. Long. 1985. "Photosvnthesis- is it limiting to biomass production.” Aomass 8:
119-168.

Brown, RH. 1985. "Growth of C3 and C4 grasses under low N levels.” gy Ser 25: 954-957.

Cherney, J.H.. K.D. Johnson, J.J. Volenec and K.S. Anliker. 1988. "Chemical composition of herbaceous
grass and legume species grown for maximum biomass production.” Aomass 17: 215-233.

Clark, F.E. 1977 "Internal cycling of nitrogen in shortgrass prairie.” /frolpeoy58: 1322- 1333

chkmann D.I. Z. Liu. P. Nguyen and K. Pregitzer. 1992. Photosynthecl\ water relations, and growth
of two hybrid Populus genotypes during a severe drought.” Caz J/ For Fes 22: 1094-1106.

Faix, JJ.. C.J. haiser, F.C. Hinds. 1980. "Quality. yield and survival of Asiatic bluestems and an eastern
camagrass in southern llinois." / of Kange Hanaoement 33: 388-390.

Gould, J M. and L.B. Dexter. 1986. "Warm season grasses-new agricultural crop for the cornbelt” p.
230-238. In Aroceedings of the Minth North American Frairie Conference GX. Clambey and RH.
Pemble. (eds.). Tri-College Center for Environmental Studies, Moorhead. Minnesota. 264 pp.

Grip. H.. 5. Halldin and A. Lindroth. 1989. "Water use by intensively cultivated willow using estimated
stomatal parameter values”. Ayadrolpgica/ Frocesses3: 51-63.

Halldin. S. and A Lindroth. 1989. “Water use by willow in southern Sweden: Estimation of real

Evapotranspiration”, p. 257-262. In Proc. of a workshop held in Vancouver, B.C. Canada, August 1987.
-JAHS -Publ. no. 177,

Hansen, E.A. 1988. "SRIC yields: A look to the future”. pp. 197-207. IN Lothner, D.C.. Bradley, D.P. and
Cambles. RL (eds.). Aroceedings of the [F4.54 Task Il Workshop: Fronomic Fyaluations of Short
Rotation Bomass Energy Systems Duluth, USA. August 11-13, 1987. IEA/BA Information Report 88:2

Heilman. P.E. 1990. Growth and N status of Populus in mixture with red alder on recent volcanic
mudflow from Mount Saint Helens. (an / for Aes 20:84-90.

Heilman, P.E. and Stettler, R.F. 1985. Mixed. Short-Rotation Culture of Red Alder and Black
Cottonwood: Growth. Coppicing. Nitrogen Fixation, and Allelopathy. /forest Sev 31: 607-616.

Hendry. J. 1990. "Hvbrid poplar harvest in Eastern Ontario”. Agplar (ounci/ of (anade Vewsteller
June 1990: p. 12 ‘

244



Hetrick. BAD. D.G. Kitt. and C.T. Wilson. 1988. "Mycorrhizal dependence and growth habit of warm-
season and cool-season tallgrass prairie plants”. (a7 / Aot 66: 1376-1380.

Jacobson. ET., D.A. Tober, R.J. Hass and D.C. Darris. 1986. "The performance of selected cultivars of
warm season grasses in the northern prairie and plain states”. pp. 215-221. In GK. Clambey and R H.
Pemble. (eds.). Froceedings of lhe Minlh Norlh dmerican Frairre Conference Tri-College Center for
‘Environmental Studies, Moorhead. Minnesota. 264 pp.

Jones, MB.. SP. Long and SF. McNally. 1987. "The potential productivity of C4 cordgrasses and
galingale for low input biomass production in Europe” pp. 106 -110.. In C. Grassi, B. Delman. J.F.
Molle. and H. Zibetla. Homass for Fnergy and industry. Elsevier Applied Sciences. London.

Jung, G.A. J.A. Shaffer and W.L. Stout. 1988, “Switchgrass and big bluestem response to amendments
on strongly acid soil”. Aeron / 80: 669-676.

Jung, G.A. J.A Shaffer. WL Stout and M.T. Panciera. 1990. "Warm season ¢rass diversity in yield, plant
morphology. and nitrogen concentration and removal in the Northeastern USA". Aerom /82: 21-26.

Kaiser, C.J.. 1989. “C4 Grass With Legumes: An Energy Efficient Biomass System” In  Aor 4V
/nternalional Crassiand (oneress Nice, France. pp. 457-458.

Renney. WA. R.L. Cambles. and L. Zuffa. 1991.  fromomics and Felds of fneroy Plantations: Status
and Folentia/ Faculty of Forestry. University of Toronto, DSS Contract No. 23440-0-9016/01-SZ.
Efficiency and Allernative Energy Branch, Energy Mines and Resources Canada. Ottawa, Ontaric. 177 pp.

Kort. J. 1988. "Benefits of windbreaks tc field and forage crops”. Aawe Leosys Fmiron 22/23: 165-
190.

Ledin. S. and A. Alriksson. 1992.  Aandbook on How lo Grow Short Rolalion Forests Swedish University
of Agricultural Sciences. Section of Short Rotation Forestry. Uppsala, Sweden.

Long, S.P.. L Potter. M.J. Bingham and CM. Stirling. 1990. “An analysis of limitations to the
production of C4 perennial grasses as ligno-cellulosic biomass crops. with reference to trials in E.
England”.p. 1235-1241. In Grassi. G., G. Gosse. and G. dos Santos. Zomass /or £hergy and lndustry,
oth Lurgpean ConferenceNol. 1. Policy, Environment, Production and Harvesting, Elsevier Applied
Science, London.

Morris. Rd.. RH. Fox and G.A. Jung. 1982. "Growth, P uptake, and quality of warm & cool season
grasses on a low available P soll". Jorom J/74: 125-129.

Newman. SM., J. Park. J. Wainwright. P. Oliver, JM. dcworth and N. Hutton. 1990. “Tree Productivity,
Economic-and Light Use Efficiency of Poplar Silvoarable Systems for Energy”. - 54 furgpean Conference
on Llomass (or £hergy and Environment. Aorrcullure and fndusiry: pp. 176-180.

Parrish, D.J.. D.D. Woif. WL Daniels. D.H. Vaugham and J.S. Cundiff. 1990, Aerenmia/ specres for

oplimym production af biomass i the Fedmont Final Report 1985-89. Oak Ridge National Laboratory.
Oak Ridege. Tennessee ORNL.. Sub-85-27412.5. 115 pp.

245




Persson. G. 1989. "Energy forest water balance on a raised bog". Seand / for fes 4: 29-39.

Persson. G. and P. Jansson. 1988, "Simulated water balance of a willow stand on clay soil”.
pp. 147-162. In K.L. Perttu and PJ. Kowalik (eds)).  Modekng of fnergy Forestry. Haler Relalions and
deonomies. Simulation Honqgraphs J0. Fudoe. Wageningen.

Ramunda. R4, CM. Tate and TR. Seastedt. 1992. "Effects of tallgrass prairie vegetation on the
concentrations and seasonality of nitrate-nitrogen in soil water and streams”, pp. 9-12. IN DS
Smith and CA. Jacobs. (eds.). Awoceedings of the Twellth North dmerican Prairre Conlerence
University of Northern lowa. Cedar Falls, lowa. 218 pp.

Ronneberg, R. 1992.  7he Heqeerow Froject: 4 rewew of the literalure Published by the Hedgerow
Foundation. Forest Resource Center, Lanesboro, Minnesota. 43 pp.

Rutherford, I and M.C. Heath. 1992 /%¢ Potential of Miscanthus as @ Fuel (rop ETSU B 1354, Final
Report to the Department of Trade and Industry. Great Britain. 123 pp.

Sharpley, AN. and S.J. Smith. 1991 "Effects of cover crops on surface water quality”. p. 41-49. IN
W.L. Hargrove, (over (rops for (Jean #aler Soil and Water Conservation Society, Ankeny lowa.
198 pp. :

Sladden. SE.. DI Bransby and G.E. Aitken. 1991, "Biomass yield. composition and production costs for
eight switchgrass varieties in Alabama". Aomass and Hioenergy1(2): 119-122,

Smith, DK. and S.B. Greenfield. 1979. "Distribution of chemical constituents among shoot parts of
timothy and switchgrass at anthesis". / Aant Nutrition 1: 81-89.

Soltner. D. 1991, Zardre ef /z Hare Sth edition. Collection Sciences et Techniques Agricoles. Le Clos
Lorelle, Ste Gemmes sur Loire, France. 207 pp.

Stander. W. 1989.  Jefermination of the Hjghest Biomass Producing Flant Genera (Cy-Crasses) of lhe
#orld for Temperate (limates. Assessment Study for the Commission of the European Communities,
‘Munich, Germany. 74 pp.

Stout, WL 1992. "Water-use efficiency of grasses as affected by soil, nitrogen, and temperature”.
soil Ser. Soc. Am. /96 897-902.

Stout, W.L. G.A Jung and J. A Shaffer. 1988. "Effects of soil and nitrogen on water use efficiency of
tall fescue and switchgrass under humid conditions”. S/ Sev. Soc. Amer: J32: 429-434.

~ Stubbendieck. J.. S.L. Hatch. and C.H. Butterfield. 1992. Aorth dmerican Kange Alants University of
Nebraska Press. Lincoln. Nebraska. 493 pp.

Stubbendieck. J. and C.A Nielsen. 1989. “Influence of harvest and nitrogen fertilizer on four warm
season grasses”. pp. 139-142 In TB Bragg and J. Stubbendieck (eds.). Aroceedings of lhe Llerenth
Sorth American Prairie Conference, University of Nebraska Prining, Lincoln. 292 pp.

Stuckey, RL 1981, "Origin and Deve_}bpment of the Concept of the Praire Pemnsula”. IN Stuckey,

246



RL and K. Reese. Aroceedines of lhe Sivth Vorth dmerican Frarrie (onférence Ohio Biol. Surv. Biol.
Notes No. 15 pp. 4-23.

Thomas, E.D. and R.L. Lucey. 1987. "Warm season grasses in northern New York", pp. 239-243. Awc
1967 dmer. Forgee & Grass. Con/ American Forgae and Grassland Council. Belleville, PA.

Turhollow. A 1992, "Feedstocks for Ethanol Production in the United States'. In AZ4amo/ feedstock
Meeling Apri/ 15, 7997 . Ottawa, Ontario. Canada Center for Mineral and Energy Technology (CANMET).
Energy Mines and Resources Canada, Ottawa. Ontario. pp. 3-21.

USDA. 1989. Jechmical Report 1988-7969 Bismarck Plant Materials Center. USDA. Soil Conservation
Service, Bismarck, North Dakota. 180 pp.

USDA. 1991, 7997 Apnua/ Report. Big Flats Plant Material Center, Soil Conservation Service, Big Flats,
New York. '

Weaver. J.E. and RW. Darland. 1949. "Soil-root relationships of certain native grasses”. Arolpaca/
Yonograpss 19: 303-338.

Weaver, J.E. and TJ. Fitzpatrick. 1934. "The Prairie”. Azo/gorcal #Honoeraphs 4: 109-294.
Wells, G.R. and H. A Fribourg. 1992. "Sustanable blomass production on marginal land”, pp. 17-26. In
Cundiff, §.S.  Lgwd Fuels from Renewable Resources American Society of Agricultural Engineers

Publication 12-92, St. Joseph, Michigan. USA,

Wright, N. 1990.  Sereemng of herbaceous species for energy crap product/on. Final Report 1985-1990.
Oak Ridge National Laboratory. Oak Ridge. Tennessee. ORNL./Sub/Ef)—Z?élll/’S. 85 pp.

247



SWITCHGRASS AS A BIOFUELS CROP FOR THE
UPPER SOUTHEAST

David J. Parrish and Dale D. Wolf
Crop and Soil Environmental Sciences, Virginia Tech
Blacksburg, VA 24061-0404 U.S.A.

Abstract

Switchgrass (Panicum virgatum) has been identified in DOE-sponsored studies as a widely
adapted, productive herbaceous candidate for biofuels cropping. It is a perennial that has been
planted using no-till procedures, and it appears to have positive effects on the soils in which it
grows. We have been looking at this species as a potential fuelcrop (as well as a valuable
forage) for several years. In this presentation, we note several "lessons learned" about
switchgrass establishment and management as an energy crop. Data include results from recent
plantings in the upper Southeast U.S.A. and from cutting management studies. Six varieties of
switchgrass (Alamo, Cave-in-Rock, Kanlow, Shelter, and two breeder’s lines) varied markedly
in the success of their no-till establishment at eight locations across the upper Southeast. Better
weed control, which was achieved at later planting dates, seemed to be the key. Yields obtained
in the establishment year varied from O to 8.0 Mg/ha. Cutting-management studies with
established stands revealed that two harvests per season are more productive (by 2 to 3 Mg/ha)
than one, but the date of first cutting is crucial. First cutting should be from late-June to mid-
July. A two-cut system may not be economically advantageous, however. Another cutting-
management study detected losses of standing biomass at the end of the growing season. As
much as 15% of the above-ground biomass present in early-September was no longer harvestable
in early-November. We think this loss results from translocation of dry matter to below-ground
parts. This work is supported by a DOE contract administered through Oak Ridge National
Laboratory, which is managed by Martin Marietta Energy Systems.
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Establishment Study

Planting of six switchgrass varieties at eight different sites across the upper Southeast occurred
between 13 May and 23 June 1992 (Table 1).

Table 1. Schedule of Planting for Switchgrass Establishment Study.

Site Planting Date (1992)
Princeton, KY 13 May
Jackson, TN 14 May
Knoxville, TN 18 May
Raleigh, NC 22 May
Orange, VA 22 May

Morgantown, WV 28 May
Blacksburg, VA | 23 June
Blacksburg, VA lI 23 June

Table 2 shows seeding rates and how they were determined for each variety used. The goal was
to plant a similar number of potential germinants (discounting dormant, dead, and empty seeds),
i.e., pure live seeds (PLS), per unit of soil area. While the seeding density varied by over two-
fold, the projected stands would all be much more than adequate.

Table 2. Switchgrass Seed Characteristics and Pure Live Seed (PLS) Planting Rate
for Plantings Made in Spring 1992..

Variety Germ- 100-Seed Seeds/ PLS Predicted
ination Weight kg Planted  Germinants
% mg no.x1000 kg/ha no./m?
Cave-in-Rock 60 165 645 8.2 530
Alamo 75 91 1100 7.7 845
Kanlow 71 90 1110 7.3 805
Shelter 75 , 194 515 10.2 . 525
NC-1 45 96 1040 3.1 320

NC-2 46 76 1315 3.1 410

The stands achieved were somewhat to much less than the projected levels at most sites (data not
shown). While the seedling populations were lower than predicted, the number of seedlings was
still quite adequate in most cases. Early weed pressure at some sites, however, was cause for
concern in spite of herbicide (atrazine) use.
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The sites with the best establishment were the two planted in Blacksburg, VA. These were the
last to be planted (23 June versus 13 to 28 May for all other sites). The probable explanation
for the greater success at Blacksburg is at least two-fold. By waiting until late June and killing
all newly emerged weeds before planting, we had essentially no weed pressure (a few broadleaf
species that were easily controlled with 2,4-D). In addition, it appeared that the warmer, longer
days in late June permitted the switchgrass seedlings to grow more rapidly than they did when
planted earlier. By contrast, the plantings at the other locations grew slowly during their first few
critical days, while some hard-to-control weeds were making rapid growth.

Differences between varieties in vigor of establishment were seen at all sites. The contribution
of weed competition to those differences is difficult to determine, since we did not have uniform
weed stands at the various sites. The Blacksburg sites, which were essentially weed-free,
provided non-confounded evidence of vigor differences between varieties (Table 3). Cave-in-
. Rock provided excellent stands at both Blacksburg sites, and the two lines from North Carolina
(NC-1 and NC-2) were decidedly inferior in vigor 25 days after planting.

Table 3. Vigor Ratings on 18 July 1992 of Switchgrass Varieties No-till Planted on
23 June 1992 at Two Sites near Blacksburg, VA. For the Visual Ratings of Vigor,
10 = Pure, Thick Stand; 0 = Only Weeds Present.

Previous Crop

Variety Fallow Tall
fescue
---------- Rank----------

Cave-in-Rock 10.0 10.0
Alamo 8.1 85
Kanlow 6.9 7.5
Shelter 79 71
NC-1 2.6 3.8
NC-2 25 38
L.S.D. 0.05 0.8 1.1

At the end of the growing season, after above-ground plant matter was dead, we harvested the
standing biomass of the study at six of the sites. We estimated the amount of biomass
represented by switchgrass in each plot, and we report here yields only of switchgrass (Table 4).
In some cases, weeds were clearly dominant; but their biomass is not included in the reported
values. (In most cases, the switchgrass became dominant in 1993)) .
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Table 4. Yield and Percentage Composition of Six Switchgrass Varieties Planted
in early 1992 at Six Locations. Yields Taken in November 1992.

Switchgrass Variety

Site Cave- Alamo Kanlow Shelter NC-1 NC-2 LSD.
in-Rock 0.05
-- % Switchgrass
Knoxville, TN 73 45 42 38 12 10 22
Jackson, TN - 90 70 50 31 14 16 35
Morgantown, WV 68 66 66 68 0 0 NS
Orange, VA 44 42 38 9 2 5 25
Blacksburg, VA | 100 100 100 100 100 100 -
Blacksburg, VA Il 100 100 100 100 100 100 -
| ---Switchgrass Yield (Mg/ha) “---
Knoxville, TN : 50 3.1 3.0 2.5 08 07 1.9
Jackson, TN 5.0 4.5 3.0 1.2 0.4 0.7 2.2
Morgantown, WV 0.3 0.3 0.2 0.1 0 0 NS
Orange, VA 0.6 0.7 0.5 0.1 0.1 01 0.3
Blacksburg, VA | 3.2 4.7 4.4 2.3 3.1 37 0.9
Blacksburg, VA Il 5.3 8.0 6.8 34 6.0 6.9 0.7

Cutting Management Study

Switchgrass had been planted previously at two Blacksburg (VA) locations, Whitethorne and
Kipps. Each location was harvested in a randomized, complete block experiment at several
different dates for the first cutting (15 June to 20 July). The second harvest was made on 11
November after all evidence of green tissue had disappeared. One area was harvested only on
11 November. These data (Table 5) indicate that harvesting between 25 June and 25 July (plus
end of season) resulted in higher biomass yields than harvesting only one time at the end of the
season. On 25 June, the plants were in a boot stage or late boot stage, with a height of about
110 cm. By 4 July, the plants were about 140 cm tall and in an early heading stage. On 20
July, all tillers were heading, with most seedheads being about one-third fully emerged. Anthesis
occurred about 7 August. These data indicate that maximum seasonal dry matter can be achieved
by taking two harvests. The first harvest should be from early heading until dominant tillers
have approximately one-half of each seedhead emerged. Optimal first harvest was in mid-July
for the conditions that occurred in the Blacksburg area during 1992. We note, however, that the
additional yield from a two-cut management might be offset economically by the cost of an
additional harvest. ‘
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Table 5. Switchgrass Yields at Two Blacksburg, VA, Locations when Cut at Several
Dates for the First Harvest and Again (or Only) on 11 November 1992,

Yield/Harvest Date

Location First Harvest First Nov. 11 Total
Mg/ha
Whitethorne ' 15 June 2.7 6.2 8.9
, 25 June 59 58 11.8
04 July 7.4 57 13.2
20 July 9.9 3.9 13.8
11 Nov. - 11.5 115
Kipps 15 June 3.2 6.6 958
25 June 4.7 52 99
04 July 7.4 35 10.9
20 July 8.9 3.9 12.8
11 Nov. - 8.0 8.0
Combined 15 June 2.9 . 64 9.3
25 June 5.3 55 10.8
04 July 7.4 46 12.0
20 July 9.4 3.9 13.3
11 Nov. - 97 97
LSD 0.05
one location 25 1.3 3.0
combined locations 18 09 2.1

We have also been interested in end-of-season biomass yield changes. (Earlier studies suggested
standing biomass declines after September.) Plots that had been cut at various times for a first
harvest (from 15 June to 20 July) were harvested on 4 September. We also harvested a check
plot that had not been previously cut. These yields established biomass present near the end of
the growing season. A final harvest for the season was obtained on 14 November from all
subplots by again harvesting portions that had not been cut since their first harvest in the earlier
part of the growing season. Biomass in the check plots declined by 15% between 4 September
and 14 November (Table 6). Yields for the subplots cut twice during the season did not differ
if the second cut was on 4 September or on 14 November. With the check at least, there is
apparently significant translocation of biomass from top growth to underground storage.
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Table 6. Yields at the Second Harvest when it is Delayed and when the First
Harvest was Taken at Several Dates. Yield Change is Difference Between 4
September and 14 November 1992 harvests.

Date of Second Harvest

First 4 Sept. 14 Nov. Yield
Harvest Change
Date Mg/ha
15 June 6.3 a* 6.5a 0.2
25 June 63a 53 a -1.0
04 July 39a 35a -0.3
20 July 33a 39a 0.6
04 Sept.’ 146 a 123 b 2.3 A?

*Yields in rows followed by similar lower-case letters do not differ.

'Yields for 4 Sept. first-harvest date are from a different field and should not be compared
with yields from other treatments.

*Upper case letter indicates the yield change differs from zero at the 0.05 level.

Conclusions

These and additional studies not reported here support key conclusions concerning the
management of switchgrass as a biofuels crop. 1) It can be established successfully with no-till
methods. 2) Weed control is crucial during establishment. 3) Both variety and site affect first-
season performance. 4) Yields of biomass can be substantial, even in the establishment year.
5) Two harvests may provide more biomass per season (but may not be economically
advantageous). 6) The end-of-season harvest date is crucial, since above-ground biomass is lost
after early September.
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Abstract

Phosphatic clay is a byproduct of phosphate mining. Presently more than 40,470 ha have been
created, most in central Florida, and about 810 ha are being added each year. Phosphatic clays
have high fertility and high water holding capacity, reducing fertilization costs and producing
high yields without irrigation. Based on 10 years of research, scientists have selected tall
annual-regenerating perennial C-4 grasses as having the greatest potential for biomass production
in Florida. The purpose of this work was to determine the feasibility of growing these tall
perennial grasses for biomass on phosphatic clay. Elephantgrass (Pennisetum purpureum L.),
sugarcane and energycane (Saccharum sp.), and erianthus [Erianthus arundinaceum (Retz)] were
planted in duplicate replications on phosphatic clay soil in late August, 1986. Yield was
measured by one harvest in December or January each year for four years. Nitrogen
fertilization included 112 kg ha™ the first year followed by 134 kg ha for the next three years.
Nitrogen is the only supplemental nutrient needed to grow tall grass crops on phosphatic clay.
The average annual oven dry matter yield over the 4-yr period was 36.3 Mg ha™' for PI 300086
elephantgrass, 45.2 for N51 elephantgrass, 42.5 for L79-1002 energycane, 49.0 for US72-1153
energycane, 49.7 for US78-1009 sugarcane, 52.2 for US56-9 sugarcane, 56.2 for CP72-1210
sugarcane, and 48.8 for 1K-7647 erianthus. More recent work has utilized domestic sewage
sludge as a nitrogen source for the tall grasses. Preliminary sugar yields of selected sugarcane
accessions & sweet sorghum were 4.7 Mg ha'' for CP72-1210, 12.5 for US67-2022, 3.4 for
US78-1009 and 1.3 Mg ha! for sweet sorghum (cv. grassl). The high yields of the tall grasses
grown on phosphatic clay with low inputs indicate a great potential for these crops as a source
of renewable energy. A sustainable cropping system may be maintained by utilizing municipal
sewage sludge as a nitrogen source with tall grasses on phosphatic clay.
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introduction

An agreement between the University of Florida Institute of Food and Agricultural Sciences and
the Gas Research Institute stimulated a 10-yr research effort to use energy crops for the
manufacture of methane. After studying many plants, scientists settled on tall-growing perennial
bunchgrasses as having the most potential as biomass plants. These grasses are indigenous to
the tropics, utilize the C, pathway of carbon fixation, and produce long hardened stems (Prine
et al., 1988). Examples included elephantgrass (Pennisetum purpureum L.) (often referred to
as napiergrass), sugarcane, and energycane, (Saccharum sp.), and erianthus [Erianthus
arundinaceum (Retz)]. In addition to manufacture of methane, these same crops may be used
for-the manufacture of ethanol for fuel or for generation of electricity through direct combustion
(Stricker et al., 1992).

Cost of producing these crops is a concern because of the high volume of biomass to be handled
and re]atlvely low value per unit of volume. Reclaimed phosphate land, especially phosphatic
clays, in central Florida holds promlse for efficient production. Phosphatic clays have high
fertility and high water holding capacity which results in reduced fertilization costs and produces
high yields without irrigation (Stricker, 1991). Phosphatic clay soils have a high pH (>7.0) and
high P, K, Ca, and Mg levels. Only nitrogen is required for fertilization.

The phosphate mining district in central Florida is located near a number of urban areas.
Because of the large urban population, domestic sewage sludge presents a disposal problem.
Using sewage sludge as a source of nitrogen for biomass crops offers an opportunity to help
solve an important community problem while providing an economical source of nitrogen.

The annual production cycle for the tall grasses also fits the central Florida weather pattern.
Field operations for planting and harvesting normally fall in the dry season of the year while the
plant growth phase is during the wet season. There are presently more than 40,470 ha (100,000
acres) -of phosphatic clays in Florida and about 810 ha (2,000 acres) are being added each year
(C. Albin and S. Windham, 1992, Florida Dept. of Natural Resources, personal
communication). Most of the phosphatic clays are located in Polk County, in central Florida.

The long growing season and ample summer rainfall in central Florida makes a climate suitable
for growing the tall grasses. During the winter, the top growth is often killed by frost but the
underground rhizomatous clump survives and initiates growth the following spring. Polk
County, Florida is located near 28° N lat and has a mild subtropical climate. The growing
season lasts from 240 to 300 d. With this length of season, elephantgrass is very competitive
with sugarcane and energycane for total biomass yield. In the humid tropics sugarcane and
energycane are more productive than elephantgrass (Alexander, 1985). However, elephantgrass
initiates growth earlier in the spring than sugarcane or energycane and may be more productive
under the central Florida climate.

Sugarcanes and energycanes are efficient producers of both sugar and lignocellulose (Alexander,
'1986; Rodriguez, 1986). For production of ethanol, the juice may be squeezed and the sugars
fermented. The remaining lignocellulose may also be converted into ethanol by utilizing one of
the emerging lignocellulose conversion technologies. However, no commercial facilities are
available in the U.S. for converting lignocellulose to ethanol. It could be a number of years
before the costs of emerging lignocellulose conversion technology will permit commercial
application (Chum ez al., 1993). At the present time, it may be economically feasible to
produce ethanol from fermentation of sugars in the juice. Consistent high per ha yields of sugar
will be needed, however, for this to be feasible. An additional factor will be economical
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utilization of the press cake for either direct combustion, cattle feed, compost or other productive
use.

The objective of these studies is to evaluate the biomass energy potential of tall bunchgrasses
when grown on phosphatic clay soil.

Materials and Methods

Replicated plots of PI 300086 and N51 elephantgrass; L.79-1002 and US72-1153 energycane;
US78-1009, US56-9, and CP72-1210 sugarcane were established in late August 1986. Plots of
1K-7647 erianthus were established in the fall of 1987. The experiment was established on
phosphatic clay soil at the Polk County Mined Lands Research/Demonstration Project’s
AGRICO site.  Each plot contained 5 rows. Row length was 9.1 m (30 ft) and row spacing
was 91 cm (3 ft). Hardened stalks were planted in shallow furrows and covered with 5 to 7.6
cm (2 to 3 in) of fine clay soil. Stalks were double planted and cut to provide at least one plant
per 61 cm (2 ft) of row. Vacant spots were replanted in mid-February 1987. To help the new
planting compete, top growth of earlier planted material was mowed until the new plants were
established. The last mowing was in May 1987 and all plants were left to grow for the
remainder of the season. Plots were sprayed with Weedmaster' (DMA salt of dicamba/DMA
salt of 2,4-D) at 4.2 L ha (1.5 qt acre™") in June 1987 to control broad leaf weeds.

Plots were fertilized in July 1987 with 112 kg ha' (100 Ib acre™) of N and 93 kg ha (83 1b
acre™") of K. In the spring of 1988, plots received 134 kg ha’ (120 1b acre™) of N and 112 kg
(100 Ib) of K. In 1989 and 1990, plots received a spring application of 134 kg ha! (120 1b
acre™!) of N in the form of ammonium sulfate (Anderson, 1991). No additional fertilizer was
applied during this 2-yr period.

Plots were harvested only once per year in December or January. Biomass from a 4.88 m (16-
ft) portion of the center row of each plot was harvested for yield determination. Subsamples
were taken and dried at 60° C in a forced air oven until weight stabilized to determine dry matter
percentage. Experimental design was a randomized block with two replications.

Selected accessions from the yield study were planted in .08 ha (.2 acre) demonstration plots at
a different location on 30 January 1992. A sugarcane accession US67-2022, developed in Puerto
Rico, was also included in the demonstration. In addition, approximately .04 ha (.1 acre) of
sweet sorghum (cv. grassl) was planted on 10 April 1992. Plantings were made in 152 cm (60
in) rows. All plots were fertilized with 53.8 Mg ha’ (24 tons acre™) of 11.1% DM domestic
sewage sludge on 6 March 1992. The sludge application was designed to provide 224 Mg ha™*
(200 1b) of actual N to the crop during the first year. No other fertilizer was applied.

The main sorghum crop was harvested on 31 August 1992 and a ratoon harvest was taken on
8 December 1992. Other crops were harvested on 14 & 15 December 1992. Yield estimates
and samples for juice extraction were taken as follows: A 3-m (10 ft) piece of PVC pipe was
randomly placed in the row of individual plots. All stalks over chest high, adjacent to the pipe,
on both sides of the row were counted and five stalks were selected at random and cut. When
4 counts were completed, 20 stalks were bundled together. This procedure was repeated 4 times
for each accession for a total of 16 stand counts and 80 stalks (4 bundles). Stripped and

! The mention of a proprietary product name is for identification purposes only and does not
imply warranty or endorsement to the exclusion of other products.

256



unstripped bundle weights were recorded. Subsamples were taken and dried in a forced air oven
until weight stabilized for dry matter determination. Bundles were transported to the Everglades
Research and Education Center at Belle Glade where the juice was extracted and sugar content
determined.

Sugar was converted to ethanol by using the formula 1.68 kg of sugar = 1 L of ethanol (14 1b
= 1 gal) (Frank Moore, 1993, Bartow Ethanol, Inc., personal communication).

Results And Discussion

Although all of the selected tall bunchgrasses made good growth, no significant yield differences
were found due to large plot to plot variation and only two replications. Annual yield and 4-yr
average yield for eight energy crop accessions are shown in Table 1. Accessions of
elephantgrass, energycane, and sugarcane yielded an average of 40.8, 45.8, and 52.7 Mg ha'!
(18.2, 20.4, and 23.5 ton acre™), respectively, over the 4-yr period. Mislevy, er al. (1989)

Table 1. Dry Biomass Yield of Several Tall Bunchgrasses Grown on

Phosphatic Clay Soil in Central Florida.
L .

A Dry Biomass Yield

Accession & Crop 1987 1988 1989 1990 4-Yr

' mean

Mg ha't

PI 300086 elephantgrass 34.5 33.8 36.1 40.6 36.3 (16.2)
NS51 elephantgrass ' 45.2 | 66.3 39.2 30.2 45.2 (20.2)
L79-1002 energycane 45.7 45.4 39.6 39.2 42.5 (19.0)
US72-1153 energycane 45.9 49.8 42.2 58.1 49.0 (21.8)
US78-1009 sugarcane 54.0 55.1 - 45.2 44 .4 49.7 (22.2)
US56-9 sugarcane 33.8 67.9 51.6 55.6 52.2 (23.3)
CP72-1210 sugarcane 51.1 62.8 443 66.8 56.2 (25.1)
1K-7647 erianthus -- 46.9 51.6 47.9 48.8 (21.8)
*1 Mg ha! = 839 Ib acre or .446 Ton acre’!
* Ton acre™

reported a 4-yr average yield of 56.5 Mg ha (25.2 ton acre™’) yr! of dry biomass for PI 300086
elephantgrass with one harvest per year on another phosphatic clay site in Polk County. In a
harvest frequency study on Ona fine sand, near Ona, Fla., Mislevy et al. (1992) reported a yield
decline for L79-1002 energycane over a 4-yr period with more frequent harvest than one per
year. Yields persisted best with one harvest per year at a mature stage of growth.

Year-to-year yields for individual accessions were variable. However, four of the eight
accessians exhibited a trend of increasing yield over the 4-yr period. Those accessions
exhibiting an increasing yield trend were: PI 300086 elephantgrass, US72-1153 energycane,
US56-9 and CP72-1210 sugarcanes. Only 3-yr of data were available for 1K-7647 erianthus and
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no trend was apparent. Accession N51 elephantgrass, L79-1002 energycane, and US78-1009
sugarcane appeared to have a declining yield trend over the 4-yr period.

A stable or increasing yield trend can be taken as an indication of vigor-and stand longevity.
While high yield per acre is important, a long productive stand life is also important because the
costs of establishment may be spread over more years and more total production.

Results of the first year analysis of sugar content on selected accessions of sugarcane are
presented in Table 2 along with fresh biomass yield and dry matter. The new introduction
US67-2022 exhibited the highest yield. Only one row of this accession was planted because of
limited planting material. The one row was planted on the edge of the block and partially
accounts for the higher yield. Sweet sorghum was planted in 152 cm (60 in) rows which likely
resulted in slightly lower yields than had it been planted in more conventional 91 or 102 cm (36
or 40 in) rows.

Table 2. Preliminary Biomass and Sugar Yield of Selected Sugarcane

Accessions and Sweet Sorghum Grown on Phosphatic Clay.
L _________________________________________________________________ - |

Accession & crop Fresh Biomass  Dry Juice  Total sugar Ethanol® yield

; matter sugar

Mg ha’! % Brix Mg ha'! L ha

CP72-1210 137.6 (61.4)* 27.1 11.9 4.7 (2.1)* 2798 (300)*
sugarcane ‘
US67-2022 198.6 (88.7) 27.1 15,9 12,5 (5.6) 7440 (800)
sugarcane
US78-1009 150.3 (67.1) 25.5 11.1 3.4 (1.5) 2023 (214)
sugarcane
Grassl, sweet 22.2 (9.9 27.4 12.0 1.3 (0.6) - 774 ( 86)
sorghum
Grassl, ratoon 6.5 (2.9 21.0 2.9 0.0 (0.0) 0 (0)
' 1.68 kg of sugar = 1 L of ethanol
* Tons acre™!

$ Gal. ethanol acre’!

Conclusions

Accessions of elephantgrass, energycane, sugarcane, and erianthus produced high yields of
biomass on phosphatic clay soil with minimal inputs: Four of eight accessions appeared to have
an increasing yield trend over the 4 yr of the study. An increasing yield trend indicates that
stand life and productivity will extend well beyond the 4 yr of the study. The high.yields of the
tall grasses on phosphatic clay indicate a great potential for these crops as a major source of
renewable energy in central Florida. A sustainable cropping system may be mall}talned by
utilizing municipal sewage sludge as a nitrogen source with tall grasses on phosphatic clay.
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Abstract

Short-rotation intensive-culture (SRIC) of promising tree crops is being evaluated worldwide
for the production of methanol, ethanol, and electricity from renewable biomass resources.
Planting density and rotation age are fundamental management decisions associated with SRIC
energy plantations. Most studies of these variables have been conducted without the benefit of
a unifying theory of the effects of growing space and rotation age on individual tree growth
and stand level productivity. A modeling procedure based on field trials of Eucalyptus spp. is
presented that evaluates the growth potential of a tree in the absence and presence of
competition of neighboring trees in a stand. The results of this analysis are useful in clarifying
“economic implications of different growing space and rotation age decisions that tree plantation
 managers must make. The procedure is readily applicable to other species under consideration
for SRIC plantations at any location.
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To provide competitively priced feedstocks for the manufacture of methanol, ethanol, and
electricity from renewable biomass resources, short-rotation intensive-culture (SRIC)
management strategies of promising hardwoods are under rapid development and evaluation
worldwide. Economic success will depend upon optimizing yields and minimizing costs of the
desired product. The best species and provenances must be selected and matched with suitable
sites, and managed for both economic success and environmental integrity. After deciding
which germplasm to plant where, the next most important decision a SRIC forest plantation
manager must make is how many trees to plant. Planting density strongly affects
establishment costs and individual tree growth and stand development. Individual tree and
stand growth as well as rotation age largely influence harvesting costs. A successful SRIC tree
venture must design a viable strategy from this complex set of biophysical and economic
considerations.

Our group at the University of Hawaii has developed an empirical yield and economic system
model that is sensitive to the effects of growing space and age. In this paper, the model is
applied to estimate diameter growth and to indicate some management implications of the
effects of growing space and rotation age on the economics of SRIC forest plantations. The
model is conceived from a common precept of silviculture -- annual diameter growth is a
function of the potential growth multiplied by a growth modifier that represents the effects of
competition. The uniqueness of our model is that it is based on the potential growth of a free-
grown tree (FGT) and the ratio of the growing space a tree has available to the space it would
need to reach its potential growth.

The founding studies from which our model was developed were the correlated curve trend
(C.C.T.) projects conceived and conducted by O'Connor (1935). The C.C.T. results have
provided the descriptive graph forms depicting the relationship between age and DBH
developed by Burgers (1976) and illustrated here in Fig. 1. Potential diameter growth is
defined as the growth of a free-grown tree. Annual growth can be derived from the following
Chapman-Richards cumulative growth function.

FGT Diam = FGT Diam max * (1-exp(-K1 * Age))C!

By setting the shape constant C1 = 2.0 and estimating the age at which the diameter reaches
99 percent of its maximum, the rate constant K1 can be derived.

The model separates the cumulative effects of past competition from the expected effects of
current competition (Merriam 1987). Past competition is reflected in the size difference of a
free-grown tree and a competition-grown tree (CGT). We assume that CGT potential growth
is a function of FGT potential growth and the CGT/FGT size ratio. Current competition is
expressed as a function of the growing space available for the average CGT to the growing
space it would need to reach its potential growth. Available growing space is a function of the
number of trees planted and mortality. The growing space requirement of a competition-
grown tree is a function of the growing space that a free-grown tree requires to achieve its
potential growth. This competition threshold space (CTS) was derived for the Eucalyptus spp.
in this study from the results of Burgers (1976). As with potential growth we assume that the
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size ratio reflects the relation between CGT and FGT growing space requirements.
These concépts are synthesized in the potential growth modifier:

Pot Grow Mod = (1-exp(-K2 * Space Ratio))C2
where:

Space Ratio = CGT Space Avail /(CTS * Size Ratio)

Assuming that CGT growth reaches 99% of its potential with a space ratio of 1.0, and that C2
has a value of 1.1, then K2 = 4.70. Estimated diameter is then utilized with a variety of site
factors (e.g., temperature, rainfall, solar radiation, elevation, soil nitrogen content and pH,
and nitrogen fertilizer) to calculate an average tree diameter for the specific site being studied.
Stand productivity is calculated from a local yield equation.

Although it is meaningful to analyze growth data in the traditional fashion of growth vs. age,
we have chosen to use growing space and age as axes to illustrate diameter growth and stand
productivity (Fig. 2). By presenting both individual tree growth (DBH) and stand productivity
(dry Mg/ha) variables on the same graph, the tradeoff of increased individual tree size and
decreased stand productivity that occurs with increased growing space is emphasized. This
trade-off has dramatic implications in economic analyses and SRIC management decisions.

The cost of delivering hardwood feedstocks to a biomass energy production facility has been
modeled for several locations in Hawaii (Phillips ef al., 1992). Economic factors included are
feedstock costs related to establishment, cultural management, harvesting, chipping, transport,
and storage. Present net values in delivered cost per dry Mg are derived for many possible
management schemes (Fig. 3a). This graph demonstrates that a minimum average cost is
obtained within a narrow range of growing space and rotation age. The reasons for increased
average cost with deviations from the optimum are illustrated in Fig. 3b.
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Abstract

The biofuel research over the past two decades has revealed that lignocellulosic crops serve as a
reliable source of feedstock for alternative energy. However, under the current technology of
producing, harvesting and converting biomass crops, the resulting biofuel is still not competitive
with conventional biofuel in terms of costs. While there are tremendous research effort is being
spent on finding ways to produce low cost biofuel, this study looks into minimizing biofuel
feedstock cost under the current technology. The study recognizes the fact that cost of harvesting
biomass feedstock is a single largest comprient of feedstock cost. It is argued that there is a
tremendous cost advantage in taking into account various techno-economic and institutional
factors associated with current technology in designing a biomass harvesting system. The
traditional system of farmer-initiated harvesting operation for biomass crops causes an over
investment in agriculture. This over investment is nothing but a social cost to the society.
Instead, this study develops a least-cost, time-distributed (staggered) harvesting system for switch
grass, as an example, that calls for an effective coordination between farmers, processing plant
and a single third-party custom harvester. A linear programming model is developed to explicitly
account for the trade-off between yield loss and benefit of reduced machinery overhead cost,
associated with the staggered harvesting system.

Total cost of producing and harvesting switch grass will decline by 17.94 percent from
conventional non-staggered to proposed staggered harvesting strategy. Harvesting machinery
cost alone experiences a significant reduction of 39.68 percent from moving from former to latter.
The net return to farmers is estimated to increase by 160.40 percent. Per tonne and per hectare
costs of feedstock production will decline. by 17.94 percent and 24.78 percent, respectively.
These results clearly lend support to the view that the traditional system of single period
harvesting calls for over investment on agricultural machinery which escalates the feedstock cost.
This social loss to the society in the form of escalated harvesting cost can be avoided if there is a
proper coordination among farmers, processing plant and custom harvesters as to when and how
biomass crop needs to be planted and harvested. Such an institutional arrangement benefits
producers, processing plant and, in turn, end users of biofuels.

1The authors acknowledge the valuable comments of John Cundiff at the conceptual stage of this paper.
This study has been funded by the Department of Energy through the Oak Ridge National Laboratory,
Oak Ridge, Tennessee.
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The biofuel research over the past two decades has revealed that lignodellulosic crops serve as a
reliable source of feedstock for alternative energy. However, under the current technology of
producing, harvesting and converting biomass crops, the resulting biofuel is still not competitive
with conventional biofuel in terms of costs. While there are tremendous research effort is being
spent on finding ways to produce low cost biofuel, this study looks into mmnmzmg b10fuel
feedstock cost under the current technology

Several techno-economic and institutional factors associated with the current technology of
producing and harvesting feedstocks have cost-saving potentials, if properly considered into a
harvesting decision maker's plan. These factors exist in the form of certain interrelationships
between the time of harvesting, crop yield, unit area harvesting machinery requirement, annual
machinery use, size of machinery inventory, unit cost of machine time and who harvests the crops.
Most feedstock cost estimates that currently are available are based on a harvesting system that is
common to -most agricultural crops where farmers are expected to undertake harvesting
operation. Such a system requires farmers to individually maintain, or have access to, the
required harvesting machine inventory at the time when it pays them the most to harvest, i.e.,
when the crop attains the maximum yield. If all farmers in a representative catchment area of a
biofuel processing plant decide to harvest the crop at the same time, a huge inventory of
harvesting machines will be required to accomplish the harvesting operation. Besides, either
farmers or the processing plant has to arrange storage of feedstock at additional costs of storage
and storage loss.

This paper shows that there is a tremendous cost advantage in taking into account various techno-
economic factors into account in designing a biomass harvesting system. The traditional system
of farmer-initiated harvesting operation for biomass crops causes an over investment in
agriculture. This over investment is nothing but a social cost to the society. Instead, this study
develops a least-cost, time-distributed (staggered) harvesting system for switch grass, as an
example, that calls for an effective coordination between farmers, processing plant and a single
third-party custom harvester. A linear programming model is developed to explicitly account for
the trade-off between yield loss and benefit of reduced machinery overhead cost, associated with
the staggered harvesting system.
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Techno-Economic Relationships Affecting Harvesiing Costs

The total cost of harvesting a given quantity of biomass feedstocks is mainly a function of unit
machine use time and average or unit harvesting cost (cost per hour). First, the unit harvesting
machinery use is expected to increase with biomass crop density or crop yield. The crop yield
itself depends on the number of cuttings every year (in the case of switch grass) and the timeliness
of cutting. During the harvesting season of a given crop, biomass yield is expected to first
increase as we delay the date of cuiting and then decline as we further delay the time of cutting.
Delays in harvesting could affect the yield and quality of a crop due to moisture loss (gain),
damage and foreign matter as well as the increased losses from harvesting (Hunt 1983, p. 257).
That is, unit harvesting machine use ultimately is a function of time of harvesting. The time of
harvesting depends on the institutional arrangement between producers and processing plant.

This timeliness effect on yield can be formalized by

Y(t)=a+bt—ct?, ¢))

where Y(¢) is crop yield (tonne/hectare) and ¢ is time of harvesting. Following Hunt (1983, p. 4-
6), effect of crop yield on unit machine use time (UMT) can be expressed as:

UMT =TT+—7, (2)
M

where IT, eand M are known constants of machine idle time per hectare, effective field
efficiency and material capacity of the machine, respectively.

Second, the average harvesting cost (AHC) is a function of total stock of machine inventory
(NM) to be maintained year-round in order to harvest a desired quantity of biomass, per machine
fixed cost (FC), and the actual annual machine hour use (AMH) of that inventory. As the
inventory stock increases, the total fixed cost of machines (FCxXNM) increases. Further, as the
annual number of machinery use hours increases, the average (per hour) fixed capital costs such
as annual interest on capital, depreciation, insurance and storage costs will decline. A staggered
harvesting plan requires a smaller inventory stock and allows longer utilization of this stock than
the conventional harvesting system. Thus, the AHC can be expressed as:

FC*NM

AHC = + AVC : (3)

The Model Of Optimal Staggered Harvesting Strategy

A linear programming model is developed for a representative switch grass feedstock region in
Tennessee. Switch grass is assumed to be harvested twice a year. The first cutting is assumed to
span over a period of three and a half months, beginning June 15 through September 30. The
entire harvesting season is split into harvesting periods of 15 days each, with first period ending
June 30. The earliest second cutting can occur after two and half months of first cutting and
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extend up to another two months. That is, for example, acres harvested as first-cutting during
period ending June 30 can be second-cut during any periods beginning September 15 through
November 15. But all the second cuttings must be completed by January 15 as field condition
then after is not congenial for harvesting. Switch grass harvesting is assumed to be similar to a
typical hay harvesting. The crop is harvested using a mover-conditioner; raked with a side-
delivery rake; baled as a round bale with the help of a baler; and finally staked by the field side
with a hay-staker. All these implements are tractor-drawn.

The objective of the linear programming model developed to simulate staggered harvesting is to
minimize the overall farm-gate cost of biomass feedstock that includes pre-harvesting production
costs, total fixed and variable harvesting costs, and total harvesting labor costs. The model
includes several constraints representing minimum feedstock demand, available periodic machine
inventory, yield-related unit machinery use, equality between acres harvested as first and second
cuttings.

Erosion-Productivity Impact Calculator (EPIC), a plant growth simulator, is used to estimate
yields for different harvesting dates. EPIC has the ability to incorporate specific soil and weather
characteristics, crop input levels, and type and dates of management practices as model inputs,
and then to estimate crop yields. Running EPIC with 32 different combinations of first and
second harvesting dates, switch grass yields are developed. These observations are used to
estimate the logistic yield equation in (1), and the predicted yields from this equation are used in
the analysis.

Information on pre-harvesting production expenses are adopted from English and Coady (1990).
Data on fixed costs, average variable costs, and unit machinery use time are obtained from
Johnson (1991). The model is analyzed for an annual feedstock demand of 272,232 metric tonnes
(300,000 tons).

Results and Discussion

The optimal staggered harvesting strategy requires a total of 13,398 hectares of biomass to meet
the specified feedstock demand. As expected, this strategy requires that first-cutting be done
throughout the entire first-cutting season (Table 1). It is important to note that the area harvested
during the first-cutting season are almost inversely related to the first-cutting yield. Although the
crop yield during the period ending August 15 is the highest (2.12 tonne/hectare), the optimal
area harvested as determined by the model is the lowest (1,796 hectares). This is because the
crop yields have a direct influence on machine use time, and the machine use time will be
restricted by total available machine time in each period. The total available machine time, in turn,
is endogenously determined by the model, depending on the overall requirement over the entire
harvesting season in a least-cost fashion.

The time-distributed harvesting effect can be observed even during the second harvesting season.
Areas harvested during periods ending July 15, July 30, August 40 and September 15 will be
harvested over more than one period in their second-cutting. The model does not call for any
harvesting during period ending October 15.
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The optimal numbers of machines to accomplish the staggered harvesting operation are estimated
as: 34 mover-conditioner, 28 rakes, 28 balers, 31 hay-stakers and 121 80 HP tractors. Totals of
169,344 and 126,586 hours of machine time are required for first and second cutting, respectively.
As expected machine hours used in the second cutting are less than the first cutting. All the
machines are used up to their capacity levels in all but two periods. In period ending October 15,
there is no harvesting operation. In period ending November 15, only 23 percent of the machine
available time is used.

In order to evaluate the relative advantages of staggered harvesting strategy and the traditional
non-staggered strategy, costs and returns of these strategies are analyzed. In the case of non-
staggered harvesting strategy, it is assumed that either farmers or a custom harvester will harvest

the entire biomass area within a period of 30 days when the crop attains the maximum yield both
in both the cuttings. The farm gate price that farmers receive from the plant is assumed at $26.19
per tonne in both the cases. The results show that staggered harvesting strategy has a clear
economic advantage over the conventional strategy (Table 2). Total cost of producing and
harvesting the target feedstock level will decline from $6,413,686 to $5,263,120 (i.e., by 17.94
percent). Further, net return to farmers will increase from $716,070 to $1,866,636 (i.e., 160.40
percent increase). This increase is due to a sizable decline in machinery cost (by 39.68 percent).
Per tonneost of feedstock will decline by 17.94 percent, per hectare production and harvesting
cost by 24.78 percent, and per hectare harvesting cost by 37.41 percent. These results lend
support to the premise that the traditional harvesting system calls for over investment on
agricultural machinery which escalates the feedstock cost. If there is a proper coordination
among farmers, processing plant and custom harvesters, this social cost can be eliminated. Such a
coordination will benefit producers, processing plant and in turn, end users of biofuels.

Concluding Remarks

Harvesting cost is a single largest component of biofuel feedstock cost. The traditional harvesting
system in which each farmer individually attempts to harvest the crop at its maximum maturity
will require a large machinery system that is prohibitively expensive. This study has developed an
integrated, staggered-harvesting strategy that results in a much cheaper harvesting operation. The
cost and benefit indicators of staggered harvesting strategy for switch grass is compared with
those of non-staggered, single period harvesting plan. The total cost of producing and harvesting
is estimated to be 17.94 percent less in staggered harvesting than that of non-staggered
harvesting. The harvesting machinery cost alone experiences a significant reduction of 39.68
percent from moving from traditional to staggered harvesting plan. The net return to farmers
increases by 160.40 percent. Per tonne and per hectare costs of feedstock production will decline
by 17.94 percent and 24.78 percent, respectively. This indicates that the traditional system of
single period harvesting causes an over investment on agricultural machinery which escalates the
feedstock cost. This social loss to the society in the form of escalated harvesting cost can be
avoided if there is a proper coordination among farmers, processing plant and custom harvesters.
Such an institutional arrangement benefits producers, processing plant and, in turn, end users of
biofuels.
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Table 1. Biomass Acres Harvested in the Staggered Harvesting Strategy.

Dates of 1st/ Dates of 1st Cutting Total
2nd Cutting | Jun 30 [ Jul 15 | Jul30 [ Aug 15| Aug30 [ Sep 15[ Sep 30| Acres
Acres
1st Cutting
Jun 30 2113 2113
Jul 15 1932 1932
Jul 30 1834 1834
‘Aug 15 1796 1796
Aug 30 1813 1813
Sep 15 ' 1885 1885
Sep 30 2025 2025
Total Acres 2113 | 1932 ]- 1834 1796 1813 1885 2025 | 13397
2nd Cutting
Oct 15 0
Oct 30 2113 455 2568
Nov 15 610 ' 610
Nov 30 867 | 1757 2624
Dec 15 771 1796 633 2506
Dec 30 1180 1201 2381
Jan15 684( 2025| 2709
Total Acres 5218 | 1932 | 1834| 1796| 1813| 1885| 2025| 13397

Table 2. Comparison of Costs and Returns between Non-Staggered and
Staggered Harvesting Strategies for Switch Grass Feedstock.

Relative Measures Unit Traditional | Staggered Percent

Harvesting | Harvesting Change
Total area required hectare 12,281 13,398 9.10
Total biomass produced tonne 272,232 272,232 0.0
Total farm-gate cost $ 6,413,686 | 5,263,120 -17.94
Pre-harvesting cost $ 2,165,217 2,632,178 9.10
Harvesting machine cost $ 3,429,365 2,068,639 . -39.68
Harvesting labor cost $ 819,104 832,303 1.61
Gross return $ 7,129,756 7,129,756 0.0
Net return $ 716,070 1,866,636 160.40
Per tonne cost $/tonne 23.56 19.33 -17.94
Per hectare cost $/hectare 522.25 392.83 -24.78
Per hectare harvesting cost | $/hectare 345.95 216.52 -37.41
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Abstract

While the commercial potential of biofuel technology is becoming more feasible, it is not clear whether the
supply of biomass feedstock will be available in competitive markets. In order to exploit the potential of
biomass crops as a reliable source of biofuels, a significant commitment on the part of farmers to convert
large amounts of cropland would be required. Dedicated energy crops have to compete with conventional
crops which could result in significant interregional shifts in crop production. Those changes could further
affect overall agricultural production, food prices, consumer spending, and government spending on farm
programs. Evaluating these economic impacts provides important information for the ongoing debate.

This research is a case study incorporating an existing power plant. The objective of this project is to
evaluate the potential of short rotation woody crops as a fuel source in the Watts Bar facility located in
eastern Tennessee. The appraisal-includes estimates of environmental impacts as well as of economic
feasibility. This is achieved by estimating the amounts of biomass that would be supplied at a predetermined

price. By changing prices of biomass at the plant in an incremental fashion, a regional supply curve for
biomass is estimated.

The model incorporates current agricultural production possibilities in the region along with the proposed
short rotation woody crop production activities. In order to adequately model the landscape, several
variables are considered. These variables include soil type, crop production, government policy, land use
conversion to crop land, and distance from the plant. Environmental issues including erosion, chemical
usage, and potential leaching are also incorporated within the modeling framework; however, only estimates
on erosion are available in this analysis. Output from the model provides insight on where and what types of
land should shift from current land use to biomass production.

Four sets of solutions were run from $28.66 to $74.96 per metric ton ($26.00 to $68.00 per ton) delivered
biomass, incremented by $2.20 per metric ton ($2.00 per ton). In each of these solutions, the amount of
biomass supplied by the regional agricultural sector was plotted against the price of biomass. Biomass
production occurred at prices ranging from $33.07 to $46.30 per metric ton ($30.00 to $42.00 per ton)

across the alternative solutions. Biomass supply exceeded the target of 272,155 metric tons (300,000 tons)
 at prices ranging from $46.30 to $66.14 per metric ton ($42.00 to $60.00 per ton). The introduction of
biomass resulted in decreased production of corn and wheat, as well as decreased levels of erosion.
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Introduction

While the commercial potential of biofuel technology is becoming more feasible, it is not clear whether the
supply of biomass feedstock will be available in competitive markets. In order to exploit the potential of
biomass crops as a reliable source of biofuels, a significant commitment on the part of farmers to convert
large amounts of cropland would be required. Dedicated energy crops have to compete with conventional
crops which could result in significant interregional shifts in crop production. Those changes could further
affect overall agricultural production, food prices, consumer spending, and government spending on farm
programs.

The adoption of biomass crops as part of a national energy strategy occurs during a crucial period in the
evolution of U.S. farm programs. Existing cropping practices are subject to reevaluation in terms of
sustainability and the impact that traditional agriculture has on the environment and on food safety. The
1990 farm bill has increased the standards of soil conservation compliance. Studies sponsored by the
Department of Energy (English and Bhat; Parrish et al) suggest that certain biomass crops have an
advantage over conventional crops, and that adoption of biomass cropping systems may cause less soil
erosion and nutrient leaching. Thus, biomass crops might be a promising altemative enterprise for farmers in
order to meet environmental quality standards while maintaining farm income.

In the 13 state southeastern region alone, there are 34.7 million hectares (85.8 million acres) of agricultural
land, of which 4.3 mullion hectares (10.5 million acres) are planted in feed grains, 8.2 million hectares (20.3
million acres) in soybeans, 3.5 million hectares (8.7 million acres) in major food grains, and 5.6 million
hectares (13.8 mullion acres) in hay and pasture crops (USDA, ASCS). Most of the region’s cropland has the
potential to produce selected short rotation woody crops such as poplar, sweet gum, black locust, and
sycamore. Given proper incentives, through competitive means or government support, farmers might select
short rotation energy crops as a viable alternative crop enterprise.

The Watts Bar supply region consists of 43 counties. Eight are located in northem Georgia, three are
located i westem North
Carolina, and the remainder are
located in east and middle
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Tennessee (Figure 1). The region e 7
contains over 2.8 million hectares &@é’%&g‘g"“““ “
(7 million acres) of rural and ?@2%%%{,’

privately owned land within its T

defined boundaries. According to j’

the National Resources Inventory
(USDA, SCS), the major use of
land for this area is forest land.
Nearly 68 percent of the land in
the Watts Bar region is currently
in managed and unmanaged
forest. Another 20 percent of the
land is in pasture and nearly 10
percent, or 280,000 hectares

(700,000 acres) of the land, is in Figure 1. The Watts Bar region
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crops. It is possible to convert forest and pasture land to cropland. The Soil Conservation Service in their
1982 National Resources Inventory, developed a measure that evaluates the potential of conversion from
forestland or pastureland to cropland. In this comprehensive land survey, the Soil Conservation Service
rated land as having high, moderate, low, or no potential for conversion. Applying their findings to the
Watts Bar regjon, there are over 607 thousand hectares (1.5 million acres) of pasture and forest having
moderate or high potential for conversion. Of this, 344 thousand hectares (850 thousand acres) are currently
in pasture and 267 thousand hectares (660 thousand acres) in forest.

Methodological Approach
This research is a case study incorporating an existing power plant. The objective of this project is to
evaluate the potential of short rotation woody crops as a fuel source in the Watts Bar facility located in
eastern Tennessee. The appraisal includes estimates of environmental impacts as well as of economic
feasibility. This is achieved by estimating the amounts of biomass that would be supplied at predetermined
prices. By changing prices of biomass in an incremental fashion, a regional supply curve for biomass is
estimated. ‘

The growing of biomass, and therefore its supply to the plant, is restricted by resources available in the
region, the price that the plant is willing to pay for the biomass, and the cost of transporting biomass to the
plant. The environmental impacts associated with growing energy crops are affected by the cropping
practices used, the amount of biomass supplied to the plant, and the land resources available. A regional
linear programming model is developed for this study incorporating these environmental parameters. Space
restrictions prevent a complete mathematical specification of the model in this paper, however, a detailed
description is available from the authors.

The Objective Function

The linear programming model used in the analysis maximizes net returns subject to resource limiting, input
purchasing, and output selling constraints. The objective function is specified such that costs of production,
excluding land, rent and managerial charges, are subtracted from farm crop income, including biomass, and
government deficiency payments. Therefore, gross revenues in the region include the revenue gained from
selling crops and biomass commodities produced in the region and deficiency payments resulting in the sale
of crops grown on land enrolled in government programs. . Costs of production incorporate fertilizer, labor,
and energy costs; the costs of machinery, seed, and other inputs; and the costs of converting pasture and
forest to cropland.

The Constraints

The objective function is subject to several physical input and output constraints, including land, fertilizers,
labor and energy. The land constraints restrain the model as land of a given soil type is finite in quantity
within the region. The other input constraints require the purchase of inputs at predetermined prices. The
output constraints allow for selling the commodities produced and receiving the benefits of commodity
programs through deficiency payments.

There are two types of land constraints in the model. The first restricts production to the level of land
available, and the second restricts land conversion activities to the amount of land identified as having a high
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or moderate potential for conversion. The cropland constraint requires the amount of land used in the
production of agricultural commodities, plus the amount set side for government program participation, less
the amount that can be converted to cropland from pasture and forest, to be less than the amount currently in
cropland. The pasture/forest conversion constraints limit the amount of land converted to the levels
available. There are pasture/forest constraints for the combination of type and potential in each region and
land group.

The fertilizer constraint requires the quantity of fertilizer needed to produce the agricultural commodities in
each region to be equal to the quantity purchased plus the amount supplied through livestock wastes in each
region. There are three types of fertilizer included in the model: nitrogen, phosphorus and potassium. Labor
in the model is divided into two types: machinery and other. The labor constraint is not region-specific; it
requires labor used in the region to equal the labor purchased. All labor, including family labor, is assumed to -
be purchased. Thus, family labor is assumed to have an opportunity cost equal to the value of labor within
the study region.

The energy constraint requires energy to be purchased for farm operations and biomass transportation.
There are three types of energy in the model: gasoline, diesel and other. In this model, all farm and
transportation energy needs are defined in diesel equivalents. The crop sell constraint requires the amount
sold to be less than the amount produced, less that which is consumed within the region by livestock, plus the
amount of feed lost when an acre of pasture/forest land is converted to cropland.

The government payment constraint allows a deficiency payment to be paid if the production activity has
complied with commodity program provisions. The acreage on which deficiency payments are paid cannot
exceed the region's base yield times the acres in production. At present, the erosion constraint does not limit
erosion. Rather, it sums the number of tons of sheet and rill erosion that occur in each region as a result of
agricultural production. :

The Supply of Biomass to Watts Bar

Estimating the supply of biomass to the Watts Bar facility requires estimating a solution at various plant gate
biomass prices. The quantity of biomass supplied to the plant at a predetermined price can be thought of as
the quantity of biomass that would be available if the assumptions incorporated in the model prevail. Since
short rotation woody crop trials are not yet sufficient to provide accurate yields, the analysis is conducted
using four sets of biomass assumptions: Current Baseline, Future Baseline, Current Optimistic, and Future
Optimistic. Once the supply curves are generated under the four sets of assumptions, a 272,155 metric ton
(300,000 ton) per day supply is assumed and evaluated in more detail. Finally, three sets of pricing biomass
price schemes are assumed with harvest costs doubled, interest rates halved, and commodity subsidies
removed. Each of these solutions are designed to test the sensitivity of the mitial solution and provide
indicators as to critical variables. Only the base solutions for the current and future scenarios are presented
here. Detailed compansons of the four solutions and the sensitivity analysis may be obtained from the
authors.
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The Supply Curves

Four sets of solutions are run from $28.66 to $74.96 per metric ton ($26.00 to $68.00 per ton) delivered
biomass, incremented by $2.20 per metric ton ($2.00 per ton). In each of these solutions, the amount of
biomass supplied by the regional agricultural sector is plotted against the price of biomass (Figure 2).

In the Baseline Current alternative, biomass begins arriving at the plant at $46.30 per metric ton ($42.00 per
ton). At $63.93 per metric ton ($58.00 per ton), biomass supplied in the current baseline is nearly 172,365
metric tons (190,000 tons). By $66.14 per metric ton ($60.00 per ton), the quantity supplied to the plant
exceeds 435,449 metric tons (480,000 tons). When no biomass is produced, the region produces 96,829
metric tons (3,812,000 bushels) of corn, 633,632 metric tons (23,282,000 bushels) of wheat, and 381,925
metric tons (421,000 tons) of hay. No soybeans are produced and all cropland is used in the solution. There
are 17,345 cubic meters (4,582,000 gallons), diesel equivalent, of energy used in the agricultural production
process. In addition, 4,853 metric tons (10.7 million pounds) of nitrogen are applied along with 8,165 metric
tons (18 million pounds) of phosphates and potassium. Over 4.5 million metric tons (5 million tons) of
erosion occurs as a result of agricultural production in the region, an average of nearly 15.7 metric tons per
hectare (7 tons per acre). At a gate price of $66.14 per metric ton ($60.00 per ton), com production drops
to 73,663 metric tons (2,900,000 bushels), wheat production to 485,770 metric tons (17,849,000 bushels)

and erosion to 4,055,116 metric tons (4,470,000) tons. Approximately 48,158 hectares (119,000 acres) of
cropland shifts to biomass production.

Current Baseline Scenario Current Optimistic Scenario
Price Price
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Figure 2. Watts Bar biomass supply curves
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In the Baseline Future alternative, biomass begins arriving at the plant at $35.27 per metric ton ($32.00 per
ton). At $48.50 per metric ton ($44.00 per ton), biomass supplied in the future baseline is nearly 162,749
metric tons (179,400 tons). By $50.71 per metric ton ($46.00 per ton), the quantity supplied to the plant
exceeds 539,775 metric tons (595,000 tons). When no biomass is produced, the solution is the same as in
the current baseline alternative. In the $50.71 per metric ton ($46.00 per ton) solution, comparison to the
current baseline shows little change except in the amount of land required to produce the biomass. The land
required to produce 539,775 metric tons (595,000 tons) of biomass in the Watts Bar region is slightly more
than 46,134 hectares (114,000 acres). In this altemative, soil erosion declined to 3,719,457 metric tons
(4,100,000 tons).

Impact of Yield Assumptions

The impact of changes in the per hectare tonnage of biomass available can be examined by comparing the
current baseline and the future baseline alternatives. This compartson is achieved by resolving the two
alternatives with a 272,155 metric ton (300,000 ton) biomass constraint and a #37.48 per metric ton ($34.00
per ton) price for biomass. The model is forced to produce the biomass and the shadow value of the
constraint represents the additional price for biomass the plant would have pay at the gate. In the current
baseline alternative, the price of biomass required to gain a 272,155 metric ton (300,000 ton) supply is
$65.37 per metric ton ($59.30 per ton). In the future baseline solution, that price is reduced by $16.54 per
metric ton ($15.00 per ton) to $49.10 per metric ton ($44.54 per ton). Other interesting changes occur,
especially when examining the regional shifts. In the current baseline, for example, the biomass is produced
throughout all four regions. However, the future baseline solution shows the biomass produced in the first
three regions, but not in the furthest region.

It should also be noted that the prices calculated in this model represent marginal costs to the biomass
producer, but marginal cost is only one way to view the cost to the power plant. The marginal biomass costs
such as the ones reported thus far and reflected in the supply curves are costs that will purchase the last unit
of biomass. In a perfectly competitive market, the marginal cost will equal the price and those producers
capable of producing units below that cost reap producer rent. However, in the system of one demander for
a product and multiple suppliers of that product, the demander may be able to capture some of the producer
rent resulting in a lower average price paid for biomass.
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Abstract

The humid lower South has the long warm growing season and high rainfall conditions needed
for producing high-yielding perennial herbaceous grasses and shrubs. Many potential biomass
plants were evaluated during a ten-year period. Perennial tall grasses such as elephantgrass
(Pennisetum purpureum), sugarcane and energycane (Saccharum spp.) and the leguminous shrub
Leucaena leucocephala were the highest in biomass production. These perennial crops often have
top growth killed by winter freezes and regenerate from underground parts. The tall grasses have
high yields because of linear crop growth rates of 18 to 27 g m? d"' for long periods (140 to 196
d) each season. Tall grasses must be planted vegetatively, which is more costly than seed
propagation, however, once established, they may persist for many seasons. Oven dry biomass
yields have varied from 20 to 45 Mg ha yr' in colder subtropical to mild temperate locations
to over 60 Mg ha’ yr' in the lower portion of the Florida peninsular. Highest biomass yields
have been produced when irrigated with sewage effluent or when grown on phosphatic clay and
muck soils in south Florida. The energy content of 1 Mg of oven dry tall grass and leucaena is
equivalent to that of about 112 and 123 gallons of number 2 diesel fuel, respectively.
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The long warm growing season and high rainfall makes the humid lower South [located in
subtropical and warmer temperature climatic zones (See Figure 1)] ideal for the growth of high-
biomass-producing perennial herbaceous grasses and shrubs. Only the humid tropics have a
longer growing season and as favorable rainfall for high biomass production. This paper will
summarize a number of experiments conducted on herbaceous plants as a result of a 10 year
agreement between the University of Florida Institute of Food and Agricultural Sciences and Gas
Research Institute of Chicago, IL to study the feasibility of producing methane from biomass
energy crops. After several years of exploratory research (Smith and Frank, 1988) involving
many genera and species of plants, the tall tropical grass elephantgrass or napiergrass
(Pennisetum purpureum Schum.) was found to have great potential as an energy crop (Prine et
al., 1988). A demonstration plot of PI 300086 elephantgrass planted in 1980 had a 1981 oven
dry biomass yield of 44.5 Mg ha (19.9 tons/acre). This gave us the first indication of the yield
potential of elephantgrass as a biomass crop and started us evaluating this crop for energy use.
Later, the tall grasses, energycane and sugarcane (Saccharum spp.) and leucaena [Leucaena
leucocephala (Lam.) de Wit] a tropical shrub legume were added to list of the exceptional
biomass producing plants. These crops all have the potential of growing for entire warm season
with little loss of produced biomass. The accumulated biomass can be harvested during winter
and regrowth begins the next spring from underground rootstocks. The elephantgrass, sugarcane,
and energycane have C, photosynthetic pathway for maximum solar energy efficiency during
warm season. All the selected plants have cultivars which are adapted to the humid lower South
(Figure 1.)

The humid lower south includes the
warmer portion of USDA hardiness -
zone 8a and zones 8b and 9. Northern
limit is defined by dashed line.

Fig. 1 The Humid Lower South, USA

We planted 11 of the best of 45 collected genotypes in a replicated trial at Dairy Research Unit
in September 1982. The dry biomass yields of the best six elcphantgrass genotypes for the next
five seasons are given in Table 1.
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Table 1. The Oven Dry Biomass Yields of Selected Elephantgrass Accessions
Grown in Scranton Loamy Fine Sand at Dairy Research Unit Near Gainesville, FL

Over the Five Growing Seasons 1983-1987.

Dry matter yield (mean of 4 replications)

Entry 1983 1984 1985 1986 1987  5-yravg
Mg ha™
N51 27.8 42.1 37.5 27.7 24.3 32.1
Pl 300086 37.1 35.0 35.0 32.0 21.0 32,0
N43 32.8 32.4 325 24.4 19.3 30.5
N13 325 27.3 30.4 30.1 20.1 28.1
Merkeron 25.5 41.6 32.9 18.7 18.7 27.5
PP3 27.6 21.4 21.4 17.1 20.5 21.8

Fertilized with 168-42-64 kg ha” N-P,05-K,O fertilizer annually applied in early
spring. To convert Mg ha™ to tons/acre divide by 2.24.

We learned of L79-1002 energycane [developed at LSU (Giamalva et al., 1984)] and received
enough planting material to plant an experiment at Green Acres farm near Gainesville, FL
comparing elephantgrass, sugarcane and energycane in December of 1983. The biomass yields
for the next four years of the different crops are given in Table 2. The elephantgrass, sugarcane,
and L.79-1002 energycane all had similar yields. In 1987 the stand of CP72-1210 sugarcane
begin to thin and it was too sparse to harvest in 1988. The L79-1002 energycane and PI 300086
elephantgrass persisted until the crops were plowed under in 1991.

Table 2. Oven Dry Biomass Yields of Selected Tall Grasses Planted on Arredondo
Fine Sand at University of Fiorida Green Acres Farm Over 4 Growing Seasons,

1984-1987.

Oven dry biomass yieldt

Accession + crop 1984 1985 1986 1987 4-yr avg
Mg ha

CP 72-1210

sugarcane 29.3 36.2 31.0 26.5 30.8
Pl 300086

elephantgrass 30.7 37.3 29.6 35.7 33.4
L79-1002

energycane 30.2 34.0 31.8 36.5 33.1

Fertilized with 168-42-64 kg ha™' N-P,05-K,0 fertilizer applied once in early spring.

1 Yields are means of 4 replications.
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In 1986, an experiment was planted to compare selected perennial tall grasses with the annual
tall grasses, sweet and forage sorghum [Sorghum biocolor (L.) Moench] at 5 locations in the
Southeast (Prine et al., 1991). The average annual dry matter yields over the next three years
over the five locations are recorded in Table 3. The warmer the environment and longer the
growing season the higher was the yield of the elephantgrasses but the L79-1002 energycane gave
consistent yields over the 5 locations. The commercial sugarcane CP72-1210 developed for the
muck soils south of Lake Okeechobee did not do well at any of the locations but in some of
same years excelled on settling pond clays in Central Florida (Table 4). Note several of the tall
grass entries in this trial had yields over 60 Mg ha during high yielding years. The high yields
of the tall grasses are due to long linear growth periods (140-196 d) at growth rates of 18 to 27
g m’d’ [Woodard and Prine (1993)].

Table 3. Average Annual Biomass Yield of Elephantgrass (eg), Energycane (ec),
Sugarcane (sc), Sweet Sorghum (ss) and Forage Sorghum (fs) at Five Locations
in Southeastern United States Over Three Growing Seasons, 1987-89.

Oven dry biomass

Florida Alabama
Gaines-
Crops Ona ville Quincy Jay Auburn
- --Mgha'yr’

N-51 eg 46.7 39.7 33.8 32.1 24.0
Pl 300086 eg 41.6 28.6 241 24.0 18.6
L79-1002 ec 23.3 32.2 301 33.9 24.2
CP72-1210 sc 19.4 ‘ 10.4 19.2 8.2 6.0
M81E sst 23.0% 11.3 10.0 18.5 7.8
Pioneer 931 fst 23.8% 11.0 11.7 20.9 5.3

1 Two harvests per season at most locations and years.
} Average over only two seasons; serious Pythium and nematode problems occurred.
To convert Mg ha™ to tons/acre divide by 2.24. Tab