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Stumpage price
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Delivery and
Preprocessing

Load, transport, unload

Comminuted to <% inches
(conventional) or pelleted
(advanced)

Chapter 3. At the Roadside, Forestland Resources

3.1 Background and
Introduction to the
Forest Resources
Analyses

3.1.1 Chapter Structure

Chapter 3 assesses the availability of forest resources
to the roadside. Not all woody feedstocks are dis-
cussed in this chapter. Logging residues and whole-
tree biomass are included. Other feedstock categories
have been moved to chapter 5 or are redefined to be
included in the whole-tree biomass category. New
methodologies and data are used in the assessment to
estimate woody biomass as a function of price, year,
and scenarios based on national wood demand.

This chapter has six major parts. Section 3.1 provides
background and information useful to understanding
the context for analyzing forestry resources. This sec-
tion presents useful definitions as well as feedstock
labels and types that have changed since the 2011
BT2. It also describes the underlying sustainability
assumptions used in the model, and issues in federal
land management. Although the model is only for the

36 | 2016 Billion-Ton Report

conterminous United States, the biomass potential in
Hawaii and Alaska is also introduced.

Section 3.2 explains an important part of the model
inputs. Descriptions of the underlying harvest sys-
tems, operational attributes, and costs are presented
in this section. New costs were developed for this
section, using a different method than in the 2011
BT2.

Section 3.3 explains conventional wood and biomass
demand scenarios—another important aspect of the
analysis. These scenarios are used from the U.S. For-
est Products Module/Global Forest Products Model
(USFPM/GFPM). The projected conventional prod-
ucts demands are used to estimate logging residue
supply, and the biomass demands are used to develop
supply curves.

Section 3.4 is the primary section that describes the
new Forest Sustainable and Economic Analysis Mod-
el (ForSEAM) forestry model and its outputs. A very
important aspect of the model is that it first solves for
conventional timber demands (i.e., sawtimber and
pulpwood). Logging residues are estimated as a func-
tion of the conventional timber production. Then the
model solves for additional biomass from tree stands
of designated sizes to meet the biomass demands in



the selected scenarios. Shadow prices are used to
determine the cost at which the demands will be met.
These shadow prices and biomass demands are then
used to develop cost curves that provide levels of
biomass at selected costs. The outputs are shown for
$40, $60, and $80 per ton but were also run at higher
cost levels. The amounts of biomass estimated to be
available by cost and year are reported as the forest
resources to roadside in this report.

Section 3.5 is a unique addition to this report because
it is a comprehensive market analysis. The Subre-
gional Timber Supply (SRTS) inventory and harvest
model for the U.S. South is used. This is added for
several reasons:

e The newly developed ForSEAM had to be
verified. A published model in use, SRTS, was
adopted for that purpose.

e BT16, like the earlier reports, is a supply analy-
sis; the forestry supply is now being modeled as
a function of demand. Thus, a market assessment
of the South was completed to demonstrate the

interactions between market demands and supply.

e Itis important to understand the impact of
increased pellet production, especially in the
southern United States, on both demand and
future supply.

This section assesses the factors that influence the
demand for and supply of wood for both energy and
conventional products in the South. A partial equi-
librium timber market model was used to evaluate a
set of combinations of these factors to illustrate the
impacts of the supply and demand factors on mar-
ket outcomes. Using subregions of the U.S. Coastal
South, evaluations were completed on (1) compet-
ing pulpwood demands, (2) declines in sawtimber
harvest, (3) substitution of mill residues for small
roundwood, and (4) changes in timberland area. The
section discusses the simulations of market impacts
on the prices, inventory, and removals of timber, as
well as timberland area by management type.

Section 3.6 summarizes the available biomass from
forest resources at roadside. Discussions of the
results and their implications are included in this sec-
tion. Finally, section 3.7 discusses additional research
that would be useful in extending and improving the
analysis of available biomass potential from U.S.
forestland.

3.1.2 Chapter Summary

Chapter 3 provides estimates of primary biomass
(removed from the land) from timberland-only forest
resources at selected costs to roadside. Total costs to
the conversion throat that include transportation and
preprocessing are described in chapter 6. It is import-
ant for the reader to understand that roadside costs
are not the total cost of a feedstock at a conversion
facility. Also when biomass availability is report-

ed by roadside cost, the actual amount of biomass
transported to and useable at the biorefinery may be
less because of losses, screening and separation, and
spoilage. In this chapter, the availability of logging
residues from conventional harvest and from whole
trees harvested explicitly for biomass are modeled.
Two other primary forest biomass feedstocks, “other
removal residues” and “thinnings on other forest-
land” are discussed in chapter 5 and are counted as
wastes in BT16, unlike in the 2011 BT2. The esti-
mates are developed for private (industrial, nonindus-
trial, and tribal) timberland and federal timberland.
They are based on significant underlying assumptions
regarding the available land base, ratios of types of
harvest, residue retention rates, growth rates, land
cover and use management, growth/harvest limits,
and other implications that need to be understood.
These estimates are conservative but provide a good
basis for understanding forest biomass inventory and
analyses. Hopefully, this assessment will be of value
to others to further the work begun in this chapter.

In the newly developed forestry model, ForSEAM,
the current Forestry Inventory and Analysis (FIA)
database provides the basis for determining how de-
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mands for conventional products such as sawtimber
and pulpwood will be met up to 2040. The demands
are based on a set of projections for U.S. forests and
forest products markets under varying market con-
ditions. The USFPM/GFPM forest products market
model—Ilinked with the SRTS inventory and harvest
model for the South—was used to project the harvest
removals, inventory, price, and timberland area that
result from three levels of wood biomass feedstock
demands. The baseline scenario (Baseline_ML) rep-
resents the lowest level of wood energy demands. In
the moderate and high wood energy demand scenar-
ios, feedstock prices rise sufficiently to reduce paper
and paperboard production levels by 1% and 3%,
respectively, below baseline in 2040. In the high-de-
mand scenario, impacts on prices are ameliorated
somewhat by an assumed increase in investment in
southern pine plantation management that would be
expected as prices for softwood small roundwood
increase. In addition, increases in timberland area (in
USFPM/GFPM) are projected based on the assump-
tion that increasing prices lead to increased land
rents, and increasing land rents lead to increased con-
version of marginal agricultural land to timberland.

The linear programming model ForSEAM was
constructed to estimate forestland production for
traditional forest products and to meet biomass
feedstock demands. The supply component includes
general forest production activities for 305 produc-
tion regions or agricultural statistic districts and is
placed in a national linear programming model. Each
region has a set of production activities defined by
the scenario demands. These production activities in-
clude sawtimber, pulpwood, and biomass (fuelwood
is defined as biomass for this report). Sawtimber and
pulpwood harvest activities generate forest residues
that can be harvested for energy and bioproducts, and
whole trees can be removed for biomass under some
specific assumptions of size. High-value sawtimber is
never harvested for biomass.
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The model estimates biomass potential from timber
stand information across the conterminous United
States. An important variable is tree diameters that
are classed as average stand diameter. Class 1 has

a diameter of >11 inches, class 2 has a diameter of
5-11 inches, and class 3 has a diameter of <5 inches.
The model estimates the costs, the locations, and
the kinds of biomass available to meet a prescribed
demand. The demands are derived from the Forest
Product Demand Component. This component is
based on six USDA Forest Service scenarios with
estimates developed by USFPM.

Not all forestland in the United States is considered
in the analysis; only the conterminous United States
is included. All protected, reserved, and non-roaded
forestland is excluded. The analysis is restricted to
only timberland instead of all forestlands. Although
conventional products are removed from slopes
greater than 40% using cable systems, no logging
residues are recovered, leaving 100% on the site. A
major criterion is that the harvest in each state does
not exceed annual growth. There is no road construc-
tion, as only forest tracts located within a half mile
of the roads are harvested. The current-year forest
attributes reflect previous years’ harvests and biomass
removals, which means that dynamic stand tracking
of forest growth is incorporated into the model and
the analysis. Another underlying assumption is the
retention of biomass to protect the site and maintain
soil carbon. Also, there was no conversion of natural
stands to plantations.

A final major assumption is that there are no forest-
land losses over the modeling time period and no
land cover changes in the model. This means that
fast-growing plantations specifically for biomass are
not established after the harvest of a natural stand. All
harvested stands are assumed to regenerate back to,
and according to, the original cover. Natural stands
regenerate to hardwood, softwoods, or mixed, as they
were previously. Plantations are regenerated as plan-
tations. An unfortunate downside to this approach is



that insufficient amounts of biomass are generated

in the out years of the modeling period to meet the
high-demand scenarios. These scenarios were devel-
oped based on the establishment of millions of acres
of plantations to be grown for biomass. As will be
discussed in more detail, there are several changes in-
volved with using the model that are more restrictive
in biomass availability than in the 2011 BT2.

Shadow prices! are developed for the demand sce-
nario biomass amounts. The shadow prices and the
associated acres for the scenario demands (dry tons
of biomass) are reported by product type (logging
residues or whole-tree biomass), as well as other pa-
rameters of the study, across selected years. Conven-
tional timber products are not reported in this chapter

but will be made available on the Bioenergy KDF. All
the outputs will be made available in various forms
and formats.

These shadow prices for the scenario demands

are used to develop conventional supply curves to
estimate biomass availability at roadside for a given
cost. A summary of available biomass in the baseline
scenario using an example cost of $60 per dry ton to
roadside is shown in table 3.1. The out-year biomass
availabilities are slightly reduced with the underlying
assumption that no biomass plantations were estab-
lished on forestland for the baseline example. In other
scenarios, such as the supposedly highest biomass
demand, there were even more significant reductions
in out years, especially 2040, because biomass plan-
tations were not established.

Table 3.1 | Summary of Forest Biomass of the Baseline Scenario by Ownership and Year at a Cost of $60 per
Dry Ton to Roadside

Million dry tons
Private 66.5 68.1 73.6 64.9 61.6 66.4 64.5
Federal 15.8 19.8 20.5 20.4 19.6 19.5 170
Total 82.3 87.9 941 85.3 81.2 85.9 81.5

The market analyses show that the timber markets in
the South are affected by the age class distribution
and broad management types in the current forest,
and these markets in turn affect future age class dis-
tributions and management types. The product mar-
kets for large- and small-diameter timber are linked,
as they both are produced at each point in time on a
single acre of timberland, especially in natural stands;
trees on plantations are more uniform in size. The
only way to get large-diameter trees for sawtimber

is to allow small-diameter stands to age. Markets are
linked to these changing diameters across the South.

Competition for pine small roundwood in some
regions will likely intensify with increased demands
for wood biomass feedstocks, leading to higher prices
and some potential reductions in other uses, as shown
in the Mid-Atlantic subregion. Past reductions in
conventional demand for hardwood small roundwood
imply that prices for this feedstock will likely not in-
crease as rapidly as prices for pine small roundwood.

! In the strictest sense, a shadow price is any price that is not a market price, but the term usually also carries the connotation that
it is an estimate of the economic value of the good or service in question. See http:/web.stanford.edu/group/FRI/indonesia/doc-

uments/gittinger/Output/chapZhtml.
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An increase in demand for small-diameter round-
wood alone, however, is not likely to affect the
demand for sawtimber. The prices for sawtimber
will likely continue to stay low in such areas as the
Gulf Coast, reducing landowner incentives to re-
plant, as well as reducing the availability of land for
replanting. The harvest of mature trees provides stand
regeneration opportunities. The amount of sawtim-
ber harvest and the subsequent regeneration oppor-
tunities affect the availability of “thinnable” acres
in the 1015 years following the final harvest and
thus affect the availability of the next generation of
small-diameter softwood removals that can be used
for biomass.

A potential recovery in the housing and lumber mar-
kets leading to renewed sawmilling has the poten-
tial to increase the availability of sawmill residues,
which may ease the pressure on the small roundwood
resources and thus ameliorate price increases. The
impact is greatest in areas that have active sawmill-
ing industries and smaller average-diameter sawmill
inputs, such as the Southeast Coast region.

Finally, timberland has been shown to respond to
land rents, and increased demand with a quasi-fixed
inventory will lead to higher prices and thus higher
land rents. In this way, increased demand for feed-
stock for wood energy can contribute to increased
timberland area (or at least to smaller decreases in
timberland area).
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3.1.3 Introduction

This chapter provides forest biomass supply curves
to estimate the available tonnages of forest biomass
at given roadside costs, by county, by year, and by
scenario. The content is similar to that in the 2011
BT2, but it differs in some major ways. Some of
these changes are identified and discussed in previous
chapters, and all are discussed as appropriate in this
chapter. Generally, the changes are the following:

* Feedstock types are slightly modified.

e Aneconomic model is used to develop supply
curves for biomass for various timber and bio-
mass demand scenarios.

e Some underlying assumptions and coefficients
are modified.

» Wood waste resource analyses are now separate
and discussed in chapter 5.

e Federal lands are included in the forest resource
analysis.

Forest biomass as feedstocks includes (1) wood
wastes in forests, at mills, and from landfills; (2)
harvests from silvicultural treatments such as thin-
ning, fuel reduction, and regeneration cuts; and (3)
purpose-grown trees on plantations. Trees and tree
components from land conversion practices such

as urban expansion into woodlands or right-of-way
clearing are also a source of wood waste. A more for-
mal breakdown of forest wastes categories is shown
in the feedstocks taxonomy of chapter 1.



Figure 3.1 | Biomass resources from timberland

Resources from
timberlands

Biomass

Whole-tree
biomass

Logging
residues

Pulpwood and
other roundwood

This chapter discusses only primary (direct from

the land) biomass resources from timberland (fig.
3.1). Land type definitions are shown in text box 3.1
(Smith et al. 2009). The feedstocks included in this
chapter are forest residues (i.e., logging residues)
and whole trees cut explicitly for biomass uses (i.e.,
whole-tree biomass). Only biomass on timberland

in the conterminous United States is used in this
analysis. Table 3.2 shows the amount of land, for-
estlands, and timberlands in the United States and in
the conterminous United States. Figure 3.2 details
the ownership of forestlands. Section 3.4 reports the
available acres in the model and then the number of
acres treated each year. Some restrictions and under-
lying assumptions reduced the amount of available
timberland in the model.

Two classes of forest feedstocks—*“other removal
residues” and “thinnings on other forestland”—have
been moved to chapter 5 and are being considered as
secondary resources. A new model used to estimate
primary feedstocks was not capable of handling these
two feedstock types, so the methodology used in pre-
vious versions of this report was applied to estimate
the biomass availability for these feedstock types.

Figure 3.2 | Forestland ownership in the United States
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Other _ 7%
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Management

1
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Source: Data from USDA Forest Service (2012).

Text Box 3.1 | Definitions

* Forestland—Land at least 120 ft wide and 1 acre
in size with at least 10% cover (or equivalent
stocking) by live trees of any size, including land
that formerly had such tree cover and that will
be naturally or artificially regenerated.

e Timberland—Forestland that is producing,
or is capable of producing, in excess of 20 ft?
per acre per year of industrial wood and not
withdrawn from timber utilization by statute or
administrative regulation.

» Other forestland—Forestland other than
timberland and productive reserved forestland.

* Reserved forestland—Forestland
administratively removed from production.

Primary forest biomass resource categories have
changed over time in the series of Billion-Ton
reports, mostly because of the changing analytical
methodologies. In the original 2005 BTS, the primary
forest resources were (1) logging residues, (2) fuel
treatments from timberland and other forestlands,

and (3) fuelwood. In the 2011 BT2, primary forest
biomass types were (1) fuelwood for current use only,
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(2) composite operations—half logging residues and
half thinnings from timberlands, (3) other removal
residues, (4) thinnings from other forestlands, and
(5) conventionally sourced wood (pulpwood).

The composite operations category was added in the
2011 BT2 to handle the conceptual transition from

a two-pass operation to an integrated operation. In

a two-pass approach, logging residues are left at the
stump during the stand harvest for later removal. In
an integrated system, timber and biomass are harvest-
ed together. As it was difficult in BT2 to model the

Table 3.2 | Forestland and Timberland in the United
States

Conterminous

Type of land United States United States
Total land 2.3 billion acres 1.9 billion acres

Forestland 751 million acres 623 million acres
Timberland 514 million acres 475 million acres

Source: Data from USDA Forest Service (2012).

Table 3.3 | Forest Resources Feedstock Type Changes

2005 BTS 201 BT2 BT16
[ ) L] °

Logging residues

transition from non-integrated to integrated systems,
BT2 makes an assumption to avoid counting the
biomass as both logging residues and integrated thin-
ning biomass. A conservative estimate was 50% of
the logging residue supply estimates and 50% of the
thinning supply estimates, which means that over the
time of the projection, about half will come from the
recovery of logging residues and half from thinnings.

In BT16, the primary feedstocks from timberlands
were again changed, as the new model can differenti-
ate spatially and temporally between logging residues
and the cutting of whole trees (table 3.3). The under-
lying assumption is that all harvesting of residues is
integrated—the biomass portion (logging residues)

IS harvested at the same time as the conventional
timber.

“Conventionally sourced wood” in the 2011 BT2 is
categorized as “whole-tree biomass” in BT16. The
new whole-tree biomass category is commercial and
noncommercial trees harvested for biomass from a
stand in which no commercial trees are harvested
for conventional products—all trees harvested go to

Composite

Thinnings (timberland)

Thinnings (other
forestland)

Other removals

Conventionally sourced
wood

Whole trees

Note: Thinnings (other forestland) and other removals are covered in chapter 5. Thinnings (timberland) are included as logging

residues or whole-tree biomass.
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biomass uses. The stand can be clear cut (all trees
removed) or thinned (partial cut of trees in the stand).
In the model, this biomass type was harvested only
when there was not a sufficient amount of logging
residues to meet the biomass demand in a scenario.
(The process is explained in detail in subsequent
sections of this chapter).

As trees grow and mature, their value usually in-
creases greatly along with their size and form. The
use of wood for energy purposes is not competitive in
the market compared with the use of wood for paper,
board, and lumber products. As a result, only younger
stands and smaller-diameter stands are harvested as
whole-tree biomass.

Logging residues are available only when trees are
harvested for conventional timber markets; when
those markets are saturated, logging residues are no
longer available as a source of biomass. In this anal-
ysis, logging residues are assumed to be harvested as
an integrated product, along with the conventional
sawlogs and pulpwood, at a relatively low extra cost
compared with whole-tree biomass. Therefore, all
available logging residues are harvested first in the
model to meet the biomass demands in the scenarios.
When the demand is greater, then the model solves
for the lowest-cost whole-tree biomass to supplement
the demand.

Forest biomass (e.g., loblolly pine) is a unique re-
source as a biomass feedstock and an economically
feasible alternative or complement to conventional
forest product systems. The current resource, grown
primarily for pulpwood and other traditional forest
products, is the result of decades of research in plan-
tation management. Because of its cultural accep-
tance, extensive management knowledge, established
genetic improvements, and high yields, pine is a key
candidate feedstock to support the emerging biomass
industry at a feasible scale in the southern region.
Kantavichai, Gallagher, and Teeter (2014) assessed
the feasibility of loblolly biomass plantations and
compared breakeven prices for a short-rotation

biomass plantation with those for a traditional timber
management plantation. For landowners, if biomass
stumpage prices reached $10.50 per green ton (or
higher), biomass plantations would be feasible; fur-
thermore, biomass plantations can benefit landowners
interested in diversifying their management portfoli-
0s. Munsell and Fox (2010) also examined the feasi-
bility of increasing biomass production from harvest-
ed pine sites and idle farmland by looking at yield
simulation models and financial analyses. Results
suggest that with intensive management, a mixture of
conventional and biomass pine (on harvested sites)
could be profitable for landowners.

Land use change in forestry has consisted primarily
of the conversion of forestlands to other uses such as
residential and commercial infrastructure (Bentley
and Steppleton 2012). In this report, there is no land
use change from/to forestry and non-forestry use.
Neither are there any exchanges between agriculture
and forestry, as the ForSEAM and the POLYSYS
models are not linked.

Another significant underlying assumption is that
there are no changes in land cover (i.e., harvest was
followed by reestablishment/continuation of the same
cover type). There are no additional plantations es-
tablished on natural stand sites for biomass. Current
plantations are regenerated as plantations but are not
necessarily harvested for biomass, as is explained in
section 3.4. The assumption makes it difficult to meet
future demands in this report.

As reported in the 2011 BT2, the component ratio
method (CRM) was used for calculating the
non-merchantable volumes of the merchantable
trees (Heath et al. 2008). The method was again
used in BT16. The FIA program of the USDA Forest
Service adopted the CRM in 2009 for estimation of
the above-ground live tree component biomass. The
approach is based on (1) converting the sound vol-
ume of wood in the bole to biomass using a compiled
set of wood specific gravities, (2) calculating the
biomass of bark on the bole using a compiled set of
percent bark and bark specific gravities, (3) calcu-
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lating the biomass of tops and limbs as a proportion
of the bole biomass based on component propor-
tions, (4) calculating the biomass of the stump using
equations, and (5) summing the parts to obtain a total
aboveground live biomass. The CRM incorporates
regionally specific volume models by species and
species group (Domke et al. 2013).

The methodology has had some scrutiny. Domke et
al. (2013) report that biomass and carbon stock esti-
mates decreased, on average, by 16% for the 20 most
common species across the 48 conterminous states.
A similar volume-to-biomass conversion method
significantly underestimates biomass from 6.3% to
16.6% for selected species (Zhou et al. 2011). Heath
et al. (2008) report lower biomass estimates with the
CRM. Mater (2015) reports that CRM underestimates
for species outside the west range from 5% to 36%,
with 15% a mid-range value for northern and south-
ern species.

The CRM was used in BT16 primarily for consisten-
cy with the 2011 BT2 and compatibility with the FIA
database. The CRM is consistently applied across the
United States in the FIA (Woodall et al. 2011). As
improvements are made in the CRM, such as devel-
oping a method of estimating merchantable bole bio-
mass for the sawlog component and the component
above the minimum sawlog top diameter for timber
species in the FIA program, more accurate and better
biomass estimates will be available in the database.
Additional efforts are ongoing in the continued re-
finement of FIA’s modeling/estimation procedures to
estimate biomass in the future (Woodall et al. 2011).

Woody crops for energy are considered in chapter

4, as they were in the 2011 BT2. That is because the
agricultural model uses agricultural land for energy
crops. The forestry analysis used a new model (de-
scribed in detail later in this chapter) that can look at
land change; however, it is not yet capable of linking
agricultural and forestry lands together to analyze
land use change between the two sectors. Since there

are no definitive data, and there are many uncer-
tainties surrounding both technical and social as-
pects of land use decisions in forestry, a simplifying
assumption used in this analysis was that land use in
forestry did not change. All timberlands are assumed
to remain in forestry over the analysis period. Fur-
thermore, no intensification changes are made in the
stand types. All stands regenerate back to the previ-
ous stand type. For example, natural pine or mixed
stands are not put back into fast-growing plantations.
Harvested plantations are assumed to be regenerated
artificially as intensively managed plantations.

3.1.4 Federal Lands and Fire

In the 2011 BT2, biomass from federal lands was esti-
mated separately from biomass from private lands for
most feedstock types. Again, in this analysis, federal
lands are estimated separately, but they are included
in the model. The primary reason for separating them
is that biomass from federal forestlands—the largest
component of public lands—is excluded from being a
qualifying renewable biomass under EISA.?2 Biomass
is estimated for all private and federal ownership
categories, even though federal lands do not currently
qualify under the RFS. Federal lands are included
because they are a valuable source of biomass, and
because reducing and removing biomass is one way
of improving the resiliency of federal lands under
stress from droughts, pests, and fire.

From 2005 to 2014, almost 628,000 wildfires con-
sumed nearly 65 million acres in the United States,
representing a serious environmental and economic
threat that is extremely costly to battle (NIFC 2016).
Although much of the annual variation in the number
and size of wildfires (fig. 3.3) reflects climate varia-
tion, it is more generally an indication of poor forest
health. Much of the fuel for wildfires results from
overstocked forestland with small-diameter trees.
Those conditions make trees generally more suscepti-
ble to attacks from insects and disease, which lead to

2 Energy Independence and Security Act of 2007, Pub. L. 110-140, 121 Stat. 1492, http:/www.apo.gov/fdsys/pka/BILLS-110hr6enr.
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early mortality and create an ideal source of fuel. The pleton 2012). Figure 3.4 illustrates the vast land area

problem is expected to intensify as weather patterns where high tree mortality (>25%) from insects and
continue to change, with more severe droughts and diseases is expected. Note that the issue is not limited
precipitation shifts in the future (Bentley and Step- to the West but impacts forestland across the nation.

Figure 3.3 | Land area impacted by wildfires annually (2005-2014) in the United States
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Figure 3.4 | Areas with potential risk of tree mortality greater than 25%

Miles
400

Risk* by Ownership Class
Acres at risk: Approximately 58 million

= Risk of mortality
mm Water

Area at risk (thousand acres)

National Forest System 25,026
Other Federal 5,861

State, county, and private 27,107

Percent of forested land in risk

National Forest System 14.16
Other Federal 4.34

State, county, and private 5.59

* The expectation that 25% or more of the standing live volumne
of trees greater than 1" in diameter will die over the next 15 years

Source: USDA Forest Service, Forest Health Monitoring Program
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Wildfire suppression costs routinely run in the bil-
lions of dollars every year, leading to intense interest
in developing effective remediation approaches. Re-
mediation would involve reducing stocking through
various types of harvest operations. There are clear
access challenges; however, a major issue is the
absence of attractive markets for what ultimately is
small-diameter, low-value trees. Although the Forest
Service has sold a not insignificant tonnage of woody
biomass over the last 5 years to address forest health

concerns, the total amount has declined from 2.3 to
1.6 million dry tons (table 3.4). The decline can be at-
tributed, in part, to the limited value of the raw mate-
rial. The availability of new technology to effectively
utilize this woody residue for the production of fuels

and industrial chemicals would ultimately increase

the
the

value of the resource and expand the volume of
feedstock for the biomass industry. This outcome

would have important ramifications for forest health
across the country, as well.

Table 3.4 | Amount of Biomass Sold for Energy and Wood Products from National Forestlands, 2010-2014

Biomass sold (dry tons)

Bioenergy Bioproducts Total
2014 1,099,527 500,126 1,599,653
2013 1,429,677 298,848 1,728,525
2012 1,398,284 535,500 1933784
20M 1,473,071 510,426 1,983,497
2010 1,651,419 643,635 2,295,054

Source: Data from NIFC (2016).

The Bureau of Land Management (BLM) manag-
es 58 million acres of forest and woodlands. They
include pinyon-juniper and western juniper wood-
lands, Alaska boreal forest, and 2.2 million acres of
the Oregon and California Railroad Revested Lands
in western Oregon, as well as forests in the Rocky,
Sierra Nevada, and Cascade mountains (BLM 2014).
In 2014, BLM sold about 116,559 green tons of bio-
mass (including firewood permits and biomass chips
from Stewardship contracts). In 2014, BLM com-
pleted 28,875 acres of thinnings. These acres con-
tribute to the nearly 117,000 green tons sold, but not
all thinnings result in a permit or contract to convey
material.

3.1.5 Sustainability

In the 2005 BTS, an underlying principle was the
sustainability of the selected feedstocks, which are
known to be sustainable under proper production,
harvest, and use regimes. The 2011 BT2 took such
assumptions further with supporting analyses and

the
inp
the
vol
mo

incorporation of delimiters in land use, location,
uts, removal levels, systems, and operations with
goal of maintaining environmental quality. BT16
ume 1 uses similar constraints and is followed by
re in-depth environmental sustainability analyses

in volume 2.
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For forestry resources to roadside, assumptions used
in the availability analysis of volume 1 are to

* Remove fragile, reserved, protected, and environ-
mentally sensitive forestland

e Access stands without road building

*  Use production and harvest systems specified for
particular species, timber size, and land condition
to minimize impacts

» Manage residue removal levels to protect the soil
and water and to ensure long-term productivity

e Assume the use of best management practices
(BMPs) and include in cost estimates

* Restrict harvest levels to ensure that timber
growth always exceeds harvest at the state level

* Leave at least 30% of logging residues on-site to
protection soil, provide habitat, and maintain soil
carbon.

Compliance with BMPs is very important to forestry
sustainability. BMPs are usually voluntary, but they
can have some compliance enforcement or regulatory
oversight. Many of the eastern states have compli-
ance monitoring programs to assess the application
of these BMPs or guidelines on public and private
forestland (Phillips and Blinn 2004). The approaches
among these states to collecting on-site monitoring
data (measuring compliance) and evaluating sites are
variable. A survey of eastern states found that almost
all the southern states monitor the application of
BMPs, but proportionally fewer of the northern states
have established compliance monitoring programs.
The state forestry agencies provide the leadership for
these programs in most of the eastern states. States
that monitor tend to evaluate all public and private
forestland owner categories located within their
states. In general, northern states monitor a broader
array of site resources (e.g., cultural resources, visual
quality) compared with southern states, which focus
on water quality and wetlands protection. However,
northern states focus their monitoring on timber har-
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vesting, forest road construction, and maintenance.

Forestry BMPs usually focus primarily on forest wa-
ter quality from timber harvesting, site preparation,
forest road construction and maintenance, stream
crossings, and other categories of forest operations.
Cristan et al. (2016) reviewed the literature on BMP
effectiveness and concluded the literature indicates
that forestry BMPs protect water quality when
measures are constructed correctly and in adequate
numbers. Another literature review by Anderson and
Lockaby (2011) concluded that a limited number of
studies have quantified BMP effectiveness in reduc-
ing sediment runoff. Three paired studies of forested
watersheds in the eastern United States found that
BMP efficiencies ranged from 53% to 94% in sedi-
ment and nutrient loading reductions (Edwards and
Willard 2010).

3.1.6 Alaska and Hawaii

Neither Alaska nor Hawaii is analyzed using the
model because of the lack of data. Alaska has forest
inventory data for portions of the state; Hawaii is
now starting to conduct forest inventories.

The approximate forestland area of Alaska is 127
million acres. Alaska is the only state that has never
had a complete forest inventory (PNW 2011). The
southeast and south-central regions of Alaska are
regularly inventoried. This area contains about half of
the state’s timberland. Public agencies manage 88%
of the 15.3 million acres of forestland in the coastal
region of Alaska (PNW 2011). Private owners hold
about 12% of the forested area in the region but about
24% of timberland. The same assessment of nearly
12 million acres of available forested land estimat-

ed only 3.7 million green tons of annual growth—a
limiting factor for accessing biomass.

There is increasing interest in the use of biomass

in southern Alaska, but use is constrained by high
transportation costs, currently inadequate harvesting
systems, and limited information on available biomass



Figure 3.5 | Lands in Alaska by ownership
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supply. There are more than 1.3 billion tons of biomass
stored within the live trees of coastal Alaska. Nearly
83% of the live forest biomass in coastal Alaska is

on national forestland managed by the USDA Forest
Service. How much of this standing biomass can be
harvested is difficult to determine primarily because
of lack of accessibility and the drop in timber sales.
The harvest in southeast Alaska has dropped substan-
tially in recent years because of lawsuits over sales of
timber from the Tongass National Forest, lower timber
inventories on some native corporation lands, high op-
erating costs throughout the region, and shifting global
markets and competition (Barrett and Christensen
2011). Assessment of the biomass potential in Alaska
continues to be developed.

Hawaii has almost 2,000 acres of forest area that
have about 48% forest cover (FIA 2012). However,
the islands are just now being measured for the Forest
Service FIA. Some old assessments have been com-
pleted for merchantable wood estimates that provide
some level of biomass potential analysis (see Turn,
Keffer, and Staackmann 2002). The Hu Honua bio-
energy facility is developing a 30 MW power station
that uses eucalyptus plantation and wood residues.

3.2 Timber and
Biomass Harvest Costs

3.2.1 Methodology

For the 2011 BT2, harvest costs for simulated thin-
nings and conventionally sourced wood were calcu-
lated using an adapted Fuel Reduction Cost Simulator
(FRCS) (Dykstra, Hartsough, and Stokes 2009; Fight,
Hartsough, and Noordijk 2006). The FRCS estimates
the biomass-to-roadside cost by three system types:
(1) whole-tree harvesting with mechanical felling and
ground-based extraction, (2) whole-tree harvesting
with manual felling and ground-based extraction, and
(3) whole-tree harvesting with manual felling and
cable-yarding (DOE 2011). The cable-yarding system
is used when the slope of the harvested land exceeds
40%. All biomass is chipped, and the chipping cost

is added to the harvest cost for the thinnings. For
logging residues, FRCS is used to calculate chip-
ping costs only, as the underlying assumption is that
logging residues are felled and extracted along with
the merchantable trees; thus there is no harvest cost
for biomass as a by-product. Fuel costs and labor
rates are adjusted according to the region of the
United States modeled. Stands over 0.25 mile from
an established road for cable-yarding systems, and
between 0.5 and 1.0 mile for ground-based systems,
are too expensive to be considered, although they are
not excluded.

A different approach is used to estimate harvest costs
in this study. The harvest costs and chipping costs
are estimated as input to FOrSEAM (see section 3.4.).
Specifically, input costs are derived for each of the
following parameters:

U.S. region: Northeast, North Central, South,
Inland West, and Pacific Northwest

» Stand type: Upland hardwood, lowland hard-
wood, natural softwood, planted softwood, or
mixed softwood/hardwood
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e Stand diameter class: Class 1, diameter
>11 inches; class 2, diameter 5-11 inches; and
class 3, diameter <5 inches

e Cut (type of harvest): Clear cut or thinning (par-
tial cut)

e Products: Timber (merchantable products of
sawlogs and pulpwood), logging residues (forest
residues), and whole-tree biomass

e Harvest method: Full tree or cut-to-length

e Ground slope condition: <40% or >40%.

A deterministic spreadsheet model developed by the
Consortium for Research on Renewable Industrial
Materials (CORRIM) was used to estimate the input
harvest costs to ForSEAM. The CORRIM model
calculates cost, fuel, and chemical outputs (Oneil et
al. 2010; Johnson et al. 2004) and had been modified
previously to estimate the costs of harvesting forest
residues (Johnson, Lippke, and Oneil 2012). In this
particular version, the spreadsheet model was used to
calculate machine and labor costs, with fuel costs as a
part of the machine rate.

3.2.2 Harvest Systems

The CORRIM spreadsheet provides individual
machine costs by region and by equipment attributes
such as engine horsepower, undercarriage (tracks or
tires), capacity, and use (clear cut or thinning). These
machines must be assembled into systems to deter-
mine total costs for the production of timber, logging
residues, and whole-tree biomass.

In most cases, the system is full-tree (see text box
3.2), meaning the felled trees are taken to a landing to
be processed. Processing could consist of removing
the limbs and tops and then loading the stems onto
trailers (timber harvest). The remaining biomass—
limbs, tops, small and cull trees, and tree wastes (i.e.,
logging residues)—could then be chipped. In steep
ground conditions, trees are usually processed at the
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Text Box 3.2 | Harvest Methods

Cut-to-length: Trees are felled, delimbed, and
bucked to individual product lengths directly in the
stump area and then transported to the landing or
roadside as log sections. In this study, only softwood
species are harvested with cut-to-length methods.

Full-tree: Trees are felled and transported to the
landing with the branches and top still intact.
Transport to the landing is usually by skidder

(cable or grapple). At the landing, the full trees are
delimbed and bucked into individual products and
components—sawlogs, pulpwood, limbs, and tops—
or chipped as full trees.

Source: USDA Forest Service (2016).

stump, and only log sections or the tree bole is moved
to the landing. For those systems, no biomass in the
form of logging residues is recovered. The same is
true of cut-to-length systems in which the felling and
processing occurs at the stump and only clean, short
boles of wood are extracted to the landing with no
biomass recovery. Finally, in cases when whole trees
are harvested for use as biomass and the merchant-
able timber is not sorted or removed, the full trees
could be processed into smaller components such as
chips or particles.

Conceptually, timber harvesting requires felling,
extraction, processing, and loading functions that
make up a system. Each of the functions has vari-
ous alternative equipment types. Felling equipment
can range from chainsaws to large-capacity, tracked
swing feller-bunchers. Extraction equipment can be
cable or grapple skidders, forwarders, or cable-yard-
ing. Processing can be even more complex, occurring
either at the stump or at the landing, with options that
include chainsaws; various types of delimbers and
buckers; and comminution machines such as grind-
ers, hogs, and chippers. Figure 3.6 shows representa-
tive machines used in harvesting.



Figure 3.6 | Machines for harvesting trees and forest residues

(Courtesy of U.S. Forest Service Southern Research Station)

In harvesting timber (e.g., merchantable sawlogs and
pulpwood), the final product is usually delimbed and
topped into tree-length roundwood or logs cut to spe-
cific lengths. In some cases, the pulpwood trees can

be delimbed and debarked at the landing and chipped.

This option is not considered in this study but could
have wide application if the limbs, tops, and bark
could be economically recovered for biomass. Then,
if logging residues were recovered during the harvest
or after the harvest of the roundwood timber, a chip-
per and usually another loader would be added to the
timber harvest system.

The concept of integrated logging with the harvest

of merchantable wood and biomass occurring at the
same time is discussed in more detail in the 2011
BT2. Finally, if merchantable trees are not separat-
ed, and all the felled and extracted trees are used

for biomass, then the system has the same machines
used for timber harvest without any delimbing and
bucking, but without an extra loader with the chipper.
The key component in this study is that merchantable
materials are assumed to be harvested as round-
wood. If the logging residues are recovered, they are
integrated into the system by adding a chipper and
another loader. If only biomass is harvested as whole
trees, then the system consists of felling, extraction,
and chipping without any delimbing or bucking.

The systems are assembled specifically for the region
(see text box 3.3), stand type, type of harvest (clear
cut or thinning), products, harvest method, and
ground slope. Regions have various systems based
on the other parameters, e.g., systems for hardwood,
planted softwoods, steep slopes. However, the region
determines the harvest method—whether full-tree or
cut-to-length. A regional logging analysis report is
used primarily as the basis (Baker et al. 2013), along
with professional judgments of associates. In the
final analysis, 50% full-tree and 50% cut-to-length
systems are assumed for the Inland West and North
Central regions. The other regions are assumed to

be 100% full-tree. In effect, the use of cut-to-length
systems reduces the available logging residues by

Text Box 3.3 | Harvest Regions

Harvest costs are determined for five geographical
regions of the United States (excluding Alaska and
Hawaii). These regions, although not definitive in the
inclusion/exclusion of specific states, were chosen to
represent the types of stand or ground conditions.
The five regions used in this study are similar to
those reported by Johnson, Lippke, and Oneil (2012).
The regions and states are listed in table 3.5.
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approximately half, since it is assumed that the log-
ging residues behind cut-to-length operations stay in
the woods. Cable-yarding is included only on slopes
greater than 40% and predominately in the Inland
West and the Pacific Northwest regions. As with cut-
to-length systems, no logging residues are harvested.

Using the literature and the professional opinions of
associates, individual machines also are assembled
for each region, stand type, type of cut, product,
method, and slope. The type of equipment used in a
particular system is based on the region and the stand
type (Baker et al. 2013; Johnson, Lippke, and Oneil
2012; Wang, Hartley, and Liu 2013). For example,
in the Northeast, most hardwood is still felled and
delimbed with chainsaws (Wang, Hartley, and Liu
2013). This is also true of hardwoods and conifers
in the Pacific Northwest. Larger feller-bunchers,
skidders, cable-yarders, and loaders are used more
for clear cutting than for thinning. Tracked swing
feller-bunchers are used on hardwood stand types in
lieu of chainsaw felling in the South, as reported.

Much effort went into equipment selection for a
harvest system. The details are not reported in this
section but will be reported in an ancillary paper

in the near future. Since there are numerous types

of machines and variations of systems, the systems
used in this study are considered to be representative
only of the various systems used across the United
States or even in specific regions or stand types. The
systems are aligned with states (see table 3.5) as a
representative system, but the use does not infer that
the system used is the only system in that state or the
best representative of harvest systems in that state.

3.2.3 Harvest Costs

A cost per dry ton is estimated for each component,
and then the system cost is derived by summing these
component costs. The model uses these systems to
“seed” the economic analysis; therefore, the absolute
costs are not as important as the relative differences.
Care is taken to ensure consistency in underlying
assumptions to generate the costs.

52 | 2016 Billion-Ton Report

Table 3.5 | States in Forest Regions

North |[Inland | Pacific
Central | West Northwest
CcT AL IA AZ

CA

DE AR IL co OR
KY FL IN ID WA
MA GA KS MT HI
MD LA MI NM AK
ME MS MN NV

NH NC MO uT

NJ SC ND WY

NY X NE

PA VA OK

RI OH

N SD

VT WI
WV

Note: Alaska and Hawaii are not in the model.

The CORRIM database is used to develop the sys-
tems and the costs per ton of the merchantable prod-
ucts and the biomass (Johnson, Lippke, and Oneil
2012). The database includes equipment cost, labor
costs, and production levels (ton/hour) for a specific
machine. These estimates cover a range of years, as
the database is a composite of many published re-
ports. The machine and machine costs are updated to
a 2014 basis. The productivity levels are not changed,
except for being crossed-checked as needed because
of the appearance of outlier values.

The equipment costs are updated to 2014 using the
producer price index for construction machinery

manufacturing (Bureau of Labor Statistics 2015a).
The costs had been last updated in 2004, so a mul-



tiplier is used to update the costs to a 2014 basis.
All aspects of machine costs are included in these
estimates—owning, operating, and fuel costs.

Logging wages are updated separately for each state
and then averaged by region. The data are from the
Bureau of Labor Statistics (2015b) for logging wages
(North American Industry Classification System code
1133). A 35% loading factor for benefits and other
payroll costs is added to the wage costs.

Two other modifications to the CORRIM costs are
made: (1) adding part of the felling, extraction, and
preprocessing (delimbing and bucking) to the logging
residue costs and (2) adding an overhead cost. In
earlier versions of this report, an assumption was that
logging residues were integrated into the system and
brought to the landing as part of the timber harvest.
The working assumption had been that there were

no costs for logging residues except for the chipping
costs. All the costs for felling, extracting, delimbing,
bucking, and loading were allocated to the timber,
and none of these costs were allocated to the logging
residues (Jernigan et al. 2013). That assumption

is changed in BT16 to allocate 10% of the timber
harvest cost to the logging residues, in addition to the
entire chipper and second loader costs.

Since no commercial timber products are recovered
in whole-tree biomass harvest systems, all the felling,
extracting, and chipping costs are allocated to the
biomass costs. There are no timber delimbing and
bucking costs, but a loader is also included to handle
the biomass around the chipper.

Finally, there are overhead costs associated with a
harvest system (e.g., a foreman, profit, tools and sup-
port equipment, and fueling systems). For this study,
15% of the total system cost is added to the total cost
to cover these overhead costs. It is assumed that this
added cost also covers the cost of BMP treatments,
such as bridge and stream crossings, deconstruction
of roads, and establishment of grass protection zones.

3.3 Projections of
Wood Fuel Feedstock
Supplies from U.S.
Forests under Six
Demand Scenarios

3.3.1 Introduction

The previous Billion-Ton reports, BTS and BT2, (Per-
lack et al. 2005; DOE 2011; Turhollow et al. 2014)
estimate potential wood availability for a given price
through 2030, but they do not consider competition
for wood with conventional products such as lumber,
paper and panels. We evaluate the use of small-diam-
eter roundwood (softwood less than 9 inches in di-
ameter at breast height [dbh] and hardwood less than
11 inches dbh) that is being harvested to supply wood
biomass feedstocks in conjunction with conventional
products; our analysis accounts for changes in stand-
ing timber inventories, net growth, and investment

in tree plantations. Because small roundwood is (1)
sold in a competitive market and used for paper and
panel manufacturing and (2) harvested in conjunction
with sawlogs that are used for lumber and plywood,
the conventional and wood energy markets are linked
and are modeled jointly in this analysis.

To incorporate wood energy markets into conven-
tional wood products markets, this study develops
six projection scenarios: a baseline scenario and
five alternate scenarios that include three levels of
increased national wood energy demand, two levels
of increased housing starts (which lead to increased
solid wood products demand), and increased inten-
sity of forest plantation management (to meet high
wood energy demand). The projections are made

to 2040. For each scenario, we estimate wood fuel
feedstock supply and conventional timber supply by
U.S. region (North, South, and West) and source (log-
ging residues, mill residues, small roundwood, large
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roundwood, and fuelwood) to meet national wood
energy and conventional wood product demands.

The USFPM/GFPM (Ince et al. 2011a) is used to
project wood energy supply and prices along with
production, net imports, and prices for other wood
products. To better project the impacts of increased
wood energy demands on southern forests, a model
is developed that combines the market projections of
USFPM/GFPM with the forest inventory projections
of the SRTS model (Abt, Cubbage, and Abt 2009).
This combined model provides projections of region-
al wood fuel feedstock production and timber use in
conventional products that are used in subsequent
modeling efforts to estimate wood fuel feedstock sup-
ply by U.S. county (section 3.4).

This section discusses the wood energy and mar-
ket scenarios, the USFPM/GFPM+SRTS modeling
approach, and the projection results and summarizes
the findings.

3.3.2 Wood Energy and
Market Scenarios

Six scenarios are developed to evaluate U.S. forest
product market outcomes for three levels of U.S. na-
tional wood biomass feedstocks demand, two levels
of housing recovery, and two levels of southern pine
plantation growth rates (table 3.6). In all scenarios,
(1) U.S. demand for solid wood products is driven by
projected growth trends in U.S. real gross domestic
product (GDP) and single-family housing and (2)
U.S. demand for paper products is driven by U.S.

real GDP and by recent historical growth rates for
advertising expenditures in print media and electronic
media (Ince et al. 2011b). Net exports of U.S. for-

est products are influenced by projections of global
demand for forest products and projections of global
currency exchange rates. All scenarios used the 2012
USDA Economic Research Service global projections
for GDP and currency exchange rates for all countries
to 2030 (USDA-ERS 2015).
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The baseline scenario in this study is derived from

a baseline scenario developed by Ince and Nepal
(2012) that assumes a moderate rebound in housing,
with average single-family housing starts increas-
ing to the long-run historical trend of 1.09 million
per year by 2020 and following a slowly increasing
trend thereafter (Ince and Nepal 2012). The baseline
scenario also includes wood energy demand, which
is determined by historical econometric relationships
between fuelwood consumption and GDP growth
(Simangunsong and Buongiorno 2001). In the
baseline scenario, wood energy demand increases by
about 26% between 2010 and 2040, from 58 to 73
million dry short tons. This scenario also includes a
pine plantation growth rate determined from the most
recent FIA data (USDA Forest Service 2015b).

The alternate scenarios vary with housing starts,
wood energy demand, and pine plantation growth
rates, as shown in table 3.6 and discussed in the fol-
lowing paragraphs.

Housing starts: For baseline housing starts, we
assume a return to the long-term average of 1.09 mil-
lion single family starts per year by 2020 as present-
ed in Ince and Nepal (2012), then an increase of 0.4%
per year after that. To generate a higher number of
housing starts, we assume starts would be 10% high-
er by 2025 and would stay 10% higher throughout
the projection. The top quartile of housing starts from
1959 to 2011 is at least 10% above the long-term
average, indicating that a higher rate is achievable.

Wood energy: The baseline wood energy demand
scenario is derived as shown in table 3.6. The mod-
erate and high wood energy demand scenarios are
assumed to represent increases in domestic and/or
pellet export wood energy demands that are not cap-
tured in the estimated relationship between fuel wood
use and GDP (fig. 3.7). Potential uses include the rap-
idly growing production of wood pellets for export
(Abt et al. 2014). The moderate wood energy demand
scenario is developed as a quadratic demand that
encompasses the announced production facilities in



the Forisk Consulting wood energy database through
2020 (Forisk Consulting 2014) and an assumed in-
crease based on continued pellet exports. This results
in a total wood energy demand in the moderate sce-
narios of 108 million dry short tons in 2040. The high
wood energy demand scenario assumes that produc-
tion in 2020 will be twice as high as in the moderate
scenario. After fitting a quadratic through the 2015
and higher 2020 points, we end with a demand of 143
million dry short tons.

Pine plantation growth rates: The two high-demand
wood energy scenarios are combined with the two
housing scenarios, and both include an assumption
that a timber supply response occurs from increased

timber demand for use in conventional products or
energy. We model this supply response by increasing
the growth rates on new pine plantations in the South
by 50%, which could occur from increased use of se-
lected genetic stocks and/or best practices for planta-
tion management. Recent research implies that under
specialized conditions, growth rates could be two to
five times higher than current levels (Fox, Jokela,
and Allen 2007; Jokela, Martin, and Vogel 2010). We
apply the 50% increase only on new plantations—
well within the potential range identified in Fox and
Jokela. In all other scenarios, the plantation growth
rate is based on growth rates from the latest FIA data
(USDA Forest Service 2015b).

Table 3.6 | Description of Wood Energy, Housing, and Plantation Investment Scenarios

Growth in housing

Scenario? !
starts

Growth in wood biomass
demand for energy*®

New plantation
management intensity
in the South¢

Moderate housing-low
wood energy (baseline)

Returns to long-term
average by 2025

Increases by 26% by 2040

Based on current FIA pine
plantation growth rate

High housing-low wood
energy

Adds 10% to baseline in
2025 and beyond

Increases by 26% by 2040

Based on current FIA pine
plantation growth rate

Moderate housing-
moderate wood energy

Returns to long-term
average by 2025

Increases by 86% by 2040

Based on current FIA pine
plantation growth rate

High housing-moderate
wood energy

Adds 10% to baseline in
2025 and beyond

Increases by 86% by 2040

Based on current FIA pine
plantation growth rate

Moderate housing-high
wood energy (and high
plantation growth)

Returns to long-term
average by 2025

Increases by 150% by 2040

Increases by 50% over current
FIA growth rate by 2040

High housing-high
wood energy (and high
plantation growth)

Adds 10% to baseline in
2025 and beyond

Increases by 150% by 2040

Increases by 50% over current
FIA growth rate by 2040

@ All changes are to domestic production; assumptions regarding international trade are not varied from Ince and Nepal (2012);
demand for paper and paperboard is consistent with Ince and Nepal (2012) assumptions.

® The long-term average of housing starts from 1959 through 2011 is slightly less than 1.1 million per year.
¢ Actual wood biomass production in 2010 was 58.2 million dry tons for all scenarios.

d Current average FIA growth rate on pine plantations across the South (all owners, all ages) is approximately 108 cubic feet/acre
per year (1.6 dry ton/acre per year). Increasing management intensity by 50% only on new plantations results in an increase in
the average South-wide growth rate over time up to 140 cubic feet/ac per year in 2040 (2.1 dry tons/acre per year).
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Figure 3.7 | Assumed U.S. wood energy demands
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3.3.3 USFPM/GFPM+SRTS
Modeling Approach

The USFPM/GFPM is a global forest products partial
equilibrium market model with detailed U.S. forest
products production, trade, and prices. In USFPM/
GFPM+SRTS, wood energy demand can compete
for supply sources also used to make lumber, panels,
and paper; forest inventory responds to harvest and
growth; and timber prices drive timberland area in
the South. U.S. demand for wood energy is specified
in the USFPM/GFPM at the national level, and the
model determines the fuel feedstock supply alloca-
tion among the North, South, and West regions by
using the lowest-cost feedstock sources to meet the
national demand. The U.S. demand for wood energy
includes demands for residential and industrial fuel
wood, as well as the potential for increased demand
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for wood pellets for export and/or assumed domestic
demands for biopower and biofuels.

SRTS is used to project southern forest timber inven-
tory as driven by timber harvests projected by USF-
PM/GFPM. In addition, SRTS provides estimates of
timberland area in response to increases in projected
timber prices. Timber inventory modeling in SRTS

is done at the FIA survey unit level (or an area with
a similar amount of timberland) because the FIA
data used are statistically reliable only at that level of
disaggregation. For the North and West, an endoge-
nous timber inventory model (Nepal et al. 2012) and
exogenous timberland area change (Ince and Nepal
2012) are used.

Two iterative procedures are used to develop pro-
jections from USPFM/GFPM and SRTS. The first
iterative procedure matches SRTS projections of



softwood sawtimber prices for the South with price
projections from USFPM/GFPM. To do so, SRTS
uses the USFPM/GFPM projected southern timber
harvests for each scenario as a fixed exogenous har-
vest quantity. Projected timber prices from the SRTS
run are compared with those from USFPM. Adjust-
ments are then made to (1) SRTS timber supply price
elasticities and (2) SRTS cull factors, which indicate
what proportion of hardwood and softwood saw-
timber harvest qualifies as small roundwood. SRTS
is then rerun using the same harvest as before. This
process is repeated until SRTS-projected softwood
sawtimber prices matches projected prices from
USFPM.

The second iterative procedure matches USFPM/
GFPM harvest and inventory for the South to SRTS
harvest and inventory. To develop a match, timber
harvest projections from USFPM/GFPM are used

in SRTS runs, and the resulting timber inventory
from SRTS is used in the subsequent run of USFPM/
GFPM as a shifter in the timber supply curves. The
timber supply elasticity with respect to inventory is
1.0 for all products and species. This iterative proce-
dure is continued until the projected timber harvest
quantities from the USPFM/GFPM and the south-
ern timber inventory quantities from SRTS do not
change. At this point, the two models are considered
to have converged and the modeling is considered
complete for that scenario.

USFPM/GFPM projections use an exogenous nation-
al demand for fuel feedstocks to be used for wood
energy. The feedstocks can be used to produce resi-
dential heat, industrial heat and power, commercial
heat, electricity, biofuels, and wood pellets for export.
The timber inputs that contribute to these feedstocks
include logging residues, mill residues (used to gen-
erate on-site power or sold to others for power), small
roundwood that can also be used to make paper and
panels, and fuel wood. Both fuel wood and logging
residues may be left on-site after a harvest if they are
more expensive than other sources of fuel feedstocks.

The USFPM/GFPM model linked to SRTS provides
projections of regional (1) timber supply for use in
conventional wood products such as lumber, panels
and paper products; (2) wood fuel feedstock supply
by source (logging residue, mill residue, pulpwood,
fuelwood); and (3) timber inventory.

3.3.4 Projection Results

Projected solid wood product consumption and
wood fuel feedstock sources and prices are generally
consistent with expectations based on assumptions
about demand drivers and costs for supply sources in
the models. For example, higher housing starts lead
to higher softwood sawtimber harvest; higher wood
energy demand leads to higher softwood non-saw-
timber harvest; the South continues to provide the
majority of wood used for energy; logging residue
use increases with increased wood energy demand;
and paper and paperboard production is lower with
increased wood energy demand. This section pres-
ents a few highlights of the results of the six scenario
projections. Additional model outputs and tables can
be found online in the Bioenergy KDF.

As shown in figure 3.8A and B, higher numbers of
housing starts lead to higher softwood sawtimber har-
vest in all scenarios. In addition, more housing starts
also lead to higher softwood non-sawtimber harvests
in response to increased demand for oriented strand
board, as this production more than doubles over the
projection period (fig. 3.8B). These increased har-
vests lead to increased prices and reduced timber in-
ventory relative to the baseline, except under the high
wood energy demand and high plantation growth

rate scenarios, in which additional tree growth in the
South begins to bring inventory back up to the base-
line levels. Figure 3.8 also shows that increased wood
energy demand results in slightly higher sawtimber
and non-sawtimber harvest.
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Figure 3.9A, B, and C show the source regions for
the wood supplied for energy for a moderate housing
recovery paired with low (baseline, moderate, and
high demands for wood energy. In all three cases, the
South continues to provide most of the wood for en-
ergy use, with the proportion increasing in the higher
wood energy demand scenarios; starting at 55% in
2010, the South supplies more than 68% of wood for
energy by 2040 in all six scenarios.

These aggregate outcomes obscure some of the
detailed production trends. For example, there is

a projected minor shift for U.S. small roundwood
from conventional uses for paper or panels to use for
wood energy under the higher wood energy demand
scenarios (figs. 3.10 and 3.11). As some portion of
small roundwood is used for wood energy in the
moderate and high wood energy demand scenarios,
less is available for the production of wood pulp for
use in paper production; as a result, production of

paper and paperboard is lower than the baseline (fig.
3.12). In the baseline or low wood energy demand
scenario, paper and paperboard production increases
by less than 550 thousand dry short tons from 2010 to
2040 (about 1%), which represents a slight recovery
from the recession and then a decline that continues
the previous historical trend. Adding additional wood
energy demands leads to declines of 1% in the mod-
erate wood energy demand scenario (a loss of about
300 thousand dry short tons of production compared
with 2010) and 3% in the high wood energy demand
scenario (a loss of about 1.2 million dry short tons of
production compared with 2010). Newsprint pro-
duction is least affected, as it uses recycled paper as
a major input. The largest reduction occurs in other
paper and paperboard, followed by printing and
writing paper. Northern and western paper produc-
tion is affected more than southern paper production,
and the increase in housing starts has little impact on
paper production.
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Figure 3.9 | Projected U.S. wood energy production by region for low (4), moderate (B), and high (C) wood energy
demand scenarios paired with moderate housing demand
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Figure 3.10 | Projected U.S. small roundwood production for use in conventional wood products, including use for
pulp and paper products, paperboard and panels, by scenario, 2015-2040
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Figure 3.11 | Projected U.S. small roundwood production for wood energy use by scenario, 2015-2040
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In addition to the shift of small roundwood to wood
energy, the higher wood energy demand scenarios use
higher amounts of logging residues as feedstocks. As
the demand for wood energy and the supply of fuel
feedstock increase, the proportion of feedstock from
logging residues increases. This increase is due to
relatively lower costs for logging residue versus other
feedstocks at higher levels of demand (fig. 3.13). In
2015, few logging residues are used for wood energy
because of the (relatively) high cost of procurement.
As demand increases, however, logging residues
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begin to fulfill more of the demand for wood biomass
feedstocks. By 2040, logging residue inputs to wood
energy are greater than the small roundwood inputs
in both the moderate and high wood energy demand
scenarios.

3.3.5 Summary

This study investigates the impacts on the U.S. forest
sector of scenarios projecting moderate and high
growth in U.S. single family housing starts, and low



Figure 3.12 | Projected U.S. paper and paperboard production by scenario, 2015-2040
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and moderate growth in wood energy demands. In
addition, we model a high wood energy demand
scenario, coupled with a timber supply response that
involves increased growth rates on pine plantations in
the South, presumably spurred by the increased wood
energy demands. The low wood energy demand
scenario reflects an assumed increase in wood energy,
linked historically to increases in GDP, and results

in an increase in demand of 53 million dry short tons
by 2040. Moderate and high wood energy demand
scenarios (an additional 125 and 250 million dry
short tons, respectively, over the baseline in 2040)
represents potential demand that could occur because
of increases in either domestic or international use of
wood for energy.
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Figure 3.13 | Projected U.S. logging residue use for wood energy by scenario, 2015-2040
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The USFPM/GFPM+SRTS modeling framework was
designed to allow for competition in wood product
markets. The results of the projections show tradeoffs
among fuel feedstock sources (logging residues,
fuelwood, mill residues, and small roundwood) and
between end uses (wood energy and conventional
wood products). The analysis focuses on understand-
ing the impacts of a combination of housing starts,
wood energy demands, and plantation growth on
timber harvest, timber growth and inventory, timber
prices, and competition for wood biomass between
conventional uses (e.g., production of lumber, panels,
papers) and wood energy use.

The results show that the U.S. timber harvest in-
creases in response to increased housing starts and
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increased wood energy demand, affecting product
prices, biological forest growth, and increased pine
plantation area in the South. Because of assumed
relationships between increasing softwood sawtimber
prices and timberland area in the South, all scenarios
show timberland area changing as sawtimber prices
change, offsetting some of the inventory loss due to
increased harvests over the baseline. The demand for
wood energy competes with the demand for wood for
conventional products such as lumber, panels, and
paper. Increased wood energy demand coupled with
increased housing demand raises both fuel feedstock
prices and small roundwood prices, making both
recovery of logging residues and the diversion of mill
fiber residues and roundwood pulpwood to wood en-



ergy use economically feasible. Most of the logging
residues and small roundwood needed to meet the
increased wood energy demand come from the South.
Because of increased competition for small round-
wood, the projected production of paper and paper-
board declines more under the moderate and higher
wood energy demand scenarios than under the low
wood energy demand scenario (baseline).

The USFPM/GFPM+SRTS modeling framework
uses the latest available information on timber
productivity and costs of production for each of the
wood inputs and assumes that current market struc-
tures will continue through 2040. Most of the struc-
tural relationships are based on historical relation-
ships as derived through statistical modeling. Thus,
the outcomes of the projections provide consistent
and reproducible results that can be used to compare
policy alternatives or “what if” scenarios, but we do
not assess the probability that any of these scenarios
would occur.

3.4 Biomass from U.S.
Timberland Using the
Forest Sustainable and
Economic Analysis
Model

3.4.1 Introduction

The United States has extensive forest resources.
These resources provide a number of benefits, one
of which is wood fiber. This chapter provides esti-
mates of forest biomass available at different prices
from timberland in the contiguous United States.
The biomass cost estimates incorporate the costs of
stumpage, harvest, collection, and chipping. They

represent biomass available at the roadside and its
corresponding breakeven price.® Supply curves are
developed for each county in the contiguous United
States. In this analysis, biomass from forests includes
forest residues from integrated forest operations and
whole-tree biomass, in which both commercial and
noncommercial trees are harvested for biomass. In
both cases, harvests are only on forestland classified
as timberland.

There are about 750 million acres of forested land

in the United States. About 2/3 of these lands are
classified as timberlands* (Oswalt et al. 2014; USDA
Forest Service 2007; Smith 2014; Miles 2015; Perry
2014; Pugh 2014). According to Smith et al. (2009),
the timber volume on timberland has increased by
50% since the 1950s. Most U.S. forestland is owned
privately (58%) with private ownership dominating
the North (74%) and South (87%). Private forests
provide most (90%) of the wood and paper products.
After harvest, most forestland regenerates naturally.
However, 13% of the timberland is planted, mostly
in the South (72%); 25% of the planted acres are
located in the Pacific Northwest (Oswalt et al. 2014).
These forestlands, in all likelihood, will contribute
cellulosic feedstocks in the future. Timber resources
are projected to be abundant enough to meet de-
mands, especially if efficiency gains in harvesting
and conversion technology continue. In a recent
analysis conducted by the Forest Service (USDA
Forest Service 2012), increased competition for land
resources occurs in the RPA scenario; and the highest
increase is in wood biomass use for energy (Bentley
and Steppleton 2012).

Forest biomass is a potential biomass feedstock con-
sisting of a combination of sources:

» Removal of a portion of logging residue that is
currently generated during the harvesting of tim-
berlands for conventional forest products

3 Roadside price is the price a buyer pays for wood chips at a roadside in the forest before any transport and preprocessing to the

end-use location.

4 Timberland is defined as lands capable of producing 20 ft* per year per acre and not legally reserved from timber harvest.
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* Removal of excess biomass from fuel treatment
operations (reducing biomass to help forests
increase fire resistance) and thinning operations
designed to reduce risks and losses from cata-
strophic fires and improve forest health

*  Whole tree removal from primarily smaller-di-
ameter merchantable stands (i.e., pulpwood and/
or small-diameter stands).

It is projected that access to biomass will come from
integrated harvesting operations that provide sawlogs
and pulpwood to meet existing market demand and
provide biomass for energy and bioproducts. Three
potential resources are not considered in this chapter
(and are instead considered in chapter 5):

e Other removal residue that occurs when wood
is cut during the conversion of timberland to
nonforest uses and during thinning of “other
forestland™> (non-timberland) that is conducted
to improve forest health by removing excess
biomass on low-productivity land

e Forest residues, mill wastes, and so forth created
once the trees leave the landing

e Urban wood waste.

The processing of sawlogs, pulpwood, and veneer
logs into conventional forest products generates sig-
nificant quantities of bark, mill residues (coarse and
fine wood), and pulping liquors, along with fuelwood
used primarily in the residential and commercial sec-
tors for space heating and by some electric utilities
for power generation. These resources are not consid-
ered in this chapter.

3.4.2 Methods

The linear programming model ForSEAM was con-
structed to estimate forestland production over time,
and its capacity to produce not only traditional forest
products but also products to meet biomass feedstock
demands. The model, based on earlier work (He et al.
2014), can be used to assess the quantity of biomass

that might be available as biomass feedstocks and at
what marginal cost. It assumes that projected tra-
ditional timber demands will be met and estimates
costs, land use, and competition between lands. A
cost minimization model requires both price and cost
information to produce end products. It has an objec-
tive function of minimizing the total costs (harvest
costs and other costs) under a production target goal
in addition to land, growth, and other constraints.
The cost minimization model requires harvesting and
stumpage costs for removing timber products. No
product price information is needed for the model;
however, a production volume is required.

For each of the six scenarios, ForSEAM was run at
demand levels ranging from 1 million dry tons to ap-
proximately 185 million dry tons in 1-million-dry-ton
increments. The large volume of data precludes us
from summarizing the results of every demand level.
Instead, we selected the highest demand run that had
a solution in all years of the simulation to provide a
representative summary of production and harvest-
ed acreage. These were used to develop the supply
curves of available biomass. Table 3.7 summarizes
the demand level chosen for each scenario.

Table 3.7 | Supply Curve Demands

Selected
demand
simulated level

Demand
levels

Million dry tons

ML (baseline) 1to 187 16
MM 1to 184 93
MH 1to 184 82
HL 1to 187 n7
HM 1to 184 94
HH 1to 184 83
HM 1to 184 94

> See text box 3.1 to understand forestlands vs. timberland in the USDA Forest Service FIA database.
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The remainder of this section describes the cost min-
imization model ForSEAM. The system of models
incorporates the USFPM, ForSEAM, POLYSY'S, and
IMPLAN (IMpact analysis for PLANning). USFPM
is used to determine what traditional forest product
supplies will be required for the scenario. FOrSEAM
provides biomass demand and supply components

from conterminous U.S. timberland (excluding

Figure 3.14 | ForSEAM modeling system

Alaska and Hawaii). These supply curves can be used
either in a stand-alone manner or within POLYSY'S
(De La Torre Ugarte and Ray 2000). POLYSY'S out-
put can then be used to determine the impacts on land
use, farm sector income, and environmental indica-
tors for soil erosion, carbon, fertilization application,
and chemical application. In addition, it can be used
in IMPLAN, an input-output model that estimates the
impacts to the economy (fig. 3.14).
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3.4.3 Mathematical Model residue collection (U) (Eq. [1]). The choice variables
(X,X CT L, Z, U) defined in table 3.8, along with the

indexes defined in table 3.9, reflect location (i), stand
type (j), average stand tree diameter (k), slope of the

land the stand is on (m), method used for harvest (c),
type of product that will be produced (p), and time of
harvest (t). Every time the choice variable enters the

solution, an acre of land is used.

ForSEAM minimizes costs, subject to numerous con-
straints. As constructed, ForSEAM has about 30,000
decision variables and 17 constraints with a density
of more than 189,000 single equations. The model
minimizes the costs of traditional harvest (X,X CT L),
harvest of whole trees for biomass (Z), and logging

COSTX,XCT L,Z,U (t) = Z?Si 2j5=1 z:I§=1 z:rzn [20 170, komcpt iJ, kct(CLljomc SCi,j,k) +
XCTLIJ k,0=1,m,c pt ij.kc,t (CTLIJ m,c S’Ci,j,k):I + 2?251 Z;Ll 2?@2 an [ZI,j,k,O,m,C,tﬂi,j,k,C,t (CWi,j,o,m,c +
S’Ci,j,k):I + 2?251 2;3=1 22 22 [Ulj k,0,m,c,t ei,j,k,c,t (CRi,j,m,c + SCRle)]

Table 3.8 | Descriptions of the ForSEAM Decision Variables and Coefficients

Variables and AF
Decision variables

Acres of timber land harvested using cut-to-length logging option in POLYSYS region i for tree species j, stand

XCTL ikomept diameter class k = 2, land slope m, and cutting option ¢ and conventional wood product p at time period ¢; only

on private land o = 1; there is no cut-to-length on federal timber land

X ikom et Acres of timber land harvested to meet conventional demand forall /,/,t,0,m,c, k=1,2
Y4 ikom .t Acres of class 2 and class 3 whole trees harvested to meet woody biomass demand, forall /,j, t,o,m,c, k=2,3
U komect Acres of logging residue harvested to meet woody biomass demand forall /,/, t, 0,m, ¢, k=1,2

Right-handed sides

Ai,j,k, omt Available acreage at time t for all /, /, k, 0, m, and t (acres)

éi‘j,k, om Growth (cubic feet) for all /, j, k, 0, and m

B, Woody biomass targets (dry tons) in period t

D, p: State conventional demand for sawlogs and pulpwood for all p, t, k =1, 2 (cubic feet)

A Initial available timber acres in POLYSYS region / for tree species j and stand diameter class k on timber land o
tikom with slope m

Coefficients
Logging residue harvesting costs for thinned (partial cut) trees and clear-cut trees in POLYSYS region / for tree

CRH om.c species j, ownership o, land slope m, and cutting option ¢ (§ per acre)

cL Log harvesting costs for thinned (partial cut) and clear-cut trees (§ per dry ton) in POLYSYS region / for tree
ijomc species j, ownership o, land slope m, and cutting option ¢ (§ per acre)

cTL Logging harvest costs for cut-to-length (§ per dry ton) at POLYSYS region / for tree species j, ownership o,

i.jomec land slope m, and cutting option ¢ ($ per acre)

Whole tree harvesting costs for thinned (partial cut) and clear-cut trees (§ per dry ton) as developed and
CW.Y y explained in preceding section in POLYSYS region / for tree species j, ownership o, land slope m, and cutting
option ¢ ($ per acre)

Stumpage costs (§ per dry ton) of logs in POLYSYS region / for tree species j, and stand diameter class k ($ per

SCL ik acre)
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Variables and —_—

Decision variables

Stumpage costs ($ per dry ton) of logging residues in POLYSYS region / for tree species j, and stand diameter

SCR, .« class k ($ per acre)
o Percentage of timberland that can be harvested at each period in region / of stand species j and stand diame-
i k ter class k
a Log yield 2015 in POLYSYS region / for tree species /, stand diameter class &, cutting option ¢, and time ¢ (dry
Lkt tons per acre)
B Whole tree yield in POLYSYS region / for tree species j, stand diameter class k, cutting option ¢, and time ¢ (dry
Likc,t tons per acre)
Logging residue yield in POLYSYS region / for tree species j, stand diameter class k, cutting option ¢, and time ¢
Likct (dry tons per acre)
Yi,j Ratio of clear cut to thinning
Annual growth in POLYSYS region / for tree species J, stand diameter class k, ownership o, land slope m (dry
ijkom tons per acre)
LU The inter-period stand class determination matrix from class 2 to class 1or class 3 to class 2 at time ¢
u The inter-period stand class determination matrix from class O (replantation or regeneration of tree) to class 3

iLin

at age n for each region / and tree species j

Table 3.9 | Indexes Used in the Model

c Cut options ¢ =1, 2; where 1= thinning (partial cut) and 2 = clear cut
f Wood type f=1,2; where 1= hardwood and 2 = softwood
i POLYSYS regions i=1..,305
s States i=1,..,48; 48 states
si POLYSYS regions in each state
, /=1, ..,5; where 1= upper land hardwood, 2 = lowland hardwood, 3
J Stand type .
= natural softwood, 4 = planted softwood, 5 = mixed wood
k=1,2,3; class 1 has a diameter >11in. for hardwood and >9 in. cor
k Stand class softwood, class 2 has a diameter between 5 and 11in. for hardwood
and 5 and 9 in. for softwood, and class 3 has a diameter of <5in.
0 Timberland ownership O =1, 2; where 1 = private, 2 = federal
m Slope of land m =1,2; where 1= private, 2 = federal
The stand age calculated only for
n n=1.,26
replanted or regenerated trees
p Conventional wood products p =1 2; where1=slope <40% (LE40); 2 = slope >40% (GT40)
t Model period t=2014, ..,2040
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The objective function is subject to a set of con-
straints (see equations in appendix B). The tim-
berland constraints limit harvested timberland for
conventional wood to the maximum percentage of the
existing volume of class 1 land that can be harvested
in any one period (Eq. [A.1]). Equations (A.2) and
(A.3) constrain the harvest intensity to the existing
volume of classes 2 and 3. The third timberland con-
straint (Eq. [A.4]) requires cut-to-length harvest acres
to equal full-tree harvesting acres in the North Cen-
tral region and Inland West region. The final timber-
land constraint (Eq. [A.5]) restricts logging residue
removal (U) to those lands that provided traditional
products (X). Regional constraints on thinning and
clear-cut ratios are specified in Eq. (A.6).

Growth is also restricted (Eq. [A.7]). The volume of
trees removed must be less than the 2014 base year
harvest plus the annual growth that occurs within
the state on the remaining stands. Over time, stands
change. Movement of timber from small-diameter
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wood to pulp and sawtimber material is tracked by
determining movement from one stand diameter
class to another (Inter-Period Movement) through six
equations ([A.8]-[A.13]).

Cost minimization models are normally driven by
demand, and FOrSEAM is no exception. Equations
(A.14)—(A.17) require production to meet the pro-
jected demands for sawlogs and pulpwood. These
demand levels are projected by USFPM for the north-
ern, southern, and western parts of the United States
(fig. 3.15). Weights are developed based on inventory
to develop state estimates of demand for these tradi-
tional wood products. Equation (A.18) represents the
woody biomass target for biomass feedstocks. The
right hand side B, is a national quantity for time t,
and the model can iterate this variable, moving up to
larger and larger supplies; or it can use a pre-speci-
fied value as projected by USFPM and the scenario
being analyzed.



Table 3.15 | Three USFPM supply and production regions: North, South, and West

&,

\v

Source: Data from Ince et al. (2011a).

Model Solution
The model is solved in two steps:
Step 1: The model is solved for the first time period t (t = 1). In this model, neither the growth constraints

(Eq. [A.7]) nor the woody biomass supply target (Eq. [A.18]) is incorporated into the model structure. The solu-
tion of X and XCTL is then used to determine the RHS of growth constraints.

2 * *
Gi,j,k,o,m - c=1 (Xi,j,k,o,m,c,p,t + X CT I‘i,j,k,o=1,m,c,p,t)(ai,j,k,o,m,c,t + Bi,j,k,o,m,c,t )

Vallijmk=12t=1
Step 2: Then the model is solved with objective function and all the constraints. The right-hand side of Eq.

(A.18) will be changed from 0 to 185 million dry tons with a 1 million ton increment to simulate the shadow
values (A). These shadow values hence will be used to plot the supply curve of woody biomass.
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Assumptions and Input Data South (fig. 3.15). Other data and parameters are col-
lected and calculated for five forest regions: North-

east, South, North Central, Inland West, and Pacific
Northwest (see table 3.5 for a list of states in forest
regions and table 3.10 for species listings for those
regions). FOrSEAM is modeled and solved for 305
POLYSYS regions (fig. 3.16), which are also crop
reporting districts.

This section provides in more detail all the assump-
tions made to use ForSEAM and the sources and
levels of input data and parameters.

Geographic Definition (i)

The USFPM projections are reported for three
macro-regions of the United States: West, North, and

Table 3.10 | Forest Regions and Forest Types

Northeast White-Red-Jack Pine; Spruce-Fir; Maple-Beech-Birch; Oak-Hickory; Oak-Pine

South Longleaf-Slash Pine; Loblolly-Shortleaf Pine; Oak-Pine; Oak-Hickory; Oak-Gum-Cypress

Aspen-Birch; Maple-Beech-Birch; EIm-Ash-Cottonwood; Oak-Hickory; Spruce-Fir; White-Red-Jack

North Central .
Pine

Lodgepole Pine; Ponderosa Pine; Fir-Spruce; Western Hardwoods (Aspen); Chaparral; Pinyon-

Inland West Juniper; Larch; Western White Pine

Douglas Fir; Hemlock-Sitka spruce; Ponderosa Pine; Fir-Spruce; Redwood; Western Hardwoods

Pacific Northwest (Scrub Oak, Alder)

Note: Forest types were identified from a map available at USDA Forest Service, Forest Inventory and Analysis National Program,
http:/www.fia.fs fed.us/library/maps/.
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Figure 3.16 | The 305 POLYSYS regions

Stand Species (j)

There are five stand species in ForSEAM: upland
hardwood (UHW), lowland hardwood (LHW), natu-
ral softwood (NS), planted softwood (PS), and mixed
wood (MIXED).

Stand Size (k)
There are three stand diameter sizes in the model:

e Class 1: Stands with dbh >11 inches for hard-
wood and >9 inches for softwood

e Class 2: Stands with dbh between 5 inches and
11 inches for hardwood and dbh between 5 inch-
es and 9 inches for softwood

e Class 3: Stands with dbh <5 inches.

Timber Products (p)

There are five timber products from the USFPM
projection (Ince and Nepal 2012; Skog 2015). The
USFPM products, the corresponding ForSEAM prod-
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ucts, and the stand sizes are presented in figure 3.17.
USFPM projects demand for products including
softwood sawlogs, softwood pulpwood, hardwood
sawlogs, hardwood pulpwood, and other industrial
roundwood. Among these products, the demands for
hardwood sawlogs and other industrial roundwood
are aggregated to hardwood sawlogs in FOorSEAM.
The fuelwood roundwood harvest is disaggregated to
softwood fuelwood and hardwood fuelwood, using
a ratio calculated with data from Howard, Quevedo,
and Kramp (2009). In ForSEAM, sawlogs originate
from class 1 stand size trees. Pulpwood originates-
from trees in both class 1 and class 2 stand sizes.
Biomass feedstocks are from trees in class 2 and
class 3 stand sizes. The volume of UHW, LHW, and
37.5% of MIXED stand species is used in the model
for hardwood timber products. The volume of NS,
PS, and 62.5% of MIXED stand species is used for
softwood timber products. The USFPM regional and
national demand scenarios for 5-year intervals are
displayed in appendix B.
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Logging Methods and Options

There are four types of logging methods: (1) full-tree
clear cut, (2) full-tree thinning, (3) cut-to-length clear
cut, and (4) cut-to-length thinning. Descriptions of
these harvest options are presented in table 3.11. The
full-tree method can use the entire tree, including
branches and tops. The cut-to-length method harvests
logs only, leaving logging residue on the field. For
both logging methods, the harvest can be clear cut

or thinning. Clear cutting removes all the standing
trees in a selected area. Thinning removes part of the
standing trees in a selected area.

All stand classes can be harvested using full-tree clear
cutting. Only class 2 stands may be harvested by clear
cutting or thinning. Cut-to-length logging is used only
for softwood timber in the POLYSYS North Central
and Inland West regions of the country for class 1 and
class 2 stands.

A proportion for clear-cut and thinning areas was
applied in the West, South, and North so that a certain
amount of production was guaranteed from thin-
ning. This is because the benefits of thinning, such

as increased yields and revenue, are hard to measure
and capture at such a scale in the current model.
With only stumpage costs and harvesting costs, the
thinning option has fewer disadvantages than clear
cutting because of the lower yield level per acre of
timberland. Figure 3.18 shows the proportion of tim-
berland harvested using clear cutting and thinnings
(partial cutting). In the current model, we use the
proportion that was used in 2006-2011. The clear-cut
portion is 42%, 28%, and 10% for the West, South,
and North, respectively.

Figure 3.17 | Conventional timber products in USFPM and ForSEAM

USFPM timber products

Softwood sawlogs

Softwood pulpwood

Hardwood sawlogs

Other industrial roundwood

Hardwood pulpwood
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ForSEAM timber products

Stand class

Class 1 (large)

Class 2 (medium)

Class 3 (small)



Table 3.11 | Logging Methods and Options

T oo e

1. Full-tree clear cut 2. Full-tree thinning
*  Removes all the standing trees in a selected + Partially removes standing trees in a selected
area area
Full tree The entire tree can be used, including branch- * The entire tree can be used, including branch-
es and tops es and tops
* Class 1, class 2, and class 3 stands * Class 2 stands only
* Allregions. * Allregions.
3. Cut-to-length clear cut (softwoods only) 4. Cut-to-length thinning (softwoods only)
*  Removes all the standing trees in a selected » Partially removes standing trees in a selected
area area
Cut-to- * Only logs can be used, and branches and tops * Only logs can be used, and branches and tops
length are left on the field are left on the field
» C(Class Tstands only «  Class 2 stands only
* North Central and Inland West regions Only. «  North Central and Inland West regions On|y.

Figure 3.18 | Proportion of timberland harvested in the United States by method of harvest for 2001-2005 and
2006-201
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Source: USDA Forest Service (2015b).
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Timberland Area (A) and Slope (m)

There are 514 million acres of timberland in the
United States (FAZ 2015), including Alaska and
Hawaii. Timberland is defined as available forestland
that is producing or is capable of producing crops of
industrial wood. Areas qualifying as timberland have
the capability to produce more than 20 ft® per acre
annually of industrial wood in natural stands on which
harvesting is not prohibited. Currently inaccessible
and inoperable areas are included. ForSEAM takes
into account timberland in the 48 conterminous states
that is privately or federally owned and no more than a
half mile from the existing road system. Data from the
FIA database (2015) indicate that there are about 300
million acres of privately owned timberland and an-
other approximately 87 million acres of federal lands
(see table 3.12 and table 3.13). A total of 386 million
acres of federal and private timberlands are within

0.5 miles of a road and are the available acres in the
ForSEAM model under the stated assumptions; but of

course, only a few million acres are harvested annu-
ally. The assumption is that timber and biomass could
be harvested within that distance to a road without
any road-building. No road building is a sustainability
criterion built into the model that was also used in the
2011 BT2. Therefore, the available biomass is severely
limited by several assumptions of timberland area and
access, such as distance to road and land slope.

Land slope is categorized into two groups (table 3.14):
(1) slope <40% (LE40) and (2) slope >40% (GT40). Not
all stand species on timberland in slope category GT40
are available for harvesting in the model. As table 3.14
indicates, no trees in the Northeast, South, North Central,
and Inland West regions in category GT40 are harvested,
as the assumption is the lack of cable systems in these re-
gions. The model assumes that only in the Pacific North-
west can trees be harvested on both LE40 and GT40
timberland; again, the assumption is for conventional
timber products only, as the biomass is not extracted with
cable systems on slopes in category GT40.

Table 3.12 | Acres Included in the Model by Stand Class, Slope, Ownership, and Species Type

-- LKW [UHW  [NP_ [PP  [MIXED [Total
Class Slope

Million acres
£40 Private 35.57 59.54 29.76 14.47 9.82 14916
Federal 6.41 9.98 25.56 284 1.96 46.75
1
Private 277 10.24 3.61 0.70 0.48 17.80
GT40
Federal 0.66 219 8.41 0.72 010 12.07
E40 Private 17.08 25.39 10.09 15.24 4.86 72.67
Federal 2.63 5.07 4.27 146 071 1414
2
Private 0.46 215 0.54 0.43 0.21 3.80
GT40
Federal 013 0.62 0.70 0.21 0.04 1.71
Private 10.75 19.52 8.60 9.32 5.28 53.48
LE40
Federal 157 3.60 4.37 0.82 0.55 10.91
3
Private 0.34 0.76 0.64 0.47 0.03 2.25
GT40
Federal 0.08 0.34 0.80 018 140
Total 78.45 139.40 97.37 46.87 24.05 386.14

Note: LE40 is slope <40%; GT40 is slope > 40%.
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Table 3.13 | Acres in the Three USFPM Regions (see regions in fig. 3.15)

Stand types (million acres)

Diameter
cl Slope
T e o N

Private LE40 21.06 29.89 5.59 0.72 2.32 59.59
: GT40 169 4.09 0.12 0.02 015 6.06
Ceders| LE40 4715 5.78 173 0.85 0.63 1314
GT40 0.37 0.54 0.02 0.02 0.01 0.96
Private LE40 1.48 12.77 3.27 0.50 0.99 29.01
2 GT40 0.25 0.69 0.03 0.00 0.05 1.02
North Federal LE40 1.95 3.24 1.09 0.29 0.26 6.83
GT40 0.07 0.2 0.00 0.00 0.20
) LE40 510 6.72 2.95 019 0.40 15.36
Private
3 GT40 013 0.18 0.02 0.01 0.34
Federal LE40 0.93 2.22 0.90 017 017 4.39
GT40 0.01 0.03 0.00 0.03
Total 47.18 66.26 15.72 2.76 4.99 136.92
Private LE40 12.61 28.09 13.43 12.04 748 73.65
GT40 0.68 543 0.6 0.04 0.32 0.63
! LE40 185 3.56 417 0.78 133 1.70
Federal
GT40 0.04 123 0.3 0.09 150
S LE40 484 1.46 5.36 13.87 3.82 39.35
2 GT40 0.07 m 0.09 0.06 015 1.47
South Federal LE40 0.50 1.08 0.69 0.82 0.44 3.53
GT40 0.01 019 0.01 0.04 0.25
. LE40 5.02 1217 317 7.80 484 33.01
X Private GT40 004 0.40 0.06 0.02 0.03 0.55
Cedera] LE40 0.48 0.85 0.44 0.32 0.38 2.47
GT40 0.00 0.06 0.01 0.07
Total 26.15 65.65 27.71 35.75 18.91 17417
Private LE40 1.90 1.56 10.73 1.71 0.02 15.92
1 GT40 0.40 0.73 3.34 0.64 0.01 512
LE40 0.40 0.64 19.66 1.22 21.92
Federal
GT40 0.24 0.42 8.26 0.70 9.62
A LE40 0.76 115 147 0.87 0.05 430
Private
) GT40 014 0.35 0.43 0.37 0.02 132
West Federal LE40 0.18 0.74 2.50 0.36 0.01 3.78
GT40 0.06 0.31 0.69 0.21 1.27
. LE40 0.63 0.63 248 1.32 0.04 510
Private
GT40 016 018 0.56 0.45 135
3 Federal LE40 016 0.53 3.03 0.33 4.06
GT40 0.07 0.25 0.79 018 1.29
Total 5.12 7.49 53.94 8.35 0.15 75.05
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Table 3.14 | Timberland and Stand Species That Are Available for Harvesting in Different Regions

Yes Yes Yes Yes Yes

LE40
Northeast

GT40 — — — — —

LE40 Yes Yes Yes Yes Yes
South

GT40 — — — — —

LE40 Yes Yes Yes Yes Yes
North Central

GT40 — — — — —

LE40 Yes Yes Yes Yes Yes
Inland West

GT40 — — — — —

LE40 Yes Yes Yes Yes Yes
Pacific Northwest

GT40 Yes Yes Yes Yes Yes

Note: Land in the Pacific Northwest is available for harvesting for timber products because of available cable sys-
tems in use, whereas the other regions are assumed to have limited or no cable systems available.

Yield Levels for Clear Cut, Thinning,
and Annual Growth (a, B, 0, g)

In the first simulation year, yield levels (cubic feet/
acre or dry ton/acre) for logging and harvesting of
woody biomass using the clear-cut option are calcu-
lated using existing information on standing tree vol-
ume and corresponding timber area from the FIA da-
tabase aggregated at the POLYSYS county level. The
thinning yield is 70% of the clear-cut yield, assuming
thinning treatment would be a thinning-from-above
(Coops et al. 2009; Penn State 2016) when harvesting
conventional products and only the smaller diameter
trees when harvesting whole-tree biomass.

Annual growth yield (cubic feet/acre or dry ton/acre)
is based on the net annual growth and the correspond-
ing timber area. It is assumed that for each acre of a
certain stand, the current yield of the simulation year
is the yield level from the beginning of the simula-
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tion period, plus the total growth yield, multiplied by
the total numbers of years from the beginning to the
present.

Wood Harvesting Intensity (o)

Wood harvesting intensity is an indicator of the
annual felling as a percentage of the allowable cut.
We first tried to obtain wood harvesting intensity
from Timber Product Output (TPO) removal data
divided by the standing volume of live trees in the
corresponding counties. The results varied by county,
by timber product (sawlogs, pulpwood, and fuel-
wood), and by hardwood and softwood. That method
proved not to be a preferable way to obtain the ratios,
because TPO has significant gaps in information for
counties that have a timber acreage inventory. We de-
cided to take the potential production quantities and
compare them with the 2010 projected demand from
USFPM. We found that 5% of the existing standing



volume, at most, is sufficient to meet the future demand
for conventional wood.

Wood harvesting intensity limits to 5% the amount of
forest within a POLYSY'S region that can be harvested
in any one year. It limits how much acreage is actually
available for harvest. The growth rate limits the volume
to growth at the state level. Therefore, the model does
not allow the wood harvest to exceed state growth levels
within a state. The 5% figure is estimated by taking the
potential production compared with the 2010 projected
demand estimated by USFPM.

Logging Residue Retention

Not all available logging residues are harvested for
biomass feedstock use. A retention rate of 30% is
applied to residues from clear-cut full-tree harvesting
on timberland with a slope of LE40. If the available
logging residues are from stands located on timberland
with a slope of GT40, all of the logging residues are
left on the site. If the timberland is thinned (partially
cut), 30% of the residues are retained on-site (i.e.,

a 30% retention rate) rate) if slope is GT40. If the
available logging residues are from thinnings (par-
tial-cut) stands, all residues are harvested as biomass
feedstocks in the model if slope is LE30. The under-
lying assumption is that there will still be residues left
on-site because of tree breakage and losses from har-
vesting trees, and that the remaining trees will provide
sufficient site protection.

In the 2005 BTS and 2011 BT2, a technical recovery
efficiency of 65% for residues is used in addition to
the retention coefficient. Mechanical systems cannot
feasibly recover more than 65% of the broken limbs,
broken tops, and foliage spread across sites (Dyk-
stra, Hartsough, and Stokes 2009). So with a 30%
retention rate, in actuality 35% is retained. For this
study, the technical recovery coefficient is assumed to
be 70% because of system and equipment improve-
ments. Therefore, a retention level of 30% results in a
70% technical recovery of forest residues.

Inter-Period Class Determination
Matrix (v, u)

After timberland is clear cut, we assume replanting
and regeneration of the land follows. We also assume
that if class 2 and class 3 standing trees are not har-
vested, they continue to grow and became class 1 and
class 2 stands, depending on the annual increment of
quadratic mean diameters. We form an inter-period
class determination matrix to model the change from
replanting to class 3 stands, class 3 to class 2 stands,
and class 2 to class 1 stands over the simulation peri-
ods. If class 2 stands are harvested with the thinning
option, they are not available until they become class
1 stands. Replanting or regeneration acres are avail-
able for harvesting when the stands become class 2.

Stumpage Costs (SC, SCR)

Stumpage prices are derived using the following
steps. We first obtain a pulpwood price update for
2014 based on RISI, International Wood® fiber report
data, and calculations of stumpages.

As seen in table 3.15, data for hardwood pulpwood
roundwood prices in the West region are missing.
Instead, we use the 2007 data of $23.48 per dry ton
for hardwood in the West, as reported in BT2. We
used the RISI (2008) pulpwood price as the stumpage
price for class 2 stands of the corresponding hard-
wood and softwood (table 3.16). For mixed wood, the
price is calculated as 37.5% of the hardwood stump-
age price plus 62.5% of the softwood stumpage price
(table 3.16). For each stand species, the stumpage
price of a class 1 stand is twice that of a class 2 stand.
The class 3 stand stumpage price is 50% of the class
2 stand price. If logging residues are collected from
the harvested site, their stumpage price is the fraction
of the whole-tree stumpage price from table 3.15; it
is based on the ratio of the yield from residues to the
yield from a whole tree, using the FIA database to
calculate that fraction.

6 Accessed by Ken Skog, who provide updated calculations of estimated 2007 delivery cost fractions. See table 3.2 of the 2011 BT2
(DOE 201, 27) for more information on these calculations. Table 3.14 stumpage prices are derived from these calculations.
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Table 3.15 | RISI Pulpwood Prices, Roundwood ($ per dry ton stumpage)

Hardwood

North 22 22 20 19 19
South 17 17 17 17 16
West N/A N/A N/A N/A N/A
Softwood

North 21 21 20 19 19
South 16 16 16 16 16
West 17 17 17 16 15

Source: Data from Skog (2015).

Table 3.16 | Stumpage Price of Conventional Wood ($ per dry ton)

Stand species
UHW

Class1 Class2 Class3 Class1 Class2 Class3 Class1 Class2 Class3

44.00 22.00 11.00 34.00 17.00 8.50 46.96 23.48 11.74
LHW 44.00 22.00 11.00 34.00 17.00 8.5 46.96 23.48 11.74
PS 42.00 21.00 10.50 32.00 16.00 8.00 24.00 17.00 8.50
NS 42.00 21.00 10.50 32.00 16.00 8.00 24.00 17.00 8.50
MIXED 42.75 21.38 10.69 32.75 16.38 819 38.86 19.43 9.72
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Harvesting Costs (CL, CTL, CW)

Harvesting costs are different depending on whether
logging residues are retrieved when merchantable
timber is harvested, or stands are harvested as whole-
tree woody biomass. If only merchantable timber

is harvested, the harvesting costs include felling,
skidder, delimbing, and loader costs. This type of
harvest occurs only on sites that are steep or when

a cut-to-length harvesting option is used. If logging
residues are collected as woody biomass in the inte-
grated system with merchantable timber, extra costs
are added to the timber harvest costs. A chipper and
extra loader are added to the timber harvest system
to make it an “integrated timber and biomass harvest
system.” However, the logging residue cost is only
for the added chipper and loader and, as explained in
section 3.2, an apportioned 10% of the timber harvest
costs.

The harvesting costs for the timber, convention-

al sawtimber, and pulpwood components only are
shown in table 3.17. These timber costs include the
10% reductions charged to biomass (logging resi-
dues) because all harvesting, unless explicitly cate-
gorized as either cable or cut-to-length, is assumed
to be integrated timber harvesting. The costs are

by stand type, harvest option, cutting option, slope,
and forest region. Under full-tree logging options,
logging residues can be collected as woody biomass.
Cut-to-length systems process the trees at the stump,
which disperses the biomass across the site, where-
as full-tree systems bring the limbs and tops to the
roadside for processing. Although residues can be
recovered after cut-to-length harvests, the option is
considered to be too costly in this model. On sites in
slope category GT40, only merchantable trees and
logs are extracted to the roadside—biomass is not
integrated into this system, and no logging residues
are removed from GT40 sites. There are two reasons
behind this assumption: (1) the residues are needed to
protect the steep slopes, and (2) cable logging is not
efficient or economical for extracting trees with limbs
and tops attached. The costs of harvesting the logging
residues with the timber are shown in table 3.18 as
the additional cost for the added chipper and loader.
As stated, these costs also include 10% of the timber
harvest costs.

Costs for harvesting logging residues are presented

in table 3.18, and whole-tree costs for both clear-cut
and thinning harvesting are in table 3.19. The logging
residues costs are region specific, whereas the whole-
tree costs are applied across all regions.
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Table 3.17 | Harvesting Costs for Timber Products ($ per dry ton)

North Inland

Pacific Northwest

Harvest .
Stand type Cut option Central | West

option

LE40

LE40 LE40 GT40

Thinning 31.46 29.49 31.46 31.46 31.46 4172
UHW Full tree
Clear cut 29.22 25.45 29.22 29.22 29.22 2777
Thinning 31.46 29.49 31.46 31.46 31.46 41.72
LHW Full tree
Clear cut 25.45 25.45 25.45 25.45 25.45 2777
Thinning 29.62 29.49 29.49 29.62 29.62 4172
Full tree
Clear cut 24.68 24.25 24.25 24.68 24.68 2777
NS
Cut-to- Thinning - - 57.03 57.03 - -
length Clear cut - - 4963 4963 - -
Thinning 29.22 29.22 17.05 29.62 29.62 41.72
Full tree
Clear cut 24.25 24.25 24.25 25.45 25.45 2777
PS
Cut-to- Thinning - - 65.58 65.58 - -
length Clear cut - - 4963 4963 - -
Thinning 29.62 29.62 28.29 29.62 29.62 41.72
Full tree
Clear cut 24.68 24.68 23.48 25.45 25.45 2777
MIXED
Cut-to- Thinning - - 65.58 65.58 - -
length Clear cut - - 4963 4963 - -

Note: All harvests on slope category GT40 are actually “tree-length” or logs, as cable yarding is used. Limbs and tops are left at the
stump and only merchantable timber is extracted.
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Table 3.18 | Logging Residue Harvest Costs for Integrated Harvesting ($ per dry ton)

North- North Inland

South Pacific Northwest

Stand type Cut option east Central | West

LE40

LE40 LE40 LE40 LE40 GT40

Clear cut 14.62 14.20 14.62 14.62 14.62 14.45
UHW

Thinning 17.30 17.08 17.30 17.30 17.30 18.44

Clear cut 14.20 14.20 14.20 14.20 14.20 14.45
LHW

Thinning 17.30 17.08 17.30 17.30 17.30 18.44

Clear cut 141 14.06 14.06 14M 14M 14.45
NS

Thinning 17.09 17.08 1411 17.08 17.09 18.44

Clear cut 14.06 14.06 14.06 14.20 14.20 14.45
PS

Thinning 17.05 17.05 17.05 17.09 17.09 18.44

Clear cut 141 14M 13.98 14.20 14.20 14.45
MIXED

Thinning 17.09 17.09 16.94 17.09 17.09 18.44

Table 3.19 | Harvesting Costs for Whole Trees as Woody Biomass ($ per dry ton)

I T S

UHW 19.85 3592
LHW 25.21 35.92
NS 29.85 30.34
PS 29.85 35.92
MIXED 29.85 35.92
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3.4.4 Results baseline scenario (Baseline_ML) assumes low growth
in woody biomass demand for energy; moderate new
plantation management intensity in the South; and
moderate demand for conventional wood for housing,
paper and paperboard, and exports. The high, high
(HH) scenario assumes a high increase in demand both
for conventional wood for housing, paper and paper-
board, and exports and for woody biomass for energy.

Although six scenarios are analyzed in the model,
only two scenario analyses are consistently presented
in this chapter. All of the results of these scenarios
and the other scenarios are available online within the
Bioenergy KDF. These scenarios are developed and
projected using USFPM as explained in section 3.3,
with the characteristics described in table 3.20. The

Table 3.20 | USFPM Scenarios (see table 3.6)

Characteristics

Growth in demand

Scenario Growth in New plantation Growth in for biomass
name wood biomass Growth in management demand for for energy, and
demand for housing starts intensity in the paper and wood and paper
energy South paperboard products (foreign
countries)
Baseline_ML Low Moderate Moderate Moderate Moderate
MM Moderate Moderate Moderate Moderate Moderate
MH High Moderate High Moderate Moderate
HL Low High Moderate Moderate Moderate
HM Moderate High Moderate Moderate Moderate
HH High High High Moderate Moderate

Note: The first letter of the code for the scenarios indicates the level of housing starts (high and medium), and the second letter
indicates the level of biomass harvested for fuel (high, medium, and low).
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Table 3.21 | USFPM Projection of Feedstocks from Woody Biomass (million dry tons)

2015-2019 | 2020-2024 | 2025-2029 | 2030-2034 | 2035-2039 m
14 14 14 14 14 15

Baseline_ML

MM 21 25 29 33 34 34

MH 22 29 39 51 55 55

HL 14 14 14 14 14 15

HM 21 25 29 33 34 34

HH 22 29 38 51 54 55
The USFPM projections (from section 3.3) for lion to 15 million dry tons in Baseline_ML, while
woody biomass as a biomass feedstock (in million woody biomass demand ranges from 22 million to 55
dry tons) under all six scenarios are presented in million dry tons in scenario HH. ForSEAM uses the
table 3.21. From 2015 to 2040, the woody biomass projection as the exogenous demand level for woody
projection is relatively low, ranging from 14 mil- biomass and solves the model at the POLYSYS level.

Table 3.22 | Acres Harvested by Feedstock Type, Stand Diameter Class, Cut Option, Ownership, Scenario, and Year
at $60 per Dry Ton (P = private; F = federal)

Conventional wood
(logging residues)
(million acres)

Whole-tree biomass
(million acres) Total

(million acres)
Scenario SRE Class 2 stand Class 2 stand dEss g
stand stand

P F P F P F P F P F P F P F P F

2015 3 03 00 00 22 03 10 02 03 02 25 05 49 10 25 05

2017 12 03 01 0O 25 03 11 03 03 03 18 03 41 09 29 06
2020 3 03 01 00 24 03 11 03 05 03 13 03 37 09 28 06
Baseline_ 2022 3 03 00 00 22 03 10 03 05 03 1 03 35 08 26 06
ML 2025 4 03 01 0O 19 02 09 03 04 03 08 02 32 08 22 05
2030 6 03 00 0O 14 02 07 03 04 03 04 02 28 07 18 05
2035 19 03 00 00 08 02 06 02 06 03 02 01 26 06 14 04
2040 21 04 0O OO OO OO 04 02 07 02 01 00 26 06 07 03
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Table 3.22 (continued)

Conventional wood
(logging residues)
(million acres)

Whole-tree biomass
(million acres) Total

(million acres)
Scenario CEES | Class 2 stand Class 2 stand GRS
stand stand

P F P F P F P F P F P F P F P F

2015 12 02 03 00 23 03 07 02 02 02 25 05 47 10 25 05

2017 2 03 01 0O 25 03 10 03 04 03 17 03 40 08 29 06
2020 3 03 01 00 23 02 10 03 O5 03 12 03 35 08 28 06
2022 3 03 01 00 21 02 09 03 O5 03 10 02 33 07 26 06

MM 2025 4 03 01 0O 18 02 07 03 04 03 07 02 29 07 21 05
2030 6 03 01 00 14 02 06 02 03 03 02 01 25 06 17 05
2035 17 03 00 00 09 02 05 02 04 02 01 00 23 05 13 04
2040 20 03 0O 0O OO 0O 03 O1 05 02 0O 00 24 04 06 02
2015 12 02 03 00 23 03 07 02 02 02 25 05 47 10 26 05
2017 12 03 01 00 25 02 09 02 04 03 17 03 39 08 28 06
2020 3 03 01 00 22 02 09 02 O5 03 12 03 34 08 27 06
2022 3 03 01 00 19 02 08 02 06 03 09 02 31 07 25 05
MH 2025 4 03 01 00 16 02 07 02 05 03 06 01 28 07 21 05
2030 5 03 01 00 12 02 06 02 05 02 02 O1 24 06 18 04
2035 7 03 00 00 09 02 04 02 03 02 01 00 22 04 12 03
2040 20 03 0O 0O OO 0O 03 O1 O5 01 0O 00 23 04 05 Ol
2015 14 03 00 00 21 03 10 02 04 02 25 05 49 10 25 05
2017 12 03 01 0O 25 03 11 03 03 03 18 03 41 09 29 06
2020 3 03 01 00 24 03 11 03 05 03 13 03 37 09 28 06
2022 3 03 00 00 22 03 10 03 05 03 1 03 35 08 26 06
HL 2025 4 03 01 0O 18 02 09 03 04 03 08 02 32 08 22 05
2030 7 03 00 00 14 02 07 03 04 03 04 02 28 07 18 05
2035 19 03 00 00 08 02 06 02 06 03 02 01 26 06 14 04
2040 22 04 00 0O OO 0O 04 02 07 02 01 00 26 06 07 02
2015 12 02 03 00 23 03 07 02 02 02 25 05 47 10 25 05
2017 2 03 01 0O 25 03 10 03 04 03 17 03 40 08 29 06
2020 3 03 01 00 23 03 10 03 O5 03 12 03 36 08 28 06
2022 3 03 01 00 21 03 09 03 05 03 10 02 33 07 26 06
HM 2025 4 03 01 0O 18 02 07 03 04 03 07 02 29 07 21 05
2030 6 03 01 00 14 02 06 02 03 03 03 01 25 06 17 05
2035 8 03 00 0O 09 02 05 02 04 02 01 00 23 05 13 04
2040 21 03 00 OO OO OO 03 O1 05 02 00 0O 24 05 05 02
2015 12 02 03 00 23 03 07 02 02 02 25 05 47 10 26 05
2017 12 03 01 00 25 02 09 02 04 03 17 03 39 08 28 06
2020 3 03 01 00 22 02 09 02 O5 03 12 03 35 08 27 06
HH 2022 4 03 01 00 19 02 08 02 06 03 09 02 32 07 25 05

2025 4 03 01 00 16 02 07 02 05 03 06 01 28 07 21 05
2030 6 03 01 00 12 02 06 02 05 02 02 01 24 06 18 04
2035 7 03 00 00 09 02 04 02 03 02 01 00 22 04 12 03
2040 20 03 00O 0O 0O 0O 03 O1 O5 01 0O 00 23 04 05 Ol
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Table 3.22 presents the harvested acres by scenar-

i0 to meet the USFPM projection for conventional
wood and biomass feedstocks demand. Annually, the
number of acres harvested varies from a maximum of
about 5.4 million acres to a low of 2.8 million acres,
with variations among both scenario and year. This
is about 1% of the total 386 million acres available.
Under scenarios Baseline_ML and HL, logging resi-
dues alone are sufficient to meet the woody biomass
demand for biomass feedstock; therefore, class 2 and
class 3 stands for biomass feedstocks are not har-
vested as biomass feedstocks. Whole trees in class 2
and class 3 stands are harvested to meet the woody
biomass demand under scenarios MM, MH, HM,
and HH. Among them, most of the acres harvested
are from class 3 stands. Overall, a significant portion
of the harvest is from thinning class 2 timberland
stands. Overall, thinning accounts for 33%-52% of
the acres harvested. This occurs because the fixed
ratio of clear-cut to thinning acres is pre-specified

in the model. Finally, most of the acres are private

land—more than 80% or 90% in every scenario and
every year.

Following the USFPM projected demand pathways
(fig. 3.19), the model can also be used to simulate
supply curves for a particular year of interest for each
scenario. Section 3.4.2 provides an explanation of
the methodology. For example, in the HH scenario,
the supply target for 2014 is 17 million dry tons, for
2015-2019 is 22 million dry tons, and for 2020 is

29 million dry tons. To simulate the supply curve for
2025, the model will solve from 2014 to 2024 first

to meet each year’s demand, then simulate supply
targets from low to high with a 1 million dry ton
increment to obtain shadow prices at the different
supply targets, up to 184 million dry tons for 2025.
The same is true for the supply curve for 2040: the
model will solve for the projected supply for previous
years before starting to simulate the supply curve for
2040. Figure 3.20 presents the derived supply curve
for the Baseline_ML and HH scenarios for 2015,
2020, 2025, 2030, 2035, and 2040.
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Figure 3.19 | USFPM projected biomass feedstock demand pathways for the Baseline_ML (top) and HH (bottom)

scenarios along with the corresponding shadow prices

80

70

60

50

40

30

Shadow price ($ per dt)

20

2015

80

70

60

50

2020 2025

2030

2035

2040

40

30

Shadow price ($ per dt)

20

2015

@ Shadow price

88 | 2016 Billion-Ton Report

2020 2025
@® USFPM projection

2030

2035

2040

55

45

35

25

15

55

15

Energy feedstock (million dt)

Energy feedstock (million dt)



Figure 3.20 | Supply curves for the Baseline_ML and HH scenarios for 2015, 2020, 2025, 2030, 2035, and 2040
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Note: Marginal costs are the production costs derived from stumpage prices and harvest costs.
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Table 3.23 | Acres Harvested by Scenario, Ownership, Year, and Cost per Dry Ton (P = private; F = federal)

Marginal Scenario (million acres)
Goary | Basefinem | mm | wH | WL | M| HH
($/dry Baseline_ML HL

P

ton) F Total P F Tota P F Totaa P F Total P F Total P F  Total
2015 40 45 07 52 47 07 54 47 07 54 44 07 51 47 07 54 47 07 54
2015 60 74 15 89 72 14 87 72 14 87 74 15 89 73 14 87 72 14 87
2015 80 86 17 103 81 16 97 77 16 92 86 17 104 81 16 97 77 16 93
2017 40 43 06 49 42 06 48 42 06 48 43 06 49 42 06 48 42 06 48
2017 60 70 15 85 69 14 83 67 14 81 70 15 85 69 14 83 67 14 8]
2017 80 80 17 97 72 16 87 68 14 83 80 17 97 72 16 88 69 14 83
2020 40 39 06 44 37 05 43 37 05 42 39 06 44 38 05 43 37 05 42
2020 60 66 14 80 63 14 77 61 13 74 66 14 80 63 14 77 62 13 75
2020 80 73 16 89 65 15 80 61 13 74 73 16 89 65 15 80 62 13 75
2022 40 37 06 42 35 05 41 34 05 39 37 06 42 36 05 41 35 05 40
2022 60 62 14 76 58 13 72 56 12 69 62 14 76 59 13 72 57 12 69
2022 80 69 15 84 60 14 74 56 12 69 69 16 85 61 14 75 57 12 69
2025 40 34 05 39 33 05 38 31 05 36 34 05 40 33 05 38 32 05 37
2025 60 54 13 67 50 12 62 49 12 60 54 13 67 50 12 62 49 12 6l
2025 80 63 15 78 54 13 68 50 12 63 63 15 78 55 13 68 51 12 63
2030 40 31 05 36 30 05 35 29 05 33 31 05 36 31 05 35 29 05 34
2030 60 46 12 58 42 11 53 41 10 51 46 12 58 42 11 53 42 10 52
2030 80 56 14 69 48 12 60 44 11 55 56 14 70 49 12 61 45 11 56
2035 40 27 05 32 27 04 31 26 04 30 27 05 32 27 04 31 26 04 30
2035 60 40 11 51 36 09 45 34 08 42 41 11 51 36 09 45 34 08 42
2035 80 47 13 59 41 10 51 38 09 47 47 13 60 41 10 52 38 09 48
2040 40 22 04 25 21 03 24 20 03 23 22 04 26 21 03 24 20 03 23
2040 60 33 09 42 29 06 35 28 05 33 33 08 42 29 06 36 28 05 34
2040 80 40 11 51 35 08 43 32 07 39 41 11 52 35 08 43 33 07 40
Table 3.23 shows the acres harvested for three se- the market). As an example, for 2015 baseline and
lected costs from the developed supply curves. The HH scenarios, the amount of biomass increases about
associated tonnages are shown in table 3.24. Since eightfold, going from $40 per dry ton to $80 per dry
these acres and tons are derived from the supply ton. Similar supply curves produce the approximate
curves, the result is the amount of biomass available same increases for the other scenarios. Available bio-
at a given price by year and scenario. The variables mass ranges from about 20 million dry tons annually
are also broken out by ownership—federal and pri- to about 185 million dry tons annually depending on
vate. As would be expected, the amount of available the scenario, year, and selected cost. There is a gener-
biomass and the associated acres increase with price al trend to increase the amount of available biomass
(i.e., more biomass is available at a higher price on over time because of the growing, dynamic forests.

90 | 2016 Billion-Ton Report



However, there are noticeable decreases of available
biomass in the 2040 time period compared with earli-
er years. The reason is that additional biomass is not

mass requirements. (This issue is discussed in more
detail in section 3.1.)

grown on plantations, as reported in the RPA (U.S. Density maps (fig. 3.21) illustrate where whole trees
Forest Service 2012). In higher biomass demand sce- (by stand species: softwood, hardwood, m'X‘_*d "‘_’OOd)
narios, in this model as well, additional plantations could be harvested based on the model solution if

are established to provide the supply. However, in the the woody biomass supply target were 40 million
ForSEAM model, natural forests are not reestablished ~ dry tons in 2020. Most softwood is harvested in the
as plantations for biomass. No additional plantations southern regions, and most hardwood in the north-
are established to meet the high demand scenario bio- ~ €astern and southern regions.

Table 3.24 | Dry Tons of Biomass by Feedstock Type, Stand Diameter Class, Cut Option, Ownership, Scenario, and
Year at $60 per Dry Ton (P = private; F = federal)

Conventional wood
(logging residues)
(million dry tons)

Whole-tree biomass
(million dry tons) Total

(million dry tons)
Scenario Class 1 Class 2 stand Class 2 stand
stand

P F P F P F P F P F P F P F P F

2015 87 13 01 00 63 08 320 74 60 38 135 25 543 N2 122 46

2017 80 13 02 00 75 09 37 96 58 59 108 20 548 130 133 638
2020 87 14 02 00 77 09 383 99 94 65 93 19 565 131 171 74
Baseline_ 2022 93 14 02 00 76 09 372 99 98 66 84 18 551 131 174 75
ML 2025 104 15 02 00 72 09 323 97 79 65 69 17 498 129 11 75
2030 126 16 O1 0O 61 09 296 92 96 64 35 14 458 123 158 73
2035 51 18 01 00 40 08 261 92 197 73 13 04 426 N4 238 8]
2040 183 24 00 00 O1 00 198 76 255 67 08 03 389 102 256 6.8
2015 77 13 09 00 65 09 236 70 39 34 135 25 457 108 104 43
2017 81 3 03 00 74 09 325 93 63 59 105 19 514 125 137 68
2020 88 14 03 01 75 08 336 88 98 65 89 18 517 120 173 74
2022 94 14 02 00 74 09 329 93 103 65 77 16 503 124 1.6 74
2025 105 15 02 00 68 09 281 94 80 64 58 14 446 123 149 74
2030 122 16 04 00 61 09 226 85 77 61 23 10 385 N1 137 70
2035 141 17 01 00 47 08 227 78 108 57 06 02 375 97 155 65
2040 177 23 00 00 O1 00 17 52 198 45 03 01 337 76 199 45

MM
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Table 3.24 (continued)

Conventional wood
(logging residues)
(million dry tons)

Whole-tree biomass
(million dry tons) Total

(million dry tons)
Scenario AEE] Class 2 stand Class 2 stand s
stand stand

P F P F P F P F P F P F P F P F

2015 78 13 09 00 65 09 225 69 40 35 135 25 446 106 105 43

2017 82 13 04 O1 72 08 294 74 62 59 104 19 484 107 133 6.7
2020 89 14 04 01 717 08 294 73 98 62 87 18 475 106 169 70
2022 95 14 05 01 68 08 282 73 123 64 72 15 454 104 190 72

M 2025 106 15 04 01 62 08 249 80 121 67 5] 12 410 108 183 76
2030 120 16 04 0O 54 09 219 74 137 54 20 08 363 98 191 63
2035 135 17 01 00 46 09 208 64 95 42 06 02 350 83 141 50
2040 173 23 00 0O 0O 00 142 39 186 33 02 01 37 63 187 33
2015 88 13 01 00 62 08 320 74 69 39 135 25 544 N2 130 47
2017 81 13 02 00 75 09 38 97 58 59 108 20 549 130 133 6.8
2020 88 14 02 00 77 09 384 99 94 65 93 19 566 132 171 74
2022 94 14 02 00 76 09 373 99 98 66 84 18 553 132 174 75
it 2025 105 15 02 00 72 09 324 98 79 65 69 17 500 129 151 75
2030 129 16 00 0O 61 09 299 92 99 64 35 14 463 123 160 73
2035 154 18 01 00 39 07 261 92 202 73 13 04 429 N4 241 81
2040 186 24 00 00 00 00 199 76 256 67 08 03 393 103 256 67
2015 7713 09 00 65 09 238 70 39 34 135 25 460 108 104 43
2017 81 3 03 00 74 09 327 93 62 59 105 19 515 125 136 6.8
2020 89 14 03 00 75 09 340 93 95 64 89 18 521 125 1770 73
2022 95 14 02 00 74 09 333 96 99 65 77 16 507 126 173 74
AN 2025 106 15 03 00 69 09 279 94 78 64 58 14 446 123 146 73
2030 124 16 04 00 60 09 236 85 75 60 23 10 386 M1 135 70
2035 144 17 01 00 46 08 227 79 11 58 06 02 378 98 157 66
2040 180 23 00 00 O1 00 157 53 198 46 03 01 339 77 198 46
2015 78 13 09 00 65 09 227 69 40 35 135 25 448 107 105 43
2017 82 13 04 0] 71 08 296 74 61 59 104 19 486 108 133 66
2020 90 14 04 O1 72 08 298 73 102 62 87 18 479 107 174 70
HH 2022 96 14 05 01 68 08 285 74 126 64 72 15 459 105 194 73

2025 107 15 03 01 63 08 257 82 15 68 5] 12419 MO 178 76
2030 123 16 04 0O 55 09 220 75 133 55 20 08 366 99 188 64
2035 138 17 01 00 46 08 208 65 98 43 06 02 353 84 144 5]
2040 175 23 00 0O OO 00 143 40 1187 34 02 01 320 64 187 34
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Table 3.24 is the companion table to table 3.22. Table
3.25 presents the biomass tons associated with the
harvested acres in table 3.23. Tons are shown by
selected years and cost for all scenarios. As expected,
biomass availability increases with the higher mar-
ginal costs as represented graphically in figures 3.19
and 3.20. However, biomass availability does not
always increase with years. As explained previously
and shown in this tabular data summary, biomass ton-

nages do not necessarily increase with the higher bio-
mass demand scenarios, MH and HH. This is a result
of the restriction of the model not to replace natural
stands with plantations for biomass. For the baseline
(ML) scenario, there are about 20-115 million dry
tons of biomass potential depending on selected cost
and year. For the same factors in the HH scenario, the
potential biomass is about 20-80 million dry tons.

Figure 3.21 | Density maps for whole trees harvested for 40 million dry tons of woody biomass in the baseline sce-
nario, 2020, for (A) hardwood, (B) softwood, and (C) mixed, and for hardwood, softwood, and mixed for 80 million
dry tons (D, E, F), and 120 million dry tons (G, H, I)
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Figure 3.21 (continued) | 80 million dry tons, (D) hardwood, (E) softwood, and (F) mixed
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Figure 3.21 (continued) | 120 million dry tons, (G) hardwood, (H) softwood, and (1) mixed
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Table 3.25 | Dry Tons of Biomass Supplied by Price per Ton and Scenario, 2015-2040

Marginal cost Scenario (million dry tons)
Year
($/dry ton) ML HL MM MH HM HH

2015 40 220 22.0 221 221 221 221
2015 60 82.3 83.3 711 70.0 71.4 70.2
2015 80 116.0 117.0 93.0 82.0 94.0 83.0
2017 40 21.0 211 20.6 20.6 20.7 20.6
2017 60 87.8 88.0 84.4 791 84.4 79.3
2017 80 116.0 17.0 93.0 82.0 94.0 83.0
2020 40 201 20.2 19.8 19.7 19.9 19.9
2020 60 941 94.3 88.4 82.0 89.0 83.0
2020 80 116.0 117.0 93.0 82.0 94.0 83.0
2022 40 205 20.6 201 19.8 20.2 20.0
2022 60 931 93.4 87.7 82.0 88.0 83.0
2022 80 116.0 17.0 93.0 82.0 94.0 83.0
2025 40 20.6 20.7 203 19.9 20.5 201
2025 60 85.2 85.4 791 777 78.8 78.3
2025 80 116.0 17.0 93.0 82.0 94.0 83.0
2030 40 21.7 21.8 21.2 20.6 215 20.8
2030 60 811 81.9 70.3 715 70.2 71.7
2030 80 116.0 117.0 93.0 82.0 94.0 83.0
2035 40 21.8 220 214 20.8 21.6 21.0
2035 60 85.8 86.5 69.3 62.4 69.9 63.2
2035 80 116.0 117.0 93.0 82.0 94.0 83.0
2040 40 20.8 211 20.2 19.6 20.4 19.9
2040 60 815 81.9 65.7 60.0 66.1 60.6
2040 80 116.0 17.0 93.0 82.0 94.0 83.0
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3.4.5 Conclusions

ForSEAM is a dynamic linear optimization model
that solves for a least-cost mix of both conventional
wood and biomass feedstock from private timber-
land, subject to timberland area, harvest intensity,
and forest management (e.g., thinning, cut-to-length,
replanting). Because of regional differences in forest
management and data limitations in certain regions,
assumptions are made and parameters estimated to
reflect reality. The dynamic feature of the model
allows users to examine future supplies of wood
products based on past activities.

Given USFPM projections of conventional wood
and biomass feedstock supply targets, FOrSEAM

can derive the shadow price for each year as annual
demand changes over time. The future shadow price
tends to spike if the previous-year demand is high,
leaving less available timber for biomass feedstocks.
If annual demands are the same from 2014 to 2040,
the HH supply curve tends to shift to the left because
increasing demand for conventional wood can make
less expensive logging residues available to meet the
biomass feedstock demand.

There are, however, limitations to applying this
model to estimate available biomass feedstocks. The
years 2014 to 2040—a span of only 27 years—is
considered a short time period for some timber types,
especially for stands in the West. Since data are limit-
ed regarding stand age and quadratic mean diameters,
they are assumed to be constant for each stand diam-
eter class group and tree type. Improvements could
be made if, in the future, age and quadratic mean
diameter distributions could be determined. This
would likely increase the precision of estimates; but
it might not affect the results for estimating woody
biomass supply because it takes at least 7 years, and

sometimes as long as 27 years, for a class 3 stand to
become a class 2 stand or for replanted acres to grow
to a pulpwood or class 2 stand. The current estimates
of biomass feedstocks potentially harvested are prob-
ably a conservative estimate.

Many of the assumptions can be changed and ad-
justed with improved regional parameters or other
information. Currently, assumptions regarding har-
vest intensity, growth, and replanting provide a more
conservative estimate; yet the results are robust, and
harvest activity intensities reflect the current loca-
tion of abundant timber resources. Only a very small
percentage of the available timberland is used to meet
the supply target annually. The model shows the po-
tential for increasing biomass feedstocks supply from
forests in the next 20 years or so.

3.5 Wood Energy
Demand in the Context
of Southern Forest
Resource Markets

3.5.1 Introduction

Conditions in the forests of the South” and the
existence of active forest products markets have
contributed to the development of a new wood-pellet-
for-export industry, which has the potential to dwarf
all current domestic uses of southern wood for energy
in the near term (Abt et al. 2014). About 46% of the
South is forested, compared with only 34% of the
United States as a whole (Oswalt et al. 2014). The
South includes more than 40% of all U.S. timber-
land® and contains more than 72% of all planted U.S.
timberland (Oswalt et al. 2014). The region is easily

7 Throughout section 3.5, the South is defined as including all of the 13 states of Alabama, Arkansas, Florida, Georgia, Kentucky,
Louisiana, Mississippi, North Carolina, Oklahoma, South Carolina, Tennessee, Texas, and Virginia.

8 “Forestland” is defined on p. 31 of appendix A of Oswalt et al. (2014). Timberland is a subset of forestland that can produce tim-
ber volume at a rate of 20 cubic feet/acre/year and is not legally or administratively restricted from timber harvest.
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accessible for transport of wood to both domestic
(rail and roads) and international (ports) destinations.
The timberland in the South has provided about 63%
of all U.S. timber harvested since 1996, nearly all of
it from private land (Oswalt et al. 2014). The existing
demands on the forests for wood for lumber, paper,
composites, and other uses, in addition to these new
energy demands, interact with the existing forest con-
ditions and lead to changes in both timber markets
and future forest conditions.

In this section, we discuss the factors influencing
demand for wood (USDA Forest Service 2015a) and
the factors influencing the supply of wood (USDA
Forest Service 2015b) for both energy and conven-
tional products in the South. We then use a partial
equilibrium timber market model to evaluate a set of
combinations of these factors to illustrate the impacts
of the supply and demand factors on market out-
comes. Using subregions of the U.S. Coastal South,
we evaluate (1) competing pulpwood demands, (2)
declines in sawtimber harvest (i.e., the “sawtimber
overhang™), (3) substitution of mill residues for small
roundwood, and (4) changes in timberland area. The
simulations of market impacts on the prices, inven-
tory, and removals of timber, and timberland area by
management type are discussed.

3.5.2 Demand Factors

Historically, wood energy use in the United States
has primarily consisted of (1) residential wood use
for heat and (2) coproduction of heat and energy in
the wood products industry (Ince et al. 2011a). More
recently, domestic and international renewable ener-
gy policies are key drivers of the demands for wood
for use for energy and, in particular, of the demands
for bulk industrial pellets for export. Other demand
factors—including those influencing conventional
wood products—that have impacts on the markets for
wood biomass feedstocks are illustrated using timber
use data from recent surveys (USDA Forest Service
2015b). This section also discusses projections of
new wood energy facilities in the South as developed
by Forisk Consulting (2015).

3.5.3 International Policies

The 2009 European Union (EU) Renewable Energy
Directive® and related guidance are likely the most
significant international policies affecting U.S. pellet
manufacturing and thus U.S. forests. These policies
require (1) a 20% EU-wide renewable energy compo-
nent, with each member state generating a set share
of renewable energy; (2) a 20% reduction in GHG
emissions'® and in member state annual emission
allocations for the period from 2013 to 2020; and
(3) a 20% improvement in efficiency.*? Combined,
these policy initiatives seek to promote renewable,
low-GHG, efficient sources of energy.

9 Directive 2009/28/EC of the European Parliament and of the Council of April 23, 2009, on the promotion of the use of ener-
gy from renewable sources and amending and subsequently repealing Directives 2001/77/EC and 2003/30/EC (known as the
Renewable Energy Directive). OJ L 140/16, http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32009L0028&-
from=EN.

10 Decision 406/2009/EC of the European Parliament and of the Council of April 23, 2009, on the efforts of member states to
reduce their GHG emissions to meet the Community’s GHG emission reduction commitments by up to 2020. OJ L 140/136,
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:140:0136:0148:EN:PDF.

T Decision 2013/162/EU. Commission decision of March 26, 2013, on determining member states’ annual emission allocations
for the period from 2013 to 2020 pursuant to Decision No 406/2009/EC of the European Parliament and of the Council. OJ L
90/106, http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2013:090:0106:0110:EN:PDF.

2 Directive 2012/27/EU of the European Parliament and of the Council of 25 October 2012 on energy efficiency, amending Direc-
tives 2009/125/EC and 2010/30/EU and repealing Directives 2004/8/EC and 2006/32/EC. OJ L 315/1. http://eur-lex.europa.eu
LexUriServ/LexUriServ.do?uri=0J:L:2012:315:0001:0056:EN:PDF.
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EU renewable energy policy continues to evolve. On
January 22, 2014, the EU announced its 2030 energy
framework and objectives, which include a require-
ment for 40% GHG reduction, a minimum renewable
contribution of 27% at the EU level (but not trans-
lated to member state targets), and a target energy
efficiency improvement of 25% (European Commis-
sion 2014a, 2014b). The effect of the new objectives
on pellet markets is unclear and will likely remain

so until the European Commission, Parliament, and/
or Council provides further clarification. A recent

EU Commission staff working document (European
Commission 2014c) evaluated the current conditions
with respect to the solid biomass guidelines and
sustainability and concluded that the current array of
member state policies did not pose a distortion risk to
EU markets. The paper also reiterates the EU Com-
mission position that solid biomass sustainability will
continue to be monitored through 2020.

Three critical unknowns that could influence the use

of southern timber for wood pellet production are (1)
the GHG emissions reduction from the use of south-

ern timber, (2) the ability of southern forests to meet

other sustainability criteria set by the EU or member

states, and (3) the availability of governmental subsi-
dies for wood pellet use for energy in the EU.

Stephenson and MacKay (2014) evaluated GHG
emissions, biogenic carbon, and indirect land use,
using a life-cycle analysis tool and counterfactual
scenarios to identify the most efficient pathways for
biomass energy development in the United Kingdom
(UK). Current EU GHG emissions accounting rules
do not consider either indirect land use changes or
changes in biogenic carbon stocks that could result
from an increase in harvest to produce feedstocks for
pellets to produce renewable energy. Stephenson and
MacKay (2014) found that southern timber resourc-
es can meet UK GHG emissions reduction criteria

in some cases (harvest of pine plantations or use

of sawmill residues) but not in others (use of older
hardwood stands where rotation ages are assumed to
decline).

A second area of uncertainty in pellet market devel-
opments is the need to demonstrate compliance with
land use restrictions and chain-of-custody provisions
of the sustainability criteria. For many EU countries,
including the UK, the sustainability requirements can
be met through certification of the forest by inde-
pendent third-party schemes, including the Forest
Stewardship Council and the Pan-European Forest
Certification. Several overviews of these schemes, in-
cluding benchmarking them against UK regulations,
have concluded that they may require additional
inputs to meet the land and chain-of-custody require-
ments of the EU guidelines and member state regula-
tions; see Kittler et al. (2012) and UK DECC (2014).
In addition to the two approved certification schemes
(Forest Stewardship Council and Pan-European For-
est Certification), legality and sustainability can be
demonstrated using specific evidence to meet each of
the UK sustainability criteria (UK DECC 2014).

Athird area of uncertainty results from the effects of
governmental subsidies on the use of wood pellets
alone or with co-firing for electricity production.
These subsidies are a market intervention that could
be interpreted to be either a cause or a result of mar-
ket imperfections. For example, the policy and subsi-
dy could be assumed to correct the imperfection that
results from the free emission and sequestration of
carbon, or the policy and subsidy could be assumed
to cause a market imperfection by subsidizing one
sector at the expense of another. Additional discus-
sion of the scale of the subsidies can be found in Abt
et al. (2014).

Subsidies for the use of wood biomass feedstocks are
currently provided by governments in the UK and the
Netherlands, although recently the UK government
proposed some changes in policies that could affect
the additional conversion of electricity facilities in
the UK to use wood pellets as a feedstock.
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3.5.4 Domestic Policies

No current policies specifically encourage or dis-
courage the use of wood pellets in the United States,
although there are many existing and potential future
policies that could influence both the production and
consumption of pellets or other wood for energy
production. Historically, the U.S. pellet market has
produced bagged pellets for use in residential wood
pellet stoves, but the large-scale production of bulk
pellets for export is a relatively new phenomenon.
Both federal and state policies will influence the
future of wood energy production and consumption
in the United States.

EISA is the primary U.S. federal law that could
indirectly influence pellet production, and thus U.S.
forests.™® EISA requires that any woody biomass used
to meet the renewable fuels standard come only from
non-federal and non—ecologically sensitive lands and
from (a) roundwood and mill residue from existing
plantations, (b) slash and pre-commercial thinnings,
or (¢) wildfire hazard reduction materials. EISA will
affect pellet production if (1) cellulosic biofuels
become a commercially viable product and begin to
affect timber harvests and/or (2) international pol-
icies or subsequent domestic policies use the EISA
feedstock limits as a basis for their own sustainability
criteria. These outcomes would affect forests because

limiting the type and location of inventory available
for pellet production could change the procurement
costs for some wood feedstocks.

Perhaps the most notable policies are taking the form
of regulations promulgated by EPA. These policies
include the following:

e Proposed new source performance standards'

»  Proposed guidelines for regulating carbon emis-
sions from fossil fuel power plants under section
111(d) of the Clean Air Act®®

* The adopted Boiler Maximum Achievable Control
Technology rule'® under the Clean Air Act of 1970

e Non-Hazardous Secondary Material regulations?®
under the Resource Conservation and Recov-
ery Act of 1976 (Probert 2012; Tarr and Adair
2014; EIA 2013).

The new source performance standards, as well

as guidelines for regulating existing sources under
section 111(d) of the Clean Air Act, have the potential
to increase the demand for wood energy in the United
States. The degree to which they influence domes-

tic demand for wood energy production depends, in
part, on rules governing biogenic carbon account-

ing processes, which are still under development by
EPA. If these accounting processes show biomass

to be GHG-beneficial relative to other fuels, there

¥ Energy Independence and Security Act of 2007, Pub. L. 110-140, 121 Stat. 1492, https:/www.gpo.gov/fdsys/pka/BILLS-110hr6enr.

“ EPA National Emission Standards for Hazardous Air Pollutants: Off-Site Waste and Recovery Operations, Final Rule, 78 Fed.
Req.14248, 40 CFR pt. 63, http:/www.regulations.gov/#!documentDetail:D=EPA-HQ-OAR-2012-0360-0077.

5 EPA Carbon Pollution Emission Guidelines for Existing Stationary Sources: Electric Utility Generating Units—Proposed Rule, 79
Fed. Reg. 34830 (proposed June 18, 2014) (to be codified at 40 CFR pt. 60), http:/www.regulations.gov/#!documentDetail:D=E-

PA-HQ-OAR-2013-0602-0001.

6 EPA National Emissions Standards for Hazardous Air Pollutants for Area Sources: Industrial, Commercial, and Institutional Boilers,
Final Rule, 78 Fed Reg. 7487, 40 CFR Part 63, https:/federalreqister.gov/a/2012-31645.

7 Clean Air Act of 1970, Pub. L. 159 (July 14,1955) 69 Stat. 322, and the amendments made by subsequent enactments, 42 U.S.C.

7401-7626, http://www.epw.senate.gov/envlaws/cleanair.pdf.

8 EPA Commercial and Industrial Solid Waste Incineration Units: Non-Hazardous Secondary Materials That Are Solid Waste,
Final Rule, 78 Fed. Reg. 9112 (February 7, 2013) 40 CFR Parts 60 and 241, http:/www.requlations.gov/#!documentDetail:D=E-

PA-HQ-RCRA-2008-0329-198]1.

¥ Resource Conservation and Recovery Act of 1976, Pub. L. 94-580, 90 Stat. 2795, 42 USC 82 part 6901, http:/www.apo.gov/fdsys

pka/STATUTE-90/pdf/STATUTE-90-Pg2795.pdf.
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will be increased incentive to use domestic biomass
resources in electricity generation facilities within the
United States. Alternatively, the Clean Air Act, Boiler
Maximum Achievable Control Technology rule, and
Non-Hazardous Secondary Material regulations have
the potential to increase the costs of biomass use, in-
cluding pellet production, by requiring additional pol-
lution abatement practices or technology. The precise
impacts of both sets of drivers are currently unknown.

A state-level renewable portfolio standard (RPS) also
has the potential to influence pellet consumption for
energy production. A summary of these policies and
the potential and requirements for wood biomass use
from a state RPS are presented as part of the 2014
Annual Energy Outlook (Bredhoeft and Bowman
2014). The use of woody biomass for energy is still
more expensive than the use of other carbon-based
fuels, and state-level policies often do not provide
subsidies for biomass use. Thus, the cost of biomass
energy production may still exceed the cost of pro-
ducing energy with natural gas even when a penalty
is applied. Consumers in the United States have not
demonstrated a strong financial commitment to the
use of renewable, low-carbon energy (Neff 2012),
and thus, utilities have little incentive to pass on add-
ed costs to consumers. In addition to state RPS pol-
icies, multiple regulations promulgated by or under
consideration by EPA will affect how GHG emissions
from biomass combustion are accounted for, which
may in turn alter behavior and/or state requirements
for biomass energy use.

3.5.5 Current and Projected
U.S. Wood Demands

Timber in the U.S. South is harvested and used as
inputs to conventional wood products, including the
production of lumber, panels, paper products, and
posts/poles/pilings. The Forest Service defines these
inputs as sawlogs, veneer logs, composites, pulp-

wood, and a catch-all category called “other indus-
trial roundwood” (USDA Forest Service 2015b).
When there are fewer than three facilities producing
wood products in any geography, the inputs to their
processes are combined into a category referred to
as “other industrial roundwood.” Thus, most inputs
to pellet production and other energy uses are cate-
gorized as other industrial roundwood. Before 2011,
however, this was not a notable part of the measured
timber use, comprising only about 1% of the total
wood use in 2011 and only 2% of small-diameter
wood uses (pulpwood and composites) (USDA Forest
Service 2015b; Forisk Consulting 2015). Figure 3.22
shows the timber product use data for softwoods and
hardwoods, South-wide, for 1995-2011 (not includ-
ing Texas). Softwoods are the major timber product
used (more than 75 million dry short tons through
2007 and in 2011), with a fairly level trend except for
the effects of the 2007-2009 recession. In contrast,
use of hardwood small roundwood for pulpwood has
been declining since 1995, and hardwood sawlog
use shows a marked recessionary falloff in use after
2007. Note that both softwood and hardwood veneer
log use is declining, as veneer mills have closed
across the South. Since 2011, hardwood lumber ex-
ports from the South have increased by nearly 60%,
which will increase the production level somewhat
even if domestic consumption has not recovered.

Although U.S. paper manufacturing has declined in
recent years (Prestemon, Wear, and Foster 2015),
data from 1953 to 2012 on inputs to paper manu-
facturing in the South indicate that the total use of
southern wood for paper has leveled off since 2003
(fig. 3.22A) after a decline during the recession years
of 2007-2009.2° The leveling off, however, obscures
that a decline in residues and hardwood inputs is
counteracted by an increase in softwood inputs (fig.
3.22B). Softwood small roundwood inputs to paper
manufacturing have increased steadily, rising to their
highest level ever in 2011. Figure 3.22A also shows

20 These data are derived from a series of Southern Pulpwood Production Reports, including Bentley and Cooper 2015; Bentley and
Steppleton 2013 and 2011; Johnson and Steppleton 2011; Johnson et al. 2010, 2009, and 2008.
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the input use per mill, which likely reflects increased
output per mill, rising steadily through the years.

over that same time period. This has implications for
a potentially growing wood energy sector because the

Thus, although the number of mills has declined by
16% since 2000, total input use declined by only 4%,
and softwood small roundwood use increased by 27%

competition for softwood small roundwood has in-
creased, whereas the competition for hardwood small
roundwood has decreased.

Figure 3.22 | Southern timber product use (excluding Texas), 1995-2011, for (A) softwood use and (B) hardwood use
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Figure 3.23 | Historical and projected (announced and meeting screens) wood input use by U.S. region, 2003-2017.
A, Wood use for pellet production. B, Wood use for non-pellet energy production.
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For the purposes of this analysis, we use the project-
ed pellet and non-pellet wood energy input demands
from Forisk Consulting (2015). These inputs are
derived from announcements made by energy and
pellet producers and through follow-up surveys and
analyses conducted by Forisk. The database of all
U.S.-announced facilities is updated quarterly and is
available by subscription. Generators and producers
are asked to specify plant capacity, expected opening
date, feedstock source, and progress to completion.
Forisk uses various screens and conversion factors
to develop the estimated wood input use by source.
Note, however, that these feedstock sources are from
the generators/producers at the time of announcement
and are subject to change as prices and timber condi-
tions in the market change. We did not adjust capaci-
ties for lower expected outputs in the starting year in
these figures, although in the simulations discussed
in this section we did reduce startup year capacities
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by 50% for each new facility. In this section, we use
the Forisk announcements that passed the screens for
both technology (uses a commercially viable technol-
ogy) and status (made recent progress toward com-
pletion), which likely represent a more probable set
of projects than the full announced list (fig. 3.23).

Figure 3.24A shows the actual and projected wood
input use for pellet production by U.S. region for
2003-2017. Before 2011, this market was domi-
nated by (mostly bagged) pellet production in the
North, but it has since shifted to bulk production in
the South. Nearly all of this bulk production is for
export—there are few advantages to pelletizing for
domestic consumption. In contrast, the wood used for
non-pellet domestic energy production is dominated
by the North and West, where most of the RPSs have
been enacted, although it is not clear how much the
RPSs have contributed to these announced facilities
(fig. 3.24B).



Figure 3.24 | Southern pulpwood production (inputs to paper manufacturing), 1953-2012, by feedstock source and
input per mill
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Inputs to the pellet production process can consist of and screened facilities are dominated by softwood
softwood pulpwood, hardwood pulpwood, mill resi- pulpwood, hardwood pulpwood and mill residues.
dues, urban wood waste, and logging residues. Figure Only very small amounts of input are expected to
3.25 shows the expected inputs from the announced come from urban wood waste or logging residues.

Figure 3.25 | Historical and announced feedstock source for pellet production, 2003-2017, U.S. South
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Source: Data from Forisk Consulting (2015).
Note: Quantities of logging residues and urban wood waste are small.

Much of the literature on wood energy assumes change, however, if future prices for small round-
that logging residues will play a dominant role as a wood and mill residues rise, or if future prices for
feedstock (Gan and Smith 2006; Perez-Verdin et al. logging residues fall.

2009; Perlack et al. 2005). However, the Forisk sur-
vey shows that feedstocks for pellets will more likely
be what is called “clean” feedstocks—softwood and
hardwood small roundwood and mill residues, with
only small amounts of input from logging residues
and urban wood waste (fig. 3.25). These predic-

tions from the announcing companies are subject to

Output from the production of bulk pellets can be
measured in the export statistics. According to the
export data from the Bureau of the Census (2015),
exports of wood pellets from the United States in-
creased from 2.1 million dry short tons in 2012 to
4.5 million dry short tons in 2014, with more than
99% of those exports coming from southern ports.

106 | 2016 Billion-Ton Report



Figure 3.26 | Exports of wood pellets from the United States by country of destination for 2012-2015
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Nearly all of these exports are going to the EU, rising
from 94% in 2012 to 99.8% in the first half of 2015. The
exports to the EU are dominated by exports to the UK,
which increased from 36% of U.S. pellet exports in 2012
to more than 82% of U.S. exports in 2015 (fig. 3.26).

Overall, the pertinent demand factors are (1) the lack
of a decline in total pulpwood demand, especially
for softwood pulpwood; (2) the substitution of mill
residues for small roundwood, making the output of
the small roundwood-using sector a function of the
demand for large roundwood; (3) the varying levels
of large roundwood demand as affected by housing
and lumber markets, both past and future; and (4) the
influence of policies on the demand for wood pellets
(international policies) and the demand for other
wood as biomass feedstocks (domestic policies).
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3.5.6 Supply Factors

The current and near-term (10-15-year) supply of
timber is defined by what is already on the ground,
what is harvested in the near term, and growth rates
of existing timberland. Beyond 15 years, the supply
will be influenced by landowner forest investment
decisions (including planting of improved seedlings,
intensive silviculture, conversion of nonforest to
natural stands, and planting and replanting of pine
plantations), as well as the loss of timberland to
other land uses. In this section, we evaluate the forest
conditions in the South that influence, currently and
in the future, the supply of wood for both energy and
conventional uses.
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From the periodic and annual inventory records of tions, natural pine, oak-pine, upland hardwood, and
the 13 southern states, we model? the South-wide bottomland hardwood; and the species groups are

. timberland area by broad management type (fig. softwood and hardwood. Age class distribution area
3.27), inventory by species group (fig. 3.28), and and inventory affect the current ability of the forest to
annual removals and growth by species group (fig. respond to changes in demand (such as an increase in
3.29). The broad management types are pine planta- feedstock use for wood energy production), which in

turn will affect the future response.

Figure 3.27 | Southern timberland acres by broad management type, 1990-2013 (excluding Kentucky)
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Source: Data from SOFAC (2015) and USDA Forest Service (2015a).

21 We use Statistical Analysis System Proc Expand to fill in the between-survey-year estimates using a cubic spline function. This is
for illustrative purposes only—these data are inadequate for use in any statistical modeling.
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Figure 3.28 | Southern growing stock inventory, 1990-2013 (hardwood small <11 in. dbh, softwood small <9 in. dbh;
excluding Kentucky)
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Source: Data from SOFAC (2015) and USDA Forest Service (2015a).
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Figure 3.29 | Southern growing stock growth and removals from timberland, and an inventory index, by species
group, 1990-2013 (excluding Kentucky)
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Overall, timberland area between 1990 and 2013 has the age class dynamics and the competing forces that
been relatively stable, and large increases in pine plan- could lead, all else held equal, to declining timberland
tations have generally been offset by declines in nat- area (increased agricultural rents or increased urban-
ural pine area.? Timber inventory, however, has been ization) or to increasing timberland area (increased
increasing steadily over this same time span—with timberland rents) (Hardie et al. 2000; Lubowski,
hardwood inventories increasing by 32% and softwood Plantinga, and Stavins 2008). Given that urban land
inventories increasing by 36% (fig. 3.30). This picture area is known to have increased over this time period,
of southern timberland area, however, obscures both and that timber rents cannot realistically compete with

22 Note that a data inconsistency in 2003-2004 in Kentucky led to exclusion of Kentucky from the area, inventory, growth, and
removals charts; and incomplete timber product output data for Texas led to exclusion of Texas from the products discussion,
although Texas is included in the Southern Pulpwood Production data.
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land values for development, the small changes in total
timberland area imply that conversions of agricultural
or pasture land into timberland have offset some or all
of the declines in timberland area.

The age class dynamics can be seen, to some extent,
by examining the changes in inventory by the size
class of trees (fig. 3.30). Hardwood inventories are
classed as large if they have >11 inches dbh and small
otherwise; softwood inventories are classed as large
if >9 inches dbh and small otherwise. Small-diameter
hardwood inventory volume has increased at a rate
of less than 0.03% rate per year since 1990, whereas
large-diameter hardwood inventory has increased at a
rate of more than 1.7% per year over 24 years, al-
though this rate has fallen more recently (1% per year
from 2005 to 2013). These data likely indicate that

growth is slowing in older stands and that fewer acres
have reverted to hardwoods in more recent years.

Softwood inventories, both large and small diam-
eters, have increased at fairly steady rates of about
1% per year, although the softwood average annual
rate of increase is nearly twice as high in recent
years (20052013 compared with 1990-2005) (fig.
3.30). The overall increases can be attributed, in part,
to the use of improved genetic stock and advanced
silvicultural techniques. The more recent accelerat-
ed increase in softwood inventories is partly due to
accumulating inventory in the larger diameter classes.

Figure 3.29 shows hardwood and softwood remov-
als and growth in dry short tons per year (on the

left axis) and an index of softwood and hardwood
inventory (on the right axis). South-wide, (excluding

Figure 3.30 | Southern softwood growing stock inventory on timberland by diameter class (inches dbh), 1990-2013

(excluding Kentucky)
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Kentucky), removals of both hardwood and softwood
show the effects of the recession of 2007-2009. The
rapid recent growth rates for softwood reflect the fac-
tors noted earlier as contributing to inventory gains.
Growth rates for hardwood have returned to below
1990 levels after a brief spell at a higher rate. The re-
cent decline in hardwood growth and the leveling off
of hardwood removals can be seen in the leveling of
the hardwood inventory index in more recent years.

These data show that timberland area has changed
little over the last 24 years, but that the composition
of timberland includes more planted timberland than
in 1990. And more recently, hardwood removals are
down, as are hardwood growth quantities. Timber
inventories appear to be accumulating in the larger
and older classes, in part because of the decline in
use during and following the 20072009 recession.
Although the increase in inventory and stable timber-
land area could be arguments for the use of timber in
wood energy, there will likely be effects on existing
markets, landowners, and forests.

3.5.7 Market Issues and
Analysis

To illustrate the potential effects of an increase in
wood energy demand under varying timber supply
conditions, we use a partial equilibrium timber market
model to show how price, removals, and inventory for
different size and species of roundwood, as well as
timberland, evolve over time in response to an increase
in wood energy demand. The SRTS model (Abt,
Cubbage, and Abt 2009) is used to evaluate a southern
pellet supply region (U.S. Coastal South) as well as
three smaller subregions of the South that have differ-
ing supply and demand characteristics. The subregions
include the Gulf Coast (parts of Texas and Mississippi
and all of Louisiana), the Mid-Atlantic Coast (parts of
North Carolina and Virginia and all of South Carolina);
and the Southeast Coast (parts of Georgia, Alabama,
and Florida). More details on the modeling and the
simulations can be found in Abt et al. (2014).
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We use the historical data and the SRTS projections
from Abt et al. (2014) to highlight the interactions
between increasing wood energy demands and sub-
regional specific timber supply factors and projected
prices, inventory, and removals by species group

and roundwood category (small or large). Using the
announced facilities to represent potential demand
for wood for energy (including pellets for both export
and domestic wood energy), we compare two wood
energy scenarios—a baseline scenario, which holds
wood biomass feedstocks demand at 2010 levels, and
an increased wood energy scenario. Both scenarios
include constant demand for non-energy pulpwood
and a moderately increasing demand for sawtimber,
which are designed to reflect post-recession recovery
levels.

3.5.8 Competing Pulpwood
Demands—Mid-Atlantic Coast

The story of the Mid-Atlantic Coast is one of many
little changes—closure of mills using hardwood pulp-
wood; an influx of new hardwood pellet manufactur-
ers; increased exports of hardwood lumber to China;
a Conservation Reserve Program planting boom; and
a new panel milling industry. The sum total of these
changes, even before the advent of the pellet industry,
appeared to be rising removals of softwood small
roundwood and falling removals of hardwood small
roundwood. Outside the forestry sector, the growth in
population and development along the 185/95 cor-
ridors and along the coast also have the potential to
influence future timber markets in this area.

South Carolina is currently confronted with a fairly
constant softwood small roundwood inventory (fig.
3.31) and rising softwood small roundwood demand
(fig. 3.32). This combination of level small-diameter
softwood production from forests, and increasing
softwood small-diameter roundwood use (up 29%
since 2005), would be expected to lead to increases in
softwood pulpwood prices.



Figure 3.31 | Softwood growing stock inventory in South Carolina by diameter class (inches dbh), 1968 to 2013
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Figure 3.32 | South Carolina softwood timber product use, 1995-2011
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North Carolina illustrates a different situation, in
which recent declines in hardwood growing stock
removals (fig. 3.33) are reflected in declines in
hardwood pulpwood use (fig. 3.34). This is leading to
some increases in hardwood inventory—the hard-
wood inventory index shows a 20% increase since

1990. Softwood harvests were greater than softwood
growth between 1995 and 2005 and led to the soft-
wood inventory index falling below 100 for those
years. Since then, however, reductions in removals
and increases in growth have led to a 10% increase in
softwood inventory over the 1990 values.

Figure 3.33 | Average annual growing stock growth and removals in North Carolina, and inventory index values for

hardwood and softwood, 1990-2013
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Figure 3.34 | North Carolina hardwood timber product use, 1995-2011
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Projecting the current situation with modest increases
in conventional products out to 2040, and no increase
in wood biomass feedstocks use in the Mid-Atlantic
coast region, results in a stable outlook for softwood
small roundwood removals, prices, and inventory
(fig. 3.35A). Projecting an increase in energy demand
for softwood, however, leads to more than a doubling
of stumpage prices and an accompanying increase

in removals and decrease in inventory in the middle
years of the projection (fig. 3.35B). The price and
inventory recovery occur because the model assumes

® Pulpwood

2003 2005 2007 2009 20Mm

® Veneer @® Sawlog

higher product prices lead to increased planting

and increased timberland area; so after about 2025,
available inventory rises and prices begin to fall. For
small hardwoods in the baseline scenario, the decline
in historical use contributes to continuing increases in
inventory, with prices declining (fig. 3.35C). Project-
ing an increase in hardwood feedstock demand, how-
ever, results in increases in prices and harvest, and a
slowing in the increase in inventory, though these are
small relative to changes in the softwood market
(fig. 3.35D).
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Figure 3.35 | Mid-Atlantic Coast projection results showing inventory, removals, and price indices for small round-
wood for 2010-2040 for both the baseline and wood energy scenarios and both softwood and hardwood
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3.5.9 Decline in Sawtimber
Harvest (the Sawtimber
Overhang)—Gulf Coast

This region comprises the entire state of Louisiana, all
but the Delta region of Mississippi, and the southeast
coastal survey unit of Texas. The story in this region is
the accumulation of softwood large roundwood inven-
tory, sometimes called a “sawtimber overhang.” The
overhang results from a combination of two factors—a
planting boom in the late 1980s (at least partially due
to increased planting because of the Conservation
Reserve Program) and a decline in harvest (at least
partially due to the decline in sawtimber demand for
housing since the start of the 2007-2009 recession).

Figure 3.36 shows the pine plantation acres by 5-year
age classes in this subregion. The acres in the young-
est age class (0-5 years) have been declining since

1995, and there are no acres in the oldest age class-
es (greater than 60, not specified in figure) before
2003—the pine plantation inventory average age is
getting older. From 1990 to 2013, the acres in the
0-5-year age classes have declined by 7% while the
acres in the older age classes have increased by 26%.

The use of this aging pine resource, however, has
declined since 2005 and has not recovered following
the recession (fig. 3.37). Between 1995 and 2005,
sawlog use increased at an annual rate of 1.5%. Since
then, however, sawlog use has decreased at 5.5% per
year. As inventory accumulates in the large round-
wood size because of lower demand, fewer acres are
being planted because the lower sawtimber prices re-
duce expected landowner rents and fewer are willing
to plant. In addition, with fewer final harvests, there
are fewer areas available to plant.

Figure 3.36 | Pine plantation acres in Gulf Coast subregion by 5-year age classes, 1990-2013
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Figure 3.37 | Softwood timber product use in the Gulf Coast subregion (excluding Texas), 1995-2011
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Projections of softwood small and large roundwood and D show that even as softwood small roundwood

prices, removals, and inventory for this region, with prices rise with the addition of new wood energy
and without additional wood biomass feedstocks de- demands, there is almost no effect on softwood large
mands, are shown in figure 3.38. The baseline scenar- roundwood markets. Even with increased harvests,
io shows that both small (fig. 3.38A) and large (fig. the low large roundwood prices reduce landowner
3.38C) roundwood inventories continue to increase rents and so reduce incentives to plant trees either on
and prices continue to fall. When increased wood recently harvested land or on converted agricultural
energy demands are projected, however, figure 3.38B land.

Figure 3.38 | Gulf Coast projection results showing inventory, removals, and price indices for softwood roundwood
for 2010-2040 for both the baseline and wood energy scenarios
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Projected Recovery in Sawtimber
Demand—Southeast Coast

The Southeast Coastal region can be characterized
by its productive forests and active markets for both
small and large softwood roundwood. Similar to the
other regions, this region had a significant falloff

in use of sawlog and veneer timber diameter inputs
(fig. 3.39) following the recession, while at the same
time timber production for all other uses increased.
Because national paper production did not increase
during this period, we assume that the increase in

small roundwood use was due to the decreased avail-
ability of sawmill residues—a result of decreased
lumber demand for housing. Figure 3.40 shows the
proportion of southern pulp mill wood input demand
that was met by a combination of mill residues and
remote chip mills from 2000 to 2012. The decline

in 2002—-2003 can be attributed, in part, to a decline
in the use of remote chip mills, combined with an
increase in composite panel production, which uses
mill residues. The proportion of wood input met with
residues continued to decline through the recession.

Figure 3.39 | Georgia softwood timber product use, 1995-2011
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Figure 3.40 | Residue and chip use as a percent of total wood inputs to pulp production, U.S. South, 2000-2012
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In the projections for the Southeast Coast, we assume
a 30% feedback between large roundwood input to
sawmills, and residues. The actual rate of residue
production depends on the diameter of the inputs to
sawmills—Ilarger diameter trees lead to lower levels
of sawmill residue production. This means that re-
gions where larger diameters of either hardwoods or
softwoods are milled to lumber will have lower levels
of residue production per unit of sawtimber input.
The Southeast Coast has the lowest average diameter
inputs in the South and thus has a higher rate of resi-

due feedback. With a 30% feedback of mill residues
to pulp or energy production, total sawmill residues
from this region amount to between 7% and 10%

of total wood energy demands. Thus, an increase in
sawmill production would lead to further reductions
in the impacts of net wood energy on the forest. This,
in turn, would reduce the price pressure and the effect
on small roundwood removals and inventory, but
would also reduce the ultimate effect on timberland
rents and thus reduce the effect on timberland area.
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The baseline scenario (fig. 3.41A) projects that
prices, inventory, and removals of softwood small
roundwood stay fairly constant, consistent with the
constant level of demand, while fluctuating slightly
as inventories and prices rise and fall and removals
fall and rise. The wood energy scenario shows more
than a doubling of prices, higher removals, and lower

inventories because of increased demand for wood
biomass feedstocks (fig. 3.41B). Figure 3.41C and D
show that the harvest of sawtimber is little affected
by the increased wood energy demands, although
there is some response in future years as timberland
area increases in response to higher timberland rents
under the wood energy scenario.

Figure 3.41 | Southeast Coast projection results showing inventory, removals, and price indices for softwood round-
wood for 2010-2040 for both the baseline and wood energy scenarios
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Timberland Area—U.S. Coastal South

As shown earlier in figure 3.12, and in figures 3.42
and 3.43, the area of planted pine in the South in-
creased steadily from 1990 to 2013, increasing from
16% of U.S. Coastal South forests to 22% of those
forests over 24 years. This rate of planting increase,
however, has slowed in recent years; it is down from
1.3% per year during 1990-2005 to only 0.5% per
year in 2005-2013. During that same time period,
natural forests decreased by a total of 3%; the fast-
est period of decline (1990-2005 at -0.13%/year)

coincided with the fastest period of growth in planted

Figure 3.42 | Acres of natural stands and pine plantations in the Coastal South, 1990-2013
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Source: Data from SOFAC (2015) and USDA Forest Service (2015a).

pine. In more recent years (2005-2013), this rate of
loss has slowed to only -0.02%/year.

Figure 3.43 shows that the area of plantations in the
youngest age class (0-5 years) has declined by the
“lump” in age classes that resulted from planting
subsidized by the Conservation Reserve Program.
As this lump works its way through the age classes,
we would expect total planted acres to decline unless
additional assistance programs or increased sawtim-
ber prices combine to increase landowner incentives
to plant pine.

2005 2010
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Figure 3.43 | Pine plantation acres in the Coastal South by age class
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The projected effect of this falloff in planting can be
seen in figures 3.44 and 3.45. Figure 3.44A and C
show the baseline projections for softwood small and
large roundwood, respectively. The projected base-
line changes over time in the small roundwood mar-
ket do not exceed 20% (up or down), similar to the
subregional projections. The baseline changes in the
softwood large roundwood market are also similar to
the subregional projections, reflecting an accumulat-
ing large roundwood inventory, and corresponding
low prices, even as removals rise to near pre-re-
cession levels. Adding an increase in wood energy
demands (fig. 3.44B and D) also produces projections
similar to the subregional projections, with increases
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in small roundwood prices, especially in the middle
of the projection, and then prices falling as inventory
rises toward 2040. Inventory increases are a result
of the projected increase in timberland acres, which
is a result of the increased land rents resulting from
increased softwood small roundwood prices. The
addition of wood energy demands has little effect on
the large roundwood markets, except that toward the
end of the projection, prices fall slightly as the in-
creases in planting lead to increased large roundwood
inventories by 2040. Consistent with expectations,
the changes in the projections for the Coastal South
are smaller than the projections for the individual
subregions.



Figure 3.44 | Total Coastal South projection results showing inventory, removals, and price indices for small round-
wood for 2010-2040 for both the baseline and wood energy scenarios and both pine and hardwood
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Figure 3.45 | Projected land use for Coastal South, 2011 to 2040, showing assumed split between pine plantations
and natural forest for both the baseline and wood energy scenarios
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3.5.10 Conclusions

Timber markets in the South are affected by the age
class distribution and broad management types in

the current forest, and these markets in turn affect
future age class distributions and management types.
Because both small- and large-diameter roundwood
can be produced from a single acre of timberland (al-
though they not always are), the product markets for
large- and small-diameter timber are linked at each
point in time. In addition, because the only way to get
large-diameter timber stands is to allow small-diame-
ter stands to age, markets are also linked over time.

Competition for pine small roundwood in some
regions is likely to intensify with increased demands
for wood biomass feedstocks, leading to higher prices
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plantation

plantation

and some potential reductions in other uses, as shown
in the Mid-Atlantic subregion. Past reductions in con-
ventional demands for hardwood small roundwood
imply that prices for this feedstock are not likely to
increase as rapidly as prices for pine small round-
wood.

An increase in demand for small-diameter round-
wood alone, however, is not likely to affect the
demand for sawtimber. And as shown for the Gulf
Coast subregion earlier, using projected demands, the
prices for sawtimber will likely continue to stay low;
this may reduce landowner incentives to replant, as
well as the availability of land for replanting. This
final harvest, which occurs for sawtimber production
and provides planting opportunities, will affect the
availability of “thinnable™ acres in the 10-15 years



following the harvest and thus affect the availability
of the next generation of small-diameter softwood
removals.

Potential recovery in the housing and lumber markets
leading to renewed sawmilling has the potential to
increase the availability of sawmill residues, which
may ease the pressure on the small roundwood
resources and thus ameliorate price increases and
impacts on other uses. As shown for the Southeast
Coast region earlier, this impact is greatest in areas
that have active sawmilling industries and smaller
average diameter sawmill inputs.

Finally, timberland has been shown to respond to
land rents, and increased demand with a quasi-fixed
inventory will lead to higher prices and thus higher
land rents. In this way, increased demand for feed-
stock for wood energy can contribute to increased
timberland area (or at least to smaller decreases in
timberland area).

3.6 Summary and
Discussion—Forest
Resources to Roadside

This chapter considers only primary forest resources
(i.e., those that come directly from the forests). These
are logging residues and whole-tree biomass. Three
other categories of forest feedstocks do come directly
from forestland but are considered to be waste for the
purpose of this report. They are described and quanti-
fied in chapter 5.

An economic model, ForSEAM, is used to develop
supply curves for biomass from the land. The model
simulates the annual harvest of commercial products
as a way to estimate logging residues. These products
include sawtimber, pulpwood, and roundwood for
board products. In addition, the model provides esti-
mates of whole-tree biomass harvested for biomass
uses only. Logging residues are trees not meeting
merchantable timber specifications and tree compo-

nents, such as limbs, tops, and cull logs. Whole-tree
biomass is a combination of merchantable trees and
trees not meeting merchantable timber specifications.
The whole-tree biomass comes from stand diameter
classes without larger, merchantable sawtimber trees.
The simulation uses two types of harvesting (cutting)
options: clear cutting and thinning.

Only timberland is used in the model, rather than
all forestland. Both private and federal timberlands
are included, but there are restrictions on slope and
reserved land.

Other parameters considered and included in the
model are (1) wood type, (2) stand type, (3) land
slope, (4) product types, (5) regions, (6) costs, and
(7) time (year). All the outputs of the model by
county will be made available in the Bioenergy KDF.
For example, estimates of biomass availability by ton
are developed as logging residues from clear cutting
and thinning operations and as whole-tree biomass
harvested from clear cutting and thinning operations
to meet extra biomass demands as allocated down to
a county. Appendix B discusses FIA estimates and
sampling errors for forestland area and forest bio-
mass. Estimates are aggregated into national esti-
mates as reported, and the disaggregated estimates
are in the Bioenergy KDF. Wood waste resource
analyses are moved to chapter 5. Federal lands are
included from the forest resource analysis—the mod-
el uses private industrial, private non-industrial, and
federal timberlands.

Input costs are developed explicitly for the model.
These costs are used for relative seeding of the model
to account for different stumpage prices that indicate
product value and to account for relative differences
among harvesting systems, such as machinery types
and the makeup of systems specific to stand, tree size,
wood type, and land slope. Other differences include
regional labor rates and whether the product is timber
(roundwood in the model) or biomass (whole-tree
chips in the model).
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Cost curves are developed for the logging residues
and the whole-tree biomass within the demands of six
selected scenarios of wood use and possible increases
in the use of wood for energy. The projections for
U.S. forests and forest products markets are under
varying market conditions. USFPM/GFPM and the
SRTS inventory and harvest model for the South

are used to project the harvest removals, inventory,
price, and timberland area resulting from three levels
of wood biomass feedstock demands. The scenarios
range from a baseline to high wood/biomass demand
scenarios: Baseline_ML, MM, MH, HL, HM, and
HH.

Although a more in-depth analysis of the sustainabili-
ty of forest resources from the land will be forthcom-
ing, an effort is made to use assumptions and meth-
ods that provide some basis for sustainability in this
report. A few of the cautions and constraints involved
the following:

» Restricting harvest to timberland within private
ownership, which excludes designated reserved
land or protected areas

e Restricting the removal of logging residues to
slopes less than 40%

e Assuming BMPs are used to harvest and assum-
ing costs for such practices in the estimates.

Using these demands, FOrSEAM is used to develop
supply curves (appendix B) for which cumulative
supply estimates in dry tons are developed as a func-
tion of marginal costs per ton for stumpage and har-
vest cost to the landing (i.e., roadside cost per ton).
Summaries of aggregated forest biomass available for
the analysis period and under selected parameters are
shown in table 3.26.

A summary of forest resources to the roadside at a
price of $60 per dry ton is shown in table 3.27 for the
baseline and the representative high scenario. These
are the selected forest resource availabilities used in
the summary and total biomass of BT16 in the execu-
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tive summary, table ES.1. Although the HH scenario
is used as the representative high-biomass scenario,
some of the other scenarios actually produce more
biomass (see all the scenarios in table 3.20). The
decision was made to use the HH scenario as the high
biomass scenario to remain consistent with the RPA
2010 assessment (USDA Forest Service 2012a) and
the USFPM, GFPM, and SRTS Models used in the
analysis. The decision not to establish biomass plan-
tations in this study does not negate that the HH is the
highest biomass scenario. The plantation restriction
needs additional consideration and further analysis

to evaluate the merits and concerns of establishing
millions of acres of fast-growing energy plantations
on forestland. As mentioned, such woody crops are
considered to be a significant feedstock on agricultur-
al land, as reported in chapter 4.

Another result in some cases is that the available
biomass in the out years from the 2015 baseline
decreases. The decrease is the result of the model
restriction concerning the harvest of whole trees from
the small-diameter stands. If stand diameter class 3
stands are allowed to be harvested every 7 years (i.e.,
the time to grow large enough to become a stand di-
ameter class 3), then more biomass is available in the
out-years. However, this would exclude any late seral
or mature forest stands from the successional devel-
opment of the small-diameter stands. To overcome
the issue of maintaining much of the forest cover in
repeating small-diameter stand development, stands
are harvested only once for biomass (i.e., whole-tree
biomass stands) and then put back into longer-term
timber rotations. Since doing so takes considerable
time, much longer than the 25-year modeling time
span, it reduces the amount of biomass available for
harvest toward the end of the modeling period. The
model still maintains that state-level growth must
always exceed harvest levels, and this longer outlook
helps to ensure sufficient growth, as well as diverse,
multiple-aged stands across the landscape.



Table 3.26 | Summary of Baseline and High Forest Resources by Cost, Year, and Feedstock Type

Sicnleldeselss s 2017 20228 2030 2040 2017 2022 2030 2040 2017 2022 2030 2040

Million dry tons

Baseline_ML? (Baseline scenario)®

All land

Logging residues 179 194 214 208 179 194 214 207 179 194 214 208
Whole-tree 3] 10 03 00 699 737 598 607 981 966 946 952
biomass

Federal land

excluded

Logging residues 157 171 188 184 157 171 188 184 157 1771 188 184
Whole-tree 28 10 03 00 523 554 427 461 764 751 724 734
biomass

Total: Baseline
(all land)

Total: Baseline
(no federal)

21.0 20.5 21.7 20.8 87.8 93.1 81.1 8.5 16.0 116.0 16.0 116.0

18.6 18.1 19.1 18.4 68.1 72.5 61.6 64.5 921 92.2 91.2 91.8

HHe¢ (High-yield scenario)
All land
Logging residues 18.0 19.3 207 19.9 18.0 19.3 207 19.8 18.0 19.3 207 19.9

Whole-tree
biomass

2.7 07 01 0.0 61.3 63.7 51.0 40.7 650 63.7 62.3 631

Federal land
excluded

Logging residues 15.7 16.9 181 175 15.7 16.9 181 175 15.7 16.9 181 17.5

Whole-tree
biomass

Total: High
scenario (all land)

Total: High
scenario (no 18.3 17.6 18.2 17.5 61.9 65.3 55.4 50.8 644 653 64.6 68.5
federal)

25 0.7 01 0.0 46.1 48.4 373 33.2 48.6 484 46.5 51.0

20.6  20.0 20.8 19.9 79.3 83.0 71.7 60.6 83.0 83.0 830 83.0

°The baseline is “moderate low”: moderate growth in housing starts, plantation intensity, paper, and foreign demand and low
growth in biomass for energy.

®Baseline_ML is comparable to the base-case scenario in chapter 4.

“The HH scenario is “high high” scenario: high growth in housing starts and planation intensity, moderate growth in paper and
foreign demand, and high growth in biomass for energy. HH does not produce the most biomass because there was no conversion
of natural stands to plantations in the model. HH is comparable to the high-yield scenario for agriculture at 3% in chapter 4.
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The underlying assumptions are very important with
regard to the available forest biomass. In each of

the six scenarios, the amount of wood available for
harvest to meet traditional and biomass demands is
limited by three factors. The first factor is the growth
constraint at the state level, which limits harvest

to the estimated annual growth. The second factor
limits the amount of harvest that could occur in any
single POLYSYS region (modeling unit) to 5% of
the available volume. This is to ensure that the model
produces a patchwork of harvested sites across the
landscape indicative of current timber harvests. The
final constraint limits the re-harvest of land-once-har-
vested. Land-once-harvested in the model could not
be harvested again until the land re-establishes a
stand that has grown to a class 2 diameter size (i.e., a
pulpwood-sized stand). As an example of the signif-
icance of the underlying assumptions, a sensitivity
analysis is completed on two factors. In the first
simulation, 5% of the available volume is allowed to
increase to 10% (Increased Volume Scenario) in any
one POLYSYS region. A second constraint change

is to the re-establish stand rule to allow 1/4 of the
harvested land to become available for harvest again
once the stand grows to a stand class 3 diameter
(Increased Volume Plus Scenario). The remainder of
the stands are not harvested until the stands become
at least a stand diameter class 2.

A comparison quantity of biomass available at $40,
$60, and $80/dry ton in the Baseline_ML and HH
scenarios with and without these changes is pre-
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sented in appendix table B.8. Biomass availability
expands (more tons are estimated available) as these
constraints are eased. The sensitivity analysis shows
that changing these assumptions (underlying assump-
tions) increases the amount of the biomass estimate
at the $80/ton price from 83 million tons in the HH
Scenario to 135 million tons in the Increased Volume
Scenario. This occurs at the $60 price as well as the
$40 price point.

Since the expectation is that the South will become
the primary source of wood for biomass, additional
analyses are completed to understand the shaping
markets and changing supply. A continuing hypoth-
esis is that conventional timber and biomass will be
produced together. Associated with that assumption is
that using biomass will provide management options
that can lead to higher-value products and, finally,
that all wood products will go to the highest value as
long as markets are available. Markets for large- and
small-diameter timber are linked at each point in
time.

Competition for pine small roundwood in some
regions is likely to intensify with increased demands
for wood biomass feedstocks, leading to higher prices
and some potential reductions in other uses. How-
ever, timberland has been shown to respond to land
rents, and increased demand will lead to higher prices
and thus higher land rents. In this way, an increased
demand for feedstock for wood energy can contribute
to increased timberland area (or, at least, to smaller
decreases in timberland area) for all market demands.



Table 3.27 | Summary of Baseline and High Forest Resources by Cost, Year, and Feedstock Type

Feedstock 2017 2022 2030 2040 2017 2022 2030 2040 2017 2022 2030 2040
Million dry tons

Baseline_ML? (Baseline scenario)®
Logging residues 17.9 19.4 214 20.8 179 19.4 214 20.7 17.9 19.4 214 20.8

Whole-tree
biomass

Total: Baseline 21.0 205 21.7 20.8 878 93.1 81.1 815 16.0 16.0 16.0 116.0
HH¢ (High-yield scenario)
Logging residues  18.0 19.3 20.7 19.9 18.0 19.3 20.7 19.8 18.0 19.3 20.7 19.9

31 1.0 0.3 0.0 69.9 737 598 607 981 966 946 952

Whole-tree 27 07 01 00 613 637 50 407 650 637 623 631
biomass
Total: High 206 200 208 199 793 830 717 606 830 830 830 830
scenario

*The baseline is “moderate low”: Moderate growth in housing starts, plantation intensity, paper, and foreign demand and low
growth in biomass for energy.

®Baseline_ML is comparable to the base-case scenario in chapter 4.

‘The HH scenario is “high high” scenario: high growth in housing starts and planation intensity, moderate growth in paper and
foreign demand, and high growth in biomass for energy. HH does not produce the most biomass because there was no conversion
of natural stands to plantations in the model. HH is comparable to the high-yield scenario for agriculture at 3% in chapter 4.

3 ) 7 D i SCuUssS i on an d T-h_is anal)_fsis id-entiﬁes several factors that rr_lerit ad-

ditional discussion and development. These include a
Resea [ g of h N eed S reevaluation of the underlying assumptions, technol-

ogy improvement, and harvesting costs. For example,
The forest resource estimates presented in this report should plantations on forest sites be evaluated in the
are only as good as the underlying data, and therefore model and not just timberland? Technology improve-
are subject to assumptions in the use of the analyt- ment options could also be evaluated that were not
ical tools. The forest biomass potential is assessed considered in this analysis, such as increased growth
through an analytical process with estimates that are rates or higher-production, lower-cost systems.
bounded by variables and assumptions. However, the Additionally, harvesting costs need to be updated and
authors have made every effort to reach the highest improved, as more experience in biomass harvest has
quality of data and to provide data sources, describe occurred in the last few years. Readers are encour-
the models, and explain the assumptions. These data aged to continue to verify the analysis in this report,
should be used and assessed along with FIA invento- and to expand and improve upon it.

ry data and the newest RPA report and its associated
scenario assessment. Supplemental information in the
Bioenergy KDF can further inform readers and help
them use results of this report.
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