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KEY FINDINGS

» Harvesting woody biomass for use as bioenergy is
projected to range from 170 million to 336 million green
tons by 2050, an increase of 54 to 113 percent over current
levels.

Consumption projections for forest biomass-based energy,
which are based on Energy Information Administration
projections, have a high level of uncertainty given the
interplay between public policies and the supply and
investment decisions of forest landowners.

It is unlikely that the biomass requirement for energy
would be met through harvest residues and urban wood
waste alone. As consumption increases, harvested timber
(especially pine pulpwood) would quickly become the
preferred feedstock.

The emergence of a new woody biomass-based energy
market would potentially lead to price increases for
merchantable timber, resulting in increased returns for
forest landowners.

While woody biomass harvest is expected to increase with
higher prices, forest inventories would not necessarily
decline because of increased plantations of fast growing
species, afforestation of agricultural or pasturelands, and
intensive management of forest land.

Because it would allow more output per acre of forest land
and dampen potential price increases, forest productivity is
a key variable in market futures.

The impacts that increased use of woody biomass for
energy would have on the forest products industry could
be mitigated by improved productivity through forest
management and/or by increased output from currently
unmanaged forests.
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* Price volatility associated with increased use of woody
biomass for energy is expected to be higher for pulpwood
than for sawtimber.

 The impacts of wood-based energy markets tend to be

lower for sawtimber industries, although markets for all

products would be affected at the highest levels of projected
demand.

Different types of wood-based energy conversion

technologies occupy different places on the cost feasibility

spectrum. Combined heat and power, co-firing for
electricity, and pellet technologies are commercially viable
and are already established in the South. Biochemical and
thermochemical technologies used to produce liquid fuels
from woody biomass are not yet commercially viable.

Current research does not suggest which woody species

and what traits would likely be most successful for energy

production. The future of conversion technologies is
uncertain.

In the absence of government support, research, pilot

projects, and incentives for production, woody bioenergy

markets are unlikely to grow substantially.

Under a high demand scenario for bioenergy, the resulting

intensity of woody biomass harvests could have deleterious

effects on stand productivity, biodiversity, soil fertility, and
water quality.

Although research provides some guidelines for the

design of management to protect various forest ecosystem

services, forest sustainability benchmarks are not well

defined for a high bioenergy demand future and existing
certification systems may need modifications to address
multiple resource values.

INTRODUCTION

The United States is the largest consumer of petroleum
products, consuming about 19.5 million barrels per day in
2008 (Energy Information Administration 2009), with a
significant portion imported from politically unstable regions
of the world. This reliance on imported fossil fuels, coupled
with their associated greenhouse gas emissions, has led to
economic, social and environmental concerns. Bioenergy
may offset fossil fuel use, diversify energy sources, reduce
emissions, and provide socioeconomic benefits in the form
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of additional income and new jobs. Bioenergy from woody
biomass could contribute by increasing U.S. renewable
energy resources, reducing competition between agricultural
crops destined for food and those for fuel production (Hill
and others 2006), and perhaps improving the condition of
some forests. Some analysts, for example the Manomet
Center of Conservation Sciences (2010) in their analysis of
wood-based bioenergy in Massachusetts raise doubts about
the greenhouse gas mitigation potential of forest bioenergy.
Others, e.g., Lucier (2010) and O’Laughlin (2010), challenge
these findings. In the South, some studies, e.g., Dwivedi and
others (2011), indicate that southern pine based energy could
reduce greenhouse gas emissions as compared to using fossil
fuels.

Although historically limited to residues from the production
of wood products, biomass could be sourced from logging
residues, stands damaged by natural disturbances (such as
wildfire, pest outbreaks, and hurricanes), small-diameter
trees thinned from plantations and other forests, and energy
crops such as eucalyptus and poplar; these sources would
likely be tapped as woody bioenergy markets become
competitive. At high enough prices, even merchantable
timber could be diverted to bioenergy uses. Hughes (2000)
suggests that the combination of forest bioenergy plantations
and continued use of wood residues from forest product
industries could supply 7 to 20 percent of the U.S. electricity
generation in the future.

Many pine plantations established to supply pulpwood for
paper and engineered wood products are overstocked and
therefore susceptible to wildfires and pest attacks (Gan and
Mayfield 2007a). For example, nearly half of over

1.1 million acres of nearly pure pine stands are at risk from
southern pine beetle in Oklahoma (Oklahoma Department
of Agriculture Food And Forestry 2008). Wood-based
bioenergy markets could increase thinning and removals,
thereby reducing these risks (Belanger and others 1993, Gan
and Mayfield 2007a, Neary and Zieroth 2007, Speight 1997).
Schmidt and others (2002) estimated that 2.7 billion dry
tons of forest biomass needs to be removed through forest
fuel reduction treatments in the South, about 20 million

dry tons annually. Furthermore, wood-based bioenergy
markets would improve profitability for landowners in the
South (Nesbit and others 2011, Susaeta and others 2009).
Furthermore, southerners appear willing to pay more for
cleaner sources of energy such as wood based biofuels
(Susacta and others 2010).

Federal policies such as the 2002 Farm Bill, 2005 Energy
Policy Act, 2007 Energy Independence Security Act, and
2008 Farm Bill have specifically encouraged the production
of cellulosic biofuels such as those produced from wood,
ranging from grants and loans to the establishment of
renewable fuel standards (15.5 billion gallons in 2012, and

36 billion gallons by 2022 of which 21 billion gallons must
be cellulosic). Federal law provides differing definitions of
acceptable forest biomass for bioenergy. For example, under
the 2007 Energy Independence Security Act biomass from
public lands, municipal solid waste, plantations established
after the enactment of the Act, ‘old growth’ or ‘mature’
forests, and most other woody biomass (except for slash

and pre-commercial thinning) is excluded from private

and non-industrial forests (NIPFs) landowners. The 2008
Farm Bill on the other hand is less restrictive, as it allows

for biomass derived from Federal lands and other forests
(i.e., not tree plantations) as biofuels. The American Clean
Energy and Security Act of 2009 (H.R. 2454), as passed by
the House of Representatives, sought to create a broadened
universal definition of renewable biomass that applies to

the Renewable Fuel Standard, and a national Renewable
Electricity Standard. We followed a non-restrictive definition
of biomass while simulating supply variations and southern
forests and considered that aboveground biomass on private
forestlands in the South could be used for energy production.
This is based on the assumption that policy would not restrict
the allocation of forest biomass to bioenergy uses.

This chapter analyzes the potential effects of the emergence
of a bioenergy market on southern forests, forest owners,
traditional forest product industries, and ecosystem integrity
and services; with emphasis on the following key issues:

* How markets for wood for energy production might evolve
and potential implications for traditional forest product
industries and landowners

* The status of current and potential technologies that can
help realize large-scale production of woody bioenergy

» How bioenergy policies could impact forest landowners
and forest industry

« Effects of woody bioenergy markets on forest ecosystems
health; benchmarks for sustainability

METHODS

We surveyed the literature to address questions about
technology development, bioenergy policies, and
sustainability, and we developed detailed modeling to project
market changes and incorporate an analytical component
into the results of the literature survey.

To assess tradeoffs between the traditional forest

product industry and the woody bioenergy industry, we
evaluated woody biomass supply variation through time
and associated price, inventory, and removal responses
following Rossi and others (2010). In the face of future
competition for raw materials and the potential competitive
advantage that policy incentives would provide to woody
bioenergy sector, this tradeoff analysis was considered
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critical for the future of southern forests (Wear and others
2009). Many authors have explored this issue; what has
been lacking is a systematic analysis of regional trends that
assesses woody biomass supply in response to variation in
future consumption for energy.

We modified the Subregional Timber Supply (SRTS) model
(Abt and others 2000), to assess the potential effects of
bioenergy consumption on wood products markets. The
model provided price, inventory, and removal responses

for different wood-for-energy consumption and supply
scenarios; and allowed us to estimate impacts on traditional
forest industries and landowners.

Of the large-scale macro models available for conducting
our analysis (Adams and others 1996; De La Torre Ugarte
and Ray 2000; De La Torre Ugarte and others 1998, 2006),
the SRTS model is the only one that treats standing timber
as a potential supply of bioenergy and defines regions in

a way that is congruent with Forest Inventory Analysis
(FIA) survey units. Because it incorporates an inventory
projection model into a timber market model framework, its
projections are based on supply and demand interactions. It
allows of larger diameter sawtimber to be downgraded for
nonsawtimber (largely pulpwood uses) in response to price
signals and is familiar to many forest industry analysts and
State forestry agencies, having been used to model timber
supply and prices in the Northeast (Sendek and others

2003) as well as the South (Bingham and others 2003,
Prestemon and Abt 2002). It has also been used to assess the
influence of nonmarket values on timber market decisions
by nonindustrial private forest landowners (Pattanayak and
others 2005), the effects of wood chip mills on timber supply
in North Carolina (Schaberg and others 2005), the impacts of
Renewable Energy Standards policy implemented in North
Carolina (Galik and others 2009), and bioenergy demands in
South (Abt and Abt, in press).

The SRTS model estimates two forest products, sawtimber
and pulpwood product allocations for softwoods and
hardwoods. Its equations—defined through supply, demand,
and inventory elasticity values—are used to project the
market-clearing price and quantity levels, which in turn

are used to allocate subregional harvesting and to project
the next period’s inventory values. A Goal Program then
categorizes the total wood requirement by management type
and age class and makes allocations to subregions, owners,
and products.

The separation of products and inventory in terms of
sawtimber and pulpwood is based on user-specified
definitions that allocate most of the largest diameter wood
to saw mills, a percent of the largest diameter and all of
the medium diameter wood to pulpwood, and the smallest
diameter wood to the forest floor. With these allocations, a

product mix is calculated for harvest in any management
type and age class with the objective of defining the projected
removal mix for the region/owner in a way that follows
historical harvest patterns of existing removal-to-inventory
intensities. For partial harvests, the model defines a stocking
target (volume per acre) for each management type and age
class; if the current stocking is greater than the target, the
harvest is considered a thinning. After the volume-per-acre
target is reached, the harvest considered final and acres are
returned to age class zero. Under most circumstances, this
approach ensures that average stocking is close to target
(historical) levels throughout the projection (Abt and Abt
2010; Abt and others 2000; Abt and others 2009, 2010;
Prestemon and Abt 2002; Rossi and others 2010).

We made a number of modifications to the SRTS model

(fig. 10.1) to assess the effects of woody bioenergy industry
on future prices, harvests, and inventories of four wood
product categories—softwood sawtimber, other softwoods,
hardwood sawtimber, and other hardwoods—derived from
private owners of forest land (public forest lands have

been excluded from the study, because public land harvest
decisions are not necessarily price-responsive). Appendix B
contains descriptions of these products and the allocation of
consumption of each for woody bioenergy production. The
model allocates woody biomass consumption among product
groups based on the price variations. Pine plantations can
be harvested for pulpwood as early as 10 years of age. To
determine the availability of harvest residuals, we applied
utilization percentages that are consistent with timber
product output data for the South (Johnson and others 2009).

Alternative runs of the model allowed us to examine

how management or genetic improvements would affect
productivity. Rather than applying identical responses
across the five forest management types (pine plantation,
natural pine, oak-pine, upland hardwood, and lowland
hardwood), we modified the model so that responses can be
disaggregated across them.

Within the SRTS model, the area of timberland will change
in response to the relative rents of crop and forest uses. We
defined timber rents as weighted averages of sawtimber

and nonsawtimber prices, with weighting specified by the
present value difference in income between the two products
while agricultural rents are held constant. Because woody
bioenergy markets are expected to impact the nonsawtimber
sector more than the high valued sawtimber sector (Aulisi
and others 2007), the model allocates less weight to
sawtimber prices.

We used the aggregate demand information gathered from
each southern wood-based industry—forest products, woody
biomass-based electricity, woody biomass-based liquid fuels,
and wood pellets—to project the allocation of harvested
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Figure 10.1—Methodology diagram for the modified Subregional Timber Supply model used to project levels and effects of woody biomass consumed for

energy for the South.

timber. The modified SRTS model defines a market
simulation model based on empirical relationships—demand
and supply, price, land use, reforestation and inventory—

for woody biomass and traditional forest products. A key
assumption is that forest owners are price responsive and
decisions to invest or harvest are made accordingly.

Consumption/Demand Scenarios

Our consumption scenarios were based on the three principal
uses of woody biomass for energy: as power for electricity
generation through combustion or gasification processes,
co-firing with coal, or in combined heat and power systems
in industrial facilities (Energy Information Administration
2010b); as liquid fuel (cellulosic ethanol) that can be blended
with conventional transportation fuels (Energy Information
Administration 2010b); and as bioproducts such as highly

compact wood pellets used for heating purposes (Spelter and
Toth 2009, appendix B).

The amount of wood consumed for electricity, liquid

fuels, and pellets defines the total requirement for meeting
bioenergy consumption projections. This can be met

with wood from additional harvesting or with residuals
and other wood waste. Although harvesting unutilized
residues (discarded tree tops and limbs generated during
the harvesting process) might provide a portion of woody
biomass-based energy consumption, recent analysis

(Galik and others 2009, Rossi and others 2010) indicates
that merchantable timber is also likely to be required. In
addition, woody biomass-based energy demand figures
need to account for urban wood wastes that could be used
for energy production (Rossi and others 2010). Because the
SRTS model deals only in harvested wood, we backed urban
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waste and other sources of nonharvested woody biomass
out of the consumption estimates, and defined the remainder
as harvested-wood consumption (including harvesting
residues) for woody biomass-based energy; appendix B
shows the method used to estimate the harvesting residues
and urban wood waste that can be diverted for energy
production. Demand price elasticity, which like inventory
supply elasticity can vary by product (Liao and Zhang 2008,
Pattanayak and others 2002), was assumed to be -0.5 for all
four SRTS products (softwood/hardwood sawtimber and
nonsawtimber), the same assumption used by Abt and Abt
(2010) for their Southwide timber supply analysis.

Demand for woody biomass for energy can also be met with
fast-growing short rotation woody crop species, among them
yellow-poplar (Populus spp.), willow (Salix spp.), cottonwood
(Populus fremontii L.), sweetgum (Liquidambar styraciflua),
sycamore (Platanusoccidentalis), black locust (Robinia
pseudoacacia), silver maple (Acer saccharinum L.), and
eucalyptus (Eucalyptus cinerea); these species have been
identified by the U.S. Department of Energy as potentially
viable for energy production. We followed the approach
outlined by the Energy Information Administration (2010a)
and assumed that short rotation woody crops would grow
largely on nonforested lands (agricultural or pasture lands)
and partially offset increased future wood requirements. We
assumed of the offset to be 10 percent by 2050 and removed
this material from woody biomass demands for bioenergy
(in effect, treating short rotation woody crops as a part of the
agricultural sector).

Although we describe our assumptions as consumption
scenarios, it is important to understand that they are

not demand projections, as we have not specified price-
responsive demand relationships for woody biomass. The
consumption projection is essentially a vertical demand
curve added to the downward sloping demand curves for

traditional forest products for each period using modified
Energy Information Administration (2010b) projections. As
a counterfactual, we also introduced a constant consumption
scenario with no forest biomass-based energy market and
ran the SRTS model to define the amount of woody biomass
that would be required by traditional forest industry absent
a bioenergy market. Subsequent years are held constant at
the original 2010 level on the assumption that the traditional
forest product industry will not increase wood consumption
beyond what would be expected at the constant price level
estimated by SRTS.

To account for uncertainty in bioenergy technologies,
demands, and policies, we considered three consumption
scenarios that we label high, medium, and low. The low-
consumption scenario assumes that 7.74 percent of total
electricity will derive from renewable sources based on
Energy Information Administration (2010b) reference case
projections. The medium-and high-consumption scenarios
assume that 20 percent of total electricity consumption derives
from renewable sources; in the high-consumption scenario,
woody biomass is assigned a higher percentage of the total
electricity generation from renewable sources (table 10.1).

Biomass Supply

The SRTS model accounts for forest inventory changes
and timber removals based on historical forest inventory
(FIA) data. However, southern forest productivity has seen
a three-fold over the last 50 years from advancements in
management and genetic improvements (Fox and others
2007). Siry and others (2001) projected that productivity
gains for pine plantations could be as high as 100 percent
of empirical FIA data (using data from the late 1990s) over
the next 50 years. Prestemon and Abt (2002) assumed a
75-percent productivity gain in southern pine plantations
from 2000 to 2040. With strong markets, other forest

Table 10.1—Allocation of woody biomass for energy production under woody biomass consumption scenarios by 2050

Woody biomass

consumption scenario Electricity

Based on Energy Information
Administration (2010b) projections

Low

Medium
energy sources by 2050, with share
of total electricity sources remaining
the same as in the low-consumption
scenario

High
energy sources by 2050, with 20

percent of total electricity coming from

woody sources

Increases to 20 percent of renewable

Increases to 40 percent of renewable

Liquid fuels

Provides 30 percent of renewable
energy sources

Wood pellets

Based on Spelter and
Toth (2009)

Increases to 50 percent of
renewable energy sources by
2050, with 30 percent of total
liquid energy coming from woody
sources

Increases by 25 percent,
2015-50

Increases to 50 percent of
renewable energy sources by
2050, with 40 percent of total
liquid fuel coming from woody
sources

Increases by 50 percent,
2015-50
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management types might experience productivity gains
due to silvicultural improvements or improvements in
management, although not as high as pine plantations.

We developed supply projections to examine alternative
trajectories of productivity increases through 2050. In these
projections, productivity growth is applied to every acre
every year, so that over time the improved silvicultural
practices on existing or new forest stands or genetic
improvements of new plantations result in an aggregate
growth response. For the “pine productivity” strategy,

we assumed that pine plantation productivity increases
steadily until it reaches 100 percent, while the productivity
of other forest management types is held constant. For the
“all productivity” strategy, we assumed a 100-percent pine
plantation productivity increase and a 25-percent increase
for other types. For the “low productivity” strategy, pine
plantation productivity increases by 50 percent and the
productivity of other types increases to 25 percent

(tables 10.2 and 10.3). These assumptions are in line with
hardwood field trials that report growth responses between
17 and 33 percent after stem density reduction, herbaceous
competition control, and fertilization (Siry and others 2004).

Within SRTS, removals are treated as a function that
responds to changes in the product price and the total
biomass inventory. The timber supply elasticity with respect
to inventory has been assumed to be 1.0 for all products

and owners. For own-price elasticities of timber supplies
(elasticity of product demand with respect to their own price),
we used the average bootstrapped values for A1B and B2
cornerstone futures described in chapter 9, which vary across
products and years and range from 0.18 to 0.32.

RESULTS
Market Analysis

By 2050, woody biomass consumption is projected to range
from 150.16 million green tons for the low-consumption
scenario to 235.88 million for the medium-consumption
scenario and 316.12 million for the high-consumption
scenario (fig. 10.2). The amount of urban wood waste
amounts to about 12.72 million in 2010 and trends slightly
upward throughout the projection period to reach

20.08 million by 2050. In contrast, the projection of biomass
requirement for the forest products industry (held constant
through the projection period) is about 278.46 million. By
2050, the biomass requirement for energy reaches about

54 percent of the forest products requirement for the low-
consumption scenario and 85 percent for the medium
scenario. For the high-consumption scenario, the bioenergy
requirement exceeds the forest products requirement by 2045

and is 13 percent greater than the forest product requirement
in 2050.

Adding urban wood waste and the forest biomass
consumption requirement in 2050 would bring demand to
170 million tons for the low-consumption scenario,

256 million for the medium scenario, and 336 million for

the high scenario. These estimates are comparable to other
estimates in the literature if we assume that that supply of
wood from the South mirrors the national harvest share—i.e.,
approximately 57 percent of national harvest as per Hanson
and others (2010).

Without accounting for milling residues, Milbrandt (2005)
estimated that just 86 million tons of woody biomass is
readily available for energy production (roughly half of the
projection for the low-consumption scenario). Walsh (2008)
estimated that approximately 121 million tons of forest and
mill residues could be supplied at a price of $100 per dry
short ton, compared to estimates of 154 million tons by
Kumarappan and others (2009). The Energy Information
Administration (2007) estimated that approximately 414
million tons of wood from South might be required to
meet the Federal goal of 25 percent of renewable fuel and
electricity standards. Sample (2009) suggested that this
demand figure could be much higher, estimating the yearly
requirement at 992 million green tons. Perlack and others
(2005) estimated that 420 million green tons of wood
resources could be annually made available for energy
production from southern forests.

Consumption increases of this magnitude (at a minimum,

a 54 percent increase in timber harvesting) could imply a
structural change in forest products markets. Analysis of
traditional wood products markets (chapter 9) indicates that
the supply of biomass could grow by about 43 percent under
current levels of productivity without increased scarcity,
largely because of declining demands for wood products.
With plantation productivity growth at about 50 percent by
2060, forest biomass output could expand by as much as

70 percent without substantial impacts on market scarcity.

To identify the market implications of the three consumption
scenarios, we ran the SRTS model, which provides
projections of the removals from growing stock resulting
from timber harvesting but does not distinguish among final
products. To deduce the implications of increased woody
biomass requirement for the traditional wood products
industry, we disaggregated the removals projections into
harvesting residues, additional removals that could not

have occurred without woody bioenergy markets, and/or
displacement from traditional wood product industry.

To ensure that some slash is left on the ground, we
constrained the SRTS model so that no more than
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Table 10.2—Simulations of supply responses when woody biofuels at three consumption levels are matched with four
productivity strategies, 2050

Woody biomass
consumption scenario

Medium
Medium
High
High

Short rotation woody crops

High

Productivity strategy

Only improve pine plantation productivity

Improve productivity on all management

types

Only improve pine plantation productivity

Improve productivity on all management

types

Improve productivity on all management
types and expand short rotation woody

crops

Low productivity

Details

Productivity of pine plantations doubles; no change in other
forest management types

Productivity of pine plantations doubles by 2050 and
productivity of other forest management types increases by
50 percent

Productivity of pine plantations doubles; no change in other
forest management types

Productivity of pine plantations doubles and productivity of
other forest management types increases by 50 percent
Short rotation woody crops growing on agricultural or
pasture land offset 10 percent of wood energy demand;
productivity of pine plantations doubles and productivity of
other forest management types increases by 25 percent
Productivity of pine plantations increases by 50 percent and
productivity of other forest management types increases by
25 percent

Table 10.3—Modified subregional timber supply model assumptions

Assumption

Woody biomass consumption
for electricity and biofuels

Urban wood waste
Harvest residues
Forest industry demand
Demand elasticity
Supply elasticity

Pine productivity

All productivity values

Low productivity values

Short rotation woody crops

Forest management type
acreage

Timber rent

Degradation of sawtimber for
pulp use

Pulp diameter range

Sawtimber diameter range

Forest products

Scenario/Strategies
Low,Medium. High

Low,Medium. High
Low,Medium. High
Low,Medium. High
Low,Medium. High
Low,Medium. High
Pine productivity strategy

All productivity strategy

Low productivity strategy

Short rotation woody
crops

All scenarios and
strategies

All scenarios and
strategies

All scenarios and
strategies

All scenarios and
strategies

All scenarios and
strategies

All scenarios and
strategies

Details

Demand values in million green tons (Energy Information Administration
2010b)

Per capita availability (Carter and others 2007)

SRTS model run based on Johnson and others (2009) data
Auxiliary SRTS run for constant prices

-0.5 for all products (Abt and others 2010)

Different annual values for products based on RPA storylinesa
Pine productivity increases by 100 percent by 2050

Pine productivity increases by 100 percent and other forest type
increases by 50 percent by 2050

Pine productivity increases by 50 percent and other forest type increases
by 25 percent by 2050

Short rotation woody crops take care of 10 percent of total woody
biomass for energy demand by 2050

Forest land change as compared to agriculture and pasture land, in turn
impacting acreage of pine plantations, natural pines, oak-pines, upland
hardwoods, and lowland hardwoods (Abt and Abt 2013, Hardie and
others 2001)

Weighted average of pulp and sawtimber prices. Model allocates weights,
with pulpwood gaining more weight in total rent calculations

Percentage allocation of sawtimber that can be used as pulp (Abt and
others 2010)

<9 inch softwood
<13 inch hardwood

>9 inch softwood
>18 inch hardwood

Sawtimber softwoods, other softwoods, sawtimber hardwoods, and other
hardwoods

aPersonal communication. 2010. David N. Wear, Project Leader, Center for Integrated Forest Science, Southern Research Station,
U.S. Department of Agriculture Forest Service, Raleigh, NC 27695.
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forest industry for energy production (fig. 10.6), with

22 million green tons of softwoods and 26 million green tons
of hardwoods diverted for bioenergy production by 2050.
The impact of woody bioenergy markets on sawtimber is
insignificant as the displacement of nonsawtimber products
takes care of additional woody biomass requirements.

Under this scenario, private forest acreage declines by

3 percent from 175.39 million acres in 2010 to 170.86 million
acres in 2050 (fig. 10.7), although still 8 percent higher than
for the no bioenergy consumption scenario. Pine plantation
acreage increases by 7 percent accompanied by declines

in the other forest management types. The increase in pine
plantation area is consistent with expansion in pine planting
by landowners in response to increased product prices.

Medium woody biomass consumption—Compared to the
low-consumption scenario, this scenario produces more
dramatic price increases earlier (fig. 10.8). By 2050, prices of
nonsawtimber softwoods, nearly four times higher than
2010 levels, are somewhat moderated as landowners by
increase plantings and higher pine plantation acreages

in response to greater demand, causing inventory to be
higher than both the no-consumption and low-consumption
scenarios. Nonsawtimber hardwood prices are even higher
because the model assumes that landowners will not plant
slow growing hardwoods in response to increased scarcity.
Plantations of fast growing hardwoods (short rotation woody

crops) have been treated separately as part of agriculture,
and are not included in new plantation response. The pulp
industry is adversely impacted as significant supply is
diverted from forest industry to energy production (fig. 10.9).
Forest industry demand for nonsawtimber hardwoods is
completely wiped out by 2039, and 82 percent of stocking is
diverted for energy production by 2050.

Price declines for sawtimber are lower, resulting in higher
price levels in the later years of this scenario compared to
the no-consumption scenario. The inventory and removals
also respond to the price increase, as higher prices and
inventory levels translate to increases in removals. The
sawtimber industry faces significantly lower impact as most
of the bioenergy demands are met by displacement and new
removals of other hardwoods and softwoods.

Under this scenario, the private forest acreage increases by

3 percent from 175.39 million acres in 2010 to 181.41 million
acres in 2050 (fig. 10.10), 14 percent higher than the no-
consumption scenario, largely caused by increases in pine
plantation acreage (19 percent from current levels) that offset
the decline in the other four forest management types.

High woody biomass consumption—Compared to the
medium- or low-consumption scenarios, this scenario

assumes that a larger share of the U.S. energy portfolio
is sourced from woody biomass (fig. 10.11); with prices

Million acres

2007 2012 2017 2022 2027 2032

Year

2037 2042 2047 2050

"Lowland hardwood ™ Upland hardwood “Oak-pine ™Natural pine ™ Planted pine
Figure 10.7—Private forest acreage change in the South, assuming low consumption of woody biomass

for energy.
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reaching five times the 2007 level for softwoods, and eight
times the 2007 level for hardwoods. Inventory and harvest
levels for softwoods are higher compared to low- or no-
consumption scenarios, but lower than the medium scenario;
for hardwoods, inventory levels are much higher than the
no- or low-consumption scenarios and removals are higher
than all other scenarios. The pulp industry is adversely
impacted as significant supplies are diverted to energy
production (fig. 10.12). The bioenergy requirement is not met
by new removals, pulpwood, or harvesting residues, resulting
in a complete elimination of forest industry demand for
hardwoods by 2037 followed by softwoods in 2043.

The prices, inventory, and removal levels of sawtimber are
similar to the other consumption scenarios. The industry
would experience a significant impact as 91 million green
tons of sawtimber is diverted to energy production. The
increased acreage of pine plantations might result in some

of the softwood timber moving to sawtimber diameters.
Significant amounts of hardwood sawtimber are also diverted
to energy production.

Private forest acreage increases by 9 percent from

175.39 million acres in 2010 to 191.6 million acres in 2050
(fig. 10.13), 21 percent higher than the no-consumption
scenario. All forest management types except natural pines
increase in area by 2050, led by a 33 percent increase in pine
plantation acreage. Initial acreage declines for upland and
lowland hardwoods and oak-pines are reversed after 2027,
resulting in a 2-percent net increase by 2050.

Supply Adjustment Strategies

Increased consumption for wood by a new woody bioenergy
industry can be expected to result in the supply side
adjustments such as the use of short rotation woody crops
and the increased productivity strategies described below.

Productivity increases limited to pine plantations—An
increase in pine plantation productivity would do more

to dampen nonsawtimber softwood price increases in the
medium- and high-consumption scenarios (fig. 10.14) than
in the no- and low-consumption scenarios (which do not
stimulate productivity gains), with prices falling until the
late 2020s before beginning to increase again. Inventory and
removals levels are also higher. The increase in productivity
of pines also lowers price responses for hardwoods, largely
because increased softwood inventories fulfill the demands
for bioenergy.

Figure 10.15 shows price, inventory, and removal projections
for sawtimber under medium-and high-consumption
scenarios. For softwood sawtimber, productivity increases
in pine plantations also result in lower prices and higher
inventory and removals under both increased productivity

strategies, with the medium-consumption scenario providing
a greater price dampening effect than the high-consumption
scenario. Price trends are the same for hardwood sawtimber
but the decreases are less extreme. Higher inventory levels
result from the increase in productivity, which reduces
prices. The impact on the sawtimber-using industry is also
reduced. For example, in the high-consumption scenario
54.5 million green tons of sawtimber from both hardwoods
and softwoods is diverted to energy use in the pine
productivity strategy as compared to 91 million green tons
associated with no productivity increases. The decreased
impact on the forest industry is due to expanded removals
supported by increased productivity.

Productivity increases result in higher removals and less
displacement from forest industry (fig. 10.16). The softwoods
being used by forest industry are still completely diverted for
energy production in the high-consumption scenario, but this
occurs later.

Forest management type trends are similar for the medium-
and high-consumption scenarios, with increases in pine
productivity resulting in lower levels of private forest acreage
for both scenarios (fig. 10.17)—9.6 percent for the medium-
and 10.2 percent for the high-consumption scenario—albeit
much higher than for the no-consumption scenario. Because
productivity gains are limited to softwoods, a higher share
of the wood requirements for woody bioenergy markets is
met by softwoods than hardwoods. Acreage declines across
all five management types, with the highest rate of decline in
pine plantations.

Productivity increase extended to all management
types—A productivity increase for all forest types results

in price, inventory, and removal responses that are similar

to those observed for increases in pine plantations alone,

the only difference being in the magnitude of change.
Softwood price is lower and inventory and removal levels are
higher (fig. 10.18). Hardwood trends for medium- and high-
consumption scenarios are similar to the softwoods, with
lower prices and higher inventories and removals than was
projected for planted forest types alone (fig. 10.19).

Nonsawtimber softwoods used by forest industry are still
completely diverted to energy production in the high-
consumption scenario, but the impact on the sawtimber-using
industry is reduced. For example, in the high-consumption
scenario, 36.38 million green tons of sawtimber from is
diverted to energy use as compared to 53.5 million green
tons with pine productivity alone and 91 million green

tons with no productivity (fig. 10.20). Higher removals of
sawtimber are attributed to unharvested pulpwood timber
moving into the higher diameter sawtimber class. The
productivity increases therefore result in higher acreage and
higher inventory at the aggregate level.
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Compared to planted-pine-alone productivity strategy,
this approach increases total forest area for both medium-
consumption scenario (165.52 million acres) and the high-
consumption scenario (175.01 million acres), with acreage
increases for all forest management types except pine
plantations (fig. 10.21).

Low productivity increase—Lower productivity increases
combined with medium- and high-consumption scenarios
result in price, inventory, and removal responses similar to
the all productivity increase strategies (figs. 10.22 and 10.23).

The supply response of the low productivity strategy

fails to offset the woody biomass requirements, with

all nonsawtimber softwood being diverted from forest
industry to energy production under the high-consumption
scenario and a significant amount diverted under the
medium-consumption scenario (fig. 10.24). The impact

on the sawtimber-using industry is higher than for the all
productivity or pine productivity strategies, but lower than
if no productivity measures were taken. For example, in
the high-consumption scenario, 57.18 million green tons of
sawtimber is diverted to energy use as compared to 36.38
million green tons for the all productivity strategy, 53.5
million green tons for the pine productivity strategy and 91
million tons if no productivity measures were taken.

Private forest acreage is higher than for the other two
productivity strategies. Forest land decreases from

175.39 million acres in 2010 to 172.47 million acres for the
medium-consumption scenario, but increases to 181.85
million acres for the high-consumption scenario (fig. 10.25).
Planted pine acreage increases more and other forest type
acreage declines less as compared to the pine productivity or
all productivity strategies.

Productivity increases on short rotation woody
crops—We ran the model to simulate the results of a high
productivity strategy coupled with the emergence of short
rotation woody crops in the South. Inventories and removals
(fig. 10.26) are higher than for the all productivity strategy
coupled with high consumption (similar to results from

a subsequent run combining a low productivity strategy
with short rotation woody crops). Softwood and hardwood
inventories are higher compared to the no-consumption
scenario. Price increases for all products are dampened.

These results also suggest that the pulp industry would still
face adverse impacts, as merchantable wood from forest
industry would be diverted to energy production (fig. 10.27).
However, the combination of increased supplies from short
rotation plantations and from productivity gains on existing
forests would provide most of the ‘additional’ sawtimber
needed for energy production, resulting in just 26.7 million
tons diverted from forest industry. The higher levels of

aggregate inventory and removals counter the notion

that diverting wood for energy would necessarily lead to
inventory declines. Forest acreage is lower than for the other
productivity strategies, but higher than the no-consumption
scenarios (fig. 10.28).

Technologies

Considering the potential availability of wood that could

be used in the traditional forest product industries and
woody bioenergy industries, it is important to determine
how current and likely suitable wood-to-energy conversion
technologies can potentially impact the future of southern
forests (for example, how technological preferences towards
a particular species might increase its price, producing
changes in inventory and removal). Dwivedi and Alavalapati
(2009) found that a broad spectrum of stakeholders view
conversion technologies as one of the main weaknesses for
the development of forest biomass-based energy in the South.
In addition, Nesbit and others (2011) found that under current
levels of technology, slash pine ethanol is not a financially
viable competitor for fossil fuels. They found that unit

cost of producing ethanol from slash pine (Pinus elliottii)
through a two-stage dilute sulfuric acid conversion process,
and a synthesis gas ethanol catalytic conversion process

was estimated to be $2.39 per gallon and $1.16 per gallon
respectively. If adjustments are based on the lower energy
content of ethanol relative to gasoline (Oak Ridge National
Laboratory 2008), the cost of an energy equivalent gallon of
ethanol increases to $3.55 and $1.74 per gallon for the two
conversion processes, respectively.

Woody biomass can be converted into energy using a
number of different processes. Broadly speaking, wood-to-
energy conversion technologies can be grouped into two
main categories: thermal technologies—such as co-firing
and combined heat and power, direct combustion using wood
pellets and wood chips, gasification and pyrolysis—and
biochemical processes.

Co-firing and combined heat and power—Combustion

of woody biomass can be applied to produce heat and
electricity, particularly in industrial and residential sectors.
Three major technology options are being developed

for producing electricity and heat. These are: setting up
dedicated cellulosic power plants, co-firing biomass in
existing coal plants, and developing combined heat and
power plants. All these options are being explored in the
South, ranging from a dedicated power plant that will use
urban wood waste, wood processing wastes, and logging
residues in Gainesville, Florida to plants that blend biomass
with coal or inject biomass separately into boilers. Currently,
27 co-firing plants supply a biomass/coal co-firing capacity
of 2,971 megawatts. Virginia is the leader in the number of
co-firing plants and capacity in the South, followed by North
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are more expensive and have lower ethanol yields, but they
allow each to be carried out at its optimal temperature
(Jackson and others 2010).

Although several hydrolysis techniques have gained
momentum in the last decade, efficiency and cost issues have
hindered commercial viability. An integrated enzymatic
process could contribute to cost reductions, but it has not yet
moved out of the laboratory stage.

The Department of Energy set 2012 commercialization
targets for research and development which included
reducing the selling price of ethanol by 2012 to $1.07 rather
than $1.61 per gallon, increasing ethanol yield per dry ton
from 56 gallons in 2005 to 67 gallons in 2012, and reducing
installed 2005 capital and operational costs by 35.5 percent
and 65.3 percent respectively. For fermentation based ethanol
production, the target is to increase yield from 65 gallons
per ton in 2005 to 90 gallons per ton in 2012. The target also
sets feedstock cost target for 2012 as $35 per dry ton. Efforts
are ongoing to achieve these targets, but no technological
breakthrough has yet achieved these large-scale production
targets. The Range Fuel plant in Soperton, Georgia produced
waste wood methanol in August 2010, and currently
producing its first batch of cellulosic ethanol. However, the
plant is shutting down operations after demonstrating its
cellulosic production technology. The scale of bioenergy
plant in terms of capital and biomass demands from the
forest landscape are issues that need further attention. If a
large plant is set up, then the transportation cost of procuring
biomass from areas farther from the plant site might
increase per unit cost and/or lead to procuring lower quality
feedstock. The scale of the plant not only depends on cost
issues, but also on the purpose for which it is being built.
For example, Van Loo and Koppejan (2008) suggest that
small combined heat and power plant facilities with lower
conversion efficiency (10 percent) can be used where heat is
the primary product with power as the secondary product,
while facilities (more than ten megawatts) generally have
higher efficiency (25 percent) as they produce electricity as
the primary product.

The Policy Environment

A number of current and proposed policies and programs
may influence the future of woody biomass-based energy
markets in the South. Some of these policies are directed
specifically at the expansion of woody biomass use for
energy, and others influence indirectly by focusing on
reductions of greenhouse gas emissions.

Incentive-based policies provide financial support such as
cost-shares, tax reductions, subsidies or grants, and low- or
no-interest loans for project financing. The Database of State
Incentives for Renewables and Efficiency (2010) reports that

policies for renewable energy (including woody biomass
for energy) in the Southern States are generally in the form
of tax rebates, grants, loans, industry support, bonds, and
performance-based incentives.

Regulatory and support mechanisms include policies that

set goals, targets, and limits; and compel certain types of
behavior, as well as creating supportive infrastructure and
facilitating public educational outreach. Rules, regulations,
and policies (regulatory and support policies) are in the form
of public benefit funds, renewable portfolio standards, net
metering, interconnection standards, contractor licenses,
equipment certification, access laws, construction and design
rules, green power purchasing guidelines, and green power
policies.

Incentive-based policies—In an effort to support market-
based solutions, Federal and State governments have
introduced a number of incentive-based policies. This
generally results in altering prices by assigning a monetary
value to something that was previously external to market
forces (Shrum 2007). Subsidies are intended to encourage
planting and management activities that might promote
feedstock availability, and tax support encourages the use of
renewables. Support in the form of grants and loans are also
provided to encourage clean technology development and
adoption.

Incentives for liquid biofuels were first instituted in the
Energy Tax Act of 1978, which provided a $0.40 per gallon
exemption from the gasoline excise tax for blends with at least
10 percent ethanol. Then it was increased to $0.51 per gallon
by the 1998 Transportation Equity Act of the 215t Century.
The American Jobs Creation Act of 2004 replaced the excise
tax exemption with a volumetric ethanol excise tax credit of
$0.51 per gallon until 2010 (reduced to $0.45 per gallon by the
Farm Bill of 2008). The Energy Independence Security Act
(2007) provided a production tax credit of $1.01 per gallon

for cellulosic biofuels through 2012. The following section
summarizes the current bioenergy policies in the South.

The 2008 U.S. Farm Bill created a new Biomass Crop
Assistance Program (BCAP) to encourage development of
large-scale energy crops that can support commercial-scale
bioenergy production. BCAP provides incentives to farmers,
ranchers, and forest landowners to establish, cultivate and
harvest biomass for heat, power, bio-based products, and
biofuels. The program shares the establishment cost and
matches cost related to transportation and logistics up to

$45 per ton to producers with user facilities contracts. The
program reduces the financial risk to farmers and forest
landowners to supply eligible biomass materials to qualifying
facilities, and can reduce the cost of raw materials to the
facility. These also promote conservation and stewardship
by emphasizing that biomass is collected and harvested
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Table 10.4—Number of financial incentives for renewable energy at Federal and State levels (blanks indicate no
incentives): Number in the parentheses means whether incentives are State governments (S), utility companies (U), local

governments (L), or nonprofit organizations (N)

Personal
tax

Corporate Sales Property

State(s) tax tax tax

All States
(Federal
incentives)

Alabama
Arkansas
Florida
Georgia
Kentucky
Louisiana
Mississippi
North Carolina
Oklahoma
South Carolina
Tennessee
Texas

Virginia

Total 9

15 6

Performance-

Industry based

Rebates Grants Loans support incentive
3 5 1 1
3(3V) 1(1S) 3(1S,2U) 1(1U)
2(18,1V) 1(1V) 1(1S)
12(1S,10U,1L) 6(1S,5U) 1(1L) 2(2U)
10(1S,9U) 1(1S) 2(2U)
11(1S,10U) 1(S) 4(1S,1U,1L,1N) 1(18)
2(28)

5(1S,4U) 4(1S,3U) 1(S)
6(6U) 1(1S) 4(3S,1U) (38S,1N)
3(3V) 6(4S,2(U) 1(S)
6(6U) 6(1S,5U) 4(1S,2U,1N)
2(1S,1U) 2(28)  3(2S8,1U) 1(S) 1(S)
27(25U,2L) 2(2S)  2(2S) 1(1S) 2(2V)
1(1S) 1(1S) 1(1S) 1(1U)
88 10 48 7 20

Source: Database of State Incentives for Renewables and Efficiency (2010).

according to an approved conservation, or similar plan
to protect soil and water quality and preserve future land
productivity.

Rebates followed by loans are the most popular financial
incentives in the South (table 10.4). Federal financial
incentives are mainly comprised of corporate tax rebates,
research and development grants, and loans. Loans and
performance-based incentives are the policies most
frequently used in the 76 State financial incentive programs
in the South. North Carolina has the largest number of State

financial incentives (eight), and Texas has the smallest (two).

Few State programs are specifically aimed at increasing
woody biomass stock for energy use, partly because wood-
for-energy markets have not yet been established. However,
more often than not, improvement in forest biomass
availability and sustainable use is an offshoot although

not the overarching goal of these programs. Although

the minimum acreage and stocking levels for property

tax calculations vary across Southern States, the general
objective of all these taxes is to provide an incentive for
managing land on a sustained yield basis and a disincentive
for converting forest land to other uses. The objectives of

State cost-share programs are to reforest cutover land, plant
open land, or improve woodlands; and many States offer to
share the costs of other forest management activities. For
example, South Carolina has forestry commission cost-share
programs and North Carolina has forest agriculture cost-
sharing programs. These programs lead to higher availability
of feedstocks for energy conversion.

Several Federal programs provide incentives for conservation
of forestlands and maintaining sustainable forest
management practices. For example, the Environmental
Quality Incentives Program (EQIP) provides cost shares for
installing greenhouse gas mitigating technologies and the
Landowners Incentive Program provides financial assistance
to landowners for a variety of conservation goals including
carbon sequestration. The Forest Land Enhancement
Program promotes additional carbon sequestration and other
ecosystem services through cost shares with landowners.
These programs help to reduce land use change away from
forests, in turn indirectly maintaining the forest stock that
can be used for energy production at a later date. Incentive
programs for reforestation have long been established in

a number of States. For example, Mississippi provides tax
credits for reforestation.
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Regulations and support programs—At the Federal

level, the Energy Policy Act of 2005 established Renewable
Fuel Standards, which mandated that transportation fuels
contain a minimum volume of renewable fuels, starting
with 4 billion gallons in 2006 and 7.5 billion gallons by
2012. The Energy Independence Security Act (2007) called
for production of 36 billion gallons of biofuels by 2022, of
which 21 billion gallons must be cellulosic biofuel. The 2008
Farm Bill authorized mandatory funding of $1.1 billion for
the 2008 to 2012, providing grants and loans to promote
alternative feedstock resources including woody biomass.
Interconnection standards and green power purchasing have
also been formulated at the Federal level.

Construction and design support for establishment of
bioenergy production facilities and net metering available
to biomass based energy facilities so they can sell power
back to the grid are the most employed State-level policies
in the South and 10 Southern States have also formulated
renewable portfolio standards as targets for using cleaner
sources of energy in utilities and industries.

Extension and support activities have facilitated knowledge
transfers, technology demonstrations, and information
sharing sessions; and have developed multi-stakeholder
partnerships to reduce greenhouse gas emissions. Extension
agents and specialists at land-grant universities and
government institutions transfer knowledge about natural
resource management (including woody biomass-based
energy) to client groups, such as forest owners, foresters
and other natural resource managers, tree growers, loggers,
and forest workers. Non-State efforts aimed at landowners
include a State Tree Farm program that recognizes
landowners who are doing a good job of managing their
land with a certificate, subscription to Tree Farm magazine,
and Tree Farm sign to display on their property. Regular
interaction between landowners and professional foresters is
facilitated through periodic visits by foresters.

There have been number of efforts by policymakers in the
United States to create markets as a mechanism to regulate
GHG emissions, although no bill has yet become law. For
example, the House passed the American Clean Energy and
Security Act (a.k.a. Waxman-Markey) on June 26, 2009,
and three other bills were submitted to the Senate in 2009
and 2010: the Clean Energy Jobs and American Power Act
(Kerry-Boxer), the American Power Act (Kerry-Lieberman),
and the Carbon Limits and Energy for America’s Renewal
Act (Cantwell-Collins). Waxman-Markey, Kerry-Boxer,
and Kerry-Lieberman would create markets for emitting
and offsetting carbon dioxide and permit the purchase of up
to 2 billion metric tons of carbon offsets annually (Mercer
and others 2011). Gorte and Ramseur’s (2008) estimate

that at a CO,e price of $50 per metric ton, more than 800
million metric ton of CO,e could be sequestered through

afforestation activities, and approximately 380 million metric
ton through improved forest management activities. Since
2010, little congressional effort has focused on climate in
general and carbon sequestration policies in particular.

Forestry offset projects including mitigation of green house
gases through bioenergy production can potentially accrue
carbon credits but the accounting is challenging. Assuming
that energy crops do not lead to land use changes, life cycle
analyses of different biofuels (including woody biomass)
suggest overall green house gas reductions (Blottnitz and
Curran 2006, Eriksson and others 2007, Gustavsson and
others 2007). Searchinger and others (2008) argue that life
cycle studies have failed to factor in indirect land use change
effects, and suggest that using U.S. croplands or forestlands
for biofuels results in adverse land use effects elsewhere,
thus harming the environment rather than helping it. Indirect
land use change effects are difficult to assess, and today
there is no generally accepted methodology for determining
such effects. Fritsche and others (2006) argue for assessing
indirect influence of bioenergy on land use change through
measures such as land prices and rents. However, conducting
such assessments at the site level and translating these

to operational indicators is quite costly. A satisfactory
methodology for incorporating the effects of indirect land
use changes into the lifecycle greenhouse gas emissions of
fuels remains an important challenge.

There are also policies and regulations that could limit
development of a bioenergy industry in the South. The
Environmental Protection Agency’s final Greenhouse Gas
Tailoring Rule, does not exempt biomass power producers
from greenhouse gas permitting requirements, and might
act to limit the establishment of bioenergy conversion plants
(Mendell and others 2010). This rule treats carbon emissions
from biomass combustion identically to fossil fuels emissions
and increases costs associated with obtaining permits and
costs associated with technology requirements, such as

Best Available Control Technology. Mendell and others
(2010) suggest that regulatory uncertainty created due to
this regulation could affect establishment of 130 renewable
energy projects, and $18 billion in capital investment

across the country. Similarly, the Environmental Protection
Agency’s air quality permitting for biomass boilers impacts
biomass based electricity producers adversely.

Assessing efficacy of policies—A number of researchers
suggest that private landowners are by and large unresponsive
to property tax and capital gains provisions, and that forest
property tax programs are only modestly successful in
achieving their goals (Greene and others 2005, Jacobson

and others 2009, Kilgore and others 2007). Many authors
have found that landowners are largely unaware of the
existence of incentives or do not understand how incentives
might apply to them. For example, Butler (2008) based
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on landowner responses to the Forest Service’s National
Woodland Owner Survey, concluded that not all landowners
are price-responsive. Factors such as maintaining forest land
for aesthetics or wildlife conservation, as well a movement
towards smaller ownerships, might be responsible for this
price unresponsiveness. Nevertheless, at aggregate level,
these incentive based policies result in increased welfare, as
shown by Huang (2010) who found that when combined with
investment in technology, they can result in overall positive
outcomes for the South’s economy and household welfare.

Beach and others (2005) and Greene and others (2005)
found that nonindustrial private forest owners more often
respond to targeted government programs than to market
prices or other financial incentives. They also suggest that
technical assistance, cost-share payments, and direct contact
with professional foresters or natural resource specialists
more often than not succeed in changing forest management
decisions. Authors like Haines (2002) and Arnold (2000)
have proposed integrating land use planning (and woody
biomass-based energy use) into extension programs.
Educating landowners and the general public about the
benefits derived from cleaner energy sources such as woody
biomass will improve and increase interest in forest biomass
utilization. Mayfield and others (2008) indicated that
education and community engagement play important roles
in the development of cleaner technology like wood-based
energy. Joshi and Arano (2009) agree that landowners are
largely unaware of incentive programs available to them,
and thus argue that much remains to be done to encourage
private investment in forestry activities. In light of these
findings, extension and outreach support programs become
important for increasing the acceptability of wood-for-
energy technology options and improving forest and land
management practices.

Sustainability

The development of forest bioenergy systems presents

new opportunities as well as risks. Many sustainability
concerns are being raised about wood biomass utilization for
energy. These concerns range from production processes to
consumption processes—feedstock production, harvesting,
transport, conversion, distribution, consumption, and waste
disposal—and include issues of job creation and societal
benefit distribution.

Forests provide not only wood for traditional uses but

also several ecosystem services such as clean water and
biodiversity (Amacher and others 2008, Neary 2002, Stupak
and others 2007). These potential impacts—grouped into
productivity, water quality, and biodiversity categories—are
described in detail below.

Productivity—The forest floor accumulates nitrogen,
phosphorus, calcium, and other nutrients that are essential
for tree growth. Unlike traditional timber harvests, biomass
harvests for energy production could impact regeneration and
site productivity unless productivity reductions associated
with site quality are offset by fertilization. Studies of forest
biomass based energy production raise concerns regarding
soil compaction and rutting (Reijnders 2006), decreased
amounts of decaying wood on forested landscapes, changes
in the chemical and physical environment of soils (Astrom
and others 2005), increased use of agrochemicals (Fritsche
and others 20006), increased soil erosion (Burger 2002), and
nutrient loss (Burger 2002). These issues suggest a need

for intensified site and off-site monitoring where forest
management is intensified.

The machinery used to build roads and infrastructure for
biomass harvesting biomass for energy might be different
from what was used in traditional timber harvesting and
harvesting might take place in areas where timber harvesting
is traditionally not undertaken, resulting in new roads or
pathways (Lal and others 2011, Smith and Lattimore 2008).
Frequency of harvests for biomass removal could also be
generally higher than for traditional harvests, and second
operations or harvest residue collections might result in
vehicle re-entry at the site (Lal and others 2009). Intensive
removals of forest biomass for bioenergy might reduce soil
carbon and organic matter to levels that are inadequate for
sustaining forest productivity. Hope (2007) through their

site experiments in British Columbia observed that stump
removal decreases the soil stock of carbon by 53 percent,
nitrogen by 60 percent, and phosphorus by 50 percent; and
that the forest floor depth was decreased by 20 to 50 percent.
Peng and others (2002) through their study in Central Canada
reported that whole-tree harvesting produces an additional
32 percent loss of soil carbon compared to conventional tree
harvesting. Smith and Lattimore (2008), while discussing
potential environmental impacts of bioenergy harvesting on
biodiversity list contributing activities such as mechanical
damage to residual trees; expanded road networks; increased
removals and land use changes that might impact productive
and diverse ecosystems. Scott and Dean’s (2006) Long Term
Site Productivity Study found that whole-tree harvesting
reduced productivity on over 75 percent of the study blocks
in South by an average of 18 percent. However, they also
found that a one-time application of nitrogen and phosphorus
fertilizer maintained productivity and increased productivity
by an additional 47 percent above the stem-only harvest level.

Harvesting slash remaining after conventional harvesting
of loblolly pine (Pinus taeda) in the Coastal Plain along the
Gulf of Mexico reduced site productivity, decreasing soil
organic matter and associated nutrients by 18 percent (Scott
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and Dean 2006). Reductions of jack pine (P. banksiana)
height growth of 18 percent on whole-tree harvested plots in
sites of Quebec region of Canada were attributed to lower
soil moisture and nutrient availability (Thiffault and others
2006). To avoid decreased productivity from soil compaction
during biomass harvesting, Janowiak and Webster (2010),
after reviewing the state of knowledge regarding the impacts
of intensive forestry with respect to issues relevant to
bioenergy production, recommended using machinery that is
similar to what is used in conventional harvesting.

Water quality—Increased biomass harvesting activities for
a wood-to-energy market might have adverse impacts on
water quality in streams, rivers, and lakes. Increased road
construction required for woody biomass harvesting might
lead to soil erosion, high soil moisture, and increased runoff
and sediments from forest roads and landings (Janowiak and
Webster 2010). Increased machinery use might also impact
the water table at the harvest site, leading to impermeable
soils from compaction. Removal of younger trees and
lopping and topping during biomass harvests might decrease
leaf surface area, resulting in decreased transpiration and
interception (Lal and others 2009).

Machine re-entry at harvest sites might increase
sedimentation and flow levels in waterways, increasing

the chances of sediment movement into wetlands through
damaged erosion control features. Frequent harvests might
increase suspended solids and aluminum levels in water,
raising acidification levels and negatively impacting fish
and other aquatic organisms (Grigal 2000). In addition,
woody biomass harvesting adjacent to waterways might
increase the probability of higher water temperatures,
disturbed chemistry, and reduced clarity that would damage
biological communities and alter ecological processes
(Janowiak and Webster 2010). Aust and Blinn (2004)
reviewed best management practices for timber harvesting
and site preparation in the eastern United States in terms of
water quality and productivity research during for the time
period between 1982 and 2002, and concluded that effects
of harvesting on forest hydrology are highly variable across
sites and time periods. However, harvesting impacts on forest
hydrology are likely to be greater immediately following
harvest, with the recovery to preharvest conditions taking up
to 5 years

Biodiversity—The extraction of additional biomass for
bioenergy could degrade habitats beyond the range of
natural variability and produce negative effects on some
species (Janowiak and Webster 2010). Increased access and
intensity of harvest can also fragment habitats and adversely
impact wildlife corridors (Fletcher and others 2011, Lal and
others 2009). Natural disturbances such as fire, wind, and
pest outbreaks permit a continuous supply of deadwood in
unmanaged forests. Intensive forest management leading to

removal of stumps might reduce the amount of deadwood
that is considered essential to forest ecosystems and provides
habitats for different organisms (Humphrey and others 2002).

The removal of residues and stumps might negatively

alter the entire soil fauna community and structure of

the food web, harming small mammals, and reducing
ecological niches, thereby lowering diversity and numbers of
invertebrates such as spiders and predatory insects (Ecke and
others 2002). There is also a chance of insects or other wood-
colonizing species getting trapped in wood burnt for fuel.

However, intensive forest management practices controlling
pests and disease can also improve forest habitats. For
example, certain fungi species cause root and butt rot
disease to conifers worldwide. Stump removal associated
with whole-tree harvesting generally leads to significant
reductions in the area of the stump colonized by these

fungi, reducing the risk of attack (Thor and Stenlid 2005).
Conversely, the harvesting of forest residues and stumps
would also favor pioneering species of flora that are also
more tolerant of exposure and soil moisture levels. When

all biomass is removed, growth these species is more
vigorous, particularly the invasive nonforest field vegetation,
which—if it is not managed—might lead to a reduction in
timber productivity (Walmsley and Godbold 2010). Scott
and Dean (2006) also suggest that in the Gulf Coastal Plain,
soil analyses could be used to identify harvesting sites at
risk of harvesting-induced productivity loss, and fertilization
treatment could be used to avoid productivity loss caused by
whole-tree harvesting.

Meta-analysis by Fletcher and others (2011) of studies on
crops being used or considered in the United States, found
that vertebrate diversity and abundance are generally lower
in biofuel crop habitats relative to the non-crop habitats.
They found diversity effects are lower for pine and poplar
than for corn, and birds of conservation concern experience
lower negative effects. However, for minimizing impacts

of biofuel crops on biodiversity, they suggest practices that
reduce chemical inputs, increase heterogeneity within fields,
and delay harvests until after bird breeding. Many of these
practices might already be incorporated under intensive
management regimes in South and could be incorporated
into biomass production systems and management planning
used to avoid adverse impact on forested landscapes.

Results of direct and indirect land use change to agricultural
row systems can also cause habitat loss (Jonsell 2007). The
land use change from natural forests to forest plantations,
including short rotation woody crops, is of the greatest
concern from an ecological point of view (Wear and others
2010). Interventions focused on ecological restoration or fuel
reduction activities associated with woody biomass would
also benefit wildlife habitat (Janowiak and Webster 2010).
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However, biomass production might also have negative
consequences unless coordinated with breeding and nesting
seasons and maintaining cover for overwintering small
mammal species (Bies 2000).

Just as important to southerners, but less quantifiable, are the
potential impacts of increased woody biomass removals on
quality-of-life issues: aesthetics, community relationships,
and appreciation of forest land as an integral part of the
social and physical landscape (Wear and others 2010).

DISCUSSION AND CONCLUSIONS
Markets

Our demand analysis shows that the consumption
requirements for wood from bioenergy markets would not
likely be met by urban wood waste alone, and that demands
for woody biomass would require harvesting residues or
biomass from timber markets by 2013 (fig. 10.2). Prices

for all forest products would likely increase, resulting in
increased returns to forest landowners. Price changes are
greater than changes in removals or inventory, consistent
with an inelastic market response. Although removals are
responsive to price changes (higher removals at higher
prices), forest inventories will also depend on factors like
forest growth, afforestation of agricultural or pasture

lands, intensive management of forest land, and increased
plantations of fast growing species. The models used for
our analysis attempt to account for these factors, but future
conditions are clouded by large uncertainties about demand
and supply factors. Consistent with chapter 4, the market
model indicates that increased prices under bioenergy
futures would mitigate the loss of forest land in the future.
Planted pine forest area is the most responsive to these price
trends. Bioenergy demands would result in declining use of
timber by forest industry, with impacts more pronounced for
pulp-based industries than for sawtimber industries.

With high demand for woody biomass, sawtimber industries
could also be impacted, although at lower levels. This
projection is consistent with studies by Aulisi and others
(2007) and Galik and others (2009), who found that
pulpwood markets are more likely to be impacted by an
emerging wood-based energy industry. Furthermore, Aulisi
and others (2007) suggest that sawmills might benefit from
the higher prices paid by bioenergy markets for secondary
products such as sawdust and chips. Our simulation indicates
that at high levels of bioenergy demands, the softwood
sawtimber industry would eventually be adversely impacted.

Forest industry might also face increased feedstock prices for
their pulp and sawtimber operations. In the long run, price

increases for softwood nonsawtimber are less severe than for
hardwood nonsawtimber because pine plantation area can
respond quickly, and hardwood plantations are not common
in the South.

Increased forest productivity could moderate price growth
and result in higher rates of removals and inventories.
Although productivity has grown substantially in the
South as a response to intensive management and genetic
improvements, productivity effects are not limited to
softwoods. Price increases are smallest with productivity
growth strategies that extend to all management types along
with an increase in short rotation plantations. Expanding
demands for bioenergy would not necessarily reduce the
levels of forest inventories. Our simulations show that an
increase in demand from the energy industry, coupled with
productivity increases, could lead to higher levels of both
removals and inventory.

With management and technological advancements, woody
bioenergy markets could result in increases in inventory,
removals, forest acreage, and returns to landowners.
Southern forests could be managed to produce substantially
more timber for bioenergy and other forest products
consistent with the projections shown in chapter 9.

These results indicate that the future trajectory of southern
forests will depend on the state of wood-based energy
markets as influenced by technological developments and
cost considerations. Markets will also be shaped by other
unknowns, including the amount of renewable energy that
will come from solar, wind, and other sources of renewable
energy. Similar to any nascent industry, the future of wood-
based energy will depend on a number of uncertainties,
including the costs of production, technological
breakthroughs, the government policies that support
renewable technologies, forest productivity decisions, and the
expansion of short rotation woody crops. Along these lines,
if carbon markets emerge and carbon credits for displacing
fossil fuels with woody bioenergy are considered, more
changes in forest management and short rotation woody
crops might be expected, but inclusion of these details is
beyond the scope of this chapter.

Technologies

On the woody biomass-based energy technology front, there
is no emergent favorite. Even supposedly “low-hanging
fruits” such as co-firing face significant challenges, such

as boiler ash deposition, corrosion, and feedstock selection.
Federal and State governments, along with forest industry,
are investing research dollars into these technologies with
hopes of commercial success. Different types of woody
bioenergy occupy different places on the cost feasibility
spectrum. Wood pellets are already feasible under current



The Southern Forest Futures Project

markets, while biofuels are not economically competitive at
the current level of technology.

Advantages of wood pelletization include high energy-to-
weight ratio, lower capital requirements, ability to operate
production facilities at a variety of scales based on demand
or wood supply, lower costs of shipping the final product,
easier handling, and, most of all, high demand in European
countries. Conversely, preferred conversion technologies
for wood-based fuels remain largely uncertain because of
the high cost of production, project-specific factors, and
environmental standards (McKendry 2002). The high unit
cost of woody biomass-based energy is largely attributed
to high harvesting and transport costs; for example,
making woody biomass-based ethanol competitive with
starch-based ethanol or gasoline would require reduced
capital costs through technology improvements, reduced
feedstock costs (primarily from yield improvement), and
densification of wood at the harvest site to lower harvesting
costs (Alavalapati and Lal 2009, Dwivedi and others 20009,
Jackson and others 2010). The cost of transport from the
supply source (for example, the forest) to the conversion plant
also determines the viability of the manufactured product
(electricity, heat, or liquid fuels). Overcoming this significant
challenge requires that plants have easy access to the wood
supply and to distribution markets.

No species group has emerged as a favorite for woody
bioenergy. Both softwoods and hardwoods can be co-fired
with coal, used in combined heating and power plants, and
compressed for wood pellet production (Spelter and Toth
2009). Evidence supporting a clear preference for hardwood
or softwood species for wood-based liquid fuel is lacking as
well. Zhu and Pan (2010) suggest that sulfite pretreatment
to overcome lignocelluloses recalcitrance process holds
promise for woody biomass conversion, especially for
softwood species. However, softwoods contain more

lignin than hardwoods (Galbe and Zacchi 2002), meaning
that the conversion to liquid fuels might be less efficient

in softwoods because lignin needs to be removed during
the pretreatment process. Even Zhu and Pan (2010) noted
that in one of the most common pretreatment processes
(acid catalyzed steam explosion) sugar was successfully
recovered from hardwoods (for example, 65 to 80 percent
recovery from poplars) compared to less encouraging
results for softwood species.

Regardless of the conversion technology employed, a
continuous long-term flow of wood would be needed as raw
material. Because many Southern States are emphasizing
renewable technologies, new co-firing and combined heat
and power plants and ethanol biorefineries are likely to be
established in the future. Expansion of this sector—more
woody biomass-based energy plants or expansion of existing

facilities to achieve economies of scale—will be associated
with an increase in the demand for wood fiber. To meet the
burgeoning demand for woody biomass for energy estimated
by SRTS simulation runs, merchantable timber and small-
diameter wood would be required in addition to logging
residues or wood waste such as sawdust, shavings, and chips
from other wood product manufacturing processes.

Technological advancements are essential for making wood
energy competitive with other sources such as gasoline

and coal. Policy support for woody biomass-based energy,
a nascent industry, might help in attaining commercial
viability and developing a mature market.

Policies

Auvailable policy instruments have advantages and
disadvantages (Aguilar and Saunders 2010, Alavalapati
and others 2009). Financial incentives allow directly
measurements of their impact on prices. Moreover, they
can promote sustained demand for and supply of energy
feedstocks, and can lower the capital costs of investments.
However, funding for these programs is vulnerable during
hard economic times. Regulations such as renewable
portfolio standards are easy to adopt, and producers
generally bear incurred costs. However, these types of
policies might suffer from inflexibility, and information
needed for effective targeting can be elusive. A better
option might be to develop a suite of policy options geared
towards woody biomass-based energy. For example,

an Environmental and Energy Study Institute proposal
(2010) suggests that in uncertain times, an integrated
policy approach for bioenergy might include: inventorying
bioenergy resources and markets and developing a long
range bioenergy plan; developing sustainable feedstock
production guidelines; developing locally appropriate
feedstocks and conversion technologies; creating easement
programs for sustainable feedstock production; establishing
minimum renewable fuel standards; enacting a low carbon
fuel standard; promoting interagency cooperation and
cooperation with other States; providing tax incentives

for producers and retail distributors; and leveraging State
resources through Federal and private partnerships.

Given current logistical and technological challenges,
developing a mature woody biomass-based energy market
would likely depend on some level of government support that
includes financial incentives and other regulatory and support
policies. Indeed, such policies have emerged in various forms,
including research and development, consumption incentives
(such as fuel tax reductions), production incentives (such as
tax incentives, direct subsidies, and loan guarantees), and
mandatory consumption requirements. These and future
policies for production, conversion technologies, and markets
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and distribution can potentially impact the production and
commercialization of woody biomass for energy, but might
also alter the ecosystem services provided by forests.

Financial incentives might facilitate the increased production
and diversion of woody biomass, likely increasing wood
demand and adding to the profitability of landowners

and those engaged in wood-to-energy conversion. Stand
improvement and restoration activities prioritized by States,
such as land recovery and cost share programs, might help
landowners make the long-term investments. Support for
weed and pest management, such as the pine bark beetle
prevention program in Virginia, might also increase biomass
availability. Best management practices and harvesting
guidelines developed especially for bioenergy could restrict
wood availability by reducing harvesting impacts through
minimum tillage and reduced applications of fertilizers

and pesticides; protecting wildlife corridors, riparian

zones, and other sensitive areas; and adopting wildlife
habitat enhancement measures such as leaving patches of
undisturbed areas, promoting certain species mixtures and
crop rotations, and retaining quantities of harvest residues,
litter, deadwood, snags, and den trees.

Research and technology grants, coupled with subsidies,
could help develop current and future wood-for-energy
markets. Other financial incentives targeting energy
producers might also favor the progress of new conversion
technologies and the integration of new technologies with
existing ones. Policy efforts geared towards development
of gasification techniques or an integrated process

with biomass-based electricity generation would likely
increase the production of woody biomass-based energy.
Technological innovations channeled towards reducing
feedstock production costs are significant, as they are likely
to spike the demand of wood, luring away some share from
traditional forest industries.

A wide array of policy instruments geared towards
improving the marketing and distribution of woody biomass-
based bioenergy—such as appliance efficiency standards,
mandatory utility green power options, and renewable
portfolio standards—could play a pivotal role in deciding
where the wood—to-energy conversion plants and distribution
centers are set up. Because location of infrastructure
translates to increased demand for forest biomass, the
conditions of nearby forests might change.

Economic and technological uncertainties might influence
the impacts that current and future policies have on southern
forests. However, the great variety of policies—and the
multitude of ways in which the can interact—confounds
efforts to predict their potential effects. Policies addressing
other environmental and societal benefits associated with
forests and wood-to-energy markets might also alter the

impacts of bioenergy policies. In particular, emergence of
carbon markets could spur further growth in the wood-to-
energy industry, but formulating a policy mechanism to
realize carbon payments is a huge challenge. For example,
under the Carbon Cap and Trade Bill currently in the U.S.
Congress, many forest landowners would not qualify for
carbon market benefits because they would not get credit for
existing levels of carbon sequestration, nor could they meet
sequestration permanence standards.

Sustainability Issues

Production of woody biomass for bioenergy can help

meet energy goals, but can also stimulate accelerated
harvesting, with potentially negative implications for

forest ecosystems. Reduction of soil nutrients as well as

soil compaction would likely decrease forest productivity.
Intensive biomass removal might affect aquatic communities
by increasing erosion, runoff, and waterway sedimentation.
Intensive forest management might also degrade forest
habitat conditions, negatively affecting flora and fauna and
reducing biodiversity. Land use changes from natural forest
to managed plantations might adversely affect imperiled
species in certain locations (see chapter 14). However,
changes from agricultural systems to forests might improve
habitat conditions. Further, the highgrading of stands
generally observed during some timber harvesting might be
eliminated with biomass harvesting.

Intensive woody biomass removal might also have some
negative implications for community relationships,
aesthetics, and public perceptions about forest land as

an integral component of southern ecosystems. Potential
impacts on forest ecosystems at local and regional levels is
most likely to challenge the forestry community to consult
new research findings like those summarized below and
update existing certification systems with guidelines on
how, when, and where woody biomass removals should be
conducted:

Janowiak and Webster (2010) provide a framework that
includes adapting management to site conditions, increasing
forested land where feasible, using biomass harvests as a
restoration tool, evaluating the possibility of fertilization and
wood ash recycling, and retaining deadwood and structural
heterogeneity for biodiversity.

Hennenberg and others (2009) suggest creating protected
areas that can be used to conserve relevant portions of
biodiversity.

Lal and others (2011) similarly report a set of nine criteria
that are necessary to the pursuit of sustainable woody
biomass extraction: reforestation and productive capacity,
land use change, biodiversity conservation, soil quality
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and erosion prevention, hydrologic processes, profitability,
community benefits, stakeholder participation, and
community and human rights.

Fletcher and others (2011) recommend the following
strategies to ensure habitat for biodiversity: reducing
harvesting impacts through minimum tillage and reduced
fertilizers and pesticides; protecting wildlife corridors,
riparian zones, and other sensitive areas; and adopting
wildlife habitat enhancement measures such as leaving
patches of undisturbed areas, promoting certain species
mixtures and crop rotations, and retaining quantities of
harvest residues, litter, deadwood, snags, and den trees.

Multi-stakeholder efforts such as the Roundtable on
Sustainable Biofuels and the Global Bioenergy Partnership
for biomass harvesting are already underway. The
Roundtable on Sustainable Biofuels and Global Bioenergy
Partnership are in the process of developing global principles
and criteria for developing a set of global, science-based
criteria and indicators coupled with field examples and

best practices (including benchmarks) for bioenergy
sustainability.

In addition to the overall scale of biomass production, the
location and methods of woody biomass harvests would
affect the health, vitality, and ecological function of southern
forests. Existing certification systems such as the Forest
Stewardship Council, American Tree Farm System, and
Sustainable Forestry Initiative have criteria and indicators to
safeguard site productivity, water quality, and biodiversity
but some additional indicators may be required for woody
biomass harvests. For example, an indicator might be needed
to address harvest residues left on site to maintain habitat for
small mammals, insects, reptiles, and amphibians. Levels of
necessary residues would depend on site-specific conditions,
although general guidelines could be formulated at State or
Southwide levels. Similarly, erosion-preventing indicators
(such as those prohibiting harvests on shallow and nutrient-
poor soils) would need to consider specific soil conditions
such as depth of soils, nutrient conditions, and regeneration
potential.

Biomass harvesting at the levels explored in this chapter
could have negative implications for future forest conditions
and ecosystem services flowing from southern forests
including water (chapter 13) and wildlife/biodiversity
(chapter 14). These outcomes depend on the amount and
location of harvesting, but perhaps more critically on

the management strategies used. The research described
above indicates that management systems can be designed
to mitigate damages to various ecosystem services. Of
course, this requires management planning that addresses
management objectives in the context of local conditions.

The need for additional best management practices or

other guidelines will depend on the rate of development

of the bioenergy sector, which is highly uncertain. The
acceptability of these approaches would depend on the
process of updating best management practices, which would
ideally combine public involvement with a science-based
process at appropriate scales (Alavalapati and Lal 2009).

SUMMARY

Wood-based energy markets have been proposed as a means
to ensure sustainable forests, enhance energy security,
promote environmental quality, and realize social benefits.
However, several complex issues are influencing the

ability to develop these markets in economically efficient,
environmentally benign, and socially desirable ways.

These issues include biomass availability or supply, market
competitiveness and technology development, supportive
Federal and State policies, tradeoffs with traditional forest
product industries, sustainability, and ecosystem integrity.

This chapter has focused on four interrelated dimensions

of bioenergy futures related to southern forests: markets,
technologies, policies, and sustainability. Across the various
bioenergy scenarios, these new demands would affect the
markets for all wood products and lead to price increases for
timber products and higher returns to private landowners.
The degree to which other wood consumers are impacted
would depend on expansion in supply, which in turn depends
on intensification of forest management and changes in land
use (primarily from agricultural to forestry).

New demands for bioenergy will be determined by
expansion of existing technologies—for example, pellets and
co-firing with coal—but more critically on the emergence
of new technologies that are not yet economically viable.
Accelerated technological developments and reduced
production costs might be achieved through various
policies at Federal and State levels. The sustainability
issues surrounding bioenergy are defined by the negative
externalities associated with accelerated harvesting in the
South. Research indicates that management systems and
standards can be designed to protect these values, defining
another interface with future policy.

All of these dimensions are fraught with uncertainty. Market
futures depend on demands for traditional wood products
and on energy prices. Technology development depends on
research funding but also on unknowable limits to technical
feasibility and the prospect of economic returns. Policy
development is highly uncertain and fundamentally engages
tradeoffs among energy, environment, community, and other
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societal objectives. The relationship between harvesting at
unprecedented levels and forest ecosystem services is not
fully known.

This chapter lays out a broad range of potential developments
and management options. Clearly the path to sustainable
bioenergy futures will involve enhancing knowledge,
monitoring changes, updating expectations, and narrowing
the overall uncertainty about future prospects. These issues
will likely be the focus of forest assessments for years to
come.

KNOWLEDGE AND INFORMATION GAPS

The future of woody bioenergy markets depends on a
multitude of factors such as supply and availability of
wood biomass; advancements in conversion technologies;
improvements in harvesting, collection, storage,
densification, preprocessing, and transportation; product
prices and elasticities; infrastructure; and productivity
increases.

Determining many such factors with confidence was
difficult, and our analysis tools were limited. The
bioeconomic model that we employed for market analysis
calculates harvest levels, related prices, inventory, and
acreage as functions of input demands, productivity
increases, and various assumed parameters. These
relationships are not known with high precision, and the
market analysis cannot account for every economic variable
and strategic response to the impacts on energy markets.
Applying the models to a large number of scenarios provides
insights into the range of potential market responses in the
future. Improved estimates of the various supply, demand,
and production relationships would enhance forecasts of
future market developments. What’s more, high-demand
bioenergy futures imply important trades between wood
products sectors with implications for employment, income,
and rural economies that warrant additional study.

Our stylized approach to constructing consumption
projections for the region leaves certain aspects of bioenergy
futures unaddressed. Importantly, questions regarding
interregional and international trade in wood products that
could affect the ultimate expression of regional demands
were not directly addressed. Trade modeling was beyond the
scope of the Futures Project and explains why a broad range
of futures was evaluated—i.e., to capture a reasonable range
of futures regardless of the mechanisms leading to demand
outcomes. The national assessment of timber and wood
products markets contained in the 2010 RPA Assessment
(Ince and others 2011) explores trade under similar scenarios
and serves as a useful reference.

Woody bioenergy production might be more cost competitive
under a greenhouse gas reduction strategy that assigns

a market value to carbon emissions, in effect allowing

social and environmental benefits to be accrued to woody
bioenergy. This approach could monetize the benefits gained
through greenhouse gas reduction, and those gains could be
traded in a carbon market. Although likely to spur further
growth in a bioenergy industry, the carbon market approach
has yet to formulate a viable mechanism for realizing carbon
payments to forest landowners.

The legal definitions of what qualifies as ‘forest biomass’
under different policy descriptions would generate large
variations in forest biomass utilization and therefore require
research attention. For example, the Energy Independence
Security Act (2007) provides a restricted definition by
excluding biomass from public forests and naturally
regenerated private forests. Conversely, the 2008 Farm Bill
provides a comprehensive definition for forest biomass.

Estimates of the volume of woody material that can

used for energy production at secondary wood products
manufacturing facilities are imprecise and based on varying
assumptions about production facilities and per-unit
production potential. Also needing research attention is
comprehensive analyses of short rotation woody crops that
can be made available for energy use; land use tradeoffs

of short rotation woody crops with agriculture, pastures,
and forest land; and potential for pine-switchgrass and
other agroforestry systems to expand. Productivity gains
from changing the geographic range of agriculture and
woody biomass feedstocks and improving management is
another research area that warrants further attention, as is
documenting landowner willingness to participate in forest
biomass markets and incorporating this information into
woody biomass supply functions.

Additional research is needed to identify sustainability issues
surrounding woody biomass utilization for energy. The

focus of these concerns ranges from production processes to
consumption processes (feedstock production, harvesting,
transport, conversion, distribution, consumption, and waste
disposal) to job creation and societal benefit distribution.
Future research would necessarily focus on the tradeoffs
arising from woody biomass diversion for energy use,

and the level at which woody bioenergy might become
ecologically, economically, and socially undesirable.
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APPENDIX B.

Total Wood Demand for Energy Estimation

This appendix accompanies chapter 10. Estimation of the
woody biomass required for electricity production began
with Energy Information Administration (2010) data on
electricity generation, in billion kilowatt hours (kWh), for
the electricity grids that supply customers in the Southern
United States. The grid-based sales data is available only
until 2035, but we extrapolated it to 2050 by applying the
average growth rate calculated over the five preceding years.
Determining the amount of electricity consumed in the 13
Southern States is challenging because the electric grid
networks do not track the volume of power flowing to or
from individual areas, nor do they break out the electricity
sales information by States.!

We assumed that a fixed percentage of individual grid
electricity caters to the South (Galik and others 2009, Rossi
and others 2010) and based estimates of that percentage on
expert opinions. Our underlying assumption was that the
electricity demand storyline will not drastically change, with
little alterations in percentages.

The Florida Reliability Coordinating Council and Electric
Reliability Council of Texas grids only serve customers in
the South, so we assumed that all of their sales are within
the South. Other electric grids cater to customers outside the
South as well:

The Southeast Reliability Corporation serves customers
throughout Missouri, Alabama, Tennessee, North Carolina,
South Carolina, Georgia, and Mississippi; as well as portions
of Towa, Illinois, Kentucky, Virginia, Oklahoma, Arkansas,
Louisiana, Texas, and Florida. To account for supplies going
outside the South—most of Missouri and portions of lowa
and Illinois—we subtracted 16 percent of the grid total
electricity.

The Southwest Power Pool serves customers throughout
Kansas as well as portions of New Mexico, Texas,
Oklahoma, Arkansas, Louisiana, Missouri, and Nebraska.

! Personal communication, 2010. R.J. Robertson, Manager, Customer
Relations. Southwest Power Pool, 415 North McKinley, #140 Plaza West,
Little Rock, AR 72205; and Teresa Glaze, Data Analyst, SERC Reliability
Corporation, 2815 Coliseum Centre Drive, Suite 500, Charlotte, NC 28217.

We assigned 36 percent of the grid’s output to the Southern
States—Texas, Oklahoma, Arkansas, and Louisiana.

An East Central Area Reliability Coordination Agreement
state, now merged into Reliability First Corporation, serves
portions of Kentucky and Virginia. We assigned 18 percent
of the grid’s output to those States.

Western Texas also receives some electricity from the
Western Electricity Grid. Rather than apportioning part of
the Western Grid supply, we inflated the electricity supply of
the major supplier in the State (Electric Reliability Council
of Texas) by 6 percent.

Using the percentage apportioning described above, we
scaled data on the total U.S. annual electricity sales outlined
in Energy Information Administration (2010) reference case
scenario to the Southern States.

We estimated the share of woody biomass-based

electricity, using the same data source (Energy Information
Administration 2010) for the electricity grids. These data are
broken down by the type of renewable energy—including
conventional hydroelectric, geothermal, wood and other
biomass, biogenic municipal waste, wind, photovoltaic, and
solar thermal sources; but excluding ethanol, net electricity
imports, and nonmarketed renewable energy consumption
for geothermal heat pumps, buildings photovoltaic systems,
and solar thermal hot water heaters—and scaled down
according to the percentage factors used to derive total
output for the South. Using total electricity demanded, total
renewable electricity, and total woody and other biomass-
based electricity data, we derived the share of renewables

in the total electricity portfolio of the region, as well as

the share of wood-based biomass electricity within the
renewables. Following Galik and others (2009), we assumed
that all energy from wood and other biomass sources
outlined by the Energy Information Administration (2010)

is completely composed of wood. The woody biomass
demand specified as electricity in billion kWh was converted
to woody biomass in thermal energy terms of trillion Btu.
Following Rossi and others (2010), we used a conversion
factor of 13,648 Btu per kWh, which is the standard
electricity to thermal energy conversion factor (3,412 Btu per
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kWh) at a 25 percent level of efficiency. This is congruent
with the Wiltsee (2000) study of biomass-fuelled power
plants, which reported the typical higher heating value to be
approximately 14,000 Btu per kWh (24.4 percent efficiency).

To account for conversion efficiency increases resulting
from factors such as increased use of co-firing with coal

in the future, replacing older combustion steam turbines
with gasification combined cycle plants, and technological
advances to all types of biomass power plants, we assumed
a gradual increase in thermal efficiency after 2020 to a
maximum of 40 percent in 2050. We converted Btu values
to mass in green tons by applying a conversion factor of 8.6
million green tons per Btu outlined by the Forest Service
(2004) for green wood (50 percent moisture content). Next
we needed to allocate how much of the total biomass used
for energy is sourced from softwoods versus hardwoods.
This is challenging as weight-to-volume conversion factors
vary with stem size and specific gravity of species. Galik
and others (2009) estimated conversion factors for trees of
average diameters based on Timber Mart-South 2007 data.
We followed their conversion factors—34.44 green tons per
thousand cubic feet for softwoods and 35.98 green tons per
thousand cubic feet for hardwoods.

ESTIMATING DEMAND
Wood-Based Liquid Fuels

Estimation of the woody biomass required for liquid fuels
production began with Energy Information Administration
(2010) projections of energy consumption by sector and
source. We used this information to determine the share

of cellulosic ethanol with respect to the total domestic
ethanol production. While extrapolating ethanol production
from 2036 to 2050, we pegged the corn and starch ethanol
production value at the 2035 level and assumed that
increased ethanol production will come from cellulosic
sources alone. This is in sync with current Renewable

Fuel Standard target of pegging corn and starch ethanol
production at a fixed level and allows for increase in ethanol
production through cellulosic sources alone, although the
Energy Information Administration (2010) projections
assume that the Renewable Fuel Standard target of cellulosic
ethanol will not be met by 2022.

We estimated total domestic cellulosic ethanol production

(in million barrels per day) based on percentage share

data on estimates of liquid fuels supply and disposition,

and added data for other biomass-derived liquids such as
pyrolysis oils, biomass-derived Fischer-Tropsch liquids,

and renewable feedstocks used for the production of green
diesel and gasoline, gathered from the same source, to get
total liquid fuels that can be produced from wood or other
cellulosic sources (Energy Information Administration 2010).

We scaled cellulosic liquid fuels demand at the national
level down to southern levels based on the assumption that
55 percent of the national demand will be met by the 13
Southern States. Because wood is a high-volume low-value
product, transportation costs limit its transport to conversion
plants far from harvesting areas. In this light, 55 percent is
conservative, as 57 percent of wood harvesting occurs in the
South (Hanson and others 2010).

A suite of feedstocks (including wood, paper and pulp
liquors, algae, switch grass, and agricultural residue) can be
used to produce cellulosic ethanol or other bio-oils. Because
the future of liquid fuel from biomass sources is uncertain
and we do not know how much cellulosic ethanol and other
bio-oils will come from wood sources, we assumed that 30
percent of the total cellulosic fuels and bio-oils are from
wood. We converted barrel-per-day demand to gallons per
day according to Oak Ridge National Laboratory (2010)
protocols, which defined 1 barrel as 42 gallons. We converted
daily consumption data to annual levels by multiplying by a
factor of 365.242 and converted gallons of ethanol and bio-
oils to green tons of wood using an ethanol yield calculator
(http:/wwwl.eere.energy.gov/biomass/ethanol yield
calculator.html), establishing that a green ton of softwoods
produces 40.75 gallons, 50.4 gallons for hardwoods. We
further converted the wood demand in thousand cubic feet by
applying the volume-to-weight conversion factors developed
by Galik and others (2009).

Wood Pellets

The U.S. wood pellet industry is already established, in
contrast to the wood electricity and wood fuels industries
(Alavalapati and Lal 2009, Spelter and Toth 2009). However,
to a large extent, it is being driven by European demand
(Gold 2009). This along with the use of wood pellets for
domestic heating rather than grid electricity might result

in incomplete accounting by the Energy Information
Administration (2010), where renewable electricity
production estimates are based solely on electricity grid
sales. This prompted us to account for wood pellet demand
separate from wood based electricity demand. Spelter and
Toth (2009) estimated southern pellet plant capacity to be
1.85 million tons in 2009; based on their assessment that
U.S. plants operate at an average efficiency of 66 percent, we
estimated the demand for wood for pellets in the southern
region to be 1.22 million tons. Because many States are
encouraging the use of renewables, domestic demand is
likely to increase in future. To account for expected demand
increase in future, we assumed a 0.5-percent annual increase
in the capacity of pellet plants from 2011 onwards. The
current capacity utilization of U.S. pellet plants is lower than
countries like Canada, which have utilization efficiency of
81 percent. Spelter and Toth (2009) attributed this to reasons
such as newer plants, normal startup problems, and limits
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on fiber availability. However, they also say that as pellet
plants become older, the U.S. capacity utilization is expected
to increase. To account for technological advancements,

we assumed that overall capacity utilization increases by

1 percent per year from 2015 until it reaches 85 percent.

Harvesting Residues and Urban Wood Waste

Current literature (Perlack and others 2005, Galik and others
2009, Energy Information Administration 2010) indicates
that harvesting residues—discarded tree tops and limbs
generated during the harvesting process—currently being
left on the ground can be used as woody biomass-based
energy feedstocks. Recent analyses (Galik and others 2009,
Rossi and others 2010) suggest that harvesting residues
could be used to avoid diverting some merchantable timber
for energy production. Rossi and others (2010) also argue
that the projections of woody biomass demand for energy
production need to be scaled down further to account for
urban wood waste. For this reason, we dropped urban wood
waste from the total amount of woody biomass consumption.
This essentially gives us the merchantable timber that will be
required for energy production (total woody biomass minus
urban wood waste). Note that the residue from additional
harvesting was handled endogenously. The model calculates
softwood and hardwood harvesting residues along with the
merchantable timber that can be harvested in a particular
year. For each year, the amount of harvesting residues that
can be made available is estimated along with the harvest
levels of softwood and hardwood pulpwood and sawtimber.
Because it ignores urban wood waste, we netted out urban
wood waste from total woody biomass consumption and fed
the remainder into the model.

The harvest residue that can be used for energy production
depends on total harvest as well as the residue utilization
factor (the percentage of harvest residue that can be
converted to energy). Increased harvesting efficiency can
reduce the availability of forest residues (Grushecky and
others 2007). Rather than having a constant harvesting
residue utilization factor—40 percent for Walsh and others
(2008), 45 percent for Rossi and others (2010), and 50 percent
for Galik and others (2009)—we assume 45 percent in 2010,
increasing to 67 percent in 2025, and remaining pegged at
this level until 2050. We believe that this trend characterizes
the effects of current harvest efficiencies and technology
improvements along with potential developments of the
forest residues market. Because forest residue removal also
has the potential for adverse impacts on site productivity
and biodiversity (Lal and others 2009), some State biomass
harvesting guidelines are aimed at retaining of 10 to 33
percent forest residues on harvesting sites (Lal and others
2011). Consequently, we assume that not more than 67
percent of harvest residues are removed and utilized for
energy production.

Total harvest information for different time periods is
estimated through an auxiliary Subregional Timber Supply
model, (Abt and others 2000), which calculates gross harvest
residues. The modified model uses residual factors (Johnson
and others 2009) to estimate softwood and hardwood
harvesting residues produced for different woody biomass
consumption scenarios. For the forest survey units in this
study, the harvesting residual factors for softwood ranges
from 0.049 to 0.161 (per cubic foot of removals) for growing
stock, and 0.091 and 0.357 for nongrowing stock, compared
to 0.106 to 0.247 for growing stock and 0.1945 and 0.3783 for
nongrowing stock for hardwoods.

The subregional supply model run allocates harvest residues
based on species (hardwood versus softwood) rather than
to hardwood and softwood products (sawtimber versus
nonsawtimber). To distribute residues to the four products,
we used average product shares of these products as initial
parameter values and calculated the average product shares
based on the Timber Product Outputs data (Bentley 2003;
Johnson and others 2006, 2008, 2009). We estimated the
residues at 55.51 percent for softwood sawtimber, 44.48
percent for softwood nonsawtimber, 39.74 percent for
hardwood sawtimber, and 60.25 percent for hardwood
nonsawtimber.

Wiltsee (1998) estimated per capita urban wood waste at
0.203 green tons per year, which we used—along with the
yearly estimates of future population of the Southern States
through 2050 from the U.S. Census Bureau States Interim

Population Projections by Age and Sex data sets (http:/www.

census.gov/population/www/projections/projectionsagesex.
html)—to calculate the annual amount of urban wood waste
generated in the region. Because some urban wood waste
will not be diverted for energy use, we scaled the per capita
urban wood waste estimation by a utilization factor of 60
percent (Carter and others 2007).

ALLOCATING MERCHANTABLE TIMBER
INTO FOUR PRODUCTS

To determine the percentage share within a species group,
we allocated woody biomass requirement (minus harvesting
residues) only to the pulpwood market, as sawtimber and
other higher value forest resources might be too expensive
to be used for bioenergy production. The nonsawtimber-
based feedstock preference can also be observed in a recent
study by Rossi and others (2010) in Florida, which assumed
that 88 percent of the total timber diverted for energy comes
from nonsawtimber sources. However, Perlack and others
(2005) outline the possibility that high oil prices and low
timber prices may create conditions whereby pulpwood or
even small sawtimber resources could be used for bioenergy.
We assumed that nonsawtimber will be used for energy
production earlier than high value sawtimber. However, at
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higher level of woody biomass consumption, we determined
how much of the woody biomass requirement exceeds

what can be met by nonsawtimber. We posit that this

extra requirement of biomass (over and above the harvest
levels depicted by the model runs) is sourced by displacing
softwoods and hardwoods sawtimber from forest industries.

The subregional supply model utilizes diameter distributions
for each subregion, owner, management type, and age class
to calculate product removals and inventory volumes by

age class. We modified age class in the subregional supply
model from a five-year period to annual levels so that the
supply response could be consistent with consumption data.
Furthermore, the model requires a specific cull factor and

a diameter range that determines how much volume (in

each product category) contributes to nonsawtimber. We
used the cull factor outlined in Abt and others (2009, 2010)
and demarcated sawtimber versus nonsawtimber based on
diameter at breast height (d.b.h.) definitions from the Forest
Service Forest Inventory and Analysis program: 5-8.9 inches
for softwood nonsawtimber, 5-10.9 inches for hardwood
nonsawtimber, >9.0 inches for softwood sawtimber, and
>11.0 inches for hardwood sawtimber. Trees <5 inches d.b.h.
are considered to be saplings.

The modified subregional supply model requires that
consumption be input according to the softwood and
hardwood categories specified by the user. We apportioned
total woody biomass consumed (both for energy and for
traditional forest industry requirements) for a particular
scenario among the hardwood and softwoods as the starting
point. Looking at roundwood output data for the past decade
(Bentley 2003; Johnson and others 2006, 2008, 2009), we
observed that the softwoods comprise approximately 70
percent of the total timber output, compared to 30 percent for
hardwoods.

As most of the technology for woody bioenergy production
is in nascent stage and no species group has been established
as favored, we followed this generic timber output trend and
parameterized the initial model run by assuming that 70
percent of wood used for energy or by industry is sourced
from softwood, and the remaining 30 percent is from
hardwoods.





