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SUMMARY 
What are the most appropriate policies to facilitate 
regional bioenergy systems in furtherance of 
environmental, social, and economic objectives? 
A multi-year research project funded by the U.S. 
Department of Agriculture’s National Institute of Food 
and Agriculture has attempted to answer that question 
for the southeastern United States. Project analyses 
found few policies targeted to the upstream portions of 
the supply chain in the region, suggesting that efforts 
to encourage sustainable bioenergy markets should be 
cognizant of the dynamics of feedstock production and 
use. Investigation of bioenergy market participation 
identified non-production objectives, structural and 
social constraints, and market-related attributes that 
could influence market participation decision making. 
It also suggested that policies specific to individual 
markets might be more effective than uniform national 
initiatives in encouraging participation.

Modeling of potential policies to facilitate development 
of regional bioenergy systems suggested that 
feedstock dynamics play a critical role in outcomes. A 
region-wide renewable portfolio standard—a policy 
characterized by few restrictions on the location 
of feedstock production and use—led to increases 
in forest carbon and decreases in greenhouse gas 
emissions at multiple scales. Forcing feedstock 
production and use to occur in particular locations 
might have the opposite outcome. The effectiveness 
of regional bioenergy systems will depend on the 
responsiveness of policy to social, economic, and 
resource conditions.
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SUSTAINABLE	  BIOENERGY	  SYSTEMS:	  WHERE	  ARE	  WE	  AND	  WHAT	  HAVE	  WE	  LEARNED?	  
Global and domestic bioenergy use has strongly increased in recent years. Between 2000 and 2014, U.S. 
ethanol production increased 875%, from 1.6 billion gallons to 14 billion gallons (U.S. Department of 
Agriculture 2015). U.S energy production from woody biomass has increased from 0.196 quadrillion 
BTU in 2010 to 0.246 quadrillion BTU in 2015, a 25% increase, and is projected to increase another 10% 
by 2017 (U.S. Energy Information Administration 2016). Between 2008 and 2014, U.S. wood pellet 
production capacity increased four-fold to 12 million metric tons per year, and annual global production 
doubled to more than 25 million metric tons (Goetzl 2015).   

Despite this recent growth, significant environmental, social, and logistical challenges must be overcome 
if bioenergy is to meet the objectives that have been set for it. Concerns have been raised about the 
capability of bioenergy to meet those objectives without undesirable environmental, social, or economic 
side effects (National Research Council 2011; Natural Resources Defense Council 2015). From a logistics 
standpoint, many areas with high demand are likely to be distant from places where bioenergy can most 
readily be produced (Junginger et al. 2014). Moreover, technical challenges, such as finding the best 
methods to grow and transport bioenergy crops and convert them into energy, must be overcome if 
bioenergy is to be cost competitive with other forms of energy (Junginger et al. 2014; Stoof et al. 2015). 

Given these uncertainties, questions remain as to the most appropriate policy to facilitate regional 
bioenergy systems in furtherance of environmental, social, and economic objectives. Addressing these 
questions for the southeastern U.S. was the primary objective of a multi-year, multi-institution research 
project funded by the U.S. Department of Agriculture’s National Institute of Food and Agriculture 
(NIFA). The review below captures that project’s primary findings. It reviews the factors influencing 
bioenergy market participation decisions and the effect of alternative policy designs on the evolution of 
bioenergy markets. It concludes with a brief summary of lessons and a list of new questions to explore. 

WHAT	  IS	  DRIVING	  THE	  DEVELOPMENT	  OF	  REGIONAL	  BIOENERGY	  SYSTEMS?	  
Despite significant policy support, a self-sustaining bioenergy industry has yet to emerge in the United 
States.1 Historically, renewable energy has comprised less than 10% of total energy consumption in the 
United States and has increased only slightly in recent years. Although total energy consumption has been 
increasing, bioenergy has not significantly expanded its share of the renewable energy market.  

This analysis summarizes key reasons for the failure of bioenergy systems in the United States—
specifically in the Southeast—to increase in size and become more cost competitive relative to traditional 
energy sources. In doing so, it outlines ongoing efforts to assess bioenergy market potential and 
sustainability using new economic modeling applications and to do so in the context of nontraditional 
policy initiatives.  

Biomass energy production has played a relatively small role due to a number of economic, institutional, 
and policy-related reasons. To characterize these barriers, this analysis reviews bioenergy feedstock 
availability in the Southeast United States and discusses the supply chain structure relevant to the region. 
The analysis then assembles a complete list of current bioenergy policies and, using definitions and 
methods from the literature (Becker et al. 2011; Jensen et al. 2011), identifies gaps in current policy 
coverage and suggests ways novel policies can fill them.  

Figure 1 summarizes the number of federal and state policies targeting each step of the supply chain. As it 
indicates, the upstream portion of the supply chain is targeted by relatively few policies, suggesting that 
                                                        
1	  Material	  in	  this	  section	  is	  derived	  from	  Vegh	  and	  Galik	  (2015).	  
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the bioenergy issue could be characterized as a feedstock supply issue. This finding provided motivation 
for the below-described analyses, each of which explore some aspect of feedstock production or use and 
the policies by which sustainable regional bioenergy markets may be developed in the southeastern 
United States. 

Figure	  1.	  Count	  of	  bioenergy	  market	  related	  policies	  operating	  in	  the	  Southeast	  United	  States	  
 

 

WHAT	  IS	  DRIVING	  BIOENERGY	  MARKET	  PARTICIPATION?	  
To determine the policies best suited to facilitate the emergence of sustainable bioenergy systems in the 
United States, it is first necessary to determine the motivations of landowners and land managers who will 
ultimately feed bioenergy markets.2 But there is a shortage of research on what actually drives landowner 
and land manager bioenergy market participation decisions (e.g., Clancy et al. 2011) and on how these 
drivers vary across producer groups (e.g., Markowski-Lindsay et al. 2012; Conrad et al. 2011). 
Addressing this gap could increase the efficacy and efficiency of policies to encourage bioenergy market 
development as well as increase the appropriateness of the research in support of policy development and 
implementation. 

Bioenergy market participation can be observed through a series of behavioral changes (Table 1). Market 
participation can occur without substantive change in practice, amounting to so-called on-paper changes 
reflecting a shift in feedstock market but no change in commodity or contract terms. Market participation 
could mean a change in contracting, such as establishment of a long-term supply contract to a bioenergy 
producer. Alternatively, market participation could be expressed as a change in feedstock output, either in 
the cultivated volume (e.g., acres of corn) or in the harvested portion or volume (e.g., harvesting stover 
for the first time). Finally, market participation can be measured by the number of new entrants who are 
cultivating or harvesting bioenergy feedstock for the first time.  

                                                        
2	  Material	  in	  this	  section	  is	  derived	  from	  Galik	  (2015).	  
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Table	  1.	  Bioenergy	  producer	  activities	  arrayed	  by	  degree	  of	  commitment	  or	  risk	  
	  
Activity	   Observable	  by	   Commitment	  or	  

risk	  
Change	  in	  market	   Willingness	  to	  sell	  to	  bioenergy	  refinery	   	  

Lowest	  
	  

↓	  
	  
	  
Highest	  

Change	  in	  contracting	   Willingness	  to	  enter	  into	  long-‐term	  supply	  contract	  

Change	  in	  feedstock	  output	   Number	  of	  acres	  of	  switchgrass	  planted;	  willingness	  to	  
collect	  corn	  stover	  

Change	  in	  cropping	  system/new	  
entrant	  

Willingness	  to	  establish	  miscanthus	  

 

These different categories of participation are each characterized by different levels of commitment and 
risk exposure. Because different bioenergy feedstocks will require different levels of commitment, it is 
possible that the factors driving market participation may also differ by feedstock. Because different 
feedstocks are not evenly distributed across the United States, it is also possible that the factors 
influencing participation decisions will likewise vary by geographic region.  

To assess whether these differences existed in the available literature, a dataset of existing studies was 
assembled through targeted keyword searches using Google Scholar.3 In addition to the studies returned 
directly through searches, the analysis included studies identified through a review of references in those 
studies. A narrative review was then conducted for each identified study. Next, social network analysis 
(SNA) was used to quantitatively analyze the literature to ascertain the variables most often used in 
existing participation research, the variables are most often associated with each other, and the extent to 
which different relationships exist between variables in different regions or in studies on different 
bioenergy feedstock.  

The narrative review of the literature suggests two general themes. The first is the multi-faceted nature of 
bioenergy market participation decision making. Although important, profit maximization is but one of 
several factors discussed in the literature (Convery et al. 2012; Rämö et al. 2009). Also influencing 
participation are other, “non-economic considerations, including values, beliefs, aesthetics, and extended 
benefits for family and community” (Rossi and Hinrichs 2011, 1420). The second theme is uncertainty, 
particularly uncertainty in the literature itself (Leitch et al. 2013). New or emerging markets may 
introduce new products or production practices, thus limiting the reach or applicability of existing 
research (e.g., G.C. and Mehmood 2012).  

The literature also provides information about the specific factors associated with bioenergy market 
participation. In line with the first general theme above, the literature highlights a wide array of non-
production objectives that are often sought by landowners or land managers. The literature also highlights 
multiple structural and social factors that are often associated with production decisions, such as age 
(Joshi and Mehmood 2011; Lynes et al. 2012), education (Lynes et al. 2012), and multiple other 
economic, resource, and biophysical constraints (Tyndall et al. 2011; Hipple and Duffy 2002; Larson et 
al. 2008; Dirkswager et al. 2011; Larson and English 2009; Alexander et al. 2012; Cope et al. 2011).  

                                                        
3	  A	  full	  review	  of	  the	  search	  protocol	  is	  provided	  in	  Galik	  (2015).	  
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The quantitative review of the literature began with an exploration of the variables most often used across 
feedstock, region, and user group (Figure 2). This analysis shows that demographic variables like age, 
education, and geographic area are most often cited, followed by structural or financial variables (e.g., 
area owned, income), and finally market preference and experience variables (e.g., harvest options, 
contract length). Screening for only those variables that are significantly associated with a market 
participation decision outcome reduces the number of studies for most variables.  

Figure	  2.	  Comparison	  of	  the	  number	  of	  studies	  including	  a	  given	  independent	  variable,	  those	  including	  
the	  variable	  but	  failing	  to	  find	  it	  significantly	  associated	  with	  the	  dependent,	  and	  those	  including	  it	  
and	  finding	  a	  significant	  relationship	  with	  the	  dependent	  
 

 

Note:	  Figure	  is	  limited	  to	  independent	  variables	  assessed	  by	  three	  or	  more	  studies.	  
 

The analysis next explores the direction of effect (Figure 3). A variable that is consistently significant but 
of inconsistent sign direction could suggest a spurious relationship. Conversely, greater confidence may 
be placed in variables that are consistently significant and expressing a consistent direction of effect. 
Together, the data shown in Figure 2 and Figure 3 reinforce the findings of the narrative review above 
that, although important, pure profit motivations provide an incomplete explanation of bioenergy market 
participation decisions.  
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Figure	  3.	  Average	  relationship	  direction	  of	  reoccurring	  statistically	  significant	  independent	  variables	  
with	  respect	  to	  the	  dependent	  variable	  
	  

 

Note:	  “1”	  indicates	  that	  the	  independent	  is	  always	  positively	  associated	  with	  the	  dependent,	  and	  “-‐1,”	  that	  the	  independent	  is	  
always	  negatively	  associated	  with	  the	  dependent.	  Values	  in	  between	  indicate	  mixed	  findings	  in	  the	  literature.	  Frequency	  of	  
occurrence	  is	  indicated	  by	  the	  data	  label	  next	  to	  each	  column.	  Fifteen	  records	  for	  which	  direction	  was	  meaningless	  absent	  study	  
context	  (e.g.,	  “region”)	  were	  removed.	  
 
The software packages UCINET 6.0 (Borgatti et al. 2002) and NetDraw 2.135 (Borgatti 2002) were used 
to generate network graphs and for quantitative analysis of network structure. Through network analysis, 
it is possible to graphically explore the association between independent variables and their dependents 
across region, user group, and feedstock type (Figure 4). What is apparent from this graphical 
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representation is both the wide array of independent and dependent variables explored in the literature as 
well as their inconsistent overlap. Some independents (e.g., education, area owned) are associated with 
multiple indicators of market participation, whereas others (e.g., possession of a management plan, 
membership in a farm organization) are associated with only one. 

Figure	  4.	  Network	  graph	  of	  entire	  dataset,	  with	  ties	  weighted	  by	  occurrence	  
 

 

 

Note:	  Tie	  direction	  indicates	  variable	  type:	  out-‐degree	  ties	  represent	  independents,	  and	  in-‐degree	  ties	  represent	  dependents.	  
 
These findings suggest possible differences in both the use of and the observed relationships between 
dependent variables and independent variables across the literature. These findings are further supported 
by the results of a quadratic assignment procedure (QAP) regression analysis (Table 2), which 
demonstrates the significant influence of feedstock types (Commodities and Residues at p<0.05) and a 
user group (Woodland Owners at p<0.05) on network structure. The model is significant (p=0.001) but 
explains very little variation in the data (Adjusted R-Squared= 0.001). This outcome is believed to arise 
from the narrow specification of the model. This review considers only a small subset of possible 
parameters, leaving a large degree of variability unexplained.  
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Table	  2.	  QAP	  regression	  output	  on	  the	  influence	  of	  region,	  targeted	  user,	  and	  feedstock	  category	  on	  
the	  number	  of	  times	  a	  particular	  dependent	  variable	  is	  associated	  with	  a	  particular	  independent	  
variable	  
	  
Variable	   Standardized	  coefficients	   p-‐value	  

	  Intercept	   0.0000	   0.000	   ***	  
Region	  

	   	   	  	  	  	  	  	  Midwest	   -‐0.006	   0.245	  
	  	  	  	  	  	  Southeast	   0.008	   0.155	  
	  Targeted	  User	  

	   	   	  	  	  	  	  	  Farmer	   0.008	   0.168	  
	  	  	  	  	  	  Woodland	  Owners	   -‐0.014	   0.031	   **	  

Feedstock	  Category	  
	   	   	  	  	  	  	  	  Commodities	   -‐0.016	   0.034	   **	  

	  	  	  	  	  Residues	   -‐0.011	   0.038	   **	  
	  	  	  	  	  Dedicated	   -‐0.009	   0.062	   *	  
Significant	   -‐0.006	   0.207	  

	  	  
***	  significant	  at	  p<0.01;	  **	  significant	  at	  p<0.05;	  *significant	  at	  p<0.1.	  Model	  is	  significant	  at	  p<0.001	  (Adjusted	  R2	  0.001).	  
 
The narrative analysis above identifies a number of non-production objectives, structural and social 
constraints, and market-related attributes that could influence bioenergy market participation decision 
making. This analysis also finds significant relationships between network configuration and both 
feedstock types (Residues and Commodities) and user group (Woodland Owners). Further analysis of 
individual authors within these groups suggests that these differences are not wholly attributable to author 
networks. Rather, they may be attributable to differences in the assessed non-production objectives, 
structural and social constraints, and market-related variables. This finding is supportive of the above-
posed hypothesis that market participation decisions involving increasing commitment or risk exposure 
are associated with a greater number of considerations. This increasing number considerations is 
observable when comparing the average number of unique independent variables by feedstock type: 5.5 
per study for commodities (entailing a change in market, the lowest level of commitment or risk), 10.5 per 
study for residues (entailing a change in output, a moderate level of commitment or risk), and 11.4 for 
dedicated feedstocks (entailing a change in cropping system, the highest level of commitment or risk). 

These findings further suggest a need for a nuanced consideration of policy to support bioenergy market 
participation. Assuming that the observed differences associated with user group and feedstock are 
reflective of different underlying conditions in their respective markets, this analysis suggests that policy 
specific to individual markets may be more effective in encouraging participation than uniform national 
initiatives. This analysis also suggests that the increased number of variables associated with dedicated 
feedstock production implies that supporting policy initiatives should consider a broader array of 
mechanisms and incentives than initiatives seeking to influence residue or traditional commodity decision 
making. Given the limited scope of this analysis, further research is necessary to evaluate the extent to 
which this differentiation is reflected in existing policy as well as the ways in which new initiatives may 
be designed to increase market participation. 
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INFLUENCE	  OF	  ALTERNATIVE	  POLICY	  DESIGNS	  ON	  BIOENERGY	  SYSTEM	  DEVELOPMENT	  AND	  
OUTCOME	  

Development	  of	  Regional	  Renewable	  Energy	  Policy	  
Expansion of bioenergy is one means by which to meet both new and existing renewable and low-carbon 
energy goals.4 However, absent well-designed policy drivers, immature markets, such as those for 
bioenergy, will be slow to develop due to a variety of barriers (e.g., Jensen et al. 2011) or cost factors 
(Borenstein 2011). Bioenergy market development depends on a steady supply of biomass for energy 
production as well as on the presence of bioelectricity production infrastructure to create and distribute 
the resulting energy. A robust bioenergy system thus requires that attention be paid to the entire bioenergy 
production chain, requiring a systems approach to bioenergy policy design. New and novel policy 
initiatives are necessary to address the complexities of developing a robust feedstock system across a 
diverse and dynamic resource base. The fossil-energy dominated Southeast United States is a ripe and 
important test bed for novel policy initiatives such as a regional renewable portfolio standard (RPS). 
Research suggests that a single feedstock, woody biomass, may be supplied in sufficient amounts to meet 
significant bioenergy targets as part of an RPS policy (Abt et al. 2010a, 2010b). 

The study evaluated the environmental and economic implications of a hypothetical region-wide RPS 
policy with biomass carve-outs. It utilized the Forest and Agriculture Sector Optimization Model with 
Greenhouse Gases (FASOMGHG) to assess the multi-sector and interregional allocation of increased 
harvest activity to meet the RPS target. The RPS policy was based on existing state-level standards from 
the region. It then used the Sub-Regional Timber Supply (SRTS) model to assess the intraregional 
allocation of FASOMGHG-estimated harvest within the southeastern United States. In doing so, the 
analysis estimated the regional land use and management implications of the policy, focusing on the 
forest and agriculture sectors. The analysis further explores the sub-regional forest sector implications of 
increasing harvest levels on the regional scale, paying particular attention to the aggregate and localized 
economic and environmental effects of RPS implementation. The study also evaluated model integration 
through the linking of these two models, providing an example for how future multiple model analyses 
may be conducted. 

The analysis found that more than 12 million tons of woody biomass are needed annually to meet the RPS 
targets. The main forest land use effect of this large increase in harvest is an increase in plantation pine 
acreage. This finding is in line with other studies from the region that show a large regional reliance on 
woody biomass to meet bioenergy targets (Abt et al. 2010a, 2010b; Galik et al. 2009). From a timber 
price perspective, implementation of the RPS will result in a small price increase relative to a no-RPS 
baseline. Looking at greenhouse gases (GHGs), the study also showed that existing resource conditions 
influence the regional distribution of land use and harvest changes, resulting in a spatially and temporally 
diverse forest carbon response (Figure 5).  

 	  

                                                        
4	  Material	  in	  this	  section	  is	  derived	  from	  Galik	  et	  al.	  (2015).	  
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Figure	  5:	  Change	  in	  forest	  carbon	  in	  response	  to	  imposition	  of	  a	  regional	  RPS,	  showing	  changes	  in	  
individual	  forest	  management	  type	  over	  time	  
	  

 
Note:	  Net	  forest	  carbon	  change	  is	  indicated	  by	  the	  black	  line	  and	  equals	  the	  combined	  change	  in	  forest	  carbon	  storage	  across	  all	  
management	  types.	  
 
Net forest carbon in the Southeast was found to be greater in the RPS Scenario than in the No RPS 
Scenario in all but the final years of the model run. In addition, inclusion of displaced emissions from 
either natural gas or coal-fired generation suggests that the RPS, on balance, leads to GHG reduction 
relative to a no-RPS scenario (Figure 6).  
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Figure	  6:	  Change	  in	  forest	  carbon	  in	  response	  to	  imposition	  of	  a	  regional	  RPS	  along	  with	  estimate	  of	  
displaced	  emissions	  
	  

 
 
Note:	  The	  upper,	  double	  line	  indicates	  the	  carbon	  benefits	  of	  fuel	  switching	  and	  replacing	  100%	  coal.	  The	  lower,	  dashed	  line	  
indicates	  replacement	  of	  100%	  natural	  gas-‐fired	  generation.	  
 
Both research methodology and findings are applicable to a broad suite of domestic and international 
policies, including pellet exports to the European Union and GHG mitigation under Section 111(d) of the 
U.S. Clean Air Act. Demand attributed here to a regional RPS can also be thought of as arising from 
wood pellet exports to European and other markets. The magnitude of demand explored here is also 
consistent with projections for U.S. South pellet exports as estimated by Lamers et al. (2015) and is 
within the range of exports as estimated by Cocchi et al. (2011).  

Development	  of	  Coordinated	  Localized	  Bioenergy	  Markets	  
In recent years, the U.S. Department of Defense has sought to reduce its consumption of fossil fuels, 
increase the production and use of renewable energy, and address the encroachment of incompatible land 
uses around existing installations.5 Biomass supply partnerships between military installations and 
surrounding landowners could both facilitate renewable energy production and influence land use 
decisions in the vicinity of participating installations. The analysis below explores the extent to which 
such localized bioenergy markets could help to achieve these dual policy objectives in the southeastern 
United States. 

The U.S. Department of Defense (DoD) is the single largest energy consumer in the United States, 
accounting for approximately 80 percent of the federal government’s energy use (U.S. Energy 
Information Administration 2015). Internal DoD analyses have found that the military’s fossil fuel 
dependence presents a strategic risk and that renewable energy and energy efficiency investments are key 
measures to mitigate this risk (ACORE 2014). In addition to increasing renewable energy production and 
                                                        
5	  Material	  in	  this	  section	  is	  derived	  from	  Galik	  et	  al.	  (2016).	  
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consumption, the DoD is investing in efforts to minimize conflicts between military training and off-base 
land uses. Encroachment of incompatible land uses around military installations and the “away spaces” 
needed for flight operations can alter methods, timing, or duration of critical training activities. Such 
encroachment could undercut training capabilities and, by extension, military readiness, prompting the 
DoD to undertake an increasing number of off-base mitigation measures (e.g., Sentinel Landscapes 2015).  

Creation of a new or expanded bioenergy market, one targeted to producers in the vicinity of military 
installations, could both increase the on-base generation of renewables and, by creating additional 
demand for forest and agricultural feedstock, help maintain compatible working lands in the vicinity of 
existing installations. Research indicates that land rent—the value received by landowners from their 
land—is an important driver of land use change (Veldkamp and Lambin 2001; Choi et al. 2011), and the 
imposition of new demand for a given biomass feedstock could have a positive effect on land use 
affiliated with the new market opportunity (Ferris and Joshi 2004; Feng and Babcock 2010; Abt et al. 
2010b; Galik et al. 2015). By targeting markets to discrete geographic areas, such efforts could also create 
a steady supply of locally available biomass feedstock, thus helping to address supply concerns and 
logistical inefficiencies that could increase costs (e.g., Overend 1982; Aksoy et al. 2011). 

To evaluate the influence of new biomass markets in the vicinity of U.S. military installations, this 
analysis uses both the SRTS and FASOMGHG models, two forest sector partial equilibrium models 
differing in level of resource and forest product detail as well as temporal outlook, yielding different 
silvicultural and land use change reactions to future market conditions. The localized influence of public-
private bioenergy partnership is first assessed using SRTS. SRTS output data for two scenarios—a policy 
scenario featuring additional bioenergy demand as estimated below, and a baseline scenario without 
additional bioenergy demand—is then fed into FASOMGHG to estimate the regional and national 
implications of the public-private bioenergy partnership.  

Potential bioenergy demand is based on DoD facility energy performance data from 2013 (U.S. 
Department of Defense 2014). Energy consumption for each installation was first converted from British 
thermal units (BTUs) to U.S. green tons per year using an assumed energy content of 8,500 BTUs/dry 
pound of biomass and a conversion rate of two green tons per one dry ton of material. Assuming that 
larger facilities would be more cost-effective than smaller ones, the analysis instituted a rough capacity 
screen, removing all installations requiring less than 10 MW of base load capacity. Base load capacity is 
calculated using a facility’s annual energy demand, an assumed facility efficiency of 30%, and a capacity 
factor of 0.8. Under these assumptions, the analysis identified 24 installations across 9 states possessing 
demand sufficiently large to support on-base or dedicated near-base generation (Table 3)
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Table	  3.	  Qualifying	  installation	  location,	  supply	  area	  affiliation,	  energy	  consumption,	  and	  estimated	  annual	  bioenergy	  demand	  
	  

MW	   Installation	  name	   Supply	  area	   County	   State	   Total	  delivered	  
energy	  (BBTU)	  

Green	  
tons/year	  

25	  
MW	  

Randolph	  AFB	   N/A	   Bexar	   Texas	   4,017	   472,588	  
Fort	  Bragg	   “Fort	  Bragg”	   Cumberland	   North	  Carolina	   3,479	   409,294	  
Tinker	  AFB	   N/A	   Oklahoma	   Oklahoma	   3,184	   374,588	  
Naval	  Station	  Norfolk	   “Virginia”	   Norfolk	   Virginia	   1,980	   346,353	  
Ft	  Belvoir	   “Virginia”	   Fairfax	   Virginia	   1,597	   332,471	  
NSA	  South	  Potomac	   “Virginia”	   King	  George	   Virginia	   2,145	   252,353	  

20	  
MW	  

Fort	  Hood	   N/A	   Bell	   Texas	   1,897	   223,176	  
Fort	  Benning	   “Benning-‐Robins”	   Chattahoochee	   Georgia	   1,741	   204,824	  
Redstone	  Arsenal	   “Redstone	  Arsenal-‐Anniston”	   Madison	   Alabama	   1,722	   202,588	  
Robins	  AFB	   “Benning-‐Robbins”	   Houston	   Georgia	   1,632	   192,000	  

15	  
MW	  

Fort	  Campbell	   “Fort	  Cambell”	   Christian	   Kentucky	   1,579	   185,765	  
Fort	  Bliss	   N/A	   El	  Paso	   Texas	   1,502	   176,706	  
Washington	  Headquarters	  
Services	   “Virginia”	   Washington	   D.C.	   1,284	   151,059	  

Joint	  Base	  Langley-‐Eustis	   “Virginia”	   York	   Virginia	   1,284	   151,059	  

10	  
MW	  

Eglin	  AFB	   “Pensacola-‐Eglin”	   Okaloosa	   Florida	   1,184	   139,294	  
Fort	  Stewart	   “Jacksonville-‐Stewart”	   Liberty	   Georgia	   1,109	   130,471	  
Fort	  Sill	   N/A	   Comanche	   Oklahoma	   1,077	   126,706	  
Naval	  Air	  Station	  Pensacola	   “Pensacola-‐Eglin”	   Escambia	   Florida	   1,055	   124,118	  
MCCDC	  Quantico	   “Virginia”	   Prince	  William	   Virginia	   1,023	   120,353	  
Fort	  Jackson	   “Gordon-‐Jackson”	   Richland	   South	  Carolina	   1,005	   118,235	  
Naval	  Air	  Station	  Jacksonville	   “Jacksonville-‐Stewart”	   Duval	   Florida	   923	   108,588	  
Fort	  Lee	   “Virginia”	   Prince	  George	   Virginia	   908	   106,824	  
Anniston	  Army	  Depot	   “Redstone	  Arsenal-‐Anniston”	   Calhoun	   Alabama	   881	   103,647	  

Fort	  Gordon	   “Gordon-‐Jackson”	   Richmond	   Georgia	   832	   	  	  97,882	  
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Supply areas from which feedstock could be sourced are estimated by first including all counties that fall 
within a 50-mile radius from each qualifying installation. Due to the proximity of installations, many 
counties fall into more than one supply area. In those situations, supply areas were merged along with 
their corresponding installations. This process reduced the number of discrete installations and 
corresponding supply areas from 24 to 11 (Figure 7). 

Figure	  7.	  Installation	  location	  and	  extent	  of	  individual	  biomass	  supply	  areas	  

 

Note:	  Locations	  of	  individual	  installations	  meeting	  the	  capacity	  screen	  are	  shown	  in	  black.	  Also	  shown	  are	  aggregated	  supply	  
areas	  defining	  the	  counties	  from	  which	  biomass	  is	  likely	  to	  be	  sourced.	  	  
	  
Finally, changes in forest area, extent, and composition were modeled across two scenarios: a baseline 
scenario without bioenergy demand and a scenario in which bioenergy demand for every qualifying 
installation is simultaneously scaled up. The baseline scenario assumed that forest product demand 
remains constant over time. In the bioenergy demand scenario, markets across the U.S. South were 
allowed to interact with and adjust to increased feedstock demand, resulting in cascading effects across 
the region. As a sensitivity analysis, demand from a single supply area (Benning-Robins) was also 
assessed, holding all other installation bioenergy demand at zero. 

Results of the analysis suggest that increased demand for bioenergy leads to an increase in forest land 
area in all installation-associated supply areas (Figure 8). Though the general pattern of forest land use 
change is similar in all supply areas—a slow increase in acreage until the early 2030s, followed by a slow 
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but uneven decline—the magnitude of change varies from area to area. Modeling the effects of a single 
facility operating in a single supply area within the region is likely to have very different forest market 
and land use implications, however (Figure 9). In particular, modeling of the single supply area scenario 
results in smaller changes in land use throughout the first half of the assessment as well as minimal 
changes in forest carbon storage. Over time, plantations established in the early years of the scenario 
begin to come online, increasing carbon storage and potential biomass supply. This increase in supply 
contributes to a decline in forestland rents and the corresponding reduction in forest area shown in the 
latter half of the figure. 

Figure	  8.	  Land	  use	  change	  by	  installation	  supply	  area	  relative	  to	  a	  baseline	  scenario	  without	  bioenergy	  
demand	  as	  modeled	  by	  SRTS	  
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Figure	  9.	  Comparison	  of	  SRTS-‐modeled	  land	  use	  change	  and	  forest	  carbon	  change	  data	  for	  a	  single	  
military	  supply	  area	  (Benning-‐Robins)	  operating	  as	  an	  independent	  installation	  and	  operating	  as	  part	  
of	  a	  multi-‐installation	  biomass	  scenario	  encompassing	  the	  entire	  Southeast	  region	  	  
 

 

 

When considering both changes in forest carbon and displaced fossil fuel emissions at the regional level, 
simultaneously scaling up demand at all qualifying installations results in net GHG benefits in most years 
of the analysis. But at the national level, despite early- and late-year gains in the South, overall carbon 
storage is negative across the modeled scenario (Figure 10). This finding indicates a spatial tradeoff in 
land use and management between the Southeast and both the North and West, a phenomenon termed 
“leakage.” Even when accounting for displaced fossil emissions, the overall GHG benefit of 
simultaneously increasing bioenergy generation capacity on the largest military installations in the 
Southeast is negative. 
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Figure	  10.	  Net	  GHG	  benefit	  relative	  to	  a	  baseline,	  without-‐bioenergy	  scenario,	  as	  modeled	  by	  
FASOMGHG	  across	  multiple	  U.S.	  regions	  
 

 

Note:	  Total	  GHG	  benefit	  is	  indicated	  by	  the	  gray	  band	  and	  is	  a	  function	  of	  all	  sectors	  in	  all	  regions	  and	  the	  displaced	  emissions	  
from	  either	  natural	  gas	  (lower	  boundary)	  or	  coal	  (upper	  boundary).	  
 
This analysis thus suggests that the onset of additional bioenergy demand has the net effect of helping to 
both maintain forest land area and increase generation of renewable energy for consumption at DoD 
facilities in the Southeast, thus satisfying both objectives for which the hypothetical public-private 
partnership modeled here was established. Without a unit-by-unit transition matrix of land use in SRTS or 
FASOMGHG model output, it is difficult to say from where the newly forested area is coming. Given the 
large differences in urban and non-urban land rents (Lubowski et al. 2008; Choi et al. 2011), it is unlikely 
that the public-private partnerships modeled here can unilaterally slow urban growth. Rather, new 
incentives or markets affecting forestlands would likely draw from agricultural or pasture lands as 
increased forest land rents outpace those of these other lands. It is also possible that the implied change in 
land rent driving the modeled changes in forest land use may influence the direction of urban growth at 
the margin (even if not reducing its growth in aggregate).  

Importantly, the magnitude of demand, combined with constrained supply areas for feedstock to meet that 
demand, also raises demand for roundwood, increasing harvests and driving down total forest carbon 
relative to the baseline scenario (without bioenergy demand). Conversely, the effects of individual 
installation conversion or repowering may be more muted, in terms of both the land use response and 
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carbon storage, potentially leading to carbon gain rather than loss. Thus, opportunities may exist for 
targeted, one-off strategies that achieve positive near-term land use change and GHG outcomes.  

Development	  of	  Policy	  to	  Facilitate	  Efficient	  Scalable	  Markets	  
Part of the difficulty in feeding nascent bioenergy markets is ensuring that the necessary feedstocks are 
available when and where they are needed. This difficulty is particularly evident in the case of woody 
biomass, a feedstock requiring long lead times, possessing high transportation costs, and showing a high 
degree of spatial disparity. Furthermore, woody biomass feedstocks are affected by a wide range of 
economic and environmental factors, further complicating both supply trends over space and time and the 
development of policy to appropriately facilitate emerging bioenergy markets. 

Long-wave fluctuations in harvest, inventory, and removals have been observed in both hardwoods and 
softwoods in the Southeast. These fluctuations have been driven primarily by both policy interventions 
and natural disturbance events. For example, the USDA’s Soil Bank program (Soil Bank Act of 1956) 
paid farmers to retire land from production for 10 years, converting farmland to conservation uses to 
reduce crop surpluses after World War II. The program led to large-scale tree plantings between 1956 and 
1960 (Figure 11). A similar spike in plantings was observed in later years under the auspices of the 
Conservation Reserve Program, a successor program to the Soil Bank of the 1950s. This surge in 
plantings came between the mid-1980s and the early 1990s and resulted in an additional 1.3 million acres 
of new pine plantations in the South. 

Figure	  11.	  Southern	  tree	  plantings,	  1945–2007	  
 

 

Recent decades have also seen a number of natural disturbances that both reduced inventory and affected 
regional timber markets. For example, in 1989, Hurricane Hugo destroyed approximately four years of 
harvestable timber with an estimated value of $1 billion and damaged roughly 4.45 million acres of forest. 
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Downed pine trees were salvaged and sold as pulpwood until either the wood deteriorated or pulpwood 
prices collapsed because of the glut of material flooding the market. Over the longer term, Hugo led to a 
reduction in timber inventory through the 1990s, further contributing to an increase in prices in the region. 
Although reforestation efforts were initiated shortly after salvage operations ceased, many forest 
landowners were slow to replant, and peak planting did not occur until 1995 (Hook et al. 1996; McNulty 
2002; Hooper et al. 1996). More recently, a 2014 winter storm significantly affected young inventory in 
South Carolina. Salvaged wood was sold as lower-valued products, and replanting efforts, supported in 
part by federal grants, began shortly after the storm (Bouzek 2014). 

Broader economic trends have further influenced southern forest product markets and, by extension, 
available feedstock supply. The economic downturn of 2007–2009 caused a significant slowdown in the 
construction industry, resulting in decreased demand for construction materials and other wood products. 
This reduced demand led to an increase in inventory, pushing sawtimber prices down and leading timber 
operators to either sell larger trees as pulp or delay harvest in the hope that prices would recover. Though 
a rational response to low prices, such delay responses can also contribute to a so-called “wall of wood” 
phenomenon, in which expected demands for planted stocks do not materialize and supply disparities 
increase over time.  

As the region’s timber markets continue to recover from last decade’s economic downturn, the Southeast 
has been ramping up production of pellets to meet increasing demand from the European Union (Goetzl 
2015). Plantation pine acreage in the region has been rising in recent years. Pellet production, driven by 
E.U.-wide renewable energy policy, is likewise expected to continue (Goh et al. 2013).  

Policies, natural disturbance events, and global market conditions have all affected southern timber 
markets on local and regional scales. The resulting long-wave fluctuations in inventory and harvest have 
created a cyclical yet unpredictable environment for timber markets. These fluctuations in timber product 
supply and demand also result in market inefficiencies wherein market adjustments result in wide price 
and inventory swings over time and space. The presence of these efficiencies likewise requires 
appropriately designed and targeted policies to counteract potential sustainability concerns when 
considering the opportunities for expanded bioenergy markets.  

To illustrate potential spatial and temporal variability in the southern timber supply, this analysis used the 
Sub-Regional Timber Supply (SRTS) model to make multiple model runs. The present magnitude of 
forest product demand was assumed to continue over time, and effects were assessed at two scales: across 
the South and within Georgia. Modeling at multiple scales in conjunction with examination of multiple 
individual forest product types can help to determine the result of past disturbance, policy, and market 
influences on regional feedstock supply. 

The modeled runs show both spatial and forest product class heterogeneity in southern softwood (Figure 
13) and hardwood (Figure 14) supply. This heterogeneity is evidenced by the observed price index 
differences over time both between product types (pulp versus saw) and scales (Georgia versus the 
South). One explanation for these differences is product differentiation itself. Trees of different ages, 
sizes, and quality are used for different things. Smaller and poorer-quality trees are preferable for pulp 
markets, whereas larger and higher-quality trees are preferable for sawtimber. Both the supply of and 
demand for each type of timber are influenced by the various drivers described above. Over time, these 
drivers have also influenced the available supply of forest products in each given location, creating spatial 
as well as temporal disparities.	  
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Figure	  12.	  Modeled	  changes	  of	  price	  index	  in	  southern	  softwood	  markets	  	  
 

 

Figure	  13.	  Modeled	  price	  index	  changes	  in	  southern	  hardwood	  markets	  
 

 

In the presence of new market opportunities—supplying emerging bioenergy markets, for example— 
these spatial and forest product type disparities can lead to economic and environmental consequences or 
inefficiencies. In the presence of high demand relative to low supply, environmental consequences could 
include decreases in carbon stocks, changes in age class distributions, or changes in species diversity. 
Such changes can be seen in an analysis of a hypothetical region-wide scaling up of demand in the 
vicinity of large military installations, in which spatial sourcing restrictions contributed to large national 
decreases in carbon storage (Galik et al. 2016). These potentially negative co-effects can be reduced by 
relaxing spatial constraints (e.g., Galik et al. 2015). Addressing spatial disparities could therefore 
minimize negative co-effects of an increase in demand. In a similar sense, relaxing restrictions between 
product classes could also serve to reduce supply disparities caused by forest product type differentiation.  
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It is therefore important to consider the spatial representation of forest resources and product 
differentiation when considering the results of economic modeling analyses. It also follows that it is 
important to consider variations in availability and product differentiation when developing and 
implementing policy to address underlying supply disparities in bioenergy feedstock markets. 
Alternatively, policies (or for that matter, policy analyses) that ignore spatial and product class 
considerations are likely to misrepresent important market dynamics. 

The question remains, however, how best to address identified inefficiencies when confronting expected 
demands for bioenergy feedstock. If the primary concern is one of spatial disparity—the necessary 
material is simply not available in the area where it is needed—the most appropriate response is to reduce 
either transportation costs or the costs of siting demand closer to the source. If the primary concern is one 
of product type differentiation—material exists in the area but in an undesirable form—the most 
appropriate solution could be development of product-based subsidies that track market conditions so as 
to reduce boom-and-bust cycles in timber markets. The appropriate deployment of one or both could lend 
itself to development of a so-called biomass reserve program that would help policy makers and market 
participants anticipate cycles that could negatively affect social, economic, and environmental objectives.  

CONCLUSIONS	  AND	  NEXT	  STEPS	  
The body of research explored above suggests that, despite significant policy support, a self-sustaining 
bioenergy industry has yet to emerge in the southern United States because of a variety of economic, 
institutional, and policy-related barriers. A relative scarcity of policies affecting the upstream portions of 
the supply chain in the southern United States suggests that efforts to further encourage sustainable 
bioenergy markets in the region should be cognizant of the dynamics of feedstock production and use. 

Analyses here further suggest that researchers and policy makers all require a better understanding of the 
motivations of landowners and land managers who will ultimately feed bioenergy markets, particularly 
when it comes to designing and deploying appropriate policy solutions. A review of drivers of bioenergy 
market participation identifies a number of non-production objectives, structural and social constraints, 
and market-related attributes that could influence bioenergy market participation decision making. That 
review also suggests the need for a nuanced consideration of policy to support bioenergy market 
participation. Finally, the review suggests that policies specific to individual markets could be more 
effective in encouraging participation than uniform national initiatives. 

Feedstock dynamics are likewise apparent in an assessment of different policy drivers to facilitate 
development of sustainable bioenergy markets in the region. For example, a region-wide RPS—a policy 
characterized by few restrictions on the location of feedstock production and use—led to an increase in 
forest carbon and decrease in GHG emissions at both the regional and national levels. Forcing feedstock 
production and use to occur in particular locations to meet pre-ordained policy objectives—for example, 
powering multiple military installations in a region—may have very different effects, shown here as 
leading to a decrease in forest carbon and increase in GHG emissions nationally. 

The overarching lesson is one of complexity, of needing to appropriately match policy with resource 
condition. Further research is also necessary. As discussed above, the best tools to achieve the objectives 
of a so-called biomass reserve program remain unexplored. Analysis of this particular subject continues. 
Furthermore, the policy landscape is rapidly changing, as are economic conditions that may influence the 
competitiveness of bioenergy relative to other energy sources. These changing conditions necessitate 
continued analysis of bioenergy policy and bioenergy markets to ensure that the full array of economic, 
social, and environmental objectives ascribed to bioenergy market development are met both now and in 
the future.  
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