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Abstract
International demand for wood-based biomass for bioenergy production is growing, 
and private forestlands in the southeastern United States have the potential to supply 
that demand. The southeastern United States (Southeast) is the world's largest ex-
porter of wood pellets for bioenergy, primarily to the United Kingdom (UK) and the 
European Union (EU). However, wood-based biomass production accounts for only 
a small share of total wood removals from private forestlands in the Southeast. There 
is sufficient wood-based biomass in the Southeast to support greater production of 
wood pellets for domestic and international markets without redirecting timber from 
sawtimber and pulpwood production. In 2018–19, we conducted 39 semi-structured 
interviews with private forest landowners, foresters, loggers, and biomass production 
facility managers in Alabama, Florida, and Georgia to obtain their views on wood-
based biomass production in the Southeast. Although landowners were interested in 
supplying wood for biomass as a byproduct of timber harvesting, they seldom partici-
pated in wood-based biomass production because of limited and unreliable access to 
biomass markets. Loggers and production facility managers had not invested in bio-
mass production because they remain skeptical about the financial viability of wood-
based biomass. Continued obstacles to biomass production include: price competition 
with fossil fuels and conventional wood products; inconsistent domestic government 
support for biomass production; concerns about meeting the sustainability require-
ments to export wood-based biomass to the UK and EU; and the high costs associated 
with harvesting low-grade wood for biomass. The barriers to biomass expansion in 
the southeastern United States remain primarily economic and political rather than 
biophysical.

K E Y W O R D S

non-industrial private forest landowners, qualitative analysis, real estate investment trusts, semi-
structured interviews, timber investment management organizations

1  |   INTRODUCTION

Bioenergy is a key focus of international efforts to transition 
to renewable energy, improve energy security, reduce coal 

consumption, and limit climate change (Hodges et al., 2019a; 
Kittler et al., 2020). The global biomass power market was 
valued at USD 49.8 billion in 2019 and is expected to grow at 
a compound annual growth rate of 9.2% to USD 98.0 billion 
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in 2027 (Grand View Research, 2020). The European Union's 
(EU) Renewable Energy Directive II mandates that by 2030 
32% of the energy consumed within the EU must be renew-
able (European Commission, 2019; The European Parliament 
and the Council of the European Union, 2018). The United 
Kingdom (UK), which is the world's largest importer of 
wood pellets for bioenergy has the intention of doubling 
their bioeconomy by 2030 through international partner-
ships (U.K. Department for Business, Energy, & Industrial 
Strategy, 2018). The United States has also implemented 
multiple policies to promote biomass for bioenergy produc-
tion nationally, including: the Renewable Fuels Standard pro-
vision of the 2007 Energy Independence and Security Act; 
the Biomass Crop Assistance Program (BCAP), which pro-
vided financial assistance for producing biomass feedstocks 
on agricultural and non-industrial private forest (NIPF) lands 
(United States Department of Agriculture, 2016); and the 
Consolidated Appropriations Act (H.R. 1625), which estab-
lished national directives to encourage private investment 
throughout the forest biomass supply chain (United States 
Environmental Protection Agency, United States Department 
of Agriculture, & United Stated Department of Energy, 
2018). Although wood-based biomass accounted less than 
1% of the United States' net electricity generation in 2020 
(U.S. Energy Information Administration, 2021a), forest 
bioenergy supply chains in the United States are growing in 
response to increased international demand for wood-based 
biomass (Kittler et al., 2020). The southeastern United States 
(Southeast), which contains highly productive pine planta-
tions and forests, plays a key role in supplying wood-based 
biomass (notably, wood fibers compressed into pellets) to 
the UK, Europe, and emerging bioenergy markets in Asia 
(Aguilar et al., 2020; Kittler et al., 2020; TimberMart-South, 
2019; U.S. International Trade Commission, 2016).

In 2018, the UK and EU consumed approximately 23 
million metric tons of wood pellets, 27% of which (6.1 mil-
lion tons) was supplied by the United States (Kittler et al., 
2020). Moreover, suppliers in the Southeast have contracted 
to provide Japan with 1.5 million tons of wood pellets (Kittler 
et al., 2020). International demand for wood pellets triggered 
construction of new wood pellet mills in the Southeast with 
an associated increase in pellet manufacturing capacity from 
≤0.3 million tons prior to 2009 to an estimated 9.0 million 
tons currently (Aguilar et al., 2020; see also Dale et al., 2017; 
concurrently, the number and capacity of wood pellet mills in 
the rest of the eastern United States expanded to meet domes-
tic demand for wood-based biomass, although the capacity 
of these mills is far lower; Aguilar et al., 2020). Wood pellet 
exports grew by 180% from 2.06 to 5.7 million tons between 
2012 and 2017 (Brandeis & Abt, 2019; U. S. International 
Trade Commission, 2018).

Nonetheless, wood pellets are still a small share (3%) 
of the total volume of wood products exported from the 

Southeast (Kittler et al., 2020), and the pellet industry ac-
counts for <1% of US forest products by weight (Dale et al., 
2017). In 2014, the volume of harvested biomass used for 
wood pellets constituted approximately 2% of total timber 
harvest removals in the Southeast (Hodges et al., 2019a). In 
contrast, pulpwood and sawtimber account for approximately 
80% of timber harvest removals in the Southeast (United 
States Department of Agriculture, 2021). Feasibility analysis 
suggests that an additional 182 wood pellet plants could be 
supported in the Southeast without changing current patterns 
of pulpwood use (Henderson et al., 2017), that is, available 
wood-based biomass is not being directed to wood pellet pro-
duction. This raises the question why wood-based biomass 
production accounts for only a small share of total wood re-
movals from private forestlands in the Southeast.

Wood pellet mills that supply wood-based biomass to in-
ternational markets source biomass from NIPF and industrial 
forestlands in the Southeast (Aguilar et al., 2020; Kittler et al., 
2020). Specifically, mills source primary fiber in the form of 
timber harvest residuals (tree tops, limbs, bark, foliage, and 
other nonmerchantable materials that are generated during 
roundwood timber harvests), secondary residuals (sawdust, 
wood shavings, chips, and other by-products of sawmills, 
pulp and paper mills, and wood manufacturers), and occa-
sionally tertiary residuals (post-consumer wood waste) to 
generate wood pellets (Kittler et al., 2020; see also Aguilar 
et al., 2020). Wood pellets are produced from residual wood-
based biomass materials that are generated by larger, higher-
value industries such as lumber and paper (Hodges et al., 
2019a). Non-sawtimber roundwood (pulpwood size logs, 
small-diameter trees from forest thinning, low-priced chip-
n-saw logs, defect logs) may also be used to generate wood 
pellets (Hodges et al., 2019a; Kittler et al., 2020).

Larger pellet mills (>300,000 metric tons per year pro-
duction capacity) mostly use primary fiber that is sourced 
from private industrial and non-industrial forests in the 
Southeast to generate wood pellets, although they do not 
maintain long-term supply contracts with private land-
owners (Kittler et al., 2020). Private landowners play a 
key role in supplying wood-based biomass because they 
own the majority of the 267 million acres of forestland 
in the Southeast (Oswalt et al., 2014). NIPF landowners 
own 56% of all forestlands in the Southeast (Zhang et al., 
2012). Corporate landowners, such as timberland invest-
ment management organizations (TIMOs) and real estate 
investment trusts (REITs), own 30% of all forestlands in 
the Southeast (Zhang et al., 2012). Pellet mills also source 
a substantial share of primary fiber from wood dealers 
(foresters and loggers) who network with landowners in 
the Southeast (Kittler et al., 2020). Primary fiber is typi-
cally sourced from private lands that are within a 50- to 75-
mile haul distance from pellet mills (Kittler et al., 2020). 
On average, most of the wood pellets produced in the 



      |  1045NORTH and PIENAAR

United States are 80% primary fiber and 20% roundwood 
(Hodges et al., 2019a) or secondary residuals (Brandeis & 
Abt, 2019), although Kittler et al. (2020) found that larger 
pellet mills were transitioning to greater use of second-
ary residuals because these residuals can be purchased at 
lower cost.

Recent research has highlighted several challenges in-
herent in the production of wood pellets in the Southeast. 
Regulatory requirements by the UK and EU member coun-
tries (e.g., criteria by the Netherlands per the Stimulation of 
Sustainable Energy Production, SDE+) to ensure sustain-
ability of wood-based biomass production have impacted the 
biomass sourcing strategies and supply chains for wood pel-
let plants (Dale et al., 2016; Kittler et al., 2020). Wood pel-
let mills are expected to demonstrate that they comply with 
various sustainability policies, for example: the Sustainable 
Forestry Initiative (SFI) forest management (SFI FM), chain 
of custody (SFI COC), or fiber sourcing (SFI FS) certifica-
tions; the American Tree Farm System (ATFS); the Program 
on Endorsement of Forest Certification Controlled Sourcing 
(PEFC CS); the Forest Stewardship Council (FSC) forest 
management certification (FSC FM), chain of custody (FSC 
COC), and Controlled Wood (FSC CW) certifications; or the 
Sustainable Biomass Program (SBP; Dale et al., 2016; Kittler 
et al., 2020). Mills and landowners are also expected to com-
ply with state and federal policies that govern environmental 
quality. To meet these standards, mills audit feedstock suppli-
ers to ensure compliance with chain of custody requirements, 
conduct spatial risk assessments, and offer to certify the for-
est management plans of landowners who supply sawmills 
(who in turn supply mill residuals to the pellet mill; Kittler 
et al., 2020). Nonetheless, Kittler et al. (2020) found that only 
a small volume of wood fiber can be traced to forests certi-
fied under a forest management certification standard unless 
wood pellet mills are closely linked to another forest products 
facility such as a sawmill or an industrial landowner with the 
SFI certifications. In addition to sustainability certification 
issues, prior research suggests that NIPF landowners have not 
entered the bioenergy market because they lack knowledge 
about what woody materials can be sold as biomass, how 
biomass production can complement their other land man-
agement practices, and the existence of markets for wood-
based biomass (Hodges et al., 2019a; Joshi & Mehmood, 
2011a, 2011b; Joshi et al., 2013). NIPF landowners have also 
demonstrated concerns about the viability of bioenergy mar-
kets in the long run (Hodges et al., 2019a).

Although prior research provides important insights into 
the logistical complexities of wood pellet production, more 
information is needed to understand why landowners (in par-
ticular, corporate landowners, REITs and TIMOs), loggers 
and foresters may have reservations about participating in 
wood-based biomass production. Accordingly, we conducted 
a series of interviews with key informants (landowners, 

loggers, foresters, and pellet mills) to explore why wood-
based biomass production accounts for only a small share of 
total wood removals from private forestlands in the Southeast. 
To help answer this question, we elicited different stakehold-
ers’ opinions about opportunities for and barriers to wood-
based biomass production in the Southeast.

2  |   METHODS

2.1  |  Study area

Our research focused on private timberlands in the key 
wood-based bioenergy states of Alabama, Georgia, and 
Florida (Gottlieb et al., 2017; United States Department 
of Agriculture, 2010). The Southern Coastal Plains and 
Southeastern Plains ecoregions include high concentrationws 
of private pine plantations (Zhang & Polyakov, 2010) that 
are used to produce wood products, including saw logs, ve-
neer logs, pulpwood, composite panels, and wood pellets 
(Costanza et al., 2017; U.S. Department of Energy, 2016; 
Wall et al., 2017a, 2017b, 2017c). Average annual pulpwood 
growth totals 7.40 million dry tons in Alabama (of which 
3.17 million dry tons are removed annually during harvest), 
4.09 million dry tons in Florida (1.93 million dry tons re-
moved), and 7.66 million dry tons in Georgia (4.15 million 
dry tons removed; Henderson et al., 2017). Alabama, Florida 
and Georgia contain 118, 56 and 190 plants that process 
roundwood, respectively (Wall et al., 2017a, 2017b, 2017c). 
In 2015, industrial timber product output from all wood prod-
ucts was 1.10 billion cubic feet in Alabama, 523.2 million 
cubic feet in Florida, and 1.34 billion cubic feet in Georgia 
(Wall et al., 2017a, 2017b, 2017c). Wood-based biomass for 
bioenergy is generally one of the lowest value wood prod-
ucts, for which landowners receive $2 per ton or less. By con-
trast, in 2019, pine pulpwood sold for an average stumpage 
price of $11.01 per ton and hardwood pulpwood sold for an 
average stumpage price of $10.77 per ton across Alabama, 
Florida, and Georgia (TimberMart-South, 2020).

2.2  |  Data collection

From June 21 to September 5, 2018, we conducted semi-
structured interviews with private forest landowners (NIPFs, 
TIMOs, REITs, and other large corporate landowners) who 
manage pine plantations and natural pine forests in Alabama, 
Florida, and Georgia. From February 4 to April 5, 2019, we 
conducted additional semi-structured interviews with re-
gional and state foresters, logging contractors, and biomass 
production facility managers. We selected our first tier of 
research participants from state forestry association lists, 
university extension program lists, and company websites, 
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and by contacting forestry professionals. We used snowball 
(referral) sampling to recruit additional research partici-
pants. Our study was approved by the University of Florida 
Institutional Review Board (IRB201800904).

2.3  |  Interview questions

Semi-structured interviews use initial predetermined ques-
tions to collect detailed qualitative information from re-
search participants, while allowing respondents to introduce 
new topics relevant to the prepared interview questions 
(Berg et al., 2004). We asked research participants to de-
scribe their experiences and perspectives regarding wood-
based biomass production for bioenergy in the Southeast. 
Semi-structured interviews with private forest landowners 
covered the following six topics: (a) details of landowners' 
properties and income-generating activities; (b) motivations 
and preferences for forestland management; (c) current and 
projected forest management plans; (d) knowledge and opin-
ions of wood-based biomass production; (e) barriers to and 
concerns about participating in wood-based biomass produc-
tion; and (f) preferences for policies and programs to pro-
mote wood-based biomass production. We pretested these 
questions with five expert reviewers (professors and forestry 
extension professionals) before conducting interviews with 
landowners. Semi-structured interviews with additional key 
stakeholders covered the following four topics: (a) land-
owner knowledge of biomass production opportunities; (b) 
benefits and drawbacks to expanding wood-based biomass 
production; (c) barriers to participating in wood-based bio-
mass production; and (d) policy preferences for promoting 
wood-based biomass production. We pretested these ques-
tions with three expert reviewers (professors and forestry 
extension professionals) before conducting interviews with 
these additional stakeholders. We ceased interviews both 
because of a high degree of overlap in our findings (i.e., data 
saturation), and because we were no longer able to recruit 
additional participants.

2.4  |  Data analysis

We transcribed the interviews and then content analyzed the 
transcripts using ATLAS.ti, a software developed to con-
duct qualitative analysis of textual, graphical, audio and 
video data. We produced codes representing common units 
of information across interviews (Hsieh & Shannon, 2005; 
Kondracki et al., 2002). We then organized these codes into 
categories and broader themes (Ryan & Bernard, 2003). 
Both authors analyzed the interview transcripts indepen-
dently, and then compared their analysis to ensure consist-
ency of results.

3  |   RESULTS

We completed interviews with 10 NIPF landowners in 
Florida, 10 NIPF landowners in Georgia, and five NIPF land-
owners in Alabama, with properties ranging in size from 38 
to 3700 acres, distributed across 22 counties. We completed 
eight interviews with REITs, TIMOs, and other large cor-
porate forest landowners, all with >40,000 acres of forest-
land under management. For all REITs, TIMOs, and other 
large corporate forest landowners, we interviewed managers 
whose responsibilities encompassed managing timberlands 
and forestry operations in the study region because these in-
dividuals were well positioned to provide insights on their 
company's investment in wood-based biomass production 
and potential barriers to biomass production. The average in-
terview time for private forest landowners was 34 min. We 
conducted interviews with two forestry professionals, two 
biomass production facility managers, and two logging crew 
managers. The average interview time for these additional 
stakeholders was 39 min. We derived four themes from con-
tent analysis of the interview transcripts:

•	 Biomass production may support multiple land manage-
ment objectives;

•	 Biomass production may allow for diversified income 
from timber production;

•	 Financial barriers to biomass harvesting exist along the 
supply chain; and

•	 Government subsidies are necessary but not sufficient to 
attain sustained biomass production in the Southeast.

3.1  |  Theme 1: Biomass production may 
support multiple land management objectives

In general, landowners managed their land for multiple ben-
efits (e.g., timber production, hunting, biodiversity conserva-
tion), with corporate landowners, REITs, and TIMOs placing 
greater emphasis on timber production to maximize finan-
cial returns for their clients. Landowners who had previously 
participated in biomass production stated that biomass pro-
duction may be used to improve timber production (n = 13), 
enhance fire management (n = 5), and restore longleaf pine 
habitat (which also benefits wildlife and biodiversity and im-
proves ecosystem function; n = 5). Respondents noted that 
biomass harvesting clears sites for replanting with timber 
stands and increases the amount of land that can be allocated 
to pines by removing undesirable plant species (including 
hardwoods) and harvest debris piles. A NIPF landowner ex-
plained, “biomass production is a very good tool to use in 
managing forestlands. You reduce the amount of residual 
debris left on the site after harvesting… It increases your 
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options for managing a young stand. You can cull … small 
trees, undesirable trees, invasive plants… You can … open 
up stands that are too thick.”

Respondents noted that removing harvest debris to supply 
biomass reduces potential uncontrolled fire and smoke haz-
ards, which is particularly important because southeastern for-
ests are becoming increasingly fragmented and developed and 
the ability to apply prescribed fire is declining. Respondents 
also suggested that by reducing the fuel load on private lands, 
biomass harvesting may help to facilitate the reintroduction of 
fire to the landscape in areas where prescribed burning is pos-
sible. Finally, respondents considered how their forest man-
agement affected habitat and wildlife. Some landowners used 
biomass harvesting to clear land for longleaf pine habitat res-
toration by removing hardwoods from areas that were histor-
ically pine- and fire-dominated. NIPF landowners stated that 
good forest management supports wood production, wildlife 
conservation and recreation, for example: “I’m of the opinion 
if you properly manage your forest for revenue then you also 
properly manage your wildlife, including non-game.” By con-
trast, an industrial forest landowner stated, “our primary driv-
ing factor is obviously making money… but if we can manage 
for wildlife we always try to do that.”

Landowners' focus on multiple land management objec-
tives and outcomes was epitomized in their opposition to 
exotic wood-based feedstocks and dedicated short-rotation 
biomass production. Respondents (n  =  9) expressed con-
cerns that these biomass production practices would preclude 
timber production for higher valued product classes, increase 
erosion and reduce water quality owing to increased clear-
cut frequency, increase herbicide use, reduce hunting qual-
ity, introduce invasive species by encouraging landowners to 
plant exotic wood-based feedstocks (e.g., eucalyptus), reduce 
biodiversity, and/or undermine the aesthetic value of forests. 
For example, one NIPF landowner stated “So, if folks to meet 
biomass demand go and take a forest that is loblolly, slash, 
and longleaf with the normal mix of hardwoods and ground 
forbs and grasses and all of that comes in a southern forest—
all of which is valuable to the animals, and the insects, and 
the birds, and everything—and you replace it with eucalyptus 
to feed a biomass plant, I'm going to be pretty hard pressed 
to tell you that's a good thing.” Despite these concerns, land-
owners noted that pilot tests of exotic wood-based feedstocks 
had not proven profitable owing to winter dieback and higher 
herbicide requirements.

3.2  |  Theme 2: Biomass production 
may allow for diversified income from 
timber production

Nearly every landowner (n = 32) was willing to consider har-
vesting biomass as a byproduct of traditional wood production 

to complement the production of other higher value products 
(e.g., sawlogs, chip-n-saw, pulpwood). Respondents stated 
that an abundance of non-merchantable wood remains on 
site after traditional wood products are harvested. This non-
merchantable wood currently is not cost-effective to harvest 
but could be supplied for biomass, for example:

•	 “There is a lot of logging slash leftover from every log-
ging operation… There [are] limbs, and needles, and 
tops… runover pre-merchantable or non-merchantable 
hardwood… There's millions of tons a year in the state of 
Georgia that … are available if there were an economical 
way to harvest them and transport them” – Large corporate 
landowner.

•	 “We have an oversupply of that small wood… So, it'd be 
helpful to have a competitor…In fact, it's difficult in some 
cases to get the young stands thinned right now because the 
market is just not there” – NIPF landowner.

Both landowners and stakeholders in the biomass supply 
chain (n = 27) stated that, at current prices, landowners' pri-
mary financial motivation for engaging in wood-based bio-
mass production is to reduce or offset site preparation costs 
associated with timber production. While seldom profitable 
for the landowner, biomass harvesting reduces the costs as-
sociated with clearing land and applying herbicides, for 
example:

•	 “Typically, a landowner gets $0.50 to $2 a ton stumpage 
for biomass so it's not something that we make economic 
decisions around but it's an important land management 
tool” – Industrial landowner.

•	 “We can spend a lot of money in mechanical site prep hav-
ing to treat slash whether we rake it, shear the site, and 
acreage lost in windrows or slash piles… so very substan-
tial cost if you spread it out across the land base. But ul-
timately if we could develop a strong biomass market, I 
would love it if … the cash flow exceeded the savings that 
we got from site prep. That would be fantastic and cer-
tainly during the BCAP program that's where we were. We 
made very substantial revenue… for biomass products” – 
Industrial landowner.

Both NIPF and industrial landowners (n = 28) stated that 
if biomass prices received by landowners increased they 
would harvest biomass to diversify their incomes, increase 
their profits or secure the financial viability of their forest-
lands. NIPF landowners tended to focus on biomass as a po-
tential means to maintain land as a family asset, secure land 
for future generations, pay taxes on land, provide funds for 
college tuition or retirement, buy new machinery for land 
management, and/or offset lower timber prices. Exemplar 
quotes included:
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•	 “You can't afford to buy land now and plant trees and think 
you're going to make any money. Of course, I inherited the 
land but … I used to sell pine saw logs for close to $60 a 
ton and now it's $22 a ton. That's why people are not re-
placing the trees as much” – NIPF landowner.

•	 “You've got management costs. You've got property taxes. 
You've got liability insurance. There are costs to managing 
and owning land. If you can't cover those costs you've got 
to sell it, and that's a sad thing when you've had a piece of 
property in your family for a hundred years” – Industrial 
landowner.

•	 “We have not nearly enough markets if you look at the 
number of acres of pineland that we have planted in our 
three or four county area here [in central Alabama]… So, 
we need other options. It's of grave concern to put in the 
money for a 30-year investment. And to be uncertain about 
your markets is not real comforting” – NIPF landowner.

3.3  |  Theme 3: Financial barriers to biomass 
harvesting exist along the supply chain

Respondents argued that low production of biomass in 
the Southeast is predominantly attributable to volatility in 
the wood-based biomass market. One representative from 
a TIMO, who has worked in the forest products industry 
for 18 years stated, “biomass markets fluctuate much more 
dramatically than other wood products markets.” In part, 
respondents attributed market volatility to price competi-
tion from higher-value wood products and other energy 
sources, for example natural gas. A large corporate land-
owner stated, “I don't think the biomass industry could 
compete economically with chip-n-saw and saw timber and 
poles and pulpwood… [For biomass to succeed it must] 
capture that understory, … the limbs and the tops from the 
woods, and … the unmerchantable hardwoods.” A NIPF 
landowner stated, “natural gas is killing the biomass mar-
ket now. It's a young market that is going through growing 
pains.” Respondents (n = 5) also stated that negative public 
perceptions related to biomass are hindering the growth of 
the domestic market, for example: “Biomass for electric-
ity has really received a lot of negative press and there's 
a lot of debate around carbon neutrality … My concern is 
that markets will not be stable until the public perception of 
using wood for heat or power from well-managed forests 
changes.” Although there is international demand for bio-
mass, respondents (n = 4) were concerned about the long-
term sustainability of international markets, especially if 
European governments disallow wood-based bioenergy in 
their renewable energy mandates. As one corporate land-
owner stated, “from the pellet industry as I understand it 
100% is going overseas. So, if that mandate quits, I would 
say it's not a viable option.”

Respondents (n = 6) also stated that the volatility of the 
biomass market has been exacerbated by erratic and lim-
ited domestic political support for biomass production. 
Respondents opined that policy changes, short-term govern-
ment subsidies, and uncertainty regarding the regulatory en-
vironment have undermined market participants’ trust in the 
wood-based biomass market and hence their willingness to 
invest in biomass facilities and equipment. Three respondents 
noted that the BCAP program, which was intended to be a 
10-year program, was only implemented for 18 months. They 
also argued that BCAP did not disburse funds effectively, for 
example: “mills got all the BCAP money for doing some-
thing they were doing anyway [burning waste wood to power 
their facility].” An industrial landowner stated, “BCAP failed 
[because] a lot of the contractors said, ‘Okay, well that's just 
because the federal government is throwing a lot of money 
at this right now. I don't want to invest $500,000 or a million 
dollars to get a chipper and all these chip vans because this 
could go away as fast as it came on’. And sure enough, that 
was the case. BCAP didn't last very long. So, you need to es-
tablish that trust, especially with the logging contractors be-
cause those are the folks that have to actually invest in semis 
and chip vans and chippers or grinders. I think [wood-based 
biomass is] an easier sell to the landowner. And that's always 
been the challenge.”

Other respondents (n = 8) reinforced the point that mar-
ket volatility has undermined loggers' willingness to invest 
in expensive, specialized machinery that is needed to har-
vest biomass. Respondents also stated that market volatility 
has delayed or undermined investment in biomass facilities, 
which increases the costs of hauling low-grade wood long 
distances to the few biomass facilities in the Southeast 
(n = 19). Exemplar quotes included:

•	 “I'm not willing to produce [biomass] along with my log-
ging because it is so undependable. To go to that extra ex-
pense of buying a chipper, buying chip vans, having to have 
that extra trucking capacity, I’m better off just to do the 
logging that I know I can make money at that's a depend-
able source of income” – Logging operations manager.

•	 “Biomass production from a cost standpoint in today's cur-
rent market is a very, very thin margin of business… the 
delivered cost of the product is just enough to cover the 
freight and maybe 5% more of the overall cost of produc-
tion of that material” – Logging operations manager.

Respondents (n  =  7) noted, however, that biomass pro-
duction could provide an additional income stream for saw-
mills. Sawmills could sell chips and shavings from sawtimber 
processing for wood pellet production. As a representative 
from a TIMO stated, “It would help those sawmills with their 
economics, and that provides us with a stable healthy market 
to sell sawtimber products into.”
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3.4  |  Theme 4: Government subsidies are 
necessary but not sufficient to attain sustained 
biomass production in the Southeast

Respondents were not uniform in their opinions about how 
wood-based biomass production in the Southeast could be 
increased. A subset of respondents (n  =  3) advocated for 
long-term government subsidies to secure capital investment 
in biomass equipment and facilities. For example, one indus-
trial forest landowner stated, “I would want to see some sort 
of long-term commitment from the government because they 
need to appreciate the fact that contractors need to put down 
a substantial capital investment to get equipped for biomass 
harvests. It just simply isn't fair to subsidize something for a 
short window of time and then leave contractors and/or land-
owners hanging at the end.” Other respondents (n = 3) also 
advocated for initial government subsidies to seed the bio-
mass industry but argued that long-term biomass production 
could only be secured if the biomass market is price com-
petitive and profitable. For example, a NIPF landowner said, 
“I think we are going to have to rely on the free market to 
[secure biomass production]. It might have to have some sort 
of financial supplement to get it started and get the interest 
in it.”

In addition to suggestions on how the biomass supply 
chain could be secured, respondents stated that improved out-
reach to forest landowners is required to inform them about 
biomass production. Both NIPF and industrial landowners 
(n = 26) were interested in educational programs regarding 
multiple-use management for wood-based biomass produc-
tion, including how biomass production could complement 
their land management objectives (e.g., habitat restoration, 
hunting, improved timber production). NIPF landowners ex-
pressed confusion about what raw materials are suitable for 
sale into the wood pellet and biomass chip markets, how to 
participate in biomass markets, and which facilities purchase 
wood for biomass.

Many NIPF landowners (n  =  11) were either uncertain 
about the forest certifications on their land or lacked the 
appropriate certifications needed to supply wood-based 
biomass to the UK and EU markets. However, multiple land-
owners mentioned that they were enrolled in other steward-
ship programs that require them to engage in multiple use 
forest management that is in accordance with best man-
agement practices (e.g., the Alabama Forest Stewardship 
Program, the Alabama TREASURE Forest certification, 
the Florida Forest Stewardship Program, the Georgia Forest 
Stewardship Program) or that they were members of stew-
ardship groups (e.g., the Longleaf Alliance). As noted by an 
NIPF landowner, landowner enrollment in the certifications 
needed to supply the wood-based biomass markets is “held 
back by [lack of] awareness and education.” Biomass produc-
tion facilities stressed the importance of these certifications, 

in particular that they cannot source wood-based biomass 
from forestlands that will be converted to other uses after 
harvest. For example, “We will not accept wood from any 
type of land use change. So, if the land is being converted 
to agriculture, to pasture, to parking lots … if it's not going 
back into forest, we will not accept that material. And that is 
driven by the sustainability requirements of the countries that 
we sell our pellets to overseas. And that is the one line that 
we cannot cross.”

3.5  |  Limitations

Our results provide insights into the wood-based biomass 
market in the Southeast, but there are limitations to this study. 
First, because this research is qualitative, our findings cannot 
be generalized to all stakeholders in biomass production in 
the Southeast. Although we followed the appropriate steps 
to ensure reliability of our data analysis, we did not member 
check our findings with any research participants. Second, 
our study was designed to elicit key stakeholders' opinions on 
how wood-based biomass production in the Southeast could 
expand further. Our study was not designed to investigate so-
cial or environmental justice concerns related to wood-based 
biomass production in the Southeast.

4  |   DISCUSSION

If demand for wood-based biomass continues to expand, the 
Southeast has the necessary capacity in terms of available 
wood fiber to meet this demand, in addition to the market 
advantage of relatively low shipping costs to the UK and EU 
(Henderson et al., 2017). Feasibility analysis of wood pel-
let plant development suggests that Alabama, Florida, and 
Georgia could sustain an additional 32, 16, and 26 wood pel-
let mills, respectively, based on current pulpwood uses in 
these states (Henderson et al., 2017). The private landown-
ers we interviewed stressed their interest in supplying wood-
based biomass as a byproduct of harvesting other higher 
value products (e.g., sawlogs, chip-n-saw, pulpwood), espe-
cially if the prices received by landowners for wood-based 
biomass increase. Landowners wanted to find markets for the 
non-merchantable wood that remains on site after traditional 
wood products are harvested or timber stands have been 
thinned. Primary residuals and non-sawtimber roundwood 
are well suited to wood pellet production, and foresters and 
loggers play a key intermediary role in facilitating the sup-
ply of these wood fibers to pellet plants (Kittler et al., 2020). 
However, research participants argued that market volatil-
ity and inconsistent government support (e.g., the abortive 
BCAP program) has undermined loggers' willingness to 
invest in expensive, specialized machinery that is needed 
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to harvest biomass. They also argued that market volatil-
ity, intermittent government support and uncertainty about 
how sustainability concerns will affect future international 
demand for wood-based biomass have reduced potential in-
vestment in wood pellet plants, thereby increasing the costs 
of hauling low-grade wood long distances to existing, opera-
tional facilities in the Southeast. Landowners who had partic-
ipated in biomass production agreed that opportunities to sell 
biomass have been sporadic because wood pellet plants have 
not operated continuously and dependably (Mayfield et al., 
2007). According to research participants, uncertainty about 
the future financial viability of wood-based biomass produc-
tion has reduced wood suppliers' (loggers, foresters) inter-
est in wood-based biomass harvesting on private lands and 
landowners' ability to access these markets. The costs of har-
vesting and transporting biomass to pellet mills, price compe-
tition from other wood products, and low biomass stumpage 
prices have reduced the potential rate of wood-based biomass 
harvest on private timberlands in the Southeast (Dwivedi & 
Alavalapati, 2009).

Our research participants also argued that price compe-
tition from fossil fuels and other renewable energy sources 
in the United States has limited production of wood pellets 
to supply the domestic market, which means that available 
wood-based biomass in the Southeast is not being used to at-
tain renewable fuel production in the United States. Electricity 
is primarily generated from natural gas (38.4% of domestic 
energy generation) and coal (23.5% of domestic energy gen-
eration) in the United States. In 2021, coal and natural gas 
were priced at $2.35/million British thermal units (mmbtu) 
and $2.73/mmbtu, respectively, whereas densified wood 
for energy production was priced at $10.94/mmbtu (U.S. 
Energy Information Administration, 2021a, 2021b, 2021c). 
Because wood-based biomass is still not price competitive 
with alternative energy sources wood pellet production in the 
Southeast is likely to remain reliant on international demand, 
which means that sustainability standards must be met to 
secure future biomass production in the Southeast (Hodges 
et al., 2019a).

As noted by our research participants, concerns about the 
sustainability and carbon neutrality of wood-based biomass 
production have been raised both domestically and interna-
tionally, resulting in the call to meet sustainability standards 
along the wood-based biomass supply chain (Dale et al., 
2016; Hodges et al., 2019a; Kittler et al., 2020). These stan-
dards have been implemented in response to concerns that 
increased demand for wood fibers to supply wood-based 
biomass may cause major forestland losses or degrade for-
ests' structure, composition, and nutrient cycles (Aguilar 
et al., 2020). Although proponents argue that wood-based 
biomass markets may prevent deforestation and increase 
investment in multi-purpose tree plantations (Aguilar et al., 
2020), sustainability standards have been created to ensure 

carbon neutrality, reforestation after wood harvest, protection 
of biodiversity, and compliance with best management prac-
tices to maintain environmental quality (e.g., water or soil 
quality) when producing wood-based biomass (Dale et al., 
2016). Importantly, wood fibers cannot be harvested from 
forestland that is legally withdrawn from timber production 
(Aguilar et al., 2020). The SBP, which is a private certifica-
tion system that is designed to ensure legal and sustainable 
sourcing of wood pellets, relies on existing sustainable forest 
management and chain-of-custody certificate programs (e.g., 
the FSC; Aguilar et al., 2020). It is therefore concerning that 
multiple landowners, notably NIPF landowners, were uncer-
tain whether they held the appropriate certifications to supply 
wood-based biomass to the international markets or did not 
recognize the names of these various certifications.

Nonetheless, our research participants, particularly the 
NIPF landowners, stressed the importance that they place on 
land and forest stewardship, which is commensurate with sus-
tainability standards. Consistent with findings by Hodges et al. 
(2019a), landowners managed their land for multiple benefits 
and argued that wood-based biomass production may be used to 
improve timber production, enhance fire management, restore 
longleaf pine habitat, and support wildlife by enhancing habitat 
quality. Their opposition to exotic feedstocks (e.g., eucalyptus) 
and short-rotation woody crops was based on concerns about 
increased erosion, reduced water quality, increased herbicide 
use, reduced biodiversity, the introduction of non-native spe-
cies, and reduced aesthetic and cultural values of forests. As 
such, our research participants appeared to apply the same prin-
ciples to managing their land that are encompassed in sustain-
ability standards. However, NIPF landowners' concerns about 
the future profitability of timber production suggest that some 
landowners may not reforest their land after harvest, which is 
not consistent with sustainability criteria for wood-based bio-
mass production. Higher prices for wood-based biomass har-
vesting could help NIPF landowners to maintain their lands as 
forest by allowing them to generate sufficient revenues to offset 
land management costs and other expenses. By contrast, insti-
tutional and industrial landowners, notably TIMOs, are highly 
likely to reforest timberland after harvest (Sun et al., 2015), 
which is critical to meeting international biomass sustainabil-
ity requirements. Analysis by Aguilar et al. (2020) also sug-
gest that although wood pellet production has increased carbon 
pools in live trees, the wood-based biomass procurement areas 
of large-scale wood pellet mills in the Southeast have lower car-
bon stocks in soils and fewer standing-dead trees, which is not 
consistent with sustainability standards.

While there is an abundance of wood that landowners 
are willing to supply for biomass production, notably non-
merchantable woody material and debris associated with 
wood production for traditional forest products (e.g., pulp-
wood, sawtimber), landowners' access to biomass markets 
will depend on meeting sustainability standards. As noted by 
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Kittler et al. (2020), meeting these sustainability standards 
is hampered by wood dealers' and suppliers' lack of under-
standing of the importance of using risk-based systems to 
source biomass and the fact that smaller landowners typi-
cally do not have appropriate sustainability certifications 
(see also Hodges et al., 2019a). Although many NIPF land-
owners implement best management practices pertaining to 
timber harvesting, reforestation and environmental quality, 
a survey by Hodges et al. (2019a) found that 20% of NIPF 
landowners in the Southeast did not know if best manage-
ment practices are implemented on their land, possibly be-
cause they hire professional foresters to manage their land. 
Stakeholders in wood-based biomass production (feedstock 
production, supply, and procurement) require training in 
sustainable landscape design and assistance in obtaining ap-
propriate sustainability certifications to facilitate improved 
utilization of available wood-based biomass for bioenergy 
production (Dale et al., 2016; Hodges et al., 2019a; Kittler 
et al., 2020). NIPF landowners may also benefit from refor-
estation cost-share programs to ensure that they reforest their 
land after harvest (Sun et al., 2015).

However, landowners may not invest in the process of sus-
tainability certification unless they receive higher prices for 
wood-based biomass production. Both NIPF and industrial 
landowners argued that the prices they receive for wood-based 
biomass are low, which reduces the profitability from supply-
ing wood-based biomass to pellet mills. While landowners 
were interested in adopting biomass production on their land to 
complement their land management objectives, currently their 
financial incentive to harvest biomass is small. Our findings 
are consistent with Hodges et al. (2019b) who found that NIPF 
landowners are more likely to engage in wood-based biomass 
production if they are assured of a long-term market, biomass 
prices increase, and they receive technical assistance that al-
lows them to harvest woody biomass in a manner that improves 
stand productivity and future value. Several landowners lacked 
knowledge on how to pair biomass harvesting with traditional 
wood production or how to access biomass markets (Joshi & 
Mehmood, 2011a, 2011b; Joshi et al., 2013). They would bene-
fit from outreach programs about wood-based biomass produc-
tion, especially if paired with sustainability certification.

Although landowners were interested in biomass produc-
tion to the extent that it complemented their land manage-
ment objectives, loggers' and foresters' uncertainty about the 
future trajectory of both domestic and international biomass 
markets appear to have played a key role in keeping actual 
biomass harvests below potential harvests. This uncertainty 
translated into unwillingness to invest in costly equipment 
to harvest wood-based biomass and transport it to markets, 
even when government subsidies were offered. Government 
subsidies that are designed to ensure investment in biomass 
harvesting equipment by loggers and the establishment of 
additional biomass facilities (thereby reducing the costs of 

hauling biomass) may help to attain full biomass harvest po-
tential in the Southeast. However, unless loggers, production 
facilities and other key stakeholders in biomass production 
trust that biomass for bioenergy will expand and persist, they 
will have little incentive to develop cost-effective technolo-
gies or invest in the biomass supply chain.

5  |   CONCLUSION

Despite increasing international demand for wood-based 
biomass for bioenergy, biomass production in the Southeast 
remains low compared to other wood products such as pulp-
wood and sawtimber. There is sufficient wood-based bio-
mass in the Southeast to support far greater production of 
wood pellets for domestic and international markets. While 
landowners who participated in our study were willing to 
supply woody debris and non-merchantable wood for bioen-
ergy production, even at current low stumpage prices, they 
preferred to receive higher prices for wood-based biomass to 
offset their land management costs and expenses. Loggers' 
reluctance to invest in the expensive specialized equipment 
needed to harvest biomass and the fact that there have been 
few continuously operating biomass production facilities in 
the Southeast (which increases the transportation costs as-
sociated with biomass production) have meant that actual 
biomass harvests are below potential harvests. Loggers' and 
investors' incentives to invest in wood-based biomass pro-
duction have been undermined by inconsistent domestic 
government support for biomass production and concerns 
about the loss of the import market as a result of international 
concerns about the sustainability of wood-based biomass. 
These concerns could be addressed if stakeholders in wood-
based biomass production (feedstock production, supply, and 
procurement) obtained appropriate training in sustainable 
landscape design and assistance in obtaining sustainability 
certifications to offset international concerns about the sus-
tainability of wood-based biomass production.

ACKNOWLEDGMENTS
We thank all of the respondents we interviewed and the ex-
pert reviewers of our semi-structured interview questions.

CONFLICT OF INTEREST
None.

DATA AVAILABILITY STATEMENT
Research data are not shared, owing to ethical restrictions re-
lated to human subjects research.

ORCID
Benjamin W. North   https://orcid.org/0000-0002-2506-9675 
Elizabeth F. Pienaar   https://orcid.org/0000-0003-0343-080X 

https://orcid.org/0000-0002-2506-9675
https://orcid.org/0000-0002-2506-9675
https://orcid.org/0000-0003-0343-080X
https://orcid.org/0000-0003-0343-080X


1052  |      NORTH and PIENAAR

TWITTER
Elizabeth F. Pienaar   @LabPienaar 

REFERENCES
Aguilar, F. X., Mirzaee, A., McGarvey, R. G., Shifley, S. R., & Burtraw, 

D. (2020). Expansion of US wood pellet industry points to positive 
trends but the need for continued monitoring. Scientific Reports, 
10, 18607. https://doi.org/10.1038/s4159​8-020-75403​-z

Berg, B. L., Lune, H., & Lune, H. (2004). Qualitative research methods 
for the social sciences (Vol. 5). Pearson.

Brandeis, C., & Abt, K. L. (2019). Roundwood use by southern wood 
pellet mills: Findings from timber product output mill surveys. 
Journal of Forestry, 117(5), 427–434.

Costanza, J. K., Abt, R. C., McKerrow, A. J., & Collazo, J. A. (2017). 
Bioenergy production and forest landscape change in the south-
eastern United States. GCB Bioenergy, 9(5), 924–939. https://doi.
org/10.1111/gcbb.12386

Dale, V. H., Kline, K. L., Buford, M. A., Volk, T. A., Smith, C. T., & 
Stupak, I. (2016). Incorporating bioenergy into sustainable land-
scape designs. Renewable and Sustainable Energy Reviews, 56, 
1158–1171. https://doi.org/10.1016/j.rser.2015.12.038

Dale, V. H., Parish, E., Kline, K. L., & Tobin, E. (2017). How is wood-
based pellet production affecting forest conditions in the southeast-
ern United States?. Forest Ecology and Management, 396, 143–
149. https://doi.org/10.1016/j.foreco.2017.03.022

Dwivedi, P., & Alavalapati, J. R. (2009). Stakeholders’ perceptions on 
forest biomass-based bioenergy development in the southern US. 
Energy policy, 37(5), 1999–2007.

European Commission. (2019). A brief on biomass for bioenergy in the 
European Union. Available at https://ec.europa.eu/jrc/en/publi​
catio​n/broch​ures-leafl​ets/brief​-bioma​ss-energ​y-europ​ean-union. 
Accessed September 23, 2020.

Gottlieb, I. G., Fletcher, R. J. Jr, Nuñez-Regueiro, M. M., Ober, H., 
Smith, L., & Brosi, B. J. (2017). Alternative biomass strategies for 
bioenergy: Implications for bird communities across the southeast-
ern United States. GCB Bioenergy, 9(11), 1606–1617.

Grand View Research. (2020). Biomass power market size, share 
& trends analysis report by feedstock (solid, liquid biofuels), 
by technology (combustion, gasification), by region (North 
America, Europe, Asia Pacific), and segment forecasts, 2020–
2027. Available at https://www.grand​viewr​esear​ch.com/indus​
try-analy​sis/bioma​ss-power​-market. Accessed September 23,   
2020.

Henderson, J. E., Joshi, O., Parajuli, R., & Hubbard, W. G. (2017). A 
regional assessment of wood resource sustainability and poten-
tial economic impact of the wood pellet market in the US South. 
Biomass and Bioenergy, 105, 421–427. https://doi.org/10.1016/j.
biomb​ioe.2017.08.003

Hodges, D. G., Chapagain, B., Watcharaanantapong, P., Poudyal, N. C., 
Kline, K. L., & Dale, V. H. (2019a). Opportunities and attitudes 
of private forest landowners in supplying woody biomass for re-
newable energy. Renewable and Sustainable Energy Reviews, 113, 
109205. https://doi.org/10.1016/j.rser.2019.06.012

Hodges, D. G., Chapagain, B. P., Watcharaanantapong, P., Poudyal, N. 
C., Kline, K. L., & Dale, V. H. (2019b). Dataset of forest land-
owner survey to assess interest in supplying woody biomass in two 
Southeastern United States fuelsheds. Data in Brief, 27, 104674. 
https://doi.org/10.1016/j.dib.2019.104674

Hsieh, H. F., & Shannon, S. E. (2005). Three approaches to qualitative 
content analysis. Qualitative Health Research, 15(9), 1277–1288. 
https://doi.org/10.1177/10497​32305​276687

Joshi, O., Grebner, D. L., Hussain, A., & Grado, S. C. (2013). 
Landowner knowledge and willingness to supply woody biomass 
for wood-based bioenergy: Sample selection approach. Journal 
of Forest Economics, 19(2), 97–109. https://doi.org/10.1016/j.
jfe.2012.11.003

Joshi, O., & Mehmood, S. R. (2011a). Factors affecting non-industrial 
private forest landowners' willingness to supply woody biomass 
for bioenergy. Biomass and Bioenergy, 35(1), 186–192. https://doi.
org/10.1016/j.biomb​ioe.2010.08.016

Joshi, O., & Mehmood, S. R. (2011b). Segmenting southern non-
industrial private forest landowners on the basis of their man-
agement objectives and motivations for wood-based bioenergy. 
Southern Journal of Applied Forestry, 35(2), 87–92. https://doi.
org/10.1093/sjaf/35.2.87

Kittler, B., Stupak, I., & Smith, C. T. (2020). Assessing the wood sourc-
ing practices of the U.S. industrial wood pellet industry supply-
ing European energy demand. Energy, Sustainability and Society, 
10(23), 1–17.

Kondracki, N. L., Wellman, N. S., & Amundson, D. R. (2002). Content 
analysis: Review of methods and their applications in nutrition ed-
ucation. Journal of Nutrition Education and Behavior, 34(4), 224–
230. https://doi.org/10.1016/S1499​-4046(06)60097​-3

Mayfield, C. A., Foster, C. D., Smith, C. T., Gan, J., & Fox, S. (2007). 
Opportunities, barriers, and strategies for forest bioenergy and bio-
based product development in the Southern United States. Biomass 
and Bioenergy, 31(9), 631–637. https://doi.org/10.1016/j.biomb​
ioe.2007.06.021

Oswalt, S. N., Smith, W. B., Miles, P. D., & Pugh, S. A. (2014). Forest 
resources of the United States, 2012: A technical document sup-
porting the Forest Service 2010 update of the RPA assessment. 
In Gen. Tech. Rep. WO-91. US Department of Agriculture, Forest 
Service, Washington Office, 218, 91 pp. https://www.srs.fs.usda.
gov/pubs/gtr/gtr_wo091.pdf

Ryan, G. W., & Bernard, H. R. (2003). Techniques to Identify Themes. 
Field Methods, 15(1), 85–109. https://doi.org/10.1177/15258​
22X02​239569

Sun, X., Zhang, D., & Butler, B. J. (2015). Timberland ownerships and 
reforestation in the southern United States. Forest Science, 61(2), 
336–343. https://doi.org/10.5849/forsci.13-192

The European Parliament and the Council of the European Union. 
(2018). Directive (EU) 2018/2001 of the European Parliament and 
of the Council of 11 December 2018 on the promotion of the use 
of energy from renewable sources (recast). Available at https://eur-
lex.europa.eu/legal​-conte​nt/EN/TXT/PDF/?uri=CELEX​:32018​
L2001​&from=EN

TimberMart-South. (2019). TimberMart-South 2018 annual summary. 
Available at http://www.timbe​rmart​-south.com/produ​cts.html

TimberMart-South. (2020). TimberMart-South 2019 annual summary. 
Available at http://www.timbe​rmart​-south.com/produ​cts.html

U.K. Department for Business, Energy, & Industrial Strategy. (2018). 
Growing the bioeconomy: A national bioeconomy strategy to 
2030. Available at https://assets.publi​shing.servi​ce.gov.uk/gover​
nment/​uploa​ds/syste​m/uploa​ds/attac​hment_data/file/76185​
6/181205_BEIS_Growi​ng_the_Bioec​onomy__Web_SP_.pdf

U.S. Department of Energy. (2016). 2016 billion-ton report: Advancing 
domestic resources for a thriving bioeconomy, volume 1: Economic 

https://twitter.com/LabPienaar
https://doi.org/10.1038/s41598-020-75403-z
https://doi.org/10.1111/gcbb.12386
https://doi.org/10.1111/gcbb.12386
https://doi.org/10.1016/j.rser.2015.12.038
https://doi.org/10.1016/j.foreco.2017.03.022
https://ec.europa.eu/jrc/en/publication/brochures-leaflets/brief-biomass-energy-european-union
https://ec.europa.eu/jrc/en/publication/brochures-leaflets/brief-biomass-energy-european-union
https://www.grandviewresearch.com/industry-analysis/biomass-power-market
https://www.grandviewresearch.com/industry-analysis/biomass-power-market
https://doi.org/10.1016/j.biombioe.2017.08.003
https://doi.org/10.1016/j.biombioe.2017.08.003
https://doi.org/10.1016/j.rser.2019.06.012
https://doi.org/10.1016/j.dib.2019.104674
https://doi.org/10.1177/1049732305276687
https://doi.org/10.1016/j.jfe.2012.11.003
https://doi.org/10.1016/j.jfe.2012.11.003
https://doi.org/10.1016/j.biombioe.2010.08.016
https://doi.org/10.1016/j.biombioe.2010.08.016
https://doi.org/10.1093/sjaf/35.2.87
https://doi.org/10.1093/sjaf/35.2.87
https://doi.org/10.1016/S1499-4046(06)60097-3
https://doi.org/10.1016/j.biombioe.2007.06.021
https://doi.org/10.1016/j.biombioe.2007.06.021
https://www.srs.fs.usda.gov/pubs/gtr/gtr_wo091.pdf
https://www.srs.fs.usda.gov/pubs/gtr/gtr_wo091.pdf
https://doi.org/10.1177/1525822X02239569
https://doi.org/10.1177/1525822X02239569
https://doi.org/10.5849/forsci.13-192
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
http://www.timbermart-south.com/products.html
http://www.timbermart-south.com/products.html
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/761856/181205_BEIS_Growing_the_Bioeconomy__Web_SP_.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/761856/181205_BEIS_Growing_the_Bioeconomy__Web_SP_.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/761856/181205_BEIS_Growing_the_Bioeconomy__Web_SP_.pdf


      |  1053NORTH and PIENAAR

availability of feedstocks (eds M. H. Langholtz, B. J. Stokes, & L. 
M. Eaton). DOE.

U.S. Energy Information Administration. (2021a). Electricity data 
browser (January 2021). Available at https://www.eia.gov/
elect​ricit​y/data/brows​er/#/topic/​0?agg=2,0,1&fuel=vtvv&-
geo=g&sec=g&linec​hart=ELEC.GEN.ALL-US-99.A~ELEC.
GEN.COW-US-99.A~ELEC.GEN.NG-US-99.A~ELEC.GEN.
NUC-US-99.A~ELEC.GEN.HYC-US-99.A~ELEC.GEN.WND-
US-99.A~ELEC.GEN.TSN-US-99.A&colum​nchar​t=ELEC.
GEN.ALL-US-99.A~ELEC.GEN.COW-US-99.A~ELEC.GEN.
NG-US-99.A~ELEC.GEN.NUC-US-99.A~ELEC.GEN.HYC-
US-99.A~ELEC.GEN.WND-US-99.A&map=ELEC.GEN.
ALL-US-99.A&freq=A&ctype​=linec​hart&ltype​=pin&rtype​
=s&mapty​pe=0&rse=0&pin=. Accessed March 27, 2021.

U.S. Energy Information Administration. (2021b). Electricity monthly 
update (January 2021). Available at https://www.eia.gov/elect​
ricit​y/month​ly/updat​e/print​-versi​on.php. Accessed March 27,   
2021.

U.S. Energy Information Administration. (2021c). Monthly densified 
biomass fuel report. Available at https://www.eia.gov/biofu​els/
bioma​ss/#table_data. Accessed April 27, 2020.

U.S. International Trade Commission. (2016). 2016 Top markets report 
renewable fuels sector snapshot – Biomass wood pellets. Available 
at https://legacy.trade.gov/topma​rkets/​pdf/renew​able_fuels_bioma​
ss_wood_pelle​ts.pdf. Accessed November 20, 2020.

U.S. International Trade Commission. (2018). International trade in 
wood pellets: Current trends and future prospects. Available at 
https://www.usitc.gov/publi​catio​ns/332/execu​tive_brief​ings/
wood_pelle​ts_ebot_final.pdf

United States Department of Agriculture. (2010). A USDA regional 
roadmap to meeting the biofuels goals of the renewable fuels stan-
dard by 2022. USDA biofuels strategic production report. Available 
at www.usda.gov/docum​ents/USDA_Biofu​els_Report_62320​
10.pdf. Accessed November 20, 2020.

United States Department of Agriculture. (2016). Energy fact sheet – 
Biomass Crop Assistance Program for fiscal year 2017. Available 
at https://www.fsa.usda.gov/Asset​s/USDA-FSA-Publi​c/usdaf​iles/
FactS​heets/​archi​ved-fact-sheet​s/bcap_fact_sheet_nov20​16.pdf 
Accessed November 20, 2020.

United States Department of Agriculture. (2021). Timber products 
output studies. Forest Inventory and Analysis National Program. 
Available at https://www.fia.fs.fed.us/progr​am-featu​res/tpo/. 
Accessed March 10, 2021.

United States Environmental Protection Agency, United States 
Department of Agriculture, and United Stated Department of 
Energy. (2018). EPA, USDA, and DOE response to congress on 
biomass carbon neutrality. Available at https://www.epa.gov/sites/​
produ​ction/​files/​2018-11/docum​ents/epa_usda_doe_respo​nse_to_
congr​ess_re_forest_bioma​ss_11-1-18_1.pdf. Accessed November 
20, 2020.

Wall, D. J., Bentley, J. W., Cooper, J. A., & Gray, J. A. (2017a). 
Alabama’s timber industry—timber product output and use, 2015. 
e-Science Update SRS–132. U.S. Department of Agriculture 
Forest Service, Southern Research Station, 6 pp.

Wall, D. J., Bentley, J. W., Cooper, J. A., & Gray, J. A. (2017b). Florida’s 
timber industry—timber product output and use, 2015. e-Science 
Update–135. U.S. Department of Agriculture Forest Service, 
Southern Research Station, 6 pp.

Wall, D. J., Bentley, J. W., Cooper, J. A., & Gray, J. A. (2017c). 
Georgia’s timber industry—timber product output and use, 2015. 
e-Science Update–134. U.S. Department of Agriculture Forest 
Service, Southern Research Station, 6 pp.

Zhang, D., Butler, B. J., & Nagubadi, R. V. (2012). Institutional timber-
land ownership in the US South: Magnitude, location, dynamics, 
and management. Journal of Forestry, 110(7), 355–361. https://
doi.org/10.5849/jof.12-015

Zhang, D., & Polyakov, M. (2010). The geographical distribution of 
plantation forests and land resources potentially available for pine 
plantations in the US South. Biomass and Bioenergy, 34(12), 
1643–1654. https://doi.org/10.1016/j.biomb​ioe.2010.05.006

How to cite this article: North BW, Pienaar EF. 
Continued obstacles to wood-based biomass production 
in the southeastern United States. GCB Bioenergy. 
2021;13:1043–1053. https://doi.org/10.1111/gcbb.12834

https://www.eia.gov/electricity/data/browser/#/topic/0?agg=2,0,1&fuel=vtvv&geo=g&sec=g&linechart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A%7EELEC.GEN.TSN-US-99.A&columnchart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A&map=ELEC.GEN.ALL-US-99.A&freq=A&ctype=linechart&ltype=pin&rtype=s&maptype=0&rse=0&pin=
https://www.eia.gov/electricity/data/browser/#/topic/0?agg=2,0,1&fuel=vtvv&geo=g&sec=g&linechart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A%7EELEC.GEN.TSN-US-99.A&columnchart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A&map=ELEC.GEN.ALL-US-99.A&freq=A&ctype=linechart&ltype=pin&rtype=s&maptype=0&rse=0&pin=
https://www.eia.gov/electricity/data/browser/#/topic/0?agg=2,0,1&fuel=vtvv&geo=g&sec=g&linechart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A%7EELEC.GEN.TSN-US-99.A&columnchart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A&map=ELEC.GEN.ALL-US-99.A&freq=A&ctype=linechart&ltype=pin&rtype=s&maptype=0&rse=0&pin=
https://www.eia.gov/electricity/data/browser/#/topic/0?agg=2,0,1&fuel=vtvv&geo=g&sec=g&linechart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A%7EELEC.GEN.TSN-US-99.A&columnchart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A&map=ELEC.GEN.ALL-US-99.A&freq=A&ctype=linechart&ltype=pin&rtype=s&maptype=0&rse=0&pin=
https://www.eia.gov/electricity/data/browser/#/topic/0?agg=2,0,1&fuel=vtvv&geo=g&sec=g&linechart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A%7EELEC.GEN.TSN-US-99.A&columnchart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A&map=ELEC.GEN.ALL-US-99.A&freq=A&ctype=linechart&ltype=pin&rtype=s&maptype=0&rse=0&pin=
https://www.eia.gov/electricity/data/browser/#/topic/0?agg=2,0,1&fuel=vtvv&geo=g&sec=g&linechart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A%7EELEC.GEN.TSN-US-99.A&columnchart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A&map=ELEC.GEN.ALL-US-99.A&freq=A&ctype=linechart&ltype=pin&rtype=s&maptype=0&rse=0&pin=
https://www.eia.gov/electricity/data/browser/#/topic/0?agg=2,0,1&fuel=vtvv&geo=g&sec=g&linechart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A%7EELEC.GEN.TSN-US-99.A&columnchart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A&map=ELEC.GEN.ALL-US-99.A&freq=A&ctype=linechart&ltype=pin&rtype=s&maptype=0&rse=0&pin=
https://www.eia.gov/electricity/data/browser/#/topic/0?agg=2,0,1&fuel=vtvv&geo=g&sec=g&linechart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A%7EELEC.GEN.TSN-US-99.A&columnchart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A&map=ELEC.GEN.ALL-US-99.A&freq=A&ctype=linechart&ltype=pin&rtype=s&maptype=0&rse=0&pin=
https://www.eia.gov/electricity/data/browser/#/topic/0?agg=2,0,1&fuel=vtvv&geo=g&sec=g&linechart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A%7EELEC.GEN.TSN-US-99.A&columnchart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A&map=ELEC.GEN.ALL-US-99.A&freq=A&ctype=linechart&ltype=pin&rtype=s&maptype=0&rse=0&pin=
https://www.eia.gov/electricity/data/browser/#/topic/0?agg=2,0,1&fuel=vtvv&geo=g&sec=g&linechart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A%7EELEC.GEN.TSN-US-99.A&columnchart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A&map=ELEC.GEN.ALL-US-99.A&freq=A&ctype=linechart&ltype=pin&rtype=s&maptype=0&rse=0&pin=
https://www.eia.gov/electricity/data/browser/#/topic/0?agg=2,0,1&fuel=vtvv&geo=g&sec=g&linechart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A%7EELEC.GEN.TSN-US-99.A&columnchart=ELEC.GEN.ALL-US-99.A%7EELEC.GEN.COW-US-99.A%7EELEC.GEN.NG-US-99.A%7EELEC.GEN.NUC-US-99.A%7EELEC.GEN.HYC-US-99.A%7EELEC.GEN.WND-US-99.A&map=ELEC.GEN.ALL-US-99.A&freq=A&ctype=linechart&ltype=pin&rtype=s&maptype=0&rse=0&pin=
https://www.eia.gov/electricity/monthly/update/print-version.php
https://www.eia.gov/electricity/monthly/update/print-version.php
https://www.eia.gov/biofuels/biomass/#table_data
https://www.eia.gov/biofuels/biomass/#table_data
https://legacy.trade.gov/topmarkets/pdf/renewable_fuels_biomass_wood_pellets.pdf
https://legacy.trade.gov/topmarkets/pdf/renewable_fuels_biomass_wood_pellets.pdf
https://www.usitc.gov/publications/332/executive_briefings/wood_pellets_ebot_final.pdf
https://www.usitc.gov/publications/332/executive_briefings/wood_pellets_ebot_final.pdf
http://www.usda.gov/documents/USDA_Biofuels_Report_6232010.pdf
http://www.usda.gov/documents/USDA_Biofuels_Report_6232010.pdf
https://www.fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/FactSheets/archived-fact-sheets/bcap_fact_sheet_nov2016.pdf
https://www.fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/FactSheets/archived-fact-sheets/bcap_fact_sheet_nov2016.pdf
https://www.fia.fs.fed.us/program-features/tpo/
https://www.epa.gov/sites/production/files/2018-11/documents/epa_usda_doe_response_to_congress_re_forest_biomass_11-1-18_1.pdf
https://www.epa.gov/sites/production/files/2018-11/documents/epa_usda_doe_response_to_congress_re_forest_biomass_11-1-18_1.pdf
https://www.epa.gov/sites/production/files/2018-11/documents/epa_usda_doe_response_to_congress_re_forest_biomass_11-1-18_1.pdf
https://doi.org/10.5849/jof.12-015
https://doi.org/10.5849/jof.12-015
https://doi.org/10.1016/j.biombioe.2010.05.006
https://doi.org/10.1111/gcbb.12834

