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Synthesis, part of a Special Feature on Telecoupling: A New Frontier for Global Sustainability

Transatlantic wood pellet trade demonstrates telecoupled benefits
Esther S. Parish 1,2, Anna J. Herzberger 3, Colin C. Phifer 4 and Virginia H. Dale 1,5
ABSTRACT. European demand for renewable energy resources has led to rapidly increasing transatlantic exports of wood pellets from
the southeastern United States (SE US) since 2009. Disagreements have arisen over the global greenhouse gas reductions associated
with replacing coal with wood, and groups on both sides of the Atlantic Ocean have raised concerns that increasing biomass exports
might negatively affect SE US forests and the ecosystem services they provide. We use the telecoupling framework to test assertions
that the intended benefits of the wood pellet trade for Europe might be offset by negative consequences in the SE US. Through a review
of current literature and available data sets, we characterize the observed and potential changes in the environmental, social, and
economic components of the sending and receiving regions to assess the overall sustainability of this renewable energy system. We
conclude that the observed transatlantic wood pellet trade is an example of a mutually beneficial telecoupled system with the potential
to provide environmental and socioeconomic benefits in both the SE US and Europe despite some negative effects on the coal industry.
We recommend continued monitoring of this telecoupled system to quantify the environmental, social, and economic interactions and
effects in the sending, receiving, and spillover systems over time so that evidence-based policy decisions can be made with regard to the
sustainability of this renewable energy pathway.
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INTRODUCTION
Integration of multiple disciplinary specifics into a holistic
perspective is essential to advance society toward an ultimate goal
of sustainable energy production, meaning energy production
that can benefit current human populations without adversely
affecting future human communities or their environments.
Although many people have investigated the potential carbon
savings associated with the transatlantic wood pellet trade that
fuels European biopower facilities, there is little research that
considers the combined environmental and socioeconomic costs
and benefits of this renewable energy trade on both sides of the
Atlantic Ocean. Such a comprehensive perspective is necessary
to support evidence-based decisions, monitoring plans, and
policies related to this controversial renewable energy pathway
(NRDC 2015, Olesen et al. 2016, Cornwall 2017).
Teleconnections refer to causal connections or correlations
between environmental phenomena that occur across large
distances, and globalization has been used to examine
socioeconomic effects across large distances. Building on both of
these concepts, the telecoupling framework proposed by Liu et
al. (2013) facilitates identification and characterization of the
drivers that connect coupled human and natural systems
separated by great distances, and their associated environmental
and socioeconomic effects. The telecoupling framework,
therefore, offers an ideal lens for examining the connectedness
and sustainability of the systems involved in the transatlantic
wood pellet trade. Previous studies of the wood pellet trade have
focused on carbon accounting aspects of combusting this
renewable fuel resource in place of fossil fuel, an issue that is
complicated by the fact that fossil fuels are used at various stages
of the wood pellet supply chain (Dwivedi et al. 2011, 2014, Krč
et al. 2016). However, we have not found studies addressing
environmental, social, and economic effects of the transatlantic
wood pellet trade in a holistic and systematic way.
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Here, we explore assertions that there will be unintended negative
environmental and socioeconomic consequences on the
southeastern United States (SE US) sending system as a result of
wood pellet trade to Europe (NRDC 2015, Olesen et al. 2016,
Cornwall 2017). In addition, we use the telecoupling framework
to consider negative consequences that might occur outside the
geographic boundaries of either the sending or receiving systems
(i.e., within a “spillover system”). Through this case study, we seek
to improve the understanding of interactions and consequences
of the transatlantic wood pellet trade and to lay the groundwork
for future quantitative modeling of ways in which this renewable
energy pathway might be made more sustainable.
CASE STUDY APPLICATION OF THE TELECOUPLING
FRAMEWORK
Society is increasingly looking to renewable energy production as
a way to mitigate global climate change while simultaneously
improving local environmental and socioeconomic conditions. To
expand their renewable energy portfolios, 27 member states of the
European Union (EU) established targets of 20% renewable
energy consumption by 2020 and 27% by 2030 (European
Parliament 2009; European Commission 2030 energy strategy:
https://ec.europa.eu/energy/en/topics/energy-strategy-and-energyunion/2030-energy-strategy). Initial EU renewable energy targets
became binding in 2009, and a combination of legislation and
national incentives spurred several European industrial power
plants to begin combusting wood pellets in place of coal.
A confluence of interacting factors has led to rapidly increasing
transatlantic exports of wood pellets from the heavily forested SE
US to several European nations. These factors include increasing
renewable energy demand, limited European forest resources, and
controversial greenhouse gas (GHG) accounting practices that
have codified biomass energy as carbon neutral in EU member
states, effectively allowing energy producers to ignore GHG
emissions from wood at the point of combustion (EASAC 2017).
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As the transatlantic wood pellet trade has increased, concerns
have risen over potential effects on SE US forests and the
ecosystem services they provide (Olesen et al. 2016).
Apprehensions over forest degradation and the loss of
bottomland hardwood forests are coupled with concerns about
harm to threatened and endangered species (NRDC 2015).
Stakeholders on both sides of the Atlantic question whether the
desired GHG reductions are being achieved at a global scale via
this international trade arrangement (Cornwall 2017).
For this case study, we first use the telecoupling framework (Liu
et al. 2013, 2015) to identify the key players (agents), patterns,
flows, and processes within this telecoupled trade system to
determine if they enhance or compromise progress toward
sustainability across distances. After characterizing the sending
and receiving systems (including their agents, causes, and effects)
and the flows between them, we discuss a geographically distinct
spillover system that is potentially affected by the wood pellet
trade. We also describe two potential extensions to the
telecoupling framework that proved useful during this analysis.
Conceptual model of the transatlantic wood pellet trade system
The telecoupling framework includes five major interrelated
components: systems, causes, effects, flows, and agents (Liu et al.
2013). Systems refer to interconnected natural and built
environments within specific, nonoverlapping, geographic areas.
The sending system is the donor or exporter, and the receiving
system accepts or imports the traded item (which can be raw
materials, intellectual property, tourism, etc.). The spillover
system is a geographically distinct system that is affected by and
potentially influences both the sending and receiving systems.
These three systems interact at multiple scales because of a variety
of social, political, technological, and environmental factors that
can affect and be affected by components of the systems, even
over great distances. Connecting these disparate systems are the
flows, which can be products, species, money, or information
transferred within or between the systems (e.g., wood pellets).
Agents are the final component of this telecoupled framework
and act as the stakeholders that affect the flows within and
between the connected systems (e.g., EU member states, SE US
forest owners).
We first develop a conceptual model of the transatlantic wood
pellet trade system (Fig. 1) using the SE US as the sending system,
the EU as the receiving system, and the coal industry as the
geographically distinct potential spillover system (along with
emissions to air and water during transatlantic pellet transport).
We focus our research on the sending and receiving systems
because data availability is greater for these parts of the
telecoupling framework and because the identified spillover
system is affected by additional systems that are beyond the scope
of this paper. Finally, we discuss the flows, systems, causes, agents,
and effects identified through our data analyses and literature
review. The application of the telecoupling framework provides
a way to examine multiple aspects of sustainability associated
with using wood pellets, i.e., facets of social and ecological
sustainability other than the carbon emissions tracked through
life cycle analyses.
Sending systems, receiving systems, and the flows between them
Through analysis of recent U.S. International Trade Commission
(USITC) data, we evaluate the transatlantic flows of wood pellets

and money involved in this rapidly growing telecoupled system
and use the results to refine the understanding of the geographic
boundaries of the sending and receiving systems (Tables 1 and 2).
Europe as a whole is a large wood pellet producer, and its member
states initially intended to meet their 2020 biopower production
targets through a combination of wood and agricultural residues
(Dwivedi et al. 2011, Goh et al. 2013, Beckman 2015). However,
by 2014, the SE US was supplying 40% of Europe’s 9 million
metric tons (MT) of industrial wood pellets (Stewart 2015) and
had become the largest external supplier of pellets to the EU
(Olesen et al. 2016). By 2015, the United States was exporting
pellet volumes three times greater than Canada and five times
greater than the Russian Federation (FAO 2017).
Fig. 1. Conceptual model of the transatlantic wood pellet trade
system based on the telecoupling framework proposed by Liu et
al. (2013). Solid arrows indicate direct flows of materials (wood
pellets) and money between the sending system (southeastern
United States) and the receiving system (Europe). Dotted
arrows indicate potential connections (influences) on the
spillover system (coal industry) as well as emissions of
greenhouse gases and waste related to transatlantic shipping
between the sending and receiving systems.

During 2015, the SE US sent 4.6 million MT of wood pellets to
34 countries (Fig. 2). Most (84%) of these pellets were delivered
to the UK, 13% went to Belgium, 1% went to both the Netherlands
and France, and the remaining 1% of wood pellet exports went
to 30 other countries around the globe (USITC 2017). Although
the top importers of U.S. wood pellets have fluctuated during
each year of record, the UK has been the dominant importer since
2011 and is currently the world’s largest importer of wood pellets,
while the Netherlands and Belgium have been important
importers since 2008 (FAO 2017). USITC (2017) data also show
that: (1) these three countries initiated significant imports of this
U.S. material after 2007, when the EU pledged to increase its use
of renewable energy resources; and (2) the large increase in U.S.
wood pellet exports after 2011 has been primarily attributable to
the demands of the UK, the Netherlands, and Belgium. Even
though the UK has voted to leave the EU, it continues to import
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Table 1. Interacting subsystems within the telecoupled transatlantic wood pellet trade system.
Subsystem

Description

Source of information

Sending system

Abt et al. (2014), O’Connell et al. (2014), Stewart (2015),
Olesen et al. (2016), analysis of U.S. International Trade
Commission data (USITC 2017)

Spillover system

Southeastern United States, including public and private timberland
in nine states bordering the Atlantic Ocean and Gulf of Mexico
(Alabama, Florida, Georgia, Louisiana, Mississippi, North Carolina,
South Carolina, Virginia, Texas), six shipping ports, 16 export pellet
mills, a variety of wood processing mills, and related transportation
infrastructure (roads, rails, and barges)
Pellet importing nations of Europe (UK, the Netherlands, Belgium),
power producers, European Union government, and electricity
consumers
Coal industry

Spillover system
Spillover system

Atlantic ocean (barge traffic)
Global atmosphere (carbon emissions)

Receiving system

pellets in accordance with the long-term contracts established by
several large power producers and achieved record pellet imports
of 4.2 MT from the United States in 2016 (USITC 2017). The
Netherlands has recently stopped importing U.S. pellets while
deciding on new sustainability requirements (Fig. 2) but is
expected to resume shipments once certification programs are
implemented (Kotrba 2017). We therefore designate these three
European countries (UK, the Netherlands, and Belgium) as the
primary receiving system.
Fig. 2. Annual total U.S. wood pellet exports to all countries
from 1996 to 2016 (USITC 2017). In 2012, a new stand-alone
Harmonized Trade Schedule (HTS) code 4401310000 was
introduced for “Wood pellets,” but previously, wood pellets
were included in HTS code 4401300000, “Sawdust and wood
waste or scrap, whether or not agglomerated in logs, briquettes,
pellets or similar forms.” The line shows changes in HTS code
4401300000 before 2012 and in HTS code 4401310000 for 2012
and years thereafter.

Nearly all U.S. wood pellet exports to Europe are shipped from
six SE US ports (Fig. 3). Total wood pellet exports from these six
SE US ports more than doubled from 1.9 million MT in 2012 to
4.7 MT in 2015 (USITC 2017). These industrial-grade pellets were

European Parliament (2009), Goh et al. (2013), Dwivedi
et al. (2014), Beckman (2015), analysis of U.S.
International Trade Commission data (USITC 2017)
Drax Biomass (2016b), Voegele (2016), analysis of U.S.
International Trade Commission data (USITC 2017)
Dwivedi et al. (2014)
Dwived et al. (2014), Morrison and Golden (2016)

Fig. 3. Map of the southeastern U.S. sending system. Nearly all
2015 U.S. industrial wood pellet exports were shipped to
Europe from six ports located on the coasts of Virginia (28%),
Georgia (28%), Florida (14%), Alabama (13%), Texas (10%),
and Louisiana (5%; USITC 2016). The wood pellets were
delivered to these ports from 16 export pellet mills, which
obtained their woody materials from forests and saw timber
mills within a 120 km radius (Stewart 2015). The majority of
southeastern U.S. forests are privately owned by families
(Forest Service Research Data Archive ownership data layer
accessed 26 November 2016).

composed of wood materials obtained from timberland and saw
timber mills and processed by nearby dedicated export pellet mills.
Timberland is a subset of U.S. forestland that is “producing or is
capable of producing crops of industrial wood and [is] not
withdrawn from timber utilization by statute or administrative
regulation” (O’Connell et al. 2014). We therefore define the SE
US sending system as the timberlands, saw timber mills, export
pellets mills, and transportation systems in the nine states
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Table 2. Flow components of the telecoupled transatlantic wood pellet trade system. Xs indicate the systems (Table 1) that are most
closely related to each component attribute.
Flow component

Attributes

Source of information

Related system
Sending

Wood pellets

Wood pellets
Money

Money
Money

Directly harvested biomass (e.g., forest
thinnings, cull trees, trees for which there is
no other market)
Indirectly obtained woody biomass (e.g.,
sawmill residues)
Pellet purchase price

Stewart (2015), Anderson and Mitchell
(2016), Morrison and Golden (2016)

Stewart (2015), Anderson and Mitchell
(2016), Morrison and Golden (2016)
Goh et al. (2013), Green (2015), Stewart
(2015), analysis of international trade data
(FAO 2017)
European Union renewable energy credits
Dwivedi et al. (2014), Stewart (2015)
Forest owner income from bioenergy product Malmsheimer and Ferhnolz (2015)
sales

bordering the Atlantic Ocean that provide wood pellets to Europe:
Alabama, Florida, Georgia, Louisiana, Mississippi, North
Carolina, South Carolina, Virginia, and eastern Texas (Fig. 3).
The transportation infrastructure within the sending system
includes road networks, railroads, river barges, and shipping
ports.
The first two SE US export wood pellet mills began operating in
2008, and there were 16 operational export wood pellet mills, with
3 more under construction, in 2016 (Stewart 2015). Generally,
these mills obtain biomass for the wood pellets from sawmill
residues and other leftovers from higher value wood products
(Morrison and Golden 2018). However, biomass for wood pellet
production is also obtained directly from forests via thinning of
tops, cull trees and brush, downed woody debris, and roundwood
(logs) obtained from forests stranded from the market after pulp
mill closures (Dale et al. 2017b, Parish et al. 2017b). Through their
interviews with SE US pellet industry representatives, Morrison
and Golden (2018) found that SE US pellet production scenarios
range anywhere from 100% sawmill residues to 100% roundwood,
fluctuating with available supply and demand.
The reported total export value of SE US wood pellets was $258
million in 2012, $371 million in 2013, $519 million in 2014, and
$683 million in 2015 (USD; FAO 2017). Industrial pellets are
mostly traded with European nations under long-term bilateral
fixed contracts (Goh et al. 2013). In the short term, pellet prices
may be influenced by general wood market supply and demand
trends, currency exchange rates, and disruptive events such as the
heavy winter rains of 2009 and 2013 that prevented planned SE
US tree harvests (Stewart 2015). Export wood pellet demand has
not yet caused any significant price changes for other U.S. wood
products, but bioenergy production has caused some local
competition for pulpwood (Stewart 2015). However, as the U.S.
housing market continues to recover from the 2008 crash,
additional high-value saw timber will be harvested and processed,
thereby leading to greater availability of lower value pulpwood
and residues (Parish et al. 2017b).
Causes of recent growth in the wood pellet trade
The transatlantic wood pellet trade has accelerated because of a
variety of causes (Table 3). The EU government is the main driver
of the trade, through both its Renewable Energy Directive and its

Receiving Spillover

X

X

X

X

X

X

X

X
X

X

X

incentive programs (Dwivedi et al. 2014). European nations have
been seeking to mitigate climate change through the reduction of
GHG emissions from existing coal-powered electricity plants
(Intergovernmental Panel on Climate Change 2014). The natural
gas infrastructure and pipelines in Europe are not as developed
as they are in the United States, making the option of gas-fired
power too expensive within that region (Xian et al. 2015). The
European Commission has identified wood pellets as the most
economical way to convert biomass materials to fuel to help meet
the EU’s renewable energy goals (Beckman 2015), and wood
pellets have a higher thermal energy content than typical biomass
sources because they are produced through compression (U.S.
Department of Commerce International Trade Administration
2016). As a response to the EU’s 2020 climate and renewable
energy targets, national legislations and regulations provided
monetary incentives to owners of biomass-based power plants
(Dwivedi et al. 2011, Goh et al. 2013, EASAC 2017). The
engineering necessary to retrofit an existing coal power plant to
use biomass, either alone or through cofiring, is relatively simple,
and the low cost of plant conversion helps make biomass an
important bridge fuel for European power suppliers (Morrison
and Golden 2018).
Industrial wood pellet trade flows are influenced by European
power plant specifications for size and quality (e.g., low ash
content), which affect wood inputs as well as processing
techniques (Anderson and Mitchell 2016). Although EU member
states increasingly have opportunities to purchase wood pellets
from nearby countries, the high quality of U.S. wood pellets
coupled with their relatively lower cost of transportation over
water (relative to land) make U.S. wood pellets an attractive
import commodity (Beckman 2015).
Although the rise in U.S. wood pellet exports has been primarily
driven by increased European demand, geography, economics,
and other factors within the SE US system have contributed to
the growth in trade. The temperate climate of the SE US supports
abundant forests that regenerate quickly. Known as the nation’s
“woodbasket,” the SE US region contains 40% of the 211 million
ha of timberland found across the United States and has supplied
about 63% of U.S. timber harvests since 1996 (Oswalt and Smith
2014, Langholtz et al. 2016). The proximity of large amounts of
this forested land to the Atlantic Ocean (Fig. 3) enables low-cost
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Table 3. Causal components of the telecoupled transatlantic wood pellet trade system. Xs indicate the systems (Table 1) that are most
closely related to each component attribute.
Causal
components

Attributes

Source of information

Related system

Socioeconomic
Socioeconomic

U.S. housing market collapse ~2008
Decline in U.S. pulp and paper industries

X
X

Socioeconomic
Socioeconomic

Lack of a U.S. biopower market
Availability of low-cost natural gas in the
United States and not in Europe
Low cost of transatlantic shipments and
dedicated shipping lanes
European demand for high-grade (e.g., low
ash content), low-cost wood pellets
Relatively low cost of retrofitting coal plants
to enable biomass cofiring
European Union climate and renewable
energy goals

Malmsheimer and Ferhnolz (2015), Stewart (2015)
Goh et al. (2013), Stewart (2015), World Biomass
(2015), Brandeis and Guo (2016)
Xian e al. (2015), Mei and Weitzstein (2017)
Xian et al. (2015), Breen and Koehler (2017), Mei
and Wetzstein (2017)
Dwivedi et al. (2014), Rodrique (2016)

Sending

Socioeconomic
Socioeconomic
Socioeconomic
Political

Political
Political

Environmental

Geographic

Geographic

Wood energy plans and subsidies by
European Union member states
U.S. coal industry opposition to proposed U.
S. Clean Power Plan
Downed wood available following insect
outbreaks, tornadoes, ice storms, and other
extreme events
Temperate southeastern U.S. climate,
allowing for rapid forest growth and
regeneration
Southeastern U.S. forests’ proximity to
Atlantic Ocean, enabling direct shipping to
the European Union

Receiving

Spillover

X
X

X

X

X

Abt et al. (2014), Beckman (2015), Olesen et al.
(2016)
Morrison and Golden (2016), Mei and Wetzstein
(2017)
Directive 2009/28/EC of the European Parliament
(European Commission 2009), European
Commission 2030 energy strategy (https://ec.
europa.eu/energy/en/topics/energy-strategy-andenergy-union/2030-energy-strategy)
Dwivedi et al. (2014), EASAC (2017)

X

X

Personal communication to E. S. Parish from
attendees of the Appalachian Wood Energy
Innovations Conference on 24 August 2016
Wear et al. (2013), Greenberg and Collins (2016)

X

X

X

X

Goh et al. (2013)

X

X

Goh et al. (2013), Hamilton and Quinlan (2017)

X

X

transportation of woody biomass to Europe via well-established
maritime shipping routes (Rodrique 2016, Hamilton and Quinlan
2017). Forest disturbances from insect outbreaks, windstorms, ice
storms, and other extreme events yield immediate sources of lowgrade biomass that may be burned or left to decompose without
a market outlet (Wear et al. 2013, Greenberg and Collins 2016).
The rise of the digital age around the turn of the 21st century led
to the general decline of the pulp and paper market worldwide.
Following the crash of the U.S. housing market in December 2007,
nearly 1000 U.S. wood-processing mills were closed (Oswalt and
Smith 2014). By 2009, sawmills across the SE US were operating
at only 60% capacity (Stewart 2015), and losses of SE US mills
led to a significant loss of jobs throughout the southeastern region
(Brandeis and Guo 2016). Alternative wood product pathways
are therefore critical to keeping SE US land in forest (Dale et al.
2017a).
At this time, there are no policies in place that specifically inhibit
or encourage the use of wood pellets within the United States
(Langholtz et al. 2016). Although woody biomass could
theoretically be used for local biopower production, the recent
drop in U.S. natural gas prices coupled with the lobbying strength
of the U.S. coal industry have prevented the development of a SE
US market for wood pellets (Xian et al. 2015, Mei and Wetzstein

X

X
X

X

X

X

X

2017). Bagged wood pellets have been used for home heating in
the northeastern United States since the 1930s (Spelter and Toth
2009), but opposition to the U.S. Environmental Protection
Agency’s Clean Power Plan proposal and lack of incentives have
hampered growth of wood-based biopower at an industrial scale
(Xian et al. 2015). Thus, U.S. wood pellet exports have far
outstripped domestic use over the past several years.
Agents: primary, facilitating, and constraining
Complex varieties of decision makers are involved in both the
sending and receiving systems. We have therefore divided the
agents into three subtypes based on the ways they can affect flows
within and between the sending, receiving, and spillover systems
(Table 4). We define primary agents as the central decision makers
within each system that drive flows based on actions and
information received from facilitating and constraining agents.
Facilitating agents are entities within the system that increase or
speed up the flow of material from the system. Constraining
agents slow down or reduce the flow of material. Because of the
many uncertainties related to future growth and expansion of the
international wood pellet trade, we thought it was important to
integrate these layered agents into the conceptual model.
Industrial-grade wood pellets for bioenergy are a new commodity
within a preexisting U.S. forest sector that is driven by local
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Table 4. Agents within the telecoupled transatlantic wood pellet trade system. Primary agents are the system’s key decision makers,
facilitating agents tend to increase flows within the system, and constraining agents tend to decrease flows within the system.
Agent type

Sending system

Receiving system

Primary agents

Family forest owners, institutional forest owners, loggers,
mill owners

Facilitating agents

Port operators and shipping companies, railroad operators,
truck drivers, owners of mothballed pulp mills, Industrial
Pellet Association, investors, U.S. Department of
Agriculture Forest Service, forestry extension agents from
land-grant universities, forestry associations
State governments, municipalities, environmental
nongovernmental organizations, citizens’ alliances, land
trusts
U.S. Environmental Protection Agency, U.S. Fish and
Wildlife Service, forest certification programs

Governments of European nations and European Union
member states, power producers (e.g., Drax), power
consumers
European Commission, pellet supply chain operators,
investors

Constraining agents

Facilitating or
constraining agents

demand for the highest value timber product, which is often saw
timber but can be pulp, as influenced by location and type of mill
(Parish et al. 2017b). The primary agents within the SE US sending
system include the forest owners and land managers who make
key decisions about timberland management and harvests. The
decisions include choices in harvest and rotation length, residue
removal rates, and ownership transfer, which may affect forest
area, quality, and composition over space and time for many
decades.
Recent divestiture of industrial land ownership to private
ownership (e.g., International Paper’s sale of 1.9 million ha of SE
US timberland in 2006) has led to more stand-level management
and more flexibility in response to market conditions (Stewart
2015). The majority (i.e., 87%) of SE US forest is now privately
owned by families (Weir and Greis 2013), many of whom choose
when and how to harvest based on personal values and financial
considerations coupled with life events such as education or health
needs (Butler et al. 2017). Family owners generally have the goal
of growing larger, higher value trees, and they frequently delay
harvests until the price of saw timber looks favorable (Stewart
2015) or until life events instigate a need for cash (Butler et al.
2017). Hunting and recreation leases also supplement incomes
(Malmsheimer and Fernholz 2015) and may influence the type of
harvest selected or avoided (e.g., clearcutting, controlled
burning).
Loggers and mill owners are also primary agents within the SE
US sending system. Certified pellet, pulp, and saw mills require
special documentation of logger training and certification from
their suppliers to ensure sustainable practices. Both mill operators
and forest managers help make decisions regarding when to
supply biomass to different portions of the wood products
market, including pellet production facility operators.
Transfer of wood material from SE US forest landings to other
parts of the supply chain is facilitated by a well-developed
infrastructure of railways, road networks, and barges. The
Industrial Pellet Association, mothballed paper and pulp mills,
and the available workforce through the SE US are additional
facilitating agents that encourage the production of wood pellets
by making the supply chain components accessible and cost
efficient.

Environmental nongovernmental organizations

Certification programs specific to the wood pellet industry
(e.g., Sustainable Biomass Partnership)

Additional facilitating agents within the sending system include
personnel from the U.S. Department of Agriculture Forest
Service and forestry extension agents from land-grant universities.
These entities are charged with educating forest owners
concerning forest best management practices (BMPs) and the
potential (and often variable) outlets for wood. Forestry
associations such as the Society of American Foresters and the
National Council for Air and Stream Improvement have a
primary responsibility to help implement decisions that will
promote a sustainable wood industry over multiple decades and
are also currently supportive of the pellet industry. If these entities
were to gain new information about the wood pellet industry
causing negative impacts on forests, they would alter their advice
to forest managers accordingly.
A variety of federal, state, county, and municipal regulations
apply to forest management in the SE US (Olesen et al. 2016) and
may either directly or indirectly affect the supply of biomass
available for the pellet industry. The U.S. Energy Independence
and Security Act of 2007 sets renewable fuel specifications for the
United States and may begin to affect pellet production if woody
biomass starts being used for domestic energy generation
(Langholtz et al. 2016). The U.S. Environmental Protection
Agency and the U.S. Fish and Wildlife Service are the primary
federal regulatory agents in charge of enforcing the Clean Water
Act, Endangered Species Act, Migratory Bird Treaty Act, Coastal
Zone Management Act, and Lacey Act (USIPA 2013). The U.S.
Environmental Protection Agency and the U.S. Fish and Wildlife
Service often delegate oversight to individual state governments,
which also support a variety of forestry BMPs (Cristan et al. 2016)
related to water quality management, soil quality and erosion,
wetlands protection, zoning issues, and landscaping ordinances.
All of these regulations and BMPs have the potential to constrain
pellet production (e.g., through residue removal rate
requirements). Land trusts and citizens’ alliances are additional
constraining agents because they may convert timberland to
protected forestland through the establishment of conservation
easements (Davis 1996). Some alliances exert political and social
pressure to not use wood for energy.
It is currently unclear whether potential new requirements to get
all pellet feedstock certified through programs such as the
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Roundtable on Sustainable Bioproducts or the Sustainable
Biomass Partnership will increase or decrease SE US export pellet
volumes. A recent Dutch study (Kotrba 2017) found that only 5%
of small forest owners in the United States are currently certified
by one of the four primary U.S. forest certification programs,
namely the Forest Stewardship Council, the American Tree Farm
System, the Sustainable Forestry Initiative, and the Programme
for the Endorsement of Forest Certification. Although
certification programs can help SE US pellet mills satisfy the legal
requirements of EU receiving countries, becoming formally
certified under one or more of these programs often is too costly
or time consuming for many of the small family forest owners
who manage > 80% of SE US timberland (Malmsheimer and
Fernholz 2015, Poudyal et al. 2015, Olesen et al. 2016). A recent
survey of residents in the state of Georgia found that they are
more supportive of environmental management incentives than
requirements (Poudyal et al. 2015).
Primary agents within the European receiving system include
individual governments, which support the increased use of
biomass as a substitute for coal in response to renewable energy
targets set by the European Commission (Table 4). Primary agents
also include the biomass-using power producers and the power
consumers who collectively determine the amount of electricity
that needs to be generated as well as fuel types used.
Facilitating agents include the European Commission, which has
the power to establish and revise energy legislation and incentives,
as well as the individuals who operate within the preexisting pellet
supply chain originally set up to receive pellets from within
Europe. Constraining agents include environmental nongovernmental
organizations (NGOs) on both sides of the Atlantic that oppose
the wood pellet trade because of concerns about potential harm
to SE US forest biodiversity and ecosystem services (e.g., NRDC
2015).
Within the European receiving system, there are also agents that
may be either facilitating or constraining depending on the turn
of events. For instance, the Sustainable Biomass Partnership
formed in 2013 in conjunction with European utilities intends to
facilitate the wood pellet trade via standardized sustainability
protocols, but making that program a requirement for doing
business with SE US mills may become a hindrance for reasons
already discussed. This example demonstrates that agents within
the telecoupled system can have effects across system boundaries
and over long distances. If and when governmental subsidies for
renewable energy are removed, private investors may facilitate or
hinder new market development for the wood pellet trade
Effects: observed vs. potential
Both the recency and relatively small size of wood pellet
production within a preexisting wood market system make it
difficult to determine the actual effects of this new trade
commodity on SE US forest management and related ecosystem
services (Parish et al. 2017b). Whereas U.S. wood pellet exports
have been growing rapidly during recent years (Fig. 2), they still
constitute a relatively small proportion of total SE US timberland
removals (see Fig. 5 of Parish et al. 2017a). NGOs are particularly
vocal about potential environmental problems that might arise
from a growing wood pellet industry (hence their designation as
constraining agents in Table 4), but evidence of actual observed
impacts is difficult to find, particularly at this early stage of the

industry’s development. We have therefore distinguished between
wood pellet industry effects that have been observed (Table 5) and
those that have been speculated (i.e., potential effects; Table 6).
We discuss both types of effects.
Concerns have been raised by the European Commission
regarding potential environmental effects of the transatlantic
wood pellet trade, including: (1) deforestation and forest
degradation within the SE US, (2) losses of biodiversity and
ecosystem services in SE US forests, and (3) the EU not achieving
desired net GHG emissions reductions through substitution of
wood pellets for coal. First, there is no evidence that recent pellet
production has been responsible for deforestation or forest
degradation in the SE US (Dale et al. 2017b). Instead, changes in
the amount of SE US land retained in forest, as well as the quality
and composition of the forest, continue to be driven largely by
development, urban encroachment, natural disturbances, and
climate change (Wear and Greis 2013). Although some NGOs
argue that species-rich mixed hardwood stands are being replaced
by pine plantations because of increased wood demand for energy
(NRDC 2015, Olesen et al. 2016), recent analysis of total SE US
sawtimber and pulpwood inventory for 2000–2014 showed a 0.1%
annual increase in hardwoods in the Atlantic Region and a 1.3%
annual increase in hardwoods in the Gulf Region (Stewart 2015).
Second, assessing effects of the transatlantic wood pellet trade on
SE US biodiversity is difficult because of the small role of pellet
production within the larger U.S. wood products system (Parish
et al. 2017b) and because effects on biodiversity are highly context
specific and depend on particular species and habitats, forest
management practices (e.g., rotation intervals, residue removal
rates), and forest conditions prior to harvest (Constanza et al.
2016). The same set of conditions may cause some species to
decline while others benefit (e.g., some species thrive in younger
forests whereas others depend on mature trees). It is important
to recognize the SE US region is a mosaic landscape of different
forests (in terms of age, stand structure, and species composition)
that are managed for multiple objectives with overlapping state
and federal guidelines. Negative effects of bioenergy on
biodiversity can be avoided or reduced by conservation of priority
areas (Joly et al. 2015), and two of the largest SE US pellet
producers have recently established conservation funds to help
preserve and restore sensitive bottomland forests (Drax Biomass
2016a; Enviva Forest Conservation Fund: http://envivaforestfund.
org/).
Ecosystem services are essential forest “products” alongside
timber and pulp resources (Anderson and Mitchell 2016), and
growing biomass exports have the potential to affect them by
changing forest management practices (Janowiak and Webster
2010, Achat et al. 2015, Tarvainen et al. 2015). SE US ecosystem
services that could be affected by pellet production (either
negatively or positively) include flood control, soil quality, and
water purification (NRDC 2015), as well as recreational
opportunities for hikers, boaters, and hunters (Malmsheimer and
Fernholz 2015). Soil carbon can be affected by forest harvesting,
but the degree of effect is highly site dependent, with complex
interactions (Achat et al. 2015, Coulston et al. 2015). Forest
thinning for biomass harvest can also improve carbon
sequestration in maturing trees by increasing stand growth rates
(Jandl et al. 2007). Most state-managed forestry BMPs
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Table 5. Observed effects within the telecoupled transatlantic wood pellet trade system. Positive (+), negative (−), and uncertain (0)
effects are indicated for each subsystem (Table 1).
Effect type

Attributes

Source of information

Related system
Sending Receiving Spillover

Environmental

Environmental
Environmental
Environmental
Environmental
Environmental
Socioeconomic
Socioeconomic
Socioeconomic
Socioeconomic

Socioeconomic
Socioeconomic
Socioeconomic

Enhanced management of Southeast U.S. (SE US)
forest systems through extra income from bioenergy
products, with resulting benefits to water quality,
biodiversity, carbon sequestration, and forest
productivity
Conservation of sensitive SE US forest ecosystems
through funds established by large pellet producers
Reduction in toxic air emissions related to coal
combustion
Reduction in greenhouse gas emissions from energy
production
Reduction in air pollution due to reduced burning of
woody debris in the open
Preservation of European Union forested land and
associated ecosystem services
Increased fuel costs for European power producers
(relative to coal)
Boiler conversion costs
Job creation because it takes more labor to generate
electricity from pellet fuel than from coal
Additional market opportunity for woody biomass
helps SE US land remain in forest (rather than
succumbing to urbanization pressures)
Avoided job losses in rural SE US
Reduced risk of wildfires due to increased forest
management
Development of international sustainability
certification schemes

throughout the SE US, and the requirement by many mills that
certified loggers do the harvesting, should ensure that water
quality and soil quality are maintained because these system
actors are also concerned about these potential effects (Cristan
et al. 2016, Olesen et al. 2016). Profits from wood pellet exports
have provided SE US landowners with additional income needed
to keep their land in forests and manage it properly (Malmsheimer
and Fernholz 2015, Dale et al. 2017a). This new revenue source
for wood products is especially important given the decline in total
U.S. wood-based production, which has acute effects in rural US
SE communities (Brandeis and Guo 2016, Parish et al. 2017a).
Well-managed forests have been shown to improve water quality,
carbon sequestration, and biodiversity, as well as overall
productivity (Anderson and Mitchell 2016, Dale et al. 2017a).
Third, the transatlantic wood pellet trade was initiated to help
European nations reduce their GHG emissions from electricity
generation relative to traditional fossil fuel combustion. Several
studies, including one that modeled GHG emissions under 930
different scenarios (Dwivedi et al. 2014), have found that overall
GHG emissions may be substantially reduced through the use of
wood pellets. However, “carbon accounting” continues to be one
of the thorniest areas of debate concerning the transatlantic wood
pellet trade because of the different assumptions and methods for
estimating net GHG emissions (Berndes et al. 2016, EASAC
2017). EU member states that import wood pellets from nations
as far away as the United States and Canada are currently able to
report GHG emissions reductions of up to 78% for electricity

Malmsheimer and Fernholz (2015), Dale et
al. (2017a)

+

Drax (2016a), Enviva Forest Conservation
Fund (http://envivaforestfund.org/)
Rudie et al. (2016)

+

Goh et al. (2013), Dwived et al. (2014),
Drax (2016b), Morrison and Golden (2016)
Evans et al. (2013)

+
0

0

+

Solberg et al. (2014)

+

Green (2015)

−

Green (2015)
Strauss (2014)

−
+

World Biomass (2015), Dale et al. (2017a)

+

World Biomass (2015)
Neary and Zieroth (2007), Anderson and
Mitchell (2016)
Buchholz et al. (2009), Barnett (2016),
Olesen et al. (2016)

+
+
0

0

generation (see Table 97 of Giuntoli et al. 2017), partly because
of the controversial accounting practice of assuming that carbon
is instantly released to the atmosphere when trees are harvested
rather than at the point of combustion (EASAC 2017). In general,
the “carbon debt” debate relates to the fact that it takes much
longer for trees to regrow and store carbon (i.e., decades) than it
does to release carbon from wood via combustion in power plants
(Goh et al. 2013). Carbon debt often assumes that the trees would
not be harvested except for pellet demand and does not apply to
the wood wastes and residues that are often used for pellet
production in the SE US. In the absence of a bioenergy market,
woody debris from noncommercial thinnings, harvest residues,
and some mill residues are more likely to be left in piles to
decompose or burned on-site, thereby emitting GHGs with no
energy recovery (Evans et al. 2013, Dale et al. 2017a). Forest
management through selective thinning has the potential to
increase carbon stored in soils and trees (Dale et al. 2017a) while
simultaneously providing low-quality roundwood feedstock to
pellet mills located within a reasonable distance. The careful
consideration of the effects of pellet production compared to what
would be expected under a reference “counterfactual scenario” is
essential to solving this debate over carbon accounting (Ricardo
Energy and Environment 2016, Parish et al. 2017b).
Partly because of sustainability concerns from European and U.
S. NGOs, a certification program specifically intended for wood
for energy was started in 2013. This Sustainable Biomass
Partnership is industry led and is supported by European utilities
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Table 6. Potential effects of the telecoupled transatlantic wood pellet trade system. Positive (+), negative (−), and uncertain (0) effects
are indicated for each subsystem (Table 1).
Potential effect type

Attributes

Source of information

Related system
Sending Receiving Spillover

Environmental

Environmental

Environmental
Socioeconomic
Socioeconomic

Socioeconomic
Socioeconomic

Increased pressure on threatened and endangered
Southeast U.S. (SE US) forest species, either directly
through changes to forest habitat (e.g., conversion of
hardwood to pine plantations) or indirectly through
altered management practices (e.g., removal of debris or
snags, altered rotation intervals)
Loss of ecosystem services from SE US forests (e.g.,
flood protection, soil stabilization, carbon
sequestration)
Changes in SE US forest structure and composition
Local competition for low-cost biomass as domestic and
international markets fluctuate
Growth in sustainable green economy jobs relative to
boom-bust cycle of extractive nonrenewable energy
alternatives
Changes in SE US forest management practices (e.g.,
rotation length, thinning, residue removal rates)
Impacts on recreation and hunting during harvests

(Olesen et al. 2016). The UK and Belgium have already
implemented sustainability regulations for the whole biomass
supply chain (Goh et al. 2013), and the Netherlands has been
examining this issue (Kotrba 2017).
Negative socioeconomic effects of the pellet trade on the receiving
system include higher costs of wood pellets relative to coal (June
2015 price differences were USD $165/MT of wood pellets vs.
$58/MT of coal) and the costs associated with boiler conversion
(Green 2015). Benefits to Europe include improved local air
quality due to fewer toxins released to the atmosphere during
combustion of wood relative to coal (Dwivedi et al. 2014), the
preservation of EU forested lands and their associated ecosystem
services (Solberg et al. 2014), and job creation because it takes
more people to provision a power plant with pellet fuel than with
coal (Strauss 2014).
Spillover system: the decline of coal
Britain celebrated its first completely coal-free electricity day since
1881 on 21 April 2017 (BBC News 2017). UK biomass capacity
has increased 16-fold while coal-fired generation has dropped 88%
since 2010 (Voegele 2016). There has been a waning of U.S. coal
shipments to the UK and Belgium and a leveling off of coal
shipments to the Netherlands at the same time that wood pellet
shipments to the EU have increased for biopower production (Fig.
4). U.S. coal production and energy usage declined slightly from
nearly 1.1 billion metric tons in 2008 to approximately 816 million
metric tons in 2015, whereas U.S. coal exports shifted away from
Europe toward China, South Korea, and other countries (U.S.
Energy Information Administration 2016).
Although we have identified the U.S. coal industry as a spillover
system within this telecoupling framework (Fig. 1), the drop in

Fritts et al. (2015), Hanula et al.
(2015), NRDC (2015), Olesen et al.
(2016)

−

Janowiak and Webster (2010), NRDC
(2015), Tarvainen et al. (2015)

−

Olesen et al. (2016)
Spelter and Toth (2009), Stasko et al.
(2011), Stewart (2015)
Parish et al. (2013)

−
−

Dwivedi et. al. (2014), Fritts et al.
(2015)
Personal communication to E. S.
Parish from attendees of the
Appalachian Wood Energy
Innovations Conference on 24 August
2016

0

+

−
−

0

European coal imports from the United States is related to
additional factors beyond wood pellets. A recent news article
stated that Europe has decreased its imports of coal from the U.
S. region of Appalachia by 50% over the past five years due, in
part, to a growing market of renewables (Breen and Koehler
2017). Our analysis of EUROSTAT Energy Balances data
provided by EU member states (Fig. 5) indicates that the
combined total primary energy production for the UK, Belgium,
and the Netherlands has been declining since 2000, and that the
proportion of primary energy produced from renewable resources
(e.g., wind and solar) has grown faster than the proportion of
primary energy produced from solid biofuels. These EU member
states continue to produce energy from a variety of nonrenewable
resources other than coal, including natural gas, oil, and nuclear
power (European Commission 2017). Further research will be
required to isolate and quantify the effects of increasing wood
pellet use in Europe on the U.S. coal industry.
Additional spillover effects from the wood pellet trade include
pollutant emissions to the global atmosphere and the Atlantic
Ocean during shipments of pellets to Europe (Fig. 1). Dwivedi et
al. (2011) calculated that transportation across the ocean is the
largest source of GHG emissions from the supply chain,
amounting to 71,750 MT of carbon dioxide equivalent per
shipment from Florida to the Netherlands, or 44% of the carbon
dioxide equivalent emissions generated from tree production
through power plant combustion. However, it is unclear whether
transatlantic shipments have increased due to the wood pellet
trade or if the tankers are simply transporting the pellets in place
of something else (e.g., coal).
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Fig. 4. (A) U.S. coal exports to the three largest European
importers of Southeast U.S. (SE US) wood pellets, namely the
UK, the Netherlands, and Belgium (USITC 2017). (B) SE US
wood pellet exports to these three European Union member
states (USITC 2017) accelerated at about the same time that U.
S. coal exports began to slow or decline. However, the decline in
U.S. coal exports to Europe has resulted from factors
additional to increased wood pellet use.

decision to remove the United States from the Paris Agreement
complicates the U.S. pellet export situation because the EU does
not intend to accept pellets from nations that are not part of that
international climate agreement (Murray 2017). However, the fact
that many European power plants have already made the
necessary conversions from coal to biomass and have established
long-term contracts with wood suppliers in the SE US suggests
that the EU may find a way to continue this trade arrangement
so that renewable energy consumers do not end up facing
“disproportionate burdens and costs” (Council of the European
Union 2017). During 2018, EU member states will be debating
the proposed Renewable Energy Directive (RED II) and whether
it will allow the United States to continue exporting wood pellets
to the EU if suppliers choose to meet a set of sustainability
requirements (Ginther 2017).
Fig. 5. Primary energy generation from solid biomass relative to
other renewable and nonrenewable fuel sources used in the UK,
the Netherlands, and Belgium (European Commission 2017b).
By European Union definition, solid biomass includes pellets,
chips, and bales (Giuntoli et al. 2017). Other renewables include
hydropower, wind, solar, and electricity generation from
gaseous and liquid biofuels, renewable municipal waste,
geothermal, and tide, wave and ocean (European Commission
2017b). Nonrenewables include fossil fuels such as oil, coal, and
natural gas, as well as nuclear resources (European Commission
2017b).

KNOWLEDGE GAPS AND FUTURE UNCERTAINTIES
The future trajectory of the transatlantic wood pellet trade is
currently unclear. Several recent political decisions, in both the
United States and Europe, have significant potential to affect the
overall wood pellet trade system. The European Commission has
recently proposed an increase in its renewable energy target to
27% by 2030, making it possible that the EU will need to import
more wood pellets from the United States (Olesen et al. 2016).
However, recent austerity measures by the EU and its member
states have capped subsides for all renewables, making it harder
for new export pellet mills to secure long-term contracts with
European customers (Stewart 2015). The so-called “Brexit”
decision by the UK to depart the EU has many people wondering
if the UK, the largest importer of SE US pellets, will soon decrease
its demand for wood-based energy. U.S. President Trump’s recent

Biomass suppliers report in trade industry journals that they
anticipate continued growth in wood pellet trade with the UK
over the near term despite Brexit (Wood Resources International
2016). The total production capacity of existing SE US export
pellet mills is 7.4 MT/yr (Stewart 2015), so there is room to grow
beyond the 4.6 MT of pellets exported in 2015. If the EU market
for SE US wood pellets does decline, there are other potential
markets available, both locally and abroad (Arnold 2016).
Forest management concerns raised by rapid growth of the wood
pellet export industry are similar to the issues raised when a large
number of chip mills began to proliferate across the SE US during
1985–2000 (Stewart 2015). Despite the fears expressed by NGOs,
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clearcutting did not become widespread, and harvest rotation
lengths did not shorten during the chip mill boom (Schaberg et
al. 2005, Stewart 2015). An integrated assessment of wood chip
production in North Carolina found that chip mills should be
viewed as “a processing technology rather than an independent
cause of timber harvesting” (Schaberg et al. 2005:17). We envision
a similar outcome for the transatlantic wood pellet export market
given its small share of the overall SE US wood market and the
multitude of regulations and state-based BMPs in place to ensure
sustainable forest management at regional and local scales.
CONCLUSION
Based on our analysis using the telecoupled framework, we
conclude that assertions of negative ecological impacts on SE US
forests are not currently substantiated (as demonstrated by the
observed effects listed in Table 5). We also find that the
transatlantic wood pellet trade is an example of a mutually
beneficial telecoupled system with the potential to provide
environmental as well as socioeconomic benefits in both the SE
US and Europe. Given that biomass for wood pellets comprises
only ~3% of SE US timberland removals, however, it is profoundly
difficult to isolate the effects of wood pellet production from those
of the SE US wood industry as a whole (Parish et al. 2017a,b).
Against the current backdrop of plentiful natural gas (in the
United States) and increasing renewable energy use (worldwide),
it is extremely difficult to isolate the effects of wood pellets on the
U.S. coal industry’s current downward trajectory.
Some of the controversy surrounding this renewable energy
pathway has arisen due to the large number of agents involved in
the transatlantic wood pellet trade, many of whom have different
definitions of the alternative (or reference) case of forest
management in the absence of the pellet trade (Parish et al. 2017b).
During this case study, we extended the telecoupling framework
by subdividing agents. We delineated between decision-making
(primary) agents who operate in this connected system and those
who facilitate, but are not essential to, the magnitude of the flow
between the sending and receiving systems. We also found it useful
to highlight those constraining agents that can inhibit or slow the
telecoupled relationships in either the sending or receiving
systems. This refined understanding of agents helps to identify
stakeholders who influence the telecoupled relationships found
within this complex system. Agents’ roles can cross system
boundaries and be time or case specific, evolving as the systems
reacts to feedbacks.
Previous studies of the transatlantic wood pellet trade have
typically focused on life cycle analysis of GHG emissions, but
using the telecoupling framework helped us to integrate
information from across many disciplines to address the
transatlantic wood pellet trade holistically and reveal
environmental, social, and economic benefits in both the sending
and receiving systems (Table 5). Further research is needed to
quantify all of the interactions and effects identified through this
analysis so that a model can be developed for evidence-based
decision making with regard to the sustainability of this bioenergy
pathway. Continued monitoring of SE US forests is essential for
determining whether the potential environmental and
socioeconomic effects (Table 6) of the wood pellet trade are
realized in the future.

Responses to this article can be read online at:
http://www.ecologyandsociety.org/issues/responses.
php/9878
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