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INTRODUCTORY ABSTRACT

Documenting reference conditions is essential when assessing the effects of industrial wood pellet 
production. Reference conditions describe what is expected to occur in the absence of pellet 
production. Forests in the southeastern United States (SE US) are under pressure from development and 
other disturbances. Reference conditions need to consider the alternate fates of the biomass used for 
pellets and the role international pellet markets can play to support retention of land in forests and 
good forest management practices that reduce risks of pest outbreaks, wildfires, and other 
disturbances.

Bioenergy pellet exports

Since 2008, wood-based pellets have been produced in the southeast United States (SE US) and shipped 
to Europe for use as renewable fuel in thermal power generation plants. Since the US International 
Trade Commission (USITC) began tracking in 2012, annual pellet exports have increased from 1.9 million 
metric tons in 2012 to 5.2 million metric tons in 2017. The US Energy Information Administration reports 
that pellet exports in 2017 were valued at $717 million (US) and virtually all (98-100%) of US wood pellet 
exports have come from the southeast region. 

As pellet exports from the SE US increased, so have concerns about the potential impacts of expanding 
pellet production on environmental, social, and economic conditions of the region. Some observers fear 
that pellet demand is destroying old growth forests, reducing biodiversity, and causing more emissions 
than what can be offset by displacing nonrenewable coal. This article focuses on the need to understand 
the reference condition of forests in the SE US to enable valid assessment of the impacts of the pellet 
export industry.

SE US environmental reference conditions

The environmental setting for SE US lands from which biomass for pellets is sourced (Figure 1) is 
influenced by historical land-use patterns, including the large-scale clearing of forests to establish 
agriculture in prior centuries, and when and how the lands were subsequently reforested. Most forest 
lands now providing biomass for pellets were previously agricultural fields. In spite of the favorably hot 
humid summer and mild winters, agriculture production declined over time as the soils were depleted of 
nutrients. With the development of rail transport and the US highway system, agricultural production 
shifted from the SE US to the midwestern states and, with government support, many farmlands were 
either planted in pine or allowed to return to mixed pine-hardwood forests via natural regeneration. 

Left alone, forests in the SE US are subject to die-backs and losses of productivity due to outbreaks of 
native and introduced insects, droughts, wild and human-induced fire, hurricanes, tornadoes, ice 
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storms, salt water incursion and other disturbances. Together these disturbances mean that, although 
forests recover quickly, they are a patchwork of dynamic and variable ecosystems, each reflecting 
different stages of recovery from multiple past disturbances. The tree age distribution and species 
composition are highly dependent on the types, intensities, interactions, and time intervals since past 
disturbances, including human interventions. For example, U.S. government programs in the 1950s and 
1980s subsidized plantations and cropland transitions to forests in the SE, resulting in spikes in 
afforestation (Fig.1). The peaks and valleys in Fig. 2 illustrate the uneven age-class distribution that 
results from the spikes in afforestation and subsequent harvest cycles. Timberland classes in the South 
that today are about 25 and 55 years old, are abnormally large compared to other classes. 

Forest conditions in the SE US are strongly affected by the ability of the trees to rapidly establish either 
from seeds or by naturally regenerating stump sprouts. Due to the relatively short time since past 
harvest rotations or disturbance, over half of all trees on timberland in the south are less than 40 years 
old, compared to just 20% in that age class in the northern US. And very few stands in the south are over 
90 years old, whereas timberland in the north and west are dominated by older age classes (Fig. 2).

Diverse federal, state, and local non-profit programs support forest conservation in the SE US. While few 
sites with old growth forests survived the agricultural expansion of past centuries, such stands and other 
areas of high conservation value are protected in public reserves as well as by federal and state policies, 
non-governmental land-trust initiatives, and by private owners both through informal arrangements and 
formal conservation easements. Management practices on these lands are designed to benefit specific 
species as well as recreation and other conservation goals. Management for conservation goals may 
involve biomass removal to control invasive species, noxious plants, and wildfires or to enhance habitat 
for rare species (e.g., red cockaded woodpeckers). 

When professional loggers are involved in the harvest, best management practices (BMPs) are often 
employed that consist of water quality and soil management and conservation of wildlife habitat. 
Abundant access roads and gently rolling or flat topography of most managed forests facilitate multiple 
uses for hunting and recreation. Forested wetlands are common, and many bottomland forests support 
rare species. The biggest threats to retention of SE US wetlands are similar to threats impacting the SE 
forests: changing climate and flooding regimes and conversion to more developed land uses, especially 
those associated with urban and suburban sprawl. 

Concerns about deforestation and accelerating habitat loss for endangered species are valid. To 
effectively address such concerns requires good monitoring and documentation about when and where 
problems occur, and analysis to discern the underlying causes. While industrial wood pellet production 
could theoretically contribute to forest loss and degradation, the conditions to permit such impacts are 
not evident for pellet production in the SE US, as documented by empirical evidence such as the long-
term monitoring data of the US Forest Inventory and Analysis (Dale et al. 2017).

Socioeconomic reference conditions

Market opportunities for wood products in the SE US are driven by the highest value for the wood in 
each location. Where sawmills or papermills are within easy transport distance, they provide the highest 
value for wood that meets specifications. But what happens when forest management for the higher 
value markets also generates biomass that does not meet the required specifications? And what 
happens to large timber supplies in areas where local sawmills and papermills have ceased operations? 
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Several papermills in the SE US have closed even as pulp-quality timber stocks have increased, resulting 
in economically stranded wood resources and many local people seeking alternative employment. 

Biomass for pellets in the SE US comes from residual material such as sawdust, from stranded 
feedstocks, or from thinning to remove dense growth of small trees to enhance overall growth of higher 
value timber. In 2017, the US Energy Information Administration (USEIA) reports that the feedstocks for 
pellet production were 30% from residuals of sawmills and wood product manufacturing, 20% from 
roundwood/pulpwood, and 50% from “other residuals.” The latter class includes logging operation 
residues (trimmings and limbs), bark, and unmerchantable wood (e.g. off-spec, diseased, rotted, etc.), 
and post-consumer wood products (e.g., used pallets or creates, construction debris) (US EIA 2018). 

Unmerchantable wood may include trees culled or thinned, damaged by other operations, or material 
harvested as part of conventional timber operations that is rejected by the higher-value markets. 

Although most forest lands in the SE US have diverse usage, they can be characterized by their primary 
use (Figure 3). Timberlands produce sawtimber and pulp and also provide biomass for pellets. Biomass 
feedstock for pellets exported from the SE are sourced from privately owned timberlands. Indeed, 
private landowners control 87% of all forest area in the SE. While large, corporate forest owners are 
important for industrial operations in the region, more than 60% of SE private forests are held by 
families who on average own forests less than 13 hectares in area. Other land uses include recreation 
such as hunting and hiking, urban lands, and conservation areas. Non-private forests, the remaining 13% 
of total forest area in the SE, are primarily dedicated to conservation (such as national parks, wilderness 
areas) or managed for multiple uses in the public domain.

Forest management goals and operations are diverse. Many of the industry-owned stands are actively 
monitored, thinned, and regularly harvested for timber production as a primary goal. Family forest 
owners, on the other hand, prioritize many other attributes above timber production, including family 
legacy, nature protection, aesthetics, privacy, and recreational uses. Most small, non-corporate forests 
have relatively little management or very distinct management compared to corporate lands.

Current conditions

Land owners in the SE US share a common interest in maintaining healthy and sustainable forests. There 
is growing private support for conservation as owners of both large and small forest tracts have made 
significant contributions through land trusts and permanent conservation easements. For example, the 
Enviva Forest Conservation Fund supports local initiatives to protect high-value bottomland ecosystems 
on the coastal plain of Virginia and North Carolina. Large commercial pellet industries are also showing 
leadership in terms of monitoring and transparency for sourcing their biomass. Support is also growing 
to enlist more small private owners in voluntary forest management certification. And reporting on 
sustainability criteria, chain-of-custody controls, and audit procedures to track biomass from the forest 
to the pellet mill is increasingly available. 

Bioenergy pellets are providing a new market opportunity for woody materials and residues that might 
otherwise decay or burn (Figure 4). Pellet production is also providing jobs in rural areas, particularly 
coastal zones with established forest industries and access to ports. This value-added processing is 
welcome where other employment opportunities have diminished; another alternative is to export raw 
roundwood to Asia. However, a lack of market for wood products in many parts of the interior SE US 
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contribute to unhealthy, unmanaged forests that are more susceptible to insect outbreaks, fire, or 
conversion to other uses. To date, there is no evidence that pellet production in the SE is causing 
increasing harvests or significant environmental changes relative to prior forest management conditions 
(Dale et al. 2017).

To assess the effects of pellet industry supply chain, there also needs to be documentation of what 
occurs at the receiving end of the system. The outcome at present is clear: wood pellets exported from 
the SE US are used exclusively to displace coal in electric power plants. While there is much debate 
about theoretical costs and benefits of this practice, the calculations of actual effects of current wood 
pellet use and displacement reveal significant social and environmental benefits in both the producing 
and receiving ends of the supply chain (Berndes et al. 2016). 

Retaining healthy forests and their diverse attributes requires vigilance. Forests contribute to wildlife 
and habitat, water quality, recreation, employment, and culture of the SE US. Active management of 
forests can reduce the potential for wildfire and insect outbreaks. In order to assess effects of 
alternatives scenarios for wood use, it is critical to monitor ongoing changes to the forest conditions. 
This monitoring is essential not only to determine effects of the sawtimber, pulp, and pellet industries 
on forest conditions but also to assess changes in view of warming temperatures and changes in 
disturbance regimes in the SE US. As environmental changes occur so might the assumed reference 
scenarios. Hence, assessing effects of wood pellets entails analyses using realistic reference conditions 
and active monitoring of forest conditions. By supporting monitoring, analyses, and the adoption of 
good forest management practices, pellet industries can help keep forests of the SE US healthy and 
productive.

BACKGROUND AND TERMINOLOGY RELEVANT TO DEFINING REFERENCE CONDITIONS

A reference scenario describes the conditions that are used as a basis for assessing effects of a new 
project, process or technology. The reference scenario for a pellet industry should consider the 
complete supply chain from the sources of biomass to final disposition of biomass. Therefore, the 
reference scenario describes what would most likely occur to any materials used or displaced along the 
pellet supply chain, under a “counterfactual” set of assumptions where no pellet production occurs. 

Historical data are used to inform reference scenarios. The continuation of historical trends is often 
described as the “business-as-usual” or the BAU case. Baseline data are the specific measurements 
available for variables that are to be assessed, such as total carbon stocks, or net greenhouse gas (GHG) 
emissions. Hypothetical scenarios, either past or future projections, typically rely on models, expert 
opinion, prior studies, and empirical data to justify the assumptions and estimated required to define a 
set of reference conditions. It is important to ascertain what would be the alternate fate for feedstock 
materials if they were not used for pellets. Would the forests go unthinned, which could lead to higher 
risks of disturbance, lower long-term site productivity, and lower returns for conventional solid wood 
products? Or would the forests be thinned and the biomass from thinning be left in “melt-down piles” 
that decay or be burned (intentionally or otherwise), as typically occurs where no market is available? 
Meltdown piles and bonfires to dispose of large diameter roundwood are common in the SE US when 
there is no pellet industry or other demand for such “unloved wood.” 
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Projections have many uncertainties. Demand from other markets, policy changes, and complex 
interactions among local and external forces are difficult to predict, and assuming nothing would have 
happened in the absence of the pellet mill is but one of several possibilities (Parish et al., 2017). 
Furthermore, estimating future effects is more challenging than simulating past conditions, for future 
projections require predictions about changing climate and market conditions, which contain their own 
uncertainties. 

Key issues for carbon accounting that depend on reference scenario assumptions include (a) the most 
probable alternate fate of the biomass not used for pellets, (b) the role pellet industries play in retaining 
land in forests, and (c) the degree to which more intensive management for pellets reduce the risks for 
emissions generated by pests, wildfires, and other disturbances. Each of these factors, in turn, relies on 
available information, estimates, and assumptions about the prevailing environmental setting, forest 
conditions, primary uses of forest lands, and markets options for forest products with and without wood 
pellet production, as described herein.
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Figure 3. Influences on SE US wood pellet production include the environmental setting, conditions of 
the forest, major uses of the forest lands, and market opportunities for wood products. Best 
management practices (BMPs) are developed for local conditions at the U.S. state-level to protect 
environmental attributes such as water quality, soil quality, and wildlife habitats.
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Figure 4. Photo of hardwood trees in the SE US for which there is no local demand. This wood is left to 
rot on site or is burned in most cases and thus, these represent probable alternate fates for a large share 
of the biomass used to manufacture wood pellets in the SE. Our Canadian colleague, Evelyn Thiffault, 
has coined the term “unloved wood” for woody materials that have no value.
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Figure 1: Area of forest planting in the U.S. by region (Source: USDA Forest Service, 2014).

This Figure is reproduced from: U.S. Department of Agriculture, Forest Service. August 2014. 958. U.S. Forest 
Resource Facts and Historical Trends. Forest Resources Report No. 1036. Washington, DC: U.S. Department of 
Agriculture, Forest Service. 64 pgs. 
https://www.fia.fs.fed.us/library/brochures/docs/2012/ForestFacts_1952-2012_English.pdf 

Figure 2: U.S. Forest land by region and stand age (Source: USDA Forest Service, 2014).

This Figure is reproduced from: U.S. Department of Agriculture, Forest Service. August 2014. 958. U.S. Forest 
Resource Facts and Historical Trends. Forest Resources Report No. 1036. Washington, DC: U.S. Department of 
Agriculture, Forest Service. 64 pgs.

https://www.fia.fs.fed.us/library/brochures/docs/2012/ForestFacts_1952-2012_English.pdf

