








Figure 15. ORNL researchers evaluated timberland characteristics in the
Savannah and Chesapeake fuelsheds before and after 2009

These two regions (~12 million hectares each) supply over half of US wood
pellets exported to Europe for renewable energy production. The Savannah
fuelshed includes 22 South Carolina counties, 54 Georgia counties, and 7 Florida
counties. The Chesapeake fuelshed area includes 33 North Carolina counties
and 69 Virginia counties.
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Figure 16. US Forest Service Southern Research Station staff demonstrated
annual FIA data collection

The demonstration was provided to Oak Ridge National Laboratory staff and
visiting researchers gathered at the University of Tennessee Arboretum’s Forest
Inventory and Analysis plot in May 2016. Ongoing collaboration with the US
Forest Service was essential to ORNL’s assessment of the effects of wood pellet
production on SE US timberland.
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Table 22. Results of ORNL’s assessment of SE US timberland
characteristics pre- and post-pellet production

The results showed that there have not been any reductions in carbon storage or
volumes of naturally regenerating stands or plantations since wood pellet exports

to Europe began in 2009.

harvestable material

Timberland Characteristic Savannah Chesapeake
Fuelshed Fuelshed
Naturally regenerating stand volume Increased No change
Plantation volume Increased Increased
Large-diameter tree area Increased Increased
Medium diameter tree area No change No change
Small diameter tree area No change No change
Standing dead tree density of natural Increased No change
stands (#/ha)
Standing dead tree density of Decreased No change
plantations (#/ha)
Carbon content of soil and leaf litter Increased No change
Carbon content of live harvestable Increased Increased
material
Carbon content of dead non- Increased No change
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Figure 17. Wood pellet production for European markets is growing, but
still comprises just a small proportion of total SE US wood production.

US Forest Service Timber Product Output data aggregated for the nine SE US
states currently producing wood pellets show an overall decline in wood removal
volumes since 1995. The 8 million cubic meters of woody biomass used to make
pellets exported in 2013 (based on US International Trade Commission data
shown in Figure 1) represented 3% of the total 2013 SE US timberland removal
volume of 246 million cubic meters.
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Figure 18. Continued growth in the export wood pellet industry might
encourage SE US forest owners to invest in forest management

This is illustrated through a comparison of (A) unthinned and poorly managed
pine forest in eastern Tennessee, which lies outside of the pellet export market,
with (B) well-managed longleaf pine located in the Savannah fuelshed. Multiple
studies have shown that improved forest management can lead to increased
carbon sequestration and fewer impacts from wildfires and pest/disease
outbreaks.
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Figure 19. Urban expansion currently poses a much bigger threat to SE US
forests than export wood pellet production

Market outlets for wood are needed in order to keep SE US land in forest.
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CONCLUSION

This research was motivated by the US DOE national objective to better
understand the potential environmental and socioeconomic tradeoffs of
transitioning to renewable forms of energy. In order for the US to achieve its goal
of developing a domestic and globally competitive and sustainable bioenergy
industry (DOE 2016) that can stimulate rural economies while also improving the
health of forested landscapes and mitigating global climate (Chazdon et al. 2016,
FAO 2016), more research is needed to establish ways of consistently and
effectively measuring progress toward integrated environmental, social and
economic goals for forest-based bioenergy systems. The risks and opportunities
for each bioenergy system will inevitably vary by feedstock and location, meaning
that specific sustainability goals will need to be developed by diverse stakeholder
groups within each given context (Efroymson et al. 2013). This investigation into
the sustainability of the transatlantic wood pellet trade for biopower production
serves as a case study to improve understanding of the environmental, social
and economic benefits and tradeoffs that may occur across multiple spatial and
temporal scales as a result of substituting a renewable energy resource for fossil
fuel (Parish et al. 2013).

Chapter 1 of this dissertation used the telecoupling framework proposed
by Liu et al. (2013) to define the bioenergy system boundaries, flows and
stakeholders for the transatlantic industrial wood pellet trade. The identified
primary agents (Table 4) are the key stakeholders within the bioenergy system,
and the identified observed and potential effects of wood pellet production
(Tables 5 & 6) can be used as a starting point for working with stakeholders to
establish sustainability goals. A bioenergy system’s current state and
sustainability trajectory may be evaluated through a carefully selected
combination of environmental and socioeconomic indicators, such as the 35
indicators in 12 categories proposed by McBride et al. (2011) and Dale et al.
(2013) to evaluate bioenergy systems. Thus, once goals have been established
in conjunction with the primary agents, the next step will be to identify the key
indicators that should be measured to track progress toward (or away from)
those goals (Dale et al. 2015). Potential key sustainability indicators for this
forest-based bioenergy system include jobs, water and soil quality, biodiversity,
greenhouse gas emissions, and forested land area (Dale et al. 2016).
Environmental and socioeconomic datasets (preferably spatially and temporally
explicit) should be gathered to help establish baselines and targets for each key
sustainability indicator [see example by Parish et al. (2016)].

Chapter 2 recommended guidelines for quantitative modeling the potential
effects of wood pellet production on SE US forest landscapes. Models should be
fuelshed-based, meaning that potential changes to key indicators should be
examined across the entire timberland area supplying a particular pellet mill (or
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set of pellet mills). Given the fact that it may take many years for changes in
forest management to become noticeable, analyses should ideally be based on
datasets collected over periods of 10 years or more. Wood pellet production
should be treated as an alternative fate for low-quality timberland removals or
wood removals with no other market outlet (Figure 7) rather than a primary driver
of the SE US wood market. Protected forested land should be excluded from the
analysis, and additional pressures on forests (such as urban encroachment,
droughts and other disturbances) should be carefully considered. All
assumptions made about past, current and future bioenergy system
characteristics should be carefully documented.

Chapter 3 detailed a methodology for using annual US Forest Service FIA
data to assess annual trends for 10 variables that characterize timberland health
and productivity. This analysis method was applied to two SE US fuelshed areas
to test for timberland changes that may have resulted from export pellet
production beginning in 2009. As discussed in Chapter 4, very little change was
detected in the fuelsheds supplying pellets to the ports of Chesapeake, Virginia
and Savannah, Georgia. However, changes in forest management practices can
take many years or even decades to manifest themselves in tree measurements,
and so it will be necessary to continue monitoring and evaluating forest
conditions across the SE US. Periodic reanalysis of annual FIA data provides a
scientifically valid approach for ongoing assessment of potential changes to SE
US forest conditions. And as pellet manufacturers begin providing data regarding
sources of biomass for their pellet mills (e.g., Enviva 2017) more precise
analyses can be performed to assess timberland conditions in the source areas
for raw materials—particularly if the removal data are combined with time
sequences of remotely sensed imagery.

Multiple case studies of bioenergy systems are needed to advance
progress toward a stakeholder-driven adaptive management framework for local
decisions developed through quantitative landscape-scale data collection and
spatial modeling. Ultimately, researchers want to be able to provide decision
makers with an interactive visualization tool that will help them evaluate potential
tradeoffs and synergies (Raudsepp-Hearne et al. 2010) associated with
multiple—and potentially conflicting—stakeholder goals, set targets and
baselines for working on established priorities within a given context (Dale et al.
2015), and iteratively track progress toward (or away from) those goals as new
knowledge and information becomes available, or as circumstances change.

Improved understanding of the environmental and socioeconomic costs
and benefits of forest-based bioenergy systems will help policy makers to
determine whether State-based best management practices are sufficient to
ensure landscape-scale sustainability throughout the SE US. This knowledge will
also help SE US foresters and pellet producers to assess whether or not it will be
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worth their time and effort to meet the EU’s proposed sustainability certification
requirements for its supply of wood-based bioenergy (Olesen et al. 2016).
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