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1 Introduction

“The great hope was that ultimately we could reduce our dependence on other
types of energy, use this renewable resource of energy... [get] 50-100 times less of
the particulate pollution parts if you burn it in a facility as opposed to out in the
woods... have more jobs, more people working, utilizing, getting this stuff... and if
somehow as a miracle... maybe it could even pay for itself and somebody could
make a living at a facility.”

—1d24, conservation advocate

Oregon has been moving forward with biomass energy development. Large-scale biomass
cogeneration (producing heat and electricity) and biomass power have been the focus of the last
twenty-five years, while small-scale thermal bioenergy installations (producing heat) have
dramatically increased during the last decade (Nicholls et al. 2008). In fiscal years 2011 and
2012 the US Department of Agriculture’s (USDA) largest competitive grants program awarded
two $40 million grants to research teams based in the Pacific Northwest to develop liquid fuels
sourced from woody biomass (National Institute for Food and Agriculture Newsroom 2011). The
state-coordinated Forest Biomass Working Group and several non-profit and forest products
organizations also advocate for further development of multiple types and scales of bioenergy
across the state (e.g., OFRI 2006; Forest Biomass Working Group 2012; SNW 2013; RVCC and
CEFC 2011).

Globally, motivation for bioenergy variously includes rural development, forest products
industry diversification, energy independence, and low-carbon energy alternatives (e.g., Domac
et al. 2005; Nicholls et al. 2008; Lippke et al. 2011); however, bioenergy’s potential contribution
to forest restoration has increasingly been highlighted as a primary benefit of such developments
in the dry mixed conifer region of the US West (OFRI 2006; Stidham and Simon-Brown 2011;
Nicholls et al. 2008; Evans and Finkral 2009). One conservation advocate active in the region
described bioenergy as representing a “great hope,” potentially able to address pressing

restoration needs while stimulating rural economies and creating clean renewable energy.



The risk of uncharacteristic high-severity fire events has increased in this region, due to

changes in stand structure, density, and species composition (Powell 2011; Hessburg et al. 2005;
Rainville et al. 2008). Fuel reduction treatments that alter stand conditions (e.g., thinning from
below or prescribed fire) are common prescriptions to mitigate high-severity fire risk and restore
forests to more historic conditions (Stephens et al. 2009; Hessburg et al. 2005; Brown et al.
2004; ERI 2013; Martinson and Omi 2013; Powell 2011). The woody biomass that results from
mechanical fuel reduction treatments typically has low commercial value, and is either left on-
site to decompose or be burned. The appeal of bioenergy is to stimulate a market demand for this
material, thus offsetting the costs of restoration (Nicholls ez al. 2008; Wynsma et al. 2007; Evans
and Finkral 2009).

Bioenergy is an umbrella term that encompasses biomass systems with a variety of
characteristics, including energy conversion technologies, feedstocks, scales, and end products
(McKendry 2001; Buchholz and Volk 2008). Whether a bioenergy project is able to accomplish
perceived benefits is dependent on such system characteristics, in addition to contextual site-
specific attributes (Cook and Beyea 2000; McCormick 2005). Despite the recent interest in
bioenergy as a tool for restoration, few authors have considered how existing bioenergy
installations and their conditions in the mixed conifer region relate to high-severity fire risk
reduction objectives (for an exception, see Becker et al. 2009a). Failure to closely examine
current developments will serve to confuse future bioenergy ambitions, and contribute to a poor
understanding of what “great hope” bioenergy truly offers to restoration and other regional
objectives. Given this knowledge gap, we sought to understand what has enabled the particular
types of existing bioenergy installations in eastern Oregon, and what their relationship has been
to regional restoration objectives. To these ends, we ask: What factors influence thermal and
cogeneration bioenergy adoption in eastern Oregon, within the context of forest restoration

objectives in the region?

We use a case study approach for our analysis, focusing on Grant County and drawing
selectively from Wallowa and Harney Counties. In the Background section below we introduce

bioenergy system characteristics and policies, the ecological setting, restoration considerations



and rural economies of the Blue Mountains region in eastern Oregon, and the case of interest.
Next, we explain our methodology. In the first Results and Discussion section, we identify five
primary factors that influence both thermal and cogeneration bioenergy adoption in the region. In
the Factor Interactions and Implications section, we next examine how thermal and cogeneration
bioenergy attributes within the five factors relate to each other, and interact to shape implications
for restoration and project feasibility. Finally, in the Scaling Up Thermal Bioenergy Results and
Discussion section, we extend our analysis to address a question that emerged from study
participants and the factor interactions regarding the potential impact aggregated TBE systems
could have on restoration. We conclude with Summary and Conclusions. Our study results
suggest that the “great hope” bioenergy seems to offer is dependent on site-specific attributes
related to the type of bioenergy being developed, and that the five factors interact to influence
project outcomes in ways that frequently complicate implications for forest restoration

objectives.



2 Background

Due in part to the wide spectrum of bioenergy characteristics and contexts, the literature
addresses a variety of factors that influence economic, environmental, and social outcomes of
bioenergy projects. Our interest in restoration provides sideboards that focus our attention on
specific environmental outcomes, although these are entangled with other types of impacts to an
extent. Here we provide a brief background on important bioenergy system attributes, emission
considerations, and relevant policy mechanisms. We then focus on dry forest ecosystems in the
Blue Mountains of eastern Oregon, restoration trends, and rural economies of the region. Within
each of these sections, we highlight aspects of bioenergy attributes and the regional context that
the literature suggests are relevant for project implications. Finally, we introduce the case we use
to illustrate the relationship between bioenergy developments in eastern Oregon and dry forest

restoration.

2.1 Bioenergy Development

Biomass can be converted into useful energy through thermal, biological, or mechanical
conversion pathways (McKendry 2001; Bridgwater 2006). Combustion is one of three primary
thermal processes, and is widely employed at domestic, small industrial, and utility scales to
produce heat and/or electricity. Liquid fuels such as ethanol are primarily produced through
biological processes (Solomon et al. 2007). In this study we focus on two combustion systems:
thermal bioenergy (TBE) and cogeneration (also known as cogen, combined heat and power, or
CHP). We also discuss district heating (DH) as a form of distributing thermal energy, primarily
addressed in the Scaling Up Thermal Bioenergy section. Our feedstock of interest is woody
biomass, which the U.S. Forest Service (USFS) defines as a “byproduct” of restoration and/or
management, e.g., tops, limbs, and small-diameter material (Wynsma et al. 2007). Below we
summarize relevant issues pertaining to bioenergy systems, their emissions, and supportive

policy.



2.1.1 Bioenergy Systems

TBE systems burn densified wood pellets, wood chips, or firewood in high-efficiency boilers to
heat residential homes, institutional, and commercial buildings (see Figure 1)(Emhofer 2012;
Nicholls et al. 2009; McCormick 2005). Biomass CHP systems produce thermal energy, which is
directed through turbines to also generate electricity (see Figure 2)(Nicholls et al. 2008; ORNL
2009). CHP systems can double the efficiency of a standalone power plant by utilizing excess
heat instead of rejecting it (Dovetail 2009). Both TBE and CHP can be designed to provide
district heating. Biomass DH distributes heat (and sometimes cooling) to a network of users
through insulated piping systems, eliminating the need for a boiler installation in every building
(see Figure 3)(Vallios et al. 2008; Rezaie and Rosen 2012). As a component of CHP, excess

thermal energy is distributed to the network while electricity is sent to the grid.

Because TBE boilers only deliver heat on-site, these systems are the smallest form of bioenergy,
ranging from less than one million British thermal units per hour (MMBtu/hr) to less than 10
MMBtu/hr (Egger et al. n.d.; Nicholls et al. 2008). The scale of biomass cogeneration can
overlap that of TBE, typically ranging from approximately 3.4 MMBtu/hr to more than 300
MMBtu/hr, or 100 MW. The Biomass Energy Data Book (ORNL 2009) lists 300 MW as an
upper capacity limit for biomass electrical generation, but gives examples of greater than 1000
MW when biomass is co-fired with another fuel. Despite such a wide range of CHP applications,
constructed facilities tend to be between 20 and 50 MW in the US (ORNL 2009; Cameron et al.
2007; McNeil Technologies 2003). DH systems have a wide range of installed capacity; for
example, Austria has biomass DH systems that range from small to large (100 kW to greater than
1 MW)(Madlener 2007). Sweden installs more large-scale systems, with approximately 400
wood-fired DH networks with capacities greater than 5 MW (Dovetail 2009; Salomon et al.
2011).

While TBE and CHP exist on a spectrum of scales, large-scale bioenergy is more frequently the
subject of peer-reviewed literature (Nielsen-Pincus and Moseley 2009; Buchholz and Volk
2008). However, Nielsen-Pincus and Moseley (2009) observe that knowledge about the impacts
of project scale is “weak at best” (p.10). Buchholz and Volk (2008) argue that negative



bioenergy impacts are more often associated with large-scale systems. They suggest that a
systems approach to assessing bioenergy can more accurately reveal tradeoffs related to scale.
For example, they note that large and small systems differ in energy consumer locations
(regional versus local), financing entities and owners (international versus national), and likely
employment (international or regional versus national or local). Larger projects are more
complex and subject to uncertainty and risks, and higher investments might suggest a reliance on
proven (rather than innovative) technology. Others have also observed that small-scale
renewable energy systems in general are more ecologically and socially beneficial, while large-
scale systems are typically more economically feasible (Burton and Hubacek 2007; Mirata ef al.
2005; Mangoyana and Smith 2011). Some note that while more emphasis should be placed on
smaller-scale developments, this should be complementary to larger systems (e.g., Johansson et

al. 2005; Mirata et al. 2005; McCormick 2010).

Importantly, there is no defined capacity for what counts as “small” bioenergy. While TBE is the
smallest on the spectrum of bioenergy systems, it also exists in a range of applications. CHP can
be designed for various capacities as well, and has been referred to as “small” in multiple
conflicting contexts. For example, Cameron et al. (2007) refer to biomass CHP less than 70 MW
as small, while Brown and Mann (2008) consider those less than 20 MW to fit this category.
Others discuss CHP at scales substantially smaller than those referenced above; Dong et al.
(2009) refer to “small-scale CHP” as having electrical power less than 100 kW (3.4 MBtu/hr)

and “micro-scale CHP” as systems with electrical capacity less than 15 kW.

2.1.2 Emissions

Like other energy systems using combustion conversion processes, TBE and CHP produce both
greenhouse gas (GHG) and air pollutant emissions. GHG emissions are of concern for their
contribution to global climate change, while other air pollutants can create adverse health and

environmental affects (EPA 2013).



Of the greenhouse gasses, carbon dioxide (CO;) is the most relevant and contentious for
bioenergy. An in-depth analysis of bioenergy carbon impacts is beyond the scope of this paper;
however, below we summarize a few salient points regarding this topic. The lower energy
density of biomass compared to fossil fuels necessitates that more biomass be combusted to
produce an equivalent unit of energy, which results in more CO; emitted per unit of energy
(Mitchell et al. 2009; Cherubini and Stremman 2011). However, ultimate assessments of
bioenergy carbon impacts depend largely on research assumptions. The combustion of biomass
for energy is frequently considered carbon neutral if the feedstock is sourced from sustainably
managed forests, because the same amount of emitted CO, is assumed to be re-sequestered
during continued vegetation growth (Cherubini and Stremman 2011; Gunn ef al. 2011; Zhang et
al. 2010; McCormick 2005). Life cycle assessments (LCAs) with this assumption frequently find
bioenergy to be more beneficial than energy sourced from fossil fuels in terms of GHG
emissions, even with included emissions from harvest operations such as collecting, grinding,

and transporting biomass (e.g., Zhang et al. 2010).

However, others argue that assuming carbon neutral combustion ignores harvest impacts to
carbon stored in forests, where reductions can significantly outweigh benefits gained from
replacing fossil fuels (Mitchell ez al. 2009; Gunn et al. 2011; Hudiburg et al. 2011; McKechnie
et al. 2011). For example, McKechnie ef al. (2011) integrated an LCA approach with an
assessment of forest carbon for the production of cellulosic ethanol and the use of wood pellets
for electricity, replacing coal. The authors found that without the calculation of forest impacts,
each scenario showed reductions in CO, compared to the fossil fuel alternative. In contrast, all
scenarios showed an initial excess of CO, emissions when harvest-related forest carbon losses
were accounted for, only contributing to reduced emissions after a period of time had elapsed for
the regrowth of biomass resources. For pellet-generated electricity, emissions were not reduced
relative to coal for 16-38 years (depending on whether the biomass was sourced from forest
residue or standing trees), while cellulosic ethanol did not lead to reduced emissions for 74-100

years.



While several studies find bioenergy harvests to negatively impact overall carbon stores when
forest carbon is included, considerable uncertainty exists with regard to bioenergy sourced from
fire-adapted regions. For example, some studies suggest that carbon emissions are minimal to
negative in fire-adapted regions like eastern Oregon, where fuel reduction treatments may
improve the site’s carbon storage capacity (Mitchell ez al. 2009; Hudiburg et al. 2011). In these
cases, overall long-term carbon flux depends on the probability of uncharacteristic high-severity
fire, the extent and efficacy of fuel reduction treatments, and the likelihood that a state change
will occur (e.g., see Restaino and Peterson 2013; Campbell et al. 2012; Stephens et al. 2012).
Disagreement remains regarding the ultimate carbon effect of these and other interactions.
Campbell ef al. (2012) contend that improved carbon storage via fuel reduction treatments is
highly unrealistic, regardless of most site details. Others suggest that the role of future
disturbance, climate change, and other uncertainties have not been adequately considered to
determine carbon impacts (Restaino and Peterson 2013; Stephens et al. 2012). Hurteau and
Brooks (2011) acknowledge that mitigating high-severity fire events through fuel reduction
treatments often generates carbon emissions, but that this represents a tradeoff between short-

term maximization of carbon stocks and long-term forest carbon stability.

Bioenergy’s contribution to air pollutant emissions results from a complex interaction of several
factors, as both the particle size and chemical composition of emissions are affected by the
chemical composition of the feedstock, physical properties of the fuel (e.g., moisture content,
surface area), type of combustion equipment, and emission reduction controls (Villeneuve et al.
2012; Johansson et al. 2003; Sippula et al. 2009). Consequently, a range of air pollutants can be
recorded, depending on site-specific conditions. Bioenergy is typically more advantageous than
fossil fuels in terms of sulfur and nitrogen oxide emissions because of low sulfur and nitrogen
content in biomass feedstocks (Villeneuve ef al. 2012; Sippula et al. 2009; Zhang et al. 2010).
However, bioenergy has been criticized for particulate matter (PM) emissions, which can vary
(Johansson et al. 2003; Sippula et al. 2009). For example, Sippula et al. (2009) found that fine
PM was higher in wood-fired TBE systems than in heavy fuel oil (HVO) boilers, but that HVO
systems produced smaller PM. In their comparison of biomass combusted in a TBE system and

biomass combusted in harvest slash piles, Jones et al. (2010) found the former to have



substantially lower CO,, methane, and PM emissions. Both studies found PM levels in wood-
fired boilers to improve with the use of air pollution controls. In addition to air pollution
controls, the standardization of wood fuels contributes to improved emissions by enabling more

precise boiler designs and combustion (Villeneuve et al. 2012).

2.1.3 Supportive Policy

While biomass energy provides more than ten percent of global energy demands, its
consumption varies significantly between countries (McCormick 2005). According to Nicholls et
al. (2009), Finland, Sweden, and Austria lead in bioenergy production internationally. Twenty
percent of Finland’s total energy production comes from bioenergy, due both to policy
instruments (i.e., carbon tax, renewable energy targets, and government-backed research
initiatives) and the presence of a strong forest sector. High taxes on fossil fuels have also been
key to Sweden’s development of bioenergy. The most substantial use of bioenergy in Austria is
in domestic heating (i.e., residential and district heating systems), supported by government-

backed investment subsidies (Nicholls et al. 2009).

In the US, wood energy consumption has fluctuated since the 1970s, responding in part to
alternative energy prices and supportive policy instruments (Aguilar et al. 2011). By 2007,
biomass (including biofuels, waste, and woody materials) contributed 53% of all renewable
energy consumption in the country, and 3.7% of total energy consumption (ORNL 2009). Most
national renewable energy policy instruments have targeted power generation, primarily through
tax incentives, bonds, and state Renewable Portfolio Standards (RPS)(Aguilar ef al. 2011).
Becker et al. (2011) evaluate policy instruments that target biomass utilization by what stage in
the supply chain is addressed, and find that most target manufacturing and consumer markets
through a diversity of mechanisms similar to those identified by Aguilar et al. (2011). The
authors list Oregon as among the states with the most biomass-related policy instruments, which
include cost-share and grants, technical assistance, bonds and loans, procurement mandates, rules
and regulations, and tax incentives. Oregon’s RPS was established in 2007, and mandates an

incremental increase in renewable energy up to 25% total energy consumption in 2025 (ODOE
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n.d.-b). Notably, while a renewable energy mandate has also been established for liquid fuels
on the national level (e.g., US Department of Energy 2011), no such equivalent exists in Oregon
or nationally for thermal energy. New Hampshire became the first state to establish a renewable

energy standard for thermal energy with Senate Bill 218 in 2012 (BTEC 2012).

In Oregon, TBE systems have seen the most growth among bioenergy projects over the last
decade, jumping from two school installations in 2009 to nineteen facilities by 2013 (ODOE
Energy Plan 2013). Systems include installations in schools, hospitals, commercial buildings,
and a USFS building, all but one fuelled by wood pellets. About half of these projects are located
east of the Cascade Crest (ODOE n.d.-a). Nineteen biomass cogeneration facilities exist in the
state, all co-located with a forest products manufacturing site and primarily located west of the
Cascades (Biomass Project List 2011; ODOE n.d.-a). Of the nineteen facilities, ten are
operational (as of fall 2013), and six were constructed in the last decade. Oregon also has one

standalone biomass power facility.

2.2 Forest Restoration in the Blue Mountains

Forestland in eastern Oregon lies primarily in the 5.5 million acres of the Blue Mountains, which
is composed of the Wallowa-Whitman, Umatilla, and Malheur National Forests (Rainville et al.
2008). As shown in Figure 4, these National Forests cover substantial portions of Grant and
Wallowa Counties, less so in Harney County. We introduce the forested ecosystems of the Blue
Mountains National Forests and discuss biomass utilization as a restoration tool to frame the
regional environmental context of existing bioenergy developments. In addition, we include a
discussion of rural economies in relation to natural resource utilization in the US West as a

background for the socioeconomic characteristics relevant to our case.

2.2.1 Ecological Setting
The Blue Mountains are home to grasslands, woodlands, and mixed conifer forests across a
gradient of elevation and moisture availability (Powell 2011). Dry mixed conifer forests occur at

low to moderate elevations and are the most common in the region (Powell 2011; Rainville et al.
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2008; Hessburg et al. 2005). These forests represent a range of cover types, including
ponderosa pine (Pinus ponderosa), grand fir (Abies grandis), white fir (Abies concolor), and
Douglas-fir (Psudotsuga menziesii); however, they are well-documented as historically
dominated by ponderosa pine through the presence of frequent low- to mixed-severity wildfire
(Hessburg et al. 2005; Agee 1993; Powell 2011; Franklin and Johnson 2012; Brown et al. 2004).
Agee (1993) defines low- and mixed-severity fire as occurring every 1-25 years with less than
20% basal area mortality and every 25-100 years with 20-70% basal area mortality, respectively,
although Hessburg et al. (2005) note that dry western forests tend towards the low end of mixed-
severity fire behavior. The Blue Mountains Forests Revised Land and Resource Management
Plan (BMF Revised Plan 2010) categorizes 60% of the three national forests as dry forest, which

falls within Rainville et al.’s (2008) estimation of 40-75% for the same region.

Of the mixed conifer forests, dry forests have had the greatest departure from historic conditions
(Powell 2011; Hessburg et al. 2005; Brown et al. 2004; Stephens et al. 2009). Fire suppression,
grazing, timber harvesting, and plantation establishment during the late 19" and early 20™
centuries have contributed to a transformation of the open park-like landscape characteristic of
the dry forests into dense multi-storied stands, typically composed of fire-intolerant species
(Powell 2011; Hessburg et al. 2005; Rainville et al. 2008). The BMF Revised Plan (2010)
establishes desired conditions for the three national forests based on the historic range of
variability according to a variety of criteria, and observes significant changes in forest structure,
composition, and available fuels (see Table 1). The vertical and horizontal structural
arrangement of vegetation influences wildlife habitat, insect and disease susceptibility, wildfire
hazard, scenic integrity, and potential social and economic potential (BMF Revised Plan 2010).
In forests, structural stages are represented by stand initiation, stem exclusion, understory re-
initiation, old forest multi-story, and old forest single-story. The BMF Revised Plan states that
the existing level of understory re-initiation (multi-layer stands from 5 to 20 inches diameter
breast height [DBH]) is substantially higher than desired conditions, while the extent of the old
forest single-story structural stage (single-layer stands with an overstory generally greater than

20 inches DBH) is substantially less than desired conditions.
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Similarly, dry forests have exhibited the most dramatic shift in species composition, with an
increased dominance of grand fir on sites historically dominated by ponderosa pine. Finally,
higher levels of multi-layered stands have contributed to increased stand density and decreased
average tree diameters compared to historic conditions. As wildfires in the US West have
increased in size, frequency, and severity (Westerling et al. 2006; Miller et al. 2009), current
stand conditions make dry forests increasingly vulnerable to high-severity fire events (Powell
2011; Hessburg et al. 2005; Rainville et al. 2008; Franklin and Johnson 2012; Stephens ef al.
2009; Agee 1993). While dry forests likely historically experienced high-severity fire behavior at
small scales (Hessburg et al. 2005; Stephens et al. 2013; Stephens et al. 2012), the BMF Revised
Plan (2010) observes that the risk of stand-replacing wildfire has increased from a desired state

of 5-15% of the dry forest landscape to 40-60%.

2.2.2 Biomass Utilization as a Restoration Tool

Given the state of dry mixed conifer forests and the increasing risks of uncharacteristic stand-
replacing fire, the US Forest Service has explicitly aimed to “increase the pace and scale of
restoration on the national forests” (USDA FS 2012, p.3). The agency estimates that more than
65 million National Forest acres are at high or very high risk of stand-replacing wildfire, of
which 12.5 million require mechanical treatments (USDA FS 2012). Fuel reduction treatments
that alter stand conditions are common methods to reduce the risk of high-severity fire (Stephens
et al. 2009; Hessburg et al. 2005; Brown ef al. 2004; ERI 2013; Martinson and Omi 2013;
Powell 2011). Such treatments aim to remove small-diameter trees that have encroached in the
understory of dry forests in the absence of frequent fire. Creating a market demand for biomass
utilization, such as supplying a bioenergy facility, is commonly cited as critical to expanding the
scale of restoration treatment by offsetting treatment costs (Becker et al. 2009b; Aguilar and

Garrett 2009; Nicholls et al. 2008).

The literature suggests a number of factors that are important in biomass to energy projects
within this restoration context. For example, the Oregon Forest Resources Institute (OFRI 2006)

highlights eight barriers to development: supply issues, lack of supportive public policies, public
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acceptance and trust, institutional issues within the federal agencies, market access, technical
issues, costs, and potential negative environmental impacts. Below we briefly discuss issues

related to accessing biomass supply.

Several bioenergy assessments conducted in Oregon begin with estimates of physically available
biomass, often calculated by referencing fuel reduction treatment levels (e.g., OFRI 2006;
McNeil Technologies 2003; Rainville et al. 2008; Nicholls et al. 2008). These studies vary in
their areas of interest, assumptions of yield, and other parameters, but generally conclude that a
large amount of biomass material physically exists. OFRI (2006) reviewed literature on woody
biomass supply at national, regional, state, and sub-state scales, and found that 0.8 — 12.7 million
bone dry tons are annually available as a byproduct of fuels reduction treatments. That study also
developed its own analysis of biomass availability based on fuel reduction treatments across 20
eastern and southern Oregon counties that are classified as having high fire risk. They found that
20 million bone dry tons is available from 4.25 million acres of eligible forestland, more than
70% of which is publicly owned. In an analysis of biomass available from current fuel reduction
treatments on forestlands in the three most northeastern Oregon counties, McNeil Technologies

(2003) determined that more than 200,000 bone dry tons could be supplied per year.

Physically available biomass is further constrained by the economic feasibility of accessing the
material. Costs associated with biomass harvesting, collecting, and transportation have been
identified as one of the most significant barriers to utilization (Becker et al. 2009b; Aguilar and
Garrett 2009; Nicholls et al. 2008). For example, Rainville et al. (2008) filtered their assessment
of available biomass from treating overstocked stands in the Blue Mountains by the amount that
would be commercially viable to remove, including an assumption of harvested saw-logs
alongside biomass residuals. Under their basic assumptions, the authors found that only about
10% of the overstocked acres could be profitably treated. Nicholls ef al. (2008) observe that the
value of biomass rarely pays for the cost to harvest and transport the material. They note that
energy and chip markets have historically paid $25 — 35 per ton, while thinning small-diameter
material typically costs $70 per ton. Davis et al. (2012) suggests hand thinning, piling, and
burning costs $300 — 900 per acre, Becker et al. (2009b) estimates that average costs of
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mechanical harvesting can exceed $1000 per acre, and Han et al. (2004) state that in general,
mechanical harvesting costs increase as tree diameter size decreases. Longer transportation
distances are also conventionally considered to financially hamper biomass utilization projects,
although these costs are not necessarily prohibitive (Becker et al. 2009b; Evans and Finkral
2009). Some cite this transportation factor as motivation to build decentralized systems closer to
supplies (e.g., Gold and Seuring 2011; Becker ef al. 2009a; Aguilar and Garrett 2009; Dovetail
2009)

The social availability of biomass, in addition to the social acceptance of bioenergy as a form of
biomass utilization, creates another constraint on biomass supply. While the physical availability
of biomass may be known, its social availability more often is not (Becker ef al. 2013; Shindler
2009). Becker et al. (2013) define social availability as “that portion of total physical availability
accessible in the marketplace after accounting for social factors influencing landowner
propensity to harvest” (p.83). While the authors investigate the social availability of biomass
from non-industrial private forestlands, the notion holds for harvests on public lands as well.
Shindler (2009) explains that social acceptance of activities on public lands matters because
“objective science” rarely is the sole driver of decisions; rather, individual and collective values
play an important part. Additionally, all American citizens have a right to affect federal land
management because they are the ultimate owners, and unsatisfied stakeholders can — and often
do — resort to litigation (e.g., Brown and Webb 2012). The lack of long-term supply agreements
has also been linked to a lack of socially available biomass and trust among stakeholders, which
can limit utilization by constraining industry’s capacity to invest in new markets (Stidham and

Simon-Brown 2011; Becker et al. 2009a and b; Moseley and Davis 2010; Nicholls ez al. 2008).

Utilizing biomass for bioenergy involves another layer of social acceptance. McCormick (2010)
warns that local communities can organize to prevent the implementation of even technically,
economically, and environmentally robust projects, and also argues that the wider “political
legitimacy” of bioenergy can be damaged by public concerns and popular media. Similarly,
Upreti (2004) documents public opposition as one of the major obstacles to promoting biomass

power plants in the United Kingdom. In their case study of stakeholder perspectives on biomass
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harvesting for energy in Oregon, Stidham and Simon-Brown (2011) found general support for
bioenergy. Notably, “virtually all” respondents discussed bioenergy in terms of forest restoration
rather than energy generation. These authors and Nielsen-Pincus and Moseley (2009) both
observe that environmental organizations are likely the most cautious towards bioenergy

developments.

Collaborative processes and stewardship contracts are two mechanisms that have been identified
as facilitating biomass supply for market utilization (e.g., Schultz ef al. 2012; Stidham and
Simon-Brown 2011; Shindler 2009; Moseley and Davis 2010; NFHR 2012). According to
Schultz et al. (2012), the increasing costs and frequency of fire was the primary driver of the
Collaborative Forest Landscape Restoration Program (CFLRP), which was established by
Congress in 2009. Objectives of the CFLRP include promoting ecological, economic, and social
sustainability, leveraging local resources, reducing the risk of uncharacteristically severe fire,
and supporting local economies (Schultz et al. 2012). Projects that qualify for federal funds
through the program must be based on a landscape restoration strategy, be developed and
implemented through a collaborative process, and demonstrate how restoration byproducts will
be utilized to support local economic development. Collaborative groups have been fairly
successful in Oregon; eight currently operate east of the Cascade Crest, including one each in
Grant, Wallowa, and Harney Counties (NFHR 2012). Becker et al. (2009a) observe that
collaboratives take many shapes, and that formal organizations are needed “when the challenges

to [biomass] utilization are significant and complex” (29).

Stewardship contracts have also been cited as a tool to accomplish active restoration and stabilize
supply to encourage industrial investment (Moseley and Davis 2010; Schultz ef al. 2012;
Stidham and Simon-Brown 2011). Moseley and Davis (2010) provide an extensive review of the
variety of stewardship contracts and their implementation in western national forestlands, and
suggest their use is still new and rapidly evolving. Stewardship contracts are aligned with
collaborative objectives to facilitate forest restoration while providing economic benefit for local
communities. In their various forms, such contracts have enabled more flexible projects that are

awarded based on “best value,” and provide for reinvestment back into restoration services. The
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authors additionally emphasize that stewardship contracts do facilitate biomass availability,

albeit without a guarantee of supply.

2.2.3 Rural Economies

Importantly, each of the strategies to overcome active restoration barriers described above
prioritizes benefits to local rural economies alongside ecological objectives (e.g., USDA FS
2012; Moseley and David 2012; Schultz et al. 2012; Becker et al. 2009a; NFHR 2012). A
growing body of literature suggests that the rural western United States is a shifting landscape,
and describe a heterogeneous pattern of declining extractive industries, mobile amenity-seeking
migrants, and opportunities for new ways to utilize natural resources (Robbins ef al. 2009;
Winkler et al. 2007; Power and Barrett 2001; Slee 2009; Hibbard et al. 2012). Implications for
rural community wellbeing remain complex and varied. For example, Power and Barrett (2001)
challenge the common assumption that declining production-oriented industries (e.g., mining,
logging, and agriculture) have wrought economic disaster on communities. They point out that
while such industry declines have been apparent since at least the 1970s, overall employment,
income, and population in the Mountain West during the same period has increased; in fact, it
was the fastest growing multi-state region during the last half of the twentieth century in the
entire country. The authors argue both that depressed earnings in the region largely reflected
trends in the national economy, and that individuals were moving into the region for an improved
quality of life. They conclude that the shortfall in pay is offset by attractions like high amenities
of rural living, lower cost of living, scenic beauty, and recreation, and that these amenity-seeking
migrants represent a new economic relationship to natural resources. Winkler ef al. (2007) also
acknowledge that quality of life motivations seemed to dominate migration decisions during the
last two decades, however they note that places with attractive settings tended to fare better (e.g.,
adjacent to national parks, along waterways, and near mountain peaks). They conducted a spatial
analysis of communities based on the degree to which they exhibited qualities of an amenity-
oriented economy (dubbed “New West”), and confirmed that employment in extractive
industries (an “Old West” characteristic) was inversely related to these. While they found that

the New West phenomenon was widespread throughout the region, about two-thirds of the
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communities they assessed scored as Old West. Their results suggest that a substantial number
of rural communities in the region remain linked to traditional production-oriented natural

resource use.

Other studies have also reported diverse effects on communities as a result of declining
production-oriented industries. For example, Charnley et al. (2008) studied socioeconomic
impacts of declines in federal harvests instigated by the Northwest Forest Plan (NWFP). They
found that effects varied based on a number of factors, but that between 1990 and 2000,
communities within five miles of a federal forest scored the lowest on their socioeconomic
wellbeing index. Weber and Chen (2012) complicate this data in their analysis of communities
adjacent to NWFP-affected forests, in which they classify communities as “non-logging” (less
than 5% employment in farming, forestry and fishing), “intermediate” (5-10%), and “logging”
(greater than 10%). They found that intermediate and logging communities were negatively

affected during the 1990s, but that this effect disappeared in the 2000s.

These mixed results suggest both that the presence of traditional industries is not unwaveringly
tied to rural community wellbeing, and that some communities are more dependent on them than
others. Despite his critique of the industry/wellbeing relationship, Power (2005) notes that
communities isolated from metropolitan areas with limited transportation infrastructure and
reliant on industries with declining employment opportunities confront serious economic
challenges. Hibbard ef al. (2012) argue that most resource-dependent communities are struggling
with losses of primary production in conjunction with continued degradation of natural
resources. These authors suggest a middle ground, positing that rural communities require (and
are creating) “new natural resource economies” (or NNRE) that embrace production-,
consumption-, and protection-oriented economic activities. They share perspectives documented
elsewhere that insist mechanisms to sustain healthy communities can coexist with those that
sustain healthy forests (e.g., Kelly and Bliss 2009; Nielsen-Pincus and Moseley 2013). For our
purposes it is notable that the authors specifically include biomass energy within the NNRE, and

cite Grant County as representative of some NNRE elements.
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2.3 The Case: Bioenergy in Grant County
We chose Grant County in which to situate our case study for its relevance to bioenergy and dry
mixed conifer restoration in the state. We also drew from Wallowa and Harney Counties for a
regional perspective. Grant, Wallowa, and Harney Counties share several similarities in these
and other regards (see Table 2). Public land ownership composes a large portion of each
county’s land base. In addition, each county has substantially fewer people per square mile than
the state average. Furthermore, each county is losing population; Grant and Harney are two of
three Oregon counties categorized as having high outmigration for the last two decades (defined
as 10% or higher population loss from net migration) (USDA ERS 2014). The three counties are
all older than the state and national average, and whiter. Unemployment and poverty rates are
higher, while medium household income and college graduates are lower. Percent employed in
agriculture, forestry, fishing and hunting, or mining is substantially higher than in the rest of
Oregon and nationally. Finally, they are more isolated. The USDA Atlas of Rural and Small-
Town America created an Urban Influence Code as a 12-scale classification based on
metro/micro/nonmetro status, location, commuter trends, and size of the largest place in a given
county (USDA ERS 2014). Grant, Wallowa, and Harney Counties are designated as 12, 10, and

11 on that scale, respectively, indicating their low degree of connectivity to metropolitan centers.

These counties have led the state in bioenergy installations. Grant County’s experience in
particular has been referenced as a “successful model” of bioenergy developments in Oregon
(Dovetail Partners 2013). Beginning in 2009, four TBE systems have been installed in the
county: at a new county airport, one hospital, and two public schools. A pellet manufacturing
plant built in 2010 by the last sawmill in the county complements these projects, as well as a
recently idled 10 MW CHP facility. Harney and Wallowa Counties have also been front-runners
of bioenergy adoption in the state, with the first TBE system in Oregon installed in a Harney
County hospital in 2008, and the first TBE system in an Oregon school installed in Wallowa
County later that same year. Additionally, one small CHP integrated with a forest products

manufacturing facility is near completion in Wallowa County.
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In addition to their advancements in bioenergy, Grant, Wallowa, and Harney Counties each
have established collaboratives that work to enhance forest and watershed health while
benefitting local economies. The Blue Mountain Forest Partners (BMFP, established in 2006) is
based in Grant County, and together with the Harney County Restoration Collaborative (HCRC)
was awarded funds through the CFLRP in 2012 (BMFP n.d.). The study identifying Grant
County as a “successful model” of bioenergy in the state additionally refers to BMFP as crucial
to the success of the biomass cluster, further indicating the connection between biomass
utilization for energy and active restoration activities in the region (Dovetail Partners 2013).
However, the study does not elaborate on this relationship beyond documenting the

collaborative’s role in securing a biomass supply for the local pellet plant on critical occasions.
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Figure 1: Example of a thermal bioenergy system, which produces heat. In this example, an
auger feeds densified wood pellets into the combustion chamber. TBE systems are the smallest
form of bioenergy, and are designed to burn very efficiently.

Image: hargassner.net.

Figure 2: Example of a biomass cogeneration system, which produces heat and electricity.
Thermal energy is directed through turbines to generate electricity. Utilizing excess heat can
double the efficiency of a standalone power plant.
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Image: www.we-energies.com.
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Figure 3: Example of a district heating system. District heating distributes heat (and sometimes
cooling) to a network of users through insulated piping.

Plant

Hot feed and cold return piping

Heat exchanger

Image: http://www.greenspec.co.uk/biomass.

Figure 4: National forests in the Blue Mountains of eastern Oregon. Grant, Wallowa, and Harney

Counties are outlined.
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Table 1: Current conditions of the dry forest group in the Blue Mountains compared to desired
conditions. Here the Blue Mountains include the Wallowa-Whitman, Umatilla, and Malheur

National Forests.
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Select Characteristics of the Dry Forest Desired® Current®
Old forest single-story 40-60% <5%
Understory re-initiation 5-15% 52%
Abies grandis dominated forest type 1-10% 51%
High stand density® 5-15% 54%

Source: Adapted from BMF Revised Plan (2010).

“Desired and current conditions are expressed as the percent of the landscape.
®High stand density is classified as greater than 60% of the maximum stand density index, which can also be equated
to about 40% canopy closure in the dry forest group.

Table 2: Select socioeconomic data for Grant, Wallowa, and Harney Counties in comparison to
Oregon and the United States. All data are for 2012 unless otherwise noted.

Variable Grant | Wallowa | Harney Oregon Us
Population size 7.317 6.821 7.212 3,831,073 | 308,747,508
Population density (persons per square mile) 1.6 2.2 0.7 39.9 87.4
Population change 2000-2010 -6.1 -3.0 -2.4 +12.0 +9.7
Percent of population under age 18 18.5 18.2 21.6 22.1 23.5
Percent of population 65 or older 25.5 25.1 20.8 14.9 13.7
Percent Non-Hispanic White 92.5 94.2 88.9 77.8 63.0
Unemployment rate 134 10.2 12.6 8.1 8.5
Poverty rate, 2011 17.2 16.0 19.1 15.5 14.9
Median household income, 2000-2010 $34.337 | $40.204 | $39.674 $50.036 $53.046
Percent college graduate or higher, 2008-2012 17.5 22.3 15.7 29.2 28.5
Percent employed in agriculture, forestry, 15.0 14.9 18.9 34 1.9
fishing and hunting, and mining 2006-2010

Source: USDA ERS 2014, United States Census Bureau 2014, and United States Census Bureau 2006-2010.



23

3 Methodology

Case studies aim to develop a well-rounded understanding of a current phenomenon in its real-
world context by investigating an illustrative case (Yin 2003; Berg and Lune 2012; Creswell
2007). Our phenomenon of interest is development of bioenergy in eastern Oregon, and we
purposefully selected bioenergy projects in Grant, Wallowa, and Harney Counties collectively as
our illustrative case. Case studies can and often do rely on quantitative and qualitative data
triangulation, in which multiple data collection methods and data sources are cross-referenced to
develop a more objective “compelling whole” (Creswell 2007, p204; Berg and Lune 2012; Yin
2003). We collected empirical evidence using participant observation and key informant
interviews, and additionally drew from existing secondary sources such as Census data and
available national forest assessment data. Our data analysis includes transcribing interviews and
observations, coding transcriptions and inductively developing factors of adoption through data
themes, and using secondary sources to analyze potential forest impacts of scaling up TBE

applications in Oregon.

By nature of our research approach, our findings are as much a representation of our own
interpretation of data as they are reflective of study participant perspectives (Creswell 2007).
While the purpose of triangulation is to ensure study dependability, it is useful to provide a brief
explanation of our own interests inasmuch as they are relevant to the genesis of this research.
The first author has studied bioenergy-related topics for more than four years, focused primarily
on cellulosic ethanol and thermal bioenergy, and more recently on biomass cogeneration. She
relates to rural economies through her own childhood visiting family in northeastern Oregon,
where her father was raised. Her original interest in eastern Oregon bioenergy developments
stemmed from excitement at the potential opportunity for previously conflicted stakeholders to
find common ground through forest restoration. This early perspective shaped initial research
objectives to explore what has enabled bioenergy development in the region. It was not until
mid-way through data collection that it became clear bioenergy’s relationship to forest
restoration is not straightforward, which prompted a more in-depth investigation into the

different types of bioenergy and their respective implications. We offer this evolution of our own
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understanding of bioenergy’s role in the region because it is representative of the reflexive

approach we have taken to check the biases and frameworks that we bring to this work.

3.1 Data Collection

Participant observation is a data collection method most frequently used in ethnographic studies
(Yin 2003; Creswell 2007). The researcher may act in a range of roles, from an outside observer
to an active inside participant. The method enables researchers to gain insights that would
otherwise be difficult to observe from a distance. Relationships with study participants provide
both insider information, and a closer experience to the actual phenomenon of interest.
Qualitative research values the deeper and “thicker” understanding that accompanies being
embedded in the study’s context (Creswell 2007). Being so positioned also creates challenges;
for example, the investigator may lose sight of broader research objectives and take on an
advocacy role, which can undermine scientific integrity (Yin 2003). A researcher may also
become so busy participating, that s/he has little time to make observations. These and other
challenges require researchers to consistently practice reflexivity, and to depend on the
triangulation process. For our study, participant observation data was collected between summer
2012 and winter 2013. During this time, the lead author attended more than a dozen community
and educational events relevant to the research topics, including collaborative meetings and field
trips, a town hall meeting, bioenergy and renewable energy conferences, and workshops. She
also rented a room and lived in Grant County for 4.5 months. Observation notes were written and

audio recorded daily.

Interviews are another important form of data collection in qualitative research (Yin 2003; Berg
and Lune 2012; Creswell 2007). Interviews can be effective at gaining information that other
methods cannot accurately capture; for example, when a topic of interest is nuanced or not well
defined, a survey composed of predefined and closed questions is not likely to uncover useful
data (Berg and Lune 2012). Yin (2003) describes interviews as more of a “guided conversation”
than a structured query (p.89). Interview questions can be formally structured and consistently
asked, semi-structured with leeway to adjust to the content of each conversation, or unstructured

with no set order or form to questions (Berg and Lune 2012).
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We purposively selected our interviewees using a snowball sampling technique, whereby we
began with known individuals and learned of more potential interviewees as the study progressed
(Yin 2003; Berg and Lune 2012). A Portland-based non-profit organization working in the
region provided an initial list of stakeholders involved in bioenergy developments. These
individuals were contacted for study participation, and were asked to suggest additional potential
participants who might represent different opinions from their own. Interviews were semi-
structured around participant perspectives of bioenergy context (e.g., economic, environmental,
and social drivers, existing obstacles), distributed economies (e.g., the role of scale, the
dissemination of bioenergy as a concept), and accomplished objectives (e.g., bioenergy’s role in
objectives, possible ideal futures). We adapted our interview guide to the particular expertise of
each interviewee, and adjusted questions over time to refine our data collection and respond to
current events in our area of interest. Interviews took place in offices, coffee shops, restaurants,
and homes, and lasted between 45 minutes and 3 hours. Interviewees signed a consent form
permitting audio recording and providing the option to have their identities remain confidential.
Although only three participants opted for confidentiality, we refer to all interviewees by an

assigned identification number and title based on their self-described position.

Twenty formal interviews were conducted and recorded with individuals from the Blue
Mountain Forest Partners (BMFP) collaborative, forest products industry, project champions,
non-profit organizations, county government, US Forest Service (USFS), conservation groups,
Oregon Department of Forestry (ODF), community members, and one bioenergy developer (see
Table 3 and Appendix A). “Project champion” refers to primary advocates for TBE
installations. Interviewee experience with bioenergy in the region was varied, some heavily
involved with TBE or cogeneration research or implementation, and others more indirectly
involved through their participation in forest management issues. This range of experience was
solicited to gain depth in understanding bioenergy adoption from different perspectives.
However, we interviewed more individuals representing the local collaborative and the forest

products industry, which may bias our results towards these groups.
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3.2 Data Analysis
Data analysis had both an on-going and concentrated element (Creswell 2007; Berg and Lune
2012). Throughout the study, the primary author engaged in a reflexive process of questioning
and ground-truthing her observations and interpretations within the context of the case. This
involved heavy note-taking, conversations with individuals in the field, and reference to existing
peer-reviewed and secondary data. Following data collection, interviews and researcher notes
were transcribed and uploaded into the data management software NVivo (QSR International,
Version 9). In NVivo, transcripts were first coded using and open coding method, by which
segments of text are labeled with nodes (or tags) that reflect aspects of the text content (Strauss
1987; Berg and Lune 2012). The NVivo program designates a “node” as a noun, and “code” as a
verb. The central purpose of open coding is to find meaning in the text content by making a
wide, unrestricted inquiry of the data (Strauss 1987). Assigned nodes were aggregated into a
preliminary database that organized text evidence within a tentative framework. Coding was
primarily conducted inductively, and was also deductively informed by literature regarding
distributed economies, new natural resource economies, and scale. Following the open coding of
all interview transcripts, we refined the preliminary node framework by conducting multiple
intensive coding iterations for all transcript sources. Our final node framework had over one
hundred nodes categorized under four primary content topics: bioenergy development,

community development, forest health, and markets (see Appendix B).

We analyzed the detailed node framework for underlying themes by using computer software
query tools. We began by running queries that pulled data coded as “driver” or “challenge” to
identify key aspects of a bioenergy project. This text was manually analyzed for co-occurring
nodes and relevant themes. Queries were expanded based on additional identified nodes.
Retrieved text evidence was manually sorted under primary themes and sub-categories in
Microsoft Excel, represented as factors that influence bioenergy development. This process
generated a list of primary factors and supporting attributes linked to data evidence, refined
through many iterations of queries and manual analysis. The final result identified five factors
that directly and indirectly influence bioenergy adoption in eastern Oregon. These five factors

were ranked according to the number of times each factor was referenced, which was calculated
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by summing the number of references each factor attribute was referenced (including both
interview and participant observation sources). We also counted the number of interviewees (out

of twenty) who referenced each factor. See Appendix C for a more detailed explanation of this

coding analysis process.



Table 3: Representative categories of interviewees.

Representative Category Number of Interviewees
Blue Mountain Forest Partners collaborative 10
Forest products industry 5
Project champion 4
Non-profit organizations 3
Local government 3
US Forest Service 2
Conservation organizations 2
Oregon Department of Forestry 2
Community 1
Bioenergy developer 1
TOTAL* 20

*Total does not add because study participants fall into multiple categories.
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4 Results and Discussion

For many in eastern Oregon, bioenergy represents a synergy of possible benefits that revolve
primarily around the facilitation of fuel reduction treatments for restoration (Stidham and Simon-
Brown 2011). One conservation advocate active in the region described bioenergy as
representing a “great hope,” potentially able to address pressing restoration needs while
stimulating rural economies and creating clean renewable energy. Our study suggests that this
“great hope” for bioenergy is dependent on site-specific attributes that interact to influence
project outcomes, frequently in ways that complicate forest restoration objectives. To understand
these dynamics, we first identify five primary factors that influence thermal and cogeneration
bioenergy adoption in eastern Oregon in the Factors of Adoption section. In Factor Interactions
and Implications, we discuss how attributes both shared and unique to the two types of bioenergy
interact to shape implications for restoration and project feasibility. Finally, we use available
secondary data to extend our analysis in the Scaling Up Thermal Bioenergy section, addressing a
question that emerged from study participants and factor interactions regarding the potential

impact that aggregated thermal bioenergy systems might have on regional fuel reduction targets.

4.1 Factors of Adoption

We identified five factors that contribute to the adoption of thermal and cogeneration bioenergy
in eastern Oregon: supply availability, social acceptance, financing, forest sector considerations,
and scale (defined in Table 4). While the data suggests all factors are relevant to both TBE and
CHP projects, attributes of each factor differentiate the two types of bioenergy and ultimately
influence their implications for forest restoration. The data also indicate that the five factors are
highly interrelated, so delineating boundaries between them is to some extent arbitrary.
However, we address each factor individually to aid in clarifying the components suggested by
the case as important in bioenergy adoption in eastern Oregon. We discuss them below in order

of most mentions by study interviewees.
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4.1.1 Available Supply

Available biomass supply refers to the magnitude and accessibility of raw biomass material. This
factor received the most number of mentions, from every interviewee. The factor applies to both

TBE and CHP inasmuch as they both ultimately rely on biomass availability as a raw material.

4.1.1.1. Magnitude

Our study participants widely agreed that a large quantity of biomass is generally available in
Oregon. An ODF Stewardship Forester, for example, perceived federal forests to have “just an
untold vast supply out there that we seem to be burning up every summer in wildfires” (id16).
Similarly, a private forestry consultant who is also involved with the BMFP collaborative said
that supply is not a problem for cogeneration facilities: “it’s not a supply issue at all, we’ve got
the supply” (id22). The timber manager of a pellet plant in Grant County acknowledged supply

as a potential challenge for biomass markets, but expressed little concern over it:

“The other [concern] is raw material, supply. But in reality there is plenty of it on
the national forest. Raw material supply, even if we put another [pellet] machine
in, would not be a problem.” —1d02, timber manager

A few study participants described biomass availability in Grant County by referring to an
assessment conducted by the Blue Mountain Forest Partners in collaboration with local USFS
staff for the Malheur National Forest (BMF 2010). The study used stand structure as a proxy for
forest health, and calculated the effect that various levels of treatment would have on future fire
impacts and stand conditions. According to the study, 40,000 to 60,000 acres would need to be
treated on the Malheur National Forest (MNF) per year to get ahead of continued structural
change and degrading conditions, or 20,000 to 30,000 acres on the ground (assuming 50% of
project acres are actually treated). At this level, 100,000 to 150,000 green tons of biomass would
be produced per year. One interviewee described the inadequacy of the current level of active

restoration on the MNF, based on the study’s findings:

“If...we’ve got a 1.7 million acre forest out there, with maybe 1.2 million forested
acres, and we’re only actively managing at 10,000 acres a year on the ground,
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we’re going backwards, essentially. We’ll never get there. We’ll never effectively
restore this forest.” —id18, collaborative participant member

4.1.1.2 Accessibility

The previous section describes interviewee perspectives on the extent to which biomass material
exists in Oregon and our region of interest. However, as noted by Becker ef al. (2013), not all
physically available biomass is accessible. Our study participants referred to several mechanisms
that assist in making biomass accessible, including social acceptance and collaborative and

stewardship contracting tools.

4.1.1.2.1 Social Acceptance of Active Restoration

The social acceptability of active restoration in dry mixed conifer forests on public lands
represents one relationship between the social acceptance and supply factors. We discuss this
attribute here as it reflects the social availability of biomass supply. Nearly two-thirds of our
study participants expressed support for fuel reduction treatments aimed at restoration.
Additionally, while references were made to individuals who prefer that no action be taken on
federal lands, none of our interviewees personally advocated that position. As found in other
studies, this support was widely predicated on an understanding of degraded forest conditions
and a risk of high-severity fire (e.g., McCaffrey and Olson 2012; Stidham and Simon-Brown
2011). For example, a county commissioner opened our interview by stating his fear of an

imminent stand-replacing fire as a result of the extent of forests at high fire risk:

“I’m scared to death... The potential of a catastrophic fire anywhere in our forest
is extreme... if we have a fire it’s gonna be catastrophic. And that will do no one
any good. And I’m concerned.” —1d07, County Commissioner

More than half of our interviewees also favored fuels reduction treatments for economic values.
For example, the manager of a non-traditional mill integrated with a small CHP unit described
active management and biomass utilization as beneficial for avoiding both environmental and

social waste:
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“...[I]n the sense of a wasted opportunity to have natural resource utilization that
creates jobs and energy and other things, but also the potential waste of our
watershed health, whether it’s creating fire danger or reduced wildlife [habitat]...
And so to me when you look at those environmental issues and then tie it to the
societal issues of the waste... it’s easy to become way more passionate about it
because all a sudden you have five different things that are all drivers, that are all
related.” —id12, manager of non-traditional mill

Endorsement of active restoration was not without qualification and criticism. For example, two
conservation advocates were among a few interviewees who emphasized that they considered
active management to apply to specific ecological circumstances. One such individual took issue
with what she saw as an overgeneralization of all eastern Oregon forests as historically having
frequent fire regimes, and therefore requiring biomass removal for restoration. She emphasized

that biomass removal is:

“...a unique situation for dry ponderosa pine-dominant sites, I don’t think it’s
appropriate for the moister mixed conifer... The majority of the forest is actually
mixed severity fire regime mixed conifer... and then there’s areas as you move
further north, clearly moist mixed conifer that’s naturally a stand-replacement,
infrequent fire regime. Those sites are completely inappropriate to do biomass as
far as I’'m concerned.” —id14, director of conservation non-profit

In the fuels treatment literature, it is often noted that guidance for appropriate restoration is less
clear where interactions of fire, weather, and fuels are more complex, as in moist mixed conifer
and mixed-severity fire regimes (e.g., ERI 2013; Martinson and Omi 2013; Hessburg ef al.
2005). The least is known about these ecosystems, owed in part to classification challenges and
broad effects of mixed-severity fire (Agee 1993; Hessburg et al. 2005; Brown et al. 2004;
Merschel et al. in press). Further complicating the issue, recent research suggests much of what
is now considered moist in the mixed conifer region likely shared many functional characteristics
with dry sites, e.g., frequent low- to mixed-severity fire events and low-density stands (Hagmann
et al. in press; Merschel ef al. in press). While only a few of our study participants highlighted
this issue, they represent a view likely held by other conservation-oriented groups (Nielsen-
Pincus and Moseley 2009); as such, it is a critical perspective to consider when focusing on

biomass utilization from public lands.



33

Study participant views about dry forest conditions and active management informed their

opinions regarding a need for a biomass utilization market, which was favored by almost all our
interviewees. More than half of these mentions specifically referenced a market as a mechanism
to offset costs and help finance restoration activities. As described by the former county judge, it
became “increasingly clear if we want to do what we need to do on the federal lands, we need to
create a market [for biomass] and develop capacity” (id27). Similarly, a US Forest Service staff

member for the Malheur National Forest explained that getting involved with bioenergy:

“[W]as really about the economics of doing fuels treatments on national forests

lands, and that there was no market for a lot of that, and it was in some cases very

expensive to get out of the woods. And yet it was really needed for restoration.”
—1d23, MNF staff member

Notably, a handful of interviewees pointed out that it didn’t matter to them how the biomass was
used — it only mattered that it be utilized. These comments seem to support Stidham and Simon-
Brown’s (2011) observation that “at its foundation, forest biomass utilization is a forest

restoration issue in Oregon, rather than an energy issue” (p.204).

4.1.1.2.2 Collaborative and Stewardship Contracting Tools
In addition to a biomass market, another US Forest Service employee at the Malheur National
Forest identified both collaborative and stewardship contracting tools as necessary to make

bioenergy work:

“Gotta have a foundation, a collaboration. You’ve gotta have creative stewardship
contracting tools, the tools with which to be able to cut and remove and deliver
that material to industries. And then you have to have industries that are viable,
such as a pellet plant, a shaving plant, compressed wood bricks or whatever, that
can utilize that material and make a profit from it.” —id10, MNF staff member

Several of our interviewees (most involved with the BMFP) viewed stewardship contracting and
collaboratives together as tools to mitigate budget, policy, and litigation constraints imposed on

normal USFS operations. The USFS staff member quoted above said their Forest was recently
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able to bring fuels reduction treatment costs from $1,000 or $1,300 to $97 per acre because of
available biomass markets and stewardship contracting — which, he added, was “just unheard of”
(1d10). A recent case study assessing the benefits of utilizing harvested small-diameter biomass
material rather than piling and burning it showed a similar, though less dramatic, cost reduction
(Davis et al. 2012). The study found that treatments with biomass utilization cost $296 per acre,
just shy of the low end of the estimated cost for typical hand thinning, piling, and burning ($300-
900). The authors note that the demonstration project would work well where stewardship

contracting can be applied.

More than half of our interviewees described collaboratives as facilitating active management on
public lands by building common ground and increasing capacity. Common “zones of
agreement” were valued by a number of interviewees for contributing to increased trust and
relationships. For example, the director of an environmental non-profit expressed value in the

collaborative process, despite no longer being a member:

“We’ve been improving relations and understanding between people

substantially. So I still go to meetings and try to influence them, and I still get a

lot of respect from even timber industry people, and do have some influence.”
—1d14, conservation advocate

The local collaborative was also credited with increasing the accessibility of biomass supply
through streamlining the project implementation process, conducting or participating in forest
and market assessment initiatives, and gaining regional and national exposure for the county.
Like other anecdotal evidence (e.g., NFHR 2012; Nielsen-Pincus and Moseley 2013), one
collaborative member told us “there’s no question about it that the collaboration process has been
a very important and valuable contributor of improving the efficiency and productivity of the
planning phase” (id18). However, study participants also noted the limits of stewardship
contracting and collaborative tools. Prominent among these were their limited ability to make
systematic changes. For example, the collaborative member quoted above went on to note that
efficiencies gained in project implementation were still “not near enough” to facilitate the needed
level of activity (id18). USFS budgets, delegated by Congress, were also recognized as

constrained beyond the influence of either mechanism.
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4.1.2 Social Acceptance

Attributes that affect the acceptability of bioenergy production, in addition to active restoration
as discussed above, compose the social acceptance factor. This factor had the second highest
number of mentions, and was also referenced by every interviewee. Study participants identified
a number of bioenergy attributes as contributing to or detracting from their perceptions of
bioenergy acceptability, with little differentiation between TBE and CHP energy generation.
Here we address study participant perceptions about bioenergy acceptance as it relates to

education and awareness, carbon and air quality impacts, and scale of utilization.

4.1.2.1 Education and Awareness

Perhaps reflecting their positions as state employees, both ODF study participants commented
the most on the role of government initiatives in promoting bioenergy education and awareness.
The Stewardship Forester, who had helped initiate the Biomass Working Group, said that
“education [is] paramount... you could have the best mousetrap in the world but if nobody’s
buying into it, you’re not going anywhere” (id16). At a lecture series on biomass energy, a senior
policy analyst for the Oregon Department of Energy (ODOE) also described the need for better
education on bioenergy systems because of their unique and complex interactions with land
management (Krumenauer 2013). Interviewees who discussed bioenergy awareness often
suggested that if people had a fuller understanding of the multiple potential benefits of bioenergy
(e.g., facilitating fuel reduction treatments and contributing to local economies), they would be
more apt to support development. For example, the ODF Biomass Specialist suggested that

people don’t generally understand biomass, but would support it if they did:

“One of my operating principles is that if people understood it more [and] better,
they would support it. Hence why I do what I do.” —id32, ODF Biomass Specialist
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Additionally, one conservation advocate said that if people understood the “premise” of
bioenergy, they would be more likely to say “why not utilize [biomass] if we can? And make

some energy out of it, and maybe it offsets some other energy source" (id24).

Finally, half of our interviewees discussed the importance of increasing the number and
distribution of successful TBE models to encourage bioenergy awareness. The ODF Biomass
Specialist noted that with almost twenty systems now installed across the state, the “densification
of examples” has helped spread the concept to more people (id32). Indeed, each of the project
champions we spoke to either referred to existing TBE systems as influencing their decision to
pursue a project, or to others inquiring about their system to learn more about conversion
options. These individuals described the value of being able to see for themselves TBE systems
in action that were generating savings. The bioenergy developer responsible for the four systems
in Grant County called this effect “social proof,” in which would-be project champions can “kick
the tire” of an operating installation (id05). Another project champion’s comment that “you’d be
stupid not to do [a TBE conversion]” is powerful evidence that successful projects can create a
cultural impact as adoption spreads (id17). Conversely, as observed by two of our interviewees,
models that have been less than successful can be challenging to overcome. One of the project
champions of the first wood chip TBE system in the state acknowledged that the early challenges
they experienced have made some people “a little gun shy” to move forward with bioenergy

projects, despite their system generating immediate and substantial energy savings (id03).

4.1.2.2. Carbon and Emission Impacts

One conservation advocate observed that, in addition to understanding the “premise” of
bioenergy, considerations of carbon impacts and sustainable supply would also need to be
clarified to facilitate widespread social acceptance. In our case, there was little agreement among
study participants about whether bioenergy has a positive, negative, or neutral affect on carbon
(regardless of energy type). As discussed in the Background section, the literature also offers
conflicting reports on the topic (e.g., McKechnie et al. 2011; Zhang et al. 2010; Campbell et al.
2012; Hudiburg et al. 2011; Hurteau and Brooks 2011). Regardless of the prevailing consensus,
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it was noted by a few individuals that public opinion about carbon impacts could stymie future
bioenergy development. The non-profit executive director expressed his concern that the positive
potentials of bioenergy could become lost in higher-level debates about climate change and

carbon:

“I think too often... the specifics are lost in generalities [in] things that can be
nationally legislated, and then the fact that we have all these unhealthy stands,
we’ve got this massive increase in wildfire, we’ve got this massive slash burning
program, and so we have uncontrolled emissions that far exceed what we would
do, and we could convert a lot of that into controlled emissions, you know with
much much much more benign emissions profile — that’s all gonna get lost,
possibly, in these big national policy discussions about the Clean Air Act and
climate change and carbon. I think [that] would be terrible.”

—1d03, non-profit executive director

At the time of our data collection, the National Emissions Standards for Hazardous Air
Pollutants for Area Sources (NESHAP) was being reviewed for boilers, including those using
biomass fuels. While a few interviewees expressed some concern that standards might be overly
strict for TBE, they also acknowledged this was unlikely for systems of their size. NESHAP was
finalized December 2012, and is summarized as it concerns bioenergy in Table 5. According to
the rules, boilers smaller than 10 MMBtu/hr (which covers all TBE systems in this study) are
only required to conduct biannual tune-ups; larger systems such as new CHP will additionally
have to meet particulate matter emission standards (US EPA n.d.). This likely reassures TBE
enthusiasts like the executive director above, at least regarding air quality associated with
bioenergy. Social and scientific opinion on carbon, however, is still uncertain, and the executive
director may be right to be concerned. For example, despite his long-time efforts to promote
certain bioenergy applications for their role in fuel reduction treatments, the conservation

advocate quoted above acknowledged that:

“[1]f peers and the science papers and everything show yeah [bioenergy is] bad

because of this, this and this [carbon impact], and this is so bad that it’s gonna

offset any kind of other positives, than fine... I would change my position.”
—1d24, conservation advocate
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The individual’s comments suggest that even those who have promoted bioenergy in the past

might retract their support depending on outcomes of the carbon debate.

4.1.2.3 Scale of Utilization

A final aspect of social acceptability relates to an acceptable scale of biomass energy utilization.
Several interviewees described a general preference for small-scale biomass facilities, believing
these to be more flexible and sustainable while being less financially risky. For example, the
same conservation advocate quoted above described smaller facilities as better able to respond to

fluctuations in supply:

“Because that way, to me if you did overdue it, you wouldn’t have to shut down a
30 MW thing, you could just shut down a 5, ora 7 MW. Or, [if you’ve] got a
whole bunch more [biomass], you can add a 5 MW, but... there’s not enough to
add another 35 MW.” —1d24, conservation advocate

Implicit in the above comment is a concern for overbuilding a bioenergy industry and
overextending demand. Acknowledging these fears, the ODF Stewardship Forester commented
that some in the environmental community think of bioenergy as “a black hole in space, just
sucking every cell of wood fiber off the landscape.” He went on to say that this characterization
has some merit, “if we’re not intentional and deliberate about what we’re doing” (id16). In their
review of social issues of woody biomass utilization, Nielsen-Pincus and Moseley (2009) also
suggest that environmental groups are likely to be skeptical of bioenergy development and only
cautiously supportive. Indeed, of the references to this topic, the two conservation advocates
interviewed provided the most input. The director of a conservation non-profit active in forest
management issues described her concerns in terms of the eventual tradeoff between the supply

required to maintain a large facility and increasing costs as supply is located further away:

"I’m very concerned about if there’s a biomass plant sited somewhere and it’s too
big, very soon it will have stripped the available material that we would want
removed, which is a lot of small trees in the case of dry ponderosa pine that have
grown in since the last logging... And after a certain amount of going around in a
radius around that site,... it no longer is energy efficient to bring in material from
beyond that circle. So then you’d wanna come back to that area again, and I'm
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afraid that it would be depleted too fast, and then depleted too much.”
—id14, director of conservation non-profit

Becker et al. (2009a) also observed a preference for smaller facilities for both increased
flexibility and a reduced likelihood of depleting the resource. The authors noted that smaller
facilities were thought to create more benefits for the local community, and would be generally
more acceptable to a wider array of stakeholders. Notably, concerns raised in this research
regarding bioenergy scale were not about prohibiting all development, but rather about what the
appropriate scale of utilization is. For example, the interviewee quoted above identified the pellet
plant in Grant County and the presence of one or two cogeneration plants in central Oregon as
“not a big risk” and “probably ok,” respectively, regarding the demand they place on natural
resources. “The problem,” she went on to say, “is there’s a whole bunch of other [CHP plants]

on the books now that would compete” for supply (id14).

4.1.3 Financing

Financing received the third highest number of mentions, and was discussed by all but one
interviewee. Like any development project, financing bioenergy facilities involves considering
costs and potential sources of funding, including available policy instruments. Here we classify
these attributes as 1) capital and operating costs and 2) funding mechanisms. Thermal and

cogeneration bioenergy largely differed in their financing factor attributes.

4.1.3.1 Capital and Operating Costs

Several interviewees observed that high upfront costs of both types of bioenergy installations can
be a deterrent to implementation, particularly for TBE systems. Of the six operating TBE
systems included in this study, capital costs were just under $300,000 to over $1.5 million, with a
range of boiler capacities, technologies, and additional energy efficiency renovations included
(see Table 6). A review of other TBE facilities in the state with publically available funding data
indicates that this price range is typical (see Appendix D). TBE installation costs can range from

three to ten times more than a fossil fuel commercial boiler installation (A. Haden, pers.
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communication, 12/13/13), which can be daunting for rural communities with shrinking

populations and uncertain futures.

Unappealing high upfront costs were also attributed to cogeneration facilities. Sessions et al.
(2013) suggest capital costs for biomass cogeneration facilities range from $2 to $5 million per
MWh. A recently constructed 20 MW CHP plant in western Oregon falls within this range at $60
million, 25% of which went to emission control technology (Payne 2013). A smaller 1.5 MW
facility in southern Oregon cost $6 million in capital costs, on the high end of the spectrum

(Phillipi 2012).

Tradeoffs between capital efficiency and transportation costs limit the optimal scale of a biomass
utilization facility (Cameron et al. 2007; Jenkins 1997; Dornburg and Faaij 2001). A facility with
larger volume requirements must travel further to secure adequate supply, which can drastically
affect costs (Becker ef al. 2009b; Aguilar and Garrett 2009; Han et al. 2004). Several of our
interviewees highlighted this constraint on raw material procurement, noting that costs increase
as the distance traveled increases. They suggested that one method to mitigate transportation
costs is to develop distributed or decentralized facilities in close proximity to the supply, and
frequently included scale as a consideration. For example, one private forestry contractor who
had been involved with a business strategy to develop a cogeneration plant in Wallowa County

cited transportation costs as motivation to distribute biomass plants across the region:

“The closer [a biomass plant] can be located to the source of material, the better.
So the material in Wallowa County needs a plant here to absorb it. We could
maybe... truck it to [the next county over], but if you get transportation too far, I
think it’s better off having another small plant there. So keep them community-
ized I guess is how you’d want to say it.”  —id13, private forestry contractor

Similarly, a staff member for the Malheur National Forest posited that “to-scale” cogeneration
facilities could be strategically situated in communities “where you have a close proximity of
biomass that could be utilized to decrease the haul distances” (id10). In their analyses of forest

sector professionals’ perspectives on biomass utilization, both Aguilar and Garrett (2009) and
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Becker et al. (2009a) confirm that local and decentralized processing facilities are often cited

as structural strategies to minimize transportation costs.

The same distance limitations do not appear to apply to a TBE consumer and their fuel provider.
While three interviewees did suggest that some upper limit exists in which it is no longer cost
effective to ship pellets, a few others observed that energy cost savings can far outweigh the cost
of transporting processed wood fuel. The bioenergy developer responsible for the four TBE
systems in Grant County explained that sourcing fuel from a county or two away might result in
a $20 or $30 increase per ton; “but that’s only, say, 10 or 15% of an increase in your fuel bill.
Not a 150% increase, which would be if you go back to propane” (id05). The project champion
of the first Oregon TBE system illustrated the insignificance of transportation costs compared to

energy cost savings by calculating an extreme case of fuel procurement:

“We just did the ‘lets get really stupid’ calculation and we were going to use 40-1b
sacks of pellets imported from Connecticut, so instead of $200 it’s $400/ton...That
means that your heating bill goes from $10,000 a year to $20,000 a year. It’s
nothin. It’s nothin. [Because we were spending] probably about $100, $150,000 a
year.” —id11, project champion

Decentralized fuel processing and energy generation facilities were not without their caveats,
particularly in relation to scale. As described by a few interviewees (including both the owner
and the timber manager of two different pellet manufacturing plants), processors focused on
local markets require adequate local demand to remain viable. Commenting on the limited

number of pellet customers in the region, the timber manager told us:

“If you’re going to concentrate on trying to have smaller local production
facilities like ours, than you need [TBE customers] clustered around them to help
support that facility.” —1d02, timber manager for forestry products facility
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4.1.3.2 Funding Mechanisms
According to our data, TBE and CHP funding options differ markedly. Both, however, are
strongly driven by the cost and availability of competing energy options, which determines the

extent to which they are each dependent on favorable policy mechanisms.

4.1.3.2.1 Alternative Energy Options

As was expressed by many of our study participants, TBE is unable to compete with the low
price of natural gas. In contrast, interviewees cited rising and volatile costs of petroleum-based
fuels as creating conditions where biomass is economically attractive. Three project champions
and a bioenergy developer made the most references to this factor in relation to TBE. The
executive director of a non-profit that helped to instigate the first TBE installation in an Oregon

school described the role of alternative energy options in eastern Oregon as follows:

“You know these are all places that natural gas is not being delivered to, I’'m
pretty sure. And so in the absence of having access to natural gas, and if you’re
burning oil, the price of heating oil has gone up astronomically. So that has to be a
motivator for people.” —id03, project champion and non-profit executive director

Natural gas supplies over half of Oregon’s heating needs across all sectors, while petroleum-
based fuels provide 10.3% (Remington ef al. 2012). Remington et al. (2012) note that while
petroleum-based fuels are a relatively small source of thermal energy in the state, it is likely that
the bulk of their consumption occurs outside of natural gas utility service territories. As shown in
Figure 5, this tends to encompass rural areas away from major travel corridors, including much
of eastern Oregon. The competing energy trends described by our study participants can be
clearly seen in Figure 6, which shows the price of no. 2 heating oil, propane, and natural gas for
residential use in the U.S. between 1991 and 2013 (reported in 2014 US dollars). Since 2000, the
price of heating oil and propane has increased by over 100% and 40%, respectively, while
natural gas price has decreased slightly (US EIA 2014). Heating oil and propane have fluctuated
in price by as much as 26% since 2008. In 2009, the price of wood pellets was between $16 and
$20 per MMBtu, just below the lowest price of heating oil (Reeb 2009). Additionally, according
to one TBE annual report, the price of biomass wood chips has declined by 24% since 2008
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(McKinstry 2012). This comparison of alternative energy trends illustrates the cost benefits of

utilizing biomass when replacing petroleum-based fuels for heating.

In addition to the rising cost of petroleum-based fuels, a few study participants cited the long-
term risk of fossil fuel availability as a motivating factor in considering a TBE conversion. The
project champion of the first TBE system in the state framed his decision to explore biomass

heating in terms of this long-term risk assessment:

“[We] would talk about the future of energy. The future of stuff. And I came
away from those conversations convinced that, you know, oil wasn’t gonna last,
and if it was gonna last it was gonna be more expensive, and if it was more
expensive, than all other conventional sources would be expensive.”

—id11, project champion and hospital CEO

The ODF Stewardship Forester discussed a similar perspective he shared while talking to a

university president about converting their facility from natural gas to biomass:

“I said everything about this university is based on natural gas. What happens if
the pricing gets out of hand? What happens if something happens to the supply?
And two, three, four, five years ago before 9/11 or any of that stuff, everybody
thought every day we’ll flip the switch, the price will always be good, the supply
will always be there. That might not always be the case.”

—id16, ODF Stewardship Forester

These last sentiments speak powerfully to bioenergy’s potential to contribute to energy security,
especially in isolated areas where biomass is widely available. It also ties to the value

interviewees placed on utilizing local resources, which we discuss in the Forest Sector section.

Biomass CHP systems market both heat and electricity, both of which can be particularly
challenging sales. In a study commissioned by the Energy Trust of Oregon, for example, all
respondents of wood burning bioenergy facilities reported that the price of power and the power
purchase agreement (PPA) were a difficult or severe problem (n=6, Itron 2004). This finding was
largely confirmed in our case. Several study participants were quick to point out that biomass-

sourced electricity cannot currently compete with the region’s cheap electricity rates, which
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presents a stark contrast from TBE’s market opportunities. The Northwest Electric Region has
historically had the lowest electricity rates in the nation, with an average cost of $35.24/MWh in
2009 (FERC 2012; PNUCC 2010). Historically low natural gas prices have compounded the
region’s typically cheap electricity, with relatively low electric rates experienced nation-wide
since 2009 (FERC 2012). In contrast, a 2007 International Energy Agency (IEA) factsheet on
cogeneration estimates biomass electricity rates at $40-90/MWh, noting that costs can vary
widely because of a range of feedstock characteristics and conversion technologies. The 2006
OFRI report projects biomass power to cost $.09 — 0.13/kWh when sourced from forest residues
versus $0.03 — 0.07/kWh when sourced from mill residues; both cases were deemed not
competitive with wholesale electricity prices of $0.03 — 0.06/kWh at the time. Nicholls et al.
(2008) also observe that biomass electricity is relatively inefficient when compared to
hydropower or wind, contributing to higher prices. One community member, who was intimately
involved with attempts to locate another cogeneration plant in Grant County, sums up many

study participants’ views on selling biopower with the following statement:

“You’ve gotta be able to sell your electricity at a price which, off the top of my
head, is like eight or nine cents a kilowatt-hour or something like this. And you
ain’t got a snowball’s chance of doing that.” —1d18, community member

Given the challenging electricity market described above, nearly half of our interviewees
emphasized the importance of securing a heat demand with an appetite large enough to consume
a facility’s excess energy. A private forestry consultant who had come close to constructing a

CHP plant in Wallowa County said the cheap price of power necessitated an adequate heat user:

“The trick to making [a bioenergy] plant successful is you had to have another
plant or some kind of a factory or facility next to it that would buy the heat.
Because the heat is the by-product. If you think you’re gonna build one of these
plants and generate electricity and pay for it, in my personal opinion and what I
found out, it won’t work.” —id13, private forestry consultant

Many of these individuals noted that co-locating a CHP facility with a forest products processing

site could often provide such a demand. In the words of a former county judge involved with
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researching cogeneration options in Grant County, “it becomes a lot more cost effective as you
look at is as a complement to a timber mill, a sawmill, because of the steam and the power needs
that they can use” (id27). This relationship seems to hold in Oregon, where only one standalone
biomass power plant is in operation. We elaborate on the relationship between bioenergy and the

forest products industry in the Forest Sector section.

Interestingly, four individuals suggested that electricity generated from biomass ought to be
valued at a higher rate because of the associated benefits that could come from it. For example,
one conservation advocate reasoned that if CHP can accomplish restoration goals by facilitating
fuel reduction treatments, than paying more for electricity generated from such facilities should

be viewed as reinvesting in forest health after decades of degradation:

If “the preponderance of the people think [biomass cogeneration is] a good thing
to do, and we have our way, then I don’t mind putting a little money into it. It just
seems like that’s kinda reasonable, we invest back in the forest we took so much
from.” —1d24, conservation advocate

Similarly, the ODF Biomass Resource Specialist argued that the appropriate price for biomass
energy should internalize the externalized benefits that can come from active management in the

woods:

“The [best-case scenario]... is some sort of reliable, stable price signal that
incorporates the ecological and carbon benefits of biomass energy into the price.
And a price signal that understands that the active management of forests provides
a significant number of common goods and public goods which have a value,
which raise the price of that energy product.”

—id32, ODF Biomass Resource Specialist

Finally, the former county judge of Grant County described paying higher prices for cogenerated
biomass electricity as getting out of the “consumer mentality that cheaper’s always better,” and
into “the ecosystem sort of conversation” that recognizes a synergy of benefits arising from one

action (id27).
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Mason et al. (2006) demonstrate a similar perspective as these four individuals in their
quantitative analysis of the public costs and benefits of hazardous fuel reduction treatments.
After accounting for such variables as firefighting costs, fatalities, timber resources, community
risk reduction, and wildlife habitat, the authors approximate net benefits of treatments as greater
than $1,400/ac for forests at high risk of fire, and $600/ac for forests with moderate risk. Like
our interviewees above, the authors conclude that a full accounting of costs and benefits would

place a higher value on fuel reduction activities, and mechanisms that facilitate them.

4.1.3.2.2 Policy Instruments

The economic competitiveness of thermal bioenergy at least where natural gas is not available
suggests that such projects are not necessarily dependent on favorable policy funding
mechanisms. Their high up-front costs relative to conventional boiler systems, however, do

warrant a closer inspection of project payment schemes.

According to our case data and available information on other TBE systems across Oregon,
policy instruments have played a variable role in financing TBE projects in the state. Table 6
shows that three of the six projects in our case relied substantially on grant or tax incentive
funding, while two of the remaining three have received smaller grants after project completion.
Of the six additional facilities included in Appendix D, all but one project reportedly received a
large portion of funding through grants or tax incentives. The federal American Recovery and
Reinvestment Act (ARRA) stimulus package and state Business Energy Tax Credit (BETC)
stand out as dominant funding sources, both of which have since sunsetted (see ARRA 2014;

Kuehl 2010).

TBE project champions interviewed in this study most frequently identified energy cost savings
as a mechanism to mitigate high capital costs. For example, one project champion and school
board member recently involved in converting her school to biomass explained that the school
was projected to realize savings between $75,000 and $80,000 per year compared to heating with
propane, which would “more than make the payment on the biomass [loan]” (id17). Table 6

shows that the TBE systems included in this study reported savings ranging from $10,000 to
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$100,000 per year, slightly higher than those included in Appendix D. Potential energy cost
savings is a product of the magnitude of the heat demand (higher use indicates higher savings
compared to expensive fuel sources), and the selected wood fuel (wood chips are cheaper than

wood pellets).

In addition to grants, incentives, and energy cost savings, a few interviewees explained that
“creative financing” was sometimes used to pay for a project. In our case, this usually meant
securing a Qualified Zone Academy Bond (QZAB) and private equity contribution. The US
Department of Education provides QZABs, or noninterest-bearing bonds, to school districts with
eligible low-income populations (United States Department of Education 2005). The two schools
that converted to pellet systems in Grant County both depended primarily on QZAB loans and a
10% match from the local mill in the form of a long-term reduced pellet price, rather than
substantial grants or incentives. One case example and five of the additional six installations

leveraged a low-interest QZAB loan along with grants and incentives (see Appendix D).

These examples of TBE funding mechanisms indicate that policy instruments have been helpful,
and potentially essential, for several projects in the state. Paying for high up-front costs may be
particularly challenging for rural communities struggling with high poverty rates and declining
populations. However, the most recent TBE conversions suggest that policy instruments may not
be critical. This would be especially true if heat demand is high, and potential project champions

are willing and able to locate low interest bonds or loans.

In contrast to thermal bioenergy, the region’s rich electricity resources force CHP facilities to
rely on favorable policy to be financially feasible. However, many of our interviewees described
current policy instruments as inadequate to support CHP development, especially compared to
other renewable energies like wind and solar. As discussed in the Background section, Oregon
established a Renewable Portfolio Standard (RPS) in 2007 that includes biomass as an eligible
feedstock. An ODOE website documenting Oregon’s mix of power sources, however, reports
that the two largest electricity providers secure only 0.56% and 1.6% of their energy from

biomass (ODOE n.d.-c). Oregon’s third largest power provider lists biomass as fulfilling 12.6%
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of its RPS obligations in its first compliance report (EWEB 2013). Confirming study
participant suspicions, wind energy had a substantially larger market share in these power mixes
than bioenergy (although EWEB may be an exception). These conditions also confirm
observations elsewhere that national RPS programs tend to advance wind and solar generation
more than biopower, and that biopower is less economically competitive than wind (Aguilar et
al. 2011; Nicholls et al. 2008). Furthermore, study participants frequently noted that another
limitation of the RPS mechanism is its success. A senior ODOE policy analyst reported that
regulated utilities have fulfilled their obligations up to the year 2021 (Krumenauer 2013), which
suggests the policy-driven market for renewable energy is saturated. A Malheur National Forest
staff member described the limited RPS market in conjunction with the lack of a traditional

market as a significant roadblock for biomass cogeneration development in Oregon:

“As long as power is cheap in the Pacific Northwest, I think it’s the biggest

challenge we have going. Oregon state Renewable Portfolio Standards, those have

been capped out. Our projections are it’ll be 10 years before we hit a window of

opportunity again where those can be expanded or utilized again.”

—1d10 MNF staff member

The recently passed California Senate Bill 1122 may offer a model for adjusting existing policy
mechanisms to better accommodate biomass, particularly as an element of forest restoration. The
Bill requires that 50 MW of electricity in the state be procured from new small-scale bioenergy
plants that specifically source material from fuel reduction treatments in areas deemed at high
fire risk (see DSIRE 2012). Eligible facilities will fetch a higher price for their generated
electricity under California’s RPS rules. Additionally, as suggested by Becker et al. (2011),

alternative policy mechanisms may be pursued or developed further along different stages of the

bioenergy supply chain.

4.1.4 Forest Sector

The forest sector includes a wide range of industries, ownerships, and jobs related to forest
resources, products, and manufacturing. All our interviewees described the industrial and
economic infrastructure of the forest sector as relevant to various attributes of bioenergy projects,
which together composed the fourth largest number of mentions. Here we focus on the

integration of bioenergy products within the forest products industry (FPI), and the role of this
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relationship in accessing biomass supply. We also discuss study participant perspectives on
bioenergy’s impact for local economies. Thermal and cogeneration bioenergy shared several
fundamental attributes within this factor because of their shared reliance on raw biomass inputs
at some point in the supply chain. However, they appeared to have important differences related

to their potential impact on local economies.

4.1.4.1 Integration and Capacity

The process of generating energy from woody biomass is embedded within the forest products
industry (e.g., logging, manufacturing, and a skilled workforce) to varying degrees. For example,
both TBE and CHP systems require fuel that has been processed into an acceptable quality (e.g.,
moisture content, particle size, and ash content), presupposing a role for forest sector
manufacturing (Smith et al. 2012). More than half of our interviewees referred to bioenergy
products (energy and wood fuels) as a means to diversify the FPI, particularly as an integrated
component with other forest product manufacturing. The ODF Stewardship Forester described
such FPI diversification as a more efficient use of forest resources and a strategy to maintain

market viability:

“The thing about diversification and integration is it allows you to be nimble. It
allows you to not be a slave to limited markets. And what limited markets mean is
that if all you’re producing is chips and lumber and the housing market goes
down... you’re pre-positioned to weather some of those swings.”

—id16, ODF Stewardship Forester

The above quote refers to the niche benefit that low-value woody biomass can bring to a
manufacturing company; conversely, many of our interviewees described the necessity of high-
value products in enabling the collection and utilization of woody biomass. For example, the
timber manager of a forest products facility in Grant County explained their pellet plant’s

reliance on their sawmill operation for shared costs:

“...[S]o much of the overhead and operating costs for the pellet mill are also
shared with the sawmill. Just taking something as simple as unloading the log
trucks. We have a guy out there full time with a great big piece of equipment,
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brand new, it’s 8 or $900,000... You can’t have a guy sitting around all day, or a
piece of equipment at that expense sitting around just unloading six or seven loads
a day of fiber... Maintenance, electricians, millwrights, administration, office —
you know, that’s all shared. And as soon as you take away the sawmill and burden
the pellet plant with so many of those costs, it would be not good.”

—1d02, timber manager

The ODF Biomass Specialist made a similar statement regarding CHP dependence on higher-

value products in the FPI:

“The reason why [cogeneration] facilities are functional is because they have the

demand for the heat to dry their lumber, or the demand for the heat to dry their

veneer. Those things go away, then the cogeneration part goes by with them.”
—1d32, ODF Biomass Specialist

Finally, another level of integration exists through supply. Like most pellet manufacturers in the
United States, ten of the eleven producers in Oregon use mill residue for their raw material
(Spelter and Toth 2009); only the plant located in Grant County chips whole logs sourced from
fuel reduction treatments. Similarly, as discussed in the Financing section, most CHP facilities in
Oregon are co-located with a forest sector industrial site. In addition to providing a heat demand
for generated energy, a products manufacturer can offset costs of CHP supply through the
provision of mill waste (Sessions et al. 2013). For example, a CHP facility in western Oregon
sources 75% of its supply from the co-located sawmill, and purchases the remaining 25% as

forest residuals (Payne 2013).

In addition to the interdependence of bioenergy products and conventional forest product
manufacturing at a single facility, many of our study participants considered the FPI
infrastructure as critical to bioenergy development at a larger regional scale. To these
individuals, the equipment and skilled workforce in the forest sector provides the capacity to do
active restoration in the woods, and to generate even the small volumes of feedstock necessary
for TBE installations. For example, the bioenergy developer interviewed for this study
emphasized that he could not envision bioenergy establishing without an existing FPI

infrastructure:
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“You need to have an active forest... I can’t imagine, especially for pellets,
coming in to some kind of community that had zero logging operations and
everything and just starting from scratch.” —1d05, bioenergy developer

A non-profit executive director working in Wallowa County shared a similar view when he
described the biggest risk to restoration-focused biomass utilization as the continued decline in

timber harvests and sawmilling infrastructure:

“There’s nothing today that generates value back to the landowners or to the
forest contractors but sawlogs. And if we lose that, and we lose all of the hard
infrastructure and trucking and equipment and processing capacity related to the
sawmills and lumber production, we may not have any capacity left to get this. It
may be out there, but nobody can bring it in.”

—1d03, non-profit executive director

The preceding discussion suggests the FPI enables the supply of bioenergy products through
financial integration and infrastructure capacity. To the extent that this is true, this relationship
ties all forms of residual woody biomass utilization to the fate of sawlog harvests and removal, in
addition to the tools discussed in the Available Supply Accessibility subsection. Notably, Becker
et al. (2009a) also found that a bioenergy industry would be difficult to establish without the FPI,

or without a sawlog market.

4.1.4.2 Bioenergy and Local Economies

As discussed in the Background section, the forest sector has historically been an important
source of employment for rural communities such as those in our study. While the notion of
community wellbeing as tightly coupled with timber extraction has been challenged during the
last two decades, the literature also indicates that this relationship varies across the rural
landscape (e.g., Winkler et al. 2007; Power 2005; Weber and Chen 2012; Charnley et al. 2008).
Isolated communities that lack high-amenity features tend to remain tied to more traditional
industries (Winkler et al. 2007; Power 2005; Hibbard ef al. 2012), and face unique challenges as
environmental resources degrade and industries restructure. It’s within these circumstances that

local economic benefit is explicitly prioritized alongside increasing active restoration and
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biomass utilization in the region (e.g., USDA FS 2012; NFHR 2012, Nielsen-Pincus and
Moseley 2013).

Grant, Wallowa, and Harney Counties share declining populations, high unemployment and
poverty rates, high presence of traditional industries, and geographic isolation (see Table 2).
Furthermore, the USDA Atlas of Rural and Small-Town America classifies Grant County as
having low natural amenities (USDA ERS 2014). Several of our study participants described
their communities as in “desperate” need for any type of employment; indeed, one conservation
advocate considered biomass removal for bioenergy development to be driven by “an awful lot
of economically desperate people in Grant County and Harney County” (id14). She suggested
that these motivations ran the risk of simply perpetuating exploitative extraction, and challenged
rural communities to shift away from traditional industries. Yet, many study participants were
skeptical that the region could transition away from traditional extractive industries. For
example, nearly a third of our study participants named Grant County’s geographic isolation and
considerable public land ownership as prominent limitations to such a shift. A county

commissioner stressed the importance of transportation costs to potential industries:

“We don’t have rail, no access to freeways. We got it — 75 miles away. So... it
limits us for competing [to attract industry] on other levels.”
—1d07, county commissioner

Interestingly, bioenergy seemed to exist as a sort of hybrid economic activity, connected to but
distinct from the traditional forest products industry. As described by study participants,
bioenergy’s primary reliance on low value biomass (as opposed to high value timber) was its
main differentiating characteristic. This was identified as both limiting and appealing to the
burgeoning industry. For example, the Economic Development Coordinator for Grant County
said that embracing bioenergy would require a philosophical “paradigm shift,” that “it’s not just
about getting logs off the woods” (1d20). Similarly, an ODF Stewardship Forester suggested that
the forest products industry required a “paradigm shift” to embrace the smaller profit margins
that might come from merchandizing low value material versus higher value material (id16). The
manager of a Wallowa County mill that primarily utilizes small-diameter material, however,

reported that he had received positive feedback from both traditional timber- and conservation-
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oriented individuals. He viewed the extension of the FPI into markets that facilitate dry forest
restoration as creating the possibility that timber harvests and conservation “don’t have to be

mutually exclusive” (id12).

The ODF Stewardship Forester quoted above described bioenergy as a form of extraction,
clarifying that a shift in paradigm is needed simply in “how we look at [extractive industries],
how we do it,” rather than away from any kind of it (id16). The former Grant County judge
shared a similar view, describing the diversification into bioenergy production as “right for a
community like ours,” inasmuch as it complements rather than replaces the removal of sawlogs
(1d27). These comments seem to support the inclusion of bioenergy in a “new natural resource
economy,” as suggested by Hibbard et al. (2012). Under this framework, bioenergy may
represent both a production- and protection-oriented activity, which may offer unique economic
benefits to communities with limited alternative options. Certain aspects of bioenergy may even
create inroads for otherwise skeptical individuals. For example, despite her suspicions, the
conservation advocate quoted previously was in favor of bioenergy that is “local, small-scale,

sustainable,” even describing the facilities in Grant and Harney Counties as “visionary” (id14).

Our study participants prioritized the potential economic development opportunities that could
be generated through bioenergy. For example, one project champion of a TBE installation in a
Grant County public school emphasized that, next to being financially viable, it was essential
that their project be a model for economic development by and for their community. This
individual felt strongly that if the school didn’t invest in its own community, they couldn’t
expect anyone else to do so (id33). Nearly all of our study participants described similar attitudes
towards supporting the local economy. The ways in which they viewed bioenergy as meeting

these objectives, however, differed somewhat between TBE and CHP applications.

More than two-thirds of our interviewees observed or anticipated economic impacts of bioenergy
applications in general to originate from the use of local resources. Most of these individuals
valued local biomass utilization for fuel simply because of its apparent abundance. For example,

one TBE project champion who was raised in the Grant County area described biomass as a fuel
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readily available on the nearby national forests, compared to conventional energy sources that

had to be imported:

“The resource is here. The [other energy sources] have to be brought in. If we can

continue to get [biomass] off of the Malheur, the Wallowa-Whitman, the

Umatilla, the Ochoco, all those forests, it’s right here. We’re surrounded by it.”
—id17, project champion

Nearly half of our interviewees described the use of local resources for TBE applications
specifically as injecting value into the local economy, referring to both pellets and the biomass to
produce them. These comments focused on ‘keeping money local,” supporting local businesses,
and creating opportunities for future business opportunities. A few individuals also attributed a
measure of self-reliance to locally fuelled TBE systems. The primary mechanism at work was
described as the replacement of an (expensive) imported fuel with local (or almost local)
supplies, thus retaining and circulating money in the local and regional economy. The owner of a
pellet manufacturing business, who has been involved in lobbying for community-scaled

bioenergy policy, credited the use of local resources as valuable on multiple fronts:

“It’s one of the ways you can get more wealth, growth, and capital wealth capture

in a community because the energy’s not being paid for out of the area, it’s all of

those jobs, infrastructure, energy, everything can be sourced closer to its use.”
—1d01, owner of pellet manufacturing business

Sourcing fuel locally was also seen as supporting existing businesses, and creating opportunities
for future businesses to take advantage of inexpensive thermal energy. One project champion
described a scenario where, if enough TBE systems were installed, further business development

could be instigated:

“At some point you might build enough business to sustain an investment in a
new production facility. So if you really converted a lot of buildings, if you were
able to convert everybody who’s currently on heating oil or propane over to
woody biomass-fired systems, you create a really strong demand for a local
processing business to get into that.”

—1d03, TBE project champion and non-profit executive director
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A few of our study participants also described a less tangible social value associated with
supporting local businesses. For example, the project champion for the first TBE system in
Oregon explained that the final decision to install the boiler was about something other than the

money:

“Our Board was persuaded by the fact that they liked sort of the local angle,
where there would be relatively local supplies. That there was the potential for
more employment in the wood industry. And so... they weren’t going through the
math. That wasn’t the way they made the decision.”

—id11, project champion and hospital CEO

The developer of the TBE systems in Grant County observed a similar relationship in his clients:

“[TThe schools and the hospitals [that have converted to TBE], I think they’ve
made the connection really clearly — that they serve the mill workers and their
kids... And the families of the mill workers are really who their clients are at the
hospital, and the same of course at the school. So they’re totally connected that
way, they see that.” —1d05, bioenergy developer

Interestingly, the bioenergy developer went on to suggest that increasing the use of woody
biomass for a daily need, as opposed to the occasional use of traditional wood products like
lumber, has the additional potential to redefine the relationship between the forest products
industry and consumers by becoming “a much more integrated piece of the whole fabric of the

economy and the communities” (id05).

While interviewees described the positive repercussions of using local resources as the primary
TBE benefits to local communities (in addition to the personal savings discussed in the
Financing section), CHP was usually referenced as creating or retaining jobs in the forest
products industry. About a third of our study participants either explicitly made this connection,
or more broadly identified positive community benefits of creating jobs. A self-employed
forestry consultant said that one point of entry for her interest in CHP bioenergy was about

“keeping the industry here”:

“I’ve been here twenty-three years... when we moved here we had three sawmills,
we had the cogeneration plant in Prairie City, we had a chip plant; in that twenty
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years now after this recent announcement [of the last mill closing], we’re down to
nothing... It’s a huge issue... So demographically we’re losing our workforce,
we’re losing our skilled workforce for the woods.”

—1d22, self-employed forestry consultant

Another private forestry consultant also described local interest in his involvement to locate a

CHP facility in Wallowa County as motivated by the potential to create more forest sector jobs:

“The main reason that people were interested in [a CHP facility] was it was going
to create jobs. And when you start saying that you’re going to create thirty jobs in
a facility, and another thirty jobs in the woods, the major gets excited. The stores
get excited. Because these are gonna be good jobs, that are supposedly gonna pay
a good wage. And so there was quite a bit of support when I looked at it.”

—id13, private forestry consultant

4.1.5 Scale

The scale factor refers to capacity or magnitude, and can apply to several aspects of a bioenergy
project. In previous sections, characteristics of scale have been invoked in relation to available
biomass, the level of perceived need for active forest restoration, and expressed preferences and
concerns for biomass utilization. Here we focus on scale as the energy capacity of a bioenergy
facility, and its implications for available supply. This factor was widely referenced by 18 of our

20 key informants, and had the lowest number of mentions.

As discussed in the Background section, scale is a fundamental attribute of a biomass energy
facility. Our study participants acknowledged and elaborated on the differences between TBE
and CHP systems with regard to how each system is scaled, and associated differences in annual
biomass demand. For example, the president of the bioenergy business responsible for the four
TBE installations in Grant County explained that TBE is “almost by definition smaller scale”
relative to other forms of bioenergy, because it is scaled to match (and thereby limited to) the on-
site or nearby heat demand (id05). This characteristic translates to a lower volume of needed
supply, including both raw material and fuel product. The five pellet boilers included in this
study use between 40 and 400 tons of pellets per year, a typical range for TBE elsewhere in the
US (see Table 6 and Appendix D). The only chip boiler in Oregon uses around 600 tons of
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wood chips annually. The bioenergy developer quoted above explained that the heating needs

of a typical downtown core in eastern Oregon could be met with 2,000 tons per year (id05).

Biomass CHP facility scale is typically defined in terms of the tradeoff between decreasing
capital costs and increasing delivered fuel costs as scale increases (Jenkins 1997; Kumar et al.
2003; Cameron et al. 2007). In our case, however, almost three times as many references were
made to scaling CHP to match available biomass supplies than to economic efficiency. Only one
interviewee suggested such facilities be scaled to match energy demand. One conservation
advocate who had worked to develop cogeneration biomass facilities in central and eastern
Oregon described operational scale as first based on supply, paired with a precautionary

approach:

“What we’ve always said is... figure out maybe how much material you think
you’re really gonna have, after you take out environmental or ecological needs.
Then take that and maybe cut it in half and see if it would be economically
feasible to do [bioenergy].” —id24, conservation advocate

The range of possible CHP facility scales is also associated with a range of supply requirements,
although all substantially larger than TBE required volumes. McNeil Technologies (2003)
estimate that a 5 MW biomass cogeneration facility requires 123,000 green tons per year, and a
50 MW facility requires 723,000 green tons per year. According to estimates in the Southern
Blues Restoration Coalition (MNF 2011), a 10 MW facility requires 200,000 green tons per year.

The conservation advocate quoted above and a non-profit executive director both associated the
phrase “appropriately scaled” with this method of matching the scale of a biomass utilization
facility to the assessed biomass supply. The non-profit executive director, also a TBE project

champion, described how he had seen the phrase evolve over time:

“[*Appropriately scaled’ references] whether or not the scale of all of the
activities around biomass exceeds the capacity of the forested landscape to
provide it sustainably... And ‘appropriate’ got substituted for ‘small’... There’s a
tremendous amount of material out there, so it’s gonna be relatively large-scale,
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but it will still be appropriate for what could sustainably be removed from the
forested landscape.” —1d03, non-profit executive director

As described by the above quote, “appropriately scaled” is a phrase used to portray industries
that utilize biomass as reflecting the quantity of supply that is available — no more, and no less. It
suggests both that such activities be designed to not overburden the resource, and that they
effectively utilize the resource. This notion has been invoked elsewhere as a link between
bioenergy and fuel reduction treatments. The 2006 OFRI report states that appropriate
development means “the needs for forest restoration should determine the scale of the forest
biomass energy industry” (p.1-v). An assessment of biomass utilization potential in three
northeastern counties of Oregon notes that project feasibility rests in part on “sizing the facility
appropriate to the volume of material available on a long-term, sustained basis” (McNeil
Technologies 2003, p.i). Oregon’s Forest Biomass Strategy (2012) calls for woody biomass
utilization done “at the appropriate scale” to facilitate more fire resilient forests. Finally, in their
assessment of biomass utilization ‘conventional wisdoms’ in the United States, Becker et al.
(2009a) define appropriately scaled processing as optimizing “the size of the facility with the

volume of biomass sustainably available within an economically defined region” (p.21).

4.2 Factor Interactions and Implications

Our examination of the existing bioenergy industry in eastern Oregon suggests that these
developments have been influenced by five primary interrelated factors, which we identify as
available supply, social acceptance, financing, the forest sector, and scale. While our factors
share similarities with those discussed in bioenergy literature elsewhere (e.g., OFRI 2006), our
approach is unique in its explicit detailed treatment of both thermal and cogeneration bioenergy
(although see Becker et al. 2009a; McCormick 2005). We found that each of these five factors is
relevant to both thermal and cogeneration bioenergy systems in the region, and that each system
has common and distinct factor attributes. Our data suggests that the two types of bioenergy
share factor attributes that pertain to raw biomass material, because this is the basic input on
which each system depends. They also share most attributes relevant to social acceptance, as our
study participants did not tend to differentiate between TBE and CHP regarding issues like active

restoration, biomass utilization, education and awareness, and carbon impacts. In addition, they
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share forest sector attributes; many study participants described supply chains for both types
of energy as financially integrated with other forest products manufacturing, and also suggested
that conducting work in the woods for all kinds of end products relies on a functioning forest

products industry.

These issues provide important context for both types of bioenergy in eastern Oregon, which is
also evident in the literature. For example, physically available biomass material can be
quantified regardless of end use (see OFRI 2006; McNeil Technologies 2003; Rainville et al.
2008), and arguments for active restoration in dry mixed conifer forests frames any biomass
utilization effort in the region (Stidham and Simon-Brown 2011; Becker et al. 2009a; Hessburg
et al. 2005). Literature on carbon impacts of bioenergy tend to focus on carbon neutral
assumptions and complex disturbance dynamics rather than the type of bioenergy system (e.g.,
McKechnie et al. 2011; Campbell ef al. 2012); however, substantial differences between carbon
implications of various bioenergy uses have been documented (e.g., Manomet 2010). In addition,
study participant perspectives about shared forest sector attributes support Becker ef al.’s
(2009a) observations regarding the necessity of a forest products industry to enable a bioenergy

industry.

Other factor attributes are distinct between the two systems. Funding mechanisms was perhaps
the most differentiating factor attribute, stemming from the cost and availability of alternative
energy options. TBE systems tend to be economically competitive with petroleum-based fuels
such as heating oil and propane, although this limits their potential market development to areas
where natural gas is not available. Furthermore, data from TBE facilities in our case and others
across Oregon indicate that while grants and tax incentives have been important to cover high
up-front costs, they have not always been essential to project feasibility (e.g., see Resource
Innovations n.d.). In contrast, our study confirms other reports detailing biomass cogeneration’s
difficulty competing with inexpensive electricity rates in the Pacific Northwest region (e.g., see
OFRI 2006; Itron 2004). As a result, CHP is reliant on favorable policy instruments to create a

demand for generated electricity. Most study participants referred to the state Renewable
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Portfolio Standard as the avenue through which cogeneration could be advanced, while citing

the current conditions of the RPS as largely inadequate in practically doing so.

The data also suggest the two systems have different implications for local economies, which we
categorized within the forest sector factor. TBE project champions and the bioenergy developer
described energy cost savings from replacing petroleum-based fuels with biomass as creating
economic benefits at the site-level, which can be reinvested into the community. Such systems
were also described as creating value for local economies by keeping money local instead of
importing fossil fuels, using products that support local businesses, and creating potential
opportunities for future businesses. These characteristics seem to support other literature that has
highlighted small-scale systems as better able to generate particular benefits for local
communities, compared to large-scale systems (Burton and Hubacek 2007; Becker et al. 2009a;
Johansson et al. 2005). For example, Burton and Hubacek (2007) found that large-scale
renewable energy systems were more financially efficient over time, while small-scale systems
were better at keeping money in the local area through the provision of local jobs. Becker et al.
(2009a) observed preferences for small-scale bioenergy systems because they were viewed as

contributing to a more diverse economy with benefits more likely to stay within the community.

Economic impacts of cogeneration were referred to as job creation and maintenance in general,
as well as specifically within the forest sector. The emphasis on jobs associated with CHP may
imply a perceived tighter interdependence between CHP and the forest sector than that of TBE.
CHP appears to be more economically feasible when co-located with other forest products
manufacturing facilities because of decreased supply costs and embedded heat demand, which
suggests that jobs at a CHP plant may also secure jobs at a sawmill. Additionally, as facilities are
typically scaled larger than TBE, cogeneration development may reasonably suggest more

substantial job creation than thermal bioenergy.

4.2.1 Social Acceptance and the Scale Mismatch
In eastern Oregon, bioenergy is frequently referenced as a tool to accomplish forest restoration

by facilitating fuel reduction treatments with a market demand for biomass (Stidham and Simon-



61
Brown 2011; Nicholls et al. 2008; OFRI 2006; Evans and Finkral 2009). Our case sought to
understand this relationship by investigating what factors and conditions have enabled bioenergy
development in the region. However, while perspectives about active restoration contribute
substantially to social acceptance and supply factors, the impact of existing bioenergy facilities
on restoration objectives is not straightforward. Rather than inherent in a particular bioenergy
attribute, bioenergy implications for restoration in the region can be best understood as arising
from the interactions of multiple factors that are differentiated between thermal and
cogeneration. We discuss these below as factor relationships related to social acceptance and a

scale mismatch.

First, the relationship between social acceptance and scale revolves around concerns for
overbuilding a bioenergy industry. The social acceptance factor indicates that this apprehension
depends on the scale of a biomass utilization facility, and suggests that there is some size above
which would likely attract resistance from some stakeholders. For example, the project champion
for the only wood chip TBE boiler in the state called its 600 green ton annual demand for
biomass “peanuts” compared to the 150,000 tons of annual pulp loads or 400,000 tons of slash
piles he estimated as coming from Wallowa County’s largest private industrial timber company.
He went on to explain that he has little concern that the bioenergy systems he’s worked with will

generate fears that the forest resource will be overburdened:

“At some level of scale, people will get concerned that [biomass utilization]
exceeds our capacity to provide it on a sustainable basis. I think, again, knowing
what I know of the systems here and about the volume that’s currently burned in
slash piles and exported as low-value products, I’m not concerned that we’re ever
gonna hit that in my lifetime.”

—1d03, project champion and non-profit executive director

In contrast, one timber manager suggested that while the small pellet plant he operated was

socially acceptable, a particular scale of a CHP facility would not be:

“If we were to slam some huge combined heat and power plant here that needed
fifty loads a day of fiber, then the environmental community’s gonna throw their
hands up and say ‘whoa, we’re not supporting this anymore’”
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—1d02, timber manager

With an average of 25 tons per truckload, the individual’s comment above suggests that a CHP
facility around 25 MW or more would be unacceptable to the environmental community. This
suggests that the inherently small scale of thermal bioenergy makes such systems more easily
acceptable. Becker ef al. (2009a) similarly observe that persistent supply challenges contributed
to an eventual shift away from large-scale systems and towards small-scale. However, because
CHP can be scaled to match biomass supply, for financial efficiency, or to match electricity
demand, the associated range of annual biomass requirements may or may not trigger concerns
about overbuilding the industry. That cogeneration can be scaled to match available biomass — to
be “appropriately scaled” — suggests that these systems could be developed to explicitly
prioritize restoration objectives over other considerations. Regardless, cogeneration’s potential
impact is especially uncertain because our data and the literature doesn’t identify an absolute
scale that is “good” or “bad” in terms of its level of social acceptance. As noted in the
Background section, a wide range of CHP facility scales have been referred to as small (e.g.,

Cameron et al. 2007; Brown and Mann 2008; Dong et al. 2009).

The second set of factor relationships is between scale and available supply, and results both in a
scale mismatch between TBE and perceived forest restoration needs, and a preference for CHP
where restoration is prioritized. Both systems share the context of assessed degradation of dry
mixed conifer forests, and the need for a biomass utilization market to help finance fuel
reduction treatments (e.g., Becker et al. 2009b; Aguilar and Garrett 2009; Nicholls et al. 2008).
Becker et al. (2009b) refer to the scale of biomass utilization as a fundamental aspect of fuel
reduction treatments. However, while TBE’s inherently small scale may make such systems
more easily acceptable to some, it also seems to indicate TBE’s role as a market mechanism for
biomass removal at a landscape scale is limited. Several interviewees spoke to this aspect of
TBE, often recognizing its benefits for communities while expressing disappointment in its
limitations of scale. For example, one conservation advocate described TBE systems in the
region as “fantastic,” but when asked whether he saw those installations as hitting his objectives

for forest restoration, his response was:
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“No, no, they’re not, there’s not enough of them. We have more material out here
at least from what we’re doing right now than those can utilize.”
—1d24, conservation advocate

Similarly, a private forestry consultant compared TBE demand to the amount of biomass
material left as waste after regular harvest operations, saying “every little bit helps, small-scale’s
how you get to big-scale, but... have you seen any of those [slash] piles, they’re staggering in

size!” (1d22).

This scale constraint of TBE led a few study participants to specifically advocate for
cogeneration as a tool to accomplish restoration in the region. As explained by the ODF Biomass
Specialist, the higher volume use of biomass cogeneration is “a real benefit when you look at the
quantities of material that are available across the state, and even the quantities that are available
on the east side” (id32). The former county judge included in this study was one interviewee who
spoke the most to this view, explaining that “scale and biomass are intimately linked. You can’t
do one without the other if you’re serious about a scale that makes a difference in the next thirty
years.” He went on to say that this scale necessitates a cogeneration facility, because of the
demand it would create for low-value biomass (id27). Figure 7 portrays the scale mismatch as it
refers to the amount of biomass that would be available on the Malheur National Forest if
restoration targets for that forest were accomplished (see BMFP 2010). The Figure clearly
demonstrates that one CHP facility would create a market demand immediately meaningful for
the available biomass. In contrast, a single wood chip TBE installation is barely noticeable. Even
if the pellet plant currently located in Grant County were operating at peak capacity, it would

only create a small demand for the available biomass.

The factor interactions of scale, social acceptance, and supply create a tension around the
appropriate type and scale of bioenergy, depending on project objectives. The financial
feasibility of a bioenergy facility further complicates development outcomes, as TBE facilities
appear to have opportunities where they are economically competitive while CHP faces serious
financing obstacles. To our knowledge, this conundrum is not explicitly addressed elsewhere,

except by Becker ef al. (2009a). In their analysis of biomass utilization conventional wisdoms,
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the authors describe several instances in which small-scale or thermal biomass utilization
applications have been pursued because prior large-scale ambitions met with challenges. They
also note that strong arguments for large-scale bioenergy remain, and that some suggest small-
scale bioenergy is potentially a stepping stone to larger applications in the future. In our case,
these circumstances inspired a few study participants to speculate as to the potential restoration
impact of many aggregated small-scale TBE systems. We address this question in the next

section.

4.3 Scaling Up Thermal Bioenergy

The factor attributes and their interactions revealed in our analysis of bioenergy adoption in
eastern Oregon suggest troubling implications for forest restoration objectives. While the data
indicate that TBE systems may be more financially, socially, and environmentally feasible for
their attributes related to financing, scale, and social acceptance, they also suggest that attributes
of scale limit the relevance of TBE as a mechanism to accomplish fuel reduction treatments at
the level some regional assessments call for (e.g., BMFP 2010; USDA FS n.d.). Conversely,
while CHP is better able to create this kind of demand for low-quality biomass, such
developments are limited by their attributes related to financing and potentially social

acceptance.

Given these circumstances, a few study participants speculated about the potential impact TBE
could have on regional restoration objectives if scaled up to meet a larger heat demand. As put
by an ODF Stewardship Forester, “what about the sum total of a lot of a little? A lot of a little
can be a lot” (id16). We extended our analysis to include an investigation of this question, as we
considered it a logical next step in exploring the implications of bioenergy for restoration. Below

we describe our methodology to complete this exercise, followed by the results and a discussion.

4.3.1 Scaling Up Methodology
To examine the extent to which thermal bioenergy installations might create a demand for
biomass that would be meaningful on a landscape scale, it is necessary to identify the potential

demand for thermal energy that could be met with woody biomass. To do this, we use state-level
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thermal energy consumption as documented by Remington et al. (2012). Our case suggests

that TBE is the most economically attractive when replacing petroleum-based fuels, which
supplied 13.2% and 7.6% of Oregon’s commercial and residential sectors in 2009, respectively
(see Tables 7 and 8). The largest potential would be to replace natural gas consumption, which
supplied around 50% of Oregon’s commercial and residential sector heat demand in 2009. We
designate eight heat demand scenarios based on these energy profiles, which range in the
proportion of petroleum-based fuels and/or natural gas replaced with woody biomass in the

commercial and/or residential sector (see Table 9).

We use the higher heating value common to Pacific Northwest conifer species (calculated for
50% moisture content; see Wilson ef al. 2010) to convert the energy demand of each scenario
from trillion BTUs to total required green tons (GT) of biomass per year. We use a low (5 GT
per acre) and high (20 GT per acre) biomass yield for each scenario to convert total biomass per
year into number of acres that could receive fuel reduction treatments, based on regional data
(McNeil Technologies 2003; Rainville ez al. 2008). We do not examine more specific
prescription details, such as reduction of basal area, diameter limits, or effect on fire behavior;
rather, we aim to develop a back-of-the-envelope assessment of potential demand effects.
Additionally, we use the 30,000 targeted treatment acres for the Malheur National Forest (BMFP
2010) as a gauge to determine whether any of our scenarios stimulate active restoration on the

scale identified as necessary for this particular national forest.

We also calculate the number of individual TBE facilities that would be required to meet each
scenario. Thermal demand at the state level can be met with various types of heat-producing
bioenergy systems. While alternative conversion technologies are being explored (e.g.,
gasification, see Difs et al. 2010), we focus this exercise on three types of combustion TBE
systems: wood chip commercial boilers, pellet commercial boilers, and wood chip district
heating. Wood chip and pellet TBE systems have been the focus of this paper thus far, reflecting
the current bioenergy developments in the state. We include district heating (DH) in this exercise
because such systems distribute thermal energy to a network of users rather than on-site demand

alone, and thus might be a more accurate illustration of aggregated TBE development. As
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discussed in the Background section, biomass DH is common in European countries, and is

less developed in the US (see Madlener 2007).

To estimate the number of individual TBE facilities that would be aggregated to meet each heat
demand scenario, we divide the required annual biomass volume by average annual biomass
needs of each system. TBE systems are designed for site-specific circumstances, so using an
average is a coarse means of measurement; nevertheless, we average our case data with six
additional pellet boilers in Oregon and five additional wood chip boilers in the nation using
available secondary data (see Table 10, and Appendix E). Doing so provides an average wood
chip TBE system of 3.67 MMBtu/hr with an annual demand of 687 GT, and an average pellet
system of 1.6 MMBtu/hr with an annual demand of 380 GT. District heating systems also have a
wide range of capacities and fuel requirements, based on local population density and climate
(Madlener 2007; Vallios et al. 2008). The bioenergy developer included in this study is familiar
with sizing such systems, and in the absence of any local district heating examples, we use his
estimate of 2,000 GT as the annual fuel demand for a typical rural downtown core in Oregon
(1d05). To convert tons of pellets to green tons, we consulted existing life cycle analyses for
pellet manufacturing (Katers et al. 2012; Dwivedi et al. 2011; Sikkema et al. 2010; Zhang et al.
2010). Green wood input required for pellet production varies based on the moisture content of
the starting feedstock and ending pellet, the type of feedstock, and whether wood is used in the
drying system. In general, the literature suggests that 2.0 to 2.4 green tons are needed to produce

one ton of pellets, so for this exercise we use 2.2.

Finally, we make two additional assumptions in this exercise: first, that all new biomass demand
initiated by thermal energy conversions will be sourced from fuel reduction treatments; and
second, that all fuel reduction treatments will occur within the Blue Mountains region. Both of
these assumptions are liberal, which suggests that our results will be overestimates of the
possible effect aggregated thermal energy conversions will have on restoration activities. We
perform a second calculation on generated biomass demand and associated harvests to gain a
better understanding of the effects the first assumption. According to the ODF Biomass Resource

Specialist, Oregon currently exports half of the 500,000 tons of pellets produced in the state. This
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suggests that 250,000 tons of new pellet demand (or approximately 550,000 GT of biomass)
could be met by redirecting exported pellets for domestic use, without requiring any new
harvests whatsoever. We subtract 550,000 GT from the quantity of biomass calculated to meet
each heat demand scenario, and adjust the number of acres that would require fuel reduction
treatments to produce those volumes. By doing so, we account for the potential that new biomass
demand be met by redirecting existing pellet production in the state that is currently exported,
before instigating new production sourced from fuel reduction treatments. While another set of
assumptions is implicated with this analysis (e.g., competition with international markets and
effects on price), it provides a more conservative, and perhaps more realistic, assessment of

potential impacts.

4.3.2 Scaling Up Results

This analysis yielded a range of results. Without redirecting exported pellets, one scenario at low
yield and two at high yield would instigate fuel reduction treatments at a scale relevant to the
restoration targets on the Malheur National Forest (close to 30,000 acres) (see Figure 8).The
volume of biomass required for these scenarios could be utilized in approximately 240 — 1,000
individual wood chip boilers, 400 — 1,800 pellet boilers, or 80 — 350 district heating systems. If
currently exported pellets were redirected to meet new demand before generating new pellet
production, two low and two high yield scenarios would meet this criteria (see Figure 9). These
scenarios would require approximately 1,000 — 1,500 wood chip boilers, 1,700 — 3,200 pellet
boilers, or 300 — 600 district heating systems,

4.3.3 Scaling Up Discussion

This exercise is broadly illustrative of how TBE might be scaled up to impact fuel reduction
treatments in the Blue Mountains region. We see that indeed, “a lot of a little” can add up to a
lot; that is, there does exist substantial untapped demand for woody biomass through thermal
energy consumption currently using petroleum-based fuels or natural gas in the commercial and
residential sectors. Even when accounting for thermal demand that could be met by existing

pellet production in the state, there are scenarios that would be beneficial to restoration
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objectives in our area of interest. Whether a scenario assumes low or high biomass yield has a
strong impact on the number of aggregated individual TBE facilities. Approximately four times
as many facilities are required in high yield scenarios compared to low yield; this demonstrates
that fuel reduction treatments that generate higher yields entail larger biomass utilization markets

to treat the same number of acres.

However, our assumptions and other conditions suggest that the realistic implications of this
exercise may be limited. Constructing hundreds or even a few thousand individual TBE systems
may require substantial resources of time and funding. This alone is not impossible; over the
course of fifteen years, 3,300 small- and medium-scale (100 kW — 1 MW) TBE systems were
installed in Austria, as well as 460 systems larger than 1 MW (Madlener 2007). Of these, more
than 800 were biomass district heating systems. Literature providing European examples of
bioenergy typically cite strong policy instruments (e.g., carbon tax, shared capital costs, and
incentives) and, especially in the case of Austria, motivated farmer and forestland owner
entrepreneurs as bioenergy drivers (e.g., Madlener 2007; Rezaie and Rosen 2012; Nicholls et al.
2009). It’s likely that similar supportive mechanisms would be required to generate this level of

construction in eastern Oregon.

While this scale of heat demand does exist in the state, another challenge may be locating
demand adequately distributed to warrant development. For example, DH systems are the most
economically feasible when supplying thermal energy to high-density populations in cold
climates (Vallios ef al. 2008; Rezaie and Rosen 2012; Schmidt e al. 2010), and we have seen
that TBE does well when replacing expensive fossil fuel alternatives. In eastern Oregon counties
where natural gas is the least accessible, only forty-one incorporated towns are located, and
many boast only a few hundred people (United States Census Bureau 2006-2010; Oregon Blue
Book 2014). Such statistics suggest that simply locating more than a few dozen optimal locations
where DH could be economically applied might be a constraint, especially within the Blue

Mountains region.
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Finally, our assumptions that all pellet production will be sourced from fuel reduction
treatments and all fuel reduction treatments will occur in the Blue Mountains region underlie
additional limitations to scaling up TBE into large aggregates. First, the majority of pellets
manufactured in Oregon (and elsewhere) use mill waste as their feedstock (Spelter and Toth
2009); only one pellet plant in the state sources material directly from fuel reduction treatments.
Thus, even accounting for redirected exports vastly overestimates the number of acres that would
be treated to supply pellets. Smith ez al. (2012) observe that biomass energy advocates have been
disappointed by the prevalence of pellet TBE systems versus wood chip, because the latter
creates more opportunities to directly impact active restoration. This suggests that aggregated
TBE would be most meaningful to restoration if the majority is utilized in wood chip systems.
Secondly, most petroleum-based thermal energy consumption in the state likely occurs outside of
natural gas territories, which tends to be in rural areas away from major travel corridors
(Remington et al. 2012). As shown in Figure 5, this includes parts of the Cascades and Coast
Range in addition to the Blue Mountains. While a preference might reasonably be established to
source biomass from the Blue Mountains to mitigate high-severity fire risk, it is likely that new

demand on the west side of the state would procure some portion of biomass from that area.

While such logistical constraints limit the realistic application of this exercise to some extent, it
is useful to explore the potential impacts of aggregated small-scale systems. Building many
individual small systems can be viewed as a development model distinct from building a few
individual large systems. Our case has demonstrated that all bioenergy is not created equal, and
that both thermal and cogeneration systems have benefits and drawbacks depending on project
objectives. Tradeoffs include, but are not limited to, implications for dry forest restoration
(Buchholz and Volk 2008; Becker et al. 2009a). Thus while aggregated TBE may still create less
than the desired biomass demand, such a strategy may be valuable in other ways. From our case,
this might include more flexibility to variations in supply, more social acceptance, and more
money kept in local communities. Buchholz and Volk (2008) add that small-scale systems are
able to be economically sustainable (e.g., achieve financial payback) quicker than large-scale

systems, are less likely to have a prolonged development stage due to permitting or acceptance



complications, and may support more local ownership. Finally, as suggested by Becker et al.

(2009a), smaller-scale systems may pave the way for larger applications in the future.
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Table 4: Primary factors of TBE and CHP bioenergy adoption, their definitions, number of study
participant mentions, and number of interviewees who referenced each factor.

Primary Factors Definition Number of | Interviewees
Mentions (#/20)

1. Available Perceived magnitude and accessibility of biomass. 453 20

Supply

2. Social Attributes that affect the social acceptability of active 342 20

Acceptance restoration and bioenergy production.

3. Financing Costs and funding mechanisms for thermal and 292 19
cogeneration bioenergy facilities.

4. Forest Sector Bioenergy relationship to existing forest sector 247 20
industrial and economic infrastructure.

5. Scale Characteristics of thermal and cogeneration 188 18
bioenergy related to facility capacity.

Source: Data based on key informant interviews and participant observation conducted between summer 2012 and
fall 2013.

Table 5: Summary of biomass boiler National Emission Standards for Hazardous Air Pollutants
(NESHAP) area source emission limit and work practice requirements.

Boiler Size and Construction Date Fuel Type Summary of Requirements
Other New and Existing Small Oil, Biomass, and ¢ Tune-up every other year or every 5
boilers (<10 MMBtwhr) Coal years
Existing” Large boilers (=10 Biomass and Oil *  Tune-up every other year
MMBtwhr) *  One-time energy assessment
New" Large boilers (=10 MMbtw/hr) Biomass and Oil ¢ Emission limit for particulate
(excluding limited- matter®
use, seasonal. and new | ¢  Tune-up every other year or every 5
oil-fired boilers) years

Source: Adapted from US EPA (n.d.)

Commenced construction or reconstruction of the boiler on or before June 4, 2010.
®Commenced construction or reconstruction after June 4, 2010.

“PM limit: 0.03 Ib/MMBtu (>30 MMBtu/hr); 0.07 Ib/MMBtu (=10 to <30 MMBtu/hr)



Table 6: Select characteristics of six TBE systems included in this case study.

Project Feed- Capacity | Approx. Capital Approx. Funding Sources
Name stock MMBtu/hr | Demand | Costs ($) | Savings
(kW) | (tons/yr) (S/yr)*
Enterprise Wood 2.5(733) 600" 1.519.586 76.141 USDA grant (pre-feasibility
School chip (guarante study)
District™® ed) ODF funding (energy audit)
104,000 ODOE BETC ($448.,000)
(realized) QZAB low interest loan
Harney Pellet 0.5 (147) 45 269,000 73,000 ODOE BETC ($80,000 after
County completion)
District USDA and bank loans
Hospital™?
Grant Pellet | 0.75 (220) 50 325,000 10,000 2 USDA grants ($177.350
County total)
Regional Connect OR II grant
Airport’ ($147.650)
Blue Pellet 1.8 (528) 380 450,000 84,000 ARRA and BETC
Mountain ($339.923)
Hospital®* Bank loan
Grant Pellet 2.0 (586) 180 532,000 40,000 QZAB 0% interest loan
Union Jr/Sr DOE grant ($32,000 after
High completion)
School*® Ochoco Lumber 10% match
Prairie City | Pellet 2.6 (762) 240 675,000 65,000 QZAB 0% interest loan
School® Ochoco Lumber 10% match
'GT/yr
¥*Savings represent prior heating costs less heating costs with biomass. Does not include deductions for loan
payments.
“Resource Innovations (n.d.)
*Haden (2013)

“Dovetail Partners, Inc. (2013)
YInterviewee data.

Acronyms: ARRA is American Recovery and Reinvestment Act; BETC is Business Energy Tax Credit; ODF is
Oregon Department of Forestry; ODOE is Oregon Department of Energy; QZAB is Qualified Zone Academy Bond;

USDA is United States Department of Agriculture.
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Figure 5: Oregon natural gas utility service territories.

|
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Source: Remington ef al. (2012)

Figure 6: U.S. annual no. 2 heating oil, propane, and natural gas prices for residential use, 1990-
2013. All prices are reported in 2014 U.S. dollars.
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Figure 7: Annual biomass demand across different types of utilization compared to one estimate
of biomass supply from the Malheur National Forest (MNF). The scale mismatch between both a

single wood chip TBE demand and a pellet manufacturing plant and the available supply from

targeted fuel reduction treatments is apparent.
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®Available biomass from the MNF if target fuel reduction treatments were accomplished (BMFP 2010).
“Annual demand adapted from McNeil Technologies (2003).

4Annual demand estimated from capacity of pellet plant in Grant County. Assumes 2.2 GT per 1 ton of pellets.
“Annual demand averaged from six wood chip TBE systems (see Appendix E).

Table 7: Oregon thermal energy consumption in the commercial sector by source in 2009.

Fuel Source Percent TBTUs*
Natural Gas 56.6 25.64
Electricity 24.9 11.28
Petroleum 13.2 5.98
Biomass 4.2 1.903
Geothermal 1.1 0.498
Total 100 45.3

Source: Remington ef al. (2012)

*Trillion British thermal units.



Table 8: Oregon thermal energy consumption in the residential sector by source in 2009.

Fuel Source Percent TBTUs*
Natural Gas 46.2 38.9
Electricity 31.8 26.776
Petroleum 7.6 6.399
Biomass 11.8 9.936
Geothermal 0.3 0.253
Solar 23 1.937
Total 100 84.2

Source: Remington ef al. (2012)
*Trillion British thermal units.

Table 9: Heat demand scenarios replacing a proportion of petroleum-based fuels and/or natural

gas in the commercial and residential sectors with woody biomass. Each scenario also has two
assumptions of biomass yields per acre.

75

Scenario

Description

Biomass Yield (GT/ac)

low high

Scenario D1

Replace 25% commercial thermal energy consumption of
petroleum-based fuels in Oregon with wood chips (50%mc).

5 20

Scenario D2

Replace 50% of commercial thermal energy consumption of
petroleum-based fuels in Oregon with wood chips (50%mc).

5 20

Scenario D3

Replace all commercial thermal energy consumption of petroleum-
based fuels in Oregon with wood chips (50%mc).

Scenario D4

Replace all commercial thermal energy consumption of petroleum-
based fuels, AND 10% of commercial thermal energy consumption
of natural gas in Oregon with wood chips (50%mc).

Scenario D5

Replace all commercial thermal energy consumption of petroleum-
based fuels, AND 20% of commercial thermal energy consumption
of natural gas in Oregon with wood chips (50%mc).

Scenario D6

Replace all commercial thermal energy consumption of petroleum-
based fuels, AND 50% of commercial thermal energy consumption
of natural gas in Oregon with wood chips (50%mc).

Scenario D7

Replace 50% commercial thermal energy consumption of
petroleum-based fuels, AND 50% of residential thermal energy
consumption of petroleum-based fuels in Oregon with wood chips
(50%mc).

Scenario D8

Replace all commercial thermal energy consumption of petroleum-
based fuels, AND 50% of residential thermal energy consumption of
petroleum-based fuels in Oregon with wood chips (50%mc).
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Table 10: Average capacities and fuel use for three TBE systems. See text for discussion of
average values.

Capacity
TBE System MMBtu/hr (kW) | Fuel Use GT/yr
Wood chip boiler 3.67 (1,080) 687
Pellet boiler 1.6 (469) 380
District heating Variable 2000

Figure 8: Heat demand scenarios that would stimulate fuel reduction treatments relevant to
restoration targets for the Malheur National Forest (close to 30,000 acres per year) if currently
exported pellets are not redirected to meet new demand, with low (5 GT/ac) or high (GT/ac)
biomass yield. Number of individual thermal bioenergy facilities that would be required to
account for the thermal energy demand of each scenario, shown as wood chip boilers, pellet
boilers, or district heating.
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Figure 9: Heat demand scenarios that would stimulate fuel reduction treatments relevant to
restoration targets for the Malheur National Forest (close to 30,000 acres per year) if currently
exported pellets are redirected to meet new demand, with low (5 GT/ac) or high (GT/ac) biomass
yield. Number of individual thermal bioenergy facilities that would be required to account for the
thermal energy demand of each scenario, shown as wood chip boilers, pellet boilers, or district
heating.
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5 Summary and Conclusions

Our case study of thermal and cogeneration bioenergy in eastern Oregon seeks to understand

what factors have enabled existing developments, and how they relate to regional dry forest

restoration objectives. We identify five primary factors that influence both TBE and CHP

systems: available supply, social acceptance, financing, forest sector considerations, and scale.

The two types of bioenergy have both shared and distinct attributes within each factor, which

differentiate project implications. We find that their relationship to restoration objectives is not

straightforward, and is best understood as arising from factor interactions around social

acceptance, a scale mismatch, and financial feasibility:

1.

2.

Thermal bioenergy systems appear to be more financially, socially, and environmentally
feasible because of their attributes related to financing, scale, and social acceptance
factors. In contrast, biomass cogeneration systems face substantial challenges within the
financing factor, due primarily to inexpensive alternative electricity sources and the
limited application of available policy instruments. They may additionally experience
social acceptance resistance because of scale.

A scale mismatch suggests existing thermal bioenergy is unable to be a meaningful
mechanism for fuel reduction treatments at a landscape scale. The relatively larger
volume demand of cogeneration facilities suggests such systems would be more easily
able to facilitate biomass removals that are immediately meaningful for regional
restoration.

Our scaling up exercise suggests that the potential does exist to aggregate small-scale
thermal bioenergy systems to generate a landscape-scale demand, although

implementation would likely involve challenges.

For many in eastern Oregon, bioenergy has represented a “great hope” for much-needed dry

forest restoration that could offset costs while providing tangible benefits to local communities.

Our research suggests that all bioenergy is not created equal, and that tradeoffs exist beyond
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restoration objectives. CHP financial limitations may be addressed through policy measures
that encourage higher electricity prices, which might also overcome social acceptance concerns
if scale limitations are explicitly incorporated (e.g., California’s Senate Bill 1122). While TBE is
limited in its application to landscape-scale restoration, its relative financial feasibility and
benefit to local economies suggests such systems be valued and promoted alongside other
bioenergy ambitions. Policy mechanisms may be needed to help finance capital costs where heat
demand is small, or low interest loans are unavailable. In addition, as a more widely acceptable
form of bioenergy, TBE may be an important step to increasing public awareness and education

about the range of bioenergy applications, thus enabling future developments at larger scales.

This research focuses on a cluster of bioenergy systems that has been recognized as a model for
Oregon (Dovetail Partners 2013), in a region spearheading new restoration strategies (USDA FS
n.d.). As such, our findings are particularly relevant to eastern Oregon, and likely offer insights
for other areas similarly characterized by dry mixed conifer forests, prevalent public land
ownership, and resource-dependent rural communities. The five factors of adoption we identify
may also be applicable to other forms of bioenergy, although their attributes and factor
interactions will likely change to reflect site-specific conditions. While we sought to include a
broad range of perspectives, more individuals representing the forest products industry and the
Blue Mountain Forest Partners collaborative were interviewed, potentially weighing our results
more heavily towards these perspectives. Finally, our case suggests that more research is needed
to better understand what scale of bioenergy is considered appropriate and acceptable within
perspectives of active restoration. Future research should also seek to untangle the tradeoffs
between a development strategy of building many small-scale facilities compared to a few large-
scale facilities, in terms of restoration impacts, social acceptance, financial feasibility, local

economies, and other considerations.
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Appendix A: Detailed interviewee descriptions.

Interviewee Organization Category Sex Description
Identification

01 Forest Products Industry M | Owner of a forest products manufacturing company
based in Oregon. Company produces densified wood
pellets and bricks, smoking fuels, and animal shavings
and bedding.

02 Forest Products Industry, Blue [ M | Timber manager for a sawmill and pellet plant located

Mountain Forest Partners in Grant County. The company produces lumber,
densified wood pellets and bricks, and animal shavings
and bedding.

03 Project Champion, Non-Profit M | A project champion for the first biomass boiler
installed in an Oregon school. Also Executive Director
of a non-profit in Wallowa County focused on rural
economic development and land stewardship.

05 Bioenergy Developer M | President of a bioenergy development company based
out of Portland Oregon. Interviewee was involved in
the pellet plant construction located in Grant County,
and is also responsible for the four TBE installations in
Grant County.

07 County Government, Blue M | Grant County Commissioner and business owner.

Mountain Forest Partners
10 US Forest Service, Blue M | US Forest Service staff member for the Malheur
Mountain Forest Partners National Forest.

11 Project Champion M | CEO of a hospital in Harney County and project
champion of the first TBE installation in Oregon.

12 Forest Products Industry M | Manager of a whole log processing facility in Wallowa
County, producing post/pole, firewood, densified wood
products, heat and electricity.

13 Forest Products Industry M | President of a forest contracting business. Involved in a
former business venture to construct a CHP facility in
Wallowa County.

14 Conservation Advocate, Non- F Director of a non-profit conservation organization that

Profit, Blue Mountain Forest works in the Blue Mountains and Eastern Oregon
Partners Cascades to “protect, defend, and restore” natural
ecosystems.

16 Oregon Department of M | Stewardship Forester with Oregon Department of

Forestry Forestry based out of La Grande Oregon.

17 Project Champion F School board member and project champion for a TBE
installation in a Grant County K-12 public school.

18 Community Member, Blue M | Grant County community and local collaborative

Mountain Forest Partners member, involved with assessing Malheur National
Forest restoration needs and bioenergy potential in the
county.
20 County Government, Blue F Grant County Economic Development Coordinator.
Mountain Forest Partners

22 Forest Products Industry, Blue F Self-employed forestry consultant in Grant County.
Mountain Forest Partners

23 US Forest Service, Blue F US Forest Service staff for the Malheur National

Mountain Forest Partners

Forest.
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Appendix A (Continued)

24

Conservation Advocate, Non-
Profit, Blue Mountain Forest
Partners

Conservation advocate with an Oregon non-profit
conservation group that aims to “protect and restore
wildlands, wildlife and waters”.

27 County Government, Blue Former Grant County Judge.
Mountain Forest Partners
32 Oregon Department of Biomass Resources Specialist with Oregon Department
Forestry of Forestry, based out of Springfield Oregon.
33 Project Champion Superintendent of a Grant County School District,

project champion of a TBE installation in a Jr./Sr. high
school.
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Appendix B: Final node framework, using the computer software program
NVivo.

Nodes were inductively assigned to all transcribed sources (interviews and researcher notes), and
were also deductively informed by literature regarding distributed economies, new natural
resource economies, and scale. Below the nodes are displayed as a hierarchy; most nodes
describe a particular aspect of the node one level above. The number of sources that each node
was assigned to, in addition to the number of times each node was assigned, are included.

Higher-level nodes aggregate the sources and references of lower-level nodes.

N Name Sources References
= () BE Development 53 2545
= () BE-Business 34 £
Q) Alternative options 26 145
= O Financing 25 121
Q) Savings 17 53
= BE-Gowt 35 192
) =&-policy 2 76
Q) Subsidies 2 76
=-(Q) BE-Public opinion 28 130
(O Education 9 2
= O Climate change 29 150
O Air quality 13 34
 Carbon 15 25
Q) Renewable 18 49
= (Q Dev Model 2 405
() Centralized 4 7
() Decentralized 12 40
Q) Integrated 23 133
= Scale 28 217
Q Large 12 29
Q Small 19 60
= o Implementation 2 148
E O Challenges 20 94
o Obstacles 3 3
O Driver 2 53
= O Infrastructure 20 432
B O Knowledge 2 157
o Champions 9 27
- Mogels 2 92
Q) Europe 9 38
o New England 3 10
Q Workforce 13 32
- Physical 27 27
Q BEFPI 20 131
Q Tech 18 55
() Transportation 16 49
= Types of BE 48 702
( Cogen 5 93
o Electricity 17 69
O Heat 4 254
Q) Liquid fuels 7 18
(Q Manufacturing 2 18



Appendix B (Continued)

|5 Q Community cevelopment
=-Q Buyloca

o lsolation

- O Local assels
=-(Q Econemic activity
+-() Community investment
=) Natural resource
O Consumption
() Productionist
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=-(Q FF-Infra
O Southwest
(Q Timber sales
(= For-Protection
O Litigation
= Rest-scale
O Scale mismatch
=(Q GC case study
Q mc
Q v
= Geoscale
Q Intemational

Q Local
Q) HNational
O Regional
=) O Market
--(Q Demand
O Dem-product
B o Dem-raw material
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Appendix C: Explanation of coding analysis process.

The NVivo computer software (Version 9) permits users to construct and run queries using text
searches, word frequency, coding, matrix coding, compound, coding comparison, or group
formats (N'Vivo n.d.). Queries can search both text and assigned nodes. For example, matrix
coding searches for the co-occurrence of designated nodes. Researchers can use Boolean logic to
construct meaningful queries, such as searching for every instance where “A and B, and not C”
occur. Below we offer examples of early queries and their results to illustrate how this process

led to an evolution and refinement of important case themes over time.

Our first queries identified evidence coded as “driver” or “challenge” with regard to developing a
bioenergy industry. Retrieved text was analyzed for co-occurring nodes, as well as primary
themes and sub-themes. Tables A.1 and A.2 reflect the preliminary results from these initial
queries. Next, we constructed new queries with the objective to ‘cast a wider net’ to capture data
that reflects these themes, but may not have been coded as “driver” or “challenge”. One result of
these queries and our evolving understanding of the case is represented in Table A.3. Notice that
“themes” and “sub-themes” have been reframed as “attributes” and “motivations”. This process
of building on queries and refining themes was repeated multiple times. The attributes and
motivations in Table A.3 evolved into the nine attributes identified in Table A.4. These were
ultimately condensed into five primary factors and supporting attributes that influence bioenergy
developments, shown in Table A.5. The five factors were ranked according to the number of
times each factor was referenced, calculated by summing the number of references assigned to
each attribute (including data from interviews and participant observation). We also counted the
number of interviewees (out of twenty) who referenced each factor. We considered the final five
factors to reflect the key themes carried throughout this process in the most meaningful and

concise manner.



Appendix C (Continued)

Table A.1: List of initial themes and sub-themes identified from queried data coded as a
bioenergy “driver,” using NVivo query tools and manual analysis.

Driver Themes Sub-Themes
Business ¢ Market demand
*  Savings

*  Policy and incentives
e Sustainable supply

e Public opinion

* Risk

Infrastructure *  Models
e Technology
*  Champions

Forest Focus * Disturbance and active management
*  Market pull

¢ Waste utilization

e  USFS directive

*  Healthy forests, health communities
*  Collaborative input

Community *  Community investment
*  Social wellbeing

* Buy local

*  Economic activity

*  Productionist

e Diversify
Climate ¢ Climate change
e Air quality
Models *  European local resilience

e European politics
e  New England




Appendix C (Continued)

Table A.2: List of initial themes and sub-themes identified from queried data coded as a
bioenergy “challenge,” using NVivo query tools and manual analysis.

Challenge Themes | Sub-Themes

Business ¢ Market demand

¢ Financing

* Policy and incentives
e Sustainable supply

¢ Public opinion

*  Risk assessment

Infrastructure ¢  Models
¢ Knowledge
¢ Physical

*  Scale
Forest Focus *  Market pull
e USFS

¢  Economic activity

Climate ¢ Climate change

Table A.3: Example of one iteration of evolving themes and sub-themes refined through
expanded queries and manual analysis. This example shows themes reframed as bioenergy
development attributes and motivations, with associated sub-categories.

Attributes Sub-Categories

Business ¢ Market demand

¢ Financing

* Policy and incentives
¢ Sustainable supply

e Public opinion

*  Risk of supply

Infrastructure e Existing models

e Available technology
¢ Competent developers
¢ Champions

¢ Physical infrastructure

Motivations Sub-Categories
Business ¢ Personal savings/economy
*  Risk assessment
Forest ¢ Disturbance and active management

¢ Market pull
¢  Waste utilization

Community *  Healthy forests/communities
¢ Economic activity

*  Local resilience

*  Social wellbeing
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Table A.4: Example of a later iteration of themes, framed as attributes.

Attributes

. Alternative Options

. Financing

. Scale

. Development Model

. Policy and Incentives

. Available Supply

. Public Opinion

. Forest Products Industry Infrastructure

Ol || |n|&|Ww] =

. Social Infrastructure

Table A.5: Final iteration of bioenergy development themes, framed as primary factors with
attributes.

Factors Attributes

1. Available Supply *  Magnitude
e Accessibility

2. Social Acceptance ¢ Education and Awareness
* Climate
e Scale of Utilization

3. Financing *  Capital and Operating Costs
*  Funding Mechanisms

4. Forest Sector e Integration and Capacity
* Tocal Economies

5. Scale *  Biomass Energy Facility




Appendix D: Select characteristics of six thermal bioenergy facilities in
Oregon outside of the case data.
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Project Feed- Capacity | Approx. Capital Approx. Funding Sources
Name stock MMBtu/hr | Demand Costs (8) Savings
(kW) | (tons/yr) )’
Estacada™’ Pellet 4.0 (1172) 185 1,007,363 13.000 ODOE ARRA
($450,000)
Utility ratepayer
charges
QZAB ($600.000)
BETC ($64.239)
Three Rivers | Pellet 1.03 (302) 185 418.040 30,000 (both ODOE ARRA
Illinois Three Rivers ($283.700)
Valley HS® schools) BETC ($29,900)
QZAB ($134.340)
Three Rivers | Pellet 0.75 (220) 106 377.775 30,000 (both ODOE ARRA
Evergreenb Three Rivers ($220.122)
schools) BETC ($8.100)
QZAB ($157.000)
Sisters Pellet 1.27 (372) 250 350.000 35.000 — BETC ($148.,000)
School 65.000 Unique reserve funds
District”
Days Creek® Pellet 2.0 (586) ND 480.000 10,000 ODOE ARRA
($276.000)
BETC
QZAB
Oak Ridge Pellet | 0.896 (264) 110 475,444 20,000 ODOE ARRA
School ($265.898)
District® BETC ($40.271)
QZAB ($330.000)
ND: No data.

Savings represent prior heating costs less heating costs with biomass. Does not include deductions for loan payments.

*0DOE (n.d.-d)

Kauffman et al. (n.d.)
Acronyms: ARRA is American Recovery and Reinvestment Act; BETC is Business Energy Tax Credit; ODOE is Oregon
Department of Energy; QZAB is Qualified Zone Academy Bond; USDA is United States Department of Agriculture.



Appendix E: Thermal bioenergy data used to determine average capacity and

annual fuel use for scaling up exercise.

) Annual Fuel
Capacity Use (tons
State Project Name Installed | Feedstock kW | MMBtu/hr or G’I')T
Barre Town Elementary
VT | and Middle School® 1996 wood chip 1300 4.5 688
1D Council Schools® 2005 wood chip 440 1.5 400
MT | Darby Schools® 2003 wood chip 900 3 850
ME | Leavitt Area High School® 1999 wood chip 1300 4.5 ND
Mount Abraham Union
VT | High School® 2006 wood chip 1800 6 900
Enterprise School
OR | District® wood chip 733 25 600
OR | Estacada®™® 2011 pellet 1172 4.0 185
Three Rivers Illinois
OR Valley Hs® 2011 pellet 302 1.03 185
OR | Three Rivers Evergreend 2011 pellet 220 0.75 106
OR | Sisters School District® 2011 pellet 372 1.27 250
OR | Days Creek® 2011 pellet 586 2.0 ND
OR | Oak Ridge® 2011 pellet 264 0.896 110
OR | Hamey County Hospital’ 2008 pellet 147 0.5 45
OR | Grant County Airport® 2010 pellet 220 0.75 50
OR | Blue Mountain Hospital® 2011 pellet 528 1.8 380
OR | Grant Union® 2012 pellet 586 2 180
OR | Prairie City" 2012 pellet 762 2.6 240
Average Pellet 469 1.60 173.10
Average Wood Chip 1079 3.67 687.6

TAnnual fuel use for wood chip TBE assumed to be in green tons, and tons for pellet TBE.
ND: No data.
*BERC (2014)

®Case data

‘ODOE (n.d.-d)
Kauffman et al. (n.d.)
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