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Introduction

Biorefinery site selection is critical to producing economically viable and
environmentally sustainable biofuels. Facility siting requires significant finan-
cial investments and long-term strategic commitments. These decisions are
primarily driven by economic factors, such as access to labor and markets,
raw materials, and cost-reducing local incentives (Noon, Zhan, and Graham
2002). Economic criteria will always be central to site selection decisions.
However, nontechnical considerations are also critical and can be among the
largest obstacles to successful high-tech facility siting (Plate, Monroe, and
Ogxarart 2010; Résch and Kaltschmitt 1999; White 2010).

Understanding local communities” influence on the outcomes of biore-
finery siting is gaining traction, but it is difficult to measure and incorpo-
rate into the site selection process. In cases where bioenergy projects failed
despite positive feasibility studies, Christine Rosch and Martin Kaltschmitt
identified a number of issues: funding, financing, and insuring problems;
unfavorable administrative conditions; organizational difficulties; limited
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knowledge and information; and lack of public acceptance (1999). Leann M.
Tigges and Molly Noble found that securing community support can lower
implementation costs (2012). Similarly, Arifa Sultana and Amit Kumar (2012)
assumed that inclusion of strong socioenvironmental considerations in facil-
ity siting would enhance project social acceptability, and Miet Van Dael et
al. (2012) used proxies to estimate support for a bioenergy project, including
unemployment numbers, community acknowledgment of the Kyoto pro-
tocol, and unutilized industrial areas. However, community support is only
one among several assets necessary to sustain biorefineries. The presence of
social assets, in sufficient levels, can aid project development, implementa-
tion, and sustainability (Martinkus et al. 2017b; Rijkhoff et al. 2017). This pres-
ence is not only beneficial for siting from the developer’s point of view, but
the community benefits as well. Facility development can lead to increased
job opportunities, tax revenues, and local infrastructure improvements
(Cambero and Sowlati 2016). It is therefore critical to engage communities
in the decision-making process, especially in controversial decisions such as
energy development, to address potential public suspicion or distrust of the
process. Collecting community input and involving community members
in the decision process will do much to enhance project understanding and
cooperation (Parks, Joireman, and Van Lange 2013). In this chapter, we dis-
cuss how decision support tools can enhance industry and public understand-
ing, thus aiding site selection decisions.

Our interdisciplinary team has developed a decision support tool (DST)
based on multicriteria decision analysis to aid high-tech facility siting deci-
sions, including biorefineries (Martinkus et al. 2017b), where use of such tools
is increasing (see Perimenis et al. 2011). The tool was developed with the
Northwest Advanced Renewables Alliance (NARA), a group examining avia-
tion biofuels and co-products supply chains using postharvest forest residues
(e.g., slash)." Although the DST was developed for, and is applied to, siting
biorefineries in the Pacific Northwest (PNW) region of the United States, the
nationwide, county-level datasets used in the tool make it flexible enough to
explore site selection options for a wide range of high-tech industries.

Our DST combines traditional economic siting criteria with underutilized
social assets, particularly critical for renewable energy projects such as forest
biorefineries (Cambero and Sowlati 2014). The social assets dataset, devel-
oped by Rijkhoff et al., includes social, cultural, and human capitals (2017).
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Our multicriteria DST converts disparate qualitative and quantitative data
into a consistent quantitative dataset to identify suitable biorefinery sites
through weighting economic, physical, and social criteria by importance
(Wang et al. 2009). The multicriteria DST is not meant to identify the right
site, but narrow a large list of potential facilities or sites to a few top candi-
dates for further investigation.

The development and implementation of the DST contribute to the discus-
sion of how social and technical issues related to energy production interact.
Our approach goes beyond the dimensions of technology and economics to
include essential social and human elements. Our innovative DST involves
quantitative indicators for economic and social criteria that can be used to
assess facility siting options both regionally and nationally. Traditionally,
inclusion of social assets in decision-making processes is obtainable only
using costly research methods. As such, our DST provides a powerful tool for
initial assessment for industry and policy makers. It can be applied to energy
or other siting issues, adding a more holistic understanding of communities
to meet their shared goals.

The objectives of this chapter are to (1) describe the economic and social
criteria used in the multicriteria biorefinery siting DST; (2) validate the social
asset dataset with case study analyses of four high-tech facility siting cases;
and (3) demonstrate how the DST uses nationally available, county-level data
to develop a rough ranking of, in our example, forest biorefinery facility sit-
ing options. We conclude the chapter with insights and recommendations for
siting decisions based on multicriteria decision making, aided by DSTs.

Methods

The development of the DST represents an interdisciplinary effort, utilizing a
sequential mixed-method integrated design to inform site selection decision-
making processes. In this section, we briefly describe the methodology used
in developing and validating components of the multicriteria DST.

Community Capitals Framework

We use the Community Capitals Framework (CCF) to guide the develop-
ment of the siting criteria and indicators. This systems framework identifies
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FIGURE 7.1. Community capitals framework. Source: Rijkhoff et
al. 2017, based on Emery and Flora 2006, 21.

community assets as seven capitals: natural, built, social, cultural, human,
financial, and political (figure 7.1) (Emery and Flora 2006). The CCF allows us
to analyze community suitability more holistically for site selection. Six of the
seven capitals are included in the DST; the exception is political capital, which
is undeniably important but requires a more in-depth, site-specific analysis.?
Toincorporate the CCFin the DST, two teams of researchers—representing
economic, geospatial, political, and social sciences—conducted extensive
literature reviews of multiple disciplines to identify potential quantitative
indicators reflecting each capital. The teams also researched publicly and pri-
vately held secondary datasets that are available for all of the United States
and at the county level, a sufficient scale to allow for regional comparison.
After identifying indicators and datasets, the research teams created mea-
sures used in the DST. We describe the criteria and indicator development in
“Developing the Indicators and Measures.”
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Case Studies of Social Assets

While extensive research and applications are available for quantitative indi-
cators of natural, built, and financial capital in site selection, quantitative
indicators of social assets are still relatively developmental and incomplete
in site selection research. Further research is required to validate the social
asset indicators and identify opportunities to improve the initial methodol-
ogy for future DSTs. To examine social assets, we conducted case studies
in four communities where high-tech biomaterial facilities were proposed
or constructed through twenty-one semistructured phone interviews with
stakeholders between January and March 2017. Participants were identified
through purposive and snowball sampling methods to include a range of per-
spectives. They represent key actors involved in the facility implementation
process, with knowledge beyond the general population.

Interview data were supplemented with secondary sources, including local
newspaper articles, public meeting minutes, public outreach and informa-
tion meeting videos, feedstock analysis plans, policy documents, and local
internet sources for community history and background. All interview tran-
scripts were coded thematically to ensure consistency throughout the cases.
Two independent researchers coded a sample of the findings to ensure inter-
coder reliability. There was substantial agreement between raters, K = 0.68 (p
< .001), 95% CI (0.52609, 0.82792).

DST and Application

The DST translates the CCF indicators into biorefinery siting criteria. Each
criterion is assigned a weight and range of scale values. Weights define the
relative importance of each criterion, and scale values provide a means for
assessing existing facilities based on location-specific values relative to the
range of values present. A higher scale value means a facility’s location-
specific value provides a lesser cost to operate the biorefinery than the other
facilities. Each facility receives a score based on how well its assets provide for
reduced costs; we favor repurposing existing facilities over greenfield devel-
opment as a means to reduce capital expenditures (Martinkus and Wolcott
2017). The highest scoring facility would theoretically cost the least to repur-
pose and operate as a forest biorefinery. Both economic and social criteria
are included in the DST as separate modules with separate weights; however,

Copyrighted material
Not for distribution



A Capitals Approach to Biorefinery Siting Using an Integrative Model — 181

TABLE 7.1. Decision support tool framework

Economic Metric Social Metric

Criterion1(C1)  Criterion2 (C2) Criterionn (Cn)  Criterion1(C1) Criterionn (Cn)

SCALE, §

5 amax bmin cmin amax bmin

4 amax — B1 bmin + B2 cmin + Bn amax — B1 bmin + Bn
3 amax — 2B1 bmin + 2B2 cmin + 2Bn amax — 2B1 bmin + 2Bn
2 amax — 3B1 bmin + 3B2 cmin + 3Bn amax — 3B1 bmin + 3Bn
1 amax — 4B1 bmin + 4B2 cmin + 4Bn amax — 4B1 bmin + 4Bn
Weight w1 w2 wh wi wn

the scores from each are combined to create one final facility score. Table 7.1
illustrates the general form of the DST.

We apply the DST to locating a forest biorefinery in the PNW. The region
is well suited to hosting such a facility, with existing physical infrastructure
and ample biomass to meet the annual feedstock requirement. Ten active or
recently decommissioned pulp mills are assessed for their repurpose poten-
tial as a forest biorefinery.

Developing the Indicators and Measures

DST development utilized mixed methods and two research teams to
develop the tool’s criteria guided by the CCF. The economic and geospatial
team led identification of natural, built, and financial capitals, while the
social asset team focused on measures for social, cultural, and human cap-
ital. Table 7.2 shows the multicriteria dataset used in the DST (Martinkus
et al. 2017b).

Economic Criteria Development

Economic site selection criteria are identified from a biorefinery’s technoeco-
nomic analysis (TEA). The TEA delineates capital and operating costs for all
processing units within the biorefinery and determines the minimum fuel
selling price. Some cost components vary geospatially based on facility loca-
tion (e.g., electricity rates, feedstock cost). By using these economic costs as
siting criteria, we can identify sites that may operate at the least cost.
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TABLE 7.2. Overview of indicators used in the decision support tool (DST)

Assets Community Capitals Indicators
Economic and Physical Natural capital Annual biomass availability
Criteria Source: Martinkus et al. (2017a)
Built capital Multimodal transporta-
Source: Esri (2017); tion (as part of biomass

. availability)
Martinkus and Wolcott (2017) - )
Facility repurpose potential

Financial capital Electricity /natural gas rate

Source: US Energy Information  Labor costs (wages)
Administration (2014a)

Social Assets Social capital # Rent-seeking groups: polit-
ical, labor, professional, and

Source: Rupasingha, Goetz, ’ oS
business organizations

and Freshwater (2006) (2009

data) # Non-rent-Seeking Groups:
civic organizations, bowling
centers, golf clubs, fitness
centers, Sports organizations,
and religious organizations

# Nonprofit organizations

% Voter turnout

Cultural capital # Arts-related organizations
Source: WESTAF (2010) # Arts-related business
# Occupational employment
in the arts

s Revenues of arts-related
goods and services
Human capital Health:

Source: County Health % Low birthrate
Rankings (The Robert Wood
Johnson Foundation 2013)

% Premature deaths
% Obese (BMI > 30)

% Self-reports of poor health
condition (physically and
mentally)

Note: All counts (#) and amounts (s) are calculated as a rate of the population per 10,000.

NATURAL CAPITAL

Natural capital is represented by the amount of feedstock available to a facil-
ity at a given cost. In our case, we assess the availability of postharvest forest
residue as the feedstock for a forest biorefinery producing aviation biofuel.
Forest residue volumes available at discrete locations throughout the PNW
are determined as twenty-year averages (Martinkus et al. 2017a).
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BUILT CAPITAL

Built capital is reflected in both the road transportation system and the
existing facility infrastructure assessed for its repurpose potential. The
forest residue volumes are routed along road networks utilizing least-cost
routing algorithms to determine the least cost path between each biomass
source point and industrial facility. The sum of all transportation costs are
aggregated over all source points until annual biorefinery demand is met
(Martinkus et al. 2017a). The total weighted average delivered feedstock cost
to meet annual biorefinery demand is determined for each existing industrial
facility and is used as a siting criterion.

The capital cost to construct a biorefinery may be reduced if existing facil-
ity infrastructure and assets can be repurposed. Existing facilities are assessed
against the requirements of a greenfield biorefinery for their infrastructure
compatibility to estimate the capital percent savings realized through repur-
posing (e.g., Martinkus and Wolcott 2017). This criterion prioritizes existing
facilities that would theoretically cost the least to repurpose (Chambost,
Mcnutt, and Stuart 2008).

FINANCIAL CAPITAL

Financial capital is examined here as the costs associated with biorefinery
operation that vary geospatially, including energy and labor costs. Electricity
and natural gas criteria are developed by aggregating energy data to the
county level and averaging over the years 20102014 (US Energy Information
Administration 2014a, 2014b). The labor criterion is developed through aver-
aging weekly labor rates at the county level over the years 2012—2014 (US
Bureau of Labor Statistics 2015).

Economic Criteria Weight Development

The economic criteria weights are developed using the biorefinery’s TEA.
Regional average energy rates and weighted average feedstock cost are
inputted into the TEA, and regional average annual costs for the siting criteria
are determined. The region examined is all counties in which candidate facil-
ities reside. The repurpose potential criterion “cost” is developed by convert-
ing the total capital expenditure for constructing a greenfield biorefinery into
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an annualized expense, assuming a plant life (n years) and discount rate r using
the Capital Recovery Equation. The average annual costs are summed, and
the percentage of each criteria cost, out of total average cost, is determined.
These percentages are the basis for the criteria weights. The percentages are
normalized based on the range of scale values in the DST so facility scores can
be calculated out of a total score of 100 for ease of understanding the results.

Social Asset Criteria Development

The DST’s social asset criteria were developed by Rijkhoff et al. (2017) to
give initial insights into nontechnical siting considerations. The social asset
dataset provides quantitative proxy measures for social, cultural, and human
capital (Martinkus et al. 2017b; Rijkhoff et al. 2017). Social asset quantifica-
tion is difficult since each consists of multiple, often qualitative, indicators.
However, while limited, the measures provide essential data for initial evalu-
ation of candidate communities.

SOCIAL CAPITAL

Social capital reflects community connections, both among people and
through organizations. It positively influences economic growth, promotes
trust, and increases collective action through social networks that aid cooper-
ation (Coleman 1988; Montgomery 2000; Putnam 2000; Rupasingha, Goetz,
and Freshwater 2006). Quantitative indicators often used to measure social
capital include the number of rent-seeking and non-rent—seeking groups,” non-
profit organizations in a community, and voter turnout. These indicators are
incomplete representations of social capital; however, they are good prox-
ies for measuring community-level social capital (Putnam 2000; Rupasingha,
Goetz, and Freshwater 2006). The DST’s social capital score was developed
with the following indicators: all community organizations, nonprofit orga-
nizations, and voter turnout (Rijkhoff et al. 2017).

Cultural Capital

Cultural capital, also sometimes called creative capital, refers to community
traditions and languages, people’s perceptions of and interaction with the
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world around them, and acceptance of creativity and innovation (Emery
and Flora 2006). Creativity is important for project success (Budd et al. 2008;
Martinkus et al. 2014; and Martinkus et al. 2017b). Florida developed a compre-
hensive measurement of the creative using four indicators: the creative class
(people with jobs that require creativity), innovation, high-tech industry, and
diversity. Together, all weighted equally, these indicators form the Creative
Vitality Index (CVI) (Florida 2002). Our cultural capital measure includes the
number of arts-related organizations and businesses, the number of people
employed in these organizations and businesses, and the revenues of arts-
related goods and services (Rijkhoff et al. 2017).

Human Capital

Human capital addresses people’s skills and abilities, which helps with assess-
ing local workforce quality. Human capital is important to equitable and sus-
tainable development solutions (Pretty and Ward 20or). The original social
asset dataset used the following human capital indicators: community health,
poverty levels, unemployment rate, and education levels (Rijkhoff et al. 2017).
For the current DST, we utilized the community health indicators only to
avoid potential overlap between the economic and social asset indicators.

Social Asset Scores

For the three social asset capitals, Rijkhoff et al. (2017) calculated a single
capital score for each county, reflecting its performance for that capital. For
social and human capital, individual indicators were multiplied by their fac-
tor loadings to create a single capital score. Since CVI is a nationwide index,
the adapted CVI score for each county was utilized. Rijkhoff et al. (2017) used
the US Census Region West to develop cutoff scores for each capital based
on average regional performance. A county over the cutoff outperforms
regionally and thus may be a stronger candidate for facility siting than those
with scores below the cutoff value. Table 7.3 shows the cutoff scores for the
Census Region West compared to those at the National level from Martinkus
et al. (2017b).

The strength of the social assets dataset in the DST is the ability to nar-
row potential candidate sites by incorporating social criteria that are often
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TABLE 7.3. Social, cultural, and human capital cutoff scores used in the decision support tool

(DST)
Cutoff Scores
Census Region West National
Social Capital .0413 —.0043
Cultural Capital .686 491
Human Capital —1.4247 .0838

Note: Asset ranges are provided in table 7A.1 of the appendix.

limited in siting decision frameworks. In fact, Rijkhoff et al. (2017) found in
analysis of community-level projects that the social asset criteria were asso-
ciated with project outcomes; cases above the cutoffs had positive results,
while cases below had negative results. Social asset criteria inclusion does
not replace the need for community engagement to ensure project success.
Communities with high social capital can engage their networks to oppose
a project; therefore, assessing community support and communicating with
key actors are necessary before making final siting decisions.

Despite its benefits, the social asset criteria have limitations. To ensure
national comparability, Rijkhoff et al. (2017) focused on obtaining county-
level quantitative indicators, resulting in the exclusion of potential indicators
that are unavailable at this level (e.g., trust). Additionally, robust indicators
are unavailable at a lower level, such as city or town, which limits full con-
sideration of sites in specific communities. Last, the social asset database
does not include political capital; however, this indicator is currently being
addressed for future inclusion.

To address these limitations, we conducted case studies to validate cur-
rent indicators. These case studies examine the role of social, human, and
cultural capital in the success or failure of community-level projects. The
cases also assess indicators absent from the social asset dataset and suggest
additional metrics for future DST iterations.

Ground-Truthing Case Studies

To assess the impacts of social assets in siting decisions, we selected four
communities in the PNW where a high-tech biomaterial industry was pro-
posed or constructed: Missoula, Montana; Lakeview, Oregon; Boardman,
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Oregon; and Tacoma, Washington. Stakeholder interviews explore the role
of social, cultural, and human capital in facility development and imple-
mentation. Case study findings are compared to Rijkhoff et al.’s (2017) initial
social asset measures to validate and refine future measures and to explore
their impact in project implementation. The case and stakeholder character-
istics are listed in tables 7.4 and 7.5.

Conceptualizing Success Each case was examined for its level of success or
failure based on a protocol adapted from a retrospective analysis of past com-
plex policy projects (Rijkhoff et al. 2017).

SUCCESS

Smooth operation throughout its existence: encountered little to no commu-
nity resistance; encountered no significant legal roadblocks; stayed economi-
cally viable throughout its operation.

PARTIAL SUCCESS

Currently operating and producing fuel or biomaterials, or successfully
moving through the public permitting process with local support: may have
encountered legal or economic roadblocks (e.g., major environmental law-
suits or violations, or economic viability struggles); operates normally today
and can remain economically viable.

PARTIAL FAILURE

Currently operating but forced to diversify operations for economic viability,
compromising original purpose: lawsuits or environmental violations have
impeded ability to operate continuously; financial problems have forced only
periodic operation, limiting production.

FAILURE

Never built: encountered local opposition or severe economic constraints;
operations shutdown completely due to local resistance, environmental liti-
gation, or economic ruin.
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Analysis

To assess the quantitative social asset indicators, a thematic analysis based
on key literatures was performed; results were then compared to Rijkhoff
et al.’s (2017) original county scores. Table 7.6 shows the conceptual coding
framework used for interview analysis to examine the role of social, cultural,
and human capital in facility siting decisions.

Missoula, Montana—Success

Blue Marble Biomaterials, operating since 2012, manufactures specialty
chemicals from cellulosic biomass for food flavoring, fragrances, and cos-
metics. It has been operating smoothly without community resistance. Key
to its success are Missoula-based entrepreneurial and economic development
organizations that help start-ups access grants, connect with stakeholders,
and identify site locations. This formal infrastructure was important in relo-
cating the facility from Seattle, Washington, where there was less stakeholder
and economic support.

Rijkhoft et al. (2017) found favorable levels of social, cultural, and human
capital for Missoula County (table 7.7). These scores are supported by interview
data, which found the presence of several concepts of social capital, including
bridging social capital and communication (table 7.7). Bridging social capital
was particularly apparent, with a number of organizations and networks assist-
ing start-ups and entrepreneurial ventures through the implementation process.

Cultural capital concepts focused on shared community values and sense
of place. For example, Blue Marble uses cellulosic material from forest and
agricultural waste to create biochemicals that replace their petroleum coun-
terparts found in foods, fragrances, and other consumables. Stakeholders
claimed the facility was seen as a “green” and “clean” industry and was read-
ily accepted by the community.

Missoula stakeholders addressed availability of a skilled and educated
workforce, components of human capital. All participants emphasized the
University of Montana’s role in connecting the company with a skilled work-
force: “Having access to the University of Montana played a pretty key role
for them. Whether it be recruiting students or doing research with a faculty,
and that’s been a big part of their reason for locating there” (interview with
local nonprofit, February 2017).
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TABLE 7.6. Interview coding themes

Key Concept Descriptions

Social Trust Reflects the strength of connections among people and organiza-

Capital tions within the community to make things happen (Emery and

Flora 2006; Flora and Flora 2013). Social capital is often classified

Bonding as either bonding social capital (ties that link individuals or groups
with similar backgrounds) or as bridging social capital (connect-
ing diverse groups within the community to each other and
groups outside the community) (Emery and Flora 2006; Flora and
Flora 2013; Putnam, Feldstein, and Cohen 2003).

Bridging

Modes of Contact within, between, and across stakeholders and groups
communica-  (Inkeles 2000).
tion
Cultural Values Consists of symbols and language and determines a community’s
Capital Histo distinctive character (Jacobs 2011). Cultural capital reflects the
y way people see the world and how they act within it, as well as
Legacy their history, traditions, and language (Emery and Flora 2006;
(industrial, Flora and Flora 2013). Legacy is that which communities seek to
environmen-  pass on to the next generation.
tal, social)
Sense of Describes our relationship with places, expressed in different
place dimensions of human life: emotions, biographies, imagination,
stories, and personal experiences (Feld and Basso 1996).
Human Labor and Health of the potential workforces and ability of the community
Capital workforce to be resourceful and access outside resources and bodies of

knowledge (Emery and Flora 2006). The local labor force affects
the community’s success in attracting or supporting new business
enterprises (Flora and Flora 2013).

Skills (tech- The ability of people based on their characteristics—such as
nical and formal and informal knowledge, technical and intrapersonal skills,
intrapersonal) ~experience, leadership, and talent—to develop and enhance their

Knowledge resources (Emery and Flora 2006; Gutierrez-Montes 2005).

(formal and
informal)

Experience

Capacity Ability to access outside resources to contribute to local commu-
nity and economic development (Emery and Flora 2006; Flora
and Flora 2013).

Lakeview, Oregon—~Partial Success

Red Rock Biofuels is the second biomass-related project to attempt to site in
Lakeview, Oregon. The first, Iberdrola Renewables, failed because it could
not obtain a power purchasing agreement from the local utility. However,
this unsuccessful attempt demonstrated project feasibility, access to feed-
stock, physical infrastructure, and community support that appealed to Red
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Rock Biofuels. While this facility has not yet been built, the company has
attained several approvals for an enterprise zone, pipeline capacity, an urban
growth boundary amendment, and air quality permits. It is labeled a partial
success, largely due to the substantial community support for the project.

Rijkhoff et al. (2017) found favorable levels of social capital and mixed levels
of cultural and human capital for this case (table 7.8). Interview data corrob-
orate the high levels of social capital but indicate some social assets played
less of a role. For instance, social capital concepts—including trust, bridging,
bonding, and communication—were present in every interview (table 7.8).
Lake County has established trust and working relationships between stake-
holders through the Lakeview Stewardship Group; they have worked together
on contentious forest management issues for over a decade. Some environ-
mental advocates are unsupportive of an industry focused on small-diameter
wood utilization due to fear of environmental degradation. However, the
executive director of a participating nonprofit believes that these groups are
not opposing the project, because of significant levels of established trust:

“I think what we’ve got is a lot of trust over the years that we’ve built with
the collaborative here and to have those honest discussions without threats
and those kinds of stuff, is doable” (interview with local nonprofit, January
2017). The project, moving forward without opposition, is actively supported
by local leaders who engage their networks to increase project viability by
hosting conference calls to keep multiple stakeholders informed.

Cultural capital themes in Lakeview reflect local history, legacy, and com-
munity values. Stakeholders indicated that the project fits with the com-
munity’s goals of creating a new economy based on natural resource and
renewable energy development. They also have a social legacy that is more
supportive of biomass projects than neighboring counties.

Absent in the interviews was a discussion of the local workforce. Only one
stakeholder mentioned that implementing projects of this size could present
challenges for rural communities. Project-related skills, technical knowledge,
and local stakeholder experience are contributing to Lakeview’s ability to
support Red Rock through the implementation process.

The qualitative findings support the quantitative indicators, which showed
favorable levels of social capital in Lakeview. The quantitative metrics did
not indicate favorable levels of cultural capital, with the exception of 2009,
and human capital measures are mixed, with underperforming education
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levels. However, cultural and human capital themes identified in stakeholder
interviews suggest the presence of values, legacy, skills, and local experience
that support the implementation process of the biofuel refinery (table 7.8).

Boardman, Oregon—Partial Failure

ZeaChem, Inc., is an ethanol and biochemical refinery located in the Port
of Morrow’s industrial park outside Boardman, Oregon. In 2012, ZeaChem
completed construction of its demonstration biorefinery. Citing financial
and technical challenges, ZeaChem has not reached commercial scale and
is operating at limited capacity. Other setbacks include the loss of its pri-
mary feedstock source. ZeaChem is considered a partial failure because of
its inability to scale up.

Rijkhoff et al. (2017) found mixed levels of human capital, and low levels of
social and cultural (table 7.9) capital, which are partially supported in this case.
The main social capital concepts were bonding, bridging, and communica-
tion. ZeaChem was said to be proactive with its communication and outreach
efforts. Evidence of bonding social capital was present when a stakeholder
described the community as insulated from outside influences (Roemer 2017).
Early on, the company hired a local entrepreneur to coordinate communica-
tion between the company, community stakeholders, and outside networks
and organizations. This early outreach contributed to building the refinery.
However, this early engagement and support could not counter the technical
and financial challenges that have kept ZeaChem operating at limited capacity.

The community’s legacy and values stood out for cultural capital. The com-
munity is supportive of most economic development projects and especially
projects that relate to food, agricultural, and timber industries. Stakeholders
saw the project as a natural fit and easily supported the project. “We're an
agricultural based economy, and so those industrial opportunities [are] value-
added opportunities” (interview with local government employee, February
2017). They also said the project aligned with community values to have a

“green industry.” Boardman'’s industrial legacy and community values con-
tributed to project acceptance and support.

Key human capital themes present were labor and workforce, skills,
knowledge, and capacity. Participants cited challenges of getting technical
experts from Denver, Colorado, and San Francisco, California, to relocate.
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Stakeholders contended that when the project reached commercial scale,
Boardman and the surrounding area could meet its labor and workforce
needs. However, ZeaChem remains operating at the demonstration level. A
ZeaChem representative stated that in addition to technical challenges, coor-
dinating technical experts’ schedules to work at the demonstration site likely
contributed to financial and technological delays. This opinion is supported
by initial social asset metrics, as Rijkhoff et al. (2017) predicted education
levels below the regional average.

The qualitative data demonstrate concepts of social and cultural capital;
however, the quantitative indicators show unfavorable levels of social and cul-
tural capital, with both underperforming compared to the regional average.

Tacoma, Washington—Failure

The port of Tacoma was the proposed location of the Northwest Innovation
Works (NWIW) natural gas-to-methanol production plant. The facility
would export methanol to produce olefins for use in plastics and other goods.
Despite early political support from Washington’s governor and other public
officials, the plant faced strong local resistance. The company terminated the
facility lease before the environmental review was conducted.

Rijkhoff et al. (2017) did not find favorable levels of social, cultural, or
human capital with the exception of education (table 7.10). The analysis
of social capital in Tacoma demonstrated negative indicators of social cap-
ital. Communication failure and breakdowns between stakeholder groups
eroded public support. All interviewees indicated that NWIW failed to
address the community’s environmental and safety concerns. Additionally,
the port notified the surrounding communities and others about meetings
through traditional modes of outreach (e.g., press releases, newspaper arti-
cles, etc.); however, this information did not reach community members,
who learned about the incoming facility through social media. Feeling inad-
equately informed and distrustful, people began organizing in opposition to
the facility. Several participants noted this swell of public participation was
unusual and the result of high levels of public distrust.

Key concepts of cultural capital were found to influence the opposition
to the incoming methanol refinery in Tacoma. Perceived negative industrial,
environmental, and social legacies led some community members to voice
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concerns about environmental degradation and excessive water and energy
consumption. Additionally, there was a social theme pervasive throughout
the interviews that Tacoma gets Seattle’s unwanted projects: “So, . . . while
Tacoma apparently has become the petrochemical kitchen of the NW, Seattle
gets the high-tech incubator jobs” (interview with local community member,
February 2017).

The concepts of human capital focused primarily on the type and availabil-
ity of the local workforce. When asked why they thought NWIW selected
Tacoma, after first mentioning the natural and physical infrastructure, the
interviewees described the workforce as ideal for this industry. This finding
supports Rijkhoff et al.’s (2017) quantitative assessment indicating supportive
levels of education in the county.

While this case demonstrates social organization forming against the
project, influenced by negative industrial histories and legacies, neither the
interview findings nor quantitative indicators (table 7.10) suggest favorable
levels or themes of social, human, or cultural capital in support of this proj-
ect implementation.

Case Study Conclusions

Data from the four cases show that social, cultural, and human capital can
play a significant role in complex project siting decisions. In these cases, the
social asset metrics are mostly supported by the interviews, lending support
for their inclusion in our DST. However, the data also reveal both limitations
of these measures and opportunities for improvement.

In the two cases of success/partial success, the quantitative indicators
showing higher levels of social capital were supported by stakeholder inter-
views. Stakeholders noted the importance of bridging organizations in
supporting projects through the implementation process, particularly well-
connected nonprofit organizations. These groups facilitated communication
between stakeholders and with other sectors of the community.

In addition, communication played a significant role in two ways: (1) how
well and often multiple stakeholders communicated and (2) how well compa-
nies or public officials presented information to the public. In the successful
case, stakeholders mentioned a major factor in Blue Marble’s decision to relo-
cate from Seattle to Missoula was the ease of access to, and communication
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with, vital local stakeholders. In contrast, NWIW’s failure to address the
local environmental and safety concerns in Tacoma contributed to strong
opposition of the methanol refinery.

Previous work (Fey, Bregendahl, and Flora 2006; Klamer 2002) finds that
cultural capital plays an important role in community economic development,
including a community’s capacity for creativity, innovation, and willingness
to take risks and their shared legacy and values (Tigges and Noble 2012). The
cultural capital measure used in the DST, the CVI, indicated favorable levels
in the Missoula case, but case study analysis suggests these measures can be
improved. For example, evidence of creativity, innovation, and risk taking was
prominent in Lakeview. In both Lakeview and Boardman, the biofuel refin-
eries were publicly supported because the projects aligned with a shared and
valued legacy of timber and agricultural industries. In Tacoma, a legacy of
environmental degradation, combined with NWIW’s failure to address the
community’s fears, fueled opposition to the project. These aspects of cultural
capital are not currently measured by the quantitative cultural capital indicator.

Whether the case study findings can validate human capital quantitative
indicators is unclear. Both Tacoma and Missoula stated that the local work-
force could support the incoming refinery. In Boardman, ZeaChem faced
challenges coordinating outside experts’ schedules for its demonstration
facility, which stakeholders indicated impacted start-up and development.
Lakeview stakeholders only mentioned the workforce in relation to having a
small administrative staff, possibly indicating limited human capital.

There are limitations to the case studies. With only four communities, the
size and scope of the assessments were restricted, and facilities examined were
at different stages of development. For example, Lakeview is determined a par-
tial success because, while the facility has not yet been built, the company has
attained approvals for an enterprise zone, pipeline capacity, an urban growth
boundary amendment, and air quality permits, and it is preparing for con-
struction (Liedtke 2018). In contrast, ZeaChem is a partial failure because of
financial and technical reasons, not insufficient social assets. As these cases are
in various stages of development, future research is needed to determine if
initial designations of success or failure still apply. However, at this time, the
case studies indicate that the quantitative social asset indicators currently being
used in the DST provide a more robust assessment for facility siting decisions
compared to those that rely on traditional siting criteria (Martinkus et al. 2017b).
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Decision Support Tool: Full Model

The DST’s social asset inclusion creates a multicriteria tool that combines
these assets with traditional economic site selection criteria (table 7.2). The
current DST refines the social asset metrics of Rijkhoff et al. (2017) by adopting
a scale measure of each capital rather than the cutoff scores, allowing for a
more nuanced analysis of assets, especially for communities close to the cutoff.

As mentioned, each facility receives a score based on how well its assets
compare to the siting criteria. Individual facility scores are calculated using
the Weighted Sum Method (Wang et al. 2009), which represents the sum of
individual criterion weights multiplied by location-specific scaled values and
by an overall economic or social metric weight (equation 1).

2 n
F, = 0y Z w; sj; where Z 0,=1 Equation 1
=1 =1

X

where F; is the score for facility j, w; is the weight for criterion i, §;; is the
scaled value for criterion i at facility j, n is the total number of criteria, and
theta x is the overall user-defined weight for metric x. Here, each metric is
assigned a thetax = o.5, thus giving both metrics equal weight and impor-
tance. The overall weights can be adjusted (as long as they sum to 1) to pro-
vide greater importance to either the economic or social metric, thus poten-
tially altering the final site selection.

Each criterion’s range of facility-specific economic and social values is
used to determine the range associated with each scale value. The criterion-
based “bin” values (Bi) are determined by dividing the range of facility values
(@i max> @i min) Dy the maximum scale value (smax) for each criterion i (equation
2, table 7.1).

a; —Qimi .
Bi — Zimax—%imin Equatlon 2

Sm ax

The maximum scale value is assigned to the minimum or maximum value
in each criterion’s range of values that denotes the most positive influence on
facility siting, such as low electricity rate or high infrastructure compatibility.
The subsequent scale values are calculated by either adding or subtracting B;
based on the positive or negative influence of the criterion (table 7.1).
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FIGURE 7.2. Cascade-to-Pacific (C2P) study region and candidate biorefinery sites.

Decision Support Tool Application

We applied the DST to locating a forest biorefinery in a region of the PNW
we call the Cascade-to-Pacific (C2P), representing western Oregon and
Washington (figure 7.2). Ten active or recently decommissioned pulp mills
are assessed for their repurpose potential as a forest biorefinery serving the
Seattle-Tacoma International Airport. This region has the existing physical
infrastructure and ability to meet an annual feedstock requirement of about
830,000 bone-dry tons (BDT) of postharvest forest residues. Such a facility
could produce approximately 36 million gallons of isoparaffinic kerosene
(IPK), or aviation biofuel, from the feedstock through an enzymatic hydrolysis,
fermentation, and catalytic conversion process (Zhu 2015). See table 7.11 for the
decision matrix, and table 7.12 for the scaled values and overall facility scores.

Results

If the facilities are evaluated based on economic metrics alone (Economic
Score column), Cosmo ranks highest due to infrastructure compatibility, low

Copyrighted material
Not for distribution



202 RIJKHOFF, ROEMER, MARTINKUS, LANINGA, AND HOARD

TABLE 7.11. Decision matrix for C2P facility site assessment

Economic Metric Social Metric
Natural Built
Capital Financial Capital Capital
o ~ = -
§°w': - < s 53 - s 3
N Y V B2 =
sde ¢ g ¢ i § & %
332 & o = i3 3 3 <
2590 . 24 Sy . 536 2 g g
22 20 5= S 3 s S = = g £
T T e SR S 5§ &9 % S 3 S
EQ 8 B Z 8 z 2 Fx& 3 3 T
Scale
5 62.7 0.047 7.5 571 40.6% 0.6 1.0 —2.9
4 65.3 0.051 7.9 627 39.2% 0.3 0.8 —2.0
3 67.8 0.055 8.3 683 37.8% —0.4 0.7 —I.1
2 70.4 0.058 8.6 739 36.4% —0.5 0.6 —0.2
1 72.9 0.062 9.0 795 34.9% —0.9 0.4 0.8
weights 5.9 4.0 0.9 1.8 7.4 6.67 6.67 6.67

electricity rate, and relatively low costs for feedstock and fuel transport (table
7.12). These criteria are weighted the highest due to the large annual oper-
ational expenses they impose on the biorefinery. However, when consider-
ing the county’s social assets, Cosmo ranks fourth due to low cultural and
human capital (Social Score column). The low human capital score suggests
that repurposing this pulp mill into a forest biorefinery may be hard due to
workforce issues, suggesting the need to relocate labor or to provide ongoing
training. In addition, the lower cultural capital scores could suggest a com-
munity with limited ability to adapt or creatively approach problems that
might occur in the permitting process or other development stages.

When considering economic and social criteria equally, GP Wauna ranks
highest (Facility Rank column). This facility has low infrastructure compatibil-
ity (the highest economic weight), yet it scores relatively high for all other eco-
nomic metrics, and it ranks highest for all social metrics. To convert GP Wauna
into a biorefinery, construction improvements may cost more, but the facility
may also experience a faster permitting process due to the community’s high
social cohesion and potential ability to tackle difficult issues productively. This
presumed capability translates into a faster start-up time, with construction
costs recouped sooner, compared to a facility that may require less capital to
repurpose but that encounters delays in permitting or due to public opposition.
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TABLE 7.12. Scaled facility values and resulting scores C2P

Final Facility
Social Metric Weight, Ox Score
Economic Metric Weight, Ox = o.5 =o.5 and Rank
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Facility EE R 2 & @ 2828 38 8§ =22 elx &
Cascade Pacific 3 1 5 I 39.0 195 3 I 3 46.7  23.3 42.8 9
Cosmo 4 5 2 4 5 89.6 44.8 1 1 33.3 16.7 61.5 4
GP Camas 4 3 5 I I 49.3 247 1 3 5 60.0 30.0 54.7 7
GP Wauna 4 4 5 4 1 587 204 5 5 5 1I00.0 50.0 79.4 1
GP Toledo 1 2 5 5 I 348 174 5 5 3 86.7 43.3 60.7 5
IP Springfield 3 2 5 3 I 43.0 21.5 3 5 4 80.0 40.0 61.5 3
Kapstone 5 5 2 I I 605 303 2 1 1 26.7 13.3 43.6 8
RockTenn 4 I I 1 1 37.7 189 I 3 3 46.7  23.3 42.2 10
SP Fiber 4 5 5 3 3 757 379 2 2 5 60.0 30.0 67.9 2

Weyerhaeuser 5 5 2 I 4 827 41.4 2 I I 26.7 13.3 54.7 6

Note: Raw facility scores can be found in appendix table 7A.2.

As we have stated previously, the biorefinery siting DST is meant to refine
a large list of potential facilities to a few top candidates for further investi-
gation. Assessments are performed based on publicly available data, which
enhances both its trust and transparency and which increases compatibility
and comparability across the United States. Once a list of preferred candi-
date facilities is identified, in-depth community and facility analyses must be
performed to identify the major concerns that would prevent or delay the

facility’s efficient repurposing.

Conclusion and Strategic Considerations

A multicriteria DST can be instrumental in effective facility siting due to its
unique ability to combine multifaceted and divergent assets into a single
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framework for assessing candidate communities. The CCF provides a system-
atic framework for determining levels of community assets (or capitals) and
the interaction between assets; however, the framework’s qualitative nature
limits its effectiveness for broad-based community comparison because of
its data-rich needs. Our innovative, cross-disciplinary DST links the CCF to
quantitative indicators to assess facility siting options both regionally and
nationally. As such, this tool is powerful for initial assessment. Unfortunately,
highly technical facility siting analysis are often conducted without critical
social assets included, which limits the ability to predict successful imple-
mentation. Social assets not only provide assessment of the likelihood of
community support, but they also address other critical aspects of project
success that can aid project development, implementation, and sustainability.
Our integrated DST was developed to identify forest biorefinery sites in the
PNW, but it could be applied throughout the United States, for bioenergy or
other industrial siting applications.

Case studies findings illustrate that the selected social asset indicators are
effective proxies for assessing the presence of social, cultural, and human
capital, despite using somewhat dated quantitative data (e.g., 2009, 2010, and
2013)." Although the case studies reveal the social asset indicators could be
refined further, the current dataset is adequate for identifying host commu-
nities more likely to sustain a biorefinery. The case studies also indicate that
the type of facility matters, particularly regarding whether it is a good fit
with the community’s culture. However, this is not a limitation of the DST
because physical indicators, such as infrastructure and feedstock, would need
to be adjusted to accommodate different types of facilities, and social assets
are no different. Incorporating social assets into the DST does not eliminate
the need for context-specific knowledge of candidate communities in order
to enhance the likelihood of community acceptance of a siting decision. The
tool does, however, provide an important initial assessment of these com-
munities, resulting in a reduced number of sites to consider in greater detail.

The multicriteria DST has many strategic applications. High-tech facility
siting is complex and often highly contentious. A critical role in the decision-
making process for tools such as our DST is being a “boundary object” or a
tool that can facilitate communication and learning between individuals and
groups with disparate interests (McKnight and Zietsma 2007). Historically,
DSTs have been used by industry leaders performing site selection to identify
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candidate locations that meet their needs and provide reduced capital and
operational costs (Noon, Zahn, and Graham 2002). However, with growing
interest in engaging stakeholders and the general public in environmental
decisions, the DST can be extremely useful in creating a common under-
standing (Beierle 2002).

Our DST is also useful for economic developers to attract bioenergy,
high-tech, or renewable energy developments to their region, especially
given the growing interest in state- and local-level renewable energy pro-
duction (Durkay 2017). The DST supports economically sustainable devel-
opment by favoring existing facilities but is equally adept at assessing
greenfield locations. With the incorporation of social assets, stakeholders
can determine a community’s readiness to accept a specific proposal and
identify areas of limited social capacity. For instance, a community that
underperforms in social capital may benefit from strategic engagement of
economic developers to enhance citizen trust and support for particular
industries (e.g., biorefineries or wind/solar farms). Lower levels of human
capital may indicate a need to improve local workforce skills or bringing in
key operational personnel. The DST analysis can indicate a communities’
existing assets and highlight weaknesses to bolster or enhance the commu-
nities’ appeal to industry investment.

While a DST can be a powerful tool for site selection, it is not without its
weaknesses as the quality of the data used in the tool determines its accuracy.
These tools require frequent updating, can be complex and difficult to under-
stand, and require transparency about their uses and limitations. Weights
should be evident and grounded in the literature. In our DST, we weighted
the economic siting criteria using a quantitative assessment of the biorefinery
TEA, while all social capitals were weighted equally. Performing sensitivity
analyses, where weights and cost estimates are adjusted, can provide addi-
tional levels of understanding about the DST’s outputs (Martinkus et al. 2017b).
A DST also does not inform about risks involved in project development and
implementation. Despite these limitations, the DST provides more informa-
tion to industry, community leaders, and local stakeholders about candidate
communities. This information can enhance the likelihood of implementa-
tion success through strategic engagement that reduces costs associated with
community opposition, citizen distrust, and insufficient labor. The DST pre-
sented here can play an important role in high-level policy decisions and local
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permit approval. Moreover, DSTs can be crucial for nascent industries that
must operate at reduced costs until market share can be achieved.

Appendix

TABLE 7A.1. Social, cultural, and human capital cutoff scores and ranges

Asset Indicators Census Region West National
Social Capital Average .041 —.004
Range —3.06—7.88 —4.290-23.08
Creative Capital® Average 69 49
Human Capital Health Average —1.425 .084
Range —7.66—6.21 —7.66—12.50
Obesity Average 25.8% 30.3%
Poverty Average .33 —.15
Range —5.65—7.82 —5.65—7.82
Education Average 58.0% 54.2%
Language Average 3.20% 1.80%

* For Creative Capital there is no range available due to the nature of the data. Please see Rijkhoff
et al. (2017), for more details.

TABLE 7A.2. Original facility scores from decision support tool in the PNW

Economic Metric Social Metric

Natural Capital ~ Financial Capital ~ Built Capital

LR o (SIS =

é S ) 80 5 = S

= & ’5 % 5‘ - 5 —~ § - § ;\2 § = §"
2w 8y S 8% v¥ E o2 8 Q‘i‘ o [T = =~
5PEe 2§52 9 28 32&EE 3= 55 §5
S S 3 82 ES o8 3 S 8 § &
§83T & ST 8% S5SI £328¢@ S S ¥ 3=
Facility EE5S BE 28 28 TES s 838 38
Cascade Pacific $68.59 066 7.8 724 34% —.46 .30 —.71
Cosmo $65.51 048 8.8 647 41% —.30 .31 1.49
GP Camas $67.60 .055 7.5 851 34% —1.29 .60 —2.40
GP Wauna $65.26 .053 7.8 629 34% 64 .99 —2.61
GP Toledo $75.44 062 7.8 571 34% 29 .90 —0.58
IP Springfield $69.69 062 7.8 712 34% —.15 .96 —1.62
Kapstone $62.97 .047 8.8 823 34% —.66 .33 1.67
RockTenn $67.35 .063 9.4 812 34% —I1.10 .66 —.91
SP Fiber $66.49 049 7.8 688 38% —0.68 .51 —2.88
Weyerhaeuser $62.71 .047 8.8 823 39% —.66 .33 1.67
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Notes

1. NARA, funded by the US Department of Agriculture’s National Institute of
Food and Agriculture (NIFA), facilitates the development of sustainable biojet fuel,
high-value co-products made from lignin, supply chain coalitions, rural economic
development, and bioenergy literacy in Washington, Oregon, Idaho, and Montana.
For more information, see http://nararenewables.org/.

2. The most recent development iteration of the social asset dataset includes
an initial measure of political capital. However, this capital is still being assessed.
Preliminary findings are available per request.

3. Rent-seeking groups include political, labor, professional, and business orga-
nizations. Non-rent-seeking groups include civic organizations, bowling centers,
golf clubs, fitness centers, sports organizations, and religious organizations.

4. An updated social asset database is currently in progress. Since it proved to
be valid with the older data, we are confident that an updated version will perform
just as well or even better. Information and data for the new version are available
upon request.
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Chapter 7 Summary

The chapter presents the development and application of a siting decision
support tool (DST) for biorefineries that combines economic and social
assets. The multicriteria tool is particularly useful to aid high-tech facility
siting decisions. Economic siting criteria are represented by major biore-
finery operational costs (e.g., feedstock and utilities) that vary geospatially.
Through assessing location-specific costs at each facility, a site may be iden-
tified that provides reduced annual operational costs, resulting in a more
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cost-competitive fuel. Social criteria are characterized by the ability of com-
munities to accept and sustain complex new industrial projects. We identify
three key assets impacting project sustainability: social capital, creative cap-
ital, and human capital. We include several social asset metrics measured at
the county level, such as community innovation and collective action capac-
ity. The social asset database used in the DST represents the first quantitative
model of these important nontechnical assets that is both comparative and
adaptive for site selection in the United States.

We validate the strength of the selected social assets with four case studies
of successful and unsuccessful biorefinery facilities sited in the US West. This
case study analysis draws on interviews with key stakeholders to examine
the role social assets played in the successful adoption and implementation
of these industries. The findings support the selected social assets, showing
they are effective proxies for assessing the presence of social, creative, and
human capital. We also report on the results of applying the multicriteria
DST to pulp mills in the Pacific Northwest for their repurpose potential as
biorefineries. The DST provides a quantitative way to evaluate these existing
facilities based on multiple location-specific siting criteria, providing a score
to rank each facility based on its economic and social assets. We use the DST
to evaluate ten existing mills for their fit and likely success as a repurposed
biorefinery. Our analysis refines the initial list of ten sites to a few select loca-
tions. By doing so, the DST increases the likelihood of successful implemen-
tation of a repurposed biorefinery.

The DST illustrates an interdisciplinary approach to addressing economic
and social barriers in bioenergy facility siting. The strength of the DST is its
applicability and adaptability for use in both bio- and traditional energy plant
siting decisions across the nation. By combining economic and social crite-
ria, the DST provides industry, community, and government decision-makers
with a ranked list of locations for siting high-tech plants that are more likely
to have sustained economic success.

KEY TAKEAWAYS

e A multicriteria decision support tool (DST) is developed, tested and validated.
e The tool integrates quantitative measures of economic and social assets

relevant to siting decisions.
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 The decision support tool is instrumental in effective initial facility siting
assessments.

¢ The tool contains social asset data for most counties in the United States,
thus providing difficult-to-obtain social asset data at a national level.

¢ Case study findings support the use of selected social assets in assessing

potential bioenergy sites.
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