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Abstract

This research developed a regional economic model to estimate the ex-ante impacts of biofuel
production on the economy of the southeastern United States. The analysis focuses on biofuels
produced using biochemical and pyrolysis technologies. The primary feedstocks considered in-
clude switchgrass (Panicum virgatum) and poplar (Populus spp.). The economic analysis modifies
the Impact Analysis for Planning (IMPLAN) input-output model to determine the macroeconomic
impacts of a mature industry producing biofuels using these technologies and feedstocks. Optimal
facility locations are determined using a site locator model that minimizes the costs of procuring
feedstock. Given a change in the land use caused by industry demand for feedstock, shocks to the
farm economy are forward-linked to sectors supporting biofuel production. Key economic indica-
tors analyzed include changes in employment and value added to the economy. System output is
analyzed using a nonparametric bootstrap procedure to simulate the distributions of the impacts.
The null hypothesis is that the economic impacts following the introduction of the industries are
not different from baseline economic activity. Findings suggest that the net changes in employ-
ment and value added to the regional economy are positive, but modest. For example, job increas-
es attributed to the advancement of the industries analyzed range between 0.18% and 0.95%. To-
tal value added to the regional economy ranged between 0.15% and 0.83%.
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1. Introduction

Prior research finds that the southeastern (SE) US will be an important supply region for cellulosic biomass
feedstocks from dedicated energy crops and from forestry and wood waste sources [1] [2]. Federal mandates set
targets for the production of advanced biomass fuels from non-grain materials. The United States Energy Policy
Act of 2005 established the Renewable Fuel Standard (RFS). This legislation required that 7.5 billion gallons of
domestic transportation fuels originate from renewable sources. The RFS policy was revised two years later
(RFS2) through the Energy Independence and Security Act (EISA), mandating that 36 billion gallons per year of
biofuels be produced in the United States by 2022, with 21 billion gallons produced with advanced biofuel
technologies [3]. Research suggests that 50% of this target could be produced in the SE US due to growing con-
ditions favorable to variety of biomass materials [4].

This research estimates the change in regional economic indicators, including total value added to the econo-
my and employment, based on annual facility operating, feedstock transport, storage, labor, renewable identifi-
cation number credits, and the opportunity costs of replacing conventional crops with the feedstocks of switch-
grass and/or short rotation woody crops (e.g., poplar). The analysis is ex-ante; in other words, we ask “what if”
questions given assumptions pertaining to 1) the economics and technology of converting cellulosic materials to
biofuels using biochemical or pyrolysis pathways; 2) the growing conditions for woody biomass and switchgrass
in the southeastern US; 3) the distribution of current agricultural land use in the region; and 4) the economic
conditions before the placement of drop-in fuel or cellulosic ethanol production facilities. Attracting biofuel
production could provide communities off-farm work opportunities and increase household income through lin-
kages to local agricultural production and supporting businesses [5] [6]. In many cases, new biofuel facilities
generate employment opportunities, deepen the community’s tax base, and increase local spending [7]-[9]. Eng-
lish et al. [10] forecasted that the impact of feedstock conversion to ethanol could exceed $700 billion USD and
create 5.1 million jobs by 2025. Federal agencies estimated that the RFS supporting biomass perennial crops
could generate 700,000 jobs and $88.5 hillion in economic activity by 2023 [11].

Research analyzing the effects of biofuel production on local economies is generally characterized by studies
applying on input/output (I0) models or econometric studies using primary survey data or secondary “macro”
county data. The economic impacts of bioenergy and biofuels development have been analyzed in studies using
the economic 10 model IMPLAN (the Impact Analysis and Planning system, [12]). IMPLAN is an 10 model
used to analyze interdependencies between industries in an economy through market-based transactions. The
model describes the transfer of money between industries and institutions and contains both market-based and
non-market financial flows. Output from the model includes Total Industry Output (T1O) (a measure of eco-
nomic activity), Total Value-Added (TVA), labor income (a component of value-added), and employment for
440 industries in the study region’s economy. Total industry output measures the annual dollar value of goods
and services that an industry produces. Employment represents estimated number of full- and part-time wage
and salary employees, as well as self-employed. Total Value-Added (TVA) captures estimated employee com-
pensation, proprietary income, other property type income (dividends, interests, rents, corporate profits, and
capital depreciation), and tax on production and imports (all business taxes and fees paid to governments in-
cluding sales and excise taxes).

Lazarus and Tiffany [13] investigated the economic impacts of Short Rotation Woody Crops (SRWC) used to
produce energy in Minnesota. English, Menard, and De La Torre Ugarte [14] evaluated the economic impacts of
using corn stover for ethanol production for Midwestern states. The impact of bioenergy energy industries on
Louisiana’s economy was determined using IMPLAN by Hughes and Hinson [15]. Using 10 methods, Turner
and Kreisel [16] found that so-called “green industries” were the second largest employer in US production
agriculture. Swenson [17] found an employment impact multiplier of 3.79 jobs generated for 1 job at an ethanol
facility. Low and Isserman [18] estimated an employment multiplier for the construction of ethanol ranging be-
tween 3.92 to 6.41 jobs per person employed by an ethanol producing facility.

This analysis develops a system of interrelated modules depicting the linkages between primary feedstock
producers, biofuel production, and supporting industries with economy-wide impacts in the SE United States.
The core economic model is the IMPLAN 10 model, but the system is modified to reflect the opportunity costs
of production incurred by landowners and agricultural producers and credits facilities could receive for produc-
ing biofuel. The modules are driven by a facility locator model, BioFLAME [19], which determines the optimal
location for biofuel facilities based on a cost minimization algorithm.
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2. Methods and Data

The technology focus of this analysis is on the production of ethanol and “drop-in” fuels, such as biobutanol.
The analysis assumes ethanol is produced through biochemical processes. Drop-in fuels are produced using py-
rolysis. Either technology can use switchgrass (Panicum virgatum) or the short rotation woody crop (SRWC),
poplar (Populus spp.) as energy feedstocks. Switchgrass is a perennial grass native to the region, and is consi-
dered favorable for producing cellulosic ethanol and other advanced biofuel products, depending on the tech-
nological pathway [19]. Poplar is a fast-growing hardwood that grows well in the southeastern region and is
suitable for producing biomass materials in short crop rotations to produce advanced biofuels and other biobased
materials [20]. One product of pyrolysis is biobutanol. Biobutanol is produced from cellulosic biomass and has
an efficiency advantage over ethanol because it is easily blended with gasoline and would not require new or
modified pipelines, blending facilities, storage tanks, or retail station pumps [21]. Cellulosic “drop-in” transpor-
tation fuels like biobutanol can be produced from a variety of biomass sources including sugarcane, maize, tu-
bers, forage sorghum, corn stover, sunflower, forest residues, herbaceous or short rotation woody crops, or cel-
lulose waste. Drop-in fuels can also be produced using advanced hydrolysis and fermentation of lignocellulosic
materials to produce cellulosic ethanol.

In cases where an industry must be added to IMPLAN (either the industry does not exist in IMPLAN or it
does not exist in the region), the projected value of output and expenditures on inputs and services from the
“new” renewable industry are constructed by creating production functions for the industry. When this cost and
production data about a type of facility is unavailable, representative facilities must be assumed and custom built
into the 10 model. Investment and operating costs estimates and production coefficients for conversion facilities
are based upon prior studies [22]-[25].

Conversion technology specifications for pyrolysis and cellulosic ethanol are based on Wright et al. [26] and
Humbird et al. [27] (Table 1). According to the EIA [28], 681.2 trillion Btu generated from petroleum are re-
quired on an annual basis. There are approximately 74,500 Btus/gallon of ethanol. A 50% replacement rate
translates into a feedstock supply target of 10.5 billion gallons per year (bgy) of cellulosic-based fuel produced
in the SE region. Assuming a conversion factor of 85 gal ethanol/t of cellulose, the most current techno-eco-
nomic data suggests an upper capacity limit of about 80 million gallons/year/facility, operating at 96% efficien-
cy. This translates into 147 cellulosic ethanol plants locating in SE region (Table 1).

For pyrolytic conversion of biomass to drop-in fuels, the Btu/gallon ratio is 118,300, with a conversion rate of
52 gallons/t of biomass material (Table 1). Because of relative energy efficiencies compared to biochemical
technology, the 10.5 bgy RFS target is downward adjusted to 6.795 bgy of pyrolysis-related products needed to
meet the EISA target of 10.5 bgy at the 50% replacement rate. The base plant capacity for pyrolysis technology
is assumed to be 55.7 million gallons per year (mgy) for switchgrass and poplar. This facility capacity corres-
ponds with 121 production units requiring 78.2 million tons per year of biomass.

Table 1. Carrying capacity summary for cost minimizing sites.

Feedstock/technology Biochemical Pyrolysis
Switchgrass X X
SRWC (poplar) X X
Fuel type Ethanol Drop-in
BTU fuel value 74,500 118,300
Gallons produced (billions) 10.5 6.795
Conversion rate (fuel product/ton) 85 52
Production a) 10.5 6.795
Feedstock (tons/facility) 884,506 701,329
Base plant capacity (millions gal.) 80 55.7
Plants required meeting target 147 122

Notes: a) assumes 100% of the 10.5 billion-gallon-year * target for the southeastern US is met.
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The analysis compares economic indicators with facility locations and corresponding feedstock demand under
different policy scenarios, ranging from 22% fulfillment of the RFS2 mandate to the full, 100% attainment of
the goal. The ethanol and drop-in fuel production levels analyzed (22%, 31%, 50%, and 100% of the RFS2
mandate) reflect the possibility that the mandate may be only be partially fulfilled, or, alternatively, the growth
of the industry over time.

2.1. Modeling System

Changes in the economy are driven by biofuel facility demand for feedstock, which impacts the distribution of
land allocated to conventional crop production (Figure 1). As the distribution of land changes to meet these re-
quirements, so too does demand for agricultural inputs, land rent, and other productive factors primarily impact-
ing farm-level production. Facilities locating in a region require labor, financial and managerial services, physi-
cal materials, energy, and other support. As Figure 1 indicates, these interactions are incurred by feedstock of
biofuel producers as costs or returns. These demands are also tied to the wider economy, further impacting jobs,
income, and investment in other sectors of the regional economy as depicted in Figure 1 under “economy-wide
impacts”.

The core components of the IMPLAN model was used to structure these economic impacts. There were 43
industrial sectors identified for the pyrolysis and biochemical-cellulosic fuel technologies using the 2010
IMPLAN data base. There are 55 economic regions according to the Bureau of Economic Analysis (BEA) defi-
nitions defining the study area. A separate impact statement is generated for each BEA unit, conditional on the
number of facilities locating in a region and the feedstock required by these facilities.

As depicted in Figure 1, feedstock establishment and facility construction costs are one-time investments. All
other expenses are recurring annual costs. It is important to adjust impacts when land is removed from the pro-
duction of conventional crops to the production of feedstock. The opportunity costs forgone by landowners as
productive agricultural land is allocated to switchgrass or the production of SRWC are potentially negative im-
pacts (e.g., loss of revenue, —R). The costs of forgoing receipts from corn, soybeans, and other crops typical to
the region are netted out of gains from the production of feedstock as more land is used to produce biomass.
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Figure 1. Economic system analyzing industry demand for switchgrass and poplar biomass on regional economic indicators.
(Notes: “—R” indicates a loss in revenue by producers; “+C” indicates an additional costs incurred; “+C” indicates facility
energy costs may increase or decrease, depending on the electricity credits generated by the facility).
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Credits from Renewable Energy Identification Number (RINS) are “pure profit” to facilities and proprietor’s
income (+C). They occur as a result of product output. Therefore, it is assumed the RIN value is spread through-
out the regional economy in a fashion similar to manner in which proprietor income is spent. The costs of trans-
portation and feedstock storage requirements are considered as operating costs and feed into the economy.

2.2, Site Facility Location System: BioFLAME

Least-cost facility locations are determined using the site facility locator model, BioFLAME (Figure 2). The
BioFLAME model is currently calibrated for 16 southeastern states, and has been used to explore the economic
impacts of preprocessing facilities for a commercial-size switchgrass biofuel plant in East Tennessee ([29] [30])
and impacts of biofuels on water quality [19]. BioFLAME operates on GIS architecture consisting of three
components—site suitability, feedstock availability, and land conversion. As indicated in Figure 2, road net-
works, pipelines, transmission lines, and other geo-spatial layers ([31]) are used to identify candidate cellulosic
refinery locations. Given an annual target output level for a facility, BioFLAME determines: 1) from where cel-
lulosic feedstock would be sourced to supply the facility, 2) the annual cost of procuring and transporting feeds-
tock, and 3) how many facilities a region can support.

BioFLAME’s costs minimization routine integrates GIS functions and database management operations to
determine the facility locations minimizing the plant-gate cost of feedstock (Figure 2). Soil productivity and
weather impact crop yields. Regional-level crop budgets, acreages, and prices are used to calculate a break-even
price above which farmers would convert traditional crops to dedicated energy crops. The shortest route to every
potential feedstock supply unit along the transportation network is determined and used to generate a least-cost
transportation surface. A hierarchy of primary, secondary, and tertiary roads generates arcs between supply
nodes. The feedstock supply analysis subsequently evaluates the costs of siting a facility in the set of all candi-
date sites in a region. The final solution minimizes transportation and farmgate costs at preferred sites.

Key location determinants used by BioFLAME include transportation networks and the distribution of bio-
mass from agriculture and forests. The distribution of feedstock materials from cropland was updated using the
2010 USDA NASS [32] Cropland Data Layers. As depicted in Figure 2, commodity prices, crop budgets ([33]),
and transport costs are the primary drivers of the facility locator model. Costs and yield of growing dedicated
energy crops [34], conventional crops (corn, soybean, barley, wheat, oats, hay, and cotton) or pastureland costs
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Figure 2. Schematic of site facility locator system, BioFLAME.
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are estimated in similar fashion using regional crop budget to generate a cost surface [35], NASS 2010 annual
commodity prices and county level yields modified by soil. A breakeven price of biomass is determined assum-
ing that the biomass crop must at least equal to profit generated by conventional crops or the land rent value of
that land based on state level land rent values for non-irrigated cropland or pasture land. The opportunity costs
of crop production and pastureland were updated with 2010 commodity prices to reflect these trade-offs [36].

2.3. Economic Indicators

The economic indicators analyzed are changes in employment, total value added to the economy (TVA), total
industry output (T10), and labor income. Using the economic data of the 440 industries represented in the 2010
IMPLAN data files, we estimated the 2010 baseline TI1O to 6.17 trillion dollars, with an aggregate value added
from economic activity of 3.59 trillion $USD. Total regional employment was 46.51 million jobs, with a labor
income of 2.26 trillion $USD. These indicator levels represent the baseline.

Two measures are used to analyze how these indicators change. The first measure is the percent change from
the baseline, aggregate economy of the SE region. The second measure evaluates changes in employment and total
value added on a per Btu (energy) equivalent. This metric allows for a relative comparison between biochemical
and pyrolysis pathways and their respective impacts on feedstock demand, land use, and the regional economy.

2.4. Nonparametric Bootstrap Simulation of Indicator Distributions

A nonparametric bootstrap procedure is used to simulate the distributions of the economic impact indicators to
compare point estimates to the baseline economy. The bootstrap is useful when the moment generating function
of a distribution is unknown, or when the variance calculation of a function is intractable [37]. In this research,
the distribution of an aggregate impact (a sum) is desired.

Let Z(')‘ indicate an aggregate economic measure k such as total employment or total value added for

i=1---,55 BEA regions. The baseline economic level of the kth indicator is therefore z! = Zi’l z{, , with the

lower case z an indicator of economic activity in region i. The percent change following a shock to the economy
is D" =100-(AZ/ /Z(';?( where AZlk indicates the change in economic activity following the shock. In the
present case, the “shock” driven by site selection, feedstock procurement, and biofuel production occurring in
location i. The distribution of change D* is simulated with the bootstrap as follows.

1) Resample with replacement indicators zi'fo to construct a bootstrap sample, z. ={z(l);k,
where “*” indicates the indicator is randomly selected from the observed distribution, and assuming each BEA
region has an equally likely chance of selection.

2) From the resampled set Z(';, determine the number of facilities locating in a BEA region and the corres-
ponding area allocated to feedstock production with the indicator variable w;, such that w; is the number of facil-
ities locating in economic region i, O otherwise. The set of indicators corresponding with impacted regions is

therefore  Azg. = { @y, - Az, @, - AZS -+, 00550 - AZ2H )

2,k 55,k
ZO* 3Ty ZO* ’

3) Determine the aggregate indicator, Z(')‘Ym = Zi’l zi¥ . This is the mth bootstrapped baseline indicator.

* . - Az} . This is the mth bootstrapped indicator follow-

4) Determine the aggregate indicator, AZl‘fm = Zi:l '
ing the economic shock.

5) The statistic DY is calculated and collected as the mth bootstrapped statistic, for m=1,---,10000 simu-
lations.

A similar resampling strategy was used to simulate the distributions of the impact ratios; employment and
value added, per Btu produced from biochemical and pyrolytic technologies and the feedstocks analyzed at each
policy target. The medians, lower 5%-, and upper 95%-tiles are estimated for each simulated distribution for

comparative purposes.

3. Results and Discussion

Aggregate economic impacts were modest for all target levels analyzed. Assuming that 100% of the 10.5 bgy
mandate was achieved, aggregate economic impacts were typically less than 1% for each of the indicators
(Table 2). For example, assuming the 100% goal of 10.5 bgy is achieved using only drop-in fuels produced with
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switchgrass, the aggregate change in jobs is 0.81% (from a 2010 baseline employment level of 46.51 million in
the southeastern US). For pyrolysis using SRWC as feedstock, the corresponding change in total value added to
the regional economy was 0.65% (from a 2010 baseline of $3.59 trillion). For cellulosic ethanol produced using
switchgrass as feedstock, the change in employment and total value added to the economy was 0.97% and
0.84%, respectively. The indicators evaluated at targets below the 100% goal suggest that the indices are
strongly influenced by transport costs (Table 2). The decreases reflect the premium associated with least cost
sites as they are sequentially occupied by entering firms.

As indicated by the simulated distributions, the shocks are significantly different from the baseline economy
(Figure 3 and Figure 4). Generally, target achievement and economic impacts are inversely related because
transport costs increase as prime feedstock production locations are exhausted (Figure 3). The impacts also vary
depending on the degree to which a localized economy is linked to other sectors and other regions, as exhibited
in Figure 3 and Figure 4. The variation around the point estimates tends to increase advancing towards the 10.5
bgy target. This is most notable for the switchgrass-biochemical ethanol technology. However, the variability
associated with each simulated point estimate suggests the impacts aggregate impacts generated by the different
technology/feedstock combinations are similar.

Impacts are expected to be larger in areas where economic linkages to other sectors of the economy are denser.
In addition, areas with stronger ties to conventional agricultural production (typically rural areas away from urban
centers) could experience negative impacts on the agricultural sector as traditional crops are displaced by feeds-
tock production. The pyrolysis facilities are, ceteris paribus, smaller in scale compared with the biochemical

Table 2. Percentage change from baseline economy.

100% target Labor Total value
Fuel/technology/feedstock: TIO? Jobs® Income® Added®
Ethanol/Biochem./Switchgrass 0.77% 0.97% 0.80% 0.84%
Ethanol/Biochem./SRWC 0.65% 0.81% 0.70% 0.72%
Drop-in (pyrolysis)/SRWC 0.61% 0.76% 0.65% 0.65%
Drop-in (pyrolysis)/Switchgrass 0.68% 0.81% 0.70% 0.72%
50% target Labor Total value
Fuel/technology/feedstock: TIO? Jobs® Income® Added®
Ethanol/Biochem./Switchgrass 0.40% 0.50% 0.41% 0.43%
Ethanol/Biochem./SRWC 0.34% 0.42% 0.33% 0.36%
Drop-in (pyrolysis)/SRWC 0.31% 0.40% 0.33% 0.33%
Drop-in (pyrolysis)/Switchgrass 0.34% 0.41% 0.35% 0.36%
319% target Labor Total value
Fuel/technology/feedstock: TIO? Jobs® Income® Added®
Ethanol/Biochem./Switchgrass 0.24% 0.31% 0.25% 0.26%
Ethanol/Biochem./SRWC 0.20% 0.25% 0.20% 0.21%
Drop-in (pyrolysis)/SRWC 0.20% 0.25% 0.20% 0.20%
Drop-in (pyrolysis)/Switchgrass 0.22% 0.26% 0.22% 0.23%
22% target Labor Total value
Fuel/technology/feedstock: TIO? Jobs® Income® Added®
Ethanol/Biochem./Switchgrass 0.17% 0.22% 0.18% 0.19%
Ethanol/Biochem./SRWC 0.16% 0.19% 0.16% 0.17%
Drop-in (pyrolysis)/SRWC 0.16% 0.20% 0.16% 0.16%
Drop-in (pyrolysis)/Switchgrass 0.16% 0.19% 0.16% 0.17%
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Figure 3. Simulated distributions of the percent change in employment from the baseline number of jobs fol-
lowing the introduction of biofuels produced by biochemical and pyrolysis technologies (22%, 31%, 50% and
100% of the RFS2 mandate). Key: SG, switchgrass; SRWC, short rotation woody crops (poplar).

conversion system, requiring less biomass for conversion. Less biomass demanded translates into compact
feedstock sheds, and potentially less economic impact. For the biochemical conversion process using SRWC,
the displacement of conventional crops by SRWC is less extensive (compared with switchgrass), translating into
lower (in relative magnitude) economic impacts for TVA and employment. However, these differences are in-
distinguishable at 22% and 31% of the regional target.

Across all technologies, there were 46 to 58 jobs generated per 100 bil. Btu under the different target levels
(Table 3, the job/Btu ratios are rescaled by 100 bil.). In general, the jobs 100 bil. Btu* ratios decreased as the
full implementation target of 10.5 bgy is approached. This likely occurs because, at the extensive margin of
feedstock producing areas (e.g., more rural areas), baseline employment is generally lower. The impact for bio-
chemical ethanol (switchgrass feedstock) is relatively higher because of facility capacity requirements and the
type of land converted to meet feedstock demand. The jobs per Btu ratio for ethanol produced using switchgrass
and the biochemical pathway dominated the same ratio for the other technologies at all levels of the targets eva-
luated, ranging between 57.74 jobs 100 bil. Btu™ (at 22% of the mandate) to 55.95 jobs 100 bil. Btu™ (at 100%
of the mandate).

Ratios of total value added to the regional economy and Btu’s (100,000 s, 100 K) were evaluated for each the
technology/feedstock combinations at 22%, 31%, 50%, and 100% achievement of the 10.5 bgy RFS2 target
(Table 3). These indicators are interpreted as dollar values added to the economy per 100 K-Btu generated by
mandate. Across all technologies and feedstocks, the value added 100 K-Btu* ranged between 2.89 and 3.84.
The variation in these indicators is due to the tradeoff between feedstock transport costs, land productivity, and
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Figure 4. Simulated distributions of the percent change in total value added (TVA) from the baseline TVA following the in-
troduction of biofuels produced by biochemical and pyrolysis (22%, 31%, 50% and 100% of the RFS2 mandate). Key: SG,
switchgrass; SRWC, short rotation woody crop (poplar).

Table 3. Total value added and employment and Btu’s.

Percent of 10.5 bgy mandate achieved------------------------

22% 31% 50% 100%
Employment/100 bil. Btu
Fuel/technology/feedstock:

Ethanol/Biochem./Switchgrass 57.74 57.8 58.36 55.95
Ethanol/Biochem./SRWC 48.54 47.46 48.41 46.82
Drop-in (pyrolysis)/SRWC 53.36 46.31 46.27 44.24

Drop-in (pyrolysis)/Switchgrass 49.41 48.98 46.87 46.66

Total value added/100,000 Btu
Fuel/technology/feedstock:

Ethanol/Biochem./Switchgrass 3.77 3.76 3.84 3.75
Ethanol/Biochem./SRWC 3.19 3.09 3.2 3.13
Drop-in (pyrolysis)/SRWC 3.31 291 2.92 2.89

Drop-in (pyrolysis)/Switchgrass 3.36 3.33 3.18 3.23
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the distribution of facilities. The TVA 100 K-Btu* generated by the biochemical technology option (switchgrass
feedstock) dominated the other technologies, ranging between $3.75 100 K-Btu™* (at 100% of the mandate) to
$3.84 100 K-Btu™* (at 50% of the 10.5 hgy target).

As the variability of the simulated employment Btu™* and TVA 100 K-Btu* distributions suggest, it is diffi-
cult to discern a clear advantage with respect to jobs or total value added to the economy generated by each
technology/feedstock combinations (Figure 5 and Figure 6). However, as the 100% target is approached, the
distributions generated from the switchgrass-ethanol scenario are skewed right. The rightward shift in the dis-
tribution is due to the scale of the plants assumed for the biochemical conversion process, and forward economic
links switchgrass production transport, and storage has with the regional economy.

4. Conclusions

From the perspective of investors, the decision to select a location is influenced by the expected cost savings
arising from the external economies that emerge from the up- and downstream linkages which define the bio-
energy sectors. From the perspective of rural communities, local planners require timely information about
which community attributes they can leverage to attract and retain businesses and the jobs they support as
bioenergy sectors develop. This research analyzed 1) the economic linkages between the agriculture sector and
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Figure 5. Simulated distributions of changes in employment per energy unit (100 bil. Btu) following the introduction of bio-
fuels produced by biochemical and pyrolysis technologies (22%, 31%, 50% and 100% of the RFS2 mandate). Key: SG,
switchgrass; SRWC, short rotation woody crop (poplar).
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Figure 6. Simulated distributions of changes in total value added per energy unit (100,000 Btus) following the introduction
of biofuels produced by biochemical and pyrolysis technologies (22%, 31%, 50% and 100% of the RFS2 mandate). Key: SG,
switchgrass; SRWC, short rotation woody crop (poplar).

two emerging biomass-bioenergy sectors-biochemical production of ethanol, and pyrolysis-using switchgrass
and the short rotation woody crop, poplar, and 2) the potential impact of these activities on rural economies
given federal mandates encouraging the production of advanced biofuels.

Information about suitability of potential locations for conversion facilities will be helpful for siting facilities
and determining feedstock sheds. Factors influencing the location of conversion facilities include assessment of
potential feedstock availability and logistics costs as investors seek least-cost sites. Local comparative advantage
will be driven by skilled work force availability, access to capital, and infrastructure. But the socioeconomic and
environmental impacts of an expanding second generation fuels complex remain unclear as new demands on
agriculture and forestlands arise, and as primary and secondary road traffic increases.

While the net effects of the technologies and feedstock analyzed in this paper are positive for the regional
economy, the effects of spatial competition for limited feedstock resources have on job, income, and business
establishment growth will likely vary, depending on the competiveness of a county and its ability to leverage
local resources or its connection to wider economies. The findings of this research are driven by primary data
sources, but also key assumptions about the capacity, scale, and efficiency of the technologies evaluated. As
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these technologies mature, the relative costs of the technologies may change. These changes would impact the
economic indicators analyzed, and potentially rankings of the regional impacts the technologies have on local
economies.
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