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Abstract
The objective of this study is to estimate selected costs and benefits of meeting the 2022 biofuel production mandates using switchgrass as the feedstock.  This study involves the simulation of three scenarios to evaluate the cost of protecting and promoting biodiversity while producing switchgrass for biofuel.  Two models are used in this study.  The first, the Biofuels Facility Location Analysis Modeling Endeavor (BioFLAME), was developed at the University of Tennessee to study biorefinery location, feed stock source areas and costs associated with biofuel production.  The second model was developed by the Nature Conservancy as part of Tennessee’s State Wildlife Action Plans (TN SWAP) to locate which areas of the state are the most valuable biodiversity.


For this study TN SWAP was used to locate biodiversity hotspots in the state of Tennessee.  Those hotspots were then included in the BioFLAME model.  Three scenarios were modeled in BioFLAME.  The first scenario sought only to meet a production goal of 300 million gallons per year.  The second and third scenarios included regulations to protect and promote biodiversity.  The regulations were applied to areas near (within 10 miles) biodiversity hotspots.  The regulations in Scenario 3 were the strictest.  


Analysis of the results showed that applying regulations to switchgrass production increases the cost for the producers and, eventually, the cost of fuel to consumers.  The results also showed that regulations forced switchgrass production away from biodiversity hotspots to areas where it could be less beneficial to biodiversity.  Regulations also impacted biorefinery locations.  The movement of biorefinery location increased the feedstock transportation cost and that cost would also eventually be passed on to fuel consumers.
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Chapter 1 - Introduction and General Information
1.1 - Problem Identification and Explanation

The use of fossil fuels is rapidly depleting existing reserves and has detrimental effects on the environment (IEA 2008).  For example, the use of fossil fuels results in large amounts of greenhouse gas emissions, which contribute to global warming and climate change (Koroeinikov 2010).  Biofuels are a possible replacement for fossil fuels, especially in the short term (IEA 2008).  A main goal in support of biofuel use is the movement to reduce the amount of greenhouse gases emitted compared to fossil fuel use (Fargione, Plevin, and Hill 2010).  

Biofuel is the only type of fossil fuel substitute that can be readily used without drastic alterations of existing infrastructure (IEA 2008).  Converting to biofuels has the potential to mitigate climate change and reduce pressure on finite stocks of fossil fuels (Korobeinikov 2010).  However, there is concern over the potential effects of various sources of biomass for biofuel production.  Some sources of biomass may increase erosion, have negative effects on water quality, and reduce biodiversity (IEA 2008).  On the other hand, other sources have the potential to create positive effects, if managed appropriately (Lynd 2011).  

First generation crops such as corn and soybeans are currently being used for biofuel production, but compete with land resources that have traditionally been used for food production (Gonzalez-Garcia, Moreira, and Feijoo 2010).  Crops such as these must be grown on high quality agricultural land and require significant inputs, such as fertilizer, labor, and fuel.  Producing a significant amount of biofuel from these crops would drastically reduce food production or require new land to be brought into use for biofuel production (IEA 2008).  Studies have shown that first generation sources of biomass do not appear to be sustainable in the long run because they barely accomplish the primary goals of biofuel use, which are the reduction of fossil fuel use and the reduction of greenhouse gas emissions (de Vries et al. 2010 and IEA 2008).  Biofuel produced from corn only has a net energy yield ratio of 1.34.  Biofuel produced from switchgrass has a net energy yield ratio of 5.4 (Schmer et al. 2008). Bringing new land into use for the production of first generation biofuels has negative environmental impacts and destroys wildlife habitats (IEA 2008).   Fletcher et. al. (2010) determined, using species richness as an indication, that converting natural habitat to corn and soybean production reduces biodiversity by about 60% in the United States.


Second generation biofuel sources (non-food crops) such as switchgrass and forestry residues have greater potential for reducing fossil fuel use and generating positive environmental impacts than first generation sources (Gonzalez-Garcia, Moreira, and Feijoo 2010).   Switchgrass and timber have the potential to be produced on marginal agricultural lands with lower inputs than first generation sources of biofuel.  Targeting degraded and idle cropland for biofuel production is a key factor in mitigating the negative impacts of biofuel production (Fargione, Plevin, and Hill 2010 and IEA 2008).   Targeting degraded and out of use cropland would preserve existing high quality agricultural land for food production and result in less land use change that could be detrimental to both food production levels and wildlife habitats.  There are numerous studies on environmental benefits and GHG reductions that can be achieved with biofuel production (de Vries et. al. 2010; Fargione, Plevin, and Hill 2010; Garcia-Gonzalez, Moreira, and Feijoo 2010).  However, there is limited research on how various biofuel crops affect wildlife populations (DeHaan et. al. 2010; Louette et. al. 2010; Semere and Slater 2007) and there is no research predicting the impact on wildlife of meeting the mandate of 36 billion gallons of biofuel by 2022 (established by the Energy Independence and Security Act of 2007). Nor is there any research estimating the cost of mitigation.  By estimating the costs and benefits of protecting wildlife habitats while producing biofuels, policy makers will be able to determine if it is feasible to implement best management practices that protect wildlife for various purposes such as recreation and possible future discoveries (Louette et. al. 2010).

Biofuels are a possible replacement for fossil fuels.  However, producing significant amounts of biofuels will require large amounts of land.  Converting land to produce biomass for biofuel production from land that is not currently being used for the production of biofuels will have effects on the population and diversity of wildlife that lives in that area.  Other studies mainly examined the wildlife impacts by manual studies that counted and recorded the changes in species present (Murray et. al. 2003; Roth et. al. 2010).  The use of second generation sources such as switchgrass will be beneficial to wildlife when compared to the use of first generation source crops such as corn.  Farms planted in switchgrass or forest more closely resemble the natural habitat of wildlife than do cornfields. However, bringing idle farmland back into use for the production of switchgrass might have detrimental effects on wildlife.  Different types of second generation sources such as switchgrass and woody biomass will have different impacts on different species of wildlife.  Switchgrass and other prairie grasses favor avian species and invertebrates (Davis and Utrup 2010; Murray et. al. 2003; Roth et. al. 2005).  Forested environments are beneficial to these as well as mammals, reptiles, and amphibians (Galetti et. al. 2009; Sodhi et. al. 2010).  Growing a mixture of second generation sources with proper management techniques in many areas in order to support wildlife native to that area would be the most beneficial to wildlife as a whole.  Switchgrass has the potential to meet the biofuel production goals in 2022 and have positive impacts on wildlife.  A major assumption is that using switchgrass as a biomass source with proper management techniques, that support native wildlife and protect areas vital to biodiversity, will maximize the positive impacts on wildlife.  Manual studies documenting the population size and relative abundance of species prior to and after the conversion of land to switchgrass production would be required to confirm this assumption.
1.2 - Research Objectives

The objective of this research is to estimate selected costs and benefits of protecting priority wildlife habitats while replacing fossil fuels with biofuels produced from switchgrass.  To address this objective several steps are required.  These steps are demonstrated in Figure 1.1 and listed below:

1.) Estimate the cost minimizing amount of land needed to grow switchgrass in sufficient quantity to produce 300 million gallons of biofuel per year.

2.) Identify habitat areas that are important to protecting biodiversity.

3.) Project which switchgrass management techniques are the most beneficial to wildlife.  
4.) Incorporate management techniques into production scenarios.
5.) Estimate the costs of meeting production goal while protecting important wildlife habitat areas.

6.) Identify possible benefits of protecting important wildlife habitat areas while meeting production goal.

[image: image1.emf][image: image12.emf][image: image13.emf]



Figure 1.1 Diagram of Steps Required to Meet Objectives

Chapter 2 - Literature Review
2.1 – Introduction to Literature

The limited quantities of fossil fuels available are forcing the world to look to other sources for its energy supply.  Biofuels are one of those sources.  The International Energy Agency (IEA) (2009) estimates that global biofuel consumption will increase by 170% to 220% by the year 2020 compared to biofuel consumption levels in 2008.  Fargione, Plevin, and Hill (2010) estimate that land area devoted to biofuel production will have to increase by 100 to 125 million acres to achieve this increase in consumption by 2020 assuming that crop yields and conversion efficiencies increase by 10% to 25% during the same time frame.  The conversion of large amounts of land to biofuel production will undoubtedly impact biodiversity (IEA 2008).  The nature and extent of these impacts will largely depend on which habitats are replaced with which energy crops and what management practices are used to produce energy crops (Fargione, Plevin, and Hill 2010).  There have been a number of studies conducted to try and estimate the impacts of second generation energy crops such as switchgrass on wildlife e.g., Davis and Utrup 2010, Louette et. al. 2010, Murray et. al. 2003, Roth et. al. 2005, and Semere and Slater 2007.  The majority of these studies focus on the impacts on the biodiversity of bird species affected by the conversion of land to energy crops e.g., Murray et. al. 2003, Roth et. al. 2005, and Semere and Slater 2007. There have been very few studies on the impacts on mammalian species e.g., Louette et. al. 2010 and Semere and Slater 2007.  One study examined the response of terrestrial invertebrates to grassland restoration with crop species including switchgrass that could be used for biofuel production (Davis and Utrup 2010).
2.2 – Impacts on grassland birds

Roth et. al. (2005) examined how grassland birds were affected by the harvesting of switchgrass for use as biomass for biofuel production in the Midwest.  Their study was conducted on fields that had previously been enrolled in the Conservation Reserve Program (CRP) for 5-10 years prior to the study and planted in switchgrass.  The field sizes in the study were 8, 14, 36, 85, and 123 ha each.  The fields were harvested once per year in August to allow some regrowth in order to provide more nesting cover the following spring.  The fields were observed four times per year by the same observer to minimize bias associated with different observers.  Seventeen species were observed during the two year study; they were classified as preferring short-, mid-, and tall-grass structure.  The authors found that species richness was similar between harvested and unharvested areas.  However, after harvest the composition shifted from species that preferred tall-grass structure to birds that preferred short- and mid-grass structure.  The authors suggested that both harvested and unharvested switchgrass fields have habitat value for grassland birds.  They also showed that harvesting switchgrass for biofuel can increase the local biodiversity of grassland birds.  When determining the timing of switchgrass harvest, the nesting phenology of the local bird community should be evaluated so that the majority of nests are allowed to fledge, thus reducing the negative impacts of switchgrass harvest.


Murray et. al. (2003) conducted a study in Iowa and in a similar manner to Roth et. al. (2005).  However, Murray et. al. (2003) included the conversion of CRP land as well as row crop land to switchgrass for biofuel production. Two harvest scenarios were used.  The first was total-harvest and the second was strip-harvest.  In fields that were strip-harvested 60% of the field was harvested.  The harvest strips were either 60 meters (m) or 30 m wide leaving unharvested strips of either 40 m or 20 m accordingly between harvest strips.  After the conversion to switchgrass for biofuel production the total abundance of priority management species increased when compared to the previous type land use, be it either CRP grasslands or row crops for both types of harvest scenarios.  Priority management species in their study include the bobolink, dickcissel, field sparrow, and grasshopper sparrow.  The authors noted that a mixture of total-harvest and nonharvest fields might be the most beneficial to priority species given that the rotational interval is long enough to allow the buildup of nesting cover for species such as harriers and pheasants.
2.3 – Impacts on Small Mammals

Semere and Slater (2007) conducted a study similar to that of Murray et. al. (2003) and Roth et. al. (2005), but used switchgrass as well as reed canary grass.  They examined the population and diversity of small mammals instead of birds.  Semere and Slater (2007) conducted their study in the western part of England.  Longworth traps were baited with cereal grains and used to trap small mammals.  There were 48 traps set up per site at various places in the field from the center of the crop to field margins.  They found that small mammal abundance did not differ between crop species, but that there were 62% more small mammals in the field margins compared to the cropped areas.  They concluded that perennial grasses grown as a source of biomass provide cover for small mammals from predators at a time when arable fields provide little cover, such as during winter and after harvesting.
2.4 – Predicting the Impacts of Land Use Change on Biodiversity
Reidsma et al. (2006) in the study titled “Impacts of land-use change on biodiversity: An assessment of agricultural biodiversity in the EU” evaluated how biodiversity is related to land-use intensity under European agricultural landscapes for the situation in 2000 and for four other scenarios.  They assigned an ecosystem quality value to the various land-use types based on biodiversity.  The ecosystem quality value allowed them to compare how different land-use types affected biodiversity.  They used the EU Farm Accountancy data network and other farming statistics to classify farm type according to land-use intensity.  Ecosystem quality values were based on GLOBIO3
.  GLOBIO3 was developed to model human impacts on terrestrial biodiversity.  They developed four scenarios to model: A1, A2, B1, and B2.  These four scenarios are alternatives that might occur in the future.  They used two other models, GTAP and IMAGE (Hertel 1997; IMAGE Team 2001), to quantify area changes in agricultural land-use and productivity at the country level and CLUE to allocate land use change to a 1 km x 1 km grid level (Veldkamp and Fresco 1996).  Their “A” scenarios focused on lean government.  Their “B” scenarios focused on ample government regulation.  Their “1” scenarios assumed globalization of markets was occurring.  Their “2” scenarios focused regionalization of markets.  The results of their simulated scenarios are described below.

Scenario A1:
Global Economy Scenario


This scenario simulated a lean government with little regulation and a globalized economy.  The result of this scenario was large increases in agricultural productivity.  However, this scenario had the highest loss of ecosystem quality of all scenarios as a result of agricultural production intensification.

Scenario A2:  Continental Markets Scenario


Scenario A2 simulated a lean government with little regulation and regionalized markets.  The results of this scenario were mixed.  There were small decreases in ecosystem quality in the croplands, and there were small increases in the ecosystem quality of grasslands due to decreases in land-use intensity on those grasslands.  

Scenario B1: Global Cooperation


Scenario B1 simulated a globalized economy with ample government regulation.  The result of this scenario was a small increase in the ecosystem quality in the center of the EU 15.  The EU 15 includes the countries of Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden, and the United Kingdom.  However, there were small decreases in the ecosystem quality of the New Member States,  the New Member States include the countries of Cyprus, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Slovakia, and Slovenia.  The EU 15 and New Member States make up the EU 25.  The ecosystem quality decrease in the New Member States is the result of an increase in their agricultural productivity level from their current low level.  Across the entire EU there are increases in agricultural productivity and these increases in productivity are achieved using environmentally friendly production techniques.

Scenario B2: Regional Communities


The B2 scenario simulated regionalized markets with ample government regulation.  The result of this scenario was the greatest increase in ecosystem quality of any of the simulated scenarios.  This scenario resulted in an increase in ecosystem quality in all regions.  The increase in ecosystem quality in this scenario is due to a decrease in agricultural areas and an increase in nature patches in existing agricultural areas.

The Reidsma et al. (2006) study showed that of their four scenarios, Scenario A1 with globalized markets and little government regulation resulted in the greatest loss of ecosystem quality, both in croplands and grasslands. Scenarios A2 and B1 resulted in small changes in ecosystem quality.  The ecosystem quality of cropland decreased slightly due to more intensive agricultural techniques.  The ecosystem quality for grassland was mostly unchanged or slightly positive.  Scenario B2, with regionalized markets and ample government regulation, resulted in increased ecosystem quality both for cropland and grassland.  
2.5 –Land Use Change Implications for Biodiversity
The 2006 study by Alessandra Falcucci, Luigi Maiorano, and Luigi Boitani attempted to determine how changes in land-use and land-cover affect biodiversity in Italy (Falcucci, Mairoano, and Boitani 2006).  For this study Falcucci et al. used three land-use/land-cover maps spanning the time period between 1960 and 2000.  They found that over that time span there was an increase in forested areas, a decrease in pasture land, and an increase in artificial landscapes.  The three maps they used were the 1960 Map of Land Cover (MLC1960) produced by Italy’s National Research Council.  The other two maps used were the CORINE Land Cover Maps from 1990 (CLC1990) and 2000 (CLC2000).  These two maps were produced as part of a program started in 1985 by the European Community in order to generate land-use/land-cover maps for the entire European Continent.  The MLC1960 map was produced with a geographic scale of 1:200,000.  The other two maps (CLC1990 and CLC2000) were produced with a geographic scale of 1:100,000.  The two datasets also contained different legends of land-use/land-cover classifications.  The MLC1960 had 22 classes and the CLC maps had 44.  In order to account for these differences the maps were converted from the original vector data format to a raster data format.  The original 22 classes of the MLC1960 map and the 44 classes of the CLC maps were reclassified to 8 more general categories.  The resulting classes were agricultural areas, heterogeneous agricultural areas, wooded cultivations, forests, pasture and grassland, barren areas, artificial areas, and water.  

Falcucci et al. (2006) examined land-use/land-cover changes at the national scale as well as for six distinct ecological “macro-regions” within Italy.  They found that between 1960 and 2000 forested areas increased, replacing mostly agricultural areas and pasture.  Pasture areas decreased significantly, either being abandoned and allowed to return to forest or being converted to a more intensive agricultural use.  Agricultural area, heterogeneous agricultural areas, and wooded areas remained approximately the same.  The authors note that their data does not permit any insight into the quality of their land-use/land-cover classes, and thus the changes in the ecological functionality of these land areas could not be determined.  However, they did look at other studies that focused on changes in biodiversity patterns (Boitani and Ciucci 2000; Cuicci and Boitani 2008; Priess et al. 1997; Laiolo et al. 2004; Tellini-Florenzano 2004).  Boitani and Ciucci (2000) showed that the population of wolves in the Apennines had increased by more than 500% from the 1970s to 2000.  Falcucci et al. (2006) showed that between 1960 and 2000 forest areas in the Apennines and Alps increased substantially, while agricultural area and human population dropped.  Cuicci and Boitani (2008) showed that brown bears had successfully been reintroduced to the eastern Alps and that the brown bears of central Italy were increasing their range.  Other studies (Priess et al. 1997; Laiolo et al. 2004; Tellini-Florenzano 2004) showed that forest birds were also increasing their range throughout the mountainous region.  Falcucci et al. (2006) also examined biodiversity trends in areas where they found significant increases in artificial land use areas, mainly coastal areas.  Previous studies of these areas showed that biodiversity loss was occurring (Farina 1997; Priess et al. 1997).  Although, the Falcucci (2006) study does not directly show changes in biodiversity, trends in land-use and land-cover type provided some insight about how land-use, human population, and development can affect wildlife habitats.
2.6 – Switchgrass and Water Quality

Switchgrass production can not only benefit terrestrial biodiversity, but it can also benefit aquatic biodiversity.  The benefits switchgrass provides to aquatic biodiversity are a result of water quality improvements (Baskaran et al. 2010).  Switchgrass production can improve water quality by reducing soil erosion, fertilizer runoff, and pesticide runoff (Nelson, Ascough, and Langemeier 2005).  Traditional row crops and first generation sources of biofuel require significant input of fertilizers such as nitrogen and phosphorous and lead to large amounts of nitrogen and phosphorous entering lakes, rivers, and eventually the ocean (Simpson et al. 2008).  Excess nitrogen and phosphorous in water bodies can cause oxygen depletion, eutrophication, and overall loss of aquatic life (Simpson et al. 2008).  Sedimentation from soil runoff is one of the biggest threats to water quality. Sedimentation can suffocate fish eggs and bottom dwelling organisms (Nelson et al. 2006).   Pesticides can also have devastating effects on aquatic biodiversity (Relyea 2005).  The 2005 study by Relyea examined the effects of four of the most common pesticides on aquatic communities.  The pesticides studied included two insecticides, carbaryl (Sevin) and malathion, and two herbicides, glyphosate (Roundup) and 2,4-D.  Relyea found significant decreases in species richness with all the pesticides except 2,4-D.  There was a 15% decrease with Sevin, a 30% decrease with Malathion, and a 22% decrease with Roundup.
2.7 – Fragmentation of Grassland

The 2010 Resources Planning Act (RPA) Assessment conducted by the U.S. Department of Agriculture (U.S.D.A. 2012) found that fragmentation of semi-natural landscapes such as forest, grassland, and shrub land is so pervasive that the majority of these lands are threatened by proximity to human land uses.  Of these three land types grassland is the rarest and also the most fragmented.  Fragmentation of land presents ecological challenges to species that inhabit it.  The 2010 RPA found that if future land use changes follow historical patterns, fragmentation of landscapes will increase and threaten these semi natural land cover types (U.S. DOA 2012).
2.8 – Field Borders For Wildlife

A field border is a semi-permanent strip of vegetation surrounding a field.  Field borders have more benefits than simply providing food and cover for wildlife.  Field borders connect fragmented areas by facilitating the movement of wildlife between those areas.  They serve as riparian buffers when located along waterways, thus improving water quality.  They can harbor beneficial insects such as pollinators, as well as help with the management of harmful insects.  Field borders also provide other ecosystem services including increased carbon storage in biomass and soils, improved air quality, and reduced erosion.  The Natural Resource Conservation Service Field Border for Wildlife Practice #386 Jobsheet is attached in the appendix for reference.  It includes the intended benefits, guidelines, establishment practices, and other information of value when implementing field borders for wildlife.  
2.9 -TN SWAP Model

In 2001 the Wildlife Conservation and Restoration Act (WCRP) and State Wildlife Grant (SWG) programs began.  The SWG required each state to develop a State Wildlife Action Plan by October 1, 2005.  The TN SWAP model was developed by the Nature Conservancy in conjunction with the Tennessee Wildlife Resources Agency (TWRA) as part of Tennessee’s State Wildlife Action Plan.  The TN SWAP model tracks 664 species and incorporates 150 years of data on animal sightings, preferred habitats, threats to animals, and conservation actions known to counteract those threats.  The TN SWAP model is being used by TWRA conservation planners to focus their work, as well as the state’s Heritage Conservation Trust Fund to evaluate properties it funds for state land purchases.  The Tennessee Department of Transportation and Tennessee Department of Environment and Conservation will also use information from TN SWAP analysis in their projects (Kingsbury 2010 and Wisby 2012).  
Chapter 3 – Materials and Methods
 3.1 – Methods and Procedures
This research will seek to estimate selected costs and benefits associated with protecting areas rich in biodiversity while producing enough biofuel to meet Tennessee’s portion of the 2022 mandates.  Switchgrass will be the second generation feedstock used to meet these goals.  Switchgrass was chosen because it grows well on marginal soils and can restore fertility to poor soils.  Switchgrass was also chosen because farmers can harvest the crop with equipment that they already possess (Eisentraut 2010). The impacts will be determined by the amount of land use change, the current use of the land, the future biomass crops produced on the land, and the management techniques used to produce the biomass crops.  This research will also seek to determine which management techniques are most beneficial to wildlife for harvesting switchgrass.  The data needed will include projected biofuel production levels and the amount of land needed to reach that amount of production and information on production and management techniques.  
This study will use three scenarios to study how regulations promoting and protecting biodiversity will impact biorefinery facility location and feedstock source area location.  BioFLAME will be used to model the three scenarios.  Scenario 1 will seek to meet the production goal in a cost minimizing manner with no regulations.  Scenario 2 will seek to meet the production goal with one regulation, establishing field borders for wildlife for production areas within ten miles of biodiversity hotspots.  Scenario 3 will seek to meet the production goal with two regulations, waiting until late winter to harvest and establishing field borders for wildlife.  In order to simulate the regulations in BioFLAME the impacts of the regulations had to be determined.  In Scenario 2 the impact of the regulations was simulated by reducing the switchgrass yield by ten percent.  In Scenario 3 the impact of the regulations was simulated by reducing the switchgrass yield by twenty percent.  The yield reductions are only applicable to areas that are in close proximity to biodiversity hotspots, within ten miles.  The biodiversity hotspots were identified using the TN SWAP model and the areas within ten miles of them were included in the BioFLAME model with reduced yields to simulate the regulations.
The production goal for this study will be 300 million gallons of biofuel a year for the state of Tennessee.  The production goal was estimated on the assumption that Tennessee would produce enough second generation biofuel to meet Tennessee’s portion the Renewable Fuel Standard based on transportation fuel use.  That number was obtained by using the per capita consumption and the projected population of Tennessee in 2022 to estimate total transportation fuel consumption and taking 8.88% percent of that number.  The per capita transportation fuel consumption for Tennessee was about 525 gallons/year (US DOE 2008).  Tennessee’s population in 2022 is estimated to be just under 7 million (US Census Bureau 2004).  The government mandated Renewable Fuel Standard requires that 36 billion gallons of biofuel be produced from renewable resources by the 2022.  At least 16 billion gallons of the 36 billion gallon total must come from second generation cellulosic sources such as switchgrass.  Thirty-six billion gallons of biofuel would be able to replace approximately 20% of our nation’s total transportation fuel consumption, and the 16 billion gallons from second generation cellulosic sources would replace approximately 8.88% of our transportation fuel needs (Schneph and Yacobucci 2012).  8.88% percent was chosen because that is approximately the amount of transportation fuel that will have to be produced from renewable cellulosic sources to meet the government mandated amount of 16 billion gallons of biofuel produced from cellulosic sources by 2022.  Using these numbers (525 gal/year * 7 million * 0.0888 = 326 million gal/year) a production goal of 326 million gallons was estimated.  This number was rounded down to a yearly production goal of 300 million gallons.
BioFLAME uses GIS modeling techniques to determine feedstock availability and ideal biorefinery location based on minimum feedstock cost principle constrained by infrastructure requirements.  BioFLAME is capable of performing an analysis on any combination of counties within a 16 state region in the Southeast US.  Parameters for the BioFLAME model include biorefinery capacity, crop prices, transport cost rate, feedstock yield adjustments, hay land availability, driving distance limit, required profit, and more.  BioFLAME identifies the site that minimizes transportation and farmgate costs subject to infrastructure, and generates a report that details the annual costs involved as well as how much and what kind of traditional cropland would be converted to switchgrass production under a given scenario (Wilson, 2009).

Initially, the BioFLAME model is used to economically locate biofuel production facilities and land used for switchgrass production. Eight biorefineries will be positioned across the state, each with a switchgrass processing capacity of 475,000 tons per year.  The combined biofuel production capacity of the eight plants is just over 300 million gallons per year at full capacity.  The biorefinery sites are constrained to the state of Tennessee; however, feedstock supply areas may extend into surrounding states.  The transport distance from the switchgrass field to the biorefinery is limited to a maximum of 70 miles.  The feedstock supply areas were determined with a break-even formula.  This assumes that farmers would start producing switchgrass when the price of switchgrass, farmgate price, reached a point that would allow them to make as much profit as from their current crop.  The amount of hay land that could be converted to switchgrass production was limited to 50% and all federal land was excluded.  The crop prices and transport rates and other BioFLAME inputs used in this study are included in the appendix.  Then, the TN SWAP model is used to identify biodiversity priority areas and areas within 10 miles of the priority areas.  Regulations are implemented with the purpose of protecting and promoting biodiversity in these areas in close proximity (10 miles) to these biodiversity hotspots. The areas from the SWAP model are used with the BioFLAME model to locate production facilities and predict where and how much switchgrass to plant in order to meet the projected level of biofuel production while protecting areas that are vital for biodiversity.  BioFLAME generates a report detailing the annual cost; therefore it is used to determine the costs of protecting vital wildlife habitats.  BioFLAME also details how much and what types of land are converted for switchgrass production.  The quality of the habitat provided by properly managed switchgrass fields will be compared to the quality of habitat provided by the previous land use types to determine if wildlife is positively or negatively impacted by biofuel production.
The TN SWAP model can be used to locate priority areas worthy of conservation (Kingsbury 2010 and Wisby 2012).  The TN SWAP model contains a wealth of information on wildlife diversity.  It is a raster dataset covering the entire state with a 30 square meter resolution.  Data layers in the TN SWAP model include terrestrial habitat priority levels, species richness, land type, and others.  The terrestrial habitat priority levels are the most important information required in this research.  The TN SWAP model prioritizes all of the land in the state and assigns it a number from 0-468, with 0 being the lowest priority and 468 the highest.  The TN SWAP Model was used to identify biodiversity hotspots.  The Nature Conservancy identified areas with a priority level less that 30 as have a low priority level therefore; land with a priority level of greater than 30 was chosen to represent biodiversity hotspots.  Areas within a 10 mile radius of biodiversity hotspots will be required to implement certain management techniques.  Figure 3.1 shows the TN SWAP model with low priority areas in blue and higher priority areas in green, yellow, and red being the highest.  Figure 3.2 shows the biodiversity hotspots in red.


[image: image14.emf]Figure 3.1  TN SWAP Priority level map, low priority areas are blue and higher priority areas are green and yellow with red being the highest priority

[image: image2.emf]Figure 3.2  Biodiversity Hotspots; biodiversity hotspots are illustrated in red


Three scenarios will be simulated using BioFLAME.  All three scenarios will seek to meet the production goal in the most economic (lowest total cost) manner.  Scenario 1 will seek to meet the production goal without any consideration for biodiversity hotspots or regulations impacting the production of switchgrass.  Scenario 2 will seek to meet the same production goal while implementing one regulation on areas in close proximity (10 miles) to biodiversity hotspots.  Scenario 3 will focus on the same areas in close proximity to biodiversity hotspots however with two regulations implemented.  The regulations implemented will include waiting until late winter or early spring to harvest the switchgrass and the establishment of field borders for wildlife in accordance with NRCS Code #386.  The result of each these regulations will be a yield loss of approximately 10% for switchgrass.  For example, a 50 foot wide field border surrounding a square 25 acre field would make up 10% of that field. The effects of a late harvest were estimated to be approximately 10%. Adler et al (2006) found a yield loss ranging from 20-24% when waiting until spring to harvest in Pennsylvania.  Adler et al (2006) determined yield loss increased with snowfall.  For this study, yield loss was estimated at 10%, when waiting until spring, due to Tennessee receiving significantly less snowfall that Pennsylvania.  Scenario 2 simulates only the field borders accounting for a 10% reduction in yield.  Scenario 3 simulates both regulations being implemented. The regulations will only apply to areas that are converting from a previous crop type to switchgrass produced for the production of biofuel.
Chapter 4 – Results and Discussion
4.1 – General Results


The results of the three scenarios simulated were similar in many ways yet also had some stark differences.  This is a result of how the scenarios were simulated in BioFLAME.  Scenario 1 had a total cost of $266.1 million.  Scenario 2 had a total cost of $276.3 million.  Scenario 3 had a total cost of $279.1 million. Scenario 1 was modeled with no regulations.  The regulations in Scenario 3 were simulated by a yield loss of 20% in areas in close proximity to biodiversity hotspots.  The regulations in Scenario 2 were simulated by a yield loss of 10% in areas in close proximity to biodiversity hotspots.  In analyzing these results the changes in cost between the scenarios will be of interest, as well as, the movement of the biorefineries and feedstock source areas.

Scenarios 1 and 3 both result in a total amount of land use change of approximately 650,000 acres, Scenario 2 results in 670,000 acres.  However, the areas of the state where the land use change occurred varied significantly between the three scenarios.  In Scenario 1 the majority of the land use change was located in Middle and East Tennessee.  In Scenario 3 much of the feedstock supply area was shifted to West Tennessee.  Scenario 2 resulted in some of the feedstock source area moving out of Middle Tennessee, but not as much as Scenario 3.  This relocation of land use change is a direct result of the regulations implemented.  Figures 4.1, 4.2, and 4.3 show the locations of the biorefineries and feedstock source areas for Scenarios 1, 2, and 3 respectively.  The regulations resulted in an increased burden being levied on switchgrass growers in much 

[image: image3]Figure 4.1 Scenario 1 Map; biorefinery locations, feedstock source area locations, and biodiversity priority areas

[image: image4]Figure 4.2 Scenario 2 Map; biorefinery locations, feedstock source area locations, and biodiversity priority areas

[image: image5]Figure 4.3 Scenario 3 Map; biorefinery locations, feedstock source area locations, and biodiversity priority areas


of Middle Tennessee due to their close proximity to biodiversity hotspots.  Farmers in West Tennessee were less affected by this because biodiversity hotspots in the western part of the state were located along the Tennessee and Mississippi Rivers, leaving the majority of West Tennessee open to switchgrass production without being affected by the regulations.  


Scenario 3 also resulted in a significant proportion of the feedstock source areas being moved out of state, to areas where the regulations were not applied.  The biorefineries shifted in accordance with the feedstock areas.  In Scenario 3, two biorefineries moved from Middle Tennessee to West Tennessee, and others moved closer to the state line to take advantage of cheaper feedstock supplies not impacted by the regulations implemented.  


In Scenario 2 only one biorefinery moved out of Middle Tennessee compared to Scenario 1.  In Scenario 3, two biorefineries were actually sited in the same location north of Nashville on the Kentucky border to take advantage of the large quantity of switchgrass hypothetically being produced in that area.  In all three scenarios two biorefineries were located in East Tennessee, one along Interstate 81 east of Knoxville and the other along Interstate 75 between Knoxville and Chattanooga.  In Scenario 3, the refinery located along I75 moved approximately 25 miles to the southwest and closer to the Georgia state line in order to take advantage of the switchgrass being grown in northwestern Georgia and northeastern Alabama.  In both Scenarios 2 and 3, the refinery located along I85 also moved approximately 25 miles but in the westward direction.  The movement of this refinery allowed for cheaper access to feedstock grown in southeastern Kentucky.  The movement of biorefineries is a direct result of the feedstock source areas moving due to decreased yields from regulations.

4.2 – Total Costs 

The total costs, farmgate cost, and transportation costs for Scenario 1, Scenario 2, and Scenario 3 are listed in Table 4.1.  The total increase in costs per year due to the implementation of the wildlife regulations for Scenario 2 was $10.3 million per year or 3.9%, and was $13.5 million or 5% for Scenario 3.  The majority of the cost increase in Scenario 3 resulted
Table 4.1 – Total Costs for Scenarios 1, 2, and 3

	Cost Category
	Scenario 1
	Scenario 2
	Scenario 3

	Farmgate Cost ($)
	196,380,267
	203,506,453
	198,813,265

	Transport Cost ($)
	69,684,989
	72,811,449
	80,784,122

	Total Cost ($)
	266,065,256
	276,317,902
	279,597,387


from increased transportation cost.  The transportation costs increase in Scenario 3 by $11.1 million, accounting for 82% of the total increase in cost.  The farmgate cost in Scenario 3 also increases $2.4 million, accounting for 18% of the total cost increase.  Farmgate costs account for the majority of the cost increase in Scenario 2.  In Scenario 2 transport costs increase $3.1 million when compared to Scenario 1, accounting for 30.5% of the increase in costs.  The farmgate costs increase by $7.1 million in Scenario 2, accounting for 69.5% of the total cost increase.  The average total cost per ton of switchgrass increased from $69.95 in Scenario 1 to $72.67 in Scenario 2 and to $73.47 in Scenario 3.  The $3.52 and $2.72 increases in the average price per ton would result in increases of only $0.044 and $0.034 per gallon assuming a conversion rate of 80 gallons per ton switchgrass and the increase in feedstock cost affected no other costs. 
 4.3 – Costs by Facility

BioFLAME sites the biorefineries beginning with the most economical one.  The facility locations in figures 4.1, 4.2, and 4.3 shift drastically, as a result of the increased costs of the regulations.  This section breaks down the cost increases by facility and the results of those increases.  Figures 4.4, 4.5, and 4.6 graphically show how the costs change between the three scenarios.  Figure 4.4 shows the average cost per ton for each facility in each scenario.  Figure 4.5 shows the average farmgate cost per ton and Figure 4.6 shows the average transport cost per ton.  Tables 4.2, 4.3, and 4.4 numerically show the average total cost, average farmgate cost, and average transport cost for each facility in each scenario. Figure 4.7 shows how much of the average total cost per ton is attributed to farmgate and transport costs. Complete cost tables are included in the appendix.


Starting with the first facility in each scenario, the Facility 1.1’s
 total average cost per ton is over a dollar and a half less than either of the other two scenarios.  As can be seen in Figure 4.1 Facility 1.1 is located in the heart of Middle Tennessee south of Nashville.  In Figure 4.3 Facility 3.1 is also located in Middle Tennessee; however, it is located north Nashville, close to the Kentucky line.  The average cost per ton of switchgrass for Facility 1.1 was $68.89; the average switchgrass cost per ton for Facility 
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Figure 4.4  Average Total Cost in $ per Ton
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Figure 4.5  Average Farmgate Cost in $ per Ton
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Figure 4.6  Average Transport Cost in $ per Ton
Table 4.2 – Average Total Cost in $ per Ton

	Facility #
	1
	2
	3
	4
	5
	6
	7
	8

	Scenario 1
	68.89
	69.04
	69.44
	69.55
	70.02
	70.36
	71.04
	71.23

	Scenario 2
	70.48
	70.77
	71.74
	72.10
	72.79
	73.42
	74.80
	75.25

	Scenario 3
	70.51
	70.87
	72.43
	72.57
	73.49
	74.88
	76.42
	76.58


Table 4.3 – Average Farmgate Cost in $ per Ton

	Facility #
	1
	2
	3
	4
	5
	6
	7
	8

	Scenario 1
	51.41
	52.17
	51.32
	51.38
	51.45
	52.15
	51.23
	51.90

	Scenario 2
	52.29
	52.04
	53.40
	52.56
	54.14
	51.80
	54.92
	57.01

	Scenario 3
	52.08
	51.56
	52.71
	52.02
	51.58
	53.15
	51.81
	53.01


Table 4.4 – Average Transport Cost in $ per Ton

	Facility #
	1
	2
	3
	4
	5
	6
	7
	8

	Scenario 1
	17.47
	16.87
	18.12
	18.17
	18.57
	18.20
	19.81
	19.33

	Scenario 2
	18.19
	18.73
	18.35
	19.54
	18.64
	21.62
	19.88
	18.25

	Scenario 3
	18.42
	19.31
	19.72
	20.55
	21.91
	21.74
	24.61
	23.56
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Figure 4.7 Total cost broken down by farmgate and transport cost


 3.1 increased to $70.51.  The average farmgate cost increased by $0.67 per ton between Scenario 1 and Scenario 3 for Facility 1.  The transportation cost increased by $0.95 per ton between the same facilities, accounting for 58.6% of the cost increase for Facility 1.  The average feedstock cost for Facility 2.1 was $70.48 per ton.  Scenario 2 resulted in average cost increase of $1.60 for the first facility with about half, $.088, being a result of increased farmgate costs.


The second facility sited in Scenarios 2 and 3 was a bit of an unusual case with regards to the change in cost.  The farmgate cost for Facilities 2.2 and 3.2 was lower than for Facility 1.2.  The farmgate cost actually decreased by $0.61 per ton for Scenario 3 and by $0.13 for Scenario 2.  However, the total cost per ton still increased from $69.04 for Facility 1.2 to $70.87 for Facility 3.2 and to $70.77 for Facility 2.2.  Transportation cost increased by $2.44 per ton in Scenario 3 and by $1.86 in Scenario 2.  Looking at the location of Facility 2 in Scenario 1 versus Scenario 2 and 3 in Figures 4.1, 4.2, and 4.3 provides some insight into why this might be.  In Scenario 3 the feedstock source area is distributed over a larger area.  In Scenario 1, Facility 1.2 is located in the far eastern part of the state, whereas in Scenarios 2 and 3 Facilities 2.2 and 3.2 are located in the southern part of Middle Tennessee just north of the Alabama state line.  In Scenario 1 the feedstock supply area for Facility 2 is located relatively closely around the facility; the longest trip from field to facility is 33 miles.  In Scenarios 2 and 3 the feedstock supply comes from larger areas and the longest trip from field to facility is 51 miles for Scenario 3 and 46 miles for Scenario 2, thus increasing the transportation costs when compared to Facility 2 in Scenario 1.

The third facility sited in Scenario 3 had a total increase in costs of $2.98 per ton switchgrass when compared to Facility 1.3.  Average feedstock cost for Facility 2.3 increased by $2.30.  Unlike Facility 3.2 and Facility 2.2, Facilities 3.3 and 2.3 had an increase in both farmgate and transportation costs.  The farmgate cost for Facility 3.3 increased by $1.39 per ton, which was the largest increase in farmgate cost for any facility in Scenario 3.  Farmgate cost for Facility 2.3 increased by $2.08. The transportation cost increased by $1.59 per ton for Facility 3.3 and by $0.22 for Facility 2.3.  In Scenario 1, Facility 3 was located just east of Nashville; in Scenario 2 and 3 however, the third facility was located east of Knoxville in the northeast corner of the state.  

The fourth facility sited in Scenario 3 had a total increase in costs of $3.01 per ton switchgrass compared to Facility 1.4.  The average feedstock cost of Facility 2.4 increased $2.55 per ton compared to Facility 1.4.  The majority of the cost increase in Scenario 3 was due to transportation costs, with farmgate costs only increasing $0.63 per ton and transportation costs increasing $2.38 per ton.  The increase in cost for Facility 2.4 was fairly evenly divided between farmgate and transport costs with $1.36 or 54% being attributed to an increase in transportation costs.  Again, looking at the Figures 4.1, 4.2, and 4.3 can help explain why the transportation costs increased so much.  In Scenario 1 Facility 4 is located along Interstate 75 between Knoxville and Chattanooga.  In Scenarios 2 and 3 it is located northwest of Nashville close to the Kentucky line.  In Scenario 1 the feedstock supply area for Facility 1.4 is located more densely around the biorefinery than in Scenario 2 or 3.  This is again reflected in the maximum transportation distance from the field to the biorefinery.  For Scenario 1 the maximum driving distance is 39 miles, in Scenario 2 it is 46 miles, and Scenario 3 it is 53 miles.

Facility 3.5 is the first biorefinery sited in west Tennessee in Scenario 3.  In Scenario 1 Facility 1.5 is sited south of Nashville close to the Alabama state line.  In Scenario 2 it is the closest facility to Chattanooga.  The total increase in cost for Facility 3.5 is $3.47 per ton, with over 96% of that increase due to the increase in transportation cost.  Farmgate costs only increased by $0.13 for Facility 3.5 whereas transportation costs increased by $3.34.  The increase in feedstock costs for Facility 2.5 was $2.76 per ton.  The majority of the increase for Facility 2.5 is due to farmgate costs with them increasing $2.69 per ton and transport costs only increasing $0.07 per ton.  In Scenario 3 the feedstock source area for Facility 5 extends for approximately 55 miles both to the north and to the south with the longest field to facility trip being 62 miles.  In contrast Facility 1.5 has a longest field to facility trip of 43 miles and Facility 2.5 has a longest trip of 57 miles.

Facility 1.6 is located north of Nashville close to the Kentucky state line.  Facility 3.6 is located just to the east of Chattanooga about 12 miles north of the Georgia state line.  Facility 2.6 is located in northern West Tennessee.  The increase in cost between Scenario 1 and Scenarios 2 and 3 was $3.06 per ton for Facility 2.6 and $4.53 for Facility 3.6.  For Facility 3.6 the majority, $3.54, was from increased transportation costs, and $0.99 was in increased farmgate costs.  The increased transportation cost is again due to the feedstock source area being spread out.  Figure 4.3 illustrates how a large portion of Facility 3.6’s feedstock source area moved into northern Georgia in order to avoid the Tennessee regulations.  Facility 2.6 was somewhat unique, farmgate costs decreased by $0.35 and transport costs increased by $3.41.  Figure 4.2 shows the large area that Facility 2.6 obtains feedstock from.  The greatest transport distance for feedstock going to Facility 2.6 was 60 miles with is the longest trip to any facility in Scenario 2.

Facility 1.7 in Scenario 1 is located in the center of Middle Tennessee.  Figure 4.1 shows were it is located approximately halfway between Nashville and Knoxville; however, biodiversity hotspots in this area make it too costly for farmers to produce switchgrass in this area due to the regulations in Scenario 3.  In Scenario 3 Facility 3.7 is located at the same site as Facility 3.1 north of Nashville.  Facility 3.7 has the largest increase in costs of any of the facilities in either scenario with a total increase of $5.38 per ton, $4.80 of which is due to increased transportation costs.  The $4.80 per ton increase in transportation cost is also the largest increase in transportation cost for any facility between the scenarios.  This partly due to the fact that Facility 3.1 is also sited at the same location and the feedstock source areas located directly around the biorefinery have already been allocated to Facility 3.1.  This necessitates increased transport distances in order to deliver the feedstock to the biorefinery from the source areas.  Facility 2.7 had an increase in feedstock cost of $3.76 per ton compared to Facility 1.7.  The majority of this increase is due to farmgate costs which increased by $3.69.  The location of 2.7 is similar to 1.7 although it moved somewhat to the northwest.

Facility 3.8 is the other facility from Scenario 3 located in west Tennessee.  Facility 3.8 has the highest average cost per ton of any facility in any scenario.  This is expected because BioFLAME sites the most economical facilities first.  The average cost increased by $5.35 per ton for Facility 3.8 compared to Scenario 1.  The average cost per ton increased by $4.02 for Facility 2.8 compared to Facility 1.8.  Again for Scenario 3 the majority, $4.23 per ton, of the increase was from increased transportation costs, with farmgate costs increasing by $1.11 per ton.  This was reversed for Scenario 2 with transportation costs decreasing by $1.08 and farmgate costs increasing by $5.10.  The increase in farmgate costs of $5.10 for Facility 2.8 was the largest increase in feedstock costs for any facility in either scenario.  The feedstock source area for Facility 3.8 is also the largest with the longest trip from field to facility of being 70 miles compared to the longest trip from field to facility of 44 miles for Facility 1.8.  The large increase in farmgate cost for Facility 2.8 is due to a large amount of its feedstock source area being impacted by the regulation.  The majority, 468,000 tons of 475,000 tons, of switchgrass processed by Facility 2.8 is produced in areas that are regulated.
4.4 – Benefits 

The simulated regulations in Scenarios 2 and 3 were designed with the purpose of protecting and promoting biodiversity hotspots throughout the state of Tennessee.  The first regulation is the establishment of field borders around switchgrass fields, 33% of which would be harvested yearly.  The implementation of field borders for wildlife in accordance with NRCS Code #386 was designed with the purpose of providing food and cover to wildlife while being compatible with agronomic crops.  In the case of switchgrass production for biofuel, switchgrass can be used both in the field border as well for harvest in the rest of the field.  The late winter harvest regulation in Scenario 3 was implemented in order to provide cover for animals over the winter.

Field borders for wildlife have more benefits than simply providing food and cover for wildlife.  Field border facilitate the movement of wildlife between other areas.  They serve as riparian buffers when located along waterways, thus improving water quality.  They can harbor beneficial insects such as pollinators, as well as help with the management of harmful insects.  Field borders also provide other ecosystem services including increased carbon storage in biomass and soils, improved air quality, and reduced erosion.  The Natural Resource Conservation Service Field Border for Wildlife Practice #386 Jobsheet is attached in the appendix for reference.  It includes the intended benefits, guidelines, establishment practices, and other information of value when implementing field borders for wildlife.  

The areas impacted by the regulations in Scenario 3 account for 98,971 tons of switchgrass produced annually.  Biorefineries that are impacted include Facilities 3.3, 3.4, 3.6, 3.7, and 3.8.  Although Facilities 3.1 and 3.7 are located at the same location Facility 3.1 does not receive any of the switchgrass from areas impacted by the regulations.  Facility 3.6 received the most switchgrass grown in regulated areas with 56,131 tons.  The other facilities received significantly less switchgrass from regulated areas.  The total amount of switchgrass from regulated areas is listed in Table 4.5.  

The total amount of switchgrass produced in regulated areas was much greater in Scenario 2.  In Scenario 2 1,225,023 tons of switchgrass was produced in regulated areas.  Facility 2.8 received the most switchgrass from regulated areas with 468,095 tons or over 
Table 4.5 – Tons of Switchgrass Received from Regulated Areas

	Facility Number
	Scenario 1
	Scenario 2
	Scenario 3

	Facility 1
	475,137
	18,718
	0

	Facility 2 
	476,773
	42,330
	0

	Facility 3
	473,261
	102,164
	15,587

	Facility 4 
	478,114
	53,987
	4,155

	Facility 5
	362,601
	226,076
	0

	Facility 6 
	179,719
	19,212
	56,131

	Facility 7
	477,359
	294,441
	9,744

	Facility 8
	315,590
	468,095
	13,354

	Total
	3,238,554
	1,225,023
	98,971


98% of the switchgrass this facility receives.  Facility 2.7 received the second most switchgrass from regulated areas with 294,441 tons or about 62% of its total switchgrass 
intake.  Facilities 3 and 5 also received significant amount of switchgrass from regulated areas with 102,164 tons and 226,076 tons.


The benefits that result from the implementation of regulations will be confined to these areas.  Wildlife will have increased food and cover as well as the ability to move freely between habitat areas connected by field borders.  The field borders functioning as wildlife corridors will help facilitate the movement of wildlife as well as the expansion of wildlife from biodiversity hotspots into adjoining habitats.  The field borders also function as habitats from many types of animals including birds, mammals, and insects.  The late winter/early spring harvest will ensure their habitats are not disturbed during the time of year when many animals are the most vulnerable to the elements.  The degree of success of the regulation in promoting biodiversity will be largely dependent upon the efforts of the landowners.  The size and make-up of the field borders is mostly at the discretion of the landowners.  NRCS Code #386 states that the borders must be a minimum of 30 feet; however, increasing the width will be beneficial to wildlife at the cost of decreased yield from the land.  Also, while switchgrass meets the minimum requirements for the make-up of field borders other native warm season grasses, legumes, and shrubs can be introduced to increase the biodiversity value.  NRCS Code #386 in the appendix contains information on how to tailor the field borders for specific types of wildlife such as turkeys, quail, and beneficial insects.

As an unintended result of the regulations many of the benefits provided by switchgrass compared to other crops such as hay, corn, cotton, wheat, and soybeans were moved away from biodiversity hotspots.  In Scenario 3 much of the feedstock source area moved out of Middle Tennessee, where it was in close proximity to biodiversity hotspots, to land with lower biodiversity levels in West Tennessee and out of state.  The movement of switchgrass production areas away from biodiversity hotspots was not the intent of the regulations implemented, but it was a result of the regulations compared to the Scenario 1 with no regulations.  The areas that the switchgrass production moved to will see increases in biodiversity as a result of switchgrass being preferable to the previous land use types in these areas.  However, these benefits should not be viewed as benefits of the regulations implemented.  They should be viewed as benefits resulting from land use change.  Scenario 2 also shifted some switchgrass production areas away from biodiversity hotspots; however, not as much as Scenario 3.  Table 4.6 shows the amount of land use change for each scenario; it includes the previous crop type as well as number of acres converted to switchgrass.  Complete land use change tables for each scenario broken down by facility are included in the appendix.
Table 4.6 – Acres converted to switchgrass production
	Crop Type
	Scenario 1
	Scenario 2
	Scenario 3

	Barley
	0
	0
	0

	Corn
	58
	96
	2,063

	Cotton
	0
	1372
	3009

	Hay
	643,114
	665,814
	642,210

	Oats
	0
	0
	0

	Rice
	0
	0
	0

	Sorghum
	0
	0
	0

	Soybeans
	420
	601
	4,125

	Wheat
	2,640
	2,548
	4,805

	Totals
	646,232
	670,431
	656,212


Chapter 5 – Summary, Conclusions, and Recommendations
5.1 – Summary

Scenario 2 has both the most acres converted to switchgrass production as well as the most switchgrass produced in regulated areas; however, Scenario 1 has the most switchgrass produced in areas in close proximity to the biodiversity hotspots identified.    Scenario 3 has the highest cost and the result of the regulations implemented in it are that much of the switchgrass production area moves away from biodiversity hotspots, which is an undesirable result.  In Scenario 1 much of the switchgrass production area is located in close proximity to biodiversity hotspots.  Scenario 1 is much cheaper than Scenarios 2 and 3 and although regulations to protect and promote wildlife are not implemented, switchgrass produced for biofuel is a preferable habitat to other types of crops and converting cropland near biodiversity hotspots to switchgrass would be beneficial to wildlife.  Due to data constraints it cannot be determined whether the wildlife benefits of the regulations in Scenario 2 would be offset the $10.3 million in increased costs compared to Scenario 1.  The NRCS provides partial reimbursement to participants of its programs such as the Field Borders for Wildlife.  However, the reimbursement amounts are decided on a case by case basis so it was not feasible to include them in offsetting some of the costs of Scenarios 2 and 3.  A future model estimating the total amount of reimbursements would provide a more exact figure of how much it would cost farmers to implement these practices.


One of the major shortcomings of this research is that the background information in the TN SWAP model could not be modified.  TN SWAP has underlying land use data that impacts the biodiversity priority values.  Access to this information and the ability to modify it to reflect the land use and habitat changes simulated in this research would greatly improve the insight into how wildlife and biodiversity would be impacted by producing biofuel. 
5.2 – Recommendations

The first would be a model similar to BioFLAME that included all types of possible biomass sources, including but not limited to, switchgrass, forestry residues, and other dedicated energy crops.  This would allow for a true evaluation of how the biofuel industry will impact wildlife and biodiversity.


The second would be a way to estimate the monetary benefits resulting from protecting and promoting wildlife and biodiversity.  The potential benefits of converting crop land to switchgrass production have been identified, their magnitude cannot be measured accurately.  This is a very difficult proposition because although wildlife does have monetary value, for example a deer could replace a given amount of store bought food, it also has intrinsic value.  People find value in viewing wildlife or knowing that there are areas that are rich in biodiversity.  So, placing a value on wildlife and biodiversity becomes very tricky.

5.3 – Conclusions


Several conclusions can be drawn from this research.  The simulated regulations in this research result in decreased yields for switchgrass fields located in close proximity to biodiversity hotspots.  The farmgate cost of switchgrass was increased due to the yield losses.  The cost increase associated with these regulations would then the passed on to the biorefineries and eventually result in increased fuel prices for consumers.


Regulations can have an impact on biorefinery location and feedstock source areas, as evidenced by the movement of biorefineries and feedstock source areas from the baseline locations in shown Scenario 1 to the new locations in Scenarios 2 and 3.  Comparing the location of biorefineries and feedstock source areas with where regulations were applied showed that switchgrass production moved away from regulated areas.

Regulations may decrease beneficial effects of switchgrass if establishment does not take place in areas where it would be beneficial.  The design of regulations is likely to have important impacts on the effects of regulations.  The impacts and consequences of any regulation should be fully researched and evaluated to ensure the results of the regulation are intended.
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Appendices

Appendix A.1 – Scenario 1 Output Table

	
	Facility 1
	Facility 2 
	Facility 3
	Facility 4 
	Facility 5
	Facility 6 
	Facility 7
	Facility 8

	Switchgrass Supply (tons)
	475124
	475806
	475053
	475281
	475991
	475320
	475312
	475902

	Feedstock Cost 
	32729190
	32851936
	32989943
	33057766
	33329235
	33441970
	33767179
	33898037

	Farmgate Cost
	24426551
	24824665
	24380169
	24420153
	24489008
	24789810
	24350276
	24699635

	Transport Cost 
	8302639
	8027271
	8609774
	8637613
	8840227
	8652160
	9416903
	9198402

	Marginal Cost
	54.59
	53.89
	51.69
	58.09
	54.59
	65.91
	51.71
	54.23

	Avg. Feedstock Cost Per Ton
	68.89
	69.04
	69.44
	69.55
	70.02
	70.36
	71.04
	71.23

	Avg. Farmgate Cost Per Ton
	51.41
	52.17
	51.32
	51.38
	51.45
	52.15
	51.23
	51.90

	Avg. Transport Cost Per Ton
	17.47
	16.87
	18.12
	18.17
	18.57
	18.20
	19.81
	19.33

	Barley Acres Converted
	0
	0
	0
	0
	0
	0
	0
	0

	Corn Acres Converted
	0
	0
	0
	58
	0
	0
	0
	0

	Cotton Acres Converted
	0
	0
	0
	0
	0
	0
	0
	0

	Hay Acres Converted
	79750
	83311
	79510
	79321
	80528
	80256
	79416
	81022

	Oats Acres Converted
	0
	0
	0
	0
	0
	0
	0
	0

	Rice Acres Converted
	0
	0
	0
	0
	0
	0
	0
	0

	Sorghum Acres Converted
	0
	0
	0
	0
	0
	0
	0
	0

	Soybeans Acres Converted
	0
	0
	132
	283
	0
	5
	0
	0

	Wheat Acres Converted
	607
	1
	409
	553
	158
	579
	333
	0

	Total Acres Converted
	80357
	83312
	80051
	80215
	80686
	80840
	79749
	81022


Appendix A.2 – Scenario 2 Output Table
	
	Facility 1
	Facility 2 
	Facility 3
	Facility 4 
	Facility 5
	Facility 6 
	Facility 7
	Facility 8

	Switchgrass Supply (tons)
	475055
	475245
	476147
	475389
	475268
	475053
	475016
	475240

	Feedstock Cost 
	33483411
	33633829
	34159710
	34275371
	34592586
	34876512
	35532878
	35763604

	Farmgate Cost
	24842989
	24732133
	25424496
	24987989
	25732022
	24607658
	26087622
	27091543

	Transport Cost 
	8640422
	8901696
	8735214
	9287382
	8860564
	10268854
	9445256
	8672061

	Marginal Cost
	65.91
	57.14
	58.12
	57.63
	64.54
	57.31
	61.25
	60.66

	Avg. Feedstock Cost Per Ton
	70.48
	70.77
	71.74
	72.10
	72.79
	73.42
	74.80
	75.25

	Avg. Farmgate Cost Per Ton
	52.29
	52.04
	53.40
	52.56
	54.14
	51.80
	54.92
	57.01

	Avg. Transport Cost Per Ton
	18.19
	18.73
	18.35
	19.54
	18.64
	21.62
	19.88
	18.25

	Barley Acres Converted
	0
	0
	0
	0
	0
	0
	0
	0

	Corn Acres Converted
	0
	0
	0
	0
	96
	0
	0
	0

	Cotton Acres Converted
	0
	1087
	0
	0
	0
	167
	0
	118

	Hay Acres Converted
	80580
	80410
	85058
	81981
	83397
	81156
	84854
	88378

	Oats Acres Converted
	0
	0
	0
	0
	0
	0
	0
	0

	Rice Acres Converted
	0
	0
	0
	0
	0
	0
	0
	0

	Sorghum Acres Converted
	0
	0
	0
	0
	0
	0
	0
	0

	Soybeans Acres Converted
	9
	0
	58
	0
	278
	0
	256
	0

	Wheat Acres Converted
	579
	178
	133
	0
	758
	0
	331
	569

	Total Acres Converted
	81168
	81675
	85249
	81981
	84529
	81323
	85441
	89065


Appendix A.3 – Scenario 3 Output Table
	
	Facility 1
	Facility 2 
	Facility 3
	Facility 4 
	Facility 5
	Facility 6 
	Facility 7
	Facility 8

	Switchgrass Supply (tons)
	476110
	475523
	476474
	475114
	475464
	475275
	475070
	476662

	Feedstock Cost 
	33568309
	33699604
	34510877
	34477858
	34942815
	35590528
	36306921
	36500476

	Farmgate Cost
	24798035
	24517735
	25115207
	24713803
	24526093
	25258887
	24615532
	25267974

	Transport Cost 
	8770274
	9181869
	9395670
	9764055
	10416722
	10331641
	11691389
	11232502

	Marginal Cost
	65.91
	54.59
	65.39
	64.83
	53.07
	64.39
	65.91
	75.02

	Avg. Feedstock Cost Per Ton
	70.51
	70.87
	72.43
	72.57
	73.49
	74.88
	76.42
	76.58

	Avg. Farmgate Cost Per Ton
	52.08
	51.56
	52.71
	52.02
	51.58
	53.15
	51.81
	53.01

	Avg. Transport Cost Per Ton
	18.42
	19.31
	19.72
	20.55
	21.91
	21.74
	24.61
	23.56

	Barley Acres Converted
	0
	0
	0
	0
	0
	0
	0
	0

	Corn Acres Converted
	0
	0
	0
	0
	0
	164
	0
	1899

	Cotton Acres Converted
	0
	1680
	0
	0
	166
	56
	0
	1107

	Hay Acres Converted
	80414
	79223
	83739
	81157
	80911
	81645
	80055
	75066

	Oats Acres Converted
	0
	0
	0
	0
	0
	0
	0
	0

	Rice Acres Converted
	0
	0
	0
	0
	0
	0
	0
	0

	Sorghum Acres Converted
	0
	0
	0
	0
	0
	0
	0
	0

	Soybeans Acres Converted
	9
	0
	58
	0
	0
	811
	82
	3165

	Wheat Acres Converted
	579
	131
	133
	0
	0
	559
	703
	2700

	Total Acres Converted
	81002
	81034
	83930
	81157
	81077
	83235
	80840
	83937


Appendix A.4 BioFLAME Inputs

	Input Category
	Input Value

	INPUT Facility Capacity
	475000

	INPUT Facility Siting Objective Function
	LowestTotalFeedstockCost

	INPUT Exclude Federal Land Feedstock
	TRUE

	INPUT National Corn Price
	4.85

	INPUT National Barley Price
	3.9

	INPUT National Soybeans Price
	11.6

	INPUT National Wheat Price
	5.15

	INPUT National Cotton Price
	0.84

	INPUT National Rice Price
	12.4

	INPUT National Oats Price
	2.4

	INPUT National Sorghum Price
	9.8

	INPUT Required Profit
	0

	INPUT Percent Hay Available
	50

	INPUT Use Road Network From Fac to Ref
	TRUE

	INPUT Driving Distance Limit Set
	TRUE

	INPUT Driving Distance Limit Miles
	70

	INPUT Truck Transport Rate (Field to Facility)
	0.437

	INPUT Truck Transport Rate (Facility to Refinery)
	0.255


 
Appendix A.5 – NRCS Code #386 Field Border for Wildlife
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Appendix A.5 (Cont’d) – NRCS Code #386 Field Borders for Wildlife
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� GLOBIO3 is a modeling framework designed to calculate the impact of environmental drivers on terrestrial biodiversity. � HYPERLINK "http://www.globio.info" �www.globio.info� 


� Nomenclature used to identify facility is Scenario #. # of facility based on when it entered solution.
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