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Abstract 14 

The sustainability of the biofuel industry depends on the development of a mature conversion 15 

technology on a national level that can take advantage of the economies of scale: the nth-plant. 16 

This study addresses the logistic challenge of mobilizing national cellulosic feedstock supplies for 17 

a sustainable bioenergy industry. A Mixed Integer Linear Programming (MILP) model was 18 

developed and updated to deliver on-spec biomass that considers both a desired quantity and 19 

quality at the biorefinery. Our supply chain analysis includes multi-modal transport (truck and 20 

rail), varying depot and biorefinery sizes, and feedstock blends of corn stover (harvested by either 21 

a two- or three-pass method), switchgrass, and miscanthus. The following US states: Illinois, 22 

Kansas, Missouri, North Carolina, Oklahoma, Georgia, and Texas were identified as key locations 23 

for producing accessible miscanthus. Based on our most optimistic scenario, using trucks as the 24 

only transportation mode in 2040 with a cost target of $79/dt, corn stover, switchgrass, and 25 

miscanthus could help meet 48% of the EPA target, 173 million dry tons that translate into 7.8 26 

billion GGE. The addition of rail transportation for biomass delivery to biorefineries could help 27 

meet 79% of the EPA target, 283 million dry tons that translate into 12.7 billion GGE. 28 

Keywords: biofuel, miscanthus, switchgrass, corn stover, supply chain, optimization 29 
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 30 

1. Introduction 31 

In the 2016 Billion-ton Report (BT16), switchgrass and miscanthus were recognized as the 32 

biomass varieties with the highest growth potential and geographical overlap (US DOE, 2016). 33 

This implies the possibility of competition between these two for expansion in a nationwide 34 

biomass resource assessment. Because sugars (extractable glucose and xylose) are perceived 35 

favorably by markets as a valuable biomass attribute, Oyedeji et al. (2019) showcased that, on 36 

average, switchgrass requires 11% more volume than miscanthus to yield an equivalent sugar 37 

amount. Oyedeji et al. (2019) enhanced the national evaluation by introducing an 11% price 38 

premium for miscanthus production. Consequently, this incentive led to the displacement of 39 

switchgrass by miscanthus at higher prices. The profitability of higher-yielding miscanthus, 40 

coupled with projected yield improvements over time (Oyedeji et al., 2019), suggests a greater 41 

potential for miscanthus than what was presented in the BT16 (US DOE, 2016).  42 

The backbone of developing a miscanthus pellet industry is to ensure a sustainable supply 43 

in the long run. According to the BT16 report, by 2040, around 6.5 million dry tons (dt) of 44 

miscanthus could potentially become available with a farmgate price of $40/dt, which can increase 45 

to 160 million dt given a farmgate price of $60/dt. The actual availability will thus depend on 46 

multiple factors, including the biomass purchase price and the feedstock quality requirement. As 47 

biomass is not a conversion-ready feedstock, it must go through complex supply chain stages such 48 

as harvest, collection, drying, grinding, storage, densification, and transportation. Alongside 49 

densification, biomass might need to go through complex pretreatment (i.e. acid pre-treatment, co-50 

combustion) to enhance conversion efficiency due to its inherent physiochemical properties 51 

(Huang et al., 2023; Zhang et al., 2023; Fu et al., 2023). It also incurs high capital costs in the 52 

densification and conversion facilities, making the total biofuel production cost higher than fossil 53 

fuel. As a result, for biofuels to be competitive, there is an upper bound on how much the biofuel 54 

industry is willing to pay to purchase raw biomass. The amount of biomass, i.e., miscanthus, that 55 

can be collected considering cost and quality limitations is the miscanthus amount that is truly 56 

conversion-ready, what we refer to here as the “accessible” miscanthus.  57 
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We updated the mixed-integer linear programming (MILP) model developed by Hossain 58 

et al. (2021, 2022) to evaluate the nationwide accessibility of miscanthus for cellulosic biofuel 59 

production, incorporating pelletization operations at intermediate depot locations. The main 60 

objective of the developed MILP is to maximize the accessible biomass within a target cost and 61 

quality specifications identifying optimum depot (preprocessing facility) and biorefinery (biomass 62 

to biofuel conversion facility) locations and defining the logistical details (i.e. cost, biomass 63 

supply) of the cellulosic biomass supply chain. MILP is the most widely used method for 64 

developing biomass-to-biofuel supply chains, predicting facility location and supply connections, 65 

and evaluating logistics costs. Gunnarsson et al. (2004), Dunnett et al. (2008), Ekşioğlu et al. 66 

(2009), and Huang et al. (2010) have developed MILP models to minimize the logistics cost of the 67 

supply chain and estimate the average cost required to produce cellulosic biofuel.  Kim et al. (2011) 68 

used profit maximization using an MILP model to predict the facility locations and the logistics 69 

cost for cellulosic biofuel production in the Southeast region of the US. Most studies have 70 

considered a centralized system for biofuel production where biomass directly comes from field-71 

side storage to conversion facilities (Mapemba et al., 2007; Tittmann et al., 2010; Zhu & Yao, 72 

2011). Some studies analyzed biofuel production using the distributed system with pelletization at 73 

intermediate depot facilities, particularly for cellulosic biomass (Ng & Maravelias, 2017; Roni et 74 

al., 2019; Roni et al., 2020; Hossain et al., 2021; Hossain et al., 2022). The list of published work 75 

is even more limited for herbaceous biomass supply chain optimization studies on a national scale 76 

(Elia et al., 2012; Gonzales et al., 2017; Hossain et al., 2021). Only a limited number of studies in 77 

the current literature assess supply chain conditions for transporting miscanthus pellets, and these 78 

studies tend to focus on specific regions, primarily considering the corn belt. Shashtri et al. (2010) 79 

optimized delivery cost for miscanthus pellets for southern Illinois. Using a distributed system, 80 

Lin et al. (2013) developed a MILP optimization model to minimize miscanthus-ethanol 81 

production cost and included a distributed system in their analysis. Thirteen counties were selected 82 

to build preprocessing facilities for pelletization, supplying 2 million dt of miscanthus to a 83 

biorefinery in Illinois with a cost of $220/dt, which is exceptionally high compared to the cost 84 

target set by the Department of Energy (DOE) (Hossain et al., 2021). Maheshwari et al. (2017) 85 

also designed an optimization model considering supply chain disruptions for procuring corn 86 

stover, switchgrass and miscanthus using a depot-based system in Southern Illinois.  87 
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There are currently 117 wood pellet mills in the US (Biomass Magazine, 2021). Co-88 

locating herbaceous pellet mills with existing wood mills could help reduce some of the capital 89 

and operational costs by taking advantage of the existing infrastructure, including rail and bulk 90 

cargo ports. The southeast of the US accounts for 81% of the US annual pellet production capacity. 91 

However, current miscanthus studies focused on the corn belt in the Midwest. To take advantage 92 

of the existing US wood pellet mills, we need to analyze the miscanthus pellet production 93 

considering a nationwide scenario that includes the southeast US. Moreover, corn stover and 94 

switchgrass will be two other primary cellulosic sources alongside miscanthus that could feed the 95 

US bioeconomy (US DOE, 2016). Hence, these feedstocks will compete in the same market. In 96 

addition, these cellulosic sources will help decrease biomass quality variability through feedstock 97 

blending. No studies in the literature have considered a nationwide scenario for the US to evaluate 98 

the total amount of miscanthus, corn stover, and switchgrass that could be supplied as pellets for 99 

biofuel production. This study aims to fill in the research gap in evaluating the future of the US 100 

biofuel production by considering i) a nationwide scope of analysis, ii) a specific cellulosic biofuel 101 

cost target at the reactor throat that is set by DOE, iii) quality requirements of blended pellets at 102 

the biorefinery, and iv) the use of multiple feedstocks such as corn stover, switchgrass, and 103 

miscanthus to supply biofuel production. 104 

According to the findings of Hossain et al. (2022), biorefineries with larger capacities can 105 

facilitate the collection for scenarios having higher supply. The present study will update the 106 

version of the model presented by Hossain et al. (2021) by 1) including large-scale biorefineries 107 

and 2) multi-modal transportation facilitating larger collection regions. The BT16 estimated that 108 

North Carolina (NC) could produce 24% of the total miscanthus projected in the US southeast 109 

region at a $60/dt farmgate price between 2022 and 2040 and at a maximum of 165 thousand dt 110 

per year (US DOE, 2016). As North Carolina is the largest US pellet producer (18% of US 111 

production) and with the highest operational capacity (2.2 million metric tons per year) (Biomass 112 

Magazine, 2021), the state could leverage these wood operational resources to preprocess 113 

herbaceous biomass to a pellet format. Thus, we analyzed the prospect of NC for producing 114 

miscanthus pellets to support our national bioeconomy. 115 

The measurable research objectives of this study can be summarized as follows: 116 
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1. Evaluate nationwide accessible biomass and the cost of delivering on-spec value-added 117 

corn stover, switchgrass, and miscanthus in a pellet format to a long-term national biomass 118 

feedstock market for biofuels.  119 

2. Assess the techno-economic feasibility of herbaceous pellet production in NC. 120 

3. Construct an herbaceous feedstock national database for county-level capacity and location 121 

for densification and biofuel conversion facilities.  122 

2. Method 123 

We leveraged our published optimization model that maximizes biomass accessible to a 124 

conversion facility while meeting a set of biomass characteristics or quality specifications for 125 

conversion, cost, and capacity constraints (Hossain et al., 2021). Analysis was performed using 126 

biomass projections for 2030 and 2040 in the base case scenario of the 2016 Billion Ton Study 127 

(US DOE, 2016). Work published by Hossain et al. (2021) included the analysis of delivering corn 128 

stover and switchgrass to facilities across the contiguous US. For this study, we incorporated 129 

miscanthus in the optimization model. In the original model developed by Hossain et al. (2021), 130 

the biorefinery sizes were assumed to be constant at 725,000 dt/year, and only trucks were used as 131 

transportation mode. For this study, we updated the model by including multi-modal transport 132 

utilizing both truck and rail transportation. We expanded the size of biorefineries with capacities 133 

from 725,000 to 2.9 million dt/year due to the combined supply of corn stover, switchgrass, and 134 

miscanthus (Table 1). Following the cost targets estimated by DOE for feedstock delivered to the 135 

reactor throat gate (Davis et al., 2013), we used the short-term cost target of $79.07/dt and the 136 

long-term cost target of $71.26/dt to compare the outcomes of this study with our previous work 137 

where miscanthus was not a supply option. These cost targets at the reactor throat gate were 138 

estimated to achieve a fuel selling price of $3/GGE or less in the near term and a $2.5/GGE in an 139 

nth-plant or long-term scenario.  140 

We assumed biomass would be preprocessed into pellets blending the materials at the 141 

depot. A maximum of 80 miles is considered for the distance between field-depot. After 142 

pelletization, biomass can have a maximum distance of 300 miles if going by truck from a depot 143 

to a biorefinery. There is no upper limit on transportation by train. However, train transport was 144 

assumed to be available only for shipments above 300 miles due to economic considerations 145 
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(Gonzales et al., 2013). Rail access was only considered in counties with an existing truck/train 146 

transfer system (US Bureau of Transportation Statistics, 2011).  147 

Table 1. Nationwide supply input including Corn stover (CS), Switchgrass (SW), and Miscanthus (MS). 148 
Year Feedstock Available biomass (million dry tons) based on farmgate prices ($/dry tons) 

$30 $40 $50 
2030 CS 16.7 36.1 116 

SW 0 4.05 59.1 
MS 0 2.17 18.1 

2040 CS 32.7 44.5 144 
SW 0 27 142 
MS 0 6.51 77.6 

CS: corn stover, SW: switchgrass, MS: miscanthus 149 

3. Results 150 

The original model developed by Hossain et al. (2021) and the updated version developed 151 

for this study were implemented using the supply curve including corn stover two pass and three 152 

pass, switchgrass, and miscanthus. Three scenarios were considered: S1) 2030 at $71.26/dt, S2) 153 

2030 at $79.07/dt, and S3) 2040 at $79.07/dt. To understand the effect of including miscanthus as 154 

a feedstock and incorporating higher capacity biorefineries with multi-modal transportation, the 155 

results of both runs were compared to the original study by Hossain et al. (2021). Runs using the 156 

model published in Hossain et al. (2021) will be referred to as the base case model (M1) in this 157 

study. The other two modeling conditions will be referred to as M2 and M3, with M3 being the 158 

updated model version using multimodal transportation and variable biorefinery capacities. With 159 

a cost target of $71.26/dt, including miscanthus as a feedstock to support the bioeconomy with 160 

corn stover and switchgrass, increased the total accessible biomass via truck by 3% (Table 2). With 161 

a cost target of $79.07/dt, the inclusion of miscanthus as a feedstock to support the bioeconomy 162 

along with corn stover and switchgrass, increased the total accessible biomass via truck by 28% 163 

and 4% for 2030 and 2040, respectively (Table 2). The increase in accessible biomass resources 164 

was higher when rail transportation and variable biorefinery capacities were considered in the 165 

model. At $71.26/dt, the collected biomass increased by 50% compared to the base case. At 166 

$79.07/dt, the total collected biomass increased to 150 million dt for 2030 and 283 million dt for 167 

2040, approximately 61% and 69% higher than the respective base case.  168 
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Table 2. Comparing scenarios with different modeling conditions. 169 
Scenario Modeling 

Condition 
Transportation 
Mode/Biorefinery 
Capacity 

Feedstock 
Included 

No. of 
Depots/ 
Biorefineries 

Biomass 
Collected 
(Mdt) 

S1: 2030 
at 
$71.26/dt 

M1: Base case 
model 

Truck only, fixed 
capacity 

CS2P, CS3P, 
SW 

80 / 41 30 

M2: Base case 
model 

Truck only, fixed 
capacity 

CS2P, CS3P, 
SW, MS 

77 / 43 31 

M3: Updated 
model 

Truck & Rail, 
variable capacity  

CS2P, CS3P, 
SW, MS 

107 / 36 45 

S2: 2030 
at 
$79.07/dt 

M1: Base case 
model 

Truck only, fixed 
capacity 

CS2P, CS3P, 
SW 

204 / 127 92 

M2: Base case 
model 

Truck only, fixed 
capacity 

CS2P, CS3P, 
SW, MS 

230 / 163 118 

M3: Updated 
model 

Truck & Rail, 
variable capacity  

CS2P, CS3P, 
SW, MS 

276 / 142 150 

S3: 2040 
at 
$79.07/dt 

M1: Base case 
model 

Truck only, fixed 
capacity 

CS2P, CS3P, 
SW 

305 / 231 167 

M2: Base case 
model 

Truck only, fixed 
capacity 

CS2P, CS3P, 
SW, MS 

325 / 238 173 

M3: Updated 
model 

Truck & Rail, 
variable capacity  

CS2P, CS3P, 
SW, MS 

485 / 198 283 

CS2P= Corn stover 2-pass, CS3P= Corn stover 3-pass, SW= Switchgrass, MS= Miscanthus, Mdt = million dry tons 170 
Figures 1, 2, and 3 show the maps with the location of depots and biorefineries under 171 

different modeling conditions for scenarios S1 (2030 at $71.26/dt), S2 (2030 at $79.07/dt), and S3 172 

(2040 at $79.07/dt) respectively. The supply curve for these maps was generated using the average 173 

supply of corn stover, switchgrass, and miscanthus for prices $30, $40, and $50/dt in each county. 174 

For all the scenarios, as miscanthus was added to the base case supply, keeping the biorefinery 175 

size fixed at 725,000 dt/year (M1 vs. M2), more biorefineries received biomass within the target 176 

cost due to the higher supply. New biorefineries were also developed in regions where miscanthus 177 

was a significant supply source. Although the total collected biomass increased with the updated 178 

model, fewer biorefineries were built than the base case model runs. This is due to establishing 179 

bigger biorefineries having two-fold, three-fold, and four-fold the size of 725,000 dt/year. The 180 

increase in biorefinery size is evident in Figures 1, 2, and 3, with a bigger radius for the depots 181 

(red circles) co-located with those biorefineries. Because of the advantage of using rail 182 

transportation for extended distances, facilities were also established in California. 183 
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 184 
Figure 1. Depot and biorefinery locations for the year 2030 at $71.26/dt cost target. M1= Base case with CS2P, CS3P 185 
and SW; M2= Base case with CS2P, CS3P, SW and MS; M3= Updated model with CS2P, CS3P, SW and MS. Where, 186 
CS2P= Corn stover 2-pass, CS3P= Corn stover 3-pass, SW= Switchgrass, MS= Miscanthus. 187 
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 188 

Figure 2. Depot and biorefinery locations for the year 2030 at $79.07/dt cost target. M1= Base case with CS2P, CS3P, 189 
and SW. M2= Base case with CS2P, CS3P, SW and MS. M3= Updated model with CS2P, CS3P, SW and MS. Where, 190 
CS2P= Corn stover 2-pass, CS3P= Corn stover 3-pass, SW= Switchgrass, MS= Miscanthus. 191 

 192 

Figure 3. Depot and biorefinery locations year 2040 at $79.07/dt cost target. M1= Base case with CS2P, CS3P, and 193 
SW. M2= Base case with CS2P, CS3P, SW and MS. M3= Updated model with CS2P, CS3P, SW and MS. Where, 194 
CS2P= Corn stover 2-pass, CS3P= Corn stover 3-pass, SW= Switchgrass, MS= Miscanthus 195 
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To understand how the counties are utilizing the multimodal transportation and using the 196 

option of rail access in the updated model, transportation modes for each county with a biorefinery 197 

were plotted against the total supply to that county, i.e., supply from all the depots to the 198 

biorefinery in that county (Figure 4). Biorefineries received a major share of their biomass from a 199 

co-located depot, approximately 84%, 94%, and 96% for scenarios S1, S2, and S3, respectively. 200 

For the lower cost scenario (S1), 10% of the biorefineries received all their biomass from a co-201 

located depot. The remaining biorefineries used either truck or rail or both, with 10% of the total 202 

biorefineries utilizing rail transportation. However, only 5% of the biorefineries used rail for 203 

scenarios with higher cost targets. 15% and 7% of the biorefineries did not use any transportation, 204 

receiving all their biomass from a co-located depot for scenarios S2 and S3, respectively.  205 

The impact of adding miscanthus to the biomass supply was analyzed using the feedstock 206 

ratio in different scenarios for the three scenarios (S1-S3) and modeling conditions (M1-M3) 207 

(Figure 5). For the lower cost scenario (S1), no major change was observed in the collection of 208 

miscanthus due to the addition of multimodal transport and larger size biorefineries (M3). 209 

Miscanthus collection remained between 2-3 million dt for this scenario, representing 210 

approximately 8% of the accessible resources. Similarly, for the higher cost scenario in 2030, 211 

miscanthus collection remained somewhat closely for both modeling conditions M2 and M3. 212 

Initially, 10 million dt was collected for M2, which increased to 15 million for M3 due to the 213 

updated transport mode and facility size. In 2040 (S3), miscanthus collection increased nearly two-214 

fold due to the additional transport and facility size benefits, from 27 million dt (15% of total 215 

feedstock in M2) to 54 million dt (19% of total feedstock in M3).  216 
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 217 
                       (a)                                                             (b) 218 

Figure 4. Transportation modes in different scenarios using the updated model (M3) for, (a) all counties selected by 219 
the model for biorefineries and (b) subset of all counties selected by the model for biorefineries that used rail 220 
transportation. 221 

 222 
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Figure 5. Feedstock proportion for three scenarios (S1-S3) and three modeling conditions: M1) Base case with CS2P, 223 
CS3P, and SW; M2) Base case with CS2P, CS3P, SW, and MS; M3) Updated model with CS2P, CS3P, SW, and MS. 224 
Where, CS2P= Corn stover 2-pass, CS3P= Corn stover 3-pass, SW= Switchgrass, MS= Miscanthus. Note: 225 

4. Discussion 226 

According to our modeling results, for the most optimistic scenario in 2040 with a cost 227 

target of $79/dt, miscanthus alone has the potential to supply an additional 54 million dt/year. 228 

Considering a biofuel yield of 44.8 gallons of gasoline equivalent (GGE) per dt (Davis et al., 2013), 229 

54 million represents 15% of the EPA’s cellulosic biofuel production goal of 16 billion gallons per 230 

year of renewable fuel production from cellulosic biofuels (US EPA, 2020). In turn, a feedstock 231 

supply that includes corn stover, switchgrass, and miscanthus could help meet 79% of EPA’s 232 

target, 283 million dt, which translates into 12.7 billion GGE. Our optimization model also sheds 233 

light on the top candidate locations for producing miscanthus pellets in the short-term (2030) and 234 

long-term (2040). Observing the predicted amount of feedstock collected from the fields of 235 

different states in 2030 and 2040 (Figure 6), some of the key states for producing miscanthus 236 

pellets include Illinois, Kansas, Missouri, North Carolina, Oklahoma, Georgia, and Texas. Our 237 

model predictions also indicate that miscanthus shipments will only use truck transportation since 238 

the states that used rail, such as North Dakota, South Dakota, Nebraska, Minnesota, and California 239 

(Figure 7), do not have miscanthus supply. However, multi-modal transportation (truck and rail) 240 

incorporates long distance hauling in the biomass supply chain network increasing the accessible 241 

biomass compared to single mode transportation (Table 2). 242 
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 243 

Figure 6. Feedstock collected from fields of different states for modeling condition M3 within a cost target of $79/dt 244 
for 2030. 245 

 246 

Figure 7. Feedstock collected from fields of different states for modeling condition M3 within a cost target of $79/dt 247 
for 2040. 248 

Another goal of this study was to analyze how we can utilize the current wood pellet mills 249 

to produce miscanthus pellets, especially in NC since it is the largest pellet produced in the US. 250 

According to a 2017 industry report (IEA Bioenergy Task 40, 2018), most of the country’s mills 251 
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are located in the Southeast, with NC currently having the capacity to produce 1.62 million tons 252 

per year in the three pellet plants of Enviva located in Duplin County (Enviva-Sampson), 253 

Richmond County (Enviva-Hamlet), and Hertford County (Enviva-Ahoskie) (Southern 254 

Environmental Law Center, 2019). The capacity of such facilities can be expanded to make 255 

additional pellets using cellulosic resources, decreasing the cost of establishing any new facility. 256 

For example, our model predicted a total of 331,726 dt of miscanthus can be supplied to a depot 257 

in Duplin County by 2040, where an Enviva pellet facility is established. Other potential counties 258 

in NC having the supply of miscanthus include Columbus, Cumberland, Halifax, Wake, and 259 

Wilson. Similar observations can be made for the other states with a high cellulosic resource supply 260 

(Figures 1, 2, and 3). Compared to using only corn stover and switchgrass, including miscanthus 261 

can facilitate one additional biorefinery in NC by 2030 and two additional biorefineries by 2040 262 

within a target cost of $79/dt (Figure 2).  263 

Biomass blending is one of the key features of the optimization model developed in our 264 

previous work (Hossain et al., 2021). The model solves for scenarios where the blended feedstock 265 

will have qualities required by the biorefinery. Similarly, this study also creates feedstock blends 266 

of corn stover, switchgrass, and miscanthus. Our results show that the feedstock blends will also 267 

vary in different depots due to the supply variation in different counties. One of the assumptions 268 

in our study refers to specific qualities of the blended pellets depending on the qualities of raw 269 

feedstock materials and the proportion in which they were mixed.  270 

5. Conclusion 271 

A mixed-integer linear programming model has been developed to design the cellulosic 272 

biomass supply chain network using both single mode transportation (truck) and multi-modal 273 

transportation (truck and rail), identifying the location and capacity of both mid-scale and large-274 

scale depots and biorefineries nationwide for biofuel production. Considering the contiguous US 275 

instead of state-specific analysis increased the computational complexities due to large number of 276 

decision variables and constraints amplifying the memory requirement to run the MILP model. 277 

However, it allowed us to overcome the limitations of political boundaries, which would impose 278 

a constraint of transferring biomass from one state to another. Overcoming state transfer constraint 279 

helps to identify the realistic estimate of potential biomass collection as preprocessed biomass 280 

from one state may be shipped to a biorefinery in nearby state. Hence facilitating managerial 281 
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decisions to invest capital in locations that will have a higher feedstock supply resilience. Findings 282 

from this study also demonstrated how a distributed network of depots across the US can facilitate 283 

managerial and operational decisions by increasing supply resiliency to a biorefinery with 284 

uniform-format stable cellulosic resources. Supply resiliency is enhanced due to the ability of the 285 

uniform-format feedstock to handle potential supply disruptions subject to weather conditions, and 286 

seasonal biomass supply.   287 

Moreover, the developed model in this study has contributed to make tactical decisions of 288 

cellulosic biomass supply chain such as identifying the optimal biomass feedstock mix (i.e. corn 289 

stover, switchgrass and miscanthus proportions), selecting transportation modes and routes, and 290 

choosing potential biomass supply locations. The model results are highly dependent on the 291 

biomass supply predictions, which are inputs to the optimization model. Thus, the robustness of 292 

the model results and conclusions are subject to the projections and analysis of previous studies to 293 

predict future biomass supply, including potential changes in embedded climate and natural 294 

disaster predictions resulting in changes to available crop yields. Although the findings only apply 295 

to US scenarios, the formulated model is universal to any region or country. Adjusting the cost, 296 

supply input, and candidate location of the facilities, the model can be used to develop biomass 297 

supply chain networks for any region/country and help identify the logistics cost and the hot spots 298 

for future facility locations. 299 

To provide economic sustainability for cellulosic crop production, the location of 300 

cellulosic-based biomass depots and biorefineries must be strategic throughout the US, creating 301 

sufficient cellulosic biomass demand in the market and reducing the pressure on food production. 302 

This study has identified such strategic locations of the depots and biorefineries considering 303 

biomass supply locations, conversion quality requirements and target delivery cost to have biofuel 304 

prices comparable with fossil fuel market. One of the most significant contributions of this work 305 

was the development of a national database with the location of biorefineries and depots for both 306 

herbaceous biomass that includes corn stover (2-pass and 3-pass), switchgrass, and miscanthus. 307 

The database contains detailed information on the allocation of different types of biomass to 308 

specific depot and biorefinery locations making the findings of this study easier to interpret and 309 

usable for future researchers as well as biomass stakeholders. It can also provide insights to 310 

researchers that are interested in regional analysis and how the economics of a region can impact 311 
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the whole nation. Moreover, the developed database consists of feedstock delivered cost including 312 

farmgate cost, transportation, storage, and preprocessing for potential biorefineries in different 313 

regions. The delivered feedstock cost for different regions could be used to provide cost and profit 314 

analysis of cellulosic biofuel production to decision-makers, including supply managers, farmers, 315 

and business investors, which could help them to identify the required policy formulation and 316 

innovative conversion technology for a sustainable biofuel economy.  317 
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