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A. Abstract 
Arkansas is a biomass-rich state and the northeast region, with over 5,000,000 acres under cultivation, 
has the natural resource base and logistical infrastructure to potentially be a world leader in cellulosic 
biomass feedstock production and bioenergy production.  This project evaluated commercial-scale bio-
energy as a potential pathway for regional economic development in Northeast Arkansas.  The objective 
was to determine the potential employment and economic impacts on the region that might result from 
deployment of one (or more) commercial-scale bioenergy operations. 
 
Three hypothetical bioenergy enterprises were evaluated: a cellulosic biorefinery, with a production ca-
pacity of 40 million gallons per year requiring 500,000 dry tons per year of cellulosic feedstocks at an 
average process yield of 80 gallons per dry ton; a standalone biopower enterprise with a gross capacity 
of 100 MW (93 MW net to the grid); and a co-firing biopower enterprise with a100 MW gross capacity.  
The biopower operations were sized to also require 500,000 dry tons per year of cellulosic feedstocks, 
thereby enabling comparison of the enterprises and the analyses of each. 
 
Each enterprise-level economic analysis encompassed both the biomass-to-energy facility and the feed-
stock supply chain required to support the operation.  Financial performance of each facility was meas-
ured using traditional Internal Rate of Return methods over an assumed 24-year operational period.  
Sensitivity analyses were performed on key assumptions.  IMPLAN was used to estimate job creation/ 
retention and economic impacts on the region, including direct, indirect, and induced impacts.   
 
Based on our IMPLAN analyses, we estimate net employment impact from the three bioenergy enter-
prises to be 360, 200, and 100 full-time equivalents (FTEs), respectively, for a 40 MGY biorefinery, a 100 
MW standalone biopower, and a 100 MW co-firing operation.   
 
The total net economic impact of the biorefinery enterprise (including both the feedstock supply chain 
and the bioenergy facility) is estimated at $76,200,000 per year (direct, indirect, and induced).  The total 
net economic impacts from the two biopower enterprises would be less, but still significant— $36.3MM 
per year from the standalone biopower facility and $25.2MM per year from the co-firing operation.   
 
The economic impacts are additive—eight such biorefineries located in the region would create about 
3,000 full-time long-term jobs and have a regional economic impact exceeding $600,000,000 per year.  
Collectively, the 320,000,000 gallons per year produced from eight such biorefineries would satisfy less 
than 2% of the nationwide mandate for biofuels production by 2021 set forth in the federal Renewable 
Fuel Standard. 
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B. Executive Summary 
Agriculture is the mainstay of Northeast Arkansas, with over 5,000,000 acres under cultivation of con-
ventional row crops (corn, cotton, rice, sorghum, soybeans, and wheat).  However, crop prices are vola-
tile, and the region’s landowners and producers are always on the lookout for alternatives that could 
improve margins and/or reduce risks.  This project evaluated commercial-scale bioenergy as a potential 
pathway for regional economic development in Northeast Arkansas.  The objective was to determine 
the potential employment and economic impacts on the region that might result from deployment of 
one (or more) commercial-scale bioenergy operations. 
 
Bioenergy includes, primarily, liquid biofuels and biomass-derived electricity (in some instances, high-
value non-energy biobased products and/or thermal energy are potential co-products).  Biomass power 
could be produced at an independent standalone biomass-fired powerplant, or through co-firing of  
biomass with coal at an existing coal-fired powerplant.   
 
Interest in commercial-scale biorefineries is being driven by numerous factors, chief of which is the fed-
eral Renewable Fuels Standard (as amended in 2007 and referred to as RFS2).  The RFS2 mandates an-
nual production of cellulosic/advanced biofuels increasing from 0.6 billion gallons per year (BGY) in 2009 
to 21BGY by 2021.  It is estimated that roughly half of these biofuels would be produced in the biomass-
rich southeastern United States, with roughly 64% of the feedstocks from dedicated cellulosic energy 
crops such as switchgrass, Miscanthus, or short-rotation woody crops.   
 
Interest in commercial-scale biopower is also being driven by numerous factors, including fuel diversifi-
cation, distributed generation, national security, and rural economic development. Locally sourced bio-
mass would create local long-term jobs associated with the feedstock supply chain and the biopower 
facility, and displacing imported fuels with biomass would also have multiple benefits to Arkansas’s 
economy.   
 
Three hypothetical bioenergy enterprises were evaluated: a cellulosic biorefinery with a production ca-
pacity of 40 million gallons per year requiring 500,000 dry tons per year of cellulosic feedstocks at an 
average process yield of 80 gallons per dry ton; a standalone biopower enterprise with a gross capacity 
of 100 MW (93 MW net to the grid); and a co-firing biopower enterprise with a 100 MW gross capacity.  
Both biopower operations were sized to also require 500,000 dry tons per year of cellulosic feedstocks, 
thereby enabling comparison of the enterprises and the analyses of the three enterprises. 
 
Each enterprise-level economic analysis encompassed both the biomass-to-energy facility and the feed-
stock supply chain required to support the operation.  Financial performance of each facility was meas-
ured using traditional Internal Rate of Return methods over an assumed 24-year operational period.  
Sensitivity analyses were performed on key assumptions.   
 
IMPLAN was used to estimate job creation/retention and economic impacts on the region, including di-
rect, indirect, and induced impacts.  The regional economic impacts were evaluated net of benefits as-
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sociated with row crop production from lands that we assumed would be redirected for production of 
dedicated energy crops.   
 
We evaluated eight candidate feedstocks, including agricultural crop residues, forest/woody residues, 
and six dedicated crops, and selected a target portfolio of six feedstocks from those results.  For each, 
we estimated the costs for establishment, grow-out, operations, harvesting, transport, storage, and dry-
ing, using a net present value (cost) method over the 24-year enterprise operational period.  
 
The all-in weighted average cost for the target portfolio was estimated at $74 per dry ton in 2012 dol-
lars.  The equivalent all-in weighted average farmgate price was $37 per ton as harvested.  For the se-
lected portfolio, sensitivity analyses indicate that agronomic yield, land cost, and harvesting costs are 
the most critical variables. 
 
Using the Arkansas State University campus in Jonesboro as the location for each hypothetical facility 
and assuming a 5% land participation factor, we determined a maximum haul distance of 45 miles for 
the required supply of 500,000 dry tons per year; 25% of the targeted feedstocks were residues, with 
the balance from a mix of perennial energy grasses and short rotation woody crops.   
 
Projected base case yields for the targeted dedicated energy crops under northeast Arkansas conditions 
ranged from 3.7 to 12.3 dry tons per acre per year; the weighted average yield was 5.4 dry tons per acre 
per year, requiring 74,100 acres of farmed land for production of 400,000 dry tons per year.  The re-
quired balance of 100,000 dry tons per year included 75,000 dry tons from agricultural crop residues 
(mostly rice stubble) and 25,000 dry tons from woody residues. 
 
We assumed the cellulosic biofuels conversion facility would achieve an average process yield of 80 gal-
lons per dry ton of feedstock; this figure appears to be in the midrange of claims for biorefinery process 
efficiency, although data from commercial-scale cellulosic biorefinery operations are not yet available.  
Although we did not define the specific type of biofuel product(s) that would be produced (e.g., cellulo-
sic ethanol vs. drop-in fuels), we assumed the liquid fuel product(s) would be market ready when sold by 
the biorefinery.   
 
We indexed the wholesale price of the biofuel to the price of gasoline—if the retail price of gasoline is 
$3.50/gallon, then the wholesale price of the biofuel would equal $2.70.  Our base case set of assump-
tions included zero revenues from Renewable Identification Number (RIN), although the market value of 
a RIN in Q1 2012 for a cellulosic biofuel ranged from $0.50 to over $1.00 per gallon. 
 
For the biorefinery facility, our base case assumptions included a capital cost factor of $10 per gallon of 
annual capacity, which is within the range of values commonly found in the literature.  We assumed 
fixed operating costs of 3% of annualized capital costs and variable operating expenses of $0.75/gallon, 
excluding feedstocks (equivalent to $0.93/gallon of biofuel produced).   
 
Under the base case scenario, enterprise level Internal Rate of Return (IRR) equals 16.3%.  If RIN value is 
included at $0.65/gallon, then IRR rises to 32.7%.   If, in addition, the retail price of gasoline rises to 
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$4.50/gallon then the indexed wholesale value of the biofuel would equal $3.47/gallon and enterprise 
IRR equals 55.0%.   Figure 1 shows the projected impacts on enterprise IRR from varying values of retail 
gasoline price, RIN value, and capital cost factor.   
 

Figure 1: Key Sensitivity Results for the Biorefinery Enterprise 
 

 
 
For the two biopower facilities we used the same quantity of feedstocks (500,000 dry tons per year) and 
the same rate (10,900 Btu/kWh).  Accordingly, each facility would have a gross capacity of 100 MW and 
energy production of 745,000 MWh per year.   
 
For the co-firing facility we assumed that the station’s parasitic load would be covered by the coal-fired 
fraction.  For the standalone facility we discounted gross production by 7% to cover the station load, 
resulting in a net capacity of 93 MW and net annual production of 690,000 MWh per year. 
 
For the standalone biomass-fired powerplant, we assumed a capital cost factor of $4 million per mega-
watt of installed capacity (reflecting the all-in cost for a greenfield site).  A capital cost factor of $1.2 mil-
lion per megawatt installed capacity (reflecting the costs associated with a biomass fuel system and re-
quired modifications to the existing coal-fired facility) was assumed for the co-firing operation. 
 
For both biopower facilities we assumed fixed operating expenses at 1.7% of amortized annual capital 
costs.  For non-fuel variable operating expenses, we assumed $5/MWh and $3/MWh for the standalone 
and co-firing operations, respectively.   
 
For both facilities we assumed a value of $0 for Renewable Energy Certificates (RECs), since Arkansas 
does not currently have a Renewable Portfolio Standard or Renewable Electricity Standard.  We also as-
signed a value of $0/MWh to each bio power operation for federal Production Tax Credits (PTCs), since 
eligibility under the current PTC legislation is set to expire on December 31, 2012. 
 
For the standalone biopower enterprise, the required wholesale price of electricity to achieve a roughly 
15% IRR is $115 per MWh under base case conditions (RECs = $0/MWh, PTCs = $0/MWh).  If RECs = $10 
and PTCs = $18/MWh, then the required wholesale price of electricity to achieve a 15% IRR would drop 
to $96 per MWh.  Figure 2 shows the projected impacts on enterprise IRR from varying values of whole-
sale electricity price, REC value, and capital cost factor (@ PTCs = $0/MWh).  
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Figure 2: Key Sensitivity Results for the Standalone Biopower Enterprise 
 

 
 
For the co-firing enterprise, we assumed that the hypothetical coal-fired powerplant could co-fire 
500,000 dry tons of biomass per year.  This would equate to, for example, a 15% co-firing rate at a 665 
MW powerplant.  But there are numerous technical considerations that would impact the potential co-
firing rate at any of the four coal-fired facilities in operation in Arkansas in 2011, and the possibility of 
co-firing at any of these facilities would need to be evaluated on a site-by-site basis. 
 
To enable comparison with the other two bioenergy enterprises, we analyzed the economics and finan-
cial performance of the hypothetical co-firing biopower enterprise as if it was structured using tradition-
al project financing.  In reality, however, a co-firing operation would likely be owned and operated by 
the same utility that owns the coal-fired power plant.   
 
Under the base case conditions (RECs = $0/MWh, PTCs = $0/MWh) the required wholesale price of elec-
tricity to achieve a roughly 15% IRR is $70 per MWh.   Figure 3 shows the projected impacts on enter-
prise IRR from varying values of wholesale electricity price, REC value, and capital cost factor (@ PTCs = 
$0/MWh). 
 

Figure 3: Key Sensitivity Results for the Co-firing Biopower Enterprise 
 

 
 

Each of the three biorefineries evaluated would be subject to economies of scale.  A 100 MW 
standalone biopower operation is considered exceptionally large in the bioenergy industry, with “typi-
cal” operations falling in the 10 MW to 50 MW range. 
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Based on our IMPLAN analyses, we estimate net employment impact from the three bioenergy enter-
prises to be 360, 200, and 100 full-time equivalents (FTEs), respectively, for a 40 MGY biorefinery, a 100 
MW standalone biopower, and a 100 MW co-firing operation.  Note that these figures are net of FTEs 
that are currently associated with the 74,100 acres of conventional row crops that we assumed would 
be re-purposed for production of energy crops. 
 
The total net economic impact of the biorefinery enterprise (including both the feedstock supply chain 
and the bioenergy facility) is estimated at $76,200,000 per year (direct, indirect, and induced).  Assum-
ing the total population in the 10-country region within the 45-mile feedstock haul distance (refer to 
Figure 1) is 341,400, the net impact of $76.2MM/year would equate to a per capita net economic bene-
fit of $5,400 over a 24-year project life.  The results would be additive—if 8 biorefineries and associated 
feedstock supply chains were established in the northeast Arkansas region, then total employment 
would be approximately 2,880 FTEs and the total economic benefits to the region would be approxi-
mately $610,000,000 per year. 
 
The total net economic impacts from the two biopower enterprises would be less, but still significant—
$36.3MM per year from the standalone biopower facility and $25.2MM per year from the co-firing op-
eration.  Approximately 55% of these impacts would be considered value added. 
 
Deployment of a commercial-scale bioenergy enterprise(s) in northeast Arkansas would encourage de-
velopment of alternative (and relatively low input) agricultural crops in the region, which could be par-
ticularly attractive to some landowners and farmers.  In addition, such deployment would provide nu-
merous environmental benefits, including reduced agricultural inputs for energy crops compared to 
conventional crops, as well as reduced atmospheric carbon emissions and  significant economic multi-
plier benefits—both employment and monetary.   
 
In order for economic developers to promote commercial-scale bioenergy operations in the region the 
following actions are suggested: 

• Request the Arkansas Economic Development Commission to establish a go-to point of contact for 
bioenergy related activities. 

• Request the Arkansas Economic Development Commission (more specifically, the Arkansas Energy 
Office) to update the statewide biomass resource assessment. 

• When pursuing a specific project(s), engage qualified and experienced bioenergy professionals to 
assist with evaluating feedstock supplies, bioenergy conversion technologies, and project devel-
opment strategies. 

• Work with the Arkansas Economic Development Commission / Arkansas Energy Office to learn 
from successes and failures regarding bioenergy policies and activities in other states. 

• Understand the potential benefits of a statewide renewable electricity initiative. 

• Work with the respective utilities to evaluate potential biomass co-firing options at the coal-fired 
power plants in Arkansas. 
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E. Introduction 
The objective of this project was to evaluate commercial- scale bioenergy production as a potential 
pathway for regional economic development in Northeast Arkansas. Three types of bioenergy enterpris-
es were evaluated.  Figure 1 shows the geographic scope of the project in Northeast Arkansas with, for 
the purposes of this study, the Arkansas State University campus in Jonesboro serving as the hypothet-
ical location for each facility. 
 

Figure 1: The Project Study Region 
 

                   
 
The primary components of this analysis included: 

• A detailed technical and economic analysis of potential and targeted feedstocks 

• An economic and financial analysis of each of three hypothetical bioenergy enterprises (each using 
cellulosic feedstocks): 

o a 40,000,000 gallon per year biorefinery 

o a 100 MW standalone biopower facility 

o a 100 MW co-firing operation 

• A regional economic impact assessment. 

• The light brown shading 
depicts agricultural crop 
lands. 

 

• The dark green shading 
depicts forest lands. 

 

• Light green shading de-
picts grasslands. 

 

• The red line depicts 45 
road miles from the hy-
pothetical facility loca-
tion, which is the esti-
mated maximum haul 
distance for transport-
ing any feedstocks. 
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A biorefinery enterprise size of 40,000,000 gallons per year (MGY) was selected for this analysis because 
it represents the average anticipated size of a commercial scale biorefinery by the US Department of 
Agriculture.5  Using an estimated average process yield of 80 gallons per drive ton of cellulosic feed-
stock, such an operation requires 500,000 dry tons per year (DTY) of feedstocks.  In order to undertake a 
comparative analysis, the same quantity of feedstocks— i.e. 500,000 DTY—was used to determine the 
capacity of both the standalone and co-firing biopower facilities. 
 
Interest in the United States in commercial scale biorefineries is being driven by federal legislation, in 
particular the Renewable Fuels Standard, as amended (RFS2).6  The RFS2 mandates production of cer-
tain biofuels through the year 2021 as shown in Figure 2.  The mandated quantity of cellulosic derived 
and advanced biofuels increases to 21,000,000,000 gallons per year (21 BGY) by 2021 nationwide.  At an 
average of 40 MGY per facility, this would require over 500 commercial scale biorefineries in operation 
using cellulosic feedstocks within the next nine years.  If the RFS2 mandate continues and if half of this 
requirement were to be met through expansion of existing corn-based ethanol facilities in the Midwest 
using corn stover feedstocks, as seems likely, then another 250+ greenfield facilities will need to be es-
tablished.  Feedstock supplies suggest the majority of these will be located in the southeastern US. On 
average, roughly 5 new biorefineries would need to be constructed in each state, although Arkansas 
could be expected to be above average, given the state's abundant agricultural and forest resources.   
 

Figure 2: Biofuels requirements under RFS2 
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F. Feedstocks 
USDA and DOE estimate that roughly 64% of all cellulosic feedstocks required nationwide will be from 
dedicated energy crops (woody and/or herbaceous), with the remaining feedstocks from residues (pri-
marily agricultural and/or forest residues). The primary components of feedstock supply chains are 
shown in Figure 3.   
 

Figure 3: Primary Supply Chain Components 
 

 
 
The selection of specific feedstocks for a bioenergy operation must reflect local feedstock availability 
and suitability vis-à-vis the conversion technology used (selection of which, in turn, is based on feed-
stocks available, and energy and non-energy products to be manufactured).  Key factors to be consid-
ered when selecting specific feedstocks include: 

• physical/chemical characteristics 

o moisture content 

o energy content  

o ash content 

o chemical constituents 

• agronomics 

o propagation options 

o grow out period 

o agronomic yield 

o harvest window 

o senescence 

• logistics 

o type of land used 

o planned participation levels 

o suitability for large-scale mechanical 
handling 

• economics 

o establishment and grow-out 

o production 

o harvesting 

o post-harvest (storage, transport, 
drying, pre-processing) 
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Potential feedstocks include the full range of materials that could be considered for an enterprise.  Tar-
get feedstocks reflect the subset of materials that are intended for use for a particular facility. A list of 
potential cellulosic feedstocks is shown in Figure 4; feedstocks of particular interest for Northeast Ar-
kansas are shown in red. 
 

Figure 4: Potential feedstocks in Northeast Arkansas 
 

 
 
Agricultural field residue of particular interest in Northeast Arkansas primarily includes rice stubble, alt-
hough some wheat straw and corn stover may be available. Forest residues include harvest slash culled 
material, and pre-commercial thinning, although there are limited quantities of such materials in the 
Northeast Arkansas region.  Miscanthus, a high-yielding perennial grass7, was evaluated in this study 
both pre-senescence and post-senescence.  Both coppicing (e.g., hybrid poplar) and non-coppicing (e.g., 
Southern Yellow Pine) short rotation woody crops (SRWCs) were evaluated in this study.  Energy sor-
ghum, an annual grass crop, was also evaluated. 
 
1. Feedstocks evaluated  

Eight specific feedstocks were evaluated for this study, including: 
 

1. Miscanthus, pre-senescence 

2. Miscanthus, post-senescence8 

3. Switchgrass (1 harvest per year) 

4. Energy sorghum  

5. Agricultural field residues  
(primarily rice stubble) 

6. Forest residues 

7. SRWCs, coppiced 

8. SRWCs, no coppice 

 
Numerous technical and economic parameters were analyzed for each candidate feedstock. Because 
of significant seasonal variations, both agronomic yield (relative to assumed average annual yield) 
and moisture content (m.c.) as harvested were considered on a monthly basis for each of the dedi-
cated energy crops, resulting in an estimated agronomic yield on a dry matter basis (dry tons per acre 
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per year) that varied on a monthly basis -- this approach is illustrated (for Miscanthus pre-
senescence) in Figure 5.9 
 

Figure 5: example of yield estimates by month 
For Miscanthus pre-senescence 

 

 
 
Given that a bioenergy facility will likely need to operate almost year-round, selecting a portfolio of 
feedstocks that maximizes year-round availability will minimize post-harvest storage requirements.  
Accordingly, the harvest window becomes a critical criterion for both dedicated energy crops and ag-
ricultural field residues. 
  

2. Target portfolio for this study 

A target portfolio was selected for this analysis to reflect a mix of feedstocks considered attractive 
under Northeast Arkansas conditions, based on technical and economic criteria.10 The resulting port-
folio included six of the eight candidate feedstocks evaluated.11  The respective contributions (on a 
dry matter basis) are shown in Figure 6.  The basic assumptions and design parameters are shown in 
Figure 7.   
 
The total harvested quantity for the selected portfolio for the hypothetical bioenergy enterprise is 
500,000 dry tons per year (794,000 tons per year as harvested).  The total quantity from the five en-
ergy crops is 400,000 dry tons per year at weighted average agronomic yield of 5.4 tons per acre per 
year (requiring a total of 74,100 planted acres). 
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Figure 6: Portfolio of Target Feedstocks 
 

 
 
 
 
 

Figure 7: Basic Assumptions and Design Parameters for the Target Feedstocks 
(Note: weighted averages for yield and average moisture content are for energy crops only.) 

 

 
 

miscanthus, pre-senescence 50,000 12.3 4,100 59% 3 24

miscanthus, post-senescence 50,000 9.2 5,400 27% 3 24

switch grass, 1 cut/year 175,000 5.7 30,900 18% 2 12

energy sorghum -           -       -         0% 1 1

ag field residues 75,000 2.0 37,500 18% 1 1

woody residues 25,000 1.4 17,900 50% 1 1

SRWCs, coppiced -           -       -         0% 4 12

SRWCs, no coppice 125,000 3.7 33,800 50% 8 8

totals / weighted averages 500,000 5.4 129,500 37%
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The harvested quantities of the six feedstocks by month on an as harvested basis are shown on the left 
side of Figure 8; the harvested quantities by month on a dry matter basis are shown on the right side.  It 
was assumed that the biorefinery would operate 11 months per year (down for major maintenance dur-
ing the month of March), resulting in an average monthly requirement of 45,500 dry tons per month.   

With reference to the right side of Figure 8, all surplus harvest (i.e., feedstocks harvested above the red 
line) would go into storage with material obtained from storage during deficit months. The storage 
method and cost vary by feedstock and by harvest method. 

 
Figure 8: Harvested Feedstocks by Month 

 

 
 

3. Feedstock economics 

The economics of feedstocks consist of capital costs (capex) and operating expenses (opex). There 
are no capital costs for agricultural field residues and forest residues.  Similarly, all costs associated 
with energy sorghum, or any annual energy crop, are considered operating expenses.  
 
For this analysis it was assumed that capex for all perennial energy crops includes all costs associated 
with propagation, planting, and grow out (which varied from two years to eight years—refer to Fig-
ure 7).  We considered all such capital costs to be “establishment costs” and these should therefore 
eligible for financial support under the USDA's Biomass Crop Assistance Program (BCAP), to the ex-
tent that the federal program continues to exist and funds are available.12 
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The economic analyses were based on various economic assumptions common to each of the energy 
crops, as shown in Figure 9 (all figures in 2011 dollars).  Note, in particular: 

• Land cost:  Based on an analysis of land rent rates for various row crops during the past decade, 
we estimate an average payment to the landowner of $100 per acre per year.  Pasture land would 
likely be less than half that amount, although such land is limited in the study region and use 
would likely result in lower agronomic yields. 

• Producer’s margin:  This reflects a target net income for the farmer (who, in many cases, is also 
the landowner) for crop-related activities (excluding harvesting13). 

• Eradication bond: We assumed that capital costs would include a bond or escrow fund of 
$150/acre for eradication of the perennial crop at the time of project termination.  (This is dis-
cussed further in Section 4.) 

• Crop-related expenses:  These are considered realistic estimates and were applied to all of the 
energy crops (woody and herbaceous) except for energy sorghum, which, as an annual crop, has a 
crop budget that is substantially different than the perennials. 

• Project life: A commercial-scale operation is typically expected to have an operating service life of 
20 to 30 years.  We used 24 years because this figure proved to be a common multiple of the ser-
vice life of the various dedicated crops considered. 

• Land participation rate:  We assumed that, within a given feedstock supply region, only about 5% 
of landowners would participate as biomass feedstock suppliers (i.e., 95% would continue to pro-
duce what they are currently producing).  A higher participation rate would result in a more com-
pact “supply shed” with a lower average haul distance and lower transportation costs. 

• Unit transportation cost: For simplicity, we assumed a cost of $4.00 per loaded mile.  In reality, 
transport costs are commonly a mixture of fixed and variable costs, and will also vary by the type 
of transport units required (e.g., live bottom trailers are more expensive than end-dump).  
Transport costs are further affected by the net payload, with bulk (chopped or chipped) biomass 
typically having higher payloads than baled biomass, although there are many exceptions. 

• Maximum moisture content for processing:  Some biochemical processes can use feedstocks with 
relatively high moisture content (perhaps up to 65%), whereas most thermochemical processes 
will likely require lower moisture content (in the range of 20%).   

• Maximum moisture content for storage: We assumed that all material harvested in bales would 
be harvested and stored at 18% moisture content or less, whereas herbaceous material harvested 
in bulk would have to be dried to 18% prior to long-term bulk (enclosed) storage.  We assumed 
that chipped woody material could be stored outside in bulk as received (i.e., without drying). 

• Cost of storage:  Different types of storage were considered, with differing costs.  It was assumed 
that the woody feedstocks would be stored in bulk chipped form in outside storage (e.g., a circular 
stacker-reclaimer) and that the herbaceous energy crops and ag field residues would be harvested 
and stored in baled form, with the exception of Miscanthus pre-senescence, which would be har-
vested using a chopper harvester and subsequently dried and then sent to enclosed storage sys-
tems in bulk, dried form. 
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• Cost of harvesting: Harvesting costs for the candidate feedstocks varied with the type of harvest-
ing system used.  A baling operation was assumed to cost $70/acre; a high capacity chopper har-
vester operation was assumed to cost $120/acre; a specialized high-capacity tree harvesting oper-
ation (whether for whole tree or for coppiced growth) was assumed to cost $250/acre; a forest 
residue harvesting operation was assumed to cost $50/acre.14 

• Drying costs:  We assumed a drying system efficiency of 1,700 Btu per pound of water removed.  
We also assumed a drying fuel cost of $5.00 per MMBtu, as well as owning and operating costs 
(excluding fuel) for the drying sub-system of $8.00 per dried ton. 

 
Figure 9: Common Economic Assumptions 

  

 
 

Each candidate feedstock was analyzed over a 24 year project life (“life of project” or LOP), reflecting 
capital costs and operating costs over the service life per planting per crop. For each feedstock , all 
costs during the LOP were discounted to 2012 dollars using a 2.5% discount rate to determine a [neg-
ative] net present value figure (NPV) per feedstock.  Estimated NPV costs over the LOP by cost com-
ponent by feedstock are shown in Figure 10.  The weighted average NPV for the six target feedstocks 
over the LOP was determined to be $74 per dry ton – shown as a red horizontal line in Figure 10.   
 
The farm-gate feedstock cost is equal to the total of capex: establishment + capex: grow-out + opex: 
farming operations + opex: harvesting + opex: land + opex: margin.  For our analyses, we chose to al-
so include storage, transport, and drying expenses to better reflect the “processing ready” costs of 
feedstocks.  The weighted average farm-gate cost was $53/dry ton, or 72% of the total all-in cost (the 
balance of $21/dry ton reflects average transportation, storage, and drying costs). 
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Figure 10: Break-out of estimated costs by feedstock 
 

 
 

 
4. Sensitivity analyses  

Sensitivity analyses were performed on key assumptions.  Agronomic yield was determined to be the 
most sensitive assumption impacting the weighted average cost of the portfolio of target feedstocks, 
as illustrated in Figure 11 (reflecting the weighted average feedstock cost (WAFC) vs. the agronomic 
yield of switchgrass, which constitutes 35% of total feedstocks on a dry weight basis).   
 

Figure 11: Sensitivity Analysis – WAFC vs. Switchgrass Yield 
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The relative sensitivities of various assumed values are shown in Figure 12, which depicts the percent 
change in WAFC for this set of hypothetical analyses vs. +/- 20% changes in base case values of the 
various assumptions shown.  The tornado chart shows that agronomic yields of switchgrass and 
SRWCs (short rotation woody crops) are the most sensitive assumptions, whereas yields for Miscan-
thus residues (both woody and ag) are relatively insensitive.  For example, reducing or increasing the 
yield of switchgrass by 20% from the base case results in a 7% increase in the WAFC and a 5% de-
crease, respectively.   
 
The values for the tornado chart are also shown.  Note: this set of relative sensitivities would likely be 
different for an alternate feedstock portfolio and/or a different set of base case assumptions. 
 

Figure 12: Relative Sensitivities of Key Variables on Feedstock Portfolio Cost 
 

 

@ 80% of BCV @ 120% of BCV
agronomic yield: switch grass, 1 cut/year 6.0                              7% -5%
agronomic yield: SRWCs, no coppice 3.7                              6% -4%
annual inflation factor: opex 2.5% -4% 5%
land cost $100 -4% 4%
harvesting cost $70 -4% 4%
agronomic yield: ag field residues 2.0                              3% -2%
cost of storage: baled, EOF $4.00 -2% 2%
unit haul cost $4.00 -2% 2%
agronomic yield: miscanthus, post-senescence 11.0                            2% -1%
agronomic yield: miscanthus, pre-senescence 13.0                            1% -1%
agronomic yield: woody residues 1.4                              1% -1%
eradication bond $150 0% 0%

base case value (BCV)
∆ in WAFC

-8% -6% -4% -2% 0% 2% 4% 6% 8%

eradication bond

agronomic yield: woody residues

agronomic yield: miscanthus, pre-senescence

agronomic yield: miscanthus, post-senescence

unit haul cost

cost of storage: baled, EOF

agronomic yield: ag field residues

harvesting cost

land cost

annual inflation factor: opex

agronomic yield: SRWCs, no coppice

agronomic yield: switch grass, 1 cut/year

change in WAFC vs. +/- 20% changes in base case values for key assumptions
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5. Establishing a feedstock supply chain 

The basic components of a feedstock supply chain represented in Figure 3.  Several considerations in 
particular warrant additional discussion: 

• Feedstock assessment: An assessment of potential feedstock supplies must be part of a project’s 
initial planning.  The objective is to develop a sufficiently high level of understanding of potential 
feedstocks (types, locations, quantities, quality, availability, etc.) to identify a suitable site for the 
facility.  Once a preliminary location has been defined, a detailed and comprehensive feedstock 
assessment should be performed to enable development of a specific portfolio of feedstocks to be 
targeted.  One example of such a detailed and comprehensive assessment is BioFeedStAT, which 
uses spatial analysis tools to evaluate land use and feedstock supplies at 30-meter resolution and 
develops supply curves (quantities vs. road distance from the facility) in 1-mile increments.   

• Plant propagation:  For energy crops that are propagated vegetatively (in contrast to propagation 
by seed), the logistics of planting materials supply must be addressed well in advance. For exam-
ple, planting 50,000 acres of Miscanthus using a plant spacing of 3' x 3' will require a total of 240 
million plantlets, if plantlets are developed using micro-propagation techniques.  

• Potential invasiveness and associated risk management: Switchgrass, Miscanthus, and Giant 
Reed are considered potential candidate perennial energy grasses for Northeast Arkansas.  Alt-
hough each of these crops might be considered invasive in certain ecosystems, such concerns 
would not be applicable in Northeast Arkansas, if the invasiveness vectors are fully evaluated and 
suitable management plans and risk mitigation strategies are established and implemented.15  

• Harvest window and moisture content:  These are both critical factors affecting the supply chain 
and the economics of any energy crop.  A short harvest window will require more harvesting 
equipment and result in greater storage requirements, relative to a crop with a longer harvest 
window.  Moisture content at the time of harvest must be understood in advance and will deter-
mine many technical aspects of the supply chain. 

• Supply chain reliability: The feedstock supply chain both must be designed and implemented so 
as to ensure maximum reliability and minimum risk of supply disruption.   

• Supply chain contractors: There are numerous options and techniques for identifying, selecting, 
engaging, and managing feedstock supply contractors and subcontractors.  Professional guidance 
from knowledgeable specialists are recommended to ensure that all aspects are covered in suffi-
cient detail so as to minimize the risk of supply disruptions while also keeping supply chain costs 
to a minimum. 

 
The Biomass Crop Assistance Program (BCAP), established in the 2007 Farm Bill and administered by 
the US Department of Agriculture,16 was designed to help offset the high costs and risks associated 
with establishing perennial energy crops.  However, as of April 2012, the future of the BCAP program 
is uncertain due to budgetary pressures at the federal level. 
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G. Processing/Conversion Facilities 
1. Overview 

A project should be product-focused and, to the extent feasible, demand-driven.  Conversion tech-
nologies are used to convert low value biomass into higher value energy and/or non-energy products 
and are therefore essentially just “a means to an end.”  However, selection of a conversion technolo-
gy is an iterative process with selection of target feedstocks—the conversion process must be suita-
ble for the feedstock(s) used, and the feedstock(s) used must be suitable for the conversion process. 

 

a. Facilities evaluated in this study 

This study analyzed two types of bioenergy facilities: a biorefinery producing cellulosic/drop-in 
liquid biofuels, and biopower production.  Two types of biopower operations were evaluated: a 
standalone bio-power facility and a co-firing operation.  In order to do a comparative analysis, all 
three facilities were sized to use the same quantity of feedstocks, which was determined to be 
500,000 drive times per year (based on a 40 MGY biorefinery at a processing yield of 80 gallons or 
dry ton).  The corresponding size of the two biopower operations is 100 MW.   

For the hypothetical co-firing operation (i.e., displacing a fraction of the coal at an existing coal-
fired powerplant) it was assumed that the facility’s parasitic load would be covered by the coal-
fired fraction so that all of the biomass derived electricity would be sellable. For the hypothetical 
standalone operation a 7% parasitic load was assumed, resulting in a net capacity of 93 MW. 

In reality, a biorefinery could be an integrated operation in which electricity, thermal energy, and 
or high-value non-energy products could be coproduced.  Similarly, a standalone operation might 
also generate and sell thermal energy as a co-product (i.e., a combined heat and power, or CHP, 
operation).  For simplicity purposes, these analyses assumed single product operations as de-
scribed above. 

b. Common considerations 

Regardless of the type of technology employed, feedstocks used, or products made, several key 
questions must be posed when considering a conversion technology. 

o Is the process technically viable? 

o Has it been commercially demonstrated?   Is it reliable? 

o Is the technology financeable?   Is it bankable? 

o Can meaningful performance guarantees be secured from equipment suppliers? 
 

When considering various technologies, be mindful of a classic trade-off—the ability of a process 
to accommodate a wide spectrum of feedstock characteristics (including poor quality and/or high-
ly variable material) vs. system efficiency (as a general rule, systems that are designed and operat-
ed within a narrow band of feedstock characteristics can be optimized and operated at relatively 
higher efficiency levels). 
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2. Cellulosic biorefinery  

a. Factors driving current interest in biorefineries 

o Business / investment opportunities 

o Economic development—Job creation during construction and operations; capital infusion; 
regional economic benefits, including direct, indirect, and induced 

o Alternative agricultural crops, which may be particularly attractive to some landown-
ers/farmers. 

o Environmental benefits, e.g., lower carbon emissions 

o National security—The Department of Defense has recognized renewable energy as having a 
role in national security and is pursuing renewable transportation fuels for global operations 
as well as renewables-derived electricity for domestic installations 

o Renewable Fuels Standard, as amended (RFS2)—The mandated levels for biomass derived 
liquid fuels under the RFS2 are shown in Figure 2; another depiction of this increasing biofu-
els requirement is shown in Figure 13. 

 

Numerous programs have been developed by DOE and USDA to help stimulate investment in and 
commercial deployment of bioenergy systems and technologies.  The map shown in Figure 14 de-
picts various cellulosic biorefinery projects around the country receiving federal support. Also 
shown on the map (with red dots) are facilities known to be in some stage of commercialization 
using private resources. 

 

Figure 13: increasing quantities of biofuels required under RFS2 
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Figure 14: Cellulosic Biorefineries – pilot and commercial plants  
(Announced, under construction, or operational as of February, 2012; 

Source: U.S. DOE, except the red dots were added by BES) 
 

 
 

b. Assumed operational parameters for the biorefinery 

o Primary product = Drop-in liquid biofuels (the figures would be similar for cellulosic ethanol, 
except the product market value would be slightly lower). 

o Conversion technology: No specific technologies were defined for this study, although there 
are two general pathways for converting cellulosic biomass into liquid fuels: biochemical 
(e.g., enzymatic hydrolysis), and thermochemical pathways (e.g., gasification followed by ca-
talysis). 

o Output = 40,000,000 gallons / year (MGY) (this is the anticipated average size of a commer-
cial biorefinery as set forth in the USDA’s 2010 biofuels roadmap document). 

o System “efficiency” = 80 gallons / dry ton of cellulosic feedstocks (note that claims by various 
technology developers range from less than 50 to over 110 gallons per ton; as of April 2012 
there is essentially no public domain operational data available from commercial-scale by re-
fineries to validate these claims). 

o Feedstocks required = 500,000 dry tons / year (DTY) (based on our assumed annual produc-
tion of 40 MGY and our assumed system efficiency of 80 gallons/dry ton). 
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c. Other factors to consider specific to a biorefinery 

o Required feedstock characteristics / limitations vis-à-vis the processing technology (e.g., 
moisture content, particle size, chemical characteristics). 

o Processing yield and co-product options. 

o Product markets: Where will the liquid fuel products be sold, and how will the products be 
delivered to the markets? 

o Economics:  Availability and cost of the required feedstocks; cost of performance guarantees 
or surety bonds or other strategies for mitigating processing-related risks; and the value of 
public sector support programs such as the RSS2 mandate that results in a premium price for 
the cellulosic biofuels of $0.50 ~ $1.00 per gallon. 

 

3. Biopower 

Two basic approaches were evaluated: a standalone powerplant and co-firing [with coal] operation 
(note: while this analysis was based on a hypothetical co-firing facility, there are actually four coal-
fired powerplants in the state of Arkansas, one of which is the 665 MW Plum point facility in the Os-
ceola, and another is the 1,700 MW Independence facility west of Newport). 
 
a. Factors driving current interest in biopower 

The same set of factors that drive interest in by refineries also drive interest in biopower opera-
tions, except there is no federal level equivalent to the RFS2.  Instead, mandates for renewable 
electricity production have evolved on a state-by-state basis.  Known as a renewable portfolio 
standard (RPS) or renewable electricity standard (RES), 29 states have adopted such policies as of 
February 2012 – refer to Figure 15, from the online Database of State Incentives for Renewables 
and Efficiency (“DSIRE”).17 

b. Assumed operational parameters for the two biopower operations 

o The sole product is electricity (thermal energy is a possible co-product if a site can be located 
adjacent to a thermal demand such as a manufacturing facility, but no such co-product was 
considered in these analyses). 

o For this analysis, feedstock consumption equal 500,000 DTY for each type of facility. 

o For the standalone facility, we assumed a net plant heat rate of 10,900 Btu/kWh for the bio-
mass fuel and a capacity factor of 85%.  For the co-firing facility we also assumed a net plant 
heat rate of 10,900 Btu/kWh and a capacity factor of 85%.18 

o The resulting size of each biopower facility would be 100 MW (gross capacity), and total an-
nual electricity production would be approximately 750,000 MWh/year. 

 

  



Commercial-scale Bioenergy as an Economic Development Strategy for Northeast Arkansas 

April 2012  Page 28 of 59 

Figure 15: RPS Policies by State, March 2012 
 

 
 

c. Characteristics of a standalone biopower facility 

Such an operation would typically be self-reliant, owned and operated as an independent power 
producer (IPP), selling electricity at wholesale rates under a long-term power purchase agreement 
(PPA) with a utility(s).  A standalone biopower facility would almost certainly be managed as a 
baseload operation, the electricity fed into the grid (thereby requiring that the facility be located 
on or close to a high-voltage transmission line with sufficient capacity for the power in question).  
The baseload operation entails constant level power generation (steady-state operating condi-
tions), which is in sharp contrast to the intermittent nature of electricity generated from wind or 
solar resources. 

From a utility’s perspective, a 100 MW standalone biopower operation is relatively small com-
pared to typical coal-fired baseload powerplants.  However, such biopower facilities also consti-
tute, from a utility's perspective, distributed generation, fuel diversity, and renewable energy pro-
duction.   

Because of its relatively small size and need to accommodate variability in quality of biomass 
feedstocks, such biopower operations typically have lower system efficiency than larger coal-fired 
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powerplants.  However, as previously noted, a facility that could also produce and sell thermal en-
ergy would realize a higher overall system efficiency. 

There are several conversion technologies that could be used to convert biomass into electricity at 
a standalone facility.  The conventional approach is combustion19, whereas gasification is increas-
ingly being considered because of its higher system efficiency (i.e., more megawatt-hours out per 
ton of biomass in).  However, from a macro perspective, of equal or greater consideration than 
system efficiency is the ability to secure project financing.  Given the relatively young commercial 
status of biomass gasification and the widespread commercial experience with combustion, it is 
generally easier to secure project financing when using an “off-the-shelf” combustion technology, 
designed, fabricated, and constructed by experienced companies.  Nonetheless, pursuit and com-
mercial deployment of more advanced conversion technologies such as gasification are needed to 
help attain higher efficiency levels. 

d. Characteristics of a co-firing biopower facility 

Most co-firing operations considered in recent years in various parts of the country have been util-
ity owned operations, generally consisting of modifications to existing coal-fired installations to be 
able to simultaneously use biomass fuel along with coal fuel.  The capital cost for co-firing would 
include a biomass fuel yard, typically be incorporated at or adjacent to the existing coal-fired 
powerplant, and the required modifications to the existing powerplant (e.g., modifications to fuel 
pre-processing, handling, storage, and in-feed equipment, as well as emissions controls systems 
and ash management systems).  However, it is assumed that none of the capital cost previously 
incurred during the original construction of the existing coal-fired powerplant would be allocated 
to the biomass co-firing fraction, thereby providing significant capital savings relative to a stand-
alone biopower operation with the same biomass-fired capacity. 

The ability to co-fire biomass with coal is site specific, i.e. it varies from one facility to the next 
(depending on numerous factors including, in particular, the design of the existing boiler).  Poten-
tial co-firing rates at coal-fired powerplants can vary from less than 2% (energy basis) to over 20%.  
However, each site must be analyzed independently to determine its potential co-firing capability. 

There are four coal-fired facilities in Arkansas, all of which have boilers that use pulverized coal.  
As of February 2012, there have been no known publicly available assessments of the potential co-
firing capabilities at any of these four coal-fired powerplants.  Such assessments would be needed 
before any firm projections of co-firing can be made for Arkansas.   

To put the potential in perspective:  If co-firing could occur in Arkansas to the level of 500,000 dry 
tons per year of biomass fuel (which would be equivalent to a 15% co-firing rate at Plum Point on-
ly, or an average of 2.2% at all four coal-fired powerplants), it would displace the import of ap-
proximately 4,000 rail cars of coal per year, and would have a fuel value of roughly $35,000,000 
per year (@ $70/dry ton of biomass). 

Additional information regarding potential reductions in carbon and regulated pollutants that can 
result from biomass co-firing is provided in the end notes.20  
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H. Enterprise Economics & Financial Performance 
1. Analysis methodology 

We performed the same analyses using the same methodology on all three enterprise scenarios. We 
analyzed the economics and financial performance at the enterprise level, which considered reve-
nues from product sales as well as amortized capital expenses and all operating expenses, including 
biomass fuel.  For feedstocks, we calculated the weighted average net present cost on a per dry ton 
basis over a 24 year project life.  For capital costs (capex) we started with an estimated unit cost 
($/gallon, $/MW capacity) and incorporated anticipated project financing expenses amortized over 
an assumed debt service period.  For operating expenses (opex), we considered both fixed operating 
expenses on an annual basis (fox) and variable operating expenses on a per unit of production basis 
(vox) ($/gallon, $/MWh).  All capex and opex were evaluated over the life of the project, with finan-
cial performance for each of the three enterprises determined using standard metrics—Internal Rate 
of Return (IRR) and Net Present Value (NPV). 
 
As described in Section F.3, we analyzed the economics of eight target feedstocks and determined an 
average cost per dry ton, weighted by annual tonnage fractions by feedstock and discounted to 2012 
dollars reflecting life-of-project (LOP) projections.  The weighted average feedstock cost of $74/dry 
ton is considered an all-in cost, in that it incorporates establishment costs, production costs and as-
sumed margins, and estimated harvesting, transport, and storage costs, as well as estimated drying 
costs (where applicable, based on assumptions for maximum moisture content for storage of various 
feedstocks and a maximum moisture content of 50% wet basis for processing).   
 
For each enterprise we performed sensitivity analyses on all key assumptions, reflecting the impacts 
on enterprise financial performance given +/- 20% variations in base case values.  The results for each 
of the three bioenergy operations are presented below. 
 

2. Biorefinery enterprise economics and financial performance 

a. Determining the estimated wholesale price of the biofuel product 

The average wholesale price of the liquid biofuel product was indexed to the price of gasoline, us-
ing the formula summarized in Figure 16.  Although, according the US DOE Energy Information 
Agency (EIA) the retail price of gasoline was $3.58/gallon nationwide in February 2012 (and ap-
peared to be rising towards $4.00/gallon),21  we used an average retail cost of $3.50/gal in the 
Gulf Coast region.  The volatility of gasoline prices is discussed in Figure 17. 

With reference to the EIA price breakdown shown in Figure 16, we assumed that the wholesale 
cost of gasoline consists of the Crude Oil fraction and the Refining fraction, 72% and 12% respec-
tively, totaling 84%, resulting in an average wholesale price of $2.94/gallon.  Taking a conservative 
approach, we further discounted that value by 8% to arrive at an estimated market value for the 
biofuel of $2.70/gallon.  Thus, we determined the wholesale price of the biofuel product to be 
77.3% of the retail price of gasoline for the Gulf Coast region.  Accordingly, if the average retail 
price of gasoline in the Gulf Coast region rises to $4.00/gal, then the corresponding target whole-
sale price for the biofuel would be $3.09/gallon FOB biorefinery. 
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Figure 16: Biofuel Price indexing to EIA Gasoline Prices 
 

 
 
 

b. Some of the base case assumptions for the proforma calculations 

o RIN value22 = $0.00 (RIN values for cellulosic biofuels varied from ~$0.50 to >$1.00 in Q1 ‘12). 

o Capex = $10 / gallon of annual production capacity (values available within the public domain 
range from <$6 to > $12). 

o Fox = 3.0% [per year] of capex 

o Vox = $0.75 / gallon  
(exclusive of feedstock costs) 

o Annual inflation factors 

 Product price = 3.5%  

 Feedstock cost = 2.75%  

 Other opex = 2.5% 

o Discount rate used for NPV  
calculations = 2.6% 

 

 

 

 

 

 

  

Renewable Identification Number – RIN 

Every gallon of renewable fuel produced 
in the U.S. has a unique serial number 
assigned to it. This unique 38-digit serial 
number, known as the Renewable Identi-
fication Number or RIN, is what makes 
the RFS program work and allows EPA 
to monitor progress and make certain 
that all parties are playing by the rules. 

Figure 17: Gasoline Price Volatility 
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c. Results and sensitivity analyses 

Under the set of base case assumptions, the biorefinery economics are: 

o Capital cost = $400,000,000 

o Fixed operating expenses = $12,000,000 per year 

o Variable operating expenses = $30,000,000 per year (excluding feedstocks) 

o Feedstock expenses = $37,000,000 per year 

o Estimated gross revenues from biofuels sales = $108,000,000 per year 
 

All of the above figures reflect an initial year of full operation, shown in 2012 dollars.   

We used IRR as the primary metric for evaluating enterprise-level financial performance.  Under 
base case conditions, the biorefinery IRR equals 16.3%.  The sensitivity project IRR relative to each 
of four key assumptions is shown in Figure 18.  The steeper the slope of the curve, the more sensi-
tive the IRR is to changes in that assumed value.  The sensitivities of project IRR relative to gaso-
line retail price and RIN values are shown in Figure 19. 

 
Figure 18:  Sensitivities of Biorefinery Financial Performance to 4 Assumed Values 

(the highlighted data points denote base case conditions) 
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Figure 19:  Sensitivity of Biorefinery Financial Performance to Gasoline Retail Price and RIN value 
 

 
 

3. Standalone biopower enterprise economics and financial performance 

a. Determining the estimated wholesale price of the electricity product 

We worked backwards to determine the required sales price based on a target base case IRR of 
about 15%, which we considered a minimum return for a long-term power purchase agreement 
(PPA) with minimal risk.  The target IRR is a function of uncertainty and risk associated with the 
project investment; for example, a shorter PPA duration and/or limited ability to adjust the PPA 
pricing structure to reflect operating cost increases such as higher delivered costs per ton of bio-
mass fuel during the PPA period would increase project risk and lead to a higher target IRR needed 
to secure project financing. 

b. Some of the base case assumptions for the proforma calculations 

o Net product sales = 691,000 MWh/year (93 MW @ 85% CF) 

o The wholesale price = $115 / MWh (to achieve the target IRR). 

o The applicable value of Renewable Energy Certificates (RECs)23 = $0.00 / MWh 

o value of Production Tax Credits (PTCs)24 = zero 

o Capex = $4,000 / kW of capacity (i.e., $4,000,000 / MW) 

o Fixed opex = 1.7% of capex 

o Variable opex = $5.00 / MWh 

o Annual inflation factors and the discount rate are the same as those used for the biorefinery 
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c. Results and sensitivity analyses 

Under the set of base case assumptions, the standalone biopower economics are: 

o Capital cost = $400,000,000 

o Fixed operating expenses = $6,200,000 per year 

o Variable operating expenses = $3,500,000 per year (excluding feedstocks) 

o Feedstock expenses = $37,000,000 per year 

o Estimated gross revenues from biofuels sales = $79,500,000 per year 
 

All of the above figures reflect an initial year of full operation, shown in 2012 dollars.   

We used IRR are as the primary metric for evaluating enterprise-level financial performance.  Un-
der base case conditions, the standalone biopower enterprise IRR equals 15.7%.  The sensitivity 
project IRR relative to each of four key assumptions is shown in Figure 20.  The steeper the slope 
of the curve, the more sensitive the IRR is to changes in that assumed value.  The sensitivities of 
project IRR relative to the wholesale power price and REC values are shown in Figure 21. 

 
Figure 20:  Sensitivities of Standalone Biopower Financial Performance to 4 Assumed Values 

(the highlighted data points denote base case conditions) 
 

 
  



Commercial-scale Bioenergy as an Economic Development Strategy for Northeast Arkansas 

April 2012  Page 35 of 59 

Figure 21:   
Sensitivity of Standalone Financial Performance to Wholesale Power Price and REC value 

 

 
 

4. Co-firing biopower enterprise economics and financial performance 

a. Determining the estimated wholesale price of the electricity product 

We worked backwards to determine the required sales price based on a target base case IRR of 
about 15%, which we considered a minimum return for a long-term power purchase agreement 
(PPA) with minimal risk.  Note that in order to compare the results of this analysis with those for 
the standalone biopower enterprise we assumed a traditional project financing structure and used 
the same values (e.g., equity fraction, debt interest rate) as was used in the standalone analysis.   

However, if the co-firing operation is owned by a utility(s), then the IRR would need to reflect a 
Return on Capital Assets rate for that utility as authorized by the Public Service Commission.  If, for 
example, the approved Return is 10% over the 24-year project life, then the wholesale price of the 
biomass-derived power would need to be $67.70 per MWh to achieve said target Return. 

b. Some of the base case assumptions for the proforma calculations 

o Product sales = 745,000 MWh/year (100 MW @ 85% CF) 

o The wholesale price = $70 / MWh (to achieve the target IRR). 

o The applicable value of Renewable Energy Certificates (RECs)25 = $0.00 / MWh 

o The applicable value of the PTCs = N/A. 

o Capex = $1,200 / kW of capacity (i.e., $1,200,000 / MW) 
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o Fixed opex = 1.7% of capex 

o Variable opex = $3.00 / MWh 

o Annual inflation factors and the discount rate are the same as those used for the biorefinery 
 

c. Results and sensitivity analyses 

Under the set of base case assumptions, the standalone biopower economics are: 

o Capital cost = $120,000,000 

o Fixed operating expenses = $2,200,000 per year 

o Variable operating expenses = $2,200,000 per year (excluding feedstocks) 

o Feedstock expenses = $37,000,000 per year 

o Estimated gross revenues from biofuels sales = $52,100,000 per year 
 

All of the above figures reflect an initial year of full operation, shown in 2012 dollars.  We used IRR 
as the primary metric for evaluating enterprise-level financial performance.  Under base case con-
ditions, the standalone biopower enterprise IRR equals 14.6%.  The sensitivity project IRR relative 
to each of four key assumptions is shown in Figure 22.  The sensitivities of project IRR relative to 
the wholesale power price and REC values are shown in Figure 23. 

 
Figure 22:  Sensitivities of Co-firing Biopower Financial Performance to 4 Assumed Values 

(the highlighted data points denote base case conditions) 
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Figure 23:  Sensitivity of Co-Firing Financial Performance to Wholesale Power Price and REC value 
  

 
 

5. Summary & Observations 

• A summary of basic metrics for the three bioenergy facilities evaluated is shown in Figure 24.  A 
breakout of annual expenses for the three facilities is shown in Figure 25. 

• Feedstocks are a significant cost component of each enterprise —as indicated in Figure 25, feed-
stocks range from 34% to 71% of the wholesale product prices.  While some small savings might 
be obtainable in delivered feedstock costs over time (e.g., through reduced propagation costs, 
more efficient harvesting and hauling systems, increased agronomic yields), we consider it unreal-
istic to expect future savings to be more than 10% - 20%. 

• The estimated capital and operating costs for the cellulosic biorefinery are considered to be rela-
tively “low confidence” figures, given the emerging status of the technology and the industry and, 
therefore, the lack of experiential data available from commercial-scale operations. 

• For the biorefinery enterprise: The base case assumption is that the average retail price of gaso-
line in the study region is $3.00/gallon.  If that retail price increases to $4.50/gallon, then project-
ed IRR would increase from 16% (base case) to 38% (holding other base case assumptions con-
stant). 

• For the biorefinery enterprise: The base case assumption is that the RIN value = $0.00.  However, 
if the RIN value = $0.65/gallon (i.e., this is a common RIN price in Q1 2012 and would be expected 
to stay at or near this level through 2021 if the federal RFS2 continues), then the biorefinery en-
terprise IRR increases from 16% (base case) to 33%.  
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Figure 24: Summary of basic metrics by enterprise 
 

 
 
 

Figure 25: Summary of basic metrics by enterprise 

 

biorefinery biopower co-fi ring

estimated annual production
MM gal lons  / year 40
MWh/year (x000) 691 745

estimated product price (wholesale, FOB plant; base case)
$/gal lon $2.70
$/MWh $115 $70

total estimated capital cost
$MM $400 $400 $120

estimated unit capital cost
per ga l lon of annual  capaci ty $10.00
per watt of insta l led capaci ty $4.00 $1.20

estimated financial performance (under base case conditions)
IRR 16.3% 15.7% 14.6%

feedstock costs
requirement, dry tons/year 500,000 500,000 500,000
average cost, $/dry ton $74 $74 $74
annual  expense ($MM) $37 $37 $37
average cost, $/ga l lon sold $0.93
average cost, $/MWh sold $54 $50
fraction of product wholesa le price 34% 47% 71%
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• For the biopower enterprises:  The base case assumption is that the REC value = $0.00.  However, 
if the REC value = $10.00/MWh, then the IRR increases from 16% (base case) to 20% for the 
standalone facility, and from 15% (base case) to 31% for the co-firing operation. 

• For the standalone biopower enterprise:  The base case assumption is that the PTC value = $0.00.  
However, if the federal PTCs are extended and a weighted average rate is = $18.00/MWh,26 then 
the IRR increases from 16% (base case) to 23%. 

o If both RECs and PTCs are applicable to the standalone biopower enterprise, then the equiva-
lent wholesale price required to achieve a 16% target IRR would be $97/MWh (which would be 
a 16% reduction from the base case value of $115/MWh). 

• Economies of scale are definitely applicable to bioenergy operations.  Figure 26 depicts the esti-
mated relationship between 
the size of a standalone bi-
opower facility and the result-
ing all-in cost of electricity 
(COE). 

• For comparison purposes, it is 
interesting to note that a 2010 
Integrated Resource Planning 
Study prepared for the City of 
North Little Rock determined 
that the estimated cost for a 
new 50 MW coal-fired power-
plant was $78/MWh (an all-in 
COE for the initial year of op-
eration, adjusted by BES to re-
flect 2012 dollars).27 

• A key set of assumptions that help determine projected biopower costs over a project life are an-
nual inflation factors—for product selling prices, feedstock costs and variable operating expenses.  
The assumed values used in this study for feedstock costs and variable operating expenses are 
2.75% and 2.5% respectively, which are slightly above recent inflation rates (roughly 2.25%) given 
the levels of diesel fuel consumption involved in feedstock harvesting and transport and the 
amount of energy required for bioenergy facility operations. 

o However, we anticipate that, despite current record low natural gas prices, prices of all energy 
products (including transportation fuels and electricity) will rise faster than general inflation 
rates.  Accordingly, we used an annual inflation rate of 3.75% to adjust product wholesale pric-
es over the 24-year service life of each enterprise. 

  

Figure 26:  Anticipated all-in COE vs. Facility Capacity for a 
Standalone Biopower Facility 
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I. Regional Impacts 
1. Analysis methodology and numeric results 

The over-arching goal of this EDA-funded project was to evaluate how a commercial-scale bioenergy 
enterprise(s) might contribute to regional economic development in northeast Arkansas.  In order to 
evaluate such regional economic impacts, the bioenergy enterprises had to be identified, character-
ized, and evaluated economically and financially. This, in turn, first required defining the basic tech-
nical parameters and operating characteristics of the three facilities, including both feedstock supply 
chains and processing operations.  
 
We used IMPLAN to evaluate the regional economic impacts.  A critical assumption made at the on-
set of these analyses was to evaluate net impacts—we assumed that all of the dedicated energy 
crops would be produced on lands that are currently used for row crop production, although, in prac-
tice, the first priority lands that would be converted to energy crops would likely be those croplands 
that are considered marginal, either because those tracts have lower average yields, i.e., they are 
economically marginal, or they are ecologically less suitable for row crop production but may still be 
suitable for energy crop production.  For example, certain lands that were previously enrolled in the 
Conservation Reserve Program (CRP) but have or will soon have expiring CRP contracts.   
 
IMPLAN inputs included a wide range of metrics and results from earlier analyses associated with 
feedstocks, facilities, and bioenergy enterprises.  For example, IMPLAN required that we identify the 
anticipated amount of acreage per county as well as the cost components (i.e., farm budgets reflect-
ing the weighted average of the six targeted feedstocks) to be used for the energy crops.  We did a 
complete IMPLAN analysis of both the feedstock supply chain as well as the enterprise economics, as 
feedstock results subsequently constitute a set of inputs for IMPLAN for the enterprise analyses.   
 
Because we elected to evaluate the net impacts (i.e., net of the existing regional economic benefits 
associated with the crop production acreage that would be converted to energy crops), we also had 
to undertake an IMPLAN analysis of existing row crops by county.  This, in turn, necessitated a histor-
ic analysis of crop budgets for the associated farmlands).  The IMPLAN results from the row crops 
analyses were subtracted from the enterprise level IMPLAN results for the bioenergy operations to 
determine projected net regional economic impacts. 
 
All IMPLAN analyses were performed for each county in the study area, with results rolled up into the 
regional results presented in this report.  As previously shown in Figure 1, we selected the campus of 
Arkansas State University in Jonesboro as the location for each of the hypothetical bioenergy facili-
ties.  IMPLAN results include labor, value added, and direct output figures.  For each, IMPLAN pro-
vides results for direct, indirect, and induced impacts.  The multiplier effect is calculated by dividing 
the total impacts (direct + indirect + induced) by the direct impacts.   
 
The numeric IMPLAN results for each of the three bioenergy facilities are shown in Figures 27, 28, 
and 29, respectively.  The impacts are additive—two enterprises deployed in the region would have 
twice the benefits of a single enterprise, and so on.    
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Figure 27: IMPLAN results for the Biorefinery Enterprise 
 

  

Impact Summary 

Impact Type Employment Labor Income Value-Added Output

Direct Effect 230 $19,800,000 $20,500,000 $56,900,000

Indirect Effect 100 $3,700,000 $5,500,000 $15,600,000

Induced Effect 120 $3,800,000 $7,100,000 $11,900,000

Total Effect 450 $27,300,000 $33,100,000 $84,400,000

  multipliers 2.0 1.4 1.6 1.5

Impact Summary 

Impact Type Employment Labor Income Value-Added Output

Direct Effect 400 $14,000,000 $17,000,000 $31,800,000

Indirect Effect 40 $1,300,000 $2,100,000 $4,400,000

Induced Effect 20 $700,000 $1,700,000 $2,800,000

Total Effect 460 $16,000,000 $20,800,000 $39,000,000

  multipliers 1.2 1.1 1.2 1.2

Total  Feedstock and Bioenergy facility production Impacts

Impact Summary 

Impact Type Employment Labor Income Value-Added Output

Direct Effect 630 $33,800,000 $37,500,000 $88,700,000

Indirect Effect 140 $5,000,000 $7,600,000 $20,000,000

Induced Effect 140 $4,500,000 $8,800,000 $14,700,000

Total Effect 910 $43,300,000 $53,900,000 $123,400,000

  multipliers 1.4 1.3 1.4 1.4

Impact Summary 

Impact Type Employment Labor Income Value-Added Output

Direct Effect 490 $17,900,000 $23,600,000 $39,600,000

Indirect Effect 30 $1,000,000 $2,100,000 $4,200,000

Induced Effect 30 $900,000 $2,100,000 $3,400,000

Total Effect 550 $19,800,000 $27,800,000 $47,200,000

  multipliers 1.1 1.1 1.2 1.2

Net regional economic benefit attributable to bioenergy enterprise 

Impact Summary 

Impact Type Employment Labor Income Value-Added Output

Direct Effect 140 $15,900,000 $13,900,000 $49,100,000

Indirect Effect 110 $4,000,000 $5,500,000 $15,800,000

Induced Effect 110 $3,600,000 $6,700,000 $11,300,000

Total Effect 360 $23,500,000 $26,100,000 $76,200,000

  multipliers 2.6 1.5 1.9 1.6

reflecting existing row crop production

= biorefinery + feedstocks production - rowcrops

Regional Total Impact: Bio-refinery

= bioenergy facility + feedstocks

Regional Total Impact - All Feedstocks
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Figure 28: IMPLAN results for the Standalone Biopower Enterprise 
 

  

Impact Summary 

Impact Type Employment Labor Income Value-Added Output

Direct Effect 130 $16,700,000 $18,700,000 $29,700,000

Indirect Effect 60 $1,900,000 $2,600,000 $5,200,000

Induced Effect 100 $3,100,000 $5,700,000 $9,600,000

Total Effect 290 $21,700,000 $27,000,000 $44,500,000

  multipliers 2.2 1.3 1.4 1.5

Impact Summary 

Impact Type Employment Labor Income Value-Added Output

Direct Effect 400 $14,000,000 $17,000,000 $31,800,000

Indirect Effect 40 $1,300,000 $2,100,000 $4,400,000

Induced Effect 20 $700,000 $1,700,000 $2,800,000

Total Effect 460 $16,000,000 $20,800,000 $39,000,000

  multipliers 1.2 1.1 1.2 1.2

Total  Feedstock and Bioenergy facility production Impacts

Impact Summary 

Impact Type Employment Labor Income Value-Added Output

Direct Effect 530 $30,700,000 $35,700,000 $61,500,000

Indirect Effect 100 $3,200,000 $4,700,000 $9,600,000

Induced Effect 120 $3,800,000 $7,400,000 $12,400,000

Total Effect 750 $37,700,000 $47,800,000 $83,500,000

  multipliers 1.4 1.2 1.3 1.4

Impact Summary 

Impact Type Employment Labor Income Value-Added Output

Direct Effect 490 $17,900,000 $23,600,000 $39,600,000

Indirect Effect 30 $1,000,000 $2,100,000 $4,200,000

Induced Effect 30 $900,000 $2,100,000 $3,400,000

Total Effect 550 $19,800,000 $27,800,000 $47,200,000

  multipliers 1.1 1.1 1.2 1.2

net regional economic benefit attributable to bioenergy enterprise 

Impact Summary 

Impact Type Employment Labor Income Value-Added Output

Direct Effect 40 $12,800,000 $12,100,000 $21,900,000

Indirect Effect 70 $2,200,000 $2,600,000 $5,400,000

Induced Effect 90 $2,900,000 $5,300,000 $9,000,000

Total Effect 200 $17,900,000 $20,000,000 $36,300,000

  multipliers 5.0 1.4 1.7 1.7

reflecting existing row crop production

= biopower + feedstocks production - rowcrops

Regional Total Impact: Stand-alone biopower

= bioenergy facility + feedstocks

Regional Total Impact - All Feedstocks
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Figure 29: IMPLAN results for the Biorefinery Enterprise 
 

 

Impact Summary 

Impact Type Employment Labor Income Value-Added Output

Direct Effect 70 $14,500,000 $14,100,000 $21,400,000

Indirect Effect 40 $1,500,000 $1,900,000 $3,600,000

Induced Effect 80 $2,700,000 $5,000,000 $8,400,000

Total Effect 190 $18,700,000 $21,000,000 $33,400,000

  multipliers 2.7 1.3 1.5 1.6

Impact Summary 

Impact Type Employment Labor Income Value-Added Output

Direct Effect 400 $14,000,000 $17,000,000 $31,800,000

Indirect Effect 40 $1,300,000 $2,100,000 $4,400,000

Induced Effect 20 $700,000 $1,700,000 $2,800,000

Total Effect 460 $16,000,000 $20,800,000 $39,000,000

  multipliers 1.2 1.1 1.2 1.2

Total  Feedstock and Bioenergy facility production Impacts

Impact Summary 

Impact Type Employment Labor Income Value-Added Output

Direct Effect 470 $28,500,000 $31,100,000 $53,200,000

Indirect Effect 80 $2,800,000 $4,000,000 $8,000,000

Induced Effect 100 $3,400,000 $6,700,000 $11,200,000

Total Effect 650 $34,700,000 $41,800,000 $72,400,000

  multipliers 1.4 1.2 1.3 1.4

Impact Summary 

Impact Type Employment Labor Income Value-Added Output

Direct Effect 490 $17,900,000 $23,600,000 $39,600,000

Indirect Effect 30 $1,000,000 $2,100,000 $4,200,000

Induced Effect 30 $900,000 $2,100,000 $3,400,000

Total Effect 550 $19,800,000 $27,800,000 $47,200,000

  multipliers 1.1 1.1 1.2 1.2

net regional economic benefit attributable to bioenergy enterprise 

Impact Summary 

Impact Type Employment Labor Income Value-Added Output

Direct Effect -20 $10,600,000 $7,500,000 $13,600,000

Indirect Effect 50 $1,800,000 $1,900,000 $3,800,000

Induced Effect 70 $2,500,000 $4,600,000 $7,800,000

Total Effect 100 $14,900,000 $14,000,000 $25,200,000

  multipliers 1.4 1.9 1.9

reflecting existing row crop production

= co-firing + feedstocks production - rowcrops

Regional Total Impact: co-firing

= bioenergy facility + feedstocks

Regional Total Impact - All Feedstocks
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2. Job Creation 

A region-wide summary of the potential long-term jobs created by the three bioenergy enterprises is 
shown in tabular form in Figure 30 and in graphic form in Figure 31.  Note that these employment 
figures do include jobs associated with both the feedstock supply chains and facilities operations, but 
do not include jobs associated with construction of the facilities. The estimated construction periodic 
for a commercial-scale biorefinery or a standalone biopower facility is approximately two years; the 
scope of modifications required for a co-firing operation would be less, and could likely be completed 
within one year. 

 
Figure 30:  Potential Employment Impacts from Biorefinery Enterprises (tabular) 

 

 
 
 

Figure 31:  Potential Employment Impacts from Biorefinery Enterprises (graphical) 
 

 
 

  

Direct Effect 140 40 -20

Indirect Effect 110 70 50

Induced Effect 110 90 70

totals 360 200 100

multipliers 2.6 5.0 -                          

Biorefinery
Stand-alone 

Biopower Co-firing
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3. Economic impacts 

The direct output impacts for each type of facility (at the regional level, which is a compilation of es-
timated impacts for each county in the study region) are shown in Figure 32.  The value-added im-
pacts (note: value-added is a subset of direct output) are shown in Figure 33. 

 
Figure 32:  Potential Direct Output Impacts 

 

 
 

Figure 33:  Potential Value-Added Impacts 
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4. Summary and observations  

• Of the three bioenergy enterprises evaluated, the biorefinery is estimated to generate the highest 
employment.  

o The numbers of full-time equivalent positions (FTEs) for the biorefinery facility (estimated using 
IMPLAN) are 230 direct, 100 indirect, and 120 induced, for a total of 450 jobs and a multiplier 
of 2.0. 

o The numbers of FTEs associated with the feedstock supply chain are 400 direct, 40 indirect, and 
20 induced, for a total of 450 jobs and a multiplier of 1.2. 

o The numbers of FTEs associated with current row crop operations that would be diverted to 
energy crops are 490 direct, 30 indirect, and 50 induced, for a total of 450 jobs and a multiplier 
of 1.1. 

o The net numbers of FTEs for the region associated with deployment of a biorefinery enterprise 
are 140 direct, 110 indirect, and 110 induced, for a total of 360 jobs and a multiplier of 2.6. 

o As previously noted, the IMPLAN results do not reflect jobs created during construction. 

• Of the three enterprises, the biorefinery would also have the largest economic impact on the re-
gion.  

o The combined economic impact of the processing facility and the feedstock supply chain is es-
timated at $123,400,000 per year (direct, indirect, and induced). 

o The net economic impact (net of conversion of row crop acreage into production of energy 
crops) is estimated at $76,200,000 per year. 

o Assuming the total population in the 10-country region within the 45-mile feedstock haul dis-
tance (refer to Figure 1) is 341,400, the net impact of $76.2MM/year would equate to a per 
capita net economic benefit of $5,400 over the 24-year project life. 

o The capital cost of a 40 MGY cellulosic biorefinery was estimated at $400,000,000.  If 25% of 
this amount was infused into the region’s economy, this would lead to total capital infusion 
within the region of $100MM during the 2-year construction period. 

o As previously noted, the regional economic benefits would be additive.  Thus, if three biorefin-
eries were deployed, the combined net additional impact on the region would be roughly $228 
million per year. 
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J. Observations & Recommendations 
1. Feedstocks 

There are numerous factors to consider when evaluating potential feedstocks and when developing a 
portfolio of target feedstocks:  

• Quantities available and source locations relative to the processing facility; 

• Physical characteristics such as moisture content, particle size, and bulk density as delivered;  

• Thermochemical characteristics such as energy content and ash content (and ash constituents); 

• Agronomic factors such as propagation options, yield, grow-out periods, and harvest windows; 

• Logistical requirements such as harvesting methods, storage options, and drying requirements 
(whether before storage or after storage and prior to conversion into value-added products); 

• Availability and accessibility of the material, and reliability of the entire supply chain; 

• Feedstock economics, including every component of a supply chain; 

• The type of conversion technology(s) to be used (the feedstocks must be suitable for the pro-
cess, and vice versa). 

 
Since bioenergy facilities need to operate on a year-round basis, a feedstock supply chain must be 
developed to accommodate such year-round requirements; in particular, the supply chain should 
consider multiple feedstocks and associated harvest windows and post-harvest storage options.   
 
But other factors must also be considered, including the socially sensitive topic of potential invasive-
ness and associated risk management. Numerous effective management techniques and risk mitiga-
tion strategies can be included in a feedstock supply plan, including, for example, use of sterile seeds, 
adherence to feedstock-specific best management practices, and on-going ecosystem monitoring.  
We also included in our financial analyses, for instance, escrow funds to be used for eradication of 
perennial energy crop if the project were to be terminated.   
 
Finally, the feedstock supply chain both must be designed and managed so as to ensure maximum re-
liability and minimum risk of supply disruption, and the economic analyses of target feedstocks per-
formed during a project feasibility study should be comprehensive in scope—including not just farm-
gate costs but all functions such as storage and drying that may be required to deliver the material to 
the bioenergy facility in process-ready condition.   
   
There are likely numerous sites in northeast Arkansas that would be suitable for locating a commer-
cial-scale bioenergy facility.  However, it is recommended that a comprehensive and detailed feed-
stock assessment be performed for each specific site considered.28  Increasingly, such detailed as-
sessments (which are typically GIS-based) are required by project investors and/or debt providers to 
maximize confidence levels and minimize potential uncertainties associated with feedstock supplies.   
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2. Processing technologies 

There are numerous technologies being developed (which are in various stages of commercialization) 
to convert cellulosic biomass feedstocks into liquid fuels, using both biochemical and thermochemical 
pathways (some technologies utilize a combination of the two pathways).  The most common types 
of cellulosic-derived liquid biofuels include ethanol, biobutanol, and drop-in fuels.   “Drop-in biofuels 
are fuels that can serve as direct replacements or supplements to existing gasoline, diesel and jet 
fuels, without any changes to existing fuel distribution networks or engines.”29 
 
For our economic analysis of a hypothetical biorefinery in northeast Arkansas we did not specify a 
certain technology nor biofuel product(s), primarily because detailed cost data for specific commer-
cial-scale biorefineries could not be found.  Instead, we used assumptions for capital and operating 
costs that were considered to be generic to this type of facility (e.g., an estimated all-in capital cost of 
$10 per gallon of annual capacity; so a 40 MGY operation has an estimated capex of $400MM).   
 
We also assumed that the hypothetical biorefinery would only produce and sell liquid biofuels, i.e., 
we did not attempt to evaluate potential co-products such as electricity, thermal energy, and/or 
high-value biomass-derived non-energy products.  In reality, an integrated biorefinery would be more 
likely to be pursued, with multiple products produced and multiple associated revenue streams. 
 
For our economic analysis of a hypothetical 100 MW stand-alone biopower facility, our capex and 
opex estimates assumed use of a conventional combustion boiler and steam turbine.  While such an 
operation may have lower system efficiency than, say, a combined cycle gasification system, the con-
ventional approach has been widely used at commercial scale and is considered an “off-the-shelf” 
technology, with project financing generally less difficult to secure for such technologies compared to 
emerging technologies. 
 
It is important to note that our analysis of the stand-alone biopower enterprise did not include any 
co-production and sale of thermal energy, i.e., a combined heat and power (CHP) operation was not 
considered.  In reality, the design and siting of a standalone facility would likely attempt to identify a 
location adjacent to a thermal load so that both thermal and electrical energy could be produced and 
sold, thereby increasing overall system efficiency and, presumably, enterprise economics. 
 
It is also important to note that a stand-alone biopower operation—although relatively small com-
pared to utility-scale coal-fired powerplants—would encompass several attractive characteristics 
from a utility's perspective: distributed generation, fuel diversity, and renewable energy production.  
Such characteristics are often encouraged by the Public Service Commission and could be an asset to 
a utility’s generation portfolio (even if the facility is an Independent Power Producer, operating under 
a long-term Power Purchase Agreement). 
  
For our analysis of a hypothetical co-firing operation, we evaluated the economics and financial per-
formance using the same methodology as the biorefinery and standalone biopower facility, i.e., re-
flecting an independent project ownership structure with conventional equity and debt financing.  
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This approach enabled the results to be compared with the other two bioenergy enterprises, alt-
hough, in reality, a co-firing system would likely be owned and operated by the host site utility. 
 
Our analyses of a co-firing enterprise assumed that the hypothetical facility could co-fire 500,000 dry 
tons per year of biomass fuel, equivalent to a 15% co-firing rate for a 665 MW coal-fired powerplant.  
However, a maximum achievable co-firing rate is site-specific, and would depend on numerous fac-
tors (including, for example, the design of the existing boiler and the associated fuel in-feed systems).  
Attainable co-firing rates at coal-fired powerplants can vary from less than 2% to over 20% (energy 
basis).  Each of the four utility-scale operating coal-fired facilities in Arkansas (as of February 2012) 
have pulverized coal-type boilers, and a full spectrum of technical considerations would need to be 
evaluated for each facility to determine its maximum potential co-firing rate (if any).   
 

3. Economics and financial 

The economics of feedstocks should be analyzed from both a supplier’s perspective and the enter-
prise’s perspective.  In order for the supply chain to be economically sustainable, the landown-
er/farmer (they are often not the same entity) must be able to recover expenses (both capital and 
operating) and realize a margin per acre that is sufficient to warrant the investment and sustain pro-
duction of an energy crop.  Plus, the potential risks (including technical, economic, and environmen-
tal) associated with establishing and producing energy crops must be addressed before a landown-
er/farmer can be expected (or should be encouraged) to consider such a crop.  Accordingly, a key el-
ement of pursuing any commercial-scale bioenergy enterprise should include a comprehensive feed-
stock-related risk assessment and development of a comprehensive fuel supply management plan 
and set of mitigation strategies. 
 
This study’s projected all-in weighted average cost for feedstocks as delivered and ready for pro-
cessing of $74 per ton (dry matter basis) is consistent with other feedstock economic analyses per-
formed elsewhere in the country.  Backing out the costs of transport ($8/dry ton), storage ($9/dry 
ton), and drying ($4/dry ton) leaves an equivalent farm-gate cost of $54/dry ton.  The weighted aver-
age all-in cost as harvested, which includes both operating costs as well as amortized capital costs, is 
$46/ton (equivalent to $37/ton farm-gate).  These figures include our assumptions for reasonable re-
turns to landowners and farmers (which are often the same entity). 
 
From a financial performance perspective, our analyses indicate that, based on the sets of economic 
assumptions used for each of the three facilities, the biorefinery appears to be the most attractive.  
Under base case conditions (e.g., the retail price of gasoline = $3.50/gallon and RIN value = 
$0.00/gallon), the IRR equals 16%.   
 
However, if the retail price of gasoline is increased to $4.50/gallon then the IRR jumps to 38%.  If the 
retail price of gasoline is assumed to be $4.50/gallon and the value of a RIN equals $0.65/gallon, then 
the projected IRR moves higher to 55%.  If the retail price of gasoline is held constant at $3.50/gallon 
but the RIN value is assumed to be $0.65/gallon (which was the approximate market value for cellu-
losic-derived biofuels in Q1 2012), then the projected IRR equals 33%—roughly double the projected 
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IRR without RINs, all else being equal.  Clearly, the impact of the RIN value on the financial perfor-
mance of the hypothetical biorefinery is significant.  Since RIN values are driven by compliance re-
quirements with the RFS2, the results of our analyses underscore the importance of this federal poli-
cy on potential deployment of this emerging sector.    

 
Our analyses of the 100 MW standalone biopower enterprise indicates that, given our base case as-
sumptions (including a 7% reduction in electricity sold to the grid compared to gross production, due 
to parasitic load), the wholesale price of electricity required to achieve a 16% IRR would be 
$115/MWh (the NPV for a 24-year project life).  If the eligibility deadline for the federal Production 
Tax Credits for renewable electricity is extended beyond the current expiration date of December 31, 
2012 (note that the PTCs were initially established in the 1992 Energy Policy Act), then the required 
wholesale price would drop to $105/MWh.    
 
As noted in section G.5, economies of scale would apply to a standalone biopower enterprise, with 
smaller capacity operations having a higher required product price to meet the target minimum re-
turn on investment.  Note that a long-term power purchase agreement with an electric utility using 
an off-the-shelf [and, therefore, a financeable] low-risk conversion technology and encompassing a 
well-designed feedstock supply chain with minimal risk of disruption could result in an overall enter-
prise with relatively low-risk, thereby requiring a relatively low IRR (due to a relatively low required 
return on equity and relatively low debt interest rate that would be associated with a relatively low 
risk investment).   
  
Our analysis of the 100 MW co-firing operation indicates that, given our base case assumptions (in-
cluding zero allocated capex for the existing coal-fired powerplant other than the full costs associated 
with modifications to the facility needed for biomass co-firing), the wholesale price of electricity re-
quired to achieve a 15% IRR would be $70/MWh (the NPV for a 24-year project life).  The wholesale 
price required to achieve a 10% IRR would be $67/MWh.   
 
For the co-firing enterprise, our estimated unit capex for modifications to the facility is considered 
extremely conservative at $1200/kW of installed biomass-fired capacity.  The actual costs would be 
site-specific and would depend on numerous factors (in particular, the extent of modifications need-
ed to the existing facility and the scope of the biomass receiving, storage, pre-processing, and han-
dling system required), and could be significantly less than the base case unit capex cost.  If the capex 
factor is $600,000 per MW of biomass capacity (compared to $1,200,000 for the base case scenario), 
then the wholesale electricity price required to achieve 15% IRR is projected to be $60/MWh.  Note 
that the base case scenario for co-firing assumes $0.00/MWh for PTCs. 
 
Of the three enterprises evaluated, the biorefinery enterprise has the most attractive IRR under base 
case conditions, whereas the standalone biopower enterprise could encompass the least technical 
risk (assuming use of conventional combustion and steam cycle operations).  A reliable feedstock 
supply chain would be needed to secure financing for any of the three enterprises evaluated. 
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4. Regional economic impacts 

Commercial scale bioenergy production in northeast Arkansas would result in significant regional 
economic benefits and job creation in the region, both during construction and operations.  We cal-
culated employment and economic impacts as net of those displaced through the conversion of 
cropland from conventional crops to dedicated energy crops.  Job creation/retention and economic 
benefits would be associated with both the feedstock supply chain and the conversion facility over 
the assumed 24-year project life, although, in reality, a commercial-scale bioenergy enterprise is ex-
pected to have a service life in excess of 30 years. 
 
Using IMPLAN, we evaluated total net employment benefits in full-time equivalents (FTEs), including 
direct, indirect, and induced.  The projected employment benefits for the three enterprises, in FTEs 
per million dollars of capex, are 0.90, 0.50, and 0.83 for the biorefinery, standalone powerplant, and 
co-firing operation, respectively—meaning that the biorefinery would be the most effective of the 
three in job creation per dollar of capex, given the base case assumptions.  The reciprocal values, re-
spectively, are $1.1, $2.0, and $1.2 million dollars per FTE.  The results are additive—if three biorefin-
eries were to be established in the region, the projected total FTE creation would be 1,080. 
 
Also using IMPLAN, we evaluated total net economic benefits by county, with the rolled up results for 
the region presented in this report.  The 40 MGY biorefinery was projected to generate over $76MM 
per year during operations (direct, indirect, and induced), compared to about $36MM/year for the 
standalone biopower enterprise and $25MM/year for the co-firing operation.  However, the multipli-
ers were calculated at 1.6, 1.7, and 1.9, respectively.   
 
Deployment of a commercial-scale bioenergy enterprise(s) in northeast Arkansas would encourage 
development of alternative (and relatively low input) agricultural crops in the region, which could be 
particularly attractive to some landowners/farmers.  In addition, such deployment would provide 
numerous environmental benefits (including, for example, reduced agricultural inputs for energy 
crops compared to conventional crops, as well as reduced atmospheric carbon emissions).  And, final-
ly, commercial-scale renewable bioenergy production would have significant national security bene-
fits, as evidenced by the growing commitments to biofuels and renewable electricity by the Depart-
ment of Defense. 
 

5. Suggested strategies for local, regional, and state economic development specialists 

• Request the Arkansas Economic Development Commission to establish a go-to point of contact 
for bioenergy related activities. 

A single point of contact within Arkansas that is knowledgeable of biomass resources and bioen-
ergy systems and technologies would help project developers evaluate potential project options.  
The point of contact should also be knowledgeable of applicable state policies, as well as various 
state agencies that would be interested in such projects and of sources of relevant Information 
and/or funding assistance. 
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• Request the Arkansas Economic Development Commission (more specifically, the Arkansas En-
ergy Office) to update the statewide biomass resource assessment. 

Project developers seek a combination of attractive returns on investment and tolerable risk lev-
els.  Increasingly, developers must be able to show ample feedstock supplies and be able to pre-
pare a reliable feedstock supply plan in order to secure project financing.  Solid data is needed for 
high-level evaluations of potential feedstock supplies in areas being considered.  The most recent 
statewide biomass resource assessment was in 2005 -- an updated assessment is needed to help 
project developers better understand the significant biomass feedstock options and opportunities 
in Arkansas, including the Northeast region. 

• When pursuing a specific project(s), engage qualified and experienced bioenergy professionals 
to assist with evaluating feedstock supplies, bioenergy conversion technologies, and project de-
velopment strategies. 

Deployment of a commercial-scale bioenergy project constitutes a classic chicken-and-egg dilem-
ma.  An expensive processing facility requiring unique feedstocks will likely not be able to secure 
project financing without concurrent development of a reliable feedstock supply chain.  On the 
other hand, there are almost no other markets for most dedicated energy crops, so it is risky to 
plant such crops unless an associated bioenergy facility is also being planned.  The feedstocks and 
the processing components are interdependent—thus, the two pieces should be coordinated and 
integrated, and move forward concurrently. 

• Work with the Arkansas Economic Development Commission (more specifically, the Arkansas 
Energy Office) to learn from successes and failures regarding bioenergy policies and activities in 
other states. 

To help promote deployment of commercial scale bioenergy enterprises in Arkansas, lessons can 
be learned by evaluating successes and failures in other states.  In particular, bioenergy-related 
policies and activities in neighboring states such as Tennessee, Mississippi, Louisiana, and Texas 
need to be understood. 

• Understand the potential benefits of a statewide renewable electricity initiative. 

 A state-level renewable electricity initiative could promote generation of electricity from renewa-
ble resources—recognizing that biopower is the only renewable option that could provide base-
load power in Arkansas. Such an initiative could be structured in several ways—a Renewable Port-
folio Standard, a renewable electricity standard, or part of a comprehensive renewable energy 
plan. 

• Work with the respective utilities to evaluate potential biomass co-firing options at the coal-
fired power plants in Arkansas. 

Site-specific assessments are needed to understand potential co-firing options (if any) at each of 
the coal-fired powerplants in Arkansas, including (from the perspective of the northeast Arkansas 
region) the Plum point facility in Osceola and the Independence facility near Newport.  
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K. FAQs 
 

1. How many bioenergy facilities could be located in northeast Arkansas? 

That depends on how much cropland is used to produce cellulosic feedstocks.  If, for example, 10% of 
the 5,000,000 acres of cropland in the region were to be used to produce energy crops at an average 
yield of 8 dry tons per acre per year, then total feedstock production would be 4 million dry tons per 
year—enough to support eight commercial-scale bioenergy enterprises as described in this report.   
 
Collectively, eight such facilities would produce 320,000,000 gallons per year…less than 2% of the to-
tal cellulosic/advanced biofuels production required under the RFS2. 
  

2. What's the best energy crop for northeast Arkansas? 

Of the six dedicated cellulosic energy crops evaluated under this study, Miscanthus has the highest 
agronomic yield, but short rotation woody crops have the widest harvest window, switchgrass has 
the lowest establishment cost, and residues have the lowest delivered cost.  Determination of a tar-
get portfolio of feedstocks will need to consider numerous technical, economic, and logistical factors, 
including suitability of each feedstock vis-à-vis the conversion technology used. 
 

3. Are energy crops invasive? 

Switchgrass, Miscanthus, and Giant Reed are considered potential candidate perennial energy grass-
es for Northeast Arkansas, along with Hybrid Poplar, Willow, and Southern Yellow Pine as short rota-
tion woody crops.  These crops are not considered invasive under Northeast Arkansas conditions, 
provided that the potential invasiveness vectors are fully evaluated and that suitable management 
plans and risk mitigation strategies are established and implemented.  We also included an escrow 
account for perennial crop eradication (a capital expense) in our economic assumptions. 
 

4. How would the energy crops be harvested? 

In some cases, agricultural residues and perennial grass crops could be harvested using traditional 
baling equipment.  However, it is anticipated that most of the high-yielding grasses and the SRWCs 
would require specialized harvesting equipment.  Custom harvesting businesses will likely be estab-
lished, which may be an option for those local farmers who wish to participate. 
 

5. Could farmers make money growing energy crops? 

The economic evaluations used in the study assumed a land payment of $100 per acre per year for 
production of dedicated energy crops and a management fee of $50 per acre per year for each per-
ennial crop; said management fee does not include any margins associated with harvesting, storage, 
and transport activities, which, in this study, are incorporated within the cost estimates for each of 
those functions.  So, yes—a landowner/farmer could realize net revenues through land payments, 
crop management fees, and margins associated with harvesting, storage, and transport activities. 
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6. How long does it take to grow an energy crop? 

The establishment period (including planting and grow-out) for perennial grasses takes about three 
years; the establishment period for short rotation woody crops can vary from about 4 years to about 
10 years. 
 

7. What's the best biofuel to produce? 

The federal RFS2 mandates increasing production of cellulosic/advanced biofuels from 0.6 billion gal-
lons per year (BGY) in 2009 to 21BGY by 2021. While much of this will likely be cellulosic ethanol, in-
terest in drop-in biofuels is increasing due to the superior performance, broader potential markets, 
and/or the logistical flexibility of these types of biofuels. 
 

8. Will cellulosic conversion technologies ever be feasible? 

As of Q1 2012, numerous cellulosic technologies are in various stages of commercialization; some of 
these facilities are expected to come online by the end of 2012 – refer to the map in Section 2.a. 
 

9. Will biofuels ever be cost competitive with petroleum derived fuels? 

As discussed in sections G.2 and I.3, the estimated IRR for a 40 MG Y cellulosic biorefinery is 16.3%, 
reflecting a wholesale price of $2.70 per gallon (based, in turn, on a retail price of gasoline of $3.50 
per gallon in 2012 dollars, with no subsidies or other public-sector support); the biorefinery IRR rises 
to 38% if the retail price of gasoline rises to $4.50 per gallon. 
 

10. When might standalone biopower be cost competitive? 

We need to plan ahead.  The costs of electricity generated from conventional resources will rise over 
time as demand continues to increase and geologic resources are consumed, and as environmental 
costs are incorporated into wholesale and retail prices.  Since electricity from biomass is the only 
baseload option amongst new renewable resources, and since in-state biomass fuel supplies would 
have significant economic benefits to the state/region that would not be reflected in the wholesale 
price, and since it takes 3 to 5 years to develop a commercial scale biopower enterprise, we need to 
pursue at least some biopower projects now. 
 

11. Is bioenergy dependent on public-sector subsidies? 

As discussed in sections G.2 and I.3, attractive returns for investors could be realized for a 40 MG Y 
cellulosic biorefinery without any subsidies or federal support, based on the assumptions used in our 
analyses.  In addition, the estimated investment performance of a large-scale co-firing enterprise 
could also be attractive without any subsidies, recognizing that the attractiveness is relative to the 
all-in costs of electricity generated from conventional resources, which can be calculated in several 
ways.  
 
For a standalone biopower enterprise, a comparative economic analysis would require projecting fu-
ture electricity prices from both the biopower enterprise and from conventional resources over a 20 
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to 30 year timeframe.  While the initial unsubsidized cost of biomass-derived baseload electricity is 
likely to be higher than electricity from conventional resources, a levelized cost analysis over a long-
term project life may result in parity or even cost savings for the biomass-derived energy compared 
to energy from conventional resources, depending on what inflationary assumptions are used to pro-
ject future production costs for each of the various sources. 
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L. End Notes & References 
                                                           
1 The Economic Development Administration is a division of the United States Department of Commerce. The mis-
sion of the EDA is, in part, to promote “innovation and regional collaboration. Innovation is key to global competi-
tiveness, new and better jobs, a resilient economy, and the attainment of national economic goals. Regional col-
laboration is essential for economic recovery because regions are the centers of competition in the new global 
economy and those that work together to leverage resources and use their strengths to overcome weaknesses will 
fare better than those that do not.” http://www.eda.gov 

2 Winrock International was created in 1985, although its roots go back many decades. Winrock’s home office is in 
Little Rock, Arkansas. It is a “nonprofit organization that works with people in the United States and around the 
world to empower the disadvantaged, increase economic opportunity, and sustain natural resources.  By linking 
local individuals and communities with new ideas and technology, Winrock is increasing long-term productivity, 
equity, and responsible resource management to benefit the poor and disadvantaged of the world.”  
http://www.winrock.org 

3 Arkansas State University is a regional academic and research institution located in Jonesboro, Arkansas. Its “re-
search areas help provide the means to stimulate interest in and synergies for research and technology transfer 
that will benefit the university, the region and the state of Arkansas. The University’s research division partners 
with surrounding communities to impact the economic development of the region and state.” 
http://www.astate.edu 

4 BioEnergy Systems LLC (BES) is a consulting firm and project development company founded in 2005 and located 
in Fayetteville, AR.  BES’s founder, Jim Wimberly, has decades of experience in all aspects of bioenergy project de-
velopment including feedstock assessment, technology evaluation and development, economic and financial anal-
yses, and project development and management. BioEnergy Systems LLC advances biomass energy systems and 
technologies that are renewable, sustainable, technically viable, economically feasible, and environmentally friend-
ly. http://www.biomass2.com 

5 USDA Biofuels Strategic Production Report, A USDA Regional Roadmap to Meeting the Biofuels Goals, June 23, 
2010. http://www.usda.gov/documents/USDA_Biofuels_Report_6232010.pdf 

6 EPA’s Renewable Fuel Standard: http://www.epa.gov/otaq/fuels/renewablefuels/index.htm 

7For more information regarding Miscanthus as an energy crop, refer to: 

http://arkansasagnews.uark.edu/6318.htm 

http://miscanthus.illinois.edu/ 

 http://www.extension.org/pages/26625/miscanthus-for-biofuel-production 

8 We differentiated between Miscanthus pre-senescence and Miscanthus post-senescence because of the signifi-
cant differences in plant characteristics (in particular, moisture content and ash content) and anticipated harvest 
methods.  Miscanthus pre-senescence would likely be harvested at relatively high moisture containing relatively 
high levels of plant nutrients, whereas the scant this post-senescence would likely be harvested during the winter 
months at lower moisture levels and lower nutrient content (due to senescence). However, harvesting of any crop 
during winter months in the Delta region will require field access by the harvesting equipment, which is questiona-
ble on traditional row crop land in the region due to typically wet winter conditions. 

http://www.eda.gov/
http://www.winrock.org/
http://www.astate.edu/
http://www.biomass2.com/
http://www.usda.gov/documents/USDA_Biofuels_Report_6232010.pdf
http://www.epa.gov/otaq/fuels/renewablefuels/index.htm
http://arkansasagnews.uark.edu/6318.htm
http://miscanthus.illinois.edu/
http://www.extension.org/pages/26625/miscanthus-for-biofuel-production
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9 It is important to note that the monthly variations in yield and moisture content are the result of best estimates 
for growing conditions in northeast Arkansas from project team members working with research scientists and 
that, as of Q4 2011, no research data from field plots was available to validate these estimates. 

10 Note that this portfolio is illustrative – the selection of specific feedstocks and the fractions of each will likely 
vary from one site to another, depending on the type of conversion technology used. 

11 Energy sorghum was not included in the portfolio of target feedstocks because of its high cost relative to other 
feedstocks and because it has a higher more strict content even during winter months.  Coppice woody crops were 
not included in the portfolio because the harvest window for such crops is during the winter period, whereas non-
coppicing SRWCs can be harvested at any time and were used in this portfolio for times during the year when her-
baceous energy crops and agricultural field residues were not available. 

12 USDA’s BCA: http://www.fsa.usda.gov/FSA/webapp?area=home&subject=ener&topic=bcap 

13 Harvesting is not included in typical farming operations for cellulosic crops because most high yielding perennial 
crops (herbaceous or woody) will require specialized harvesting equipment, and it is anticipated that custom har-
vesting operations will be established for most cellulosic harvest activities.  For those farmers so interested, there 
may be opportunities to participate in such custom harvesting businesses. 

14 This works out to about $17 per green ton; while this is significantly higher than the $7~$9 per green ton esti-
mated cost for large-scale residue harvesting in intensive forested areas, the higher figure was used in these anal-
yses to reflect the fact that there are limited acres of forestlands in northeast Arkansas, which would likely result in 
higher costs on a per-acre basis for removal of forest residues in that region. 

15 Examples of risk mitigation strategies that address potential invasiveness concerns for perennial energy crops 
include:  

• The risk of airborne spreading can be eliminated through use of plants sterile seed that are 
vegetatively propagated.   

• The risk of water borne spreading can be minimized through development of and adherence to 
appropriate best management practices on the production farms, such as avoidance of planting 
on sloping terrain or highly erodible lands (generally not a significant issue in the Arkansas Del-
ta region).   

• The risk of soil borne spreading (i.e., through lateral expansion crop root systems) can be ad-
dressed through use of actively managed buffer strips. 

• The risk of mechanical spreading (e.g., from farm and or transport equipment after harvest) 
can be addressed through effective use of suitable equipment for harvesting and transport ac-
tivities (including, for example, use of harvesting equipment/methods that renders meristemat-
ic  tissue unviable through biological or mechanical means). 

• In addition, and ongoing downstream monitoring program should be an integral part of a re-
gional feedstock production plan. 

 

16 For more information, refer to: http://www.fsa.usda.gov/FSA/webapp?area=home&subject=ener&topic=bcap   

http://www.fsa.usda.gov/FSA/webapp?area=home&subject=ener&topic=bcap
http://www.fsa.usda.gov/FSA/webapp?area=home&subject=ener&topic=bcap
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17 http://www.dsireusa.org/  

18 The capacity factor is a measure of total operating time at full output, usually over an annual period.  For exam-
ple, if a coal-fired powerplant operates for five months continuously at full baseload capacity then shuts down her 
one month of major maintenance and repeats this cycle over the life of the facility, then the net operating time is 
10 months within a 12 month period, or 10/12 = .85.  Thus, the total number of operating hours for that facility 
would be .85 x 365 days per year x 24 hours per day = 7,446 operating hours per year.  Therefore, a 100 MW base-
load biopower operation would produce 100 x 7,446 = 744,600 megawatt-hours (MWh) per year. 

19 Including technologies such as direct combustion, circulating fluidized bed combustion, and bubbling fluidized 
bed combustion. 

20 Refer to:  http://www.nrel.gov/docs/fy00osti/28009.pdf  
http://pubs.cas.psu.edu/FreePubs/PDFs/ub044.pdf 
http://en.wikipedia.org/wiki/Cofiring  

21 Refer to:  http://www.eia.gov/petroleum/gasdiesel/  

22 For more information regarding RIN numbers, refer to:  
http://www.cfch.com/2009/11/educational-series-what-is-a-rin/  
http://www.ethanoltoday.com/index.php?option=com_content&task=view&id=5&Itemid=6&fid=7  
http://www1.eere.energy.gov/cleancities/toolbox/pdfs/renewable_identification_number.pdf  
http://www.epa.gov/otaq/fuels/reporting/programsregistration.htm  

23 As of February 2012, there is no RPS or RES in Arkansas, therefore there are no RECs available for renewable 
electricity generated in Arkansas (unless said electricity is used to help satisfy an RPS/RES in another state) and the 
applicable market value of RECs is assumed to be zero.  For more information on RECs, refer to: 
http://en.wikipedia.org/wiki/Renewable_Energy_Certificate_(United_States) 
http://www.epa.gov/greenpower/documents/gpp_basics-recs.pdf  

24 The Production Tax Credits legislation for generation of electricity from qualified renewable resources was ini-
tially established in the 1992 Energy Policy Act.  Although the qualifying deadline for the PTCs has been extended 
by Congress on five occasions since, the PTCs are currently slated to expire at the end of 2012.  The applicable val-
ues of the PTCs for biopower are $22/MWh for closed-loop biomass (i.e., electricity produced from dedicated en-
ergy crops) and $11/MWh for open-loop biomass (e.g., electricity produced from agricultural or woody residues).  
While the PTCs would certainly be applicable to a standalone biopower enterprise, the PTC legislation restricts the 
applicability to co-firing (i.e., co-firing biomass with a fossil fuel such as coal is not eligible for PTCs). 

25 As of February 2012, there is no RPS or RES in Arkansas, therefore there are no RECs available for renewable 
electricity generated in Arkansas (unless said electricity is used to help satisfy an RPS/RES in another state) and the 
applicable market value of RECs is assumed to be zero.  For more information on RECs, refer to: 
http://en.wikipedia.org/wiki/Renewable_Energy_Certificate_(United_States) 
http://www.epa.gov/greenpower/documents/gpp_basics-recs.pdf  

26 Based on a weighted average of energy crops comprising 64% of total feedstocks at a PTC rate of $22/MWh and 
residues comprising 36% of total feedstocks at a PTC rate of $11/MWh. 

27 Least Cost Integrated Resource Master Plan; prepared by GDS Associates, Inc, for North Little Rock Electric De-
partment, January 2010; refer to table 4.7.2 on page 28 for the figures used by BES to estimate the all-in COE for 
the 50 MW coal-fired powerplant.  
http://www.northlr.org/government/council%20agenda/NLR%20Integrated%20Resource%20Master%20Plan%20(
1-11-10).pdf   

http://www.dsireusa.org/
http://www.nrel.gov/docs/fy00osti/28009.pdf
http://pubs.cas.psu.edu/FreePubs/PDFs/ub044.pdf
http://en.wikipedia.org/wiki/Cofiring
http://www.eia.gov/petroleum/gasdiesel/
http://www.cfch.com/2009/11/educational-series-what-is-a-rin/
http://www.ethanoltoday.com/index.php?option=com_content&task=view&id=5&Itemid=6&fid=7
http://www1.eere.energy.gov/cleancities/toolbox/pdfs/renewable_identification_number.pdf
http://www.epa.gov/otaq/fuels/reporting/programsregistration.htm
http://en.wikipedia.org/wiki/Renewable_Energy_Certificate_(United_States)
http://www.epa.gov/greenpower/documents/gpp_basics-recs.pdf
http://en.wikipedia.org/wiki/Renewable_Energy_Certificate_(United_States)
http://www.epa.gov/greenpower/documents/gpp_basics-recs.pdf
http://www.northlr.org/government/council%20agenda/NLR%20Integrated%20Resource%20Master%20Plan%20(1-11-10).pdf
http://www.northlr.org/government/council%20agenda/NLR%20Integrated%20Resource%20Master%20Plan%20(1-11-10).pdf
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28 An example of a detailed, comprehensive, spatial-based feedstock assessment that considers feedstock quantity, 
quality, and economics is BioFeedStAT.  www.biofeedstat.com  

29 http://energy.gov/articles/department-energy-announces-12-million-investments-support-development-and-
production-drop  

http://www.biofeedstat.com/
http://energy.gov/articles/department-energy-announces-12-million-investments-support-development-and-production-drop
http://energy.gov/articles/department-energy-announces-12-million-investments-support-development-and-production-drop
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