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Executive Summary

Arkansas is a biomass-rich State. Based on the data, assumptions, and calculations presented in
this report, estimates were made of current and potential bioenergy production in Arkansas and
are presented in Figure 1 (with explanatory notes provided in Appendix 1). The following ob-
servations are based on the summary results shown.

» Potential bioenergy production in Arkansas = 428,000,000 million (MM) Btu per year.
e In ethanol equivalents = 3,850 MM gallons per year (MGY).

» Current energy production = 53,700,000 million Btu per year from ~4.04 MM tons.
e In ethanol equivalents = 706 MGY.

e The vast majority of current bioenergy production — about 85% — is from use of
woody residues for cogeneration within the State’s forest products industry.

» Current production is = 13% of potential production...i.e., Arkansas has the potential to
increase total bioenergy production by about eight-fold.

> A key assumption in the potential production estimate reflects use of 1,000,000 acres for
herbaceous cellulosic feedstock production plus 200,000 acres of woody cellulosic feed-
stock production (and conversion of said feedstocks into bioenergy products).

e The calculations are based on target crop yields that would likely require high-quality
farmland (i.e., said yields would likely not be achievable on marginal lands).

» Itis assumed that none of Arkansas’ corn production will be used for in-state production
of corn-to-ethanol, given the increasingly unfavorable economics of this biofuel option.

» The estimated *07 production of biodiesel from oil feedstocks was less than 20 MGY.

e By the end of 2008 the State’s biodiesel production capacity is estimated to be more
than 110 MGY, although actual production during the year is estimated to be only a
small fraction of this amount due to unfavorable economics associated with produc-
tion of biodiesel from virgin oil feedstocks.

e In February 2008, virgin soy-oil prices in the U.S. exceeded $190 per barrel.

» The combined potential production of biofuels from the estimated quantities of cellulosic
biomass from in-forest residues, dedicated energy crops, and rice straw = 2.2 BGY of
ethanol equivalents.

e This amount would constitute approximately 14% of the total national cellulosic bio-
fuels requirement for 2022.
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Figure 1: Summary of Current and Future Projected Energy Production

from Biomass in Arkansas
(Notes to Figure 1 are provided in Attachment 1)

potential production 2008 production
. total MM . MM
o omass) ang | 250 amoun, | 937 | gl POtonal | amoun, | S |
biomass resource pdry tons ‘ area, factor for Bt x10%9 peth)a/.noly % utiliza-tion Bu x10%9 pethzmoI’ %
peryear i%ge; bio-energy peryear equiva- | factor peryear equiva-
lents lents
woody biomass
in-forest residues 6,123,000 42% 40,100 528 14% - - a
processing residues 5,753,000 51% 45,700 601 16%]| 100% 45,700 601| b
subtotal 11,876,000 85,800 1,129 29% 45,700 601
agricutural biomass
rice straw 6,201,000 1,388 20% 15,900 209 5% - - c
other field residues 6,268,300 4,711 3% 2,700 36 1% - - d
rice hulls 837,000 75% 8,000 105 3% 67% 5,360 71] e
other processing residues 112,500 50% 900 12 0% - - f
subtotal 13,418,800 27,500 362 9% 5,360 71
first-generation biofuels
corn (to ethanol) 557,200 170 0% 0 0 0% - - g
soybeans (to biodiesel) 2,992,000 3,055 11% 1,200 16 0% 100% 1,200 16| h
other biodiesel 800 11 0% 50% 400 5[ i
subtotal 3,549,200 2,000 27 1% 1,600 21
cellulosic energy crops
herbaceous 15,000,000 1,000 100% 228,000 1,350 35% - - i
woody 1,200,000 200 100% 18,200 108 3% - - k
subtotal 16,200,000 246,200 1,458 38% - -
other
poultry litter 930,000 50% 5,600 74 2% - - |
algae-diesel 50 100% 58,500 770 20% m
wood pellets 150,000 100% 2,500 33 1% 40% 1,000 13 n
subtotal 1,080,000 66,600 876 23% 1,000 13
totals 46,124,000 428,100 3,852 53,660 706
current production / potential production 13%
potential production / current production 8.0
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Biomass feedstocks of particular interest in Arkansas include soybeans (for biodiesel), woody
residues, agricultural residues, poultry litter, and dedicated energy crops. Bioenergy products of
particular interest in Arkansas include biofuels, thermal energy (for space heating or process
heat), and electricity; biofuels of particular interest in Arkansas include biodiesel from soybeans
and other oil feedstocks, and ethanol (and other biofuels) from cellulosic feedstocks.

Corn-to-ethanol: Several corn-to-ethanol (CTE) projects have been considered in Arkansas
during the past few years although, as of January 2008, no commercial-scale CTE production
facilities are in operation or are under construction in the State. Despite continued Federal sub-
sidies and the national production requirements set forth in the Federal Renewable Portfolio
Standard (RPS) established in 2007—15 billion gallons per year (BGY) by 2015, up from na-
tionwide CTE production in 2007 of approximately 6 BGY—investments in corn-to-ethanol fa-
cilities have dropped sharply, reflecting feedstock price increases (in early 2008 market prices
for corn rose above $5.00/bushel, compared to less than $1.50 in early 2006), continued eco-
nomic reliance on Federal subsidies, and uncertainties regarding feedstock supplies.

Corn production in Arkansas was 557,000 tons in 2006. Said quantity could produce 61.3 mil-
lion gallons per year (MGY) at a gross production level of 110 gallons per dry ton, or 14.3 MGY
at a net production level of 26 gallons per dry ton (reflecting an energy balance of 1.3:1).

Biodiesel: Soybean production in Arkansas in 2006 was approximately 3 million tons (on ap-
proximately 3 million acres), although oil was extracted from less than 20% (the balance was
exported in raw form). Without additional crushing capacity, the State’s virgin oil production of
38.5 MGY (27 MGY from soybeans, 11.5 MGY from cottonseed) could support production of
about 35 million gallons of biodiesel (although most of this oil is already marketed the food in-
dustry). The energetics of soybeans is approximately 3.4:1, with gross and net production levels
under Delta conditions of about 47 and 29 gallons of biodiesel per acre per year, respectively.
The market price for virgin soy oil of $0.60 per pound (February 2008) equates to a biodiesel
feedstock price of $4.60 per gallon or $193 per barrel.

Since November 2005, three biodiesel facilities have been established in Arkansas and four more
are scheduled for completion in 2008, with a combined production capacity of more than 110
MGY (2008). Total biodiesel production in Arkansas in 2007 was less than 20 MGY. In addi-
tion to virgin oils, most of the facilities have targeted other feedstocks such as waste vegetable
oil or animal fats. However, as with CTE, biodiesel producers are facing serious economic chal-
lenges, reflecting high (and volatile) feedstock prices and uncertainty of supplies. Despite con-
tinued Federal subsidies and the national production requirements set forth in the ‘07 RPS, in-
vestments in biodiesel projects have dropped sharply in the past two years. Most of the existing
producers have cut back or temporarily ceased production, and the future of the State’s fledging
biodiesel industry is uncertain, given the economic challenges facing the industry.
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There is increasing interest in biodiesel from algae, and several Arkansas companies are evaluat-
ing such technologies. Algae-diesel facilities are capital intensive, but projected yields range
from 5,000 to 20,000 gallons per acre per year. At 10,000 gallons per acre per year (net), 50,000
acres of algal-biodiesel production would meet 56% of the State’s current petro-diesel consump-
tion of 1.07 BGY! (compared to over 17,000,000 acres of soybeans...almost three times the total
existing agricultural farmland in Arkansas’ Delta region).

Cellulosic biofuels: Interest in cellulosic biofuels has risen significantly in recent years, as evi-
denced by: a) grant support from the U.S. Department of Energy (DOE) in eleven cellulosic bio-
refineries during January 2007~February 2008 exceeding $500,000,000 and b) the cellulosic bio-
fuel requirement set forth in the 07 RPS (over 15 BGY by 2022).

Four Arkansas-based companies are actively interested in cellulosic biofuels; two of these com-
panies are participating in DOE-supported commercial-scale cellulosic biorefinery projects (one
in Florida, the other in Georgia). Feedstocks of particular interest for such activities in Arkansas
include in-forest residues, rice hulls, rice straw, and dedicated cellulosic energy crops. Based on
the agronomic yield estimates discussed herein, one million acres of herbaceous energy crops
could produce approximately 1,350 MGY of cellulosic ethanol.

Electricity and/or thermal energy: Primary options for biomass-to-electricity in Arkansas in-
clude co-firing (e.g., in coal-fired boilers) and co-generation. Approximately half of the woody
residues generated by the State’s forest products industries are used as boiler fuel for on-site co-
gen (with the balance used for other purposes...un-used woody processing residues are estimated
to be less than one percent of production). Current biomass cogeneration by the State’s forest
products industry is about 48 x 10" Btu per year...roughly equivalent to the energy output from
a 420 MW coal-fired powerplant.

Additional electricity and/or thermal energy could be generated by use of other residues (e.g., in-
forest residues, agricultural residues) and/or dedicated energy crops. Based on the agronomic
yield estimates discussed herein, one million acres of herbaceous energy crops could generate
approximately 2,200 MW of power. Electrical/thermal energy could also be made from poultry
litter (although this would probably be limited to centralized systems, since farm-scale litter-fired
units have not been demonstrated to be feasible). Using half of the litter produced in the State
could support approximately 46 MW of electric generating capacity.

Biomass feedstocks: Whereas essentially all of the woody processing residues (e.g., sawdust)
are already being used, in-forest residues (IFR) constitute a major potential resource for Arkan-
sas. An estimated 6.1 million tons (dry matter basis) of in-forest residues are produced per year
in Arkansas. The net usable IFR (reflecting logistical and ecological factors) is estimated at 2.6
million dry tons per year, which equates to 528 MGY (at 90 gallons per dry ton).
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The predominant agricultural biomass resources in Arkansas are rice straw and rice hulls, con-
sisting of 6.2 and 0.8 million tons per year, respectively. Approximately fifty percent of hulls
produced in Arkansas are used for on-site cogen; the balance is used by the poultry industry for
bedding. Test harvests of rice straw have identified logistical issues that need to be addressed,
and both straw and hulls have high ash content (mostly silica).

There is continuing interest in Arkansas in poultry litter, the only significant animal-derived bio-
mass feedstock in the State. Although no farm-scale litter-fired energy systems are commer-
cially available, off-farm centralized litter-to-energy systems exist (a 50 MW litter- and woody
residue-fired powerplant began operation in Minnesota in 2007). Roughly fifty percent of the
930,000 dry tons per year of litter produced in Arkansas could support a 46 MW powerplant.

Cellulosic energy crops represent an enormous potential resource for Arkansas, given the large
agricultural acreage and favorable growing conditions in the Delta region. Yield is paramount
for economic feasibility of energy crops production, but the current lack of yield data for energy
crops under Delta conditions creates uncertainties and risks that will constrain commercial-scale
investments. Some research efforts were recently initiated in the Delta to gain production ex-
perience and obtain agronomic data; those efforts need to be expanded to include additional test
locations and additional candidate crops..

From an environmental perspective, bioenergy systems offer a number of benefits over fossil-
based systems. In particular, closed-loop biomass energy systems could have a significant im-
pact on the State’s carbon balance...production of herbaceous energy crops on one million acres
of farmland in the Delta could avoid over 22 million tons per year of CO..

Next steps: More information is needed regarding algae-based biodiesel production systems,
including potential CO, sources, feedstock production, processing, and economics. More agro-
nomic data is needed for cellulosic energy crops (particularly under Delta conditions), as are
strategies for establishing large-scale commercial production operations. The carbon/GHG bene-
fits of bioenergy systems in Arkansas—»both current and future—should be assessed (which
should be of considerable interest to the Governor’s Commission on Global Warming). The po-
tential opportunities for co-firing of biomass with coal need to be evaluated (using residues
and/or dedicated crops). The potential for expanding markets for wood pellets needs to be
evaluated, given the potential opportunities for displacing propane as fuel for heating poultry
houses by wood pellet-fired furnaces (and by furnaces using corn or other biomass feedstocks).
Given the significant economic changes that have occurred in the energy space during the past
five years (as well as increasing pressures on the poultry industry to reduce land application of
litter in the northwest Arkansas region), the economics of off-farm centralized litter-to-energy
systems should be re-evaluated.
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1. Recent Bioenergy Activities in Arkansas

Arkansas is a biomass-rich State. Bioenergy has long been used in Arkansas: at small scale for
residential heating , (using cordwood) and at large scale by the forest products industry (primar-
ily for cogeneration at processing facilities). For economic and environmental reasons, interest
in bioenergy systems and technologies has surged during the past few years. Notable bioenergy-
related activities and events that have occurred in Arkansas during the past four years are shown
in Figure 2; notes are provided in Appendix 2.

Figure 2: Notable Recent Bioenergy Activities in Arkansas

2004 2005 2006 2007 g
WI's biodiesel production study completed 1
Federal biodiesel support program established 2
Federal Energy Act of 2005 enacted 3
AR biomass resources assessment updated 4
FutureFuels began producing biodiesel 5
Potlatch bioenergy feasibility study 6
Patriot Biofuels began producing biodiesel 7
AEDC's Bioenergy Policy Council 8
Arkansas Bioenergy Workshop convened 9
BRI's team received DOE biorefinery award 10
Tyson-Syntroleum JV: Dynamic Fuels 11
Federal Energy Act of 2007 enacted 12
AR's biofuels grant program implemented 13
AR Commission on Global Warming begins 14

Mr. Chris Benson is Director of the Arkansas Energy Office (AEO).? In mid-2007, the AEO
hired Ms. Jenny Ahlen to serve as fulltime coordinator for renewable energy activities. The Ar-
kansas Energy Office is part of the Arkansas Economic Development Commission (AEDC).
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2. Commercial Bioenergy Products
2.1 Ethanol
The two basic options for ethanol production in Arkansas are corn or cellulosic feedstocks.
2.1.1 Corn-derived ethanol

557,000 tons (dry matter basis) of corn were produced in Arkansas in 2006 — down 25%
from 745,000 tons in 2003 (produced on 170,000 acres, with average yields of 4.38
tons/acre [147 bushels/acre]).® Numerous corn-to-ethanol projects have been considered
during the past few years in various locations across the State, both using locally-
produced corn, as well as corn imported from other states. However, as of January 2008,
no commercial-scale corn-to-ethanol production facilities are in operation or under con-
struction in Arkansas.*

The Energy Policy and Security Act of 2007 continued Federal economic support for
corn-derived ethanol; the legislation also expanded and extended the Renewable Fuels
Standard (RFS), which sets forth required production levels of certain types of renewable
liquid transportation fuels, including an increase in corn-derived ethanol from 5 billion
gallons per year (BGY) in 2007 to 15 BGY in 2015 — refer to §3.3.1 for more details re-
garding RFS.

However, there are widespread concerns regarding corn-to-ethanol (CTE) production:

e The economics of CTE production are reliant on Federal support, and it is widely
held that this situation will continue (i.e., CTE production is not projected to become
economically feasible without subsidies).> As a result, the investment frenzy in CTE
during the past few years has cooled significantly.

e The increased demand for corn for fuel has increased prices for feed and food corn
which, in turn, has increased prices of corn-based food products worldwide (e.g.,
poultry and livestock products in the U.S., tortillas in Mexico).® Market prices in
early ‘08 were above $5.00/bushel (compared to ~$4.00/bu in early “07).

e The energetics of CTE production systems are low...typically considered to be about
1.3to 1, including energy credits allocated to co-products (primarily DDG, or distill-
ers dried grains).’

e The environmental aspects of CTE are increasingly considered unfavorable and unac-
ceptable from the perspective of global climate change. Two reports, issued and
widely circulated in January 2008, underscore these concerns.®

March 2008 page 10 of 55



Status Report: Bioenergy in Arkansas

2.1.2 Cellulosic ethanol

Substantial efforts and investments are underway worldwide to develop and commercial-
ize processing technologies for converting cellulosic feedstocks into ethanol (and other
biofuels and other energy products). Various conversion technologies are now being de-
ployed, some with significant federal assistance (e.g., through DOE’s cellulosic biorefin-
ery program).® As of January 2008, five [known] companies active in the emerging cel-
lulosic biofuels industry:

March 2008

Bioengineering Resources Inc: Based in Fayetteville, BRI (a privately held com-
pany) has developed a proprietary three-step process: gasification of the cellulosic
feedstocks, followed by fermentation of the syngas into ethanol by patented microbes,
followed by production of anhydrous ethanol using distillation and a molecular sieve.
The company has a operational pilot plant and was selected as the technology pro-
vider for Alico Inc (LaBelle, FL), one of the recipients of DOE’s first round of cellu-
losic biorefinery awards.™

FutureFuels Corporation: Based in Batesville, Future Fuels was the first company
to produce biodiesel in Arkansas. Future Fuels, purchased by a group of private in-
vestors in October 2006 (previously a part of Eastman Chemical Company), has a
stated intent to produce and market cellulosic-derived biofuels and has existing plant
resources that can be readily redirected to cellulosic processing. The company in-
tends to construct a cellulosic pretreatment demonstration facility; as of January 2008,
construction had not begun.**

Potlatch Corporation: In 2005 Potlatch (with assistance from Winrock International
and the University of Arkansas - School of Forestry) investigated the potential for es-
tablishing a cellulosic processing facility using Fischer-Tropsch adjacent to its exist-
ing paper mill at Cypress Bend in southeast Arkansas.

Price Companies’ Biostock Services: Based in Monticello, Price Companies Inc
was established in 1965 as a lumber, logging, and sawmilling operation. In the
1980s, Price expanded into contract chipping mill services, and now operates nine-
teen forest produces processing facilities nationwide. Biostock focuses on feedstock
acquisition, pre-processing, and delivery, and was selected as the feedstock supplier
for Range Fuels, Inc (Broomfield, CO) one of the recipients of DOE’s first round of
cellulosic biorefinery awards (the project is located in eastern Georgia, using in-forest
residues as its primary cellulosic feedstock)."?

Colusa Biomass Energy Corporation: Based in California, the company has a pat-
ented technology for converting cellulosic feedstocks into ethanol. Colusa is particu-
larly interested in rice straw and rice hulls, and has been looking at potential project
opportunities in Arkansas.
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2.2 Biodiesel
2.2.1 Overview

Biodiesel processing technology is well-established (“off-the-shelf”) and can utilize a va-
riety of feedstocks, including virgin oils (e.g., soybean-derived oil, cotton seed-derived
oil), animal fats, and waste vegetable oils. Soybeans contain approximately 20% oil by
weight, and Arkansas produced 2.99 million tons (dry matter basis) of soybeans in 2006
(from 3.05 million acres).*®

In theory, 100% of Arkansas’ soybean production could produce about 126 million gal-
lons per year (MGY) of biodiesel, i.e., approximately 13% of statewide petro-diesel con-
sumption of 1.07 BGY. In actuality, less than 20% of Arkansas’ soybeans are crushed in-
state (Total crushing capacity in Arkansas is ~30 MGY), with the balance of the soybeans
being shipped overseas in raw form (i.e., with no value-added processing). Combined
with 11.5 MGY of cotton seed oil, Arkansas’ total virgin oil production of 41.5 MGY
could produce about 41 MGY of biodiesel...except that almost all of that virgin oil is al-
ready consumed by food-grade oil markets.

Thus, any biodiesel producer sourcing virgin oil in Arkansas would either have to com-
pete with this established, premium-priced food-grade market or obtain the feedstock
from some newly established or expanded crushing facility. In fact, this additional de-
mand for oil as biodiesel feedstock has resulted in higher prices for virgin oil (not just in
Arkansas, but nationwide). On top of the historic price volatility of virgin oils, the eco-
nomics of virgin oil has created havoc for the State’s fledgling biodiesel industry.

In April 2004, Winrock International published a report “Establishing Biodiesel Produc-
tion Facilities in Arkansas...a Pre-feasibility Assessment,” which concluded that:**

“...increased production and consumption of biodiesel appears highly desirable,
given the numerous associated economic, environmental, and energy security benefits
for Arkansas and the United States. However, as noted above, it is unlikely that sub-
stantial increases in consumption or production will occur without public sector sup-
port or intervention.”

Approximately six months later, a national biodiesel support program was enacted, pro-
viding incentive payments of up to $1.00 per gallon of biodiesel. About one year later,

Arkansas’ first biodiesel production facility came online.

The executive summary of Winrock’s April 2004 biodiesel report is included herein as
Appendix 3.
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2.2.2 Challenges facing the biodiesel industry

Since November 2005, three biodiesel facilities have been established in Arkansas and
four more are scheduled for completion in 2008, with a combined production capacity of
120 million gallons per year. However, as with corn-to-ethanol, there are significant
concerns regarding soybeans-to-biodiesel operations:

e Asdescribed above, the economics of biodiesel production and sales have been vola-
tile and, ultimately, unfavorable, despite continuation of federal subsidies.”> As of
January 2008, actual biodiesel production in Arkansas was only a fraction of potential
capacity, with most of the facilities either producing less, temporarily shut down or
facing delayed start-up.

e Access to feedstocks is a fundamental concern to the State’s biodiesel producers, and
has led to intense competition for [limited] non-virgin feedstocks such as animal-
derived fats or waste vegetable oil, resulting in price escalation of the feedstocks
(which are of inferior quality compared to virgin oils and were initially anticipated to
cost significantly less than virgin oils).

e As with corn-to-ethanol, environmental concerns regarding oilseed-to-biodiesel pro-
duction systems have escalated (associated primarily with land use). For Arkansas,
low soybean crop yields (on average, less than one ton per acre per year, dry matter
basis) equate to low energy yield (less than thirty gallons per acre per year net).
However, offsetting this concern somewhat is the net energy balance of soybeans-to-
biodiesel, which is substantially more favorable than that of corn-to-
ethanol...typically about 3.4 (compared to 1.3 for CTE).*®

2.2.3 Biodiesel from algae

DOE and others have been evaluating algae as a source of oil (for further processing into
biodiesel) for decades. Recent energy prices have led to rapidly increasing in this biofuel
option, particularly given the estimated energy production per unit of land and
time...5,000 ~ 20,000 gallons per acre per year (compared to around 50 for biodiesel
from soybeans).!” If actual (net) production of, say, 10,000 gallons/acre/year could be
realized, then only 100,000 acres®® of algal-biodiesel production would be required to
meet 100% of the State’s current petro-diesel consumption of 1.07 BGY.

Despite uncertainties regarding the technical viability and economic feasibility of algal-
diesel production (there is limited specific data available within the public domain re-
garding algae-to-biodiesel), substantial interest and investment is underway worldwide in
such systems.® There are several companies in Arkansas that are actively evaluating al-
gal-biodiesel, with some claiming to be close to commercial deployment. Given the sig-
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nificant production potential, this technology warrants serious consideration as a large-
scale clean energy pathway for Arkansas.

A more detailed discussion of biodiesel production, distribution, and marketing in Ar-
kansas is set forth in Attachment 1.

2.3 Cellulosic biofuels

2.3.1 Why should we be interested in cellulosic?

As noted in 82.1.2, several Arkansas companies have already initiated specific pursuits of
cellulosic biofuels, and numerous additional expressions of interest have been conveyed
to the Arkansas Energy Office and Winrock International during the past two years.
However, widespread deployment of cellulosic biofuels projects is still considered con-
tingent on satisfactory demonstration of technical and economic viability at commercial
scale—a process which is now underway nationwide.®

Interest in cellulosic biofuels in Arkansas is driven by:

March 2008

The federal RPS requirement of 15 BGY of cellulosic biofuels by 2022;
The expected favorable economic and environmental benefits;

Recent advancements in cellulosic processing technologies;

The abundance of cellulosic residues in the State;

The significant potential for production of dedicated lignocellulosic energy crops,
given the large agricultural land base in Arkansas (14.4 million acres, or 43% of the
total land area in the State);*

The high projected energy yields (gallons/acre/year) compared to other biofuels op-
tions (with the potential exception of algae-biodiesel); and

Recent deployment of commercial-scale cellulosic projects, including high-dollar
support from the U.S. Department of Energy (DOE) for biorefineries.

e In February 2007, DOE awarded six grants totaling $385 million to help deploy
commercial-scale biorefinery projects using cellulosic feedstocks.?

e InJanuary 2008, DOE awarded four more grants totaling $114 million to help de-
ploy smaller-scale biorefinery projects using cellulosic feedstocks.??

e In February 2008, DOE awarded $34 million to support four projects focused on
enzymatic conversion of cellulosic feedstocks into ethanol.?
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2.3.2  Cellulosic feedstocks®*

Types of cellulosic feedstocks available (or potentially available) in Arkansas are shown
in Figure 3. Biomass residues and energy crops are further discussed below. Key criteria
for feedstock selection include:

e access to the material,

o reliability of supply,

e quality (i.e., physical and chemical characteristics),

e energy attributes,

e seasonality,

e acquisition cost,

e |ocation (which equates to cost of transport to the processing facility), and

e other logistical considerations (e.g., the extent to which existing equipment can be
used to produce and harvest the material).

Figure 3: Types of cellulosic feedstocks in Arkansas

Category / subcategory | examples

residues / byproducts

woody
in-forest harvesting slash
processing sawdust
agricultural
field rice stubble, wheat straw
processing rice hulls, gin trash
animal agriculture
manure poultry litter
other processing byproducts
waste streans
storm debris woody debris
municipal biosolids, waste paper
other landfill gas
dedicated energy crops
annual energy sorghum
perennial
herbaceous switchgrass, miscanthus, giant reed
woody hybrid poplar, willow
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2.3.2.1 Residues

As shown in 83.2, total “usable” biomass residues in Arkansas are estimated at 13
million tons per year (dry matter basis).?

Converting, say, 30% of these residues into biofuels could produce about 350 mil-
lion gallons per year of (at an estimated gross processing yield of 90 gallons per
dry ton).

Most of the woody processing residues generated in Arkansas are already being
used for cogeneration by the forest products industry?®>—any bioenergy project
targeting such residues would likely result in substantial price increases.

In-forest residues are considered by some to be the most attractive biomass resi-
due resource in Arkansas (given the large quantities, geographic distribution,
year-round availability, and expected relatively low cost). However, there are
some concerns that pursuit of such materials could result in price increases in
wood chips for existing fiber markets.

2.3.2.2 Energy crops

The potential amount of biomass production from dedicated energy crops
= agronomic yield times crop acreage.

As with food, feed, and fiber crops, the importance of agronomic yield for energy
crops is paramount. Figure 4 illustrates acreage requirements for dedicated en-
ergy crops vs. potential production of one billion gallons of biofuels.’

For example, Production of 1 BGY of ethanol from herbaceous energy crops at an
agronomic yield of 15 dry tons per acre per year? would require 990,000 acres.?

In contrast, an agronomic yield of 7.5 tons/acre/year** would require 1,960,000
acres...half the yield requires twice the acreage.

For comparison purposes, production of 1 BGY of ethanol equivalent from soy-
beans-to-biodiesel (i.e., 650 MGY of soy-diesel) would require 22 million acres.

Figures 5 and 6 further illustrate the significant anticipated benefits of net energy pro-
duction of bioenergy from dedicated energy crops; each include a comparison to
equivalent energy production from soybeans [to biodiesel]. The various boxes in
Figure 5 are all roughly to scale. The relative sizes of the circles in Figure 6 are
roughly to scale.
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Figure 4: Crop Acreage Requirements vs. Agronomic Yield
for production of 1 BGY from cellulosic energy crops
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2.3.3  Will deployment of cellulosic-based systems really happen?

There is widespread skepticism regarding the technical/economic feasibility of cellulosic
conversion technologies primarily because, to date, no commercial-scale operations have
been established. However, billions of dollars have been invested by both the public and
private sectors during the past few decades to move cellulosic processing technologies
from the lab to commercial reality, and interest (and investments) in such systems has
risen dramatically within the past three years.

Just within the past twelve months, the U.S. Department of Energy has invested over
$500 million to support initial deployment of commercial projects using cellulosic feed-
stocks (this figure does include private sector investments in those projects and in other
projects currently being deployed without public support). Results from these recently
initiated commercial-scale endeavors should be available within about three years; those
results will provide an important basis for go/no-go investment decisions in subsequent
biorefinery projects. Given the significant increases in interest, investment, and deploy-
ment efforts currently underway worldwide, there is little doubt that production of energy
products from cellulosic feedstocks will happen, and the emerging industry is on track for
rapid growth.
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Figure 5: Production land required to produce 450 MGY of petroleum-derived
diesel (equivalent) for different production options and yields

Arkansas’ annual consumption
of petro-diesel = 1,000 MGY :

412"
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For geographic
scale,
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[Copyright!®/and(B).1 95 Microsoft Corporstion anor s suppers | Allrights reserveds

March 2008 page 18 of 55



Status Report: Bioenergy in Arkansas

Figure 6: Biofuels production (in gallons of petroleum-derived diesel equivalents)
from 1,000,000 acres of farmland for different production options and yields
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2.4 Electricity

According to the Energy Information Administration (EIA), electricity generating capacity in
Arkansas in 2006 was 14,507 megawatts (MW), 26.5% of which was from coal.** Total
generation in 2006 was 52.2 million megawatt-hours (MWh),* 19.3% of which was pro-
duced by “Independent Power Producers & Combined Heat and Power”. The EIA data does
not specifically identify biomass-derived generation, although 3.3% of production was listed
as generated from “Other Renewables.”

The simplistic map within EIA’s Energy Profile of Arkansas shows no biomass-fired power-
plants and one wood-fired powerplant located in the southwest (presumably the Domtar pa-
per mill in Ashdown [purchased from Georgia-Pacific in 2001]*) — refer to Figure 7.%
However, there are numerous forest products processing facilities in Arkansas that use sub-
stantial quantities of woody residues for on-site co-generation—presumably the output from
these biomass-fired systems is not reflected in the EIA’s [net] electricity data.

Figure 7: Energy Overview Map of Arkansas (EIA)

Arkansas Quick Facts

*Coal-fired plants, which

= supply about one-half of
Arkansas’s electricity demand,
rely entirely on coal deliveries
via railcar from Wyoming.

eArkansas natural gas
production accounts for about
1 percent of U.S. output.

«Companies are beginning to
extract small amounts of
natural gas from coalbed
methane deposits in the
Arkoma basin.

E icity Transmission Major Electric Renewable i
e Lmﬁ it e Energy Potentia -Arkan;as is one of the few
dade (il Seapont 4 Oil Import $te & Nuclear | % Solar [ Jsolar- =60 States in the Nation that allow
5] Petroleum Refinery © Petroleum @ Hydrosleatric  Wihimiiday)  the use of conventional motor
A e A Coal X iind [Jwind- (=4 gasoline statewide.
[d Coal Mine, Underground A Cla
Natwral Gas Flow o Hob 4 Biomass & Wiood ower Class)
(1 mile band width = ¥ Natural Gas & Geothermal Geo. - (>= 20
100 million cuble festsdayl milliwattsdmz’)
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Until recently, the State had surplus installed generating capacity; that situation is changing,
and utilities are now considering planning for additional generation capacity to meet growing
demand for power in Arkansas (in addition to deployment of various energy efficiency pro-
grams within the electricity sector).*

2.4.1 Co-firing:

There are three utility-owned coal-fired plants in Arkansas, with one more under con-
struction and one more undergoing permitting:

e Entergy Arkansas Inc’s Independence facility (1,678 MW) near Newark.

e Entergy Arkansas Inc’s White Bluff facility (1,640 MW) near Pine Bluff.

e Southwestern Electric Power Co’s Flint Creek facility (528 MW) near Gentry.
e Dynegy Inc’s Plum Point facility (665 MW) near Osceola (under construction).

e Southwestern Electric Power Co’s Turk facility (600 MW) near Fulton (construction
is pending approval of permits by the Department of Environmental Quality).

The possibility exists, at least in theory, for co-firing biomass at some of these coal-fired
powerplants in Arkansas. However, no known co-firing tests have been performed at,
nor specific co-firing discussions undertaken with, these facilities/utilities. Nonetheless,
the possibility exists, and co-firing could be an attractive option for displacing some coal
with biomass and reducing carbon emissions (particularly through co-firing of closed-
loop biomass).

2.4.2 Co-generation and stand-alone power generation

In addition to co-firing, options for electricity production from biomass feedstocks in Ar-
kansas include co-generation or stand-alone power generation.

e Co-generation (“co-gen”) at large forest products processing facilities (having on-site
demand for both thermal and electrical energy) has been economically feasible for
many years, as evidenced by the numerous residue-fired co-gen facilities across the
State.

e Historically, stand-alone power generation (with export of the power to the grid) us-
ing biomass feedstocks has not been able to compete economically with low-cost fos-
sil fuels in Arkansas. However, those economic conditions are rapidly changing na-
tionwide, given:

e Increasing demand for electricity (requiring more generating capacity);
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Increasing concerns regarding environmental impacts associated with fossil fuels,
particularly CO; as the principal greenhouse gas (GHG); and

Increasing costs of fossil fuels, reflecting increasing supplies vs. constant (or de-
creasing) supplies.

There is widespread expectation within the utility sector that Federal CO, emissions regu-
lations are forthcoming, and the investment community expects such emissions to cost
$20~$40 per ton of CO,.3" Along with the Federal Production Tax Credits, these chang-
ing economic conditions have set the stage for economically attractive stand-alone bio-
mass power generation projects in some locations in the U.S., and there may be future
opportunities for such projects in Arkansas.

2.4.2.1 Using residues

Most (almost all) of the sawdust and other woody processing residues generated
in Arkansas are already used as “boiler fuel” (for on-site cogen) within the forest
products industry.*® Thus, no significant quantities are considered available for
new or expanded energy generation using these feedstocks without economic dis-
ruption to the existing markets for woody residues.

Approximately fifty percent of the rice hulls generated by rice mills in Arkansas
are being used for on-site cogeneration. Essentially all of the hulls not being used
for energy are being used as bedding material by the State’s poultry industry.*

There has been some interest in using rice straw as a feedstock for bioenergy pro-
duction, primarily given the relatively high straw production'—estimated at 5.1
dry tons per acre, with total estimated annual production in Arkansas at 7.04 MM
tons per year.®

In 2005 a study was conducted in Jackson County to evaluate the feasibility of
harvesting rice straw for bioenergy production. The primary technical barriers
were limited field access due to weather conditions and technical problems asso-
ciated with feedstock pre-processing (reflecting the high silica/ash content of rice
straw).

The cost of feedstock harvesting was estimated at $27 per dry ton. No follow-on
commercial project has been pursued to date.*

As of January 2008, other than the on-going use of rice hulls for on-site thermal
energy at several rice mills, no other agricultural residues are known to be used
for energy generation in Arkansas.

! As discussed in §3.2, gross production figures should be discounted by ~60% to obtain net usable production, re-
flecting the estimated portion of field stubble that can be sustainably removed, based on ecological considerations.
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2.4.2.2 Using poultry litter

For over fifteen years there has been interest in using litter as an energy feedstock,
both at farm-scale and for relatively large, centralized, litter-to-energy power-
generating options. Although, as of January 2008, no such systems have been com-
mercially deployed in Arkansas (at either farm-scale or centralized), there is on-going
interest in and some continuing research efforts underway regarding use of litter as an
energy feedstock. Refer to §2.7.2 and 83.4 for more information regarding litter-
related issues and options.

2.4.2.3 Using biogas or landfill gas

Biogas, a medium energy density fuel (35%~65% methane content), is produced from
anaerobic digestion of liquid feedstocks such as slurried manure.

e In 1993, Winrock International (with funding support from DOE and the Arkan-
sas Energy Office), installed a floating cover on an anaerobic lagoon for biogas
capture at a commercial swine farrowing farm in central Arkansas. The project
successfully demonstrated and quantified biogas recovery.

e The City of Little Rock’s Fourche Creek Wastewater Treatment Plant has been
using digesters for treatment of and energy generation from sewage sludge since
the early nineties. The biogas is used in an engine/generator to produce electricity
to help operate the wastewater treatment plant.*?

e The economics of biogas generation, recovery, and utilization are site-specific and
subject to economies of scale. Experienced expertise is needed for digester sys-
tem design to ensure effective performance and minimize upsets. Several compa-
nies specializing in digester design and/or biogas recovery/utilization can be lo-
cated through internet searches, including RCM Digesters, the company that pro-
vided technical assistance to Winrock on the swine lagoon project in central Ar-
kansas.*

Landfill gas (LFG) is produced as a result of anaerobic digestion of the organic frac-
tion of the buried garbage within landfills. In January 2006, an LFG system was
dedicated at the Two Pine Landfill in Jacksonville, AR.**

2.4.2.4 Using dedicated energy crops

Dedicated cellulosic energy crops could be used as feedstock for thermal/electrical

production at co-gen or stand-alone facilities (or for co-firing at coal-fired power-
plants). Refer to §2.3.2.2 for more discussion regarding dedicated energy crops.
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2.5 Process heat

In general, production of thermal energy from biomass feedstocks entails substantially higher
system efficiency than electricity generation, leading to more favorable economics of thermal
energy from biomass vs. electricity. Thus, installation of bioenergy systems adjacent to ex-
isting thermal loads is generally considered strategically attractive for siting bioenergy sys-

tems.

One example of the potential for generating process heat from biomass is at FutureFuels.
The company has three relatively small coal-fired boilers for generating thermal energy for
on-site use, and has considered using biomass feedstocks to displace some of the coal.

2.6 Space heating

2.6.1 Residential/small commercial

Cordwood is still widely used as a fuel for space heating in Arkansas (in fireplaces,
stoves, inserts, and small furnaces). EIA’s Residential Sector Energy Consumption Esti-
mates (1960~2004) shows 04 cordwood consumption at 1.94 trillion Btu statewide,
which equates to an average per capita consumption of about 130 pounds per year (down
from over 1,400 pounds per person in 1960). Lynndale Manufacturing Inc, based in Har-
rison, is a manufacturer of cordwood-fired furnace systems for residential/light-
commercial applications.*®

Packaged cordwood is widely available from many retail locations; prices in north-
west Arkansas are in the range of $5.00 per 0.75 cubic foot package, which equates to
a net energy cost to the consumer of $36 per Btu.*®

Bulk cordwood is commonly available in northern Arkansas (January 2008) for
roughly $100 per cord (in rural areas, near a supply location), which equates to a net
energy cost to the consumer of about $4.40 per MM Btu.*’

Pellet-fired appliances have increased in popularity over the years.

March 2008

Compared to cordwood, pellet-fired stoves and fireplaces are more convenient and
have significant environmental benefits, and are often more economical.

Premium grade wood pellets are now widely available in northern Arkansas (January
2008); Prices in Fayetteville are ~$4.10 per 40-pound bag, which equates to a net en-
ergy cost to the consumer of $16.60 per MM Btu.*® Where possible, use of pellets in
bulk form is more economical (pellets in bulk form can be managed using existing
storage and handling equipment; delivered costs range from ~$110/ton to ~$160/ton,
depending on the transport distance from the pellet mill).
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2.6.2 Poultry farms

Propane fuel for space heating is the single greatest operating expense for poultry grow-
ers. Propane prices have risen sharply in recent years, reaching in late 2007 what are
widely considered to be critical levels in terms of economic viability of poultry produc-
tion. As aresult, there has been increasing interest within the poultry industry in bio-
mass-fired furnaces for meeting most of the space heating needs within poultry houses,
thereby displacing most of the propane. Refer to §83.4 for additional discussion regarding
this topic.

2.7 Wood pellets & densified biomass products
2.7.1 Woody feedstocks

Relative to raw biomass, densified biomass products (e.g., pellets, cubes, briquettes) have
improved handling and combustion characteristics (thereby expanding utilization options
and reducing emissions) and have increased energy density (thereby enhancing transport

economics).

As of February 2007, there are four known woody biomass densification operations in
Arkansas:*°

e Balcones Resources: Based in Austin, TX, with an operation in Little Rock, Bal-
cones manufactures fuel cubes from organic waste streams, including waste paper.*

e Fiber Resources: Based in Pine Bluff, the company has been manufacturing wood
pellets since 1990. The company’s premium-grade wood pellets, made from oak
residues and marketed nationwide, are marketed primarily for use in pellet-fired
stoves and fireplaces.® The company also produces a range of flavored pellets for
pellet-fired barbeque appliances.>

e Biowood: Based in Monticello, the company began making premium-grade wood
pellets from kiln-dried oak flooring residues in January 2007; the company has a
product marketing agreement with Pennington Seed

e FutureFuels: The specialty chemical company in Batesville established a premium-
grade wood pellet operation in 2007.%
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2.7.2 Litter feedstocks

As a fuel, pelletized poultry litter has significant advantages over raw litter (e.g., uniform
moisture content, improved characteristics for handling and combustion, higher energy
density). However, litter’s high ash content (typically ranging from 15% to 24% by
weight) makes it expensive to pelletize, and the resulting pellets still have much higher
ash content (and have lower energy content) than other densified biomass fuels.>

A litter pelletizing facility near Bentonville in northwest Arkansas intermittently pro-
duced litter pellets during the past seven years; as of February 2008, the facility was not
in operation. Although the company’s products were targeted at fertilizer and soil
amendment markets, the litter pellets were successfully used for combustion tests in a
pellet-fired furnace demonstration system during 1997~1998 by the University of Arkan-
sas. Refer to 83.4 for additional discussion regarding poultry litter as a fuel.
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3. Additional Discussion

3.1 Energy-related data for Arkansas

Key sources providing some energy-related information and data for Arkansas include:

Energy profile of Arkansas, from the U.S. Department of Energy’s Energy Informa-
tion Administration (EIA).
http://tonto.eia.doe.gov/state/state_energy_profiles.cfm?sid=AR

State Energy consumption Estimates from EIA.
http://www.eia.doe.gov/emeu/states/sep use/notes/use print2004.pdf

The section regarding Arkansas in included as Appendix 4.

State Energy Price and Expenditure Estimates from EIA.
http://www.eia.doe.gov/emeu/states/sep prices/notes/pr print2004.pdf

The section regarding Arkansas in included as Appendix 5.

2007 Arkansas Energy Data Profile; prepared by the Walton College of Business,
University of Arkansas, for the Arkansas Energy Office; NovO7.
http://www.arkansasedc.com/business_development/energy/files/PDF/Energy%20Dat
a%20Profile%202007.pdf

3.2 Biomass resources

3.2.1 1994 — The first assessment

Arkansas’ first biomass resource assessment was prepared by Winrock International in
1994. The report, prepared with support from DOE and the Arkansas Energy Office (and
available in hard copy only), was based in large part on 1992 USDA Agricultural Census
data. The results, presented by county in both tabular and graphical formats, identified
and quantified biomass in four principle categories:
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Forest resources (in-forest residues, processing residues)
Agricultural resources (field residues, processing residues)
Animal biomass (manure, litter)

Municipal (e.g., biosolids, urban green waste, storm debris, waste paper)
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3.2.2 2005 update

The data (and some of the factors used to convert production data into residue data) were
updated in 2005 (based on production data set forth in the 2002 agricultural census), with
support by DOE (through the Southern States Energy Board) and the Arkansas Energy
Office. The results have been available at the AEO’s website.

3.2.3 2007 update

Some of the data has been further updated as part of this bioenergy assessment (in coor-
dination with the University of Arkansas). The agricultural data reflects 2006 NASS
data, and the forestry data reflects 2006 data from the US Forest Service’s Forest Inven-
tory and Analysis (FIA) program> and 2007 severance tax data from the Arkansas For-
estry Commission. The municipal and animal biomass data sets have not been updated.
Graphics of the summary results of the updated assessment of biomass resources in Ar-
kansas are set forth in Figures 8 & 9. A summary table of biomass residues in Arkansas
is set forth in Figure 10. Additional information is provided in Appendix 6.

Figures 8 and 9: Summary of Biomass (Residue) Resources in Arkansas

Estimated Biomass Production, Estimated Usable Biomass,
dry tonslyear dry tonslyear
6% 6%

38% 38%

‘D forestry B agricultural O animal O municipal ‘ ‘I:l forestry B agricultural O animal O municipal ‘

e NASS’ 2007 Agricultural Census is expected to be available by about June 2008, at
which time the agricultural and animal biomass data and calculations could be further
updated.

e Source data resolution continues to be limited to county level due to USDA’s disclo-
sure rules, although location-specific feedstock production analyses based on NASS’
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microdata set would be more meaningful to project developers and others trying to

evaluate specific potential bioenergy opportunities.

Estimated usable (sustainably removable) quantities of in-forest residues, poultry lit-
ter, rice straw, and other agricultural field residue in Arkansas are shown in Figures

11, 12, 13, and 14, respectively.

Figure 10: Summary Data regarding Biomass (Residue) Resources in Arkansas

Forestry
in-forest residues
softwoods
hardwoods
primary milling residues
pine
hardwoods
sub-total forestry
Agricultural
field residues
Corn
Cotton
Rice
Sorghum
Soybeans
Wheat
processing residues
Cotton
Rice
sub-total agriculture
Animal manure
Cattle manure
beef
dairy
Swine manure
hogs & pigs for breeding
other swine
Poultry
broilers
layers
replacement pullets
turkeys
sub-total agriculture
Municipal
biosolids
other biomass
sub-total municipal

Total biomass

(1) dry matter basis (0% m.c.)

Production Estimated
Quantity, Usable Quantity, Usable / Total
tons/year (1) tons/year (1) Production
2,385,000 1,567,000 66%
3,738,000 2,594,000 69%
4,339,000 1,836,000 42%
1,414,000 598,000 42%
11,876,000 6,595,000 56%
557,200 185,000 33%
540,000 109,500 20%
6,201,000 1,678,000 27%
92,000 - 0%
4,351,000 - 0%
728,100 65,300 9%
112,500 112,500 100%
837,000 837,000 100%
13,418,800 2,987,300 22%
2,114,000 0
138,000 0
12,000 0
14,000 0
1,325,000 1,325,000 100%
142,000 142,000 100%
46,000 46,000 100%
281,000 281,000 100%
4,072,000 1,794,000 44%
41,000 21,000 50%
1,992,000 1,494,000 75%
2,033,000 1,515,000 75%
31,399,800 12,891,300 41%
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Figure 11: In-forest Residues in Arkansas
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Figure 12: Poultry Litter in Arkansas
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Figure 13: Rice Straw in Arkansas
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3.3 Biofuels

3.3.1 Federal Renewable Portfolio Standard (RPS)

The Energy Independence and Security Act of 2007 (HR6) established nationwide pro-
duction requirements for certain biofuels through 2022.

e Asshown in Figure 15, the RPS entails a 3-fold increase (relative to 2007 production
levels) to 15 BGY by 2015 of corn-derived ethanol production.

e Also as shown in Figure 15, the RPS entails a ramp-up of cellulosic biofuels (antici-
pated to be primarily cellulosic ethanol) beginning in 2011 to over 15 BGY by 2022.

Figure 15: National Renewable Fuels requirements under the 2007 RPS
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3.3.2 List of retail purchase locations

A list of retail locations around the State where biofuels can be purchase by consumers is
maintained by the Arkansas Farm Bureau:
http://www.arfb.com/commodity _marketing/biodiesel/
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The Arkansas Oil Marketers Association (AOMA — www.aoma.orq) is involved in trans-
port, distribution, and storage of biofuels in the State. As such, OAMA and its members
are concerned about:

o Dbiofuel supplies (e.g., seasonal variations in wholesale supplies);

¢ biofuel quality (e.g., cloud point of biodiesel and the ability to ensure that fuels meet
ASTM/EPA specifications);

e logistics specifically related to biofuels (e.g., biodiesel requires separate storage
[tankage prior to blending and generally requires tank heating during winter periods);

e reporting and other regulatory requirements (e.g., EPA requires RINs®® to track bio-
fuels sales, which encompass significant levels of paperwork on the part of biofuel
distributors/blenders);

e perceived problems (e.g., cold-start problems, potential voidance of engine warran-
ties); and

e (COst.

The above-noted concerns regarding biofuels have led to some reluctance on the part of
the existing oil marketing industry in Arkansas to embrace biofuels. The bottom line is
that the economic margins realized by biofuels blenders, distributors, and marketers must
be sufficiently high to offset the real or perceived concerns and additional costs associ-
ated with biofuels.

3.3.3 Energetics analyses

A topic of significant concern regarding biofuels production is the energetics associated
with each biofuel, i.e, the amount of fossil energy equivalents consumed (directly and in-
directly) during the production of a gallon of a given biofuel. For example, several ener-
getics analyses of corn-derived ethanol have concluded that 1.0 gallon of fossil fuels
[ethanol equivalents] is consumed during the production of about 1.3 gallons of ethanol.
Thus, the net energy balance is 1.3/1.0, or 1.3.

Such energetic analyses are complicated, particularly when considering embedded en-
ergy. A recommended portal into the world of energetic analyses of biofuels can be
found at the Institute for Local Self Reliance’s website, prepared by Dr. David Morris,
Vice President of the nonprofit organization based in Minneapolis.
http://www.newrules.org/agri/netenergy.html ILSR also maintains a list of current topics
of discussion regarding biofuels and bioenergy in its Democratic Energy section:
http://www.newrules.org/de/index.html
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3.3.4 Simple comparison of biofuels production

In addition to ethanol, cellulosic feedstocks can be used to make a variety of biofuels, in-
cluding hydrocarbon-derived equivalents (e.g., renewable gasoline and renewable diesel).

March 2008

3.3.4.1 Biofuels options and crop yield

A comparative analysis of gross and net energy production (in gallons per acre per
year) from corn-to-ethanol, soybeans-to-biodiesel, and dedicated cellulosic energy
crops to ethanol is shown in Figure 16 (for which crop yield figures for corn and soy-
beans are based on 2006 USDA data; the crop yield estimate for herbaceous energy
crops is based on extrapolated results from test plots in other locations around the
country). The four options shown in Figure 16 entail:

Corn-to-ethanol (CTE), using traditional fermentation processes.
Traditional CTE, plus cellulosic conversion of the corn stover into ethanol.
Soybeans-to-biodiesel (using virgin soy feedstocks via esterification).

Ethanol from dedicated herbaceous energy crops using cellulosic processes.

Figure 16: Comparative Analysis of Biofuels Production Options
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The supporting assumptions and calculations are shown in tabular format in Appen-
dix 7. While the graphic clearly illustrates the potential advantage of using Arkansas’
land resources to produce biofuels from dedicated herbaceous energy crops (HECs), a
key assumption within the HEC calculations is an assumed agronomic yield of fifteen
tons (dry matter basis) per acre per year.

While this yield is substantially higher than the current nationwide average yield of 8
tons/acre/year commonly cited for switchgrass,®’ such a yield is considered achiev-
able under Delta conditions because:

e Growing conditions in the Delta region are typically above average.

e Yields of switchgrass in the range of 15 dry tons/acre/year have been attained un-
der above-average conditions in other locations.®

e Yields of other energy grasses (e.g., miscanthus, napier grass, giant reed) have
been shown to exceed those of switchgrass at several side-by-side research loca-
tions. One such set of trials is at the University of Mississippi in Starkville, where
yields in the range of 17~19 dry tons/acre/year have been obtained for miscanthus
during the past few years.® Another such set of trials were undertaken during
2000~2004 in Jacksonville, FL, where giant reed significantly outperformed
switchgrass and other perennial grass/woody crops.®

e Investment of public and private resources into agronomic research will almost
certainly lead to significant future improvements in yield and other desired char-
acteristics of energy crops (as has been the case with hundreds of food, feed, and
fiber crops during the past century).

The importance of crop yield cannot be over-emphasized. Figure 17 illustrates the
impact of agronomic yield on net biofuel production on one million acres for the three
basic biofuel options. For each option, a curve depicts the production range—in net
gallons per acre per year of ethanol equivalents—equating to a fifty percent (+/- 50%)
yield variation. Even at 50% yield reduction for herbaceous cellulosic energy crops
and a 50% yield increase for soybeans or corn, the “2" generation” cellulosic biofuel
option substantially outperforms the “1* generation” corn-to-ethanol or soybeans-to-
biodiesel options. Several important observations can be made from the calculations
and graphics presented herein:

e Potential production of cellulosic biofuels options is substantially more attractive
than 1st-generation biofuels.

e The agronomic yield of cellulosic energy crops is paramount (as it is with all
commercial agricultural crops).
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e Highest attainable yields equates to the most efficient utilization of land re-
sources.

e Additional efforts and resources are needed to evaluate cellulosic feedstock pro-
duction in Arkansas, particularly in the Delta region.

Figure 17: Net Biofuels Production vs. Agronomic Yield
(on 1,000,000 acres of crop production)
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3.3.4.2 Future production of cellulosic feedstocks in Arkansas

As discussed in the previous section, there is enormous potential opportunity for pro-
ducing dedicated cellulosic feedstocks in the Delta region. Looking ahead over the
next few decades: as demand for energy (particularly energy for vehicles, which is the
most valuable and expensive form of energy) continues to increase while supplies
continue to diminish (or, at best, remain constant), there will be an increasing need to
identify and embrace the most resource-efficient options for producing renewable
transportation fuels.
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Given the vast agricultural resources of Arkansas’ Delta region (e.g., over 7 million
acres of active cropland), the State has an excellent opportunity to position itself as a
major producer of ag-derived energy. Moreover, large-scale production and process-
ing of cellulosic feedstocks could lead to levels of capital infusion and economic
benefits that could transform the entire region.

But such a commercial bioenergy industry in the Delta will only occur if private pro-
ject developers are able to put together viable projects and obtain financing. And,
while there are substantial capital resources now being invested in bioenergy activi-
ties worldwide, capital resources will only flow to specific projects if perceived risks
are within acceptable tolerance levels.

At this time the unknowns associated with cellulosic feedstock production in the
Delta region create uncertainties (i.e., risks) that constrain investment. Thus, the key
to embracing the future of bioenergy in the Delta is to invest the necessary resources
now to address those uncertainties and pave the way for deployment of commercial
bioenergy projects in the region.

3.3.4.3 Key uncertainties that need to be addressed

e Yield: As discussed in §83.3.4.1, agronomic yield is critical and, to date, there is
almost no yield data available for cellulosic crops under Delta conditions. In
2007 the University of Arkansas began planting switchgrass on several test plots
in eastern Arkansas.®® Resources are needed to expand those efforts...more spe-
cies, more test plots, and more field-scale plantings.

e Landowner participation: A key issue facing establishment of cellulosic pro-
duction systems will be farmers’ willingness to plant perennial crops (herbaceous
or woody). Perennial crops entail considerable capital cost and typically take 2 or
more years before generating revenues. Plus, alternate markets for harvested
biomass are limited (or non-existent). And, commercial processing facilities will
require long-term supply contracts (necessary for those facilities to obtain financ-
ing). Finally, there would be no annual planting flexibility with perennial crops,
and there would be a cost associated with eliminating the crop and replanting tra-
ditional/alternate crops (assuming that the farmer could break the long-term sup-
ply contract).

On the other hand, production of perennial biomass crops would essentially
eliminate the growers’ crop marketing risks and offer long-term economic secu-
rity. And, of course, net revenues from biomass crop production will need to be
economically attractive to the producer/landowner (compared to other crop op-
tions, taking into account reduced risk factors).
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Strategies are needed to address this chicken-or-egg dilemma...planting of dedi-
cated energy crops will likely not proceed without adequate assurance of a market
(i.e., a biomass processing facility), but a biomass processing facility will likely
not be able to secure financing and be constructed without adequate assurance of
feedstock supply. To lay the groundwork for embracing a large-scale bioenergy
industry in Arkansas using dedicated cellulosic crops, efforts are needed to de-
velop implementation strategies (e.g., creation of biomass production coopera-
tives) that can effectively address this dilemma.

3.3.4.4 Other locations for producing cellulosic feedstocks in Arkansas

Other regions in Arkansas also have potential for energy crop production:

e Forestlands: In addition to in-forest residues from active timberlands in southern
and northern Arkansas, the potential exists for establishing dedicated woody
crops. While yields are expected to be significantly lower for such stands com-
pared to, say, herbaceous crops on Delta soils, land and production costs are also
expected to be much lower, so that the net economics of woody crops may be at-
tractive.

e Pasturelands in areas of concentrated animal agriculture: Due to environmental
concerns, there are increasing pressures to reduce land application of poultry litter
and liquid manure streams from confined feeding operations. In certain areas, re-
stricted land application of these materials may result in decreased grazing and/or
a need to reduce accumulated levels of certain nutrients (e.g. phosphorus). Pro-
duction of energy crops may be an attractive option for many such lands, in that
herbaceous energy crop production could provide an alternate land use option and
revenue source to landowners (i.e., instead of running cattle) as well as means of
remediating certain soils.®?

3.4 Heating poultry houses

Propane for space heating is the single greatest operating expense for poultry growers, and
propane prices have risen dramatically in recent years—refer to Figure 18.% As a result, the
industry is looking for ways to reduce propane consumption, with emphasis on:

e Energy efficiency practices, such as house sealing and insulating (applicable to both
traditional curtain houses and those converted to tunnel ventilation).

e Alternative heating systems, e.g. use of biomass-fired furnaces; in particular, there
has been considerable interest during the past year in using corn-fired furnace sys-
tems.
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Figure 18: Propane Prices in Northwest Arkansas®
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3.4.1 Litter-fired furnaces

There is continuing interest in litter-to-energy systems, both on-farm and centralized. For
on-farm applications (for which growers must purchase and operate the system), a com-
mercially-feasible litter-fired system must meet four essential criteria:

e Technically viable: all aspects of the system (e.g., feedstock storage, handling, and
in-feed; combustion; controls; ash management) must be proven.

e Environmentally acceptable: recognizing the high levels of impurities in litter, this
would apply to feedstock handling, ash handling, and air emissions.

e User-friendly: most poultry growers do not have the time or desire (or ability) to
work with a pre-commercial technology; for poultry farms, a “black box” type prod-
uct is needed that is reliable and entails minimal effort by the grower for operation
(and maintenance).

e Economically feasible: the system must be affordable (and finance-able).
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