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INTRODUCTION

The objective of this paper is to systematically assess the cropland acreage that
could support energy crops and the expected fmgate and delivered prices of energy
crops. The assessment is based on output from two modeling approaches: (1) the Oak
Ridge County-Level Energy Crop (ORECCL) database (1996 version) and (2) the Oak
Ridge Integrated Bioenergy Analysis System (ORIBAS). The former provides county-
Ievel estimates of suitable acres, yields, and fmgate prices of energy crops (switchgrass,
hybrid poplar, willow) for all fifty states. The latter estimates delivered feedstock prices
and quantities within a state at a fine resolution (1 krrf) and considers the interplay
between transportation costs, farrngate prices, cropland density, and facility demand. It
can be used to look at any type of feedstock given the appropriate input parameters. For
the purposes of this assessment, ORIBAS has been used to estimate f~gate and
delivered switchgrass prices in 11 states (AL, FL, GA, IA, MN, MO, ND, NE, SC, SD,
and TN). Because the potential for energy crop production. can be considered fi-om
several perspectives, and is evolving as policies, economics and our basic understanding
of energy crop yields and production costs change, this assessment should be viewed as a
snapshot in time.

Both modeling approaches are based on current cropland use patterns (1992
Agricultural Census) and recent (1996) estimates of likely energy crop yields in the year
2000. Only acreage that is currently supporting crop production is considered—land that
could produce crops but is currently used as pasture is excluded. Set-aside lands are
included in the landbase to the extent that USDA has classified them as cropland. Both
modeling approaches (ORECCL and ORIBAS) calculate farmgate prices of energy

—ORECCL calculates the price as the net present value (NPV) price over the entirecrops
energy crop production cycle that provides a return to the fhrmer that is comparable to the
NPV county cash rent for the same time frame, while ORIBAS calculates the NPV price
that is comparable to the NPV of the expected-profit from growing the current mix of
conventional crops in the area over the same production cycle. The crop production cycle
is assumed to be 10 years for switchgrass, 7 years for poplar, and 22 years for willow.
Prices are based on all production practices needed to supply switchgrass bales stacked at
the side of the road or wood chips contained in a van waiting at the side of the road. All
prices are in 1993 dollars. The ORECCL analysis does not evaluate transportation costs,
but ORIBAS estimates transportation costs from production site to a user facility for two
levels of switchgrass demand (110,000 and 700,000 dry tons/year).

The two modeling approaches are useful in identi~ing the U.S. regions where
energy crops can be grown at the lowest price and in estimating a reasonable expected
price for energy crops for any given area of the country. However, interpretation of the
results should consider two important caveats. First the methods used in the analyses
contain no feedback mechanisms to reflect the change in conventional crop (e.g., corn,
soybean) prices that would result as increasing acres were diverted to energy crop
production. Thus, as the cumulative number of energy crop acres increase, the analysis
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would increasingly underestimate the price that would need to be offered for energy crops
to maintain the same profit as conventional crop production. Second, the analyses
estimate only the acres for which the estimated break-even energy crop price provides at
least the same profit as conventional crops given the yield and production cost
assumptions. It says nothing about how many acres of energy crops would actually be
planted at that price. Thus, while the assessments may indicate that 40 million acres
could produce energy crops if a market existed that would pay $35/dt, this should not be
interpreted to mean that 40 million acres of energy crops will be produced and sold at
$35/dt. An analytical approach that does consider price-supply interactions between
conventional agricultural crops and energy crops is under development (De La Terre
Ugarte and Ray 1998).

The review begins with a brief discussion of the two analytical approaches
(ORECCL and ORIBAS) used to assess energy crop potential. Next, the results fi-om
each approach are compared and contrasted. Results on a national level are presented
first, followed by regional and state results.

ORECCL DATABASE

The Oak Ridge Energy Crop County-Level (ORECCL) database describes the
likely yields of energy crops (switchgrass and short rotation woody crops) at a county-
level (Graham et al 1996a, 1997b). In the 1996 version of ORECCL, only two short
rotation woody crops are considered—hybrid poplar and willow. Furthermore, a county
is assumed suitable for either hybrid poplar or willow production but not both. Thus, the
short rotation woody crop data given for a county assume one or the other woody crop.
Switchgrass is the only herbaceous energy crop considered in ORECCL. The energy crop
yields are based on expert opinion as of 1996 and represent the yield that might be
expected using best management practices circa the year 2000 on existing cropkmd.* In
some regions, with some crops such as the Northeast and switchgrass, the ORECCL
yield values are mostly educated conjecture as there were few to no field data. The same
can be said for switchgrass yields in the Northern Plains and Lake States and willow
yields in the Lake States. The farmgate prices for switchgrass and hybrid poplar are
based on the BIOCOST (version 1) production model and BIOCOST’S default

*

‘In November of 1997, energy crop yields and the energy crop landbase in the 1996 ORRECL database were
readdressed in a workshop with energy crop researchers. Some yields were changed though none drastically. The most
noticeable change was that switchgrass yields were reduced in the far west and the geographic variation of yieIds of alI
species was increased. Likewise some changes were made in defining the Iandbase but again not in a major way except
for willow whose range was extended considerably southwards and made to overlap with the poplar range. At the same
workshop, energy crop production approaches (e.g., amount of fertilizer etc) were also addressed and some changes in
production were also made. Again the changes were not major rdthough willow production costs will rise more than
poplar or switchgrass. The production changes have not yet been fully incorporated into BIOCOST. Once BIOCOST is
updated, ORECCL farmgate prices will be updated using the new yields, new BIOCOST and more recent cropland
cash rent estimates. These updates will in general increase energy crop prices but fairly uniformly across the country so
the spatial pattern of prices are likely to stay the same. And thus the general conclusions on energy crop potential
derived from 1996 version of ORECCL will most likely not alter.

.

.
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assumptions with two exceptions (Walsh and Becker 1996). First, 1993 rather than 1995
prices for equipment and fiels were used. Second, the expected returns to land and
management used in the farmgate price calculations are not BIOCOST’S multi-state
regional default values. Rather they are county-level values created using the following
equation.

County-1evel Returns ($/acre/yr) = 1993 state cropkmd cash rent* (countyfarmland valuektate
farmland value)

This approach assumes that cropkmd cash rent is a good surrogate for expected returns to
land and management and that farmland value is controlled by the potential profitability
of the cropland; therefore, geographic differences in farmland value can be used to infer
geographic differences in likely returns to cropland. The approach has the drawback that
factors other than profit expected from fining can influence fhrmland value (e.g.,
potential for residential development). Thus the ORECCL values for returns to cropland
are inflated in counties and states with significant development pressures. For example,
DuPage County just west of Chicago has very high county-level returns in ORECCL and
thus very high farmgate energy crop prices. Fortunately such counties usually have very
little cropkmd and, therefore are, comparatively insignificant from a larger perspective.

The production costs (other than returns to land and management which are the
same as for hybrid poplar and switchgrass calculations) used in calculating the farmgate
prices for willow are based on an unpublished version of BIOCOST adapted to willow
(Walsh and Becker, personal communication, 1996)2. Again the costs are in 1993 dollars.

ORIBAS SWITCHGIL4SS ANALYSES OF 11 STATES

ORIBAS is a GIS-based modeling system for predicting delivered feedstock costs
across a state (Graham et al. 1996b, 1997a, Noon et al. 1996). ORIBAS relies on 1 km2
resolution maps of land use to spatially distribute potential energy crop supplies and road
network maps to estimate transport costs. The system can compute f-gate prices and
potential supplies endogenously, or these can be input to the system. If farmgate prices
and supplies are calculated endogenously then the system requires information on
conventional crop yields, prices, and production costs in addition to information on the
energy crop yields and production costs. In its most complicated mode of calculatio~ the
system also considers soil quality impacts on yields using the USDA model EPIC.3

In the set of ORIBAS analyses of switchgrass production considered in this paper,
fmgate prices and supplies were calculated endogenously and took into consideration
soil impact on yield. These ORIBAS analyses also relied on the BIOCOST model

2Arevised version of BIOCOST based on the 1997 energy crop workshop will contain willow as a third
energy crop.

3EPIC is a USDA model for predicting crop production and erosion characteristics (Williams et al 1989).
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(version 1) for estimating switchgrass production costs (in 1993 dollars) other than
returns to land and management. The endogenous calculation of farmgate prices and
supplies did not consider the interactions between supply and price of conventional and
energy crops.

The main difference between ORIBAS analyses and ORECCL in the estimation
of farmgate prices is that the ORIBAS analyses did not use published cash rent and
farmland values to infer expected returns from cropland. Rather, the ORIBAS analyses
directly calculated expected returns from land and management on the basis of the
predicted profitability of the major crops grown on the different soils within a county.
Thus the ORIBAS returns were not influenced by development pressures on farmland
value. Consequently the ORIBAS estimates of return to land and management are
generally lower than those of ORECCL, and, thus, the ORIBAS-predicted fmgate prices
are also lower. State-level differences in OIUBAS and 0RRJ3CL fhrmgate prices are
given in the tables following each regional discussion in the paper.

OIUBAS predicts the number and location of bioenergy facilities (and their
marginal delivered price for feedstock) that could be supported within a state given a
priori assumptions about cropland availability and facility feedstock demand. In the
ORIBAS analyses used for this review, two facility demand levels were
examined-1 10,000 dry tons/year and 700,000 dry tons/year. Cropland available for
switchgrass production was defined as the fraction of cropland within a county currently
planted to the most dominant conventional crop. (Total cropland suitable for energy crop
production in a county was based on the ORRECL value for that county.) In most cases,
using this dominant crop strategy to define availability meant 40 to 60°Aof the ORECCL
value for potential cropkmd in a county was allowed to produce switchgrass.

The ORIBAS algorithm for predicting facility sites and feedstock prices locates
each facility one at a time, minimizing the marginal delivered price for feedstock until all
the land designated in the state as available for switchgrass production has been used to
suppIy plants. The location and the marginaI-delivered price of switchgrass for each
facility is a fimction of the predicted farmgate prices for switchgrass produced in the
vicinity of the facility and the transport costs associated with moving that switchgrass to
the facility. Per-ton transport costs are calculated on the basis of travel distance and
travel time. The ORIBAS algorithm for siting plants first calculates the potential
farmgate price and supply of switchgrass (based on yield) that could be produced on all
land considered available for switchgrass. ORIBAS then calculates the costs of
transporting that switchgrass to any location in the state. ORIBAS then determines the
location in the state that could be supplied with 110,000 or 700,000 dry tons at the lowest
cost. That location becomes the site of the first facility and the land (e.g., switchgrass
supplies) used to support that facility is withdrawn fi-omfin-therconsideration. ORIBAS
then repeats those two steps to predict the next lowest cost facility location. This process
is repeated until all the available land (i.e., supplies) in the state is being used to supply
facilities. For this review, oniy the lowest cost 50?40of the facilities are mapped and
discussed. (That is, the facilities were ranked from lowest to highest cost and those
facilities falling on the low half of the list are considered.) This set of facilities, if built,
would utilize about 25°/0of the cropland in the state. Constraining land availability and

.

*
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only considering the “best facilities” is an inexact way of recognizing that cropland will
be utilized for multiple crops and that if large acreages went into switchgrass production,
other crop prices would change and thus the model’s prediction would become irrelevant.

The ORIBAS analysis of farrngate and delivered prices in selected states
complements the ORECCL analysis. The ORECCL estimates of farmgate price are more
extensive and more tied to actual land costs; however, ORIBAS attempts to account for
finer scale geographic differences in energy crop yields and land value. Furthermore,
ORIBAS provides estimates of delivered price, while ORECCL does not.

NATIONAL OVERVIEW

Two major trends are evident from a national perspective. First, in the near term
(yr 2000 yields), switchgrass is a lower cost feedstock than either hybrid poplar or willow
in all regions except the Northeast where willow feedstock is competitive with
switchgrass4 (Figs. 1 and 2).5 The cost difference is on the order of $10 to $20 per ton.
This is because switchgrass yields are expected to be slightly higher and its production
costs are lower. It should be noted that this cost difference is probably exaggerated
because a single rotation length was assumed for hybrid poplar. This tends to artificially
raise prices in areas with low hybrid poplar yields. From an economic standpoint low
yields should be associated with longer rotations so the cost of harvest, which is fairly
constant on a per acre basis, can be better distributed.

Second, the Southeast, Delta, Appalachian, Southern Plains and the most
northerly Northern Plains states have the lowest-cost farmgate prices, and they are for
switchgrass. If the ORECCL yields of 4 to 5 dry tons of switchgrass can be achieved
routinely in these regions, then significant acreages (40 million acres) should be able to
support switchgrass production at a fmgate price of under $35/dry ton and still offer the
farmer a return to lands and management comparable or better than those of conventional
crops (Figs. 3 and 4). Whether such yields can be routinely achieved in the Plains states
is very uncertain however due to the lack of field data (in the North) and fairly large year
to year climatic variation across the region as a whole. Such yields (and better) have
been routinely achieved in research plots in the South (Alabama, Tennessee, Virginia),
where climatic variability is less.

4Future assessments using revised willow production costs will probably not show willow as cost competitive
with switchgrass even in the northeast.

‘Figs. 1-4 are derived directly from the ORECCL database and contain no data from the ORIBAS analyses.
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Fig.1. Stitchgrass farmgate prices ($/~ton) assuming me&an fiel&(as depicted tithe OWCCL database).
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Fig. 2. Short Rotation Wwdy Crop farmgate prices ($/dry ton) assuming median yields (as depicted in the ORECCL database).
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The ORIBAS analyses show broad ranges (>$ 10) for delivered switchgrass
marginal prices in the central Midwest (IA, MN, MO, and NE) and narrow ranges (-$ 5)
in the southern states and the Dakotas. The distribution of delivered prices for those
states with broad ranges are quite skewed with most facilities at the higher switchgrass
price end. The states with narrower ranges also had a more even distribution of prices.
Tennessee was the only state for which the geographic distribution of the small
switchgrass demand facilities was different from that of the large demand facilities.

REGIONAL AND STATE ASSESSMENT

A written summary and two tables of ORECCL and ORIBAS-based ir&ormation
on energy crop prices and potential acreages are presented for each USDA region capable
of producing switchgrass, hybrid poplar, or willow. The definition of the regions is
shown in Table 1. The Mountain region (AZ, CO, ID, MT, NM, NV, UT, WY) is not
presented, as switchgrass, willow, or hybrid poplar production on any large scale is not
possible in this region without irrigation. California is also not represented for the same
reason.

Table 1. USDA regions and states included in ORIBAS switchgrass analyses

1! USDA Region I Statas included in region I States with ORIBAS switchgrass analyses

IIAppalachian KY, NC, VA, WV, TN TN

I i
Cornbelt 11,IN, 1A,MO, OH 1A, MO

Delta AR, LA, MS none

Lake States MI, MN, WI MN

Northeast CN, DE, ME, MD, MA, NH, NJ, NY, PA, Rl, VT none

IINorthern Plains KS, NE, ND, S0 NE, ND, SD

I I
II Pacific Northwest I OR, WA I nona

IISouthaast AL, FL, GA, SC AL, FL, GA, SC
i r

IISouthern Plains I OK, TX I none

Two facility site maps are presented (110,000 dry ton/yr size and 700,000 dry/yr)
for each state analyzed with OIUBAS for switchgrass production. These maps show
where facilities might be located if feedstock cost was the sole criterion for siting. The
facilities are categorized, based on their marginal delivered price, into four groups of
equal number of facilities. As noted before, only the lowest cost 50°/0of the facilities
sited by the 0RI13AS algorithm were mapped. The state descriptions refer only to the
mapped sites.

.

‘
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The number of potential facilities on each map is a fiction of the acreage of
cropland suitable for switchgrass production and the demand level of the facility; thus,
South Carolina which has little cropkmd, has very few facilities, while Iowa has
hundreds; and in each state there are only l/7th as many 700,000 dry ton/yr facilities as
110,000 dry/yr facilities.

APPALACHIAN REGION

Most of the rural counties in this region (Fig. 5) have estimated farrngate
switchgrass prices between $30 and $35Mry ton (Table 2). Promising areas include the
upper coastal plain of North Carolina, western Kentucky and western Tennessee, and the
area south of Nashville near the Duck River (Fig. 1). These states would also support
hybrid poplar at comparatively low prices provided yields of 5 dry tons are achievable on
a routine basis (Table 3). The western half of Tennessee and Kentucky appear most
promising for hybrid poplar with fhrmgate prices mostly in the $48 to $52/dry ton range
(Fig. 2).

Fig. 5. Appalachian Region

ORIBAS Switchgrass Analysis - Tennessee

Tennessee switchgrass fmgate prices are estimated to be between $25 and
$30/dry ton for virtually all of the eastern two-thirds of the state. This is due to the very
low calculated returns to conventional crop production. In many cases these were
estimated to be under $10/acre/year. In the western third of the state, which has a much
higher density of cropland and better soils, farmgate prices were estimated to be $30 to
35/dry ton, and the calculated returns to conventional crop production were comparable
to the cash rent estimates in ORECCL. The pattern of density of cropland versus
farmgate prices is such that the delivered price of switchgrass is ftirly uniform across the
states; transport costs are lower where farmgate prices are higher and vice versa. .
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Table 2. Switchgrass - Appalachian Region

ORPXL ORECCL 0711CCL ORECCL
ORECCL AU* of Amge of Acrqe of Aerwge of Acrqe Of
hverqe

osfsAs
CrO@and landwith fandwith fandwith tandwith ORECCL

Fanr$ate

Averape
oRfsAs Avmge w

fmgate Suitabkfw famqate falmgate farmgate famgate Averqe N!m4er Aveqo land
yield

farmjale

*

Lmmrlce
SWG prim c $s0 pim < *35 @e< $40 prix <$45 d run of

SWG kOIlhCWjQff
rent

($ltonf (040) (000)
* offwAs-

[000) foool (000) $Iwrelyr) ccuntics $hrelyr) $ftm ORECCL

Kmxky 6.44 $35.91 5,417 57 2,482 4,710 5,249 $55.62 120

North Caroha 5,11 $33.30 4,m 21 2,626 3,046 S,361 $34,36 100

Tennessee 6.25 $34.66 4,458 45 2,978 4,043 4,323 $46,13 9s $19.52 $24.75 [$10.14)

Viqiti 5.63 K35.18 2,727 6s4 1,776 2,170 2,321 $35.58 96

West Virnta 6.23 $32,57 616 164 522 551 577 $34.99 55

$36.05 17,886 1.011 10.384 14,520 15,631 $45.48 466

Table 3. Short Rotation Woody Crop - Appalachian Region

-

Average
yad

SRWC ltonfacrefvr) -L
ORICCL ORECCL

Acreaw of AcreqB of
landwith landwith

farmgate Ialmsate
pliu <$35 pice <$40

{0001 (0001

-

OR5CCL
Ac?eageof
fandwith
famqate

prke <$45

ORECCL
Acmge of
fad with
{Mmgata

pcics<$50 bORECCL
AveraQE

crsh rent of
$krelyf) Colultii

ORECCL
Average
farmgate

pia

Acreageof
cropland

SIIitahinfor
SRWC

($fton) {000) [000) (000)

Kentucky
I

4.64 $53.76 5.417 0 1,162 -=4--
“dlcardina I 4.34 *54.77 4544,468 0 $33.36 I 100

$52.69 4,458 0 10 0 1,618

*

+

$53.76 2.727 0 4s9

WeStYirgirirJ I 4.21 $54.31 53616 0 $34.99 I 55

+

$53.88 17,886

+

o 3,776I

I

Figures 6 and 7 show facility location and delivered prices as predicted by
ORIBAS. At 110,000 dry ton/yr facility demand, ORIBAS identified 52 sites whose
marginal delivered switchgrass feedstock price was $29.23 to $34.38/dry ton. The sites
roughly fell into three clusters. One cluster ran southwest to northeast parallel to the
eastern Tennessee border between the Smoky Mountains and the Cumberland Plateau.
The largest and lowest-cost cluster fell loosely around Nashville. A third cluster fell in
the western quarter of the state avoiding the counties near Memphis. At a 700,000 dry
ton/yr facility demand ORIBAS identified 8 sites whose marginal delivered switchgrass
feedstock price ranged from $33.57 to $37.44. Four of the sites were located in the
western eighth of the state. Three sites were loosely scattered across the central third of
the state, and only one site was located in the eastern side of the state. The shift from an
eastern to middle Tennessee focus for facilities with small feedstock demands to a middle

.
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$/dryton

o $29.23● 30,63
A $30.64¤31,79
+ $31s80-33.11
x $33.12¤34,38

Fig. 6. Location and marginal delivered switchgrass price of lowest cost 110,000 ton/yr facility sites in Tennessee.
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$/dryton

● $33.57=33.88
A $33.89-35.45
+ $35.46-36.85
x $36.86“ 37,44

Fig. 7. Location and marginal delivered switchgrass price of lowest cost 700,000 ton/yr facility sites in Tennessee,
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to western focus for facilities with large feedstock demands is due to the land-use
patterns across the state. While the farrngate prices of feedstocks were least costly in the
East, there is so little cropkmd that the transport costs to amass 700,000 dry tons from
approximately 110,000 acres made eastern Tennessee undesirable for large facilities
solely dependent on switchgrass. This might be remedied if cropland currently used for
pasture was considered in the land base for possible switchgrass production.

CORNBELT REGION

With a few exceptions, the combelt (Fig. 8) has high farmgate prices (>$45/dry
ton) for both switchgrass and hybrid poplar (Tables 4 and 5). While expected yields are
ftirly high for both energy crops, the value of the land for growing conventional crops
raises the overall production costs quite significantly. Energy crop farmgate prices are
moderate in only three locations—along the border area of Iowa and Missouri, the
southeast section of Ohio, and the south central portion of Missouri (switchgrass only).
The latter two locations, however, have fairly low cropland density
support a large demand for energy crop biomass.

and could not

< -“..

Fig. 8. Cornbelt Region

ORIBAS Switchgrass Analysis - Missouri and Iowa

The ORIBAS estimates of farmgate prices of Iowa and Missouri and their spatial
pattern mirror the ORECCL estimates. The most promising area in Iowa is the south
central area. While the overall farmgate prices for Missouri predicted by ORIBAS and
ORECCL are comparable ($35 vs $39/dry ton), the spatial patterns are somewhat
different. ORIBAS analysis predicts the southwest corner of the state to have the
greatest promise for producing low-cost switchgrass (under $30/dry ton), while
ORECCL suggests that the northern central section might also be a low-cost area.

At 110,000 dry tordyr facility demand, ORIBAS identified319 sites in Iowa
whose marginal delivered switchgrass feedstock price was $42.54 to $51.63/dry ton with
most of the sites strongly skewed towards the higher end of the price range (Fig. 9). The
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Table 4. Short-Rotation Woody Crops - Cornbelt Region

m IORECCL
Acreqe of
land with
fannpate
prm<$50

(0001 J-
ORECCL
Awgt NunbJ
cash rem
$Iacrdyl} Ctmtk.s

*

Awage

@
(IonlacrdyrlSRWC

Ioms $65.46 I I 01 d o23.1545.00 13

Mm 5.M o

5=-
$89.60 92

$111.78 99kwa 4.89 0

Mi$mui

oh

4.78 025

=

$68.41 114

$71.33 Sa

$94.67 495

$5833 10,569 0 0 77

$63.38 85.126 0 0 77

4,87 77

69s

Table 5. Switchgrass - Cornbelt Region

[ SSVG

ORECCL
Acreageof
Imd Wfih

fanngate
prke < $2n

(000)

ORECCL
Acreageof
landwith
famtgare

pricec $35
[0001

ORECCL
Aueage of
landwith
farmgate

pice <440
(000)

ORECCL
AcIaqe of
landwith
famqate

prim <$45
(000)

ORECCL
Awrage
farm@

w
l$ltnnl -L

OEI18ASF~ata
Avwaga pica
famgate diff-

* 0Rt6A3.
$bn OSECCL

$

Acreageof
cropfand

suitab!afor
SWG IIOW31

ORECCL
Average
cash rem
$belyr)

ORIEAS
Awrqe land

rent
$brefyrl

Nunber
of

konlmdyf) Cwmies

5.96 $48,20 23?15s o 13 2,S13 7,6S3 $105.26 101

5.91 $45.11 1UZ3 o 0 1.4s4 8.9s2 $89.60 92

6.GCI I $4827 I 24,664 I O I 113 I l,8n9 I 6,329 I 411,.78 I 99

*

$4s.43 ($2.84)

$33.93 1$3.781E
Iowa_
Ohio

$10s.s3

6.09 I $39.72
I

13,7s6
I

o
I

1,765
!

9.049
I

11.742
1

$68.41
I

114 $56s0

5.77 I $41.8S ] 10,569 I O I 719 I 4,124 I 8,140 I $71.33 I 88

I $46.ss i 85.128 I D I 2,650 I 18,078 I 40.678 I $94.87 I 485

sites were evenly distributed across the state. While lowest cost sites could be found
virtually anywhere across the state, the central south section of the state was the best
location. At a 700,000 dry ton/yr facility demand, ORIBAS identified 50 sites whose
marginal delivered switchgrass feedstock price ranged from $46.66 to $53.82 (Fig. 10).
The spatial pattern of site locations and price was the same as for the smaller facilities.

At 110,000 dry ton/yr facility demand, ORIBAS identified 135 sites in Missouri
whose marginal delivered switchgrass feedstock price was $29.95 to $42.77/dry ton with
the sites generally skewed towards the higher end of the price range (Fig. 11). The
heavily forested southeast section of the state was devoid of sites except for the
southeast boot-heel of the state on the Mississippi River. The northwest comer of the
state was also devoid of sites, because of the high fmgate prices associated with that
region. The lowest cost sites were generally found in the southwest quarter of the state.
At a 700,000 dry ton/yr facility demand ORIBAS identified 50 sites whose marginal
delivered switchgrass feedstock price ranged from $35.57 to $46.24 (Fig. 12). As in
Iowa, the spatial pattern of site locations and price was the same for the smaller and the
larger facilities.
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Iowa
$/dry ton

c $42s54=49,97
A $49,98-50,67
+ $50s68=51.17
x $51.18-51.63
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Fig. 9. Location and marginal delivered switchgrass price of lowest cost 110,000 ton/yr
facility sites in Iowa.
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Iowa
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c $46,66-52,51
A $52.52-52.91
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Fig. 10. Location and marginal delivered switchgrass price of lowest cost 700,000 toa/yr
facility sites in Iowa.
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Missouri
$/dryton

● $35.57-41.23
A $41.24-43.83
+ $43.84-44.88
* $44.89= 46.24

Fig. 11. Location and marginal delivered switchgrass price of lowest cost 110,000 ton/yr
facility sites in Missouri.
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Fig. 12. Location and marginal delivered switchgrass price of lowest cost 700,000 ton/yr
facility sites in Missouri.
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DELTA REGION

Overall, the Delta states (Fig. 13) would appear to be a promising region for
switchgrass production. Hybrid poplar farmgate prices are also comparatively low
(s $50/dry ton) in much of Mississippi and along the eastern border of Arkansas and
Louisiana due to high expected yields in the Mississippi River floodplain (Table 6).
Farrngate prices for switchgrass are projected to be under $35/dry ton throughout the
region except for the southern half of Louisiana (Table 7). The wet soils in southern
Louisiana are likely to depress switchgrass yields and thus raise prices.

Fig. 13. Delta Region.

Table 6. Short Rotation Woody Crops - Delta

ORECCL Acqe of
Awmge crqdand

Abnrr@ fartngate S&t& lot
yield * Sffwc

SRWC [lcdllacreiyrl l$ftc+ll (MOI

ORECCL
Acteageof
landwith

fatrqate
pi= <$35

[000)

ORECCL
Actqe of
land with
farrogate

price c $40
[0001

ORECCL
Acre6geof
Id wtth
fantqate

pfiw<M5
(000]

ORECCL
.4cmge of
landwith
famtpate

pliu <$50
(0001

ORECCL
Awra#
Casftrem
$krefyll

of
counties

o 0 0 1.s44$49.29 75

0 0 0 1,768 $45.38 64

0 0 0 2,658 $s9.84 82

01 01 0 I 6.268 I $45.55 I 2’2,I I $52.10 I 17.792

Table 7. Switchgrass - DeIta Region

r Aver~
SWG yield

ftanlacrefyrl

ORECCL
Acreageof
landwith

Iarmgate
pm <$30

(000)

ORECCL
Acreageof
land with
farmgate

pike < s35
[000)

ORECCL
Acreageof
landwith
Iatmgate

* <$40
(0001

oRECCL
Acmaga of
landwith
famtgatm

PM < S45
(0001

ORECCL
Aumy of
mopfand

S7iitatb for
SWG ffOOO)

ORECCL
Aw~
cash rew
$lac@tl

Atmraw
fafnlsate NuIAw

of
counties

*
f$Itcil)

Ed== 7,957

3,525

5,147

$49.29

$45.36

$ss64

75

IEE
Louisiana 5.s7

A4i.m&ippi 5.99

64

82

$35.46 I 17,792 I 34 ! 10,710 I 18,129 16.838 $45.53 221
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LAKE STATES REGION

Low cost willow production in the northern counties of the Lake States Region
.

(Fig. 14) dominate the short rotation woody crop fkrmgate prices (Table 8). These
should be viewed with considerable caution as willow yield trials have only just been
initiated in the region thus the yields assumed in ORECCL are purely educated
conjecture.

Fig. 14. Lake States Region.

Switchgrass prices were uniformly in the range of $35 to $40 (Table 9). Prices
were higher near the Red River Valley in Minnesota and adjacent to the cornbelt (the
southern portions of the states). Not surprisingly, urban centers (Minneapolis,

.

Milwaukee, Detroit) affected the pattern predicted by ORECCL. The switchgrass yields
for this region are largely based on educated conjecture and should, therefore, be viewed
with some caution.

ORIBAS Analysis - Minnesota

The gross pattern reflected by ORECCL was mirrored by the ORIBAS analysis.
Lands along the prairie/forest boundary were generally promising. The ORIBAS
analysis predicted that an area around Swift County in the western portion of the state
just north of the Minnesota River might be the best area with substantial acreages with
prices around $30/dry ton. South of this regio~ the land is too valuable for corn and
soybean production. The ORECCL database also picked up this region as especially
promising. Minnesota displayed the greatest variation in delivered feedstock costs of
the elevens state analyzed with ORIBAS.

At 110,000 dry tordyr facility demand, ORIBAS identified 188 sites whose
marginal delivered switchgrass feedstock price was $30.56 to $45.74/dry ton with the
sites strongly skewed towafds the higher end of the price range (Fig. 15). Low-cost sites
were along the western boundary of the state and along the prairie/forest border which
runs diagonally across the state from Minneapolis at the southeast to near Fargo, North
Dakota, at the northwest. At a 700,000 drj tonlyr facility demand OIUBAS identified
28 sites whose marginal delivered switchgrass feedstock price ranged from $34.86 to
$48.36 (Fig. 16).
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Table 8. Short Rotation Woody Crops - Lake States Region

ORECCL ORECCL oRECCL ORECCL
oRECCL AcrEagBof Acreqa of AcraaQeOt AcreWe of Acreageof
Avers@ ~bd landwith landwith fmd With Ihtidwith ORECCL

Aveqa famqate stitabk fur fanqata fmngate farmgate fqatn Awrage Utdar
ykfd price SRWC prim <$35 prim <$40 pi~ <$45 priX <$50 cash rent of

SRWC (lDnlamlYIl ($fcml [(0021 {0001 (0001 [000] foool $fauelyr) Cmlk

Mkftiian 5.02 $49,80 7,339 7f 796 926 3,589 S48.S8 81

Mita 4.74 $58.01 20,115 0 8s4 747 908 $66.22 87

Wmonsin 4.95 $52,54 9,509 0 666 1,?4s 2,053 $54.92 71

$54.67 36,963 71 2,148 3,021 6,550 $59.36 239

SWG

Miim

Table 9. Switchgrass - Lake States Region

ORECCL
ORECC1 Acmqe of
AveraLIe Acreagecd landwith

Awapa farmpate Uopfmd farmgm
yield prim witabb for prix < $s0

(mnfacrefyrl ($/ton) SWG [(000) foool

5.04 Kf8.18 7.333 0

5.41 $42.41 20,115 0

,

5.11 441.26 9,509 0

441.47 36363 0

ORECCL ORECCL
Acreageof Acreqe of
lad with landwith
fam’gate fmrqate

prim <$35 price <$40
(0001 (000)

+=

371 5,120

87 7.230

631 3.869

1.069 ] 16,319

ORECCL
Acrew# of
fmd with
fqata

plice <$45
(000)

6S37

15,770

8.091

30.796

oRECCL
AWqW
cash lent
$Idyll

A46.39

$6s22

$54.92

$59.28

Ntmbw
Of

S1

87

71

2S9
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Minnesota
$/dry ton

$30.56-39.89
$39990-43.33
$43.34-45.20
$45.21-45.74
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Fig. 15. Location and marginal delivered switchgrass price of lowest cost 110,000 ton/yr
facility sites in Mhnesota.
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Fig. 16. Location and marginal delivered switchgrass price of lowest cost 700,000 ton/yr
facility sites in Mhmesota.
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This region (Fig. 17) has some of the lowest short rotation woody crop fmgate
prices due to low cost willow production and low cash rents. The willow yields (6-to
6.5 tons/yr) are based on work in central New York and maybe optimistic for other areas
(Table 10). Willow yields in southern Quebec and Ontario were 3 to 5 tons/acre
(Samson et al. 1997). Nonetheless, New York would appear promising for either
herbaceous or woody crops. The state has significant cropland acreage at low cash rents.
The western portion of Pennsylvania and central Massachusetts might also be good sites
for small bioenergy facilities.

Fig. 17. Northeast Region.

●

✎

Any conclusions with regards to promising lo~ations for switchgrass crops in the
Northeast must be viewed with great caution. The yield assumptions for switchgrass are
based on observed hay yields and educated conjecture (Table 11). No switchgrass yield
data are available for this region. Some switchgrass yield data from southern Quebec
and from Ontario, Canad~ do, however, support these values of 4 to 5 tons/acre/yr
(Samson et al. 1997). Samson also estimated a fmgate price of -35 to $46 dry ton for
southern Ontario. SWitchgrass yields trials are being initiated in the northeast region, so
more solid in.fiormationwill soon be available.

*

.

~hese prices will probably increase significantly in future assessments as revised willow production costs are
now estimated to be considerably higher than those used in version 1 of BIOCOST.
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Table 10. Short Rotation Woody Crops - Northeast Region

m
Comlscticm 6.09 S3S.77 146

W
24 130 141 141

JIoRECCL
Averqe
cash tent Of
$Iazrefwf MIJntrns

$50.M 18

Delaware 4.50 $58.81 446

Maim 4.13 $48.69 469

0 0 0 0

0 66 123 148 *
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.s5s.22 23

S36.75 11
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*

New Jerq
I

4.16
I

$53.84 I 477

NW York 6.03 S34.81 3.916
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115 310 335 33s *IRhode Island
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Vermont 5.05 342.23 493

I I I 346.67 I 11 S62 4,274 I 5,126 I 5$69 I 5,633 344.13 I 231

Table 1L Switchgrass - Northeast Region
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NORTHERN PLAINS REGION

If switchgrass yields of 4.0 dry tons or better can be achieved in this region
(Fig. 18), it would be a very promising region for energy crops (Tables 12 and 13).
Estimated profitability of conventional crops is low as are observed cropkmd cash rents.
Furthermore, cropland density is high. The only unpromising areas are the Red River
Valley and counties adjacent the Platte River in Nebraska.

Fig. 18. Northern Plains Region

The low rainfall in this region inhibits the yields of woody crops and raises
fagate prices. However, pockets of land, especially in Kansas, might be suitable.

ORIBAS Analysis- Nebraska, North Dakota and South Dakota

The ORIBAS analysis shows significantly lower costs for switchgrass production
in North Dakota and South Dakota than does ORECCL and somewhat higher costs than
ORECCL for switchgrass in the northeast corner of Nebraska. These differences are
entirely due to production cost differences generated by the two approaches to estimating
the returns to land and management. The correct answer for North Dakota and South
Dakota is probably closer to the OIUBAS estimate for all lands except those in the Red
River Valley where sugar beets would influence the true value. Sugar beet profitability
was not modeled in the ORIBAS analyses but would have been captured in the fkrmland
value ratio for the counties.

The ORIBAS prediction of higher prices for energy crops in Nebraska as
compared to North Dakota or South Dakota is because ORIBAS predicted a much higher
per acre profit associated with conventional crop production in Nebraska and thus higher
famgate prices for switchgrass. While ORIBAS assumes unirrigated production costs,
the databases used in the ORIBAS algorithms do not differentiate irrigated yields and
land from unirrigated yields and land. In the case of eastern Nebraska, where a
considerable portion of the conventional cropkmd acreage is irrigated, the ORIBAS
algorithm needs to be modified to better handle these differences. The very low
ORIBAS switchgrass prices for North Dakota and South Dakota are result of the
synergistic combination of an assumption of moderately good switchgrass yields

.
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Table 12. Short Rotation Woody Crops - Northern Plains Region
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Table 13. Switchgrass - Northern Plains Region
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( -4.5 to 5 dry tons/acre/yr), low yields on conventional crops, and very high cropland
density.

At 110,000 dry ton/yr facility demand, ORIBAS identified 139 sites in Nebraska
whose marginal delivered switchgrass feedstock price was $42.05 to $53.13/dry ton with
most sites strongly skewed towards the higher end of the price range (Fig. 19). Low cost
sites were concentrated along the western edge of the eastern third of the state, in
particular in the counties south of the town of Lincoln and counties west of the town of
Norfolk, Nebraska. At a 700,000 dry ton/yr facility demand ORIBAS identified 22 sites
whose marginal delivered switchgrass feedstock price ranged from $46.46 to $57.50

\ (Fig. 20). The spatial pattern of site locations and price was the same as for the smaller
facilities.

At 110,000 dry ton/yr facility demand, ORIBAS identified 153 sites in North
Dakota whose marginal delivered switchgrass feedstock price was $28.55 to $30.22/dry
ton (Fig. 21). Sites were fairly evenly distributed across the region of North Dakota
capable of producing switchgrass. (See Fig. 1 for the region boundaries). At a 700,000

. dry ton/yr facility demand ORIBAS identified 24 sites whose marginal delivered
switchgrass feedstock price ranged from $30.86 to $33.60 (Fig. 22). The spatial pattern
of site locations and price was the same as for the smaller facilities.

.
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Nebraska
$/dry ton

● $42.05-46.22
A $46.23-47.94
+ $47.95“49.74
* $49s75-53.13

Fig. 19. Location and marginal delivered switchgrass price of lowest cost 110,000 ton/yr
facility sites in Nebraska.



31

.— . –-1 ------ , , :-–”--l.i.. i-*.-! . ~--------

Nebraska
$/dryton

● $46.46-48.84
A $48.85-50.98
+ $50.99-54.29
* $54.30 “57.5

Fig. 20. Location and marginal delivered switchgrass price of lowest cost 700,000 ton/yr
facility sites in Nebraska.
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NorthDakota
$/dryton
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x $29.77-30.22

Fig. 21. Location and marginal delivered switchgrass price of lowest cost 110,000 ton/yr
facility sites in North Dakota.
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North Dakota
$/dry ton

● $30.86-31.86
A $31.87-32.30
+ $32.31-32,83
s $32.84 -33.6

Fig. 22.’ Location and marginal delivered switchgrass price of lowest cost 700,000 ton/yr
facility sites in North Dakota.
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South Dakota
$/dry ton

s $27.92-28.80
A $28.81-29.29
+ $29.30-29.75
* $29.76-30.12

Fig. 23. Location and marginal delivered switchgrass price of lowest cost 110,000 tonlyr
facility sites in South Dakota.
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* $33.25033.64

Fig. 24. Location and marginal delivered switchgrass price of lowest cost 700,000 ton/yr
facility sites in South Dakota.
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At 110,000 dry ton/yr facility demand, ORIBAS identified 74 sites in South
Dakota whose marginal delivered switchgrass feedstock price was $27.95 to $30.12/dry
ton (Fig. 23). Sites were fairly evenly distributed across the region of South Dakota .

capable of producing switchgrass. (See Fig. 1 for the region boundaries). The low cost
facilities tended to be located in the eastern portion of that region. At a 700,000 dry
ton/yr facility demand ORIBAS identified 11 sites whose marginal delivered
switchgrass feedstock price ranged from $31.05 to $33.64 (Fig. 24). The spatial pattern
of site locations and price was the same as for the smaller facilities.

PACIFIC NORTHWEST REGION (Hybrid Poplar Only)

While this region (Fig. 25) has the highest hybrid poplar yields in the United
States and these yields are relatively well supported by field studies, the combination of
low cropkmd densities and high farmland values due to development pressures and
specialty crops (flowers, seed, mint) makes this region less ideal than might otherwise be
expected. Within the region, unirrigated poplar production is restricted to lands west of
the Cascade Mountains. The ORECCL estimates of return to lands and management
needed in this region are in excess of $200/acre. A more in-depth examination of the
WWunette Valley (the major cropland area in the region) suggested that returns to lands
and management of $65/acre would be competitive (Withrow-Robinson et al. 1995 ). If
that were ~e case, the farmgate price drops to $44 to $49 /dry ton.

‘.
\

-.-A,-2-..,
..J-. ,- .+

/
~ ,

f -( y<

Fig. 25. Pacific Northwest Region

Table 14. Short Rotation Woody Crops - Pacific Northwest
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SOUTHEAST REGION

Cropland in the upper Coastal Plain and lower Piedmont portions of the region
(Fig. 26) appears well suited for energy crops, in particular switchgrass (Tables 15 and
16). Cash land rents are low, yields are moderately high. The field data on switchgrass
yields are comparatively rich for this region. Farrngate prices under $35/dry ton seem
possible for most cropland. The drawback to the region is its comparatively low density
of cropland which would raise transportation costs. If mature yields of 6 dry tons/yr
could also be achieved on cropland that is currently being used for pasture, the density of
land suitable for switchgrass production would double. Nonetheless, the region should
be capable of supplying several million tons of biomass annually using the current
cropkmd.

Fig. 26. Southeast Region.

This was also one of the lowest cost production regions for hybrid poplar with
substantial acreages with prices under $50/dry ton. Given the strong wood products
industry in the region, the infrastructure for handling wood should be available. There is
also considerable interest in hybrid poplar production by the wood products industry in
this region.

ORIBAS Analysis - Alabama, Florida, Georgia, South Carolina

All four states in this region have been analyzed using ORIBAS. The results
largely corroborate the ORECCL analysis. The ORIBAS analysis, which is not biased
by real estate development pressures (e.g., as near Atlanta and Athens, Georgia),
suggests that the upper Piedmont of Georgia would also be a good region for switchgrass
production. Transportation costs were estimated to be about $8/dry ton for large
facilities (>700,000 tons/yr) and around $6/dry ton for moderate-sized facilities (1 10,000
tons/yr). The much lower average farmgate prices for Florida are due to differences in
the land area considered. The ORIBAS analyses only considered counties which
produced at least some corn and, thereby, excluded the high-priced countries around
Gainesville and Ocala and the Gulf Coast counties.
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Table 15. Short Rotation Woody Crom - Southeast Region
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Table 16. SwitchCrass - Southeast Region
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At 110,000 dry ton/yr facility demand, ORIBAS identified 29 sites in Alabama
whose marginal delivered switchgrass feedstock price was $28.08 to $31.84/dry ton
(Fig. 27). Sites were generally located in the southeast corner of the state and or along
the northern tenth of the state. Both are regions of high cropland density. The paucity
of sites in the black prairie region is probably due to the lack of active cropland
(cropland on which crops are being produced–the only land base considered in these
OR.IBAS analyses). The northern sites were slightly less expensive. At the 700,000
ton/yr demand level only three sites were located, and prices ranged from $31.99 to
$35.94 (Fig. 28). The geographic distribution of the sites at this facility demand
mirrored that of the smaller facilities demand.

At 110,000 dry ton/yr facility demand, ORIBAS identified three sites in Florida
whose marginal delivered switchgrass feedstock price was $35.43 to $36.79/dry ton
(Fig. 29). The land base for switchgrass in Florida is largely limited to the northern
panhandle, and cropland density is fairly low. The state was incapable of supporting a
700,000 &y/year switchgrass facility under the crop land availability assumptions used
in the analyses.

At 110,000 dry tordyr facility demand, ORIBAS identified 30 sites in Georgia
whose marginal delivered switchgrass feedstock price was $30.01 to $34.19/dry ton
(Fig. 30). The lowest cost sites tended to fidl along the southern boundary of the
Piedmont region.
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Fig. 27. Location and marginal delivered switchgrass price of lowest cost 110,000 ton/yr
facility sites in Alabama.
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Fig. 28. Location and marginal delivered switchgrass price of lowest cost 700,000 ton/yr
facility sites in Alabama.



Fig. 29. Location and marginal delivered switchgrass price of lowest cost 110,000 ton/yr
facility sites in Florida.
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Florida
$Idryton

$34.91
A $35.43
+ $35.81
~ $36.79
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Georgia
$ldrytm

● $30801=31.55
A $31.56-32.21
+ $32.22-33.11
x $33s12=34s19

,

Fig. 30. Location and marginal delivered switchgrass price of lowest cost 110,000 ton/yr
facility sites in Georgia.

,
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Gewgia
$Idry ton

● $35.74
A $35.76
+ $37.06
* $37.40

Fig. 31. Location and marginal delivered switchgrass price of lowest cost 700,000 ton/yr facility

sites in Georgia.
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South Carolina
$Idr)im

● $29.44=29.97
~ $29.98-30.30
+ $30.31-31,17
* $31.18-32s48

Fig. 32. Location and marginal delivered switchgrass price of lowest cost 110,000 ton/yr facility
sites in South Carolina.
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South Carolina
$/dry ton

.
● $34.07
A $35.54

Fig. 33. Location and marginal delivered switchgrass price of lowest cost 700,000 ton/yr facility
sites in South Carolina.
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The lack of facilities in the southeast portion of Georgia is due to low cropkmd density
and the assumption of low switchgrass yields in the coastal plain. The lack of facilities
in the northwest corner of the state is due to the profitability of conventional crops. At
the 700,000 tonlyr demand level only four sites were located and prices ranged from
$35.74 to $37.40 (Fig. 3 1). The geographic distribution of the sites at this facility
demand mimored that of the smaller facilities.

At 110,000 dry ton/yr facility demand, ORIBAS identified 15 sites in South
Carolina whose marginal delivered switchgrass feedstock price was $29.44 to
$32.48/dry ton (Fig. 32). As in Georgia, the lowest cost sites tended to fall along the
southern boundary of the Piedmont, and no facilities were sited in the Coastal Plain area
due to Iow cropland density and low switchgrass yields. At the 700,000 tonlyr demand
level, only two sites were located at prices of $34.07 and $35.54 (Fig. 33).

SOUTHERN PLAINS REGION

Like the Northern Plains, this region (Fig. 34) is too dry in most locations to
support high yielding hybrid poplar (Table 17). However, except along the Gulf Coast,
thk region would appear to hold considerable promise for switchgrass production if
consistent yields of 4 to 5 dry tons or more can be achieved (Table 18). Field data from
Texas suggest this is possible, but intermittent drought maybe problematic, especially in
establishing switchgrass stands. Nonetheless, this regions is very promising for large-

,

scale production of switchgrass, as yields can be good, cropland density is high, and
cash rents are comparatively low. .

..

Fig. 34. Southern Plains Region
.
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Table 17. Short Rotation Woody Crops - Southern Plains Region

ORECCL Acreageof
Average uopsand
famqate suitabk for
prim SRWC

f$ltm) ({0001

ORECCL
Acrqe Of
!dndwith

fanqate
plice <$25

(000)

ORECCL
Acreageof
fandwith
fanngate

priu <$40

(000)

ORECCL
Acreageof
landtiff!
farmgate

prim <445

(000)

oRECCL
Acmag8 of
fandwith
fampate

prim <$50

(000)

ORECC1
Awrage
Ca@nt
$hcmlwl

Average
yiam

IOMfdyr)

nunfw
of

SRWC Cnmties

d=$52.42 1.510

$56.30 991

Okfahtm 4.26 0 0 0 315 $32.041 27

0 0 0 $39.95 37Texas 4.01 0

n o 315 325.15 84$53.95
I

2.501 0

Table 18. Switchgrass - Southern Plains Region
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