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BackgroundBackground

A number of studies exist.  Examples A number of studies exist.  Examples 
includeinclude
–– Farm Income and Prices: Farm Income and Prices: UrbanchukUrbanchuk (ethanol (ethanol 

from corn), USDA (ethanol from corn); de la from corn), USDA (ethanol from corn); de la 
TorreTorre UgarteUgarte (energy crops)(energy crops)

–– Environmental: Life Cycle Assessments such Environmental: Life Cycle Assessments such 
as Sheehan (corn as Sheehan (corn stoverstover to ethanol) and to ethanol) and 
Wang (corn and Wang (corn and switchgrassswitchgrass to ethanol)to ethanol)

–– Economic Development and Jobs: English (coEconomic Development and Jobs: English (co--
firing biomass; ethanol from corn firing biomass; ethanol from corn stoverstover); ); 
RepoweringRepowering the Midwest (electricity)the Midwest (electricity)
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Limitations of Existing StudiesLimitations of Existing Studies
Ceteris Ceteris parabisparabis analysesanalyses
–– They examine the implications of a single feedstockThey examine the implications of a single feedstock--

technologytechnology--product in isolation (i.e., the impacts of product in isolation (i.e., the impacts of 
producing ethanol from corn grain or of producing producing ethanol from corn grain or of producing 
biodieselbiodiesel from soybeans but not both).from soybeans but not both).

BiobasedBiobased industry visionindustry vision
–– Simultaneous production of hundreds of products Simultaneous production of hundreds of products 

using multiple technologies all relying on the same set using multiple technologies all relying on the same set 
of biomass of biomass feedstocksfeedstocks

Competition for Competition for feedstocksfeedstocks
–– For new For new bioproductsbioproducts as well as traditional food, feed, as well as traditional food, feed, 

industrial, and export demandsindustrial, and export demands
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Analytical NeedsAnalytical Needs

Develop a rigorous framework to evaluate Develop a rigorous framework to evaluate 
the implications of competition as the the implications of competition as the 
biobasedbiobased industry growsindustry grows
–– Implications of different technologiesImplications of different technologies
–– Implications of different management Implications of different management 

practicespractices
–– Implications of different policies (agricultural, Implications of different policies (agricultural, 

environmental, energy, etc.)environmental, energy, etc.)
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Analytical NeedsAnalytical Needs

With respect to the agricultural sector, a need to With respect to the agricultural sector, a need to 
understand implications of resource competition, understand implications of resource competition, 
changes in land use, and changes in crop changes in land use, and changes in crop 
management practices onmanagement practices on
–– Crop prices and suppliesCrop prices and supplies
–– Commodity paymentsCommodity payments
–– Farm incomeFarm income
–– Rural development potentialRural development potential
–– Environmental impactsEnvironmental impacts----soil, water quality, wildlife soil, water quality, wildlife 

habitat in addition to emissionshabitat in addition to emissions
Analysis needed for national, regional, and local Analysis needed for national, regional, and local 
geographic unitsgeographic units
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University of Tennessee Study to Develop University of Tennessee Study to Develop 
the Frameworkthe Framework

Initial effort, not a final product and results are Initial effort, not a final product and results are 
preliminarypreliminary
Not a prediction/projection of how a Not a prediction/projection of how a biobasedbiobased industry industry 
will expandwill expand——a way to rigorously evaluate the dynamic a way to rigorously evaluate the dynamic 
interactions that might occur under a number of interactions that might occur under a number of 
conditions and to assess some of their implicationsconditions and to assess some of their implications
Modify a dynamic model of the U.S. agricultural sector Modify a dynamic model of the U.S. agricultural sector 
(POLYSYS) to accommodate an expanding (POLYSYS) to accommodate an expanding biobasedbiobased
industryindustry
–– Five biomass Five biomass feedstocksfeedstocks (soybean oil, corn grain, corn (soybean oil, corn grain, corn stoverstover, , 

wheat straw, and wheat straw, and switchgrassswitchgrass) ) 
–– Multiple Multiple bioenergybioenergy and and bioproductsbioproducts (ethanol from corn grain and (ethanol from corn grain and 

cellulose; cellulose; biodieselbiodiesel from soybeans; electricity from cellulose; and from soybeans; electricity from cellulose; and 
levuliniclevulinic acid, acid, succinicsuccinic acid, lactic acid, and 1,3acid, lactic acid, and 1,3--propanediol from propanediol from 
grain and/or cellulose)grain and/or cellulose)
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The The PolysysPolysys ModelModel
Dynamic model of the US agricultural sectorDynamic model of the US agricultural sector
Includes major crops including hay and alfalfaIncludes major crops including hay and alfalfa
Includes livestockIncludes livestock
Includes all major cropland land types (cropped, Includes all major cropland land types (cropped, 
in pasture, idle, in CRP)in pasture, idle, in CRP)
Includes food, feed, industrial, and export Includes food, feed, industrial, and export 
demands and carryover stocksdemands and carryover stocks
Includes 305 geographic regionsIncludes 305 geographic regions
Anchored to USDA baseline projectionsAnchored to USDA baseline projections
Allocates land based on relative profitabilityAllocates land based on relative profitability
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Baseline Baseline PolysysPolysys ModificationsModifications

Ag crop residues (corn Ag crop residues (corn stoverstover, wheat straw), wheat straw)
–– control for erosion, continuous crop rotation, current mix of control for erosion, continuous crop rotation, current mix of 

tillage practices, harvested as large round bales tillage practices, harvested as large round bales 

SwitchgrassSwitchgrass (production beginning in 2007)(production beginning in 2007)
–– best estimate of yields and production costs, harvested as largebest estimate of yields and production costs, harvested as large

round balesround bales

Account for coAccount for co--products such as products such as DDGsDDGs
Includes only acres currently in crop productionIncludes only acres currently in crop production
Current and projected near term conversion costs and Current and projected near term conversion costs and 
efficiencies for efficiencies for bioenergy/bioproductsbioenergy/bioproducts
USDA baseline food, feed, and export needs (2005 USDA baseline food, feed, and export needs (2005 
baseline)baseline)
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Bioenergy/BioproductBioenergy/Bioproduct DemandDemand---- BaselineBaseline
Bioenergy/bioproductBioenergy/bioproduct demand is based on demand is based on 
DOE DOE Vision)(netVision)(net of current production)of current production)

EthanolEthanol BiodieselBiodiesel ElectricityElectricity Total Total 
BioproductsBioproducts

20052005 2.3 b gal2.3 b gal 0.14 b gal0.14 b gal 88 b 88 b kwhkwh 616 m lbs616 m lbs

20142014 16.7 b gal 16.7 b gal 0.55 b gal0.55 b gal 160 b 160 b kwhkwh 2269 m lbs2269 m lbs

Note: Analyses requires demand level met regardless of cost
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Results of Baseline AnalysisResults of Baseline Analysis

Insufficient Insufficient feedstocksfeedstocks to meet demand even to meet demand even 
with with switchgrassswitchgrass production beginning in 2007production beginning in 2007
OptionsOptions
–– Additional Additional feedstocksfeedstocks (forestry, urban residues, other (forestry, urban residues, other 

crop residues, other crops such as oilseeds, livestock crop residues, other crops such as oilseeds, livestock 
wastes)wastes)

–– Improved conversion efficienciesImproved conversion efficiencies
–– Improve crop yieldsImprove crop yields
–– Increase the land base (CRP, pasture acres)Increase the land base (CRP, pasture acres)
–– Change crop management practices (tillage practices)Change crop management practices (tillage practices)
–– Decrease demandDecrease demand
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Changing the Changing the LandbaseLandbase (Feedstock Mix(Feedstock Mix——
Year 2014)Year 2014)

EthanolEthanol BiodieselBiodiesel ElectricityElectricity BioBio--
productsproducts

Corn Grain (m Corn Grain (m bubu)) 28802880 125.3125.3

Soybeans (m Soybeans (m bubu)) 394394

Corn Stover (m Corn Stover (m dtdt)) 69.269.2 64.564.5 0.310.31

Wheat Straw (m Wheat Straw (m dtdt)) 33 2.82.8 0.010.01

SwitchgrassSwitchgrass (m (m dtdt)) 41.841.8 38.938.9 0.18 0.18 

Electricity from Feedstocks

0
20
40
60
80

100
120
140
160
180

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Year

B
il 

kw
h Switchgrass

Straw
Stover

Ethanol from Feedstocks

0
2
4
6
8

10
12
14
16
18

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Year

M
il 

G
al

 Corn Grain
Switchgrass
Wheat Straw
Corn Stover

Total Feedstock Quantities (Mil Tons)

0
50

100
150
200
250
300
350
400
450

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Year

M
il 

To
ns

Soybeans
Corn Grain
Switchgrass
Straw
Stover



M & E Biomass
Oak Ridge, TN

Economic Impacts (million $)Economic Impacts (million $)

Change in Change in 
Net Net 

ReturnsReturns----
20142014

Change in Change in 
Commodity Commodity 

PaymentsPayments----20072007

Change in Change in 
Commodity Commodity 

PaymentsPayments----20102010

Change in Change in 
Commodity Commodity 

PaymentsPayments----20142014

Corn GrainCorn Grain 21,53421,534 -- 844844

-- 457457

-- 1,3101,310

-- 164164

-- 2,7752,775

00

Corn StoverCorn Stover 2,6122,612

00

00

00

-- 2525

Wheat GrainWheat Grain 961961 00

Wheat StrawWheat Straw 71.571.5

SoybeansSoybeans 3,8963,896 00

Total Other Total Other 
Grain CropsGrain Crops

1,2601,260 -- 226226

-- 2525

SwitchgrassSwitchgrass 7,1097,109

Total Total 37,443.537,443.5 -- 226226

*2014 Contract Payments = $5,215 million
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Cost of Producing Cost of Producing 
Bioenergy/BioproductsBioenergy/Bioproducts

Change in Cost Between Change in Cost Between 
2005 and 20142005 and 2014

EthanolEthanol + $0.65/gal+ $0.65/gal

BiodieselBiodiesel + $ 1.40/gal+ $ 1.40/gal

ElectricityElectricity + $0.042/kwh+ $0.042/kwh

LevulinicLevulinic AcidAcid -- $0.24/lb$0.24/lb

SuccinicSuccinic AcidAcid + $0.05/lb+ $0.05/lb

Lactic AcidLactic Acid + $0.07/lb+ $0.07/lb

1,31,3--PDOPDO + $0.36/lb+ $0.36/lb
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Select Changes in Crop PricesSelect Changes in Crop Prices
USDA Baseline USDA Baseline 

20142014
Estimated Price Estimated Price 

20142014
Change from Change from 

BaselineBaseline

CelluloseCellulose 00 $49.34/dt$49.34/dt + $49.34/dt+ $49.34/dt

CornCorn $2.45/bu$2.45/bu $4.16/bu$4.16/bu + $1.71/bu+ $1.71/bu

SoybeansSoybeans
OilOil

$5.70/bu$5.70/bu
$0.24/lb$0.24/lb

$6.84/bu$6.84/bu
$0.355/lb$0.355/lb

+ $1.14/bu+ $1.14/bu
+ $0.115/lb+ $0.115/lb

WheatWheat $3.60/bu$3.60/bu $4.04/bu$4.04/bu + $0.46/bu+ $0.46/bu

Feedstock Prices
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Regional DistributionRegional Distribution
Corn Stover Harvested, 2014

Dry Tons Stover
Zero

Up to 250 thousand

Up to 1 million

Up to 2.5 million

Up to 5 Million

Over 5 Million

Switchgrass Production, 2014

Dry Tons of Switchgrass
Zero

Zero to 300 thousand

Up to 1 million

Up to 2 million

Over 2 million

Net Pasture Acres Added

Net Pasture Acres
Zero

below 50 thousand

50 to 100 thousand

100 to 250 thousand

over 250 thousand

Regional Net Returns, 2014

Change in Net Returns ($)
Zero or negative

Up to 25 million

Up to 100 million

Up to 250 million

Over 250 million
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Land Use Changes (million acres)Land Use Changes (million acres)

Estimated Change in Estimated Change in 
AcresAcres----20142014

SwitchgrassSwitchgrass +17.96+17.96
CornCorn + 0.8+ 0.8
WheatWheat -- 0.80.8
SoybeansSoybeans + 1.4+ 1.4
Other 5 Grain CropsOther 5 Grain Crops --0.020.02
HayHay +16.43+16.43
CRPCRP (7.2)(7.2)
PasturePasture --35.135.1
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Environmental ConsiderationsEnvironmental Considerations
Increased Use of Crop ResiduesIncreased Use of Crop Residues
–– Quantities available based on maintaining erosion <= Quantities available based on maintaining erosion <= 

T, which will increase erosion over current levels for T, which will increase erosion over current levels for 
any given tillage practice and crop rotationany given tillage practice and crop rotation——
Implications of shifting tillage and rotations?Implications of shifting tillage and rotations?

–– Soil organic matter (carbon)Soil organic matter (carbon)——rigorous assessment in rigorous assessment in 
Iowa indicated that if sufficient quantities are left to Iowa indicated that if sufficient quantities are left to 
control for erosion, soil organic matter will control for erosion, soil organic matter will notnot be be 
drawn down in most cases, but there are exceptions. drawn down in most cases, but there are exceptions. 

–– Crop yieldsCrop yields——in some studies, removal of residues in some studies, removal of residues 
result in lower crop yields relative to nonresult in lower crop yields relative to non--removal.  removal.  
Role of soil organic matter, soil moisture, soil Role of soil organic matter, soil moisture, soil 
temperature?temperature?
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Environmental ConsiderationsEnvironmental Considerations
SwitchgrassSwitchgrass
–– Data is limitedData is limited

Follow recommended management practices (i.e., noFollow recommended management practices (i.e., no--till till 
planting through existing residues; no fertilizer in planting through existing residues; no fertilizer in 
establishment and limited levels thereafter), switching establishment and limited levels thereafter), switching 
acres from traditional crops to SG production is expected to acres from traditional crops to SG production is expected to 
lead to improvements in erosion, soil organic matter, lead to improvements in erosion, soil organic matter, 
chemical and nutrient runoff (nutrient implications in chemical and nutrient runoff (nutrient implications in 
soybeans needs to be looked at in more detail)soybeans needs to be looked at in more detail)
CaveatCaveat——soils prone to forming gullies may/may not be soils prone to forming gullies may/may not be 
appropriate and may/may not require cover crops at appropriate and may/may not require cover crops at 
establishmentestablishment
PasturePasture——Depends on the existing management situation, Depends on the existing management situation, 
but if already in perennial grass with low intensity but if already in perennial grass with low intensity 
management, converting to SG production may not management, converting to SG production may not 
significant improvements, and may have adverse impacts significant improvements, and may have adverse impacts 
depending on how the site is prepared for SG plantingdepending on how the site is prepared for SG planting

–– Management of establishment year is keyManagement of establishment year is key
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Environmental ConsiderationsEnvironmental Considerations

Conservation Reserve ProgramConservation Reserve Program
–– If properly planted to If properly planted to switchgrassswitchgrass, can , can 

maintain erosion and soil carbon benefitsmaintain erosion and soil carbon benefits
–– Wildlife habitatWildlife habitat

How often can you harvest (current policy is every How often can you harvest (current policy is every 
3 years)3 years)
WhatWhat’’s the best method of harvest (solid, strips?)s the best method of harvest (solid, strips?)
Interim management needs Interim management needs 
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Final ThoughtsFinal Thoughts
The question/issue is not whether we can The question/issue is not whether we can 
develop a develop a biobasedbiobased industry but rather how do industry but rather how do 
we want to see the industry developwe want to see the industry develop
–– Must decide what our vision of biomass isMust decide what our vision of biomass is----

(i.e., just a source of primary energy; a (i.e., just a source of primary energy; a 
means to address agricultural and rural means to address agricultural and rural 
economic issues; other)economic issues; other)

–– Understand the implications of different R&D Understand the implications of different R&D 
strategies and whether or not they support or strategies and whether or not they support or 
undermine the visionundermine the vision

–– What tradeoffs are we willing to makeWhat tradeoffs are we willing to make
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