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The U.S. Grain Ethanol Industry Grew 
Rapidly through 2007

• Industry very profitable for 2.5 years before spring of ’07 due to the 
following influences:
- Higher petroleum and wholesale gasoline prices
- Phase out of MTBE – required 6 Bill. Gallons/Yr.
- Ethanol production costs were relatively constant following the big 
2005 corn crop.  (In 07,08 higher corn prices have cut margins.)
- In the last six months substantial numbers of plants permitted and 
even under construction being put “on hold.”

• Energy Policy Acts of 2005 and 2007 have included Renewable 
Fuel Standards

• Policy Goal: Production and Use of 15 Bill. Gallons from corn by
2015.  Later--- 21 Billion from Advanced Biofuels and Cellulose.
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Breakeven Corn Price that Can Be Paid by Dry-Grind Ethanol Plants 
at Various Crude Oil Prices with Full Receipt of $.45 per gallon VEETC

 (Assuming 100 MM Gallon Plant,  2007 Capital Costs, $13.00/DecaTH Nat. Gas, DDGS @ 81.2%  of Corn, 12% 
ROI)
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U.S. Historic and Projected Fuel Ethanol Production
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U.S. Historic and Projected Fuel Ethanol Production
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U.S. Historic and Projected Fuel Ethanol Production
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Historic and Projected U.S. Fuel Ethanol Produciton
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Disposition of U.S. Corn Production, 
Past and Future
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Ethanol Production and Corn Demand
(Source: USDA Baseline Projections Feb. 2008)

Marketing Year 06/07 07/08 08/09 09/10 10/11
Ethanol Prod. (Bill.Gal.) 6.5 8.7 11.1 11.7 12.4

Corn for Ethanol (Bill.Bu.) 2.117 3.149 3.968 4.186 4.418

Ac. Planted (Mill. Acres) 78.3 93.6 91.8 92.4 94.6

Ac. Harvested (Mill. Ac.) 70.6 86.5 84.2 84.7. 86.9

Ave. Yield (Bu./Ac) 149.1 151.1 153.51 155.5 157.8

An. Production (Bill. Bu.) 10.535 13.070 12.925 13.171 13.713

% of An. Production 20.1 24.1 30.7 31.8 32.2
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History and Federal Policies

• Clean Air Act of 1990– EPA enforcement of air quality standards in 
U.S. cities---(Bioadditive--- oxygenate used to reduce emissions)

• RFS in 2005 Energy Bill--- 7.5 Billion gallons by 2012, now raised to 
9.0 Billion gallons in 2008, which strengthened ethanol prices.

• Trading of RFS Credits established

• Volumetric Ethanol Excise Tax Credit of $.51 per gallon of ethanol.                     
(Expires end of 2010);shifts to $.45 per gallon.)

• $.54 / gal. duty on imported ethanol (Expires end of 2008)
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Key Features of 2007 Energy Bill

• Revised Renewable Fuels Standard Higher
• Capped the amount of ethanol from corn starch 

at 15 Billion Gallons
• Identified Carve-outs for Biodiesel, Advanced 

Biofuels and Cellulosic Ethanol
• Effectively Banned Additional Coal-fired plants
• Defined standards for biofuels in terms of GHG 

emissions reductions
– greater than 20%----Conventional and Existing Plants
– greater than 50%----Advanced Biofuels
– greater than 60%----Cellulosic biofuels
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Objectives of Our Study

• Compare Methods of Making Ethanol
– Several Feedstocks
– Various Technologies
– Various By-products
– Various Logistical Requirements
– Unique Water Requirements
– Estimated Rates of Return on Investment
– Need for Incentives
– Varying Impacts on Landscapes
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Technologies Compared

• Dry-Grind Ethanol from Corn, purchased 
NG and electricity

• Dry-Grind Ethanol from Corn, using Corn 
Stover for process heat

• Biochemical Ethanol from Corn Stover
• Biochemical Ethanol from Switchgrass
• Thermochemical Ethanol from Hardwood 
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Four Ethanol Feedstocks

Switchgrass Hybrid Poplar          Corn Stalks
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Two Approaches to Make Ethanol 
from Biomass

• Thermochemical
– Using high temperatures, pressure and in 

atmosphere starved of oxygen drive off 
Synthesis Gas (H2, CO, CO2)

– Use organisms or catalysts to assemble fuels 
or chemicals

• Biochemical
– Use pre-treatments to prepare biomass
– Use catalysts via Fischer-Tropsch
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Thermochemical Processes: Organisms or 
Catalysts Working with Synthesis Gas

• BRI –Dr. James Gaddy
• Coskada—Oklahoma St. 

University
• Both Feed Synthesis Gas to 

Clostridia that can make 
ethanol

• Sun Ethanol—”Q Organism”

• Pearson Process with Iron 
catalysts

• Mixed Catalysts NREL--
Phillips et. al.
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Novel Cellulosic Plants to be Built 
with U.S. Govt. Sponsorship

Company Location Feedstock Technology

Abengoa 
Bioenergy Colwich, KS

Corn stover, wheat straw, milo 
stubble, switchgrass

Thermochemical & 
biochemical

ALICO LaBelle, FL
Yard, wood , and vegetable 
wastes

Thermochemical & 
biochemical

BlueFire 
Ethanol Corona , CA

Green waste and wood wast from 
landfills Biochemical

Poet (Broin)
Emmetsburg, 
IA Corn fiber, cobs, and stalks Biochemical

Iogen Shelley , ID
Wheat barley & rice straw, corn 
stover, switchgrass Biochemical

Range 
Fuels

Treutlin Co, 
GA

Wood residues & wood based 
energy crops Thermochemical 
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Built Workbook of Ethanol Production 
Proforma Budgets

• Dry-Grind Ethanol Plant Economics
– Tiffany & Eidman

• Use of Corn Stover and Syrup at Ethanol Plants
– De Kam, Morey and Tiffany

• Biochemical Ethanol from Stover
– Aden et al Study (NREL)
– Petrolia and Tiffany

• Thermochemical Ethanol from Wood Chips 
– Phillips et al Study (NREL)
– Lazarus and Tiffany---(Thermochem. Eth., Hyb. Poplar Studies)

• Monte Carlo Estimation of Returns on Invested Capital
– “At Risk”

• Estimation of Regional Supply Functions---Steve Taff
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Process Comparisons
Annual 

Production 
(Gallons)

 Feedstock 
Required to 

Convert 
(Tons)

Gallons of 
Ethanol per 

Dry Ton
  Biomass 
for Fuel

Natural 
Gas Used 
per Gallon 
of Ethanol

Electricity 
Purchased 
per Gallon 
of Ethanol

Water 
Usage per 
Gallon of 
Ethanol

DDG(S) 
Sold    

(Tons)

Mixed 
Alcohols 

(Tons)
Dry-Grind    
Purchased      
NG.& Elect.    60,000,000 599,161 115.6 0 34,000 BTU .75 kWh 3.50 192,587

Dry-Grind-Stover 
for Process Heat                 53,000,000 529,259 115.6     139,969 .95 kWh 4.22 170,117

Biochem.-Stover  56,625,605 798,744 81.8 0 -0.572 4.24 0

Biochem.-Switch     56,625,605 798,744 81.8 0 -0.572 6.00 0
Thermochem.-
Wood Chips 61,800,000  1,513,397 80.1 0 0 1.94 0 10,607,019   
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Estimated Capital Costs Per Gallon of Ethanol Produced by 
Various Methods for 2007; Assumed Operational in 2012
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Key Baseline Conditions
• Ethanol Price--$2.30 per gallon
• Corn Price--$5.00 per bushel
• DDGS Price--$145 per T. (or .812 of corn price)
• Premium for LCFS --$.20 for CHP, $.18 for process heat.
• Mixed alcohols from gasification-catalytic methods represent 114% 

of ethanol price
• Corn Stover Delivered at $80 per dry ton
• Switchgrass Delivered at $115 per dry ton
• Woodchips Delivered at $90 per dry ton
• Natural Gas-- $12.00 per dekatherm
• Cellulase equals $.14 per denatured gallon produced
• Ethanol Yields:  2.75 gal./bu. for dry-grind,
• 81.80 gal./ dry Ton for cell. biomass,

80.10 gal./ dry Ton for woodchip gasification
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7 Investor Required Return on Equity 12% 12%
8 Depreciation based on asset life (years) 15 15

9
10 Output Market Prices
11 Ethanol Price (denatured price) $/gal. $3.00 $2.30
12 DDGS Price  $/T $145.00 $145.00
13 Electricity Price (Plant is Seller)    ($ per kWh) $0.06 $0.06
14 Value of Ash ($ per Ton) $200.00 $200.00
15 CO2 Price  ($ per Ton liq. CO2) $8.00 $8.00
16 Max. Premium for Low-Carbon ($.00 per gallon) $0.20 $0.20
17 Mixed Alcohols $3.42 $2.62
18 Government Subsidies
19 Federal Small Producer Credit ($/gal.) $0.10 $0.10
20 RFS Ethanol Tradable Credit ($/gal.) $0.05 $0.05
21 Fed. Renew Elect Cred Closed-Loop ($/kWh) 0.020$           $0.020
22 Lignocellulosic Guaranteed Loan Interest Rate 6.00% 6.00%

23 Feedstock/Fuel Delivered Prices Paid by Processor
24 Corn Price ($ per bu.) $5.00 $5.00
25 Corn Stover Purchased @ ($ per Dry Ton) $80.00 $80.00
26 Switchgrass Purchased @ ($ per Dry Ton) $115.00 $115.00
27 Wood Chips Purchased @ ($ per Dry Ton $90.00 $90.00
28
29 Energy Prices
30 Coal Purch. (PRLS) @ ($ per Ton) $46.00 $46.00
31 Natural Gas Price ($ per 1,000,000 Btu) $12.00 $12.00
32 Electricity Price (Plant is Buyer)   ($ per kWh) $0.06 $0.06
33 LP (Propane) Price      ($ per gallon) $1.80 $1.80
34 Cellulase (Ligno) $/lb) $0.0600 $0.1391
35 Denaturant Price / gal $3.00 $3.00
36 Denat/100 gal Anhyd. 2 2
37
38 Feedstock-to-Ethanol Conversion Yields
39 Ethanol Yield--Corn (anhydrous gal per bushel) 2.75 2.75
40 Ethanol Yield--Cellulosic (anhydr. gal per DryTon) 81.80 81.80
41 Ethanol Yield--Wood Chip Gasification-Catalytic 80.10 80.10
42 Availability/Capac. Factor on Cellulosic 1.00 1.00
43
44 Capital Costs Valuation Factors
45 Conventional Dry-Grind 1.10 1.00
46 Biomass for Process Heat or CHP 1.15 1.00
47 Biochemical Ethanol from Stover or Switchgrass 1.40 1.00
48 Thermochemical Ethanol from Woodchips 1.20 1.00
49
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Biochem.--Corn Stover 
Cost/Denat. 
Gal. Ethanol Plant Totals

Nameplate Ethanol Prod. (Denat. Gal.) 56,625,605
Investment per Nameplate Gallon $3.7199        Plant Cost 210,641,330          
Availability Factor 1.000
Debt-Equity Assumptions
Factor of Equity 0.50
Factor of Debt 0.50        Initial Debt 105,320,665$        
Interest Rate Charged on Debt 0.06
Rate of Return Reqd. by Investors on Equity 0.12 Rate of Return 30.45%

Stover Required at 15% moisture 725,969
Conversion Efficiency Assumptions                Annual Production

Anhydrous Ethanol Extracted (Gal. per dry ton) 90.00
Dry tons 
processed Denat. Gallons

617,074 56,625,605

Establishment of Gross Margin Price per Unit
Revenue/dt 
processed

Revenue/Gal. 
Denatured Sold Plant Totals

Ethanol Price (denatured price) $/gal. $2.30 $211.0588 2.3000 130,238,891$        
Kilowatt Hours Sold per Denat.Gal. 0.572 0.572 $15.1962 0.1656 9,377,200$            
Electricity Price    ($ per kWh) $0.0600 2.760
Federal Small Producer Credit $0.10 $2.4308 $0.0265 1,500,000$            
RFS Ethanol Tradable Credit $0.125 $11.2500 0.1226 6,942,081$            
Prem for Low-Carbon Imprint for Ethanol $0.20 $18.00 0.196153846 $11,107,330

$257.9359 $2.8108 159,165,502$        
Cost of Feedstock per Unit
Stover Price Paid by Processor ($ per dt) $80.00 $80.0000 $0.8718 49,365,912$          
Gross Margin  $177.9359 $1.9390 109,799,590$        

Operating Expenses Price per Unit
Cost /dt 

processed
Cost /Gal. 

Denatured Sold Plant Totals
Natural Gas Price (per 1,000,000 Btu) $12.00
LP (Propane) Price      ($ per gallon) $1.80 $0.18 $0.0019 $108,465.80
Total Energy Cost $0.1758 $0.0019 108,466$               

Cost/Denat. 
Gal. Ethanol

Clarifier Polymer $0.0129 $1.19 $0.01 $731,651.12
Sulfuric Acid $0.0151 $1.38 $0.02 $852,294.12
Lime $0.0308 $2.82 $0.03 $1,742,291.27
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Operating Expenses Price per Unit
Cost /dt 

processed
Cost /Gal. 

Denatured Sold Plant Totals
Natural Gas Price (per 1,000,000 Btu) $12.00
LP (Propane) Price      ($ per gallon) $1.80 $0.18 $0.0019 $108,465.80
Total Energy Cost $0.1758 $0.0019 108,466$               

Cost/Denat. 
Gal. Ethanol

Clarifier Polymer $0.0129 $1.19 $0.01 $731,651.12
Sulfuric Acid $0.0151 $1.38 $0.02 $852,294.12
Lime $0.0308 $2.82 $0.03 $1,742,291.27

Corn Steep Liquor $0.0388 $3.56 $0.04 $2,195,003.54
Purchased Cellulase 0.0600$          $0.1391 $5.51 $0.06 $3,397,536.28
Diammonium Phosphate $0.0042 $0.39 $0.00 $240,562.71
Make-up Water $0.0069 $0.63 $0.01 $390,177.00
BFW Chemicals $0.0005 $0.05 $0.00 $28,214.56
Cooling Water Chemicals $0.0007 $0.07 $0.00 $40,528.46
WWT Chemicals $0.0034 $0.31 $0.00 $191,115.84
WWT Polymer $0.0002 $0.02 $0.00 $10,665.38
Ash Disposal $0.0184 $1.69 $0.02 $1,040,564.37
Gypsum Disposal $0.0295 $2.71 $0.03 $1,671,806.11
Denaturant Price per Gal. $3.00 Denat/100 gal Anhyd. 2 $5.2941 $0.06 3,266,862$            
Total Chemical Cost $25.6035 $0.2790 15,799,273$          

Depreciation based on C49 asset life 15 Years $22.7570 $0.2480 14,042,755$          
Labor $0.0475 $4.3608 $0.0475 2,690,947$            
General Overhead $0.0261 $2.3976 $0.0261 1,479,491$            
Maintenance $0.0519 $4.7663 $0.0519 2,941,179$            
Insurance & Taxes $0.0390 $3.5747 $0.0390 2,205,884$            
Baghouse Bags $0.0012 $0.1134 $0.0012 70,000$                 
Interest Expense $10.2407 $0.1116 6,319,240$            
Total of Other Processing Costs $48.2106 $0.5254 29,749,497$          
Total Processing Costs $73.9899 $0.8063 45,657,235$          
Net Margin Achieved Per Unit $103.9460 $1.1327 64,142,355$          
Investor Reqd. Return on Equity 12.00% $20.4813 $0.2232 12,638,480$          
Increment of Success/Failure to Meet Required Return $83.4647 $0.9096 51,503,875$          

Ethanol Plant Profits for Shareholders and Principal Reduction $64,142,355 $64,142,355 64,142,355$          
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Corn Price Drops from $5.00 to $3.50
NG + Purch elect. 0.9146$                1.8113$                  30.01% 599,161              
Cornstover Process Heat 0.8593$                1.7239$                  29.90% 529,259              139,969
Cellulosic + Cornstover 0.8063$                1.5125$                  30.45% 771,342              
Cellulosic + Switchgrass 0.8063$                2.0195$                  16.82% 798,744              
Thermochem + Woodchips 0.6137$                1.2656$                  39.77% 1,513,397           

Costs of Production and Pretax Returns on Invested Capital for Alternative 
Ethanol Production Methods

30% 30%

17%

40%

30%

$-

$0.50

$1.00

$1.50

$2.00

$2.50

$3.00

NG + Purch
elect.

Cornstover
Process Heat

Cellulosic +
Cornstover

Cellulosic +
Switchgrass

Thermochem
+ Woodchips

Co
st

 p
er

 G
al

lo
n 

of
 E

th
an

ol
 ($

)

-70%

-50%

-30%

-10%

10%

30%

50%

Pe
rc

en
t R

et
ur

n 
on

 In
ve

st
m

en
t 

Cost Per Gal. Percent ROI



Sept. 6, 2008 D.G. Tiffany 27

Baseline
NG + Purch elect. 0.9146$                2.2067$                  8.93% 599,161              
Cornstover Process Heat 0.8593$                2.1193$                  15.66% 529,259              139,969
Cellulosic + Cornstover 0.8854$                1.6789$                  25.98% 848,665              
Cellulosic + Switchgrass 0.8854$                2.0986$                  14.70% 798,744              
Thermochem + Woodchips 0.6137$                1.2656$                  39.77% 1,513,397           

Fuel Reqd.        
(Green Tons)

Process Costs per 
Gal.

Process & Allocated 
Costs

Pre-Tax Return On 
Invest.

 Feedsk Reqd.        
(Green tons) 

Costs of Production and Pretax Returns on Invested Capital for Alternative 
Ethanol Production Methods
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Corn Price from $5.00 to $7.00 per 
Bushel

NG + Purch elect. 0.9146$                2.7338$                  -19.19% 599,161              
Cornstover Process Heat 0.8593$                2.6464$                  -3.33% 529,259              139,969
Cellulosic + Cornstover 0.8854$                1.6789$                  25.98% 848,665              
Cellulosic + Switchgrass 0.8854$                2.0986$                  14.70% 798,744              
Thermochem + Woodchips 0.6137$                1.2656$                  39.77% 1,513,397           

Fuel Reqd.        
(Green Tons)

Process Costs per 
Gal.

Process & Allocated 
Costs

Pre-Tax Return On 
Invest.

 Feedsk Reqd.        
(Green tons) 

Costs of Production and Pretax Returns on Invested Capital for Alternative 
Ethanol Production Methods
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Baseline
NG + Purch elect.

Cornstover 
Process Heat

Cellulosic + 
Cornstover

Cellulosic + 
Switchgrass

Thermochem + 
Woodchips

Return on Investment 8.93% 15.66% 30.45% 16.82% 39.77%

Pre-tax Rates of Return on Investment with Various Technologies 
and Feedstocks
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Corn Drops from $5.00 to $3.50 per Bushel
NG + Purch elect.

Cornstover 
Process Heat

Cellulosic + 
Cornstover

Cellulosic + 
Switchgrass

Thermochem + 
Woodchips

Return on Investment 30.01% 29.90% 30.45% 16.82% 39.77%

Pre-tax Rates of Return on Investment with Various Technologies 
and Feedstocks
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Corn Rises from $5.00 to $7.00
NG + Purch elect.

Cornstover 
Process Heat

Cellulosic + 
Cornstover

Cellulosic + 
Switchgrass

Thermochem + 
Woodchips

Return on Investment -19.19% -3.33% 30.45% 16.82% 39.77%

Pre-tax Rates of Return on Investment with Various Technologies 
and Feedstocks

-19.19%

-3.33%

30.45%

16.82%

39.77%

-30%

-20%

-10%

0%

10%

20%

30%

40%

50%

60%

NG + Purch
elect.

Cornstover
Process Heat

Cellulosic +
Cornstover

Cellulosic +
Switchgrass

Thermochem +
Woodchips

Pe
rc

en
t



Sept. 6, 2008 D.G. Tiffany 32

Natural Gas Prices Drop from $12.00 to 
$9.00 per Decatherm

NG + Purch elect. 0.8146$                2.1067$                  14.26% 599,161              
Cornstover Process Heat 0.8593$                2.1193$                  15.66% 529,259              139,969
Cellulosic + Cornstover 0.8854$                1.6789$                  25.98% 848,665              
Cellulosic + Switchgrass 0.8854$                2.0986$                  14.70% 798,744              
Thermochem + Woodchips 0.6137$                1.2656$                  39.77% 1,513,397           

Fuel Reqd.        
(Green Tons)

Process Costs per 
Gal.

Process & Allocated 
Costs

Pre-Tax Return On 
Invest.

 Feedsk Reqd.        
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Costs of Production and Pretax Returns on Invested Capital for Alternative 
Ethanol Production Methods
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Baseline

NG + Purch elect. 0.9146$                2.2067$                  8.93% 599,161              
Cornstover Process Heat 0.8593$                2.1193$                  15.66% 529,259              139,969
Cellulosic + Cornstover 0.8854$                1.6789$                  25.98% 848,665              
Cellulosic + Switchgrass 0.8854$                2.0986$                  14.70% 798,744              
Thermochem + Woodchips 0.6137$                1.2656$                  39.77% 1,513,397           

Fuel Reqd.        
(Green Tons)

Process Costs per 
Gal.

Process & Allocated 
Costs

Pre-Tax Return On 
Invest.

 Feedsk Reqd.        
(Green tons) 

Costs of Production and Pretax Returns on Invested Capital for Alternative 
Ethanol Production Methods

16%

26%

15%

40%

9%

$-

$0.50

$1.00

$1.50

$2.00

$2.50

$3.00

NG + Purch
elect.

Cornstover
Process Heat

Cellulosic +
Cornstover

Cellulosic +
Switchgrass

Thermochem
+ Woodchips

C
os

t p
er

 G
al

lo
n 

of
 E

th
an

ol
 ($

)

-70%

-50%

-30%

-10%

10%

30%

50%

P
er

ce
nt

 R
et

ur
n 

on
 In

ve
st

m
en

t 

Cost Per Gal. Percent ROI



Sept. 6, 2008 D.G. Tiffany 34

Natural Gas Prices Rise from $12.00 to 
$15.00 per Decatherm

NG + Purch elect. 1.0145$                2.3066$                  3.59% 599,161              
Cornstover Process Heat 0.8593$                2.1193$                  15.66% 529,259              139,969
Cellulosic + Cornstover 0.8854$                1.6789$                  25.98% 848,665              
Cellulosic + Switchgrass 0.8854$                2.0986$                  14.70% 798,744              
Thermochem + Woodchips 0.6137$                1.2656$                  39.77% 1,513,397           

Fuel Reqd.        
(Green Tons)

Process Costs per 
Gal.

Process & Allocated 
Costs

Pre-Tax Return On 
Invest.

 Feedsk Reqd.        
(Green tons) 

Costs of Production and Pretax Returns on Invested Capital for Alternative 
Ethanol Production Methods
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Observations

• High corn prices and high natural gas 
prices hurt ROI of the dry-grind plants.

• With lower capital costs dry-grind plants 
can produce better ROI than advanced 
methods even when cost of ethanol 
exceeds the advanced methods.
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Corn Stover: Cellulosic Feedstock 
or Biomass Fuel
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Stover Price Drops from $80 to $60 per 
Dry Ton

NG + Purch elect. 0.9146$                2.2067$                  8.93% 599,161              
Cornstover Process Heat 0.8065$                2.0665$                  17.56% 529,259              139,969
Cellulosic + Cornstover 0.8854$                1.4392$                  32.42% 848,665              
Cellulosic + Switchgrass 0.8854$                2.0986$                  14.70% 798,744              
Thermochem + Woodchips 0.6137$                1.2656$                  39.77% 1,513,397           

Fuel Reqd.        
(Green Tons)

Process Costs per 
Gal.

Process & Allocated 
Costs

Pre-Tax Return On 
Invest.

 Feedsk Reqd.        
(Green tons) 

Costs of Production and Pretax Returns on Invested Capital for Alternative 
Ethanol Production Methods
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Baseline

NG + Purch elect. 0.9146$                2.2067$                  8.93% 599,161              
Cornstover Process Heat 0.8593$                2.1193$                  15.66% 529,259              139,969
Cellulosic + Cornstover 0.8854$                1.6789$                  25.98% 848,665              
Cellulosic + Switchgrass 0.8854$                2.0986$                  14.70% 798,744              
Thermochem + Woodchips 0.6137$                1.2656$                  39.77% 1,513,397           

Fuel Reqd.        
(Green Tons)

Process Costs per 
Gal.

Process & Allocated 
Costs

Pre-Tax Return On 
Invest.

 Feedsk Reqd.        
(Green tons) 

Costs of Production and Pretax Returns on Invested Capital for Alternative 
Ethanol Production Methods
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Stover Price Rises from $80 to $100 
per Dry Ton

NG + Purch elect. 0.9146$                2.2067$                  8.93% 599,161              
Cornstover Process Heat 0.9121$                2.1721$                  13.75% 529,259              139,969
Cellulosic + Cornstover 0.8854$                1.9187$                  19.53% 848,665              
Cellulosic + Switchgrass 0.8854$                2.0986$                  14.70% 798,744              
Thermochem + Woodchips 0.6137$                1.2656$                  39.77% 1,513,397           

Fuel Reqd.        
(Green Tons)

Process Costs per 
Gal.

Process & Allocated 
Costs

Pre-Tax Return On 
Invest.

 Feedsk Reqd.        
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Costs of Production and Pretax Returns on Invested Capital for Alternative 
Ethanol Production Methods
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Switchgrass Drops from $115 to $100 
per Dry Ton

NG + Purch elect. 0.9146$                2.2067$                  8.93% 599,161              
Cornstover Process Heat 0.8593$                2.1193$                  15.66% 529,259              139,969
Cellulosic + Cornstover 0.8854$                1.6789$                  25.98% 848,665              
Cellulosic + Switchgrass 0.8854$                1.9187$                  19.53% 798,744              
Thermochem + Woodchips 0.6137$                1.2656$                  39.77% 1,513,397           

Fuel Reqd.        
(Green Tons)

Process Costs per 
Gal.

Process & Allocated 
Costs

Pre-Tax Return On 
Invest.
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Baseline
NG + Purch elect. 0.9146$                2.2067$                  8.93% 599,161              
Cornstover Process Heat 0.8593$                2.1193$                  15.66% 529,259              139,969
Cellulosic + Cornstover 0.8854$                1.6789$                  25.98% 848,665              
Cellulosic + Switchgrass 0.8854$                2.0986$                  14.70% 798,744              
Thermochem + Woodchips 0.6137$                1.2656$                  39.77% 1,513,397           

Fuel Reqd.        
(Green Tons)

Process Costs per 
Gal.

Process & Allocated 
Costs

Pre-Tax Return On 
Invest.

 Feedsk Reqd.        
(Green tons) 

Costs of Production and Pretax Returns on Invested Capital for Alternative 
Ethanol Production Methods
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Switchgrass Rises from $115 to $130 
per Dry Ton

NG + Purch elect. 0.9146$                2.2067$                  8.93% 599,161              
Cornstover Process Heat 0.8593$                2.1193$                  15.66% 529,259              139,969
Cellulosic + Cornstover 0.8854$                1.6789$                  25.98% 848,665              
Cellulosic + Switchgrass 0.8854$                2.2784$                  9.86% 798,744              
Thermochem + Woodchips 0.6137$                1.2656$                  39.77% 1,513,397           

Fuel Reqd.        
(Green Tons)

Process Costs per 
Gal.

Process & Allocated 
Costs

Pre-Tax Return On 
Invest.
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Woodchips Drop from $90 to $70 per 
Dry Ton

NG + Purch elect. 0.9146$                2.2067$                  8.93% 599,161              
Cornstover Process Heat 0.8593$                2.1193$                  15.66% 529,259              139,969
Cellulosic + Cornstover 0.8854$                1.6789$                  25.98% 848,665              
Cellulosic + Switchgrass 0.8854$                2.0986$                  14.70% 798,744              
Thermochem + Woodchips 0.6137$                1.0207$                  46.85% 1,513,397           

Fuel Reqd.        
(Green Tons)

Process Costs per 
Gal.

Process & Allocated 
Costs

Pre-Tax Return On 
Invest.
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Baseline
NG + Purch elect. 0.9146$                2.2067$                  8.93% 599,161              
Cornstover Process Heat 0.8593$                2.1193$                  15.66% 529,259              139,969
Cellulosic + Cornstover 0.8854$                1.6789$                  25.98% 848,665              
Cellulosic + Switchgrass 0.8854$                2.0986$                  14.70% 798,744              
Thermochem + Woodchips 0.6137$                1.2656$                  39.77% 1,513,397           

Fuel Reqd.        
(Green Tons)

Process Costs per 
Gal.

Process & Allocated 
Costs

Pre-Tax Return On 
Invest.
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(Green tons) 
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Woodchips Rise from $90 to $110.00 
per Dry Ton

NG + Purch elect. 0.9146$                2.2067$                  8.93% 599,161              
Cornstover Process Heat 0.8593$                2.1193$                  15.66% 529,259              139,969
Cellulosic + Cornstover 0.8854$                1.6789$                  25.98% 848,665              
Cellulosic + Switchgrass 0.8854$                2.0986$                  14.70% 798,744              
Thermochem + Woodchips 0.6137$                1.5105$                  32.70% 1,513,397           

Fuel Reqd.        
(Green Tons)

Process Costs per 
Gal.

Process & Allocated 
Costs

Pre-Tax Return On 
Invest.
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Dry-Grind Yield Increases from 2.75 to 
2.90 Gallons per Bushel

NG + Purch elect. 0.9146$                2.1398$                  12.49% 568,170              
Cornstover Process Heat 0.8593$                2.0524$                  18.06% 501,883              139,969
Cellulosic + Cornstover 0.8854$                1.6789$                  25.98% 848,665              
Cellulosic + Switchgrass 0.8854$                2.0986$                  14.70% 798,744              
Thermochem + Woodchips 0.6137$                1.2656$                  39.77% 1,513,397           

Fuel Reqd.        
(Green Tons)

Process Costs per 
Gal.

Process & Allocated 
Costs

Pre-Tax Return On 
Invest.
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Baseline 
NG + Purch elect. 0.9146$                2.2067$                  8.93% 599,161              
Cornstover Process Heat 0.8593$                2.1193$                  15.66% 529,259              139,969
Cellulosic + Cornstover 0.8854$                1.6789$                  25.98% 848,665              
Cellulosic + Switchgrass 0.8854$                2.0986$                  14.70% 798,744              
Thermochem + Woodchips 0.6137$                1.2656$                  39.77% 1,513,397           

Fuel Reqd.        
(Green Tons)

Process Costs per 
Gal.

Process & Allocated 
Costs

Pre-Tax Return On 
Invest.

 Feedsk Reqd.        
(Green tons) 

Costs of Production and Pretax Returns on Invested Capital for Alternative 
Ethanol Production Methods
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Biochem and Thermochem Ethanol 
Yields Rise 20%

NG + Purch elect. 0.9146$                2.2067$                  8.93% 599,161              
Cornstover Process Heat 0.8593$                2.1193$                  15.66% 529,259              139,969
Cellulosic + Cornstover 0.8854$                1.5191$                  30.27% 707,221              
Cellulosic + Switchgrass 0.8854$                1.8688$                  20.87% 665,620              
Thermochem + Woodchips 0.6137$                1.0820$                  45.08% 1,261,164           

Fuel Reqd.        
(Green Tons)

Process Costs per 
Gal.

Process & Allocated 
Costs

Pre-Tax Return On 
Invest.
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Baseline
NG + Purch elect. 0.9146$                2.2067$                  8.93% 599,161              
Cornstover Process Heat 0.8593$                2.1193$                  15.66% 529,259              139,969
Cellulosic + Cornstover 0.8854$                1.6789$                  25.98% 848,665              
Cellulosic + Switchgrass 0.8854$                2.0986$                  14.70% 798,744              
Thermochem + Woodchips 0.6137$                1.2656$                  39.77% 1,513,397           

Fuel Reqd.        
(Green Tons)

Process Costs per 
Gal.

Process & Allocated 
Costs

Pre-Tax Return On 
Invest.

 Feedsk Reqd.        
(Green tons) 
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Biochem and Thermochem Yields 
Fall 20%

NG + Purch elect. 0.9146$                2.2067$                  8.93% 599,161              
Cornstover Process Heat 0.8593$                2.1193$                  15.66% 529,259              139,969
Cellulosic + Cornstover 0.8854$                1.9187$                  19.53% 1,060,831           
Cellulosic + Switchgrass 0.8854$                2.4433$                  5.43% 998,430              
Thermochem + Woodchips 0.6137$                1.5411$                  31.82% 1,891,746           

Fuel Reqd.        
(Green Tons)

Process Costs per 
Gal.

Process & Allocated 
Costs

Pre-Tax Return On 
Invest.
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Baseline Conditions: Costs and ROI
NG + Purch elect.

Cornstover 
Process Heat

Cellulosic + 
Cornstover

Cellulosic + 
Switchgrass

Thermochem + 
Woodchips

Return on Investment 8.93% 15.66% 30.45% 16.82% 39.77%

Pre-tax Rates of Return on Investment with Various Technologies 
and Feedstocks
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Eth. Price Drops from $2.30 to $1.70 / Gal.
NG + Purch elect.

Cornstover 
Process Heat

Cellulosic + 
Cornstover

Cellulosic + 
Switchgrass

Thermochem + 
Woodchips

Return on Investment -23.07% -5.96% 14.32% 0.69% 19.06%

Pre-tax Rates of Return on Investment with Various Technologies 
and Feedstocks
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Eth. Price Rises from $2.30 to $2.90 / Gal.
NG + Purch elect.

Cornstover 
Process Heat

Cellulosic + 
Cornstover

Cellulosic + 
Switchgrass

Thermochem + 
Woodchips

Return on Investment 40.93% 37.27% 46.58% 32.95% 60.49%

Pre-tax Rates of Return on Investment with Various Technologies 
and Feedstocks
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Baseline Conditions: ROI
NG + Purch elect.

Cornstover 
Process Heat

Cellulosic + 
Cornstover

Cellulosic + 
Switchgrass

Thermochem + 
Woodchips

Return on Investment 8.93% 15.66% 30.45% 16.82% 39.77%

Pre-tax Rates of Return on Investment with Various Technologies 
and Feedstocks
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GHG Premium Falls fr. $.20 to -0- per Gal.
NG + Purch elect.

Cornstover 
Process Heat

Cellulosic + 
Cornstover

Cellulosic + 
Switchgrass

Thermochem + 
Woodchips

Return on Investment 8.93% 9.30% 25.18% 11.55% 34.11%

Pre-tax Rates of Return on Investment with Various Technologies 
and Feedstocks
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Observations:

• Biochem Corn Stover and Thermochem
Woodchips can best tolerate low ethanol 
prices, due to payments low GHG  
premium and electricity sale and credit.

• At high ethanol prices, corn dry-grind 
plants produce higher ROI than biochem
stover or switchgrass due to lower capital 
costs.
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Monte Carlo Analysis of ROI

• Based on triangular distributions around 
key price baselines.

• 10,000 calculated ROI based on 
distributions of key variables like ethanol 
price, corn price, natural gas price, price of 
stover, price of switchgrass, price of 
woodchips
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 Name   Graph   Min   Mean   Max  

ethanol price 
 

1.828571 2.533363 3.469216 

corn price 
 

4.023277 5.333221 6.922791 

corn stover price 
 

72.13749 79.99992 87.76377 

switch grass price 
 

103.8918 115 126.1731 

wood price 
 

81.24776 90.00003 98.87253 

ethanol yield from corn 
 

2.604804 2.749998 2.897286 

biochemical ethanol yield 
 

60.26458 77.26621 89.53794 

thermochemical  ethanol yield 
 

60.70194 76.69976 89.70502 

corn capital 
 

2.106179 2.250001 2.396621 

stover process capital 
 

2.803042 2.979988 3.189922 

biochemical stover capital 
 

3.321295 3.839978 4.488427 

biochemical switch grass 
capital 

 
3.319478 3.839952 4.479762 

thermochemical wood capital 
 

3.111169 3.586672 4.179337 

biochemical cellulosic electricity 
co-product yield 

 
0.5008009 1.499984 2.499057 
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ROI Distribution for Conventional 
Dry-Grind Plants

NG + Purch elect. / Pre-Tax Return On Investment
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ROI Distribution for Dry-Grind 
Using Stover for Process Heat

Cornstover Process Heat / Pre-Tax Return On 
Investment
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ROI Distribution for Biochem Using 
Corn Stover

Cellulosic + Cornstover / Pre-Tax Return On 
Investment
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ROI Distribution for Biochem Using 
Switchgrass

Cellulosic + Switchgrass / Pre-Tax Return On 
Investment
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ROI Distribution for Thermochem-
Wood Process

Thermochem + Woodchips / Pre-Tax Return On 
Investment
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White Earth Indian Reservation and 
Associated Counties
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Red=CRP,Light-Green=Grass,
Dark-Green=Woods, Yellow=Crop
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Calculation of Feedstock Supply 
Functions

• --based on productivity of lands and underlying 
budgets for growing various crops

• It takes high prices for switchgrass per ton to 
recruit land away from cultivated fields due to

high stand establishment costs.

Steven Taff
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Logistical Considerations
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Tons to Be Moved

 Feedstock 
Converted 

(Tons)
  Biomass 

Fuel

Ethanol 
Production 

(Tons)
By-Products 

(Tons)
In-bound 

Tons
Out-bound 

Tons
Ratio    Tons-
Out/Tons-In

Total Tons 
on the 

Roads or 
Railroads

Tons on the 
Road or RR 
per Gallon 
of Ethanol

Dry-Grind    
Purchased      
NG.& Elect.    599,161 0 195,600 192,587 599,161 388,187 0.648 987,348       0.0165         

Dry-Grind-Stover 
for Process Heat                 529,259      139,969 172,780 170,117 669,228       342,897 0.512 1,012,125    0.0191         

Biochem.-Stover  798,744 0 184,599 0 798,744 184,599 0.231 983,343       0.0174         

Biochem.-Switch     798,744 184,599 798,744 184,599 0.231 983,343       0.0174         

Thermochem.-
Wood Chips 1,513,397 0 201,268 34,579         1,513,397 235,847       0.156 1,749,244    0.0303         
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Mass Flow for Four Ethanol Production Methods and           
Ratio of Out-Bound Tons / In-Bound Tons
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Conclusions: Ligno-Cellulosic Ethanol
• Commercialization of ligno-cellulosic ethanol from, straw, corn 

stover, switchgrass, and hybrid poplar are 5-10 years out.
• Large-scale sponsored projects are being built.
• Capital Costs are high per unit of capacity.
• Ligno-cellulosic ethanol depends primarily on capital costs as well 

as enzyme costs and activity of organisms. 
• Sustained periods of high corn prices will harm viability of dry-mills; 

will improve the competitiveness of ligno-cellulosic plants.
• Organizing ligno-cell. businesses will require efforts to assure 

adequate feedstocks, and efforts to sell electricity.
• Ligno-cell. may require coalitions of agricultural and environmental 

organizations to garner support and will need to receive payments 
for GHG reductions.

• Excellent net energy balance with  low GHG emissions 
• Plentiful Feedstocks---Large Potential, but not easy to accomplish 

with poorly developed markets for biomass.
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Final Remarks
• Advanced biofuels and cellulosic ethanol 

may seem far in the future.  However, 
examination of these proformas offers 
some insight on these processes and the 
economic conditions under which they can 
not only produce ethanol at low cost, but 
with high ROI for investors.
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Thanks!
• dtiffany@dept.agecon.umn.edu

(612) 625-6715

http://www.apec.umn.edu/staff/dtiffany/

“Agriculture as Producer and Consumer of 
Energy,” (Farm Foundation) book chapters 
by Vernon Eidman and Doug Tiffany

• Staff Paper:

http://www.apec.umn.edu/staff/dtiffany/staffp
aper03-7rev.pdf

• Tiffany, Douglas G., R. Vance Morey, and 
Matthew De Kam. “Economics of Biomass

• Gasification/Combustion at Fuel Ethanol 
Plants,” ASABE Proceedings Paper 
#076233, June 2007.

mailto:dtiffany@dept.agecon.umn.edu
http://www.apec.umn.edu/staff/dtiffany/
http://www.apec.umn.edu/staff/dtiffany/staffp

