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Corn Stover Yield (NASS)

* Location matters: yields Miscanthus Yield
* Energy Crops: Yield (MT/Ha)
* Life-span of 10-15 years or more: Long -
term commitment [ 610
* Lags in establishment = s
* Upfront establishment costs: = i

* Cost of alternative uses of land: foregone
returns to land

* Crop Residues
* Readily available
» Sustainable harvest to residue ratios

Feedstock

* Replacement nutrients o
* Low yields, larger collection area E:ifca:thus
witc grass

- Energy Cane sdetnnl



Calculating the Cost of Feedstock Production

http://www.farmdoc.illinois.edu/pubs/FASTtool.asp?category=risk
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FAST Biomass Crop Budget Calculator - e
Miscanthus and Switchgrass Updsted
; L2615
Biomass Crop Budget Tool = 510 9/17/2016 B —
Corn Stover This grogram allows a user to calculate the annualized farmgate cost of producing miscanthus and )
switchgrass over the lifespan of these crops. This annualized cost can be interpreted as the breakeven price
. : . that a producer needs to receive each year over the life of the crop in order to cover all costs, including the
The corn stover budget tool provides estimates of the breakeven price of that the producer gp?olr[tumty cost <t)f Iarz)%_fy‘l’?he program pr{);/rl]dt_es default proddutqtlon ang expense est_lrrt'r]latgsfbaﬁed on location,
- ., : v et : ut allows users to modify these fo reflect their growing conditions and operations. The default values are
would need to receive to cover the costs associated with the harvesting, collection, and based on 10 years of resarch data from ex engnem_a miscanthus and switchgrass plots across the US.
storage of the stover. Default values for other expenses are based on published studies, information from agronomists and
environmental and crop scientists at the University of lllinois.
v Biomass Crop Budget Tool — 1848k  6/9/2015 2

Miscanthus and Switchgrass For recent updates on this tool and other FAST tools, Supporn Provided By

visit us at www.farmdoc.ilincis.edu
The miscanthus and swithgrass budget tool provides estimates of the breakeven price of
biomass that the producer would need to receive each year to match the returns eamed pﬂW

under their current land use. fa rm d OC

UNIVERSITY OF ILLINOIS

Ruse Management Agency

Conditions of Use

This software is provided ‘as is' and without warranties as to performance or merchantability. Statements may have been made to you about this
software. Any such statements do not constitute warranties and shall not be relizd on by the CUSTOMER in deciding whether to use the program.
This program is provided without any expressed or imphied warranties whatsosver. Because of the diversity of conditions and hardware under which
this program may be used, no WARRANTY OF MERCHANTABILITY or WARRANTY OF FITNESS for a particular purpose is offered. The useris
advised to test the program thoroughly before relying on it. The user assumes the entire risk of using the program. The UNIVERSITY OF ILLINOIS
will not be kable for any claim or damage brought against the CUSTOMER by any third party, nor will the UNIVERSITY OF ILLINOIS be liable for
any consequential, indirect, or special damapges suffered by the customer as a result of the use of the softwars.




Calculator Overview

* Excel-based, similar to FAST tools available through the farmdoc extension
project website

* Users will be able to download and use on their own computers or devices that can
run Excel

* Inputs
* Required: State and county, energy crop choice, current crop rotation or land use
* Variousoptionalinputs to tailorto current prices and individual farm’s productivity
and cost structure
* Outputs
e Currentcrop budget
* Energycrop budget and breakeven biomass price
 BCAP programincentives and adjusted breakeven biomass price



Biomass Crop Budget Calculator - Miscanthus and Switchgrass

Select Your Location, Energy Crop, and Current Land Use

State Illinois

County Champaign

Biomass Crop Miscanthus

Current Use of Land Corn after Sovbean, Conventional -Till ~

Annual Discount, Interest, and Inflation Rates

Discount Rate’ 2.0%
Interest on Operating Loans" 7.0%
Inflation Rate” 0.0%

!Discount rate should reflect the time value of money for the user, or the rate of retum they would
be willing to accept for investing a dollar today.
Interest rate on loans used to finance annual operating costs.

3 Assumed annual inflation rate over time.

Continue to:
Agronomic Assumptions
SaStN CIop Batust
I
Yearl Year2 Year 3+« Amnualized

Mizcanthuz

Harvested Yield! at 15% moisture [tonsiacre) 0.0 1.5 151 15.4
Harvested Yield at 0% moisture (tonzfacre) 0.0 6.4 128 1.5
Delivered Yield® at 15% moisture [tonzlacre] 0.0 55 1.0 38
Input Expenzes ($facre)

Mitrogen (N) $3.03 $3.03 $3.03 $3.03
Phozphorous [P) $5.23 $5.23 $5.23 $5.23
Potazzium (K) $16.37 $16.37 $16.37 $16.37
Lime $0.00 $0.00 $0.00 $0.00
Herbicides!Pesticides $13.12 $13.12 $0.00 $2.583
Seed $1.043.38 $157.50 $0.00 $31.53
Preharvest Expenzes ($1acre)

Dizking $0.00 $0.00 $0.00 $0.00
Plowing $14.07 2 $0.00 $1.23
Harrowing $5.91 $0.83 $0.00 $0.52
Airflow Spreader $3.36 $3.36 $3.36 $3.36
Planting $35.31 $5.30 $0.00 $3.03
Chemical Application $5.41 $0.51 $0.00 $0.47
Harvest Expenzes ($facre)

Mowing!Conditioning $0.00 $12.67 $14.31 $13.61
Raking $0.00 $4.02 $4.73 $4.31
Baling $0.00 $40.70 $75.44 $67.03
Staging, and loading $0.00 $33.87 $73.70 $70.13
Storage $0.00 $17.97 $42.28 $31.24
Interest on operating inputs $76.33 $14.52 $2.15 $3.73
Total Operating Expenzes ($facre) $1,240.30 $343.55 $253.32 $335.42
Land Reat Opportunity Cost Estimat $404.75 $411.62 $418.45 $416.92
Total Operating Expenze and Land C $1,645.65 $755.13 $671.50 $752.35
Breakeven Biomass Price [$fton $75.64
Wararaled yieldinrrfrralegield befarr bararal sndalarage lenars
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Riskiness of Yield Compared to
Corn

Other Factors Affecting Feedstock Production

* Riskiness of producing energy crops
* Yield risks vary spatially

_ Miscanthus

* Possibility of crop failure with significant loss of investment

» Offsetting benefits from diversification of crop/feedstock portfolio ’ <~ Tl (055
. (0.55, 0.7]

(0.7, 0.85]
(0.85, 1]
(1, 1.5]
B (15,21
B 2 25

>2.5

Upfront investment costs
* Time preferences of producers: present value of future returns
 Liquidity/credit constraints

Opportunity cost of converting land to energy crops also variable
*  Depend on farm policies to support annual crops
*  Subsidized crop yield/revenue insurance

Price of biomass: depends on policy and oil prices

Risk of refinery shutdown

Thin markets for biomass with limited processors
* None/few alternative uses other than bioenergy
* Low density, bulky/costly to transport long distances

Spot market sales of biomass risky

* Farmers and refineries bears price and demand risks
Miao and Khanna, 2014



Risk Sharing Through Contract Design

* Need for long term production/marketing contracts between farmers and
Processors

* Land leasing contract (Vertically Integrated Production):

* Refinery bears yield risk, biomass and biofuel price risk; farmer bears risk of land cost

* Fixed price per ton of biomass contract:

* Farmer bears yield risk and cost of land risk while refinery bears the biofuel price risk

* Profit sharing contract: percent of revenue paid to farmers:

* Farmer bears yield risk and cost of land risk; shares the biomass price and biofuel price risk

with refinery



* Sharing of establishment costs

* Need for farmers to acquire crop-specific equipment for field
operations (learning/transactions costs)

e Duration of the contract

* Terms of the contract: What are farmers willing to trade-off
* between risks vs returns,
e current costs vs future returns?



* Random sample of farmers from
five states: IL, IN, KY, MO, TN Contract Attributes and Levels in the Choice Experiment

* Choice Experiment: Preference for _ Levels
crop-contract features
Length of the contract 5 years, 10 years

e Risk Preferences:

* How would your neighbors describe
your management style?

« Cautious; Willing to take risks after refinery

adequate research; Enjoy taking risks
. in my business Crop specific equipment Required, not required
* Time Preferences
* Accept a cash amount of $1000 today [\[58 Z 1 el le e 12 et 5%, 10%, 15%, 20%
Variability in annualincomes 25%, 50%

Establishment cost shared by 0, 25%, 50%, 75%

or $X in 5 years with certainty



Risk Preferences

Rate of Time Preference

100% - 100% -
m 30%+
80% m Enjoy taking risks 80% - ?
m 20-30%
60% 60% -
W Take risks after m 10-20%
40% adequate research | 40% - = 5-10%
20% | Cautious 20% - m2-5%
0% 0% - ™ 2%
% of Sample % of Sample
Discount rate
0.8
05 0.5
0.6
0.5 0.4
0.4
0.3 0.3
0.2 I
01 1 ,
0 I - 0.2
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Management style:
Cautious (1=Yes
0=No)

Willingness to take
risks (1=Yes 0=No)

Enjoy taking risks
(1=Yes 0=No)

Adopters Nonadopters

Time preference




Farmer Willingness to Make Trade-Offs in Contract Features

* Adoption less likely by farmers with
* High discountrates
* High returnsto existing use of land
* Revenuecrop insuranceforrow crops

* Contracts preferred that provide
* Higher netincome and less variableincome
* Lower establishmentcostshare
* No crop-specificinvestmentin equipment

* Farmers willing to pay

e 2-3% of net gain inincome for a 1% higher share of establishment cost being borne by the
biorefinery

* 8-10% of returns to avoid acquiring crop-specificequipment Khannaet al (2016)



Environmental Sustainability of the Biofuels

High yielding, low input energy crops
* Can be grown on less productive land

* Low directandindirectland use effect

* Low to negative greenhouse gas
intensity

* High soil carbon sequestration
* Prevent nutrient run-off

Impact of corn stover depends on
* Rate of residue collection
* Tillage practices

* Relatively higher greenhouse gas
intensity than energy crops

Unit Production Cost

($ liter" EEG)
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Ecosystem Service Provisioning Nitrates
Water Quality Impacts
100 Energy grass nitrate loads =
- & m—2008/2009 | only 10% of total corn
5 %7 — 201012011 nitrate loads after 4 years
m . 2011/2012 .
S 60 - — - of establishment
;E .0 | S Corn stover can reduce
¢ w 2 ca nitrate loading but increase
5 201 L e, W erosion and sediment run
; A Ne B2 off.
&ﬁnﬁ’z’ﬁ & _@gﬂ'ﬁ & Limits on stover removal
&ﬁ-‘:"ﬁ ol o rate are critical for ES
s

Fig. 1. Annual nitrate N leaching (April to April) at 50 cm soil depth

provisioning.
Smith et al., 2010
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85%

80%

75%

70%

65%

Savings in GHG Emissions Relative to Grid
Electricity (%)

Forest Biomass Only

Forest and Ag Biomass

Forest Biomass Only

Forest and Ag Biomass

Wang et al., 2015



In Sum: Trade-offs in Feedstock Choice

* Optimal feedstock choice will vary by location and yield is critical to profitability

* Compared to conventional crops/residues, energy crops offer

* Environmental sustainability, lower yield risk but high upfront costs and need for long
term investments

* Potentially high profitability risk due to high fixed costs

* Motivating risk-averse, present-biased farmers, with credit constraints to grow
energy crops will require
* Contracts under which refineries bear much of the risk and establishment costs
* Policies such as the Biomass Crop Assistance Program
* Assured long term mandate for advanced biofuels through the RFS
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