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Choice	of	Feedstocks	for	Biofuels
Corn	Stover Miscanthus
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Biofuel	Yield:	Gallons	per	Acre

Switchgrass
Energy	Cane



Feedstock	Costs

• Location matters: yields

• Energy Crops: 
• Life-span of 10-15 years or more: Long 

term commitment
• Lags in establishment
• Upfront establishment costs:
• Cost of alternative uses of land: foregone 

returns to land 

• Crop Residues
• Readily available 
• Sustainable harvest to residue ratios
• Replacement nutrients
• Low yields, larger collection area

Least	Cost	Feedstock	Choice

Miscanthus Yield



Calculating	the	Cost	of	Feedstock	Production
http://www.farmdoc.illinois.edu/pubs/FASTtool.asp?category=risk



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
• Various	optional	inputs	to	tailor	to	current	prices	and	individual	farm’s	productivity	
and	cost	structure

• Outputs
• Current	crop	budget
• Energy	crop	budget	and	breakeven	biomass	price
• BCAP	program	incentives	and	adjusted	breakeven	biomass	price





• Riskiness of producing energy crops
• Yield risks vary spatially

• Possibility of crop failure with significant loss of investment
• Offsetting benefits from diversification of crop/feedstock portfolio

• 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

Other	Factors	Affecting	Feedstock	Production
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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



Cost-Sharing	Contract	Attributes

• Sharing	of	establishment	costs

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

• Duration	of	the	contract

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



Farmer Survey: Willingness to grow energy crops

• Random	sample	of	farmers	from	
five	states:	IL,	IN,	KY,	MO,	TN

• Choice	Experiment:	Preference	for	
crop-contract	features

• Risk	Preferences:
• How would your neighbors describe 

your management style? 
• Cautious; Willing to take risks after 

adequate research; Enjoy taking risks 
in my business

• Time	Preferences
• Accept a cash amount of $1000 today 

or $X in 5 years with certainty

Contract	Attributes	and	Levels	in	the	Choice	Experiment

Attributes Levels

Length	of	the	contract 5	years,	10	years

Establishment	cost	shared	by	

refinery

0,	25%,	50%,	75%

Crop	specific	equipment Required,	not	required

Net	gain	in	annual	income	per	acre 5%,	10%,	15%,	20%

Variability	in	annual	incomes 25%,	50%
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Farmer Willingness to Make Trade-Offs in Contract Features

• Adoption	less	likely	by	farmers	with	
• High	discount	rates	
• High	returns	to	existing	use	of	land	
• Revenue	crop	insurance	for	row	crops

• Contracts	preferred	that	provide
• Higher	net	income	and	less	variable	income
• Lower	establishment	cost	share
• No	crop-specific	investment	in	equipment	

• Farmers	willing	to	pay	
• 2-3%	of	net	gain	in	income	for	a	1%	higher	share	of	establishment	cost	being	borne	by	the	
biorefinery

• 8-10%	of	returns	to	avoid	acquiring	crop-specific	equipment																	Khanna	et	al	(2016)



Environmental	Sustainability	of	the	Biofuels

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

• Low	direct	and	indirect	land	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 (Dwivedi	et	al.,	2015

Huduburg et	al.,	2016)

Miscanthus
produces	
140%	-
170%	

Savings	of	
GHG	for	
each	Unit	

of
Production

Corn	Stover	
results	in	a	
50%- 90%	
Savings	of	
GHG	for	
each	Unit	

of	
Production

Switchgrass
results	in	
100%	-

130%	GHG,	
but	the	

Unit	Cost	of	
Production	
is	More	
Variable.



Ecosystem	Service	Provisioning	
Water	Quality	Impacts

• Energy	grass	nitrate	loads	=	
only	10%	of	total	corn	
nitrate	loads	after	4	years	
of	establishment

• Corn	stover can	reduce	
nitrate	loading	but	increase	
erosion	and	sediment	run	
off.

• Limits	on	stover removal	
rate	are	critical	for	ES	
provisioning.

Smith	et	al.,	2010

Nitrates



GHG	Intensity	of	Pellets	for	Electricity	
Generation
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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



Questions?	

Email: khanna1@illinois.edu
http://ace.illinois.edu/directory/madhu-khanna
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