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Dedicated energy crops are considered promising sources 
of biomass for producing advanced biofuels because of 
their potential to provide high yields of biofuels per unit 
of land even if grown on land that has low productivity 
for producing conventional crops and with low chemical 
input application. These crops can also sequester more soil 
carbon per unit of land than conventional crops and lead 
to considerably large savings in life-cycle greenhouse emis-
sions relative to oil while reducing soil erosion and nitro-
gen leaching (Hudiburg et al., forthcoming; and Dwivedi 
et al., 2014). Two energy crops, miscanthus (Miscanthus × 
giganteus) and switchgrass (Panicum virgatum), have been 
widely analyzed for their yields, carbon footprints, and 
costs of production. These crops are perennials and involve 
significant upfront investments in establishment, which 
can take one to three years, with returns to be earned over 
a 10- to 15-year life-span of the crop.

The production of these energy crops can expose farm-
ers to various types of risks. Yield risk can differ across 
crops and for the same crop across regions depending on 
the tolerance of the crop to variability in temperature, 
precipitation, and soil fertility. Since they are perennials, 
yield risks could be significant if severe weather were to 
prevent re-emergence of the crops and require new invest-
ments in crop re-establishment. Moreover, energy crops 
used to produce biofuels are likely to receive a price that 
is linked to the price of oil and, hence, could be subject 
to considerable price volatility. Additionally, energy crop 
production involves an opportunity cost of land due to the 
foregone returns from conventional crop production or 
other alternative uses of that land. This opportunity cost of 
land can also fluctuate over time with variability in yields 

and prices of crops that would have otherwise been grown 
on this land, and thus contribute to additional variability 
in the net returns to energy crop production. Biomass is 
also costly to transport long distances and may face thin 
spot markets with few local buyers; thus their production 
makes farmers dependent on the capacity of local biorefin-
eries and exposes them to risks of loss of demand due to 
refinery shut-downs. These risks described above are likely 
to create a demand for risk management strategies such as 
long-term contracts that provide an assurance of demand 
for farmers and guarantee feedstock supply for refineries. 
Fixed price contracts, which offer a guaranteed price for 
biomass production, are likely to emerge as one type of 
marketing contract to induce farmer participation in en-
ergy crop production. 

In deciding whether to produce an energy crop, land-
owners can be expected to compare the net benefits (or 
utility) they obtain from energy crop production with that 
from the existing use of the land. We can use this compari-
son to determine the minimum fixed price of the energy 
crop that a landowner would need to receive in order to 
be willing to convert the land to energy crop production. 
Studies have determined these breakeven prices for produc-
ing energy crops assuming that the yield of these crops re-
mains the same over their lifespan and that the opportunity 
cost of land is also fixed over time (Khanna et al., 2008; 
and Jain et al., 2010). These studies show that the break-
even price will be higher the larger the net returns that the 
landowner obtains from the existing use of the land and, 
thus, it will be higher for productive cropland and lower 
for low quality marginal land. 
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However, if landowners are risk-
averse (that is, they are willing to ac-
cept a lower income with certainty 
than a higher but more variable in-
come), then the decision to convert 
land from an existing use to an en-
ergy crop will depend not only on the 
average returns from the energy crop 
but also their riskiness relative to that 
of the current use of the land. We, 
therefore, expect that the breakeven 
price needed to induce a risk-averse 
landowner to convert the land to an 
energy crop will increase as the vari-
ability in returns with energy crop 
production increases relative to the 
variability in the returns from the ex-
isting use of the land. 

In this article we focus on quan-
tifying the yield risk associated with 
the production of miscanthus and 
switchgrass, and comparing it to 
the yield risk associated with corn 
or soybean production. In the ab-
sence of historically observed data 
for these crops, which are yet to be 
grown commercially on a large scale, 
we use county-specific simulated data 
on yields for the rainfed region in the 
United States. We analyze the tem-
poral and spatial variability in energy 

crop yields and their implications on 
the relative yield risk for breakeven 
prices of biomass needed to induce 
landowners to convert land for en-
ergy crop production under various 
levels of risk aversion. We examine 
these breakeven prices for both crop-
land (that is assumed to be currently 
under a corn-soybean rotation in the 
Midwest and in continuous corn in 
the other regions) and marginal land 
(that might otherwise be enrolled in 
the Conservation Reserve Program 
(CRP)). We conclude by discussing 
the implications of this analysis for 
contract choices between landowners 
and biorefineries, and policy incen-
tives needed to induce conversion of 
land to energy crop production. 

Crop Yields and Variability
We model energy crop yields using 
the DayCent model, a biogeochemi-
cal model that can simulate plant 
growth based on information of pre-
cipitation, temperature, soil nutrient 
availability, and land-use practice 
(Del Grosso et al., 2011). Observed 
data from field experiments growing 
miscanthus and several switchgrass 
cultivars were used to calibrate the 

productivity parameters in the model 
(Hudiburg et al., forthcoming; and 
Dwivedi et al., 2014). The model 
was then used to simulate yield of 
miscanthus and switchgrass on both 
high-quality land under crop produc-
tion (cropland) and low-quality land 
likely to be under pasture (marginal 
land) in the rainfed areas of the Unit-
ed States for a 30-year period using 
county-specific historical weather in-
formation. We construct yield data 
for two rotations of miscanthus with 
a 15-year life-span and three rotations 
of switchgrass with a 10-year lifespan. 
Corn and soybean yield data over the 
same period are obtained from the 
U.S. Department of Agriculture’s 
(USDA) National Agricultural Statis-
tics Service (NASS).

Table 1 presents summary sta-
tistics of crop yields across different 
regions in the rain-fed United States. 
Miscanthus yield is about twice as 
large as switchgrass yield on both 
types of land. The average yield of 
miscanthus on cropland across the 
rainfed United States is about 9.7 
dry (with 15% moisture) short tons 
(hereafter referred to as tons) per acre 
while that of switchgrass is about 5.1 
tons per acre. On marginal land, how-
ever, the average yields of miscanthus 
and switchgrass are 9.5 tons per acre 
and 4.7 tons per acre, respectively. 
Energy crop yields on marginal land 
are found to be only slightly lower 
than those on cropland, indicating 
that energy grasses can be grown pro-
ductively on low-quality land.

The average yields of both energy 
crops vary significantly across geo-
graphical regions (Figure 1). Both 
miscanthus and switchgrass yields 
are the highest in the Southeast re-
gion and low in the Great Plains and 
Northeast regions (Table 1). Un-
like energy crops, corn and soybean 
yields are lowest in the Southeast. 
This indicates that the two energy 
crops require different growing con-
ditions than conventional crops. This 
may explain why the yield correlation 

Table 1: Yields and Breakeven Prices of Miscanthus and Switchgrass in 
Different Regions
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between the energy crop yields and 
row crop yields is small and negative. 

We estimate the variation of yields 
around the 30-year average for each 
crop and find that yield risk was lower 
for miscanthus than for switchgrass. 
The yield riskiness of growing mis-
canthus on cropland was similar to 
that on marginal land, but the yield 
riskiness of switchgrass was lower on 
cropland (Table 1). In large areas of 
the lower Midwest and the South, 
the riskiness of miscanthus yield is 
lower than that of corn. In contrast, 
the yield risk of switchgrass is typi-
cally larger than that of corn in much 
of the rainfed region except for some 
areas in the southern Great Plains and 
Northeast (Figure 1(d) and 1(h)).

Breakeven Prices of Energy Crops
We estimate the breakeven price of an 
energy crop under two alternative as-
sumptions about the risk preferences 
of the landowner. First, we consider a 
risk neutral landowner who compares 
the discounted value of expected 
profits from energy crop production 
to that from corn/soybeans and does 
not consider variations in crop profits. 
Then we consider a risk-averse land-
owner who obtains a disutility from 
variations in crop profits. The break-
even price is the constant price across 
years that equates expected utility (or 
profits for a risk-neutral farmer) from 
the energy crop to that from the al-
ternative use of that land (Jain et al., 
2010). In the case of cropland, the 
alternative land-use is a corn-soybean 
rotation in the Midwest and continu-
ous corn in other regions, while in the 
case of marginal land, the alternative 
use is assumed to be an activity that 
yields a return equivalent to the soil 
rental rate for enrolling in CRP.

We find that, in general, the av-
erage breakeven price of miscanthus 
and switchgrass is about twice as high 
on cropland than on marginal land, 
suggesting that it would be economi-
cally rational for landowners to prefer 
growing these crops on their available 

Figure 1: County-level Average Yield and Yield Riskiness of Miscanthus, 
Switchgrass, Corn, and Soybeans

Note: Maps have difference scales. (a): Miscanthus yield on marginal land; (b): Switchgrass yield on 
marginal land; (c): Corn yield; (d): Ratio of risk of miscanthus yield to risk of corn yield; (e): Miscanthus 
yield on cropland; Map (f): Switchgrass yield on cropland; (g): Soybean yield; (h): Ratio of risk of 
switchgrass yield to risk of corn yield. Energy crop yield is in short tons/acre; corn and soybean yield is 
in bu./acre.

Figure 2: Breakeven Prices ($ per ton) of Miscanthus and Switchgrass on 
Marginal Land and Cropland

Note: (a): Breakeven prices of miscanthus grown on marginal land under risk neutrality scenario. (b): 
Breakeven prices of miscanthus grown on cropland under risk neutrality scenario. (c): Breakeven prices 
of miscanthus grown on cropland under risk aversion scenario. (d): Breakeven prices of miscanthus 
grown on cropland under risk aversion scenario minus those of under risk neutrality scenario. (e)- (h) 
are the counterparts of (a)-(d) for switchgrass.
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marginal land (Table 1). Moreover, 
the breakeven price of miscanthus is 
typically lower than that of switch-
grass across all regions because its 
yield is about twice as high as that of 
switchgrass on average. An exception 
is the Great Plains region where the 
yield gap between the two crops on 
marginal land is relatively low and in-
sufficient to compensate for the high-
er costs of establishing miscanthus 
than switchgrass, making it more 
expensive to produce miscanthus. In 
the absence of risk considerations, the 
breakeven price of miscanthus grown 
on cropland is $84 per ton on aver-
age while that of switchgrass is $124 
per ton. The corresponding values for 
breakeven prices on marginal land for 
miscanthus and switchgrass are $42 
per ton and $50 per ton, respectively.

The breakeven prices of energy 
crops vary significantly across regions 
and even within a region. For both 
miscanthus and switchgrass grown on 
cropland, the breakeven prices are the 
lowest in the Southeast because corn 
yields in this region are the lowest and 
the energy grass yields are the high-
est among the four regions (Table 
1). Breakeven prices for energy crops 
grown on cropland or marginal land 
are highest in the northern Great 
Plains because energy crop yields are 
very low in this area (Figure 2).

Risk-averse landowners require 
higher prices for energy crop produc-
tion than those discussed above. We 
define risk premium as breakeven 
price with risk aversion minus the 
breakeven price with risk neutrality. If 
the risk premium is greater than zero 
then it indicates that returns with en-
ergy crops are riskier than returns with 
row crops. We find that the risk pre-
mium is positive, on average, in the 
rainfed United States, even though 
miscanthus has a lower relative yield 
risk than corn in most counties in the 
lower Midwest and large tracts of the 
South. This is because the high fixed 
costs of producing miscanthus in-
crease the relative variability of profits 

in response to variability in yields. 
The risk premium needed to induce 
conversion of cropland to switchgrass 
is even higher than for miscanthus 
due to the larger variability in switch-
grass yields and the high opportunity 
costs of cropland.
Figures 2(d) and 2(h) show the spa-
tial variability in the risk premium for 
miscanthus and switchgrass grown 
on cropland, respectively. The risk 
premium varies considerably across 
regions, and is lowest in the South-
east and highest in the Great Plains 
(Table 1). The risk premium ranges 
from -76% to 152% of the break-
even prices under risk neutrality for 
miscanthus and -93% to 215% for 
switchgrass. The risk discount (or 
negative risk premium) for both en-
ergy crops is largely in the Southeast 
and the Southern Great Plains, which 
is in part due to the relatively lower 
yield risk of energy crops in these ar-
eas compared to corn. On average, 
the risk premium required to induce 
landowners to convert cropland to 
switchgrass is expected to increase its 
breakeven price by 15.6% compared 
to that required under perfect cer-
tainty; the corresponding increase in 
the breakeven price of miscanthus is 
by 7.6%. 
We find that not only the breakev-
en prices of energy crops grown on 
marginal land are lower than that of 
energy crops grown on cropland but 
the risk premium on marginal land is 
lower too. Energy crop yields have a 
slightly higher yield risk on marginal 
land than on cropland. Moreover, en-
ergy crop production exposes farmers 
to risk compared to the riskless rental 
payments from CRP assumed here. 
It should be noted, however, that a 
higher risk of yield does not neces-
sarily imply higher variance of utility, 
since the latter will also depend on 
the costs of production and the price 
of the crop. The risk premium for an 
energy crop depends on the yield risk 
and price of corn, as well as on the 
production costs of both the energy 

crop and corn. The low risk premium 
on marginal land is due to the low 
opportunity costs of growing energy 
crops on marginal land which require 
relatively low breakeven prices of en-
ergy crops and lower variability in 
utility with energy crop production 
on marginal land than on cropland. 

Discussion and Conclusions
Our analysis shows that opportunity 
costs of land can make a significant 
difference to the breakeven prices of 
biomass from energy crops under 
both risk neutrality and risk aversion. 
Additionally, the relatively higher 
yield risks associated with energy crop 
production as compared to corn/soy-
beans, particularly in the upper Mid-
west, can result in higher breakeven 
prices needed to induce risk-averse 
landowners to convert cropland to 
energy crops. However, in some re-
gions, such as the Southeast, energy 
crops, particularly miscanthus, are 
less risky than corn/soybean produc-
tion and the break-even price needed 
to induce a risk-averse landowner to 
produce them will be lower than that 
for a risk neutral landowner. The ef-
fects of yield risk on breakeven price 
are much smaller on land that may 
currently be under a crop/pasture ro-
tation with a low and relatively con-
stant opportunity cost of production. 
These findings suggest that landown-
ers are more likely to first convert 
low-quality marginal land to energy 
crop production. 

Based on data from 2007 Cen-
sus of Agriculture (http://quickstats.
nass.usda.gov/), the aggregate avail-
ability of land classified as cropland 
pasture or idle but not currently en-
rolled in CRP in the rainfed United 
States was estimated to be 21 million 
acres in 2007. However, its potential 
for conversion to energy crops will 
depend on its availability as contigu-
ous acres that can be accessed by the 
equipment needed for planting and 
harvesting energy crops and trans-
porting biomass. To the extent that 

http://quickstats.nass.usda.gov/
http://quickstats.nass.usda.gov/
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production of biofuels will require 
plantation-style production of energy 
crops within a limited radius around 
a biorefinery, reliance solely on mar-
ginal land to meet the biomass needs 
of a refinery might involve trade-offs 
between costs of transporting biomass 
from low-cost land at further distanc-
es versus high-cost land nearby. Cur-
rent use of this land for hunting, rec-
reation, or as nature preserves, as well 
as the small size of individual holdings 
or ownership by absentee landlords 
could lead to high amenity values and 
transaction costs of converting this 
land for energy crop production. This 
could lead to much higher opportu-
nity costs of converting marginal or 
idle land to energy crop production. 
Refineries may, therefore, have to rely 
on a mix of marginal land and crop-
land to meet their needs for biomass 
supply and the marginal-cost-based 
price of biomass is likely to be based 
on highest cost cropland that needs to 
be induced to produce energy crops 
in the proximity of the refinery.

The break-even prices estimated 
above can be interpreted as the terms 
of a fixed price contract that would 
need to be offered to landowners over 
the lifespan of the crop to induce 
them to convert land for energy crop 
production. While in some regions 
these prices are similar or even lower 
than those under risk neutrality, in 
other regions, such as Midwest, they 
can be 12% to 27% higher than un-
der risk neutrality. A fixed price con-
tract would put all the price risks as-
sociated with volatile oil prices on the 
refinery while leaving landowners to 
bear all the risks associated with the 
foregone returns from conventional 
crops. 

Other types of contracts that re-
sult in alternative arrangements for 
sharing the yield and price risks be-
tween risk-averse landowners and a 
risk-neutral refinery might emerge 
to lower the cost of biomass for a 
refinery than indicated by the break-
even prices estimated here. In regions 

where energy crop production is 
highly risky relative to conventional 
crops, a refinery that has a greater 
capacity to bear risk might prefer to 
lease land and bear all the yield and 
price risks rather than paying high 
risk premiums. 

We assumed that all landowners 
have the same risk preferences. Het-
erogeneity in risk preferences across 
landowners would imply differences 
in the risk premium needed to induce 
production of energy crops under a 
fixed price contract across regions. 
Moreover, risk-loving landowners 
may even prefer price-indexed con-
tracts that provide an opportunity for 
high returns. Yang et al. (2014) ana-
lyze the mix of contractual arrange-
ments that can result in lower overall 
feedstock costs for a refinery by opti-
mally sharing risks among landown-
ers with heterogeneous risk prefer-
ences and with a risk-neutral refinery. 

The breakeven prices estimated 
here, even under risk aversion, could 
be underestimated because they dis-
regard the reliance by crop producers 
on subsidized yield, and revenue crop 
insurance and disaster relief payments 
for conventional crops like corn and 
soybeans. Such programs lower the 
down-side risk of producing these 
crops and will further increase the 
break-even price needed to induce 
farmers to switch to risky energy crop 
production without any safety-nets. 
We leave the analysis of the effects of 
crop price risks and the presence of 
instruments for mitigating risks as-
sociated with conventional crop pro-
duction on the riskiness of producing 
energy crops to future research. 

The Renewable Fuel Standard 
mandates the production of cellulosic 
biofuels and will create market incen-
tives for obligated parties (oil refiners) 
to cover the costs of cellulosic biofuel 
production. Additional policy incen-
tives for biomass production include 
the Biomass Crop Assistance Program 
(BCAP) and the Cellulosic Biofuel 
Production Tax Credit (CBPTC). 

BCAP provides cost-share payments 
to cover the costs of establishing ener-
gy crops and subsidies for collecting, 
harvesting, and transporting energy 
crops while the CBPTC subsidizes 
the blending of cellulosic biofuels 
with gasoline. However, none of these 
policies directly address the downside 
risks associated with the production 
of energy crops for landowners in a 
manner comparable to the safety net 
provided by subsidized crop insur-
ance for corn and soybeans.  

Our analysis has focused on the 
effects of risk on utility per acre of 
land. Further research is needed at 
the whole-farm level to examine the 
effects of risk preferences on the al-
location of land operated by a farmer 
between energy crops and conven-
tional crops. Moreover, to the ex-
tent that energy crop yields have a 
relatively low or negative correlation 
with corn/soybeans, their production 
can diversify the crop portfolio and 
potentially reduce overall riskiness of 
crop production. The risk premium 
needed in that case for growing ener-
gy crops will also depend on the share 
of annual farm income derived from 
energy crop production. A case study 
of a representative farm in Tennes-
see by Larson, English, and Lambert 
(2007) shows that contracts that shift 
the risk of switchgrass production to 
the processor can result in lower bio-
mass prices than other contracts. The 
spatial variability in yield risks shown 
here coupled with whole farm analy-
sis can be used to identify locations 
and the design of contracts for en-
ergy crop production that can result 
in higher net benefits for landowners 
and refineries.
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