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Annual Bioenergy Crops for Biofuels Production: Farmers’ Contractual Preferences 

for Producing Sweet Sorghum 

 

Abstract 

Dedicated annual sorghum crops, such as sweet sorghum or energy sorghum, may provide an 

option for farmers to supply cellulosic feedstocks for biofuel production and help the industry 

meet government mandates. Kansas farmers are poised to be major producers of sweet 

sorghum for biofuels due to favorable agro-ecological conditions. The purpose of this paper 

is to assess Kansas farmers’ willingness to grow sweet sorghum under contract as a feedstock 

for biofuel production. The paper examines farmers’ willingness-to-pay for contract attributes 

and the impact of socio-economic factors on their willingness-to-pay for these attributes. A 

stated choice survey was administered to Kansas farmers to assess their willingness to grow 

sweet sorghum for biofuels under various contracting scenarios. Results show that farmers 

may be willing to grow biomass for bioenergy under contract, but may have varying 

preferences for the importance of contract attributes such as net returns, contract length, 

insurance availability, government incentives, and potential for biorefinery harvest options 

based on socio-economic characteristics of growers. 
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1. Introduction 

The Energy Independence and Security Act of 2007 states, in part, that biofuel 

production must increase to 36 billion gallons by the year 2022, of which 21 billion gallons 

must come from “advanced” or second-generation biofuel feedstocks, which includes 

dedicated annual bioenergy crops [1]. To date, cellulosic biofuel production has significantly 

fallen short of set goals and mandates due to economic feasibility concerns, market 

development issues, and uncertainties about government policy [2-4]. Among important pre-

conditions for meeting set goals is the agricultural producers’ willingness to grow biomass 

crops. While the literature in this area has grown over the last decade, many important 

questions still remain about appropriate incentive mechanisms and viability of alternative 

bioenergy crop varieties [5].  

Dedicated annual bioenergy crops provide a potentially viable biofuel feedstock 

enterprise option for farmers. They can serve as a flexible alternative cash crop for farmers 

that can be grown in traditional crop rotations. For example, sweet, energy or forage sorghum 

varieties may serve as annual bioenergy crops. There are several advantages to these types of 

sorghum crops, including production of high amounts of biomass, drought tolerance and the 

ability to incorporate them into existing crop rotations [6].  This study focuses on the use of 

sweet sorghum specifically, though forage and energy varieties of sorghum would be viable 

substitutes.  Management of sweet sorghum is similar to grain and forage sorghum under 

dryland conditions. Propheter, et al. [7] found favorable yields for different sorghum varieties 

in the less than ideal growing conditions in Kansas. They also found that these annual crops 

produced more usable biomass than perennial options during the study period, which 



increases appeal of crops such as sweet sorghum for biofuels in the Great Plains of the United 

States. 

To ensure the viability of biofuel production from cellulosic feedstocks, it is 

important to know under which conditions farm managers will be willing to produce 

cellulosic biofuel feedstocks. Farmers are more likely to supply cellulosic biofuel feedstocks 

if the expected payoff from the enterprise is greater than any other possible land use [8]. 

However, Rajagopal and Zilberman [5] indicate that the factors that lead to farmers’ adoption 

of biofuel technologies are still not well understood. Among such factors is the coordination 

of transactions at the producer-processor interface of the cellulosic biofuel supply chain, 

specifically the nature of contractual arrangements.  

Contract theory and transaction cost literature delineates various strategies for 

coordinating transactions along the supply chain.  These strategies form a vertical 

coordination continuum ranging from simple spot market transactions to complete vertical 

integration [9].  Empirical studies have identified a variety of coordination strategies 

including contracts and equity arrangements and have shown that when transactions involve 

high levels of risk and uncertainty, strategies with higher levels of vertical integration are 

preferred [10-12]. Specification contracting is one such strategy that involves establishment 

of legally enforceable conditions of exchange.  With appropriate specifications, contractual 

arrangements can reduce the uncertainty associated with price and revenue for producers, 

while allowing processors to gain more influence over coordination without all the risk and 

rigidity associated with equity-based arrangements. 

The fact that the markets for cellulosic biofuel feedstock are still underdeveloped or 

nonexistent creates an extra level of risk and uncertainty for farmers in addition to traditional 

weather and price uncertainty. Under these conditions, vertical coordination through 

specification contracts between growers of cellulosic biofuel crops (e.g. sweet sorghum) and 



ethanol producers can represent a potential solution.  The question then becomes, what 

transaction attributes should be specified in such contracts. Based on contract literature and 

empirical studies of various agricultural commodity markets, contractual arrangements 

between growers and processors are likely to be affected by multitude of factors, including 

contract pricing, timeframe, acreage commitments, risk, timing of harvest, yield variability, 

feedstock quality, harvest responsibilities (e.g. custom harvesting), nutrient replacement, 

location of biorefineries, available cropping choices, technology, and conservation 

considerations [13-18]. 

The purpose of this study is to examine farmers’ willingness to produce sweet 

sorghum under alternative contractual, pricing, and harvesting arrangements in Kansas. 

Assessment of farmers’ willingness to adopt a sweet sorghum enterprise under different 

contractual arrangements is implemented using an enumerated field survey with stated choice 

techniques. The survey examines farmers’ willingness-to-pay for different contract attributes 

and how alternative socio-economic and farm factors may impact their contractual 

preferences. A stated choice approach following Louviere et al. [19] is used to assess 

farmers’ willingness to adopt. Survey results are analyzed using a random parameters 

conditional logistic regression model [20-21]. A unique contribution of this paper is the 

estimation of marginal effects of socio-economic and farm characteristics on the willingness-

to-pay for specific contract attributes.  The paper extends the literature on biomass 

contracting by providing empirical insights into the importance of key contract attributes for 

supplying dedicated annual bioenergy crops given the specific socio-economic characteristics 

of growers. 

The rest of the paper is organized as follows, section two provides some needed 

background on prior literature. Section three presents the description of survey method and 

data, as well as the details of the stated choice experiment.  The empirical model and the 



estimation methods are presented in section four, followed by the results and concluding 

remarks in sections five and six.  

 

2. Biofuel Feedstock Contracting and Adoption 

A large amount of research exists on the technical feasibility of growing cellulosic 

biofuels (including biomass yield and production potential), as well as farmgate and 

breakeven pricing (e.g. [22 – 33]). However, these studies do not evaluate farmer’ 

willingness to grow a dedicated bioenergy feedstock. In addition, this research does not 

identify the characteristics of farmers that would provide that feedstock. While these studies 

provide a large amount of useful information and insight, they may be of little relevance if 

farmers are not willing to grow bioenergy crops for biofuel production. 

 A small number of studies has examined farmers’ willingness to grow bioenergy 

crops, especially under contract. Hipple and Duffy [34] used personal interviews to examine 

farmers’ willingness to grow switchgrass in Iowa. Factors impacting willingness to grow 

included profitability, return on investment, complexity, and economic sustainability. Quality 

of life issues were also considered important, including compatibility with personal and 

family values and beliefs, health and safety, environmental, and aesthetic issues.  

Jensen et al. [35] assessed Tennessee farmers’ willingness to grow switchgrass on 

their land. They found that average higher net farm income per acre decreased the likelihood 

of growing switchgrass, as the opportunity cost of converting land may be too high. In 

addition, they found that the requirement of signing a long-term contract would likely 

decrease the likelihood of planting switchgrass.  

 Sherrington et al. [36] examined farmers’ willingness to grow dedicated perennial 

bioenergy crops in the United Kingdom. They found that factors impacting farmers’ 

willingness to grow using focus groups included: potential financial returns and competition 



with other potential land uses; uncertainty about the financial viability of growing bioenergy 

crops and markets; the requirement for financial incentives to grow dedicated bioenergy 

crops due to high establishment costs; need for contracts due to limited markets; and 

environmental impacts.    

 Paulrud and Laitila [37] examined farmers’ willingness to grow dedicated perennial 

bioenergy crops (e.g. willow and canary grass) in Sweden. They utilized a stated choice 

experiment for a generic dedicated perennial bioenergy crop. The authors find that farmers 

are willing to accept less net returns if the crop can be grown under contract; a farmer would 

require higher returns from the crop the longer the rotational period; government subsidies 

for growing a dedicated perennial bioenergy crop have no direct impact on farmer’s 

willingness to grow the crop; and net income from crop production increased the likelihood 

of planting a dedicated perennial bioenergy crop.   

Qualls et al. [38] examined farmers’ willingness to grow switchgrass in 12 

southeastern U.S. states. Of interest, was the result that as the price per unit of switchgrass 

increased, the amount of land a farmer was willing to plant to switchgrass increased. In 

addition, they found that prior experience with producing a commodity under contract 

reduced farmers’ interests if they were willing to covert land to switchgrass production. 

Altman et al. [39] examine farmers’ willingness to harvest alternative sources of crop 

residues (e.g. corn stover and wheat straw) and hay in Illinois and Missouri. They find that 

supply for all the feedstocks is highly elastic (ranging from 2 to 10, depending on the 

feedstock and location). That is, as the price of a feedstock increases, farmers’ willingness to 

supply that feedstock increases greater than the percentage increase in price. Thus, price 

plays a significant factor in farmers’ willingness to harvest crop residues and hay as a 

bioenergy feedstock.   



Alexander et al. [40] indicate that contract length will be particularly important for 

contracts for growing dedicated annual bioenergy crops. These crops do not have a long 

establishment period like dedicated perennial bioenergy crops and they can fit into traditional 

cropping systems, only requiring a short-term commitment by the farmer. Longer term 

contracts for these types of crops may reduce the flexibility that dedicated annual bioenergy 

crops can provide. In addition, refineries will have to still take storage and transportation 

issues into consideration when contracting directly with farmers. Golecha and Gan [41] show 

that price incentives for biomass suppliers (e.g. farmers) will be an important part of any 

contracting strategy by a biorefinery and such strategies may be useful in reducing biomass 

supply volatility.  

The manuscript provides a novel contribution to the literature by focusing on farmers’ 

willingness to grow dedicated annual bioenergy crops under contract, whereas most of the 

prior literature has predominately focused on crop residues and dedicated perennial bioenergy 

crops. In addition, the manuscript provides a unique perspective on the conditions under 

which farmers’ would contract to grow a dedicated annual bioenergy crop and the socio-

economic factors that may impact their contract preferences.   

 

3. Survey Methods and Data 

A stated choice survey was administered from November 2010 to February 2011 in 

northeastern, south central, and western Kansas by Kansas State University and the USDA, 

National Agricultural Statistics Service (NASS). The purpose of the survey was to assess 

farmers’ willingness to produce cellulosic biomass in the form of corn stover, sweet sorghum, 

and switchgrass for bioenergy production under different contractual arrangements. A total of 

485 farmers were contacted to participate in the survey. The areas of Kansas were selected 



based on the number of farms growing corn and/or sorghum; the mix of irrigated and dryland 

production; and mix of crops and farming practices adopted.  

For each area of the state examined, the sample of farms was randomly drawn from 

the population of farms over 260 acres in size and $50,000 in gross farm sales from the 

USDA-NASS farmer list. Farmers already participating in other USDA-NASS enumerated 

surveys (e.g., ARMS) were removed from the sample and replaced with another randomly 

drawn name. Prior to the survey entering the field, the stated choice component was field 

tested with two focus groups at an annual extension conference hosted by the Department of 

Agricultural Economics at Kansas State University in the summer of 2010. Participants who 

were identified as farmers were invited to attend the focus group, of which 12 participated. In 

addition, the entire survey was tested using face-to-face interviews with farmers in the 

targeted study areas.  

Potential participants received a four-page flier via mail asking for their participation 

in the survey and providing information about cellulosic biofuel feedstock production on-

farm one week prior to being contacted by USDA-NASS enumerators. Enumerators then 

scheduled one-hour interviews with the farmers to complete the survey and stated choice 

experiments. Interviews, on average, took 57 minutes to complete. Upon completion of the 

survey and receipt at the USDA-NASS office, farmers were compensated for their time with 

a $15 gift card. Of the 485 farmers contacted, 290 completed the survey and 38 were out-of-

business, did not farm, or could not be located. Thus, the survey response rate was (290/(485-

38)) = 0.65 or 65 percent. Of the 290 respondents who completed the stated choice 

experiment for sweet sorghum, 13 surveys were incomplete due to lack of responses on the 

experiment or refusal to answer demographic questions, leaving 277 usable surveys for this 

study. 



 After answering a number of questions about their farming operation, respondents 

were asked about their willingness to produce cellulosic biofuel feedstocks under contract. 

Respondents were given three separate stated choice experiments examining their willingness 

to contract to produce or harvest corn residue, sweet sorghum and switchgrass. The survey 

was designed so that the responses from each stated choice experiment were independent of 

the others. Survey respondents were asked to consider each experiment individually and 

assume they were independent (e.g. not grown together) of the other experiments by the 

survey enumerator. In addition, the order of the experiments was randomized across different 

survey versions to avoid potential bias from the ordering of the stated choice experiments. 

This paper focuses on the stated choice experiment for sweet sorghum. Respondents were 

then asked about biofuel feedstock production preferences and perceptions; conservation on-

farm and perceptions; risk management practices and perceptions; crop marketing practices; 

and demographics. A set of descriptive statistics for a select number of socio-economic and 

farmer demographic variables used in the study are provided in Table 1. 

Farmer demographics taken from the 2012 U.S. Census of Agriculture [42] were used 

to assess the generalizability of the survey sample to the general farmer population with 

farms above 260 acres in size and $50,000 in gross farm sales. The average age of surveyed 

farmers was 55.1 years, which was slightly lower than the Census average of 58.6 years.   

Average farm size and the amount of land rented from the survey sample (2172 acres and 

1271 acres, respectively) were larger than the Census averages for Kansas (1553 acres and 

1017 acres respectively). While these averages may not be significantly different, the 

differences may be due to the targeted areas for the survey within the state. The survey asked 

respondents to choose a category in which their value of agricultural product sales occurred, 

the Census of Agriculture amount of $448,317 was slightly larger than the most often 

selected category of $200,000 to $399,999 by respondents on the survey. Farms with the 



resources and flexibility to produce these types of crops were desired for the survey sample. 

Larger farms produce most of the crop output in Kansas.  

 

3.1 Stated Choice Experiment  

  A stated choice experiment was designed to assess farmers’ willingness to enter into a 

contract with a bio-refinery or other biomass processor for producing sweet sorghum following 

Louviere et al. [19] and Roe et al. [43]. Farmers where presented with information about sweet 

sorghum production and contract attributes before answering a set of stated choice questions. 

Survey participants where then asked to consider 5 independent choice scenarios, where they 

were asked to select between two biomass contracts or an “opt out” option (Figure 1). Each 

contract option was unlabeled and had five attributes: (1) net returns above corn/sorghum 

production; (2) contract length; (3) biorefinery harvest; (4) insurance availability; and (5)  

 

 

government incentive payments. Descriptions and levels for each contract attribute are 

provided in Table 2.  

 

The net returns attribute captures both expected net returns and the opportunity cost of 

not planting another cash crop. Farmers were asked to assume a base value of $50 for net 

returns from dryland corn/sorghum production for all scenarios presented. This base level 

represents the average net returns from Kansas Farm Management Association Farms 

(KFMA) [44] in the study region(s) for 2008/9. Thus, net returns are not fixed to a specific 

dollar amount, but can be compared relative to other crops using the attribute level for net 

returns above expected corn/sorghum production.  For the purpose of data analysis, this 

attribute was recoded into a dollar amount by multiplying the percentage increase by the $50 



base. The net returns attribute provides flexibility in allowing the capture of reservation 

prices and potential opportunity costs, allowing prices to “float” to levels that will entice 

farmers to adopt this enterprise. 

The second attribute was contract length. The increasing length of the contract 

represents the need of the refinery or biomass processor to mitigate risk by ensuring a long-

term supply of biomass. The third attribute was a binary attribute for biorefinery harvest. This 

attribute provided the option to the farmer of having the biorefinery or intermediate processor 

harvest the biomass from the field and transport it to the refinery/processor. It was assumed 

that the cost of this practice was included in net returns. The fourth attribute was insurance 

availability, a binary attribute indicating if crop insurance was available to purchase under the 

contract. The availability of crop insurance can significantly effect the choice to plant a crop 

[45]. All binary attributes were effects coded. 

The final attribute was a government incentive payment that is similar to that 

provided under the Biomass Crop Assistance Program (BCAP) [46]. The attribute had two 

levels, which were set to represent the match the government pays as a percentage of the 

price paid by the refinery for every ton of biomass produced and delivered. Furthermore, the 

incentive was not included in the net returns attribute described above. It was decided to not 

include this as part of the net returns, so that the direct impact of this type of incentive on 

farmers’ willingness to grow sweet sorghum under contract could be assessed. In addition, 

the attribute directly impacts the price received for the feedstock by the farmer, which may be 

hard to disentangle with returns within a stated choice context. Given the use of substantial 

subsidies to promote cellulosic biofuel production, this attribute plays an important role for 

policy analysis.  

 Following Louviere et al. [19], a (24 x 3 x 4)2 fractional factorial experimental design 

was used to design the choice sets for the sweet sorghum experiment.  PROC OPTEX in SAS 



[47] was used to develop the fractional factorial design from the complete factorial to obtain 

90 random choice scenarios, which were then blocked into 18 choice sets of 5 choice 

scenarios each. The D-optimality criterion was used to obtain an optimal design using a 

modified Federov search algorithm (see [48]). Optimal blocking was determined following 

the method outlined in Cook and Nachtsheim [49]. An optimal (treatment) D-Efficiency of 

87.1% was obtained. The number of choice sets was selected in order to identify all main 

effects and potential interaction effects between contract attributes and levels. Each 

respondent was faced with 5 choice scenarios for each feedstock alternative, with 18 versions 

of the survey. Of the 290 surveys completed, 12 to 20 of each version were completed by 

farm managers.   

 

4. Model 

Following Roe et al. [43], we assume that producers want to maximize expected 

discounted utility when choosing to enter into a contract to produce sweet sorghum versus 

producing corn or grain sorghum over time. Let producer’s j’s expected discounted utility for 

contract option i be given by: 

𝑉𝑉𝑗𝑗,𝑖𝑖 = 𝑉𝑉(∆𝑅𝑅𝑖𝑖(𝐵𝐵𝑖𝑖 , 𝑆𝑆𝑖𝑖),𝐶𝐶𝑖𝑖 ,𝐺𝐺𝑖𝑖) + 𝜀𝜀𝑗𝑗,𝑖𝑖 ,                  (1) 

where is ∆𝑅𝑅𝑖𝑖 is the net returns above dryland corn/grain sorghum production over time, 

which includes the costs associated with Bi, indicating if a biomass harvest option is part of 

contract i, and Si, indicating if crop insurance is available. In addition, expected discounted 

utility is a function of Ci, or the length of the contract in years; and Gi, or the level of 

government incentive payment. The error term, 𝜀𝜀𝑗𝑗,𝑖𝑖 represents the nonsystematic part of 

expected utility that goes unobserved by the modeler and is distributed type I extreme value 

[19]. It should be emphasized, that the inclusion of ∆𝑅𝑅𝑖𝑖 captures the return above the next 

best alternative for sweet sorghum. This is unique to this experimental set-up and important 



in that there will be competing uses for the land. Thus, the experimental set-up takes into 

account the potential next best alternatives for the land. 

  For the purposes of this study we are primarily interested in examining the direct 

impact of the contract attributes on producers’ willingness to adopt or enter into a contract. 

Following Roe et al [43], we focus on the reduced-form representation of expected utility. 

The econometric model is based upon a conditional logistic regression model [20]. That is, 

for producer j and contract i: 

𝑉𝑉𝑗𝑗,𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1∆𝑅𝑅𝑖𝑖 + 𝛽𝛽2𝐶𝐶𝑖𝑖 + 𝛽𝛽3𝐵𝐵𝑖𝑖 + 𝛽𝛽4𝑆𝑆𝑖𝑖 + 𝛽𝛽5𝐺𝐺𝑖𝑖 + 𝜀𝜀𝑗𝑗,𝑖𝑖, for j=A,B or C.           (2) 

Contract choices A and B represent the randomly assigned unlabeled contract choices 

presented in each choice scenario, while option C is the “opt out” or “do not adopt” option. 

Given option C has no attribute levels 𝛽𝛽𝑘𝑘 = 0 for k = 0,1,2,3,4,5 for this option. 

It may be the case that the parameters of the model may be distributed across 

individuals due to preference heterogeneity for the different contract attributes. To capture 

this preference heterogeneity, let the individual specific parameter distributions be captured 

by 𝛽𝛽𝑗𝑗,𝑘𝑘 = 𝛽𝛽𝑘𝑘 + 𝜃𝜃𝑘𝑘′𝑍𝑍𝑗𝑗 + 𝜎𝜎𝑘𝑘𝑢𝑢𝑗𝑗,𝑘𝑘 for k = 0,1,2,3,4,5, where 𝑢𝑢𝑗𝑗,𝑘𝑘 is assumed to be mean zero and 

distributed following a one-sided triangle distribution (with 𝜎𝜎𝑘𝑘 = 𝛽𝛽𝑘𝑘) for the expected change 

in net returns (∆𝑅𝑅) parameter and normal distribution for all other attribute parameters for k 

=0,2,3,4,5. The one-sided triangular distribution restricts the coefficient on expected net 

returns to be positive and has been found to be useful in practical applications [50]. The 

parameter 𝜎𝜎𝑘𝑘 represents the standard deviation for the kth attribute parameter distribution; 

𝛽𝛽𝑘𝑘 + 𝜃𝜃𝑘𝑘′𝑍𝑍𝑗𝑗 is the conditional mean of for the kth attribute parameter distribution; and  𝑍𝑍𝑗𝑗 is a 

vector of famer specific characteristics [20]. All attribute parameters were assumed to be 

independent of each other.  

 Each parameter distribution for the model given by equation (2) is assumed to vary 

across the population and is conditional on a set of farmer specific characteristics. These 



characteristics are given by the set of explanatory variables identified in Table 2.  This set of 

farmer specific variables provides a mechanism to incorporate geographical, socio-economic 

and farm characteristic variables that may impact farmers’ willingness to produce a cellulosic 

feedstock as identified in previous studies [34-35,37-38,51-52].   

While each respondent ranked their choices, we only examine the first choice or one 

with highest likelihood of being chosen. Thus, equation (2) is modeled using a random 

parameter conditional logistic regression (or mixed logit) model following Greene [20] and 

Train [53]. NLOGIT 4.0 [20] is used to estimate the model, using simulated maximum 

likelihood with 1000 Halton draws using the BFGS Quasi-Newton algorithm. Given the large 

number of parameters in the model (78), full model results are not presented, but are 

available from the authors upon request. Instead, fit statistics for the model and willingness-

to-pay measures for each of the contract attributes are estimated with associated marginal 

effects.  

A common use of econometric model results is to estimate what a producer would be 

willing-to-pay (WTP) for a given contract attribute. For example, what would a producer be 

willing to pay to reduce their contract length by 1 year? Following Greene [20], a producers 

willingness to pay for a (one unit change in a) contract attribute would be equal to 𝛽𝛽𝑘𝑘/𝛽𝛽1 for 

k = 2,3,4,5. The WTP estimates provide an estimate of farmers’ preferences for different 

attributes. Given that the attribute parameters in equation (2) are functions of farmer specific 

variables, mean WTP for contract attributes across the population will be equal to 𝛽𝛽𝑘𝑘+𝜃𝜃𝑘𝑘′𝑍𝑍𝑗𝑗
𝛽𝛽1+𝜃𝜃1′𝑍𝑍𝑗𝑗

 for 

k = 2,3,4,5 at the mean of the conditional attribute parameter distributions. Thus, mean WTP 

estimates will vary with changes in farmer specific characteristics. Changes in WTP given 

changes in farmer specific variables (i.e. marginal effects for WTP) may be of interest, as 

well. The marginal effect of a binary variable is estimated using a discrete difference. For 

continuous explanatory variables, the marginal effect can be estimated as:  



𝜕𝜕𝑊𝑊𝑊𝑊𝑊𝑊𝑘𝑘
𝜕𝜕𝑍𝑍𝑚𝑚

= 𝛽𝛽1(𝜕𝜕𝛽𝛽𝑘𝑘/𝜕𝜕𝑍𝑍𝑚𝑚)−𝛽𝛽𝑘𝑘(𝜕𝜕𝛽𝛽1/𝜕𝜕𝑍𝑍𝑚𝑚)
𝛽𝛽12

. 

All mean WTP and associate marginal effects are estimated as the average across the 

individual estimates using the means of the conditional attribute parameter distributions. 

Asymptotic standard errors for mean WTP and marginal effects are estimated using the 

method of Krinsky and Robb [20]. 

 

5. Results and Discussion  

Model fit statistics, as well as mean WTP estimates and marginal effect estimates are 

provided in Table 3. Overall, the model provided good fit with the data with a McFadden 

Pseudo R2 of 0.50. In addition, the assumption of random parameters was justified as the 

standard deviations of the parameters for the intercept, percent gain in net returns under 

contract, contract length, and presence of a biorefinery harvest option were significant at the 

5% level. The choice data indicates that farmers would have adopted a contract to produce 

sweet sorghum 41 percent of the time across the 1385 choice situations they were asked to 

assess. Other survey data, which assessed the dynamics between these alternative biofuel 

feedstocks after the stated choice experiments were completed, indicated that survey 

respondents were more willing to produce a dedicated annual bioenergy crop than harvest 

crop residues or produce a dedicated perennial bioenergy crop.  

Expected returns under the contract above corn/sorghum production had a highly 

significant and positive effect (at a 1% level of significance) on a farmer’s willingness to 

produce sweet sorghum under contract (results not shown). That is, the level of returns under 

the contract relative to the next best crop alternative (corn or sorghum) significantly increases 

the probability a farmer would grow sweet sorghum. Thus, returns will likely need to be 

higher than other competing land uses. This is strongly supported by findings in previous 

studies that found that net returns (and income), as well as the opportunity cost of foregone 



income from production enterprises not undertaken on the land, significantly impact the 

likelihood of a farmer growing a bioenergy crop [35-36]. Pualrud and Laitila [37] find that 

under contract, a farmer is willing to accept less returns for growing a dedicated bioenergy 

crop than if no contract is provided, potentially due to lower risk and uncertainty. In addition, 

the level of returns required under a contract decreased as farmer experience increased. These 

results are presented here as they are not readily apparent in the WTP estimates presented 

next.   

The WTP estimates provide information about the preferences for the other contract 

attributes. For contract length, on average, a farmer would be willing to reduce the level of 

expected net returns earned per acre under the contract by $3.22 for each year they can reduce 

the length of the contract. That is, a farmer would require higher net returns the longer the 

contract [35]. This estimate increases in absolute value by $0.13 for each year of farm 

experience. As expected, farmers prefer a shorter contract, providing more flexibility for their 

farming operation. A potential benefit of a dedicated annual bioenergy crop is the ability to 

be more flexible in the short-run. Longer contracts reduce this flexibility and farmers’ 

willingness to enter into a contract [40] Farmers are willing to reduce the amount of expected 

net returns by $7.50 per acre if the biorefinery or intermediate processor provides a custom 

harvest option. Having a biorefinery harvest option increases the likelihood of producing 

sweet sorghum, providing more flexibility for timing of farming operations (e.g. interfering 

with the harvesting of other crops). 

 Insurance is an important component, especially since markets for cellulosic biomass 

are very limited in scope or do not exist yet in some locations. If insurance is available in the 

market or under the contract, then farmers would be willing to accept a contract with $6.58 

less in expected net returns per acre for having the risk protection provided by insurance. 

Thus, the availability of insurance can help to promote the adoption of sorghum biomass 



crops, as it has for other commodity crops [45], making it more comparable to other 

competing land uses. The WTP estimate for insurance was the most responsive to the socio-

economic and farm characteristics of the farmer respondents. As the percent of land rented 

increases by 1 percent, farmers would require $0.12 more in expected net returns per acre 

under the contract when insurance is available. The cost of the land rental would likely 

require the farmer to seek higher returns from the land. For each additional year of experience 

the farmer has, they would be willing to give up an extra $0.28 per acre in expected net 

returns to have insurance. In addition, for each percent increase in household income off the 

farm, a farmer would be willing to give up an additional $0.13 per acre in expected net 

returns if insurance was available. It could be the case that additional household income from 

off the farm provides the farmer with more income security and flexibility, while additional 

experience provides them with knowledge about dealing with potential difficulties of 

undertaking a new enterprise [50]. As pointed out by Hipple and Duffy [34] and Sherrington 

et al. [36], reducing market and production uncertainty about production of dedicated 

bioenergy crops, should help to increase farmers’ willingness to grow these crops, which can 

be partially alleviated with proper insurance products.   

Government incentive programs have provided a strong mechanism for promoting the 

adoption of new enterprises and practices by farmers in the past. Such incentives could be 

used to promote adoption of bioenergy crops [41]. As expected, for each 1 percent increase in 

the level of incentive payment per ton of biomass delivered to the refiner, a farmer is willing 

to give up $0.30 in expected net returns per acre. This result is obtained by assuming the 

response to the level of incentive is linear in the expected discounted utility function, making 

the WTP constant for each 1 percent increase in the incentive payment level. As with the 

other attributes, for each additional year of experience a farmer gains, the WTP increases by 

$0.01 per acre. Thus, incentive payments may provide a mechanism for promoting adoption 



if the government wants to continue to pursue a policy to increase cellulosic biofuel 

production. 

  

5. Conclusions 

Bioenergy crops play an important role in crop production on the Great Plains and in Kansas 

as farmers attempt to help meet the demands for biofuel production from both grain and 

cellulosic feedstocks. Sweet sorghum (and other sorghum varieties) is an annual crop that is 

well-suited to planting in Kansas, but much uncertainty exists as to its viability and the 

willingness of farmers to grow such crops for biofuels. While technical feasibility studies have 

provided the viability of establishing an industry around these varieties of dedicated annual 

bioenergy crops, establishment of a functioning market will not arise if farmers are not willing 

to grow the crop. A stated choice survey was developed to assess farmers’ willingness to grow 

a dedicated annual bioenergy crop for biofuels. Results from the estimation showed that 

farmers are more willing to grow crops if net returns are relatively high and contract length is 

short. In addition, results show that farmers prefer an insurance option, similar to their existing 

crop insurance, and that a government incentives can help to promote adoption. Furthermore, 

results indicate that more lucrative contracts for producers (through better pricing incentives); 

availability of insurance products, and shorter contracts could provide strong market incentives 

for farmers to enter into contracts that may not require government incentives. For example, 

based on the econometric model results, a 25% price incentive (per dry ton of biomass) offered 

by a program similar to BCAP through the U.S. federal government would lower the returns 

under the contract expected by the producer by $7.50 per acre. This same effect could be 

obtained in a contract through reductions in contract length (by up to 3 years) or offering the 

option to harvest the bioenergy crop, providing an alternative to government subsidies.    



Understanding the relative importance of key contract attributes will certainly help in 

designing effective incentive mechanisms to promote production of bioenergy crops.  

However, a contribution of this paper is in the empirical insights gained from estimated 

marginal effects of socio-economic and farm characteristics on the willingness-to-pay for 

specific contract attributes.  The insights on attribute preferences based on specific socio-

economic characteristics of growers can enhance the ability of policy makers and industry 

players to customize the incentive mechanisms to better suit the needs and preferences of 

targeted grower populations. For example, risk management products (including insurance) 

will need to be designed for production of dedicated bioenergy crops that take into account the 

experience level and land tenure arrangements of the producer. Modeling results indicated that 

farmers with more experience and less rented land were willing to forego higher returns if 

insurance products were available. Sherrick et al. [54] found that more experienced farmers 

may be able to deal with potential losses and the interaction between insurance product choice 

and market conditions. Farmers with more rented land may be less likely to purchase insurance 

products if they benefit the land-owner more than the farm operator. Thus, the findings 

presented in this paper extend the literature on biofuel contracting and provide a platform for 

further research on drivers and impediments of farmers’ adoption of dedicated annual 

bioenergy crops under contract. 

 Contract design will be one of the most important, yet most significant aspects of 

establishing markets and associated prices for biomass. Further research includes determining 

biomass prices that farmers and biorefineries can agree upon under differing contracts. As 

evidenced by Altman et al. [39] and Golecha and Gan [41] price will be a very important aspect 

of any contractual relationship. In addition, farmers face much risk and uncertainty with 

growing new crops, especially without well established markets. Designing insurance products 

for biomass producers that are similar to existing crop insurance is necessary before widespread 



bioenergy crop adoption will occur on a large scale. USDA’s Risk Management Agency 

(RMA) must work with farmers and biorefineries to arrive at marketable insurance products.  
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Table 1: Descriptive Statistics for Explanatory Variables (N=277) 
Variable Name Definition Mean Standard 

Deviation 
East Equal to 1 if farmer is located in eastern 

Kansas and 0 otherwise. 
0.37 0.49 

West Equal to 1 if farmer is located in western 
Kansas and 0 otherwise.  

0.34 0.48 

Farm Size Size of farm in acres 2150 1665 
Percent Rent Percent of farm land rented. 57.7 34.7 
Crop Sales Percent Percent of gross farm sales from crop 

production. 
70.8 26.5 

Off-Farm Income Percent of household income earned off the 
farm. 

34.4 36.7 

Experience Number of years farming 32.0 13.1 
Crop Rotation Equal to 1 if farmer uses a crop rotation 

and 0 otherwise. 
0.38 0.49 

Risk Averse Equal to 1 if the farmer considers 
themselves averse to risk and 0 otherwise. 

0.89 0.32 

College Equal to 1 if the farmer has a college 
degree and 0 otherwise. 

0.30 0.46 

Grow Sorghum Equal to 1 if the farmer has grown 
sorghum before and 0 otherwise.  

0.47 0.50 



 

  

Table 2: Contract Attributes and Levels for Stated Choice Experiments for Sweet Sorghum 
Contract 
Attribute 

Description Levels 

Net Returns (for 
all features of the 
contract except 
cost-share and 
government 
payments) 

Represents the expected percentage gain under the 
contract above net returns associated with 
corn/sorghum production on a farmer’s operation. 
As a reference point, on average, returns from 
corn/sorghum production are expected to be $50 per 
acre in Kansas.  

0%, 15%, 30% 
and 45% 
 

Contract Length Represents the time commitment in consecutive 
years of the contractual agreement. 

2,5 and 8 years 

Biorefinery 
Harvest 

“Yes” indicates the bio-refinery will harvest the 
biomass at their expense, and “No” means the 
farmer is responsible for harvest (including cutting, 
raking, baling and transportation to the bio-refinery). 
Harvest charges are included in the percentage net 
return. That is, the charges are considered paid 
regardless of who harvests the biomass. 

Yes or No 

Insurance 
Availability  

“Yes” indicates crop insurance is available, and 
“No” otherwise. 

Yes or No 

Government 
Incentive 
Payment  

This incentive payment is provided at two levels for 
production of cellulosic biofuel feedstocks delivered 
to a bio-refinery. The incentive levels are either 
none (0) or 25 percent of the price per dry ton of 
biomass delivered to the refinery. The incentive 
received is in addition to the net returns above 
production. 

0% and 25% 



  

Table 3: Willingness-to-Pay ($/acre), Associated Marginal Effect ($/acre) Estimation Results, 
and Model Fit Statistics 
 Contract 

Length 
Biorefinery 

Harvest 
Insurance 

Availability 
Government 

Incentive Payment 
 Mean Willingness-to-Pay Across Respondentsa 

(Standard Error) 
Mean -$3.22** 

($1.29) 
$7.50** 
($2.46) 

$6.58* 
($3.53) 

$0.30** 
($0.11) 

     
 Marginal Effect on Willingness-to-Paya 

(Standard Error) 
East -$1.32 

($2.72) 
$1.03 

($5.14) 
$1.91 

($7.24) 
$0.12 

($0.24) 
West -$2.59 

($3.09) 
-$4.33 
($5.96) 

$4.64 
($8.21) 

$0.03 
($0.26) 

Farm Size -$2.34E-4 
($3.50E-4) 

$7.26E-4 
($7.99E-4) 

$0.001 
($9.70E-4) 

$3.48E-5 
($3.51E-5) 

Percent Rent $0.02 
($0.02) 

$2.38E-4 
($0.04) 

-$0.12* 
($0.05) 

-$5.78E-4 
($0.002) 

Crop Sales 
Percent 

-$0.02 
($0.02) 

$0.07 
($0.05) 

$0.07 
($0.06) 

$5.73E-4 
($0.002) 

Off-Farm 
Income 

-$0.01 
($0.02) 

$0.02 
($0.04) 

$0.13* 
($0.06) 

-$2.93E-4 
($0.002) 

Experience -$0.13* 
($0.04) 

$0.13 
($0.13) 

$0.28* 
($0.13) 

$0.01* 
($0.005) 

Crop Rotation -$0.08 
($2.81) 

-$1.43 
($5.26) 

-$2.91 
($7.80) 

$0.07 
($0.23) 

Risk Averse -$0.11 
($2.45) 

$7.85 
($5.06) 

$3.46 
($6.56) 

-$0.03 
($0.23) 

College $0.65 
($2.36) 

-$1.18 
($4.61) 

$0.98 
($6.89) 

-$0.10 
($0.19) 

Grow Sorghum $1.41 
($2.48) 

-$2.02 
($4.93) 

$2.37 
($7.23) 

-$0.11 
($0.21) 

  
Model Fit Statistics 

Log Likelihood -765.7728 
McFadden Pseudo R2 0.50 
AIC 1.217 
Number of Observations 1385 
** and * denote statistical significance at the 5 and 10 percent levels, respectively. 
a All estimates of willingness-to-pay and associated marginal effects were estimated using the 
estimated mean of the conditional parameter distribution for each random parameter in the 
logistic regression model estimated. Asymptotic standard errors were estimated using the 
method of Krinsky and Robb [20]. Both mean and standard error estimates were estimated 
cutting off the tails at the 5% level of the empirical distributions of WTP to avoid extreme 
estimates [20].  



 

Sweet Sorghum Scenario: 
   

Contract A Contract B Option C 

C
on

tra
ct

 F
ea

tu
re

s Net Return Above 
Sorghum/Corn Production 

(Base: $50/ac) 
45% Higher/year 0% Higher/year 

Do Not 
Adopt 

Contract Length 5 Years 2 Years 
Biorefinery Harvest Yes No 

Insurance Availability No No 
Gov. Incentive Payment None 25% 

 Your Ranking 
(1-3) 

2048 2049 2050 

Figure 1: Example Choice Scenarios/Questions for Stated Choice Experiment 
 


