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Abstract: This study investigates the availability crop residues within 100 mile radius of a potential biorefinery in southeast North Dakota. Due to the lack of market information on biomass residue supply, we conducted farm focus group survey sessions and empirical field studies to evaluate farmers’ willingness to supply crop residues and timeliness of harvesting. Using a GIS (Geographic Information Systems) application, we locate residue supply areas and numerically show that there are enough crop residues to meet the biorefinery’s supply needs. Our evidence from farm focus group shows that farmers may not be willing to sell their crop residues because of concerns for labor availability and soil fertility losses. Farmers’ decisions to supply crop residues depend on the willingness of a biofuel firm to offer them a contract and ensure price stability. Farmers are unwilling to take any risk in supplying the residues. They prefer to transfer ownership of residues immediately after harvest and have an external party bale, store and transport the goods. The biofuel firm requires crop residues be collected dry to prevent mold. This will challenge Northern Plains farmers who wait to collect stovers prior to winter.
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1.	Introduction
Following passage of Renewable Fuel Standard (RFS) and the Energy Independence and Security Act of 2007 (EISA), U.S. ethanol demand has been steadily increasing. Most domestic ethanol production utilizes corn grain as feedstock. Rising corn prices are encouraging current and potential ethanol producers to seek alternative feedstocks, especially cellulosic sources. Because of its high potential in reducing greenhouse emissions, crop residue based ethanol is qualified as cellulosic biofuel per the federally mandated renewable fuels standard. By 2022, cellulosic ethanol production of 21 billion gallons per year will be required, creating a market opportunity. Existing biofuel producers are striving to develop cellulosic biofuels that qualify under EISA. Presently, a cellulosic biorefinery is planned to be constructed in southeast North Dakota. The biorefinery will convert wheat straw and corn stover into a variety of higher value energy products including cellulosic ethanol. Market information regarding quantities of wheat straw and corn stover available and access for biofuel production in the study region have not been collected previously. Farmers generally do not document quantities of crop residues produced on their farms because few markets exist and collection activities are less of a priority relative to grain harvest. 
This research has three objectives: 1) to look into potential market constraints to crop residue collection, 2) to evaluate the availability of wheat straw and corn stover within a 100- mile radius of biorefinery and 3) to extract information regarding farmers’ willingness to sell crop residues. Numerous studies (see [1], [2], [3], [4], [5], [6], [7], [8], [9], and [10]) have analyzed the supply of crop residues for biofuel production. These studies focused on the potential availability of crop residues considering erosion and economic factors. To the best of our knowledge, few studies examine farmers’ willingness to harvest residues for energy generation. In this paper, we not only look into potential availability of crop residues within 100 mile radius of the biorefinery under study but also farmers’ willingness to supply them. To achieve our goal, potential constraints to crop residue removal are identified in section 2. Section 3 describes the methodology and data need. Research results are interpreted and discussed in section 4 and finally, section 5 presents overall summary for our study.

2.	Constraints to Crop Residue Collection

Potential constraints to residue collection are identified and most notable ones are use of rotary combines, tenant/landowner control, and Natural Resources Conservation Service (NRCS) environmental constraints.
Rotary Combines
Combines used to harvest wheat are of two different types, conventional and rotary. Manufactures of the former are John Deere while the latter are CNH and Caterpillar.  Rotary combines have the advantage of faster grain harvesting and gentler seed handling.  However rotary combines require more horsepower to propel the crop over a larger separation area.  When straw passes through a rotary combine, it ends up coming out of the machine in very small pieces.  This poses a challenge to straw gathering as it cannot be raked or picked up with a baler. While actual market share data are not publically available, both machines are equally popular but the current trend is from conventional to rotary.  The impact of nearly one half of combines being rotary reduces potential wheat straw availability by up to half.  While growth of a straw market may entice producers to switch from rotary to conventional, the hurdle would be difficult to overcome initially.
Tenant/Landowner Control
North Dakota’s Farm Business Management records show that among the farms that participate in the association, 27 percent of farmland is owned by the operator, 66 percent is cash rented and only seven percent is share rented. Farmers who rent land have a keen interest in biomass produced on acreage, just as they do in the grain that is produced.  Since they often supply most inputs, labor, and machinery services, renters have an economic investment in output that accrues. However, landowners could also make a claim in biomass that is produced.  Historically, biomass produced on land that is leased to tenants has not been collected.  Instead, biomass produced was left on the soil providing valuable protection against wind and water erosion.  Overtime, decomposing biomass builds soil organic matter and overall soil health. Consequently, residual biomass was a portion of the return expected from the rental arrangement. North Dakota law states that tenants own production that accrues over the rental period, which broadly includes crop residues.  This line of reasoning is consistent with past practices which allow tenants to remove straw for feed and bedding. However, landowners also are protected.  The law generally prohibits a tenant from damaging the land. This could prohibit a tenant from removing extensive amount of crop residues thereby damaging the land by increased erosion and decreased soil organic matter. Hence, the amount of residue a tenant can remove is limited. 
Natural Resources Conservation Service (NRCS) Environmental Constraints
Most farms in the study region contain some highly erodible land which requires a NRCS conservation plan in order for producers to receive farm program benefits. To understand provisions NRCS might apply to wheat straw or corn stover removal across varying topographies in the study region, we held a meeting with North Dakota state NRCS staff. Due to the concerns with soil erosion and fertility loss, NRCS staff suggested that the amount of straw/stover that can be removed from the field may be limited. Even the assumption of 25 percent residue removal rate is overstated. Although NRCS is still mindful of highly erodible land characteristics and the potential for wind/water erosion, its primary focus now is on carbon. The NRCS’s overall policy is to recommend that 2-3,000 lbs of organic matter remain in the soil after harvest, regardless of crop, for carbon maintenance.  However if low residue crops like soybeans or sugarbeets are planted in rotation with wheat or corn and do not leave enough carbon in the soil, the annual deficit must be made up with wheat straw or corn stover from rotational crops in succeeding years.  As a result the availability of straw or stover is reduced. One way that producers could harvest crop residues and yet meet NRCS guidelines would be to plant a cover crop as suggested by Hans Kandel, NDSU plant scientist. Currently a research trial has underway to evaluate this potential. 

3.	Methodology and Data Description
Geography of the Study Area
The geographic area within a 100 miles radius from the biorefinery (our focal point) is defined utilizing GIS software (Fig. 1).  The counties in this area are located in three states:  North Dakota (ND), South Dakota (SD) and Minnesota (MN). Twenty eight counties are in southeast and northeast regions of ND, accounting for 90 percent of the total area of interest.  Sixteen of these counties are fully enclosed in the area of interest.  Four additional counties are located in northwest MN, contributing four percent to the total area. SD contributes six percent to the total area of interest. For each county, the percent of contribution to the 100-miles radius area is calculated using GIS utilities. Details of counties located in each State are described in Tables 1 and 2.
   [image: ]            
Fig.1 Geographic Areas within 25-, 50-, 75-, 100-Mile Radius of Biorefinery

Estimation of Wheat Straw and Corn Stover Availability
Wind erosion is a serious problem in ND, especially in the eastern part of the state ([11], [12]).  Thus crop residue cover is important for preventing wind erosion following harvest. The amount of stover that can be removed for biofuel production can be estimated using the following equation:
R = Grain Yield × Weight × SGR× Removal%× [1-Moisture%]	 
R is the quantity of removable straw/stover in dry ton per acre. Grain yield is the weighted average yield of grain crop in bushels per acre. Weight is the weight of grain in short ton per bushel converted by dividing bushel weight of 56 pounds per bushel with 2,000 pounds per short ton. Based on [3], SGR is defined as a straw/stover-to-grain ratio and it is assumed to be 1:1.5 for wheat straw and 1:1 for corn stover. Removal% is the percent of straw/stover that can be removed for biofuel production after considering wind erosion and soil fertility factors; we assume that a maximum of 25 percent of straw/stover can be removed from farm fields. Moisture% is the percent of moisture content contained in straw/stover and is assumed to be 10 percent for straw and 27.5 percent for corn stover following our sources. Grain yield data for wheat and corn were obtained from the USDA National Agricultural Statistics Service [13]. The yield data are based on the five-year (2005 to 2009) average data by county in ND, SD and MN.  
Farmer Focus Group Survey 
Farmers representing each county in southeast ND were invited to participate in a focus group session and share their interest in supplying wheat straw and corn stover following harvest of each crop. During the session, farmers were asked a variety of questions (details of questions asked are available upon request) regarding their current straw/stover collection practices, existing markets, and potential interest in participating in the new bioenergy market. A Turningpoint Audience Response System anonymously collected individual responses to several questions that participants may have been reluctant to share publicly.  Other questions were posed to generate general group discussion and responses offered were noted. Attendees enthusiastically participated in an open discussion and provided a number of thoughtful comments.  The information and feedback obtained during the focus group session are provided in the next section. 

4.	Results and Discussion
Crop Residue Availability and Density 
The total annual quantities of wheat straw and corn stover biomass residues available within 25-, 50-, 75-, and 100-mile radii of biorefinery are estimated based on the available factor of 25 percent and shown by State and county in Tables 1 and 2. Table 1 shows that within a 100-mile radius, counties in ND contribute about one million tons (or 91 percent) of wheat straw to the overall quantity produced.  Counties in MN and SD contribute seven percent and two percent respectively. Similar interpretations can be made for counties within a 25-, 50- or 75-mile zone. Table 2 indicates that within a 100-mile radius zone, about 0.84 million tons or 82 percent of corn stover residue production comes from ND.  SD contributes 14 percent of the total biomass produced. The remaining stover production comes from MN with the amount less than four percent of the total.  It is assumed that the biorefinery planned to be constructed in the southeast ND requires a total of 480,000 tons of either wheat straw or corn stover or a combination of both annually. Our results in the tables show that within ND alone there are enough crop residues to meet the supply need of the biorefinery. In order to reduce the distance and cost of collecting and hauling crop residues, a biofuel firm should source the residues from nearby counties with the greatest residue density. Using a GIS application, we depict the location and density of wheat straw and corn stover within 100-mile radius of the biorefinery as can be seen in Fig. 2 and 3. The figures show that geographically wheat straw (corn stover) is highly concentrated in the northern (southern) part of the biorefinery. Greater density or concentration of wheat (corn) acres means more straw (stover) can be supplied with lower collection effort and more assurance. But the disadvantage is that more distance would have to be traveled to collect straw (stover) in the north (south) which would result in an increase in hauling distance and hence cost. Thus, the two criteria of density and distance represent an economic tradeoff.  



Table 1 Wheat Straw Availability based on 25-100 Mile Radius Zone
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Table 2 Corn Stover Availability based on 25-100 Mile Radius Zone
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Fig.2 Density (in percent) of Wheat Straw within 100 Mile Radius of Biorefinery 
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Fig.3 Density (in percent) of Corn Stover within 100 Mile Radius of Biorefinery 



	
Impact of Crop Harvest Scheduling and Combine Cutting Height on Residue Collection 

Crop residue baling usually occurs immediately after harvest to minimize damage from rain. Accurate quantification of the crop harvest to tillage window in the study region has significant implications for the scheduling of residue collection activities. An additional component was added to the study to measure the rate of harvest tillage progression for the case of wheat. The procedure was to survey a cross section of wheat fields in the study region, stretching from Fargo ND to Carrington ND, and document the number of fields that have been tilled, dragged or left untouched.  This survey was conducted weekly on Aug. 18, Aug. 26, Sept. 2 and Sept. 9, in the year 2010.  Since wheat harvest was essentially completed during the first two weeks of August, these survey time periods represent 1 to 4 weeks after harvest. Nearly 130 fields were monitored. 
When counting fields, we enumerated fields within eyesight of the road which was generally one mile on each side.  No attempt was made to weigh results by field size.  Finally, a field that was partially tilled was enumerated as a fully tilled field.  Such activity was generally along field edges and water ways.  Even though undisturbed land remained, it was assumed any straw on those fields would have to be removed prior to partial tillage to avoid congestion.  The same exclusion was made for either straw bales on a field or stacked in-field. Results of the survey show that approximately 20 percent of the wheat acreage is tilled each week following harvest (Fig. 4). Because of crop tillage after harvest, crop residue collection can be delayed which can have an impact on the quality and quantity of residues harvested.
The height at which farmers combine wheat directly impacts straw collection activities. Ideally, farmers prefer to straight cut wheat without windrowing and take only the upper most portion of the plant.  This minimizes the amount of material passing through the machine, increases capacity which in turn speeds harvest.  If only the top portion of the plant is harvested (6 to 12 inches), mowing and raking operations maybe required prior to straw baling to collect all potential straw. Alternatively, adverse weather may result in uneven crop stands and/or weed growth which results in the need for lower cutting heights or swathing.  In this situation, more straw passes through the combine and additional mowing operations are generally not needed. We interviewed farmers with regard to their combine cutting heights and received quite varied responses.  As a consequence, a survey of combine cutting height was taken concurrently with the wheat harvest tillage study.  Wheat stubble heights at 10 locations, equally spaced from Fargo to Carrington, were randomly measured. The average cutting height from our survey was 7.6” as compared to average plant height of wheat (34.6”) in Fig. 5.  



Fig. 4 Progression of Wheat Tillage. 



Fig. 5 Height of Wheat Variety Planted at the NDSU Carrington Research Extension Center 

Farm Focus Group 
To understand farmers’ willingness to supply residues for biofuel production, we conducted a focus group survey session. Farmers participating in the focus group indicated they planted from 200 acres to 3,000 acres for wheat and zero acres to 6,400 acres for corn in 2010 (Table 3). The average acres of wheat and corn planted were 869 acres and 837 acres, respectively. Since most farmers in the region purchase federal crop insurance, they are familiar with “proven yields” which determines their actuarially fair premium payment.  Historical average or proven yields on focus group farms varied from 36 to 60 bushels per acre for wheat and zero to 150 bushels per acre for corn (Table 4). The majority of participants have the following crop rotation: spring wheat, corn and soybeans (Table 5). Most farmers expected the amount of wheat planted would stay the same in the near future (without taking consideration of the additional demand of wheat straw or corn stover from the biorefinery). Spring wheat is the predominant type of wheat currently planted by the participants as can be seen in Table 6. Only one-fourth of the farmers planted winter wheat.  The most common variety planted was Traverse, followed by Glenn and Faller.
	Since wind erosion is a serious problem in ND, crop residue cover is important for preventing soil erosion during winter months following harvest. Although wheat residues are available on all of the participant farms (Table 7), the majority of participants (61 percent) are reluctant to harvest them because of concerns for soil fertility loss and erosion problem (Tables 8 and 9). The rest of the focus group participants (39 percent) are willing to collect straw if biofuel feedstock market becomes available. At present, commercial demand for crop residues in ND mainly comes from a particleboard company. Another market source is from livestock producers who purchase straw for bedding.  Almost all the farmers participated in our study do not currently sell straw due to the lack of market for crop residues in their regions. Most farmers use straw on their own farms for livestock bedding. Round baling is the most commonly used method of compacting straw as it is relatively cheaper than large square baling, given the quantities they are handling.  Twine is widely used to tie round bales which are usually left outside uncovered. 
	The majority of farmers (59 percent in Table 10) would be interested in collecting more wheat residues if a biofuel firm started purchasing them. About 35 percent say they would need more information before making a final decision. This suggests that farmers need assurance on price or market stability. This is evident by the fact that the majority of farmers prefer to sell on contract rather than on open market (Table 11). The availability of a contract and specific price terms offered by a firm would likely be one of the important factors that determine farmers’ willingness to sell the residues. Most farmers prefer to contract most of their residues than not to contract at all (Table 12). The most important contract factor that almost all farmers agree on is the price as indicated in Table 13. The price that farmers are willing to accept to sell their residues varies from $15 per ton to $50 per ton (Table 14). Price variations occur because farmers’ willingness to sell is influenced by their opportunity costs. For example, some farmers are not willing to sell at a low price because it would be more valuable for them to use crop residues as animal feed and bedding. And in some parts of the State where wind erosion is severe, farmers suggested that they would be reluctant to sell the residues unless they are well compensated for taking risks. Most farmers are reluctant to bale, stack, and haul the residues and prefer to just sell them (Table 15). This preference occurs because the time to collect residues after combining is short and most importantly, due to labor shortage; farmers simply do not have time for baling and hauling the residues. According to our discussion with farmers, generally the time to collect crop residues is less than a week and most seemed to agree that a couple of days would be more reasonable.   
	Farmers identified two constraints impacting their ability to collect crop residues - available time and weather.  They have great difficulty finding additional labor to assist with residue collection.  Even if farmers left crop residues on the ground, a third party with sufficient labor would be challenged to collect them, especially from corn that is sufficiently dry. Biomass with higher moisture fosters mold growth which impedes the enzymatic biofuel conversion process. Thus, a biofuel firm will likely purchase biomass with a low moisture level.  However, farmers remarked that harvesting crop residues especially corn stovers at a low moisture level will be challenging because the corn harvest is conducted later in fall when precipitation is more common and natural drying is slower than during the summer wheat harvest.
	If farmers were asked to contract, about 41 percent of them would make the decision to sell the residues during the growing season, 29 percent during planting and another 29 percent in/around harvesting season (Table 16). The majority of them prefer to store covered and baled residues at roadside (Table 17). However, at present, most farmers participating are not interested in delivering residues to the biorefinery (Table 18). This is mainly due to the extremely limited time that farmers have during the harvest season. Their interests in supplying crop residues would certainly increase if a third party bales, stores and transports the residues.

Table 3 Planted Acres in 2010 
	Participant Number
	Wheat
	Corn

	1
	         1,500 
	         6,400 

	2
	            600 
	            100 

	3
	            600 
	            850 

	4
	            500 
	            400 

	5
	         1,100 
	               0   

	6
	         1,000 
	            700 

	7
	            600 
	            500 

	8
	            600 
	            525 

	9
	            800 
	            100 

	10
	         3,000 
	                0   

	11
	         1,200 
	                0   

	12
	            300 
	            100 

	13
	            500 
	         1,000 

	14
	            600 
	            550 

	15
	            200 
	         2,000 

	16
	            800 
	            170 

	Average
	          869 
	            837 




Table 4 Historical Average Yield (bu/ac)
	Participant Number 
	Wheat
	Corn

	1
	            49 
	           125 

	2
	            50 
	           150 

	3
	            60 
	           125 

	4
	            45 
	           120 

	5
	            40 
	               0   

	6
	            36 
	           120 

	7
	            50 
	           120 

	8
	            42 
	           125 

	9
	            50 
	           120 

	10
	            45 
	               0   

	11
	            40 
	               0   

	12
	            40 
	           110 

	13
	            45 
	           100 

	14
	            40 
	           120 

	15
	            60 
	           125 

	16
	            36 
	           110 

	Average
	           46
	            121



Table 5 Typical Crop Rotation
	Participant Number
	Year
	Primary Rotation 
	Secondary Rotation

	#1
	1
	Soybeans
	 

	 
	2
	Spring Wheat
	 

	 
	3
	Corn
	 

	 
	4
	Sunflowers
	 

	#2
	1
	Spring Wheat
	Corn

	 
	2
	Soybeans
	Soybeans

	 
	3
	Spring Wheat
	Corn

	#3
	1
	Spring Wheat
	 

	 
	2
	Soybeans
	 

	 
	3
	Corn
	 

	#4
	1
	Corn
	 

	 
	2
	Soybeans
	 

	 
	3
	Spring Wheat/Barley
	 

	#5
	1
	Spring Wheat
	 

	 
	2
	Soybeans
	 

	#6
	1
	Spring Wheat
	Spring Wheat

	 
	2
	Corn
	Soybeans

	 
	3
	Soybeans
	 

	#7
	1
	Corn
	 

	 
	2
	Soybeans
	 

	 
	3
	Spring Wheat
	 

	#8
	1
	Spring Wheat
	 

	 
	2
	Soybeans
	 

	 
	3
	Corn
	 

	 
	4
	Soybeans
	 

	#9
	1
	Spring Wheat
	 

	 
	2
	Winter Wheat
	 

	 
	3
	Soybeans
	 

	#10
	1
	Spring Wheat
	 

	 
	2
	Soybeans
	 

	 
	3
	Canola
	 

	 
	4
	Barley
	 

	#11
	1
	Spring Wheat
	Corn (not grown regularly)

	 
	2
	Dry beans
	Soybeans

	 
	3
	 
	Barley

	#12
	1
	Spring Wheat/Oats
	 

	 
	2
	Soybeans
	 

	 
	3
	Corn
	 

	#13
	1
	Spring Wheat
	 

	 
	2
	Corn
	 

	 
	3
	Soybeans
	 

	#14
	1
	Soybeans
	 

	 
	2
	Spring Wheat/Corn
	 

	#15
	1
	Soybeans
	 

	 
	2
	Sunflowers
	 

	 
	3
	Corn
	 

	 
	4
	Spring Wheat
	 

	#16
	1
	Spring Wheat
	 

	 
	2
	Soybeans
	 

	 
	3
	Corn
	 

	 
	4
	Barley
	 

	 
	5
	Sunflowers
	 





Table 6 Predominant Wheat Variety Planted
	Participant Number
	Wheat Type

	1
	 Spring (Faller) 

	2
	 Spring (Glenn) 

	3
	 Spring/Winter  

	4
	 Spring (Traverse) 

	5
	 Spring (Traverse) 

	6
	 Spring (Traverse) 

	7
	 Spring (Briggs) 

	8
	 Winter (Brennan) 

	9
	 Spring (Alsen)/Winter (Briggs) 

	10
	 Spring (Glenn) 

	11
	 Spring (Faller,Glenn) 

	12
	 Spring (Faller) 

	13
	 Spring (Alsen) 

	14
	 Spring (Traverse) 

	15
	 Spring/Winter  

	16
	 Spring (Faller) 




Table 7 Quantity of Straw Available
	Straw Availability
	 Percent Response 
	Number of Participants

	Less than 100 tons
	5.56%
	1

	101-200 tons
	16.67%
	3

	201-300 tons
	22.22%
	4

	301-400 tons
	11.11%
	2

	400-500 tons
	11.11%
	2

	More than 500 tons
	33.33%
	6

	Total
	100.00%
	18




Table 8 Tons of Straw Expect to be Harvested
	Straw Availability
	 Percent Response 
	Number of Participants

	Less than 100 tons
	64.29%
	9

	101-200 tons
	7.14%
	1

	201-300 tons
	7.14%
	1

	301-400 tons
	7.14%
	1

	400-500 tons
	0.00%
	0

	More than 500 tons
	14.29%
	2

	Total
	100.00%
	14



Table 9 Reasons Why Participants Do Not Collect More Straw
	Reason
	 Percent Response 
	Number of Participants

	Too distant to haul
	0.00%
	0

	No market
	38.89%
	7

	Environmental concern
	11.11%
	2

	Fertility loss
	50.00%
	9

	Loss of wildlife habitat
	0.00%
	0

	No time
	0.00%
	0

	Total
	100.00%
	18





Table 10 Interest in Collecting Straw for a Biorefinery 
	Interest
	 Percent Response 
	Number of Participants

	I would be interested in collecting more straw
	58.82%
	10

	I would collect same, but not sell/use as much elsewhere
	0.00%
	0

	I would not be interested in selling straw
	5.88%
	1

	Need more information, can’t decide now
	35.29%
	6

	Total
	100.00%
	17




Table 11 Preferred Marketing Arrangement: Open Market vs. Contract
	Contract Term
	 Percent Response 
	Number of Participant

	Sell on contract
	81%
	13

	Sell on open market
	19%
	3

	Total
	100%
	16



Table 12 Portion of Production Farmers are Willing to Contract to Sell 
	Portion of  Production
	 Percent Response 
	Number of Participants

	Contract most
	79%
	11

	Contract 75%
	14%
	2

	Contract 50%
	7%
	1

	Contract 25%
	0%
	0

	Not to contract
	0%
	0

	Total
	100%
	14




Table 13 Most Important Factor in Decision to Sell Straw
	Contract Factor
	 Percent Response 
	Number of Participants

	Price
	93.33%
	14

	Quality discounts
	0.00%
	0

	Delivery time
	0.00%
	0

	Distance to haul
	0.00%
	0

	Storage payment
	0.00%
	0

	Other factor
	6.67%
	1

	Total
	100.00%
	15



Table 14 Price of Wheat Straw Participants Willing to Accept
	Participant Number
	Wheat Straw ($/ton)

	1
	                                         -   

	2
	                                  35.00 

	3
	                                  40.00 

	4
	                                  30.00 

	5
	                                  25.00 

	6
	                                  20.00 

	7
	                                  25.00 

	8
	                                  50.00 

	9
	                                  40.00 

	10
	                                  50.00 

	11
	                                  20.00 

	12
	                                  30.00 

	13
	                                  15.00 

	14
	                                  15.00 

	15
	                                  15.00 

	16
	                                  50.00 

	Average
	                                  30.67 








Table 15 Preference for Handling Straw
	Preference
	 Percent Response 
	Number of Participants

	Just bale and leave in field
	0.00%
	0

	Bale and stack at road
	0.00%
	0

	Bale, stack, and store
	0.00%
	0

	Bale, haul part way to Spiritwood
	12.50%
	2

	Bale, haul to Spiritwood
	0.00%
	0

	Just sell straw
	81.25%
	13

	Not interested at all
	6.25%
	1

	Total
	100.00%
	16




Table 16 When Farmers will Likely be Willing to Sell Straw
	Preference
	 Percent Response 
	Number of Participants

	At planting
	29%
	5

	During growing season
	41%
	7

	Around combining
	29%
	5

	After harvest
	0%
	0

	Total
	100%
	17




Table 17 Preference on How to Store Straw
	Storing Method
	 Percent Response 
	Number of Participant

	Uncovered bales, scattered in field
	0.00%
	0

	Covered bales, scattered in field
	0.00%
	0

	Uncovered bales at roadside
	23.53%
	4

	Covered bales at roadside
	52.94%
	9

	Stored in building
	17.65%
	3

	Other
	5.88%
	1

	Total
	100.00%
	17




Table 18 Willingness to Deliver Straw
	Time Preference
	 Percent Response 
	Number of Participant

	Anytime, with day notice
	6.25%
	1

	Yes, with 2 week notice
	18.75%
	3

	I would not deliver in spring or fall
	12.50%
	2

	Only deliver in winter
	6.25%
	1

	Not interested
	56.25%
	9

	Total
	100.00%
	16











5.	Conclusions
This study indicates that presently few markets exist in/around the region for supplying crop residues. Our estimated results show that there are enough crop residues available for biofuel production. However, farmers may not be willing to supply all of them because of concerns for harvest time limits and soil fertility losses. There is a general interest in exploring an economic opportunity to sell crop residues among farmers. Their decisions to supply them will depend on the contract price a biofuel firm is willing to offer.  Most farmers are unwilling to take any risk in supplying the residues. To take advantage of price stability, they would rather sell their goods on contract than on open market. There is little or no interest on the part of farmers to purchase a large square baler and provide the labor. The majority prefer to have an external party bale, store and transport the residues. They simply do not have time for another operation and did not anticipate an adequate return to justify investing in a large square baler.
	Due to changing weather, the window for collecting a single crop residue is short (a couple of days).  This reinforces the need to look at multiple crop residues to extend baling time. A biofuel firm requires crop residues be collected dry to prevent mold. This seems to be a challenging issue for farmers. For example, when harvested, corn stover likely contains more moisture than wheat straw. More than half of the farmers indicated an interest in transferring ownership of the residues immediately after harvest. Only a few expressed interest in retaining ownership until delivery. Even in this scenario, they envision someone else baling and hauling the residues. Farmers would encourage a bioenergy firm to manage risk by maintaining a significant inventory of residues. They clearly stated that they have no intent of assuming risk of supply in any form. Other factors such as timeliness of harvesting and combine cutting height can have an impact on the amount of crop residues collected. 
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State/County Total (ton) Ton per Acre Total (ton) Ton per Acre Total (ton) Ton per Acre Total (ton) Ton per Acre

ND 

Barnes 22,278             0.42                    62,277               0.42                      62,619               0.42                   62,619               0.42                    

Benson 22,235               0.35                   53,106               0.35                    

Burleigh 2,215                 0.29                   26,373               0.29                    

Cass 9,754                 0.43                      56,933               0.43                   76,923               0.43                    

Dickey 13,430               0.38                   16,916               0.38                    

Eddy 12,250               0.39                      19,884               0.39                   19,884               0.39                    

Emmons 885                    0.31                   27,693               0.31                    

Foster 6,240               0.42                    32,309               0.42                      32,309               0.42                   32,309               0.42                    

Grand Forks 28,800               0.45                   90,227               0.45                    

Griggs 6,401               0.41                    30,636               0.41                      30,636               0.41                   30,636               0.41                    

Kidder 4,175                 0.32                      20,203               0.32                   20,283               0.32                    

La Moure 20,655               0.40                      28,667               0.40                   28,667               0.40                    

Logan 3,390                 0.28                      20,383               0.28                   22,061               0.28                    

McHenry 1,611                 0.31                    

McIntosh 10,013               0.32                   29,672               0.32                    

Nelson 6,558                 0.38                      40,886               0.38                   46,909               0.38                    

Pierce 14,463               0.33                    

Ramsey 11,790               0.37                   47,129               0.37                    

Ransom 2,727                 0.46                      24,699               0.46                   26,652               0.46                    

Richland 1,055                 0.39                   38,686               0.67                    

Sargent 5,384                 0.43                   22,609               0.43                    

Sheridan 1,263                 0.31                   27,646               0.31                    

Steele 19,528               0.43                      37,035               0.43                   37,035               0.43                    

Stutsman 29,067             0.38                    57,961               0.38                      57,988               0.38                   57,988               0.38                    

Towner 9,475                 0.37                    

Traill 25,967               0.46                   44,029               0.46                    

Walsh 48,751               0.41                    

Wells 11,716               0.39                      70,831               0.39                   80,858               0.39                    

ND Total 63,987             0.41                    273,934             0.39                      626,111             0.38                   1,041,210          0.39                    

SD 

Brown 9,837                 0.43                    

Campbell 523                    0.35                    

Marshall 2,339                 0.42                    

McPherson 10,874               0.37                    

SD Total 23,573               0.39                    

MN 

Clay 24,769               0.44                    

Norman 26,973               0.47                    

Polk 28,657               0.51                    

Wilkin 4,124                 0.38                    

MN Total 84,524               0.45                    

Grand Total 63,987             273,934             626,111             1,149,307         

25 Mile Radius 50 Mile Radius 75 Mile Radius 100 Mile Radius
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State/County Total (ton) Ton per Acre Total (ton) Ton per Acre Total (ton) Ton per Acre Total (ton) Ton per Acre

ND 

Barnes 21,588             0.56                    60,349               0.56                      60,680               0.56                   60,680               0.56                    

Benson 6,101                 0.42                   14,572               0.42                    

Burleigh 474                    0.42                   5,642                 0.42                    

Cass 14,500               0.60                      84,635               0.60                   114,353             0.60                    

Dickey 57,567               0.62                   72,508               0.62                    

Eddy 3,460                 0.47                      5,615                 0.47                   5,615                 0.47                    

Emmons 366                    0.45                   11,456               0.45                    

Foster 2,853               0.49                    14,773               0.49                      14,773               0.49                   14,773               0.49                    

Grand Forks 10,120               0.55                   31,704               0.55                    

Griggs 2,613               0.53                    12,505               0.53                      12,505               0.53                   12,505               0.53                    

Kidder 1,251                 0.52                      6,052                 0.52                   6,076                 0.52                    

La Moure 53,428               0.61                      74,154               0.61                   74,154               0.61                    

Logan 1,259                 0.42                      7,571                 0.42                   8,195                 0.42                    

McHenry 242                    0.40                    

McIntosh 2,871                 0.46                   8,508                 0.46                    

Nelson 1,276                 0.47                      7,958                 0.47                   9,130                 0.47                    

Pierce 1,374                 0.37                    

Ramsey 5,186                 0.46                   20,729               0.46                    

Ransom 4,504                 0.63                      40,793               0.63                   44,019               0.63                    

Richland 3,980                 0.60                   86,113               0.60                    

Sargent 14,215               0.62                   59,688               0.62                    

Sheridan 95                      0.43                   2,087                 0.43                    

Steele 18,497               0.55                      35,080               0.55                   35,080               0.55                    

Stutsman 27,176             0.53                    54,190               0.53                      54,216               0.53                   54,216               0.53                    

Towner 514                    0.46                    

Traill 37,123               0.58                   62,944               0.58                    

Walsh 6,541                 0.51                    

Wells 2,870                 0.45                      17,349               0.45                   19,805               0.45                    

ND Total 54,231             0.53                    242,861             0.52                      559,480             0.52                   843,223             0.51                    

SD 

Brown 103,025             0.96                    

Campbell 663                    0.61                    

Marshall 20,408               0.76                    

McPherson 16,729               0.66                    

SD Total 140,824             0.75                    

MN 

Clay 19,731               0.62                    

Norman 13,643               0.59                    

Polk 2,436                 0.41                    

Wilkin 3,534                 0.59                    

MN Total 39,344               0.55                    

Grand Total 54,231             242,861             559,480             1,023,391         

25 Mile Radius 50 Mile Radius 75 Mile Radius 100 Mile Radius
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