Arkansas Biomass Resource Assessment
Introduction
This study was funded by a grant from the Department of Energy, through the Southern States Energy Board, to the Arkansas Energy Office (AEO). Partners in the project include AEO, Arkansas Department of Environmental Quality, and the Arkansas Forestry Commission. The purpose of this study is to inform public policy makers and agency program planners, private sector entrepreneurs, equipment vendors, and potential investors, public utilities so that they can more effectively quantify target feedstocks and identify target locations for bioenergy systems in the state of Arkansas. 
The results of this study are presented in four categories – agriculture, forestry, animal, and municipal – which make up 52%, 28%, 14%, and 7% of the biomass resource, respectively. Detailed information, including maps data tables are presented throughout this report. 
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=380&image=/media/83353/biomassResource_map.jpg]
Arkansas has an excellent biomass resource potential. An estimated 19.8 billion kWh of electricity could be generated using renewable biomass fuels in Arkansas. This is enough electricity to fully supply the annual needs of 1,979,000 average homes, or 150 percent of the residential electricity use in Arkansas. These biomass resource supply figures are based on estimates for five general categories of biomass: urban residues, mill residues, forest residues, agricultural residues, and energy crops. Of these potential biomass supplies and the quantities cited below, most forest residues, agricultural residues, and energy crops are not presently economic for energy use. 
 (
Wood is the most commonly used biomass fuel for heat and power. Photo: NREL 
)[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=380&image=/media/83373/woodChips.jpg]Wood is the most commonly used biomass fuel for heat and power. The most economic sources of wood fuels are usually urban residues and mill residues. Urban residues used for power generation consist mainly of chips and grindings of clean, non-hazardous wood from construction activities, woody yard and right-of-way trimmings, and discarded wood products such as waste pallets and crates. Local governments can encourage segregation of clean wood from other forms of municipal waste to help ensure its re-use for mulch, energy, and other markets. Using clean and segregated biomass materials for electricity generation recovers their energy value while avoiding landfill disposal. Mill residues, such as sawdust, bark, and wood scraps from paper, lumber, and furniture manufacturing operations are typically very clean and can be used as fuel by a wide range of biomass energy systems. The estimated supplies of urban and mill residues available for energy uses in Arkansas are 667,000 and 4,705,000 dry tons per year, respectively.  
Forest residues include underutilized logging residues, imperfect commercial trees, dead wood, and other non-commercial trees that need to be thinned from crowded, unhealthy, fire-prone forests. Because of their sparseness and remote location, these residues are usually more expensive to recover than urban and mill residues. The estimated supply of forest residues for Arkansas is 1,738,000 dry tons per year. 
 (
Agricultural residue, such as this corn 
stover
, can serve as a source for biomass. Photo: NREL
  
)[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=380&image=/media/83358/cornStover.jpg]Agricultural residues are the biomass materials remaining after harvesting agricultural crops. These residues include wheat straw, corn stover (leaves, stalks, and cobs), orchard trimmings, rice straw and husks, and bagasse (sugar cane residue). Due to the high costs for recovering most agricultural residues, they are not yet widely used for energy purposes; however, they can offer a sizeable biomass resource if supply infrastructures are developed to economically recover and deliver them to energy facilities. An estimated 984,000 dry tons per year is available from corn stover and wheat straw in Arkansas. 
Energy crops are crops developed and grown specifically for fuel. These crops are carefully selected to be fast-growing, drought and pest resistant, and readily harvested alternative crops. Energy crops include fast-growing trees, shrubs, and grasses such as hybrid poplars, hybrid willows, and switchgrass, respectively. In addition to environmental benefits, energy crops can provide income benefits for farmers and rural land owners. For Arkansas, the production potential for energy crops is estimated at 5,510,000 million dry tons per year. 
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=380&image=/media/83363/forestry.jpg]Forestry Biomass
Forestry biomass resources in Arkansas include in-forest and milling residues. For Arkansas, all of the data is based on estimated timber removal data compiled by the Arkansas Forestry Commission (AFC). The AFC undertakes this analysis annually; the calculations in this assessment reflect the AFC's data for 2003. Timber removal estimates are available from AFC by county for both pine and hardwood timber, so residue production estimates are shown in this assessment for each woody type. 
The following table provides a summary of forestry biomass residues generated in Arkansas (all figures are in dry tons per year): 
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=380&image=/media/83368/forestry_biomassTable.jpg]
Pine Production and Residues by County
Pine Production
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171771/pine-production-tons.png]
Pine In Forest Residues
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171765/pine-in-forest-residue-tons-updated.png]
Primary Milling Residues
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171768/pine-primary-milling-residu.png]

TABLES!!


Hardwoods
Hardwood Production and Residues by County
Hardwood Production
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171704/hardwood-production-tons.png]
Hardwood In-Forest Residues
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171695/hardwood-in-forest-residues-updated.png]
Hardwood Primary Milling Residues
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171701/hardwood-milling-residue.png]
Open or download all forestry data in Excel format by clicking:
[image: http://www.arkansasenergy.org/images/Bioenergy/excel.jpg]


Livestock Biomass
Animal biomass resources in Arkansas include manure and poultry litter. For this resource assessment, animal manure has been calculated and presented on the basis of "dry tons per year per county" for each of the following animal categories and subcategories: 
· Cattle 
· Beef 
· Dairy 
· Swine 
· Breeding stock 
· Other (primary feeder pigs) 
· Poultry 
· Broilers (manure and Litter) 
· Layers 
· Replacement pullets 
· Turkeys   


Cattle
According to the USDA NASS 2002 Census data, the vast majority of cattle operations in Arkansas are for beef producers rather than dairy: 
· Beef = 99.1% of all cattle farms 
· Beef = 96.5% of all cattle 
· Beef manure = 93.9% of all cattle in manure 
On average, dairy farms are larger than beef farms: herd sizes average 115 and 30 animals, respectively. On average, dairy cattle produce more manure than beef cattle: 2.4 and 1.3 tons/year/animal, respectively. 
The foregoing reflects the facts that dairy cattle are, on average, larger than beef cattle, and that dairy farms tend to be larger than beef farms (although at an average of 115 animals per farm, dairy farm sizes in Arkansas are much smaller than typical dairy farms in most areas of concentrated dairy production elsewhere in the U.S.). Also, there are no concentrated beef feedlots in Arkansas. 
Summary of cattle-derived biomass: 
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171605/cattle%20table.png]
Dairy Cattle Inventory, Manure Production and Average Farm Size by County
Dairy Cattle Inventory
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171667/dairy-inv.png]
Dairy Cattle Annual Manure Production
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171670/dairy-manure.png]
Dairy Cattle Average Farm Size
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171664/dairy-avg-farm-size.png]
Beef Cattle Inventory, Manure Production and Average Farm Size by County
Beef Cattle Inventory
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171578/beef-inv.png]
Beef Cattle Annual Manure Production
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171584/beef-manure.png]
Beef Cattle Average Farm Size
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171575/beef-avg-farm-size.png]
Open or download all livestock data in Excel format by clicking:
[image: http://www.arkansasenergy.org/images/Bioenergy/excel.jpg]


Swine
According to the USDA NASS 2002 Census data, 41.2% of State's swine farms are for breeding (the data does not differentiate between farrow-to-nursery, farrow-to-grower, farrow-to-finish, or other farrowing operations). The remaining swine farms (58.8%) are classified as "other swine" (the data does not differentiate between nursery-to-feeder, nursery-to-finish, feeder-to-finish, or other types of swine operations). 
Basic statistics of swine farms and swine manure production in Arkansas: 
· Total # of swine operations: 1,212 
· Average herd size = 119 animals/farm (105 - farrowing; 130 - other) 
· Average manure production per farm: 21.9 dry tons/year (24.5 - farrowing; 20.1- other) 
· Total swine manure production = 26,500 dry tons/year (46% at farrowing operations) 
Most of the swine operations in Arkansas utilize flush systems for manure removal from production barns; the effluent is mostly water (solids are typically less than 2% and often just a fraction of 1%) and is typically discharged into a holding basin or lagoon. As such, the manure is not collectible in solid form per se, although a portion of the material could be obtained through screening. 
Thus, from a biomass resource perspective, at least some of the swine farms in Arkansas may be able to benefit from anaerobic digestion of the effluent (with subsequent biogas production and utilization). However, from a technical perspective this may entail modifications to the existing basins/lagoons to enable/optimize conditions for anaerobic digestion (and from an economic perspective such modifications would have to be compared to the potential benefits from biogas utilization on a case-by-case basis). 
The following is a summary of swine biomass production in Arkansas: 
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171879/swine%20table.png]
Swine Breeder Inventory, Manure Production and Farm Size by County
Swine Breeder Inventory
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171885/swine-breeder-inv.png]
Swine Breeder Manure Production
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171888/swine-breeder-manure.png]
Swine Breeder Average Farm Size
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171882/swine-breeder-avg-farm-size.png]
Swine Other Inventory, Manure Production and Average Farm Size by County
Swine Other Inventory
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171894/swine-other-inv.png]
Swine Other Manure Production
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171897/swine-other-manure.png]
Swine Other Average Farm Size
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171891/swine-other-avg-farm-size.png]
Open or download all livestock data in Excel format by clicking:
[image: http://www.arkansasenergy.org/images/Bioenergy/excel.jpg]


Poultry
The USDA NASS 2002 Census provides data for each of the basic subcategories of poultry production operations: broilers, layers, replacement pullets, and turkeys. Most poultry farms consist of one type or another (i.e., not mixed at the same location). For this assessment, manure production is calculated for each subcategory as excreted and on a dry matter basis. Litter production is also estimated using a generally accepted assumption for litter generation per bird of 2.14 pounds of litter as is per bird produced (note: actual litter generation per bird varies considerably based on a variety of factors). 
The table summarizes the assessment results re the Arkansas poultry industry. 
From a biomass collection and utilization standpoint, litter from broiler and turkey operations is readily collectible, and there are numerous potential uses in addition to the historical practice of land application as an organic fertilizer/soil amendment product. Manure/litter from layer/pullet operations typically has higher moisture content than broiler or turkey litter but is also collectible and potentially usable. 
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171792/poultry%20table.png]
Poultry Layer Inventory, Manure Production and Flock Size by County
Poultry Layer Inventory
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171807/poultry-layer-inventory.png]
Poultry Layer Manure Production
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171810/poultry-layer-manure.png]
Poultry Layer Average Flock Size
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171804/poultry-layer-avg-farm.png]
Poultry Replacement Pullet Inventory, Manure Production and Flock Size by County
Poultry Replacement Pullet Inventory
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171816/poultry-repl-pullet-inv.png]
Poultry Replacement Pullet Manure Production
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171819/poultry-replacement-pullet-.png]
Poultry Replacement Pullet Average Flock Size
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171813/poultry-pullet-avg-farm.png]
Turkey Inventory, Litter Production, and Flock Size by County
Turkey Inventory
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171825/poultry-turkey-inventory.png]
Turkey Litter Production
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171828/poultry-turkey-litter.png]
Turkey Average Flock Size
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171822/poultry-turkey-avg-farm.png]
Open or download all livestock data in Excel format by clicking:
[image: http://www.arkansasenergy.org/images/Bioenergy/excel.jpg]


Municipal Biomass
Municipal biomass resources primarily include biosolids, various categories of waste paper, various categories of woody residues, yard waste (also referred to as green waste or yard debris), and used cooking oil. All of the municipal biomass data was provided by Arkansas Department of Environmental Quality (ADEQ) from two data sets (biosolids and recycling data). The collected data is summarized as follows: 
· Recycling 
· Biosolids 


Recycling
Recycling by County
Paper Recycling
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171844/recycling-paper.png]
Wood Recycling
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171841/recycl-wood.png]
Recycling Yard Waste
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171847/recycling-yard-wast.png]
NOTE: The ADEQ data for other municipal biomass is from a 2002 county-level [voluntary response] survey of recycled materials submitted to the Solid Waste Division. All data is in tons, although it is not known which data is reported in "as is" tons or on a dry matter basis (no moisture contents were included in the data set). The detailed survey results include numerous instances of non-reporting of data for certain categories by various counties, as well as multiple data reports of some categories by several counties. It is not known whether the absence of data for a given category for a given county reflects zero generation of that particular item, or whether that particular item was not monitored and/or reported by the county. The number of counties reporting biomass-related recycling data varied from 1% to 47%, although, as previously discussed, the completeness / accuracy of this data are considered uncertain. 


Biosolids
Biosolids by County
Biosolids
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171597/biosolids.png]
NOTE: The ADEQ data for other municipal biomass is from a 2002 county-level [voluntary response] survey of recycled materials submitted to the Solid Waste Division. All data is in tons, although it is not known which data is reported in "as is" tons or on a dry matter basis (no moisture contents were included in the data set). The detailed survey results include numerous instances of non-reporting of data for certain categories by various counties, as well as multiple data reports of some categories by several counties. It is not known whether the absence of data for a given category for a given county reflects zero generation of that particular item, or whether that particular item was not monitored and/or reported by the county. The number of counties reporting biomass-related recycling data varied from 1% to 47%, although, as previously discussed, the completeness / accuracy of this data are considered uncertain. 
Bottom of Form


Agricultural Biomass
For this biomass resource assessment, the total amount of residues typically generated and left in the field (after harvest) has been estimated for each of the major crops produced in Arkansas as shown below. In each case, the estimated quantities are based on applying a calculated factor to crop production (i.e., harvested) data. The six major field crops produced in Arkansas include corn, cotton, rice, sorghum, soybeans and wheat. 
Field Residue data is available for the following crops: 
· Corn 
· Cotton 
· Rice Sorghum 
· Soybeans 
· Wheat 
The base crop production (harvested) data is from from the National Agricultural Statistics Service (more specifically from NASS' 2002 Census of Agriculture, which provides production data by county - refer to: www.nass.usda.gov/Census_of_Agriculture/index.asp. 
For this assessment, the crop production data from NASS has been adjusted to reflect crop yields as reported by the University of Arkansas Extension Service. Details of these yield adjustments are set forth in the 'assumptions' worksheet. 
For each crop, the adjusted crop production data was converted from the as reported units into tons, using the bulk density figures and/or other conversion factors set forth in the 'assumptions' worksheet. 
For each crop, the adjusted crop production data in tons/county/year was then calculated in dry tons/county/year, based on assumed moisture contents of each crop (the source of assumed moisture content for each crop as harvested is set forth in the 'assumptions' worksheet). (Note: The adjustments to reflect moisture content as harvested reflect the fact that NASS' surveys and producer responses do not attempt to estimate the moisture content of the harvested material but simply report the quantities on an "as harvested" basis. Accordingly, more accurate estimates of field residue production data in Arkansas would necessitate field verification of residue quantity and moisture content for each crop and for each production region.)
Although a portion of this organic and biodegradable material needs to be left on the field or worked into the soil for fertility, water-holding capacity, erosion control, or other reasons, some of the material could be removed for other uses. Of course, even where agronomic considerations may support collection and removal of a certain amount of field residues, the economics of such activities may not necessarily be feasible and should also be evaluated on a case-by-case basis. 
Processing residues: Residues from crop processing include the various residuals and by-products generated during the processing of agricultural crops. Such organic and biodegradable materials could include: husk, shells, or other outer layers; pieces of stem, straw, or plant material; damaged, immature, or excessively small pieces of product or other types of culled material; and various other liquid and/or dry wastes or by-products from primary or secondary processing activities. 
For this biomass resource assessment, only the principal processing residues associated with two major crops produced and processed in Arkansas - cotton and rice - have been considered and estimated (i.e., no data was obtained on cannery wastes, meat processing wastes, food/feed processing wastes, or fruit, nut, or vegetable residuals or by-products). Since processing residues are generated at a "point source" it is assumed that all of the processing residues can be considered "usable" from a bioenergy perspective (although the economics of utilization will, of course, be situation-specific). 
Rice husk: Specific information re rice husk production/utilization at each rice mill in Arkansas is considered proprietary and therefore not estimated nor reflected in this assessment (the data in this assessment simply reflects a husk production factor applied to harvested rice data for each county reporting rice production). Information re individual millers in Arkansas may be obtained from www.usarice.com/about/suppliers.html. 
Cotton gin trash: Specific information re cotton gin trash production/utilization at each cotton gin in Arkansas is considered proprietary and therefore not estimated nor reflected in this assessment (the data in this assessment simply reflects a gin trash production factor applied to harvested cotton data for each county reporting cotton production). Information re individual ginners in Arkansas may be obtained by contacting the Southern Cotton Ginners Association. 


Corn
Corn Production and Residues by County
Corn Production
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171626/corn-prod.png]
Corn In-Field Residues
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171623/corn-in-field-residue.png]
Open or download all agricultural data in Excel format by clicking:
[image: http://www.arkansasenergy.org/images/Bioenergy/excel.jpg]


Cotton
Cotton Production and Residues by County
Cotton Production
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171643/cotton-prod.png]
Cotton In-Field Residues
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171637/cotton-in-field-res.png]
Cotton Processing Residues
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171640/cotton-proc-res.png]
Open or download all agricultural data in Excel format by clicking:
[image: http://www.arkansasenergy.org/images/Bioenergy/excel.jpg]


Rice
Rice Production and Residues by County
Rice Production
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171853/rice-prod.png]
Rice In-Field Residues
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171856/rice-res.png]
Rice Processing Residues
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171850/rice-proc.png]
Open or download all agricultural data in Excel format by clicking:
[image: http://www.arkansasenergy.org/images/Bioenergy/excel.jpg]


Sorghum
Sorghum Production and Residues by County
Sorghum Production
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171867/sorghum-prod.png]
Sorghum In-Field Residues
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171870/sorghum-res.png]
Open or download all agricultural data in Excel format by clicking:
[image: http://www.arkansasenergy.org/images/Bioenergy/excel.jpg]


Soybeans
Soybean Production and Residues by County
Soybean Production
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171873/soybean-prod.png]
Soybean In Field Residues
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171876/soybean-res.png]
Open or download all agricultural data in Excel format by clicking:
[image: http://www.arkansasenergy.org/images/Bioenergy/excel.jpg]


Wheat
Wheat Production and Residues by County
Wheat Production
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171918/wheat-prod.png]
Wheat In Field Residues
[image: http://www.arkansasenergy.org/umbraco/ImageGen.aspx?width=350&image=/media/171921/wheat-residue.png]
Open or download all agricultural data in Excel format by clicking:
[image: http://www.arkansasenergy.org/images/Bioenergy/excel.jpg]
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