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This report was developed to fulfill the mandate set forth in Section 42003 of the Public Resources Code (PRC) requiring the California Integrated Waste Management Board to report to the Governor, the California Legislature, and interested members of the public on the feasibility of expanding the use of forest and agricultural waste in the production of commercial products. 
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The statements and conclusions of this report are those of the Integrated Waste Management Board.  
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Executive Summary

This study of agricultural and forest wastes examines the feasibility of expanding their use in the production of commercial products and attempts to determine the potential impact that diversion of these types of wastes might have on landfills. 

In the report, the Integrated Waste Management Board (IWMB) identified the various origins, types, quantities, and available technologies for these waste streams.  It should be noted that in the agricultural industry, the wastes produced are indeed not wastes but residues, since a majority of the residue is utilized in one way or another and does not end up in municipal solid waste landfills.

Agricultural Residues

The findings for the residues generated by various sectors and activities of the agricultural industry show that a significant marketplace already exists.  These residues are currently incorporated into such products as compost, livestock feed, and animal bedding.  The only residue that appears to be a potential disposal problem is rice straw because of the tight restrictions on open burning, which has been the historical approach.  There are a few projects underway that utilize technologies to convert this residue into ethanol, which fuel companies can use in the production of various fuel blended products.  There is also a potential to build more structures out of rice straw bales if local building departments can develop appropriate specifications for their use.

Forest Residues

There are a number of uses for forest residues generated by various activities (i.e.. logging operations, milling operations, etc.) such as in the manufacture of wood fuel pellets, particle board, oriented strand board, and use as mulch, among others.  The most promising (i.e., utilizing the greatest quantities) residue use seems to be in the manufacturing of fiberboard and the use in cogeneration operations.  There is also great potential in the very near future of utilizing this waste stream for the production of ethanol.

In addition, there is a demonstrated decrease in the amount of forest residue being generated.  Some of the reasons are the downsizing of the lumber industry; a trend in exporting bulk lumber in lieu of finished products; and the advancements of lumber mill technologies.  

Conclusion

Several products can be manufactured from agricultural and forest residues as discussed in detail in this report.  Products and uses include soil amendment products (compost, mulch), construction materials (fiberboards, panels, wallboards, etc.), and energy uses (ethanol production, gasified rice straw, and fuel in biomass and cogeneration facilities).

A number of the technologies that have been discussed in this report are very promising.  However, there are several factors to consider in evaluating the feasibility of any project.  Economics, environmental concerns, manufacturing concerns, and markets for end products are the driving forces behind the successful utilization of agricultural and forest residues.  

Recent research and development has produced many viable products that are finding commercial acceptance.  Several organizations responsible for writing standards and building codes are currently evaluating these new products and uses and making decisions that will affect the speed of future development and applications.  

These products and uses appear to have a bright future and further research will undoubtedly promote a productive use for these wastes.

Because these residues are currently either being utilized in one way or another or disposed of in place, they do not end up in municipal solid waste landfills.  Any newfound uses for these residues are likely to have minimal impact on municipal landfills.  

I.  Introduction

Waste disposal can be considered the final disposition of unwanted products or materials having no further value or use.  Waste management, on the other hand, implies some ability to systematically manipulate waste materials up to an environmentally sound disposal.  The final solution to most problems of waste management undoubtedly lies in recycling, thereby giving them value and thus effectively preventing them from becoming true wastes.  It should be noted that in the forest and agricultural industry, the wastes produced are indeed not wastes but residues since a majority are utilized in one way or another and do not end up in municipal solid waste landfills.  For the purpose of this study, the term “residue” is used instead of “waste” throughout the remainder of this report.

Agricultural Residues

Agricultural residues are the excesses of production that have not been utilized to their fullest extent.  These residues are produced from various farming industry sources such as field and seed crops, fruit and nut crops, vegetable crops, nursery crops, energy crops, livestock manure, and chaparral.  Although such residues contain beneficial materials, their apparent value is less than the cost of collection, transportation, and processing for beneficial use.  If the residues can be utilized, such as to enhance food production, they are no longer wastes but become new resources.  Technologies that utilize residues are rarely a total waste management solution.  Such technologies may not handle all of the available residues and can generate secondary wastes, which also require careful management.  

One of the areas with the greatest potential for diversion of forest and agricultural residues is for fuel.  Although transformation is last on the last of desirability in the CIWMB hierarchy, the burning of forest and agricultural residues to produce electricity or cogenerate electricity and steam could be considered a higher order use than disposal to landfills or open burning.  Forest and agricultural residues (i.e., in particular forest residues and rice straw) can also be used as a feedstock in the production of ethanol through fermentation or methanol through gasification.  These process have not been used extensively on a commercial basis.  Both alcohols have found markets as gasoline oxygenates or feedstocks for ether-based oxygenates (e.g., MTBE).  Currently, there are few projects studying the feasibility of producing ethanol and to a lesser extent, methanol from forest and agricultural residues located in California. 

Forest Residues

Forest residues come from a number of different sources including slash and lumber mills.

Forest Slash

Forest slash or logging residues are the portions of the trees that remain on the forest floor or on the landing after logging operations have taken place.  Forest slash consists mostly of tree branches, tops of trunks, stumps, branches, and leaves.  Other wood sources are from stand improvement (cull trees, rough and rotten or dead trees, undersized trees, non-commercial tree species removed from woodlots, and trees from thinning performed on growing stock).  The species of the forest slash commonly found in California are ponderosa pine, sugar pine, fir, Douglas fir, incense cedar, and redwood.  Forest slash is found mostly in the northern regions of California.  Recent estimates indicate that 91 percent of the forest slash comes from fir, Douglas fir, redwood, and ponderosa pine logging.

Lumber Mill Residues

Lumber mill residues or lumber processing residues consist of the slabs, shavings, trimmings, sawdust, bark, end pieces of wood, and log cores that result from the various processing operations occurring in sawmills, pulp mills, and veneer and plywood plants.  Generally, 85 percent of mill waste is coarse material (which includes slabs, edging, trim, and spur ends), bark, and sawdust.  The typical moisture content of bark, planer shavings, and sawdust are 30-60 percent, 8-19 percent, and 25-55 percent, respectively.

Economics, environmental concerns, manufacturing concerns, and markets for end products are the driving forces behind the successful utilization of agricultural and forest residues.  Recent research and development has produced many viable products that are finding commercial acceptance.  Several organizations responsible for standards and building code writing are currently evaluating these new products and uses, and making decisions that will affect the speed of future development and applications.  These products and uses appear to have a bright future and further research will undoubtedly promote a productive use for these residues.

Landfill Disposal

Historically, neither forest residues nor agricultural residues have been disposed in significant quantities in municipal solid waste landfills.  Those residues not used were traditionally disposed on site or burned.  Leaving forest and agricultural residues on-site potentially have a future cost to the general public.  Examples include the cost of future cleanups, cost of putting out fires due to the increased fuel loading on the forest floor, decreased in forest health, and decreased air quality due to air pollution from forest fires.

With current air and water quality concerns, many of the historic practices are no longer available.  For example, the lumber industry had long relied on tee-pee burners or wood waste landfills to handle unwanted wood wastes, and open-field burning of rice straw is being phased down under air quality regulation.

Framing the question in terms of what impact diversion might have on landfills requires an estimate of what quantity of forest or agricultural residues is likely to find its way to municipal solid waste landfills in the future.  This is extremely difficult to answer.  Given the large quantities involved and the disposal fees and transportation costs, it is the Board’s opinion that very little increase would occur; however, if unforeseen circumstances arise, the amount disposed could increase.

For this report, the Board has examined the issues under the assumption that the residues do not enter the municipal waste stream.  That does not mean that there are not significant resource management issues at hand.  The cost of managing these residues under tighter air and water quality requirements could have adverse effects on the growers and producers.   

Issues such as land use, agriculture preserves, forest health, the future of the lumber industry, air quality, and energy supply, while critical to the economic future of California, are beyond the scope of this report.  The report does describe existing and innovative uses for the residues in the hope of raising the general awareness of this subject.

Waste Utilization

The factors pertinent to successful waste utilization include a beneficial use, an adequate market, and an economical, although not necessarily profit-making process.  Many utilization processes would be satisfactory if they caused the overall cost of waste management to be less than that of disposal.  Any additional steps in waste utilization should repay the extra storage, processing, and distribution costs that are incurred from that utilization.  

Several basic steps must be taken when considering waste utilization possibilities:

1. Clearly identify goal or need.

2. Identify constraints and needed Encouragement.

3. Determine waste availability and characteristics and select appropriate utilization technology.

4. Identify capabilities of individuals who will operate the utilization process and use the resultant product.

5. Determine market for resultant product.

6. Identify relative economics.

The first step is to identify clearly the goal or need.  The appropriate approach then can be developed to utilize the existing waste to meet that need or goal.

A second step is to delineate any impediments that exist or encouragement that may be needed to develop and implement waste utilization.  These can include competing uses for the end product, land or waste ownership, availability of financing, societal structure, groups available to implement and utilize a technology, managerial needs, and availability of parts and repairs.  Support services and market availability are important for successful implementation of waste utilization.

A third step is to identify and understand the existing state of knowledge concerning waste availability, characteristics, and technology for utilization.  Although many potential technologies have been utilized throughout the world, it may be necessary to adapt the technologies to the local situation, personnel, equipment, and managerial talent and time.  


This may require demonstration projects to illustrate the application of a technology to meet a desired goal.  Knowledge of the characteristics and available quantities of agricultural wastes is fundamental to successful waste utilization.  The feasibility of waste utilization depends on the characteristics of the residue, the quantity that is realistically available, continuity of supply, value of the waste as a useful by-product or raw material for other products, and the cost of waste collection and transport.  Information on the quantity and characteristics of the agricultural residues, especially those characteristics needed for the evaluation of specific technologies, is needed.

The fourth step just involves identifying capable personnel that are trained to effectively operate and oversee the production and use of the resultant product.

The fifth step is the most important part to the success of waste utilization into a resultant product.  This step involves determining and/or developing a market for the end product such that the recycling process would come full circle from waste to product.

The last step involves identifying the economics of utilizing agricultural waste into the manufacturing of a commercial product.

II.  Agricultural Residues: Types, Quantities, and Uses

Types

Field and Seed Crop

Figure 1: Rice Hull Storage Area

Field and seed crop residues are the materials remaining above the ground after harvesting, including straw or stubble from barley, beans, oats, rice, rye, and wheat, stalks or stovers from corn, cotton, sorghum, soybeans, and alfalfa.  The moisture content (wet basis) of these residues ranges from 8 percent to 80 percent.  The typical bulk density of loose straw and stover varies from 1-3 lb/ft3 and the bulk density of baled straw and stover varies from 7-12 lb/ft3.  If pelletized, the bulk density increases to 35-45 lb/ft3.

Fruit and Nut Crop

Figure 2: Almond Hull Stockpile
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Fruit and nut crop residues include orchard prunings and brushes.  The types of fruit and nut crops include almonds, apples, apricots, avocados, cherries, dates, figs, grapefruit, grapes, lemons, limes, olives, oranges, peaches, pears, plums, prunes, and walnuts.  The moisture content (wet basis) of these residues ranges from 35 percent to 55 percent.  Hammermilled orchard prunings have a bulk density of from 9-12 lb/ft3.

Figure 3: Windrows of Grape Pomace

Vegetable Crop

Vegetable crop residues consist mostly of vines and leaves that remain on the ground after harvesting.  The types of vegetable crops include such plants as artichokes, asparagus, cucumbers, lettuce, melon, potatoes, squash, and tomatoes.  The moisture content (wet basis) of these residues is usually greater than 90 percent. 

Nursery Crop
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Nursery crop residues include the prunings and trimmings taken from the plants during their growth and in the preparation for market.  There are more than 30 different species of nursery crops (e.g. flowers and indoor plants, etc.) that are grown.  The moisture content of these residues is usually dependent on the type of crop that is being grown.

Waste Quantities

Quantifying the amounts and types of agricultural residues generated in each of the crop categories is extremely difficult, as it would require conducting comprehensive research throughout the state with continuous updates to the compiled data.  Without ongoing data collection, any quantification estimates would only be valid for the time frame that the study was done and would be susceptible to ongoing market changes.  Therefore, the quantification of agricultural residue tonnages should be viewed with these inherent limitations in mind and the tonnages quoted should not be considered absolute values.

In generating estimated quantities, three primary sources were used.  The first data source was compiled by the IWMB through the submissions of Source Reduction and Recycling Elements (SRRE) by local jurisdictions throughout the state.  The second source of information was the California Energy Commission’s (CEC) publication, 1991 Biomass Resource Assessment Report for California.  

The last source of information was two joint reports from the California Air Resources Board (CARB) and the California Department of Food and Agriculture (CDFA): Report of the Advisory Committee on Alternatives to Rice Straw Burning, and Progress Report on the Phase Down of Rice Straw Burning in the Sacramento Valley Air Basin 1995-1996.

IWMB Data

The SRRE is part of each city’s and county’s countywide integrated waste management plan (CIWMP).  The CIWMP is a plan developed by local jurisdictions outlining the course of action being taken to achieve the disposal reduction goals (reduce 50 percent of the waste going to landfills by the year 2000) mandated by the State.  

The SRRE database consists of primary data compiled from local jurisdictions and has been periodically updated, with the current February 1997 report containing 94.9 percent of the jurisdictions reporting.  The database contains separate fields for crop residues, manure, and miscellaneous organic.  The only data applicable to this study is the crop waste category.  Estimates are based on 1990 waste stream characterization (updated in February 1997), and indicate that 69,898 tons of crop waste was generated, with none being diverted from disposal.  There is a factor of uncertainty attributed to the fact that each city or county may define crop residue differently in the survey.

CEC Data

The second source of information on quantities of different types of agricultural wastes generated is the CEC’s publication titled 1991 Biomass Resource Assessment Report for California.  This report contains data on field and seed crops, fruit and nut crops, vegetable crops, and nursery crops (see Appendix A).  The data were presented in “bone-dry tons” (BDT) because the main purpose of this report was to evaluate the potential quantities of biomass available to the biomass industry in California.  A distribution of total potential of biomass resources in California is shown on a chart in Appendix B. 

CARB and CDFA Data

The joint CARB and CDFA report gives estimated quantities of rice straw generated in California on an annual basis.  From the data in this report, it was estimated that approximately 1.5 million tons of rice straw was generated from 514,720 acres in rice production during the 1996-97 season.  

Approximately 883,794 tons from 294,598 acres (57 percent of production) was disposed of using on-farm methods.  Off-farm disposal of rice straw was 0.6 percent of the total 1996-97 rice straw produced.  It is estimated that approximately 8,800 tons or 2,933 acres of rice straw were diverted to environmental mitigation, erosion control, and livestock utilization.  Estimates of current and projected off-farm, rice disposal/year are shown in Table A (next page).  

Recoverable and/or burnable rice straw production is typically estimated at 3 tons/acre.  However, actual aboveground rice straw production is closer to 3.5 tons/acre.  Without major changes in the current marketplace, the low level of off-farm rice straw disposal will continue with little change during the next three years. 

Available Technologies/Products

Agricultural residues are the excesses of production that have not been utilized.  Although such residues contain materials that can benefit society, their apparent value is less than the cost of collection, transportation, and processing for beneficial use.  As a result, the waste discharged can cause environmental problems and a loss of a natural resource.  If the wastes can be utilized, such as to enhance food production, they are no longer wastes but become new resources.  Waste utilization technologies rarely are a total waste management solution.  Such technologies may not handle all of the available wastes and can produce secondary residues, which could also require careful management.

Table A
Estimates of Current and Projected Off-Farm Rice Straw Disposal/Year

Alternative Uses
Estimated Current Uses
Projected Use by Year 2000

Energy Alternatives



Gassifications
0
0

Anaerobic Digestion
0
0

Direct Combustion
0
0

Ethanol, Chemicals
0
**





Manufacturing/Construction



Pulp Mills/Paper
0
**

Fiberboard
0
21,000 tons/7,000 acres

Composites
0
0

Bricks
0
0

Bale Construction
*
1,000 tons/333 acres

Sound Walls
0
500 tons/167 acres





Environmental Mitigation
7,450 tons/2483 acres
7,450 tons/2483 acres





Livestock Utilization
1,350 tons/450 acres
2,500 tons/833 acres





Off Farm Total

  % 1996-97 production
8,800 tons/2,933 acres

0.6%
32,450 tons/10,816 acres

2.1%

* Occasional, but minimal volumes of rice straw used by these alternatives.

** It is possible but uncertain whether ARBOKEM, SEPCO, or the Gridley projects will be constructed by 1999-2000.

Returning to Land

The vast majority of agricultural crop residues are normally disposed of by simply being plowed back into the ground.  The residues from vegetable crops, melons, berries, culled fruit, and a number of other field crops such as cereal grains, clovers, and hays are also disposed of in this manner.  Most prunings from fruit trees are chopped up and plowed under or simply spread on the land.  

The main advantage of land disposal of crop residues is that it is a relatively low cost option and allows the return of organic matter and nutrients into the soil. In addition, recent research findings indicate that certain plant diseases may be controlled through the action of soil microbes that are active in compost and mulches that have been applied to the soil.  Finally, crop residues on the surface of the land help to inhibit wind and water erosion of the soil.

The disadvantage of land disposal of crop residues is that it involves a lag time between harvesting and returning the residues to the soil.  During this period of time, some of these residues begin to decompose, providing organic matter to enrich the soil.  Unpleasant odors and fly production where residues are wet and have high sugar content may sometimes accompany this process.  Insects and rodents may also propagate in certain crop residues during this period.  However, with proper management, these problems can be controlled for all types of crop residues.

Open Burning

Open field burning generally disposes of crop residues that normally are not returned to the soil.  This category includes residues from field and seed crops, fruit and nut crops, vegetable crops, nursery crops, and prunings from cherry, prune, plum walnut, and other fruit trees, as well as large limbs and dead trees.  

The advantage of burning is that it is a rapid and inexpensive method of disposing of large volumes of materials.  Burning is also an effective method of controlling weeds, plant diseases, and various insect pests.  

Burning is preferred over soil incorporation because (1) soil conditions may be poor due to cultivation (as in the case of rice where residue occurs late in the year when soils are likely to be wet, when temperatures are low so that biodegradation is slowed, and where diseases or pest problems may be great); 
(2) bulky materials (such as large prunings or removed trees) are difficult to incorporate into the soil; and (3) it allows for quick removal of the residue in order to plant the following crop.

The main disadvantage of open burning of agricultural residues is that it contributes directly to air pollution by adding to chemical pollutants and particulate matter. 

Chipping for Size Reduction
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Figure 4: Tub Grinder Operation

Chippers are mobile grinding devices that shred tree limbs of various diameters.  These devices greatly reduce the volume of prunings that would otherwise have to be burned or hauled away and provide for efficient disposal of these residues in the form from coarse to fine chips that can be readily spread in the orchard and incorporated into the soil.  These fine chips are easy to incorporate into the soil and decompose rapidly.  End users of mulch on projects in Ventura County prefer large-particle size woody materials to suppress Phytophthora root rot of avocado and provide excellent erosion control in citrus trees.

The major disadvantage of chippers is the high initial capitol cost.  They are relatively heavy and difficult to transport in wet soils or when cover crops are more than eight inches high.  Another disadvantage is with equipment that produces large chips, such as those produced from conventional cutters.  Chips do not decompose rapidly and may cause oak root fungus in some trees.  And the last disadvantage is that chipping machines consume large quantities of fuel and also produce air emissions.

Livestock Feed

In many areas of the country, hogs, cattle, goats, and other livestock are allowed to feed on crop residues prior to plowdown.  This system is economical, provides nutrition to the animals, and reduces the quantity of the crop residues to be disposed of.  

One problem associated with direct feeding of crop residues to livestock is that most farmers do not have large herds of livestock, and most livestock producers do not have large crop acreages.  Agreements between farmers and livestock producers must therefore be attained and livestock must be moved to and from the feeding areas.  Another problem is that many crop residues are too wet for good stock feed, and may contain pesticide residues.  In addition, livestock tend to trample and compact the soil to the detriment of future crops, and may carry many weed seeds in their manure.
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Compost
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Figure 5: Wood Waste Compost Piles

Composting is the decomposition of woody materials to enable recovery of portions of its nutrients and organic components.  It can be done in open windrows or in an enclosed, controlled environment.  Best results are obtained when some material like manure is layered into the pile to increase the rate of decomposition.  Factors affecting composting are oxygen availability, moisture content, pH, temperature, and the carbon/nitrogen ratio.

Composting is a recognized method of reducing agricultural and forest residues to create a valuable soil amendment that is applied on farm crops/soils.  In California, the infrastructure for composting is continuing to develop, spurred by State mandates to recycle and compost.  

The IWMB promulgated composting facility regulations in 1995, which provided an unexpected incentive for chippers and grinders. Composters needed a permit to operate, while chippers and grinders could produce biofuels and mulches without the need for composting permits.  Most composters also chip and grind, and for a time they relied on higher value biofuel prices while developing markets for compost and mulch products.  Now that most of the lucrative “standard offer” contracts for biomass power have expired and the electric power industry is being deregulated, the composting industry is concentrating on developing additional markets in landscape and agriculture.  

Figure 6: Composting Operation

On-farm composting is another important aspect of waste management that is increasingly taking care of agricultural residues, especially manure.  Mixed with urban-collected organics such as yard trimmings, produce culls from supermarkets, and other food scraps, on-farm composting has great potential.  On-farm composting and use of compost can increase the amount of materials diverted from disposal, improve the organic matter in California soils, and reduce open burning of agricultural and forest wastes.

Another method of composting used in California is silage bags.  These bags control odors and runoff and result in the production of high quality compost.

Excellent examples of compost producers/end-users in California are the Herbert Ranch (Hollister), Wente Vineyards (Livermore), and Grover Environment/Rumble Ranch (Modesto).

There is also an organization called the California Compost Quality Council (CCQC), which is a coalition of organizations representing end-users, compost producers, and government, that has set stringent requirements for third-party inspections to assure consumers of the honesty and "quality" of compost.  The IWMB is a member of the council and an active contributor to this developing forum. 

Sycamore/Duncan Family Farm Project

A project located in Phoenix, Arizona and funded through the Agua Fria-New River Natural Resource Conservation District (NRCD) and the Arizona Department of Environmental Quality (ADEQ) is demonstrating an on-farm composting technique.  

Both Sycamore Farms and Duncan Family Farms are processing straw and manure waste generated by Turf Paradise, a Phoenix horseracing track.  They are also using organic farm by-products, such as culled vegetables, landscape debris and others, to create high-quality compost to be reused on site.  The farms use this compost mixture as a soil amendment to reduce the amount of nitrogen fertilization they are now using.  
A cost analysis will determine the costs of the process and the benefits from using this compost.  The project is expected to last through the year 2000.  

Institute of Biological Sciences (IBS) Project

Another method of composting has been developed by the IBS at the University of the Philippines, Los Banos.  Ordinary composting, which requires three months or more for complete decomposition, is too slow for farmers who plant two or three crops a year.  The IBS process speeds up the composting process with the use of a fungus activator called Trichoderma harzianum.  The activator complements soil microbes as a source of waste cellulose decomposers, thereby increasing the number of decomposers and the rate of decomposition so that the farmers can use the compost in as soon as one month.

Rapid composting requires carbon-rich materials such as rice straw, nitrogen-rich materials such as animal manure and the activator Trichoderma harzianum, which is widely produced in the Philippines by the Department of Science and Technology and Agriculture, State universities, nongovernment organizations, and farmer cooperatives. 

One of the benefits of this process is the income gain resulting from a healthy crop.  But more importantly, the soil benefits from continued use of compost in the long term.  Results include improved soil texture, better aeration and water-holding capacity, increased fertility and less acidity.  Compost reduces the need for chemical fertilizers, which contaminate surrounding waters and encourage algae blooms that compete with fish for oxygen.  

A possible disadvantage of this process is that rapid composting often means more work for the farmer.  Labor inputs can be reduced by composting in the paddy and in small heaps that are easily transportable.  A reliable supply of Trichoderma harzianum is critical to facilitate the rapid decomposition process.  Contaminants reduce the effectiveness of the activator and may cause skin irritation.  Also, limited manure supply may result in compost with low nitrogen content.

Activated Carbon

The National Research Initiative Competitive Grants Program (NRICGP) is the office in the Cooperative State Research, Education, and Extension Service (CSREES) of the U. S. Department of Agriculture charged with funding research on key problems of national and regional importance in biological, environmental, physical, and social sciences relevant to agriculture, food, and the environment on a peer-reviewed, competitive basis.  The NRICGP supports a spectrum of research ranging from basic, fundamental questions relevant to agriculture in the broad sense, to research that bridges the basic and applied sciences and results in practical outcomes.
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One such project, with a three-year duration, is aimed at developing industrially valuable carbon-based materials from agricultural residues such as nut shells, fruit pits, and other horticultural wastes and by-products.  The project will study the feasibility of using selected agricultural residues for producing different types of carbons.  These selected wastes will be pyrolyzed and modified to prepare samples of activated carbons for use in purification of water and air streams.  Activated carbons are capable of purifying liquids and gases by removing and retaining a wide range of chemical impurities and potential pollutants.  Nationally, the use of activated carbon is about to increase substantially due to the introduction of more stringent environmental regulations that refer to water quality and clean air.  Success of this project will potentially provide opportunities for segments of the agricultural industry to benefit from the expanded use of carbons by being a source of raw materials.  

Straw for Animal Feed

Straw is defined as the above-soil parts of the cultivated plant that remain after harvesting the fruit.  Straw has very little nutritional value (especially cereal straw) and is mainly used for alleviating animal hunger.

In the cases of ruminants, straw should be included in the fodder because it helps the function of regurgitation.  In general, 10 to 15 percent protein in the diet satisfies most of the requirements of ruminants.  The chemical composition and therefore the nutritional value of straw depends on various factors.  The degree of ripening of the plants is a main one.  During ripening, the nutrients are transferred to the fruit, while very few nutrients remain in the rest of the plant.  Thus, the nutrients are unequally distributed in the plant, being relatively richer in the parts closer to the fruit.  

This is the rule under normal conditions of growth and ripening.  When ripening is interrupted for any reason like dryness, hail, etc., the nutrients remain in the straw since the fruit is not completed.  In such cases, the protein content of the straw may double.  Other factors that may influence the nutritive quality of the straw to a lesser extent are soil fertilization and climatic conditions. 

Figure 7: Straw for Livestock Feed

AgriPulp Process

Arbokem Corporation, located in Vancouver, British Columbia, Canada has been developing an “agripulp” process for approximately the past 10 years.  The company’s dream is to make paper from agricultural crop residues.  

Arbokem claims that it costs more to process agripulp using chlorine and effluent-free technologies as compared to typical wood-based paper-making processes.  Arbokem estimates that the price of straw is presently one-third that of sawmill chips ($35 versus more than $100 per ton).  Because paper-making plants pays for the rice straw, this would generate additional income for the farmers.  

Arbokem plans to have two mills up and running by 1998—one in California and the other in Canada.  The estimated cost for each of these pulping plants would be approximately $30 million.  Arbokem has received support from the San Francisco-based Materials for the Future Foundation which helped prepare a draft business plan and recruited a team of investors.  Environmental groups such as Rainforest Action Network and Earth Island Institute are providing much-needed public relations and research.

After establishing the wheat-based Canadian mill in 1997, Arbokem hopes to build a Sacramento Valley pulp plant sometime in 1998.  The Sacramento plant could potentially process up to 85,000 tons of straw each year, which is about 11 percent of the now under-utilized fibers.  The pulp would be shipped to a Bay Area paper mill and combined with urban waste paper and calcium carbonate to make products for the California market.  
This blend of rural agripulp and urban postconsumer paper product would be called the Downtown Paper Series.  This paper-making process would use approximately 60 percent agripulp and 40 percent de-inked postconsumer paper.  The manufacturing cost of producing agripulp paper is about 15 percent less than that of conventional paper.

Cotton Straw for Mushroom Production

Studies have been done using cotton straw as a substrate for growing mushrooms.  Over the past 30 years, the volume of mushroom production in the world has risen more than tenfold—with most of this increase occurring during the last 15 years.

In Israel, production has taken a parallel leap. It is estimated that over 300,000 tons of dried up cotton stalks accumulate in the fields in Israel each year after harvest.  This residue has to be flailed and plowed under or removed from the fields because it attracts and harbors pink weevil, a serious cotton pest.  This woody straw was found to serve as a good substrate for growing oyster mushrooms in a joint research project carried out by the Faculty of Agriculture in Rehovot in cooperation with Migal Technological Centre in Kiryat Shmona, Israel.  In the course of this project, methods for collection, storage,and utilization of cotton straw as a substrate for the cultivation of edible Pleurotus mushrooms were developed.  This technology is applied commercially in Galilee today.  Yields have provento be higher than those reported for mushrooms grown on standard substrates, both locally and in the rest of the world.

During the three months of growth, mushrooms continue the process of breaking down and utilizing the organic material to form fruiting bodies, after which the substrate is removed from the growing chamber.  In the past, this product was referred to as spent mushroom substrate (SMS) and regarded as a waste product.  Recent research at Migal has developed a number of applications for this material that serve to solve problems of environmental quality.  Among those developed so far are: 

1. Organic Fertilizer.  This application has been proven to be the most popular with end users.  Chemical analysis has shown that SMS is rich in nitrogen, phosphorus, and potassium, which are released slowly and steadily, making SMS ideal for use in agriculture.  As a result, all SMS from mushroom cultivation in Israel is presently sold and is composted and used in organic farming. 

2. Purification of Contaminated Soil, Water, and Air.  SMS has the ability to absorb organic and inorganic pollutants, and in addition contains a microbial population that can break down a number of them, and can therefore be used in purification systems.

3. Reclamation and Improvement of Soil.  Adding SMS to poor soil and/or soil lacking in organic matter results in a considerable improvement in its fertility.  After suitable treatment, SMS can be used as a partial substitute for peat in artificial media and for growing flowers, vegetables and saplings, etc.

Land Application of Cranberry Husks

A pilot program through the New Jersey Department of Agriculture was developed to encourage and convince farmers to apply agricultural residues to their land instead of landfilling.  Testing showed that the organic value of the cranberry husks add value to the land where the farmer plants corn, soybeans, and occasionally wheat.  Because the soil is sandy, under normal farming techniques the levels of organic matter usually decrease over time.  Periodically (i.e. approximately every three months), loads of cranberry husks are deposited onto a concrete pad where they can be kept if the land is too wet.  A front-end loader then puts the husks in a manure spreader that applies them on approximately 150 acres of land.  The husks are usually spread on the same day to prevent flies and odor problems.  

Agricultural Plastic Film Recycling
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Figure 8: Agricultural Plastic Film

Agricultural plastic film wastes generated in California come from plastic films used on greenhouses or as weed barriers used on strawberry farms.  Only approximately three-percent of the total amounts generated are actually recycled or reused. The reason for the low recycling rate for agricultural plastic film is that most of this film material, once used, is either contaminated with soil, has too high a moisture content, has been degraded by the ultraviolet rays of the sun, or contaminated with pesticides.  These all cause the potentially recyclable material to be unusable.  Most of these films are made of low-density polyethylene (LDPE).  Currently, the only products made from this type of waste are plastic lumber and plastic trash bags. 

In the state of Vermont, the Addision County Solid Waste Management District (ACSWMD) and Lamoille Solid Waste Management District (LSWMD) developed a pilot project to determine the feasibility of recycling agricultural film (agfilm).  Agfilm consists of mainly three types of plastic films:

· Hay sleeves/silage bags.  Also known as “ag bags,” this LDPE film is used to store and cover silage in long, narrow rows.  Two layers of plastic, typically white and green, are bonded together to form a sleeve.

· Bunker silo covers.  This is a black LDPE film used to cover the tops and sides of silage and hay in long, wide bunkers.  The material is sometimes reused on the farm.

· Silage wrap.  This is a white, tacky, linear LDPE film that is used to wrap around hay bales and keep them air and moisture tight.  

The ACSWMD and LSWMD had a drop-off site and an on-farm collection service to collect only bunker silo covers directly from the farmers.  Material was accepted only if it was relatively free of moisture, dirt, and silage.  Results of the test markets indicated that limited markets currently exist for agfilm and that the current market price for agfilm is not enough to cover collection, baling, and transportation costs.  At the time of the pilot project, the market price offered for the agfilm was one to two cents per pound.  

Although one market anticipated the price would rise to 6 cents per pound, the program still would not pay for itself, because of the high cost of labor for handling and baling the material.  However, some communities may still choose to support agfilm recycling as an environmentally sound alternative to landfilling.

Agricultural Waste Cogeneration Plants
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Figure 9: Agricultural Cogeneration Plant

Currently, California has approximately thirty cogeneration facilities still operating to produce both electricity and steam.  These facilities accept a wide range of agricultural residues such as rice hulls and straw, almond shells, various pits from fruits, corn stalks, tree prunings, etc.  A comprehensive listing of these facilities can be found in the California Energy Commission’s report titled 1991 Biomass Facilities Survey Report for California.

One example company located in California, NRG Energy, Incorporated, is currently operating four agricultural waste-fueled cogeneration plants in California.  These four facilities (Chowchilla I, Chowchilla II, El Nido, and Madera) are located within a 25-mile radius of the City of Chowchilla near Fresno.  Three of these facilities use a atmospheric “bubbling” bed fluidized combustor technology and the other one uses a multiple hearth furnace technology.  The facilities produce the following energy production capabilities:  Chowchilla I (11 megawatts (MW), Chowchilla II (12.5 MW), El Nido (12.5 MW) and Madera (28.5 MW).

Building/Construction Materials

Gridcore(
This product is manufactured by Gridcore Systems International and is an innovative, engineered honeycomb panel made from recycled fibers, such as corrugated cardboard and liner board, or from a variety of agricultural fibers including kenaf (an annual fiber crop), rice and wheat straw, and oil palm fronds.

This manufacturing process was invented by United States Department of Agriculture’s (USDA) Forest Products Research Laboratory and is both energy and resource efficient, utilizes locally available fiber resources, and generates little or no air or water pollution.  

The resulting hollow panels are incredibly strong, lightweight, formaldehyde-free, and will not off-gas during fabrication or after installation.  They have the bending strength of low-density particle board and less than half the weight.
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Figure 10: Gridcore Panels

Wheat Board(
PrimeBoard, Incorporated is making particleboard from 100 percent wheat straw.  This board is stronger than wood particleboard and contains no toxic substances such as those inherent in wood particleboard, thus, no off-gassing.  That is because it uses a formaldehyde-free binder.  The straw-based fiberboard can be used in any conventional application such as underlayment for floors or countertops.  Other uses are in manufacturing cabinets, furniture, and architectural millwork.

Environ(
Phenix Biocomposites, Incorporated is manufacturing a composite material that looks like granite and works like wood.  It is used as a replacement for hardwood applications such as flooring and furniture.  It can also be used in a “peel and stick” wall application, giving the appearance of marble at a fraction of the cost.  The product is made of soybean meal and waste newspaper.

This product is manufactured utilizing a nonchemical, nonpulping paper process.  Because the newsprint is not de-inked, the harmful dioxins normally associated with the de-inking process are not produced.  It can be fastened, sawed, milled, routed, and worked with traditional woodworking and machining tools.  It meets or exceeds mechanical properties and stability requirements of interior applications.  It is harder than oak and lighter than granite and competes successfully within the wood, furniture, store fixture, wall paneling, and other design industries for interior applications.  

AgriBoard System

Agriboard Industries, L.C. is making a load-bearing wall for construction from compressed agricultural fibers.  Two sections of compressed wheat straw are laminated between two sections of orientated strand board to make strong, load-bearing building panels, which are quiet and energy efficient.

Homes constructed with this product are stronger, quieter, more fire-resistant, more economical, and better for the environment than traditional forms of construction.  The structural performance of the compressed cereal-fiber panels have been proven through extensive testing by certified agencies, including the National Association of HomeBuilders Research Foundation and Southwestern Labs of San Antonio, Texas.  The panels are superb insulators, exceeding building code requirements for R-value.  Wall panels are rated at R28.4 and roof assemblies at R39.6.

Compressed agricultural fiberboard has been used in home construction for more than 
40 years.  Homes built with the AgriBoard System in Texas have been in place for 14 years and are aging well.  Also, no termite infestation has been reported in the 40-year history of the building technology.

Ethanol Fuel From Rice Straw
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Figure 11: Ethanol Gas Pump

Gridley Rice Straw to Ethanol Project

Open-field burning of rice straw is to be phased down to a total of 125,000 acres a year after 2001.  As an alternative to burning, the City of Gridley and the surrounding community is sponsoring a project to solve the rice straw disposal problem.  National Renewable Energy Laboratory (NREL) is working with BC International Corporation to evaluate the potential for turning rice straw, forest residues, and other agricultural residues into ethanol.  The current goals for this project are to have permitting and environmental assessments completed by 1998, construction in 1999/2000, and operation beginning in 
mid-2000.  

The Gridley project is a two-step plan.  
Phase I, which has already been completed, consisted of a “prefeasibility study,” in which laboratory experiments are run to determine conversion yields and rates for the rice straw and combustion properties of residuals from fermentation.  Another part to this phase was to identify and evaluate two sites in California, one near Biggs and the second in Oroville, and to determine their potential for long-term operation of a financially sound rice straw-to-ethanol production facility.  

Phase II is geared toward obtaining data to develop a business plan, including pilot-scale testing and refining costs for any private corporation that would continue the project.  

If the numbers work out, a demonstration plant will be built in the Gridley area as the next step towards developing a commercial-scale biorefinery designed to turn rice straw and forestry residues into transportation fuels, biomass power, lignin-based industrial chemicals, and silica by-products.

This project, located in the city of Gridley, recently received a letter of intent from BC International of Dedham, Massachusetts to build a $60 million rice straw-to-ethanol conversion plant in south Butte County.  This letter of intent, which was approved by the Gridley City Council in August 1997, says the firm has pulled together a financial and technical package with financial backing for the construction phase from Chase Manhattan Bank.  To date, this is seen as the best commercial alternative to the controversial rice straw burning in open fields.  City officials hope to start building the plant in 1999, with ethanol production beginning in year 2000.  

Already, a half-dozen Butte County rice growers are forming a rice straw supply cooperative to negotiate procurement contracts between growers and the plant operators.  The ethanol plant initially would use an estimated 75,000 tons of rice straw, farm and forest residues annually to produce 20 million gallons of ethanol, but its needs could grow to 150,000 tons of waste a year.  This ethanol product would be sold to fuel companies that would in turn produce various fuel-blended products (i.e., E-10: 10, percent ethanol and 90 percent gasoline, E-85: 85 percent ethanol and 15 percent gasoline, and ETBE).  The lignin (30,000 tons/year) would be marketed as solid fuel to existing biomass facilities and could also be used as a soil amendment.  

Using newly developed organisms to break down the cellulose of 25 tons of rice straw and prunings per hour, the plant chops the straw or waste, adds acids and enzymes, and separates the glue, lignin, or waste from the sugars.  
The sugars are fermented to make ethanol.  Unlike other biomass materials, rice straw has a high percentage of silica, which means the by-products of ethanol production also could potentially be used to make glass, computer chips, or tires.  

Development of such a production plant will not eliminate the traditional burning of rice fields, which has been identified as a contributor to air quality problems.  Burning stubble in rice fields is still viewed as an important tool in controlling diseases.  

Currently, California has consumed very little ethanol in vehicle fuel blends, but Arizona, Washington, Alaska, and Oregon use ethanol to lower emissions in gasoline blends.  Private investors in the Gridley project believe that California will someday use ethanol, but if California’s ethanol market doesn’t pick up, operators of the Gridley plant would sell to distributors in adjacent states who already import ethanol from the Midwestern cornfields and pay an extra 12 cents a gallon in transportation costs.  

Growers must play a part in transporting straw to the plant, which could be built in Oroville or Biggs.  Bailing and shipping the rice straw could cost $100 an acre for growers, but negotiated contracts, particularly long-term contracts, could reduce those costs.  Contracts may also mean the ethanol plant would pay a certain amount for the growers’ straw.  

Sacramento Ethanol Project (SEP)

An ethanol plant designed by Arkenol, Incorporated may soon be constructed in Sacramento, California.  This facility would use Arkenol’s proprietary concentrated acid-hydrolysis process.  Arkenol will also be the operator of this rice straw-to-ethanol plant and is expected to utilize about 132,000 tons per year (about 10 percent of available rice straw in the Sacramento Valley) of rice straw and other agricultural residues and produce approximately 12 million gallons of ethanol per year.  Agreements have already been arranged with local rice straw producers and will supply approximately 75 percent of the feedstock to the ethanol plant.  
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Other products that will be produced from this facility are precipitated silicas, lignin, and gypsum.  The precipitated silicas (12,000 tons/year) would be sold to tire and rubber markets, specialty coating companies, and the food and health care industry.  The lignin (30,000 tons/year) would be marketed as solid fuel to existing biomass facilities and could also be used as a soil amendment.  The gypsum (14,000 tons/year) would be sold to the landscaping markets as a soil conditioner.

Arkenol expects construction of this biorefinery to begin now and will take approximately 18 months to complete.  The plant should be fully operational by either the end of 1999 or the beginning of the year 2000.

Compressed Rice Straw Products
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Figure 12: Rice Straw Casket

BioFab LLC, located in Redding, California, is fabricating coffins made of compressed rice straw.  The $375 coffin will have simulated wood grain contact paper on the outside and is put together with wooden pegs.  Once the $72 worth of hardware is removed at the grave-site, it will be completely biodegradable.  BioFab LLC hopes to utilize approximately 11,000 to 12,000 tons of straw a year.  This company also markets rice straw office partitions, ceiling tiles, decorative partitions, and wallboard.  

Rice Straw Bales

Figure 13: Straw Bale House

K&R Farming in Willows, California is bailing rice straw and trying to develop new markets for the former waste material.  K&R Farming estimates it costs approximately $70 per acre to bale the material, compared to 
$3 per acre to burn the straw in the field.  Each acre of rice generates approximately 60 bales of rice straw, and each bale can be sold for about $2.  If a stable market for the baled rice straw could be developed, this new commodity could be managed in a cost-effective way.

K&R Farming had a unique opportunity to market the baled rice straw in 1996 after a huge fire in the Mendocino National Forest.  Once the fires had been extinguished, the task of reseeding the forest and stabilizing the fire-ravaged hillsides began.  K&R Farming sold 5,000 bales of rice straw to the U.S. Forest Service to be used as mulch for reseeding and erosion control.  

K&R Farming has also sold approximately 70 tons of rice straw to a company that used the material in the construction of new homes in the Central Sacramento Valley.  The bales of rice straw were used as infill material in the walls of the structures, where it provides excellent insulation and acoustical qualities.  There is another 70 ton order pending to be shipped to another developer in the Los Angeles Basin.  In addition, another 35 tons of baled rice straw was sold to a landscape contractor for use as mulch.

Another rice farmer and owner of a construction and developing firm in California has created a business that bales rice straw for construction and erosion control projects.  His business is increasing fourfold every year.  About 60 percent of his bales are for home construction and 40 percent for erosion control, mainly for the U.S. Forest Service.  Last year he baled 500 to 550 acres of rice straw, which is a tiny proportion of the 450,000 acres grown in California every year.

Straw bale construction is very energy efficient (R-55 walls), durable (many are still in use after more than 70 years), fire resistant (ideally suited for brush and wildland areas), and recyclable (cows eagerly ate the grasses in the walls of straw bale buildings when they were torn down in Nebraska many decades after building).

The use of straw bales in building is increasing rapidly across the country and in California, including at a winery and architect’s office in San Luis Obispo, in the walls of a retail center in Hopland, at a mine storage building in San Bernardino County, and for homes in Mendocino, San Luis Obispo, and Inyo Counties.  

Slowly, county by county, building inspectors are signing off on the idea of straw bale building construction.  Straw bale houses, barns, community centers, and even commercial buildings are beginning to show up in California.  

Assembly Bill 1314, encouraging straw bale construction, passed in 1995 and was signed by Governor Pete Wilson.  The bill encourages local building departments to adopt straw bale building codes.  Several counties are already in the process of adopting building codes allowing straw bale construction.

Yolo and Napa counties are among the first to pass ordinances regulating the use of straw bales in construction.  Yolo County has one house under construction, and Napa County has two rice straw barns under construction.  These projects use rice straw bales as infill between the wood frames.  Napa County is reviewing a project to build a load-bearing rice straw structure where the straw bales themselves support the roof.  

Sacramento County has no special ordinance covering rice straw bale houses, but it will allow them and will require a special inspection for moisture content.  There are currently no projects in the works in Sacramento.

Some counties are not only supporting rice straw construction, but requiring it.  In Colusa County, a cellular phone company wanted to erect a cellular tower and a 500 square foot building outside Arbuckle.  The project was approved by the Colusa County building department only if the building was made from rice straw.  The project was successfully completed in the summer of 1996.

Rice Straw Sound Walls

In a first effort from a public agency to finance a prototype rice straw sound wall, Caltrans has partnered with the IWMB to conduct a pilot project, which is likely to be located in Colusa County outside a migrant camp along Interstate 5.  Caltrans has allocated a total of $30,000 through an interagency agreement to the IWMB for the pilot project.

If the pilot test is successful, it could mean that future sound walls along California’s highways could be constructed using stacked bales of straw covered with chicken wire and stucco.  

A Colorado architectural firm, The Roybal Corporation, was awarded the design and engineering subcontract by the IWMB.  Roybal’s lead designer theorized that, whereas concrete walls ricochet noise into the highway, a straw bale absorbs noise and is expected to match a concrete barrier in terms of noise insulation outside the highway.  The use of straw bales is inexpensive, sustainable, nontoxic, and environmentally friendly.  Also, the construction using straw bales is more cost effective than traditional materials.  The test wall is anticipated to be at least 12 feet high and about 150 feet long.

This project is awaiting Caltrans approval of the design phase before proceeding to the construction phase.  Caltrans hopes to have construction underway in 1999.  The IWMB will monitor the wall for two years to understand, for instance, how weatherproof it is, how easy it is to build, and how well it works to block out noise.

Rice Straw Paper

The California Air Resources Board facilitated a project in 1996 that used rice straw to make paper.  Approximately 28 tons of rice straw were delivered to Vulcan, Alberta, Canada and were processed into pulp by Arbokem, Inc. of Vancouver, Canada.  The pulp was then delivered to Smurfit Newsprint Corporation in Oregon City, Oregon and made into paper.  Some California newspapers tested the product on their front pages to determine its suitability to replace present newsprint stock.

Arbokem is planning in the next year or two to site and construct a pulp and paper making plant in the Sacramento Valley to take rice and wheat straw and make various paper products (i.e., newsprint, copier paper, bond paper, etc.) from them.

Straw is a competitive, alternative source of fiber for paper making to reduce the pressures on harvesting of old growth forests in Northern California and the Pacific Northwest. 

Gasification of Rice Straw

In recent years, the California rice crop has been grown on about 514,720 acres producing about 1.5 million tons of straw.  The energy content of a pound of dry rice straw is about 6,500 Btu.  Thus, the annual energy stored in the straw by the growing crop is 1.95 x 1013 Btu.  

If the straw was gasified and used to replace natural gas for heating, the annual renewable energy generated from the rice straw would be equivalent to 1.56 x 108 therms of natural gas (1 therm = 100,000 Btu), assuming that 20 percent of the straw energy content was used in the total system for collecting and converting the rice straw to low-Btu gas.  Assuming a value of $0.50 per therm for natural gas, the annual rice straw residue would have a value of $78 million.  

Gasified rice straw can also be used to operate gasoline, diesel, and natural gas engines.  Each engine type requires some modification to operate with low-Btu gas, although retrofits can be extensive and expensive.  Assuming a value of $1.50 per gallon of gasoline and using about 30 percent of the rice straw energy for the overall energy conversion system, the annual rice straw production could replace 11,375,000 gallons of gasoline having a value of $17,062,000.  Similarly, to replace No. 2 diesel fuel valued at $1.25 per gallon, gasification of the annual rice straw crop would produce 9,750,000 gallons of diesel worth $12,187,000.

The gasification of rice straw is most promising for the replacement of natural gas, gasoline, and diesel fuel when used for stationary engine applications.  Drying rice and pumping irrigation water from wells in the Sacramento River, Delta, and San Joaquin water basins would require the gasification of about 730,000 tons of rice straw.  Thus, supplying these annual energy requirements by gasification of rice straw would use about half of the rice straw residue.

Other Uses for Rice Straw

Composting

Composting is the decomposition of rice straw to enable recovery of portions of its nutrients and organic components.  It can be done in open windrows or in an enclosed controlled environment.  Best results are obtained when feedstock materials have a high nitrogen content to obtain a better carbon to nitrogen ratio.  Factors affecting composting are oxygen availability, moisture content, pH, temperature, and the carbon/nitrogen ratio.  Rice straw is slow to decompose and usually will take up to a year with moisture content of the pile remaining high.

Worm Farming

Ground rice straw can be used as a worm growing media.  The most effective material is in the range of 1 to 3 millimeter (mm) particles produced by grinding through 3 mm screens.

Hydroseeding

Defiberized rice straw can be used in hydroseeding (a process of planting in liquid solution along steep banks (i.e., roadsides, etc.) for erosion control.

Potting Media

Either ground or defiberized straw is suitable for potting media for commercial uses.  The use would be similar to and in competition with peat moss.

Animal Bedding

Rice straw has been used as bedding for livestock for many centuries, primarily to soak up the urine and provide a carrier for the dung.  Used material may be composted and sold as fertilizer.

Poultry Litter

Chopped straw litter can be used for poultry kept on a built-up litter system.  The used litter has a useful fertilizer value or can be utilized as cattle feed.

Growing Substrate

Rice straw bales can be used for production of many crops such as cucumbers, tomatoes, and flower crops.  The bales are soaked in water and impregnated with nitrogen in powder or other forms or with fertilizers.

Erosion Control and Soil Stabilization

Rice straw is an effective material both in commercial erosion control practices and in rice field erosion control.  Bales of rice straw can be shredded on site and blown into roadside cuts and fills to provide soil stabilization.  Manual placing of the rice straw can also be practiced if the proper placement can be obtained.  Rice straw used in hydroseeding activities also assists in erosion control and soil stabilization.

Frost Control

Layers of rice straw can be used for frost control in areas with low temperatures.  These uses are usually closely allied with mulching and composting and it is difficult to determine which one of the practices is dominant.

Sewage Sludge Mixing

Rice straw would be a suitable bulking agent for sewage sludge composting and disposal.  It would appear that chopped or fiberized straw would increase both absorbency and acceleration of decomposition.

Building Materials

Rice straw has been used to bind clay in built-up wall construction and in the manufacturing of fired brick.  The resultant burn-out product provides lightweight material with good insulating properties.  Shredded or fiberized straw may also be used in layered products such as roofing paper, insulating paper, and overlay products.

Padding for Tile Drains and Pipelines

A widespread use for baled straw is in the construction of drains and pipelines.  Rice straw is eminently suited to this use because 
of its strength and resistance to decay.

Plastic Moulding Powders and 
Plywood Glue Filler

Rice straw can be ground and screened through an 80 mesh sieve to produce commercial plastic moulding powder.  The properties equal and sometimes surpass other materials.  This finely ground straw flour may also be used as a filler in resin glues, particularly for plywood.
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Firelog Use

Figure 14: Firelog Made of Rice Straw

Extruded firelogs can be made from rice straw, but the high silica content of the rice straw dampens the burning rate and seals off the surface of the burning log, requiring agitation of the fuel bed.  Lower heat content and the pungent odor of the rice straw log when burning reduces the attractiveness for this use.


Packing Materials

The compaction resistance and resiliency of rice straw makes it a very good packing material.  However, in many countries there has been a decrease in the use of natural products such as rice straw and an increase in the use of synthetic and manufactured materials.  Increased cost of petroleum-based products is likely to reverse this trend.

III.  Forest Residues: Types, Quantities, and Uses

Types

Forest Slash

Forest slash or logging residues are the portions of the trees that remain on the forest floor or on the landing after logging operations have taken place.  Forest slash consists mostly of tree branches, tops of trunks, stumps, branches, and leaves.  The various types are listed below:

1. Logging Tops.  This is the unmerchantable upper portion of the stem.  The top is typically a stick about 16-18 feet in length with a diameter of 7 inches at the base.

2. Culls.  Culls are that portion of each year’s growth of saw timber harvest that is classified as defective and cut and left in the woods.  The cull tree does not contain at least 25 percent sound wood in a merchantable sawlog now or prospectively because of defect, rot, or species.

3. Precommercial Thinnings.  This residue material comes from timber stand improvement and is generally round, densely stocked stands.

Other Forest Wood Residue

Other wood sources are stand improvements such as culling trees, removing rotten, dead trees, or undersized trees, noncommercial tree species removed from woodlots, and trees from thinning performed on growing stock.

Lumber Mill Residue

Lumber mill residues or lumber processing residues consist of the slabs, shavings, trimmings, sawdust, bark, end pieces of wood, and log cores that result from the various processing operations occurring in sawmills, pulp mills, and veneer and plywood plants.  Generally, 85 percent of mill residue is coarse (which includes slabs, edging, trim, and spur ends), bark, and sawdust.  The typical moisture contents (wet basis) of bark, planer shavings, and sawdust are 30 to 60 percent, 
8 to 19 percent, and 25 to 55 percent, respectively.

Chaparral

Chaparral consists of heavily branched dwarf shrubs, the crown canopy of which at maturity usually covers more than 50 percent of the ground.  It is mostly less than 15 feet tall, and usually evergreen.  There was an estimated 5 to 7.6 million acres of chaparral in California in 1985.  The principal genera are Adenostoma, Arctostaphylos, Ceanothus, Cercocarpus, Garrya, and Quercus.  

Waste Quantities

Quantifying the amounts and types of agricultural residues generated in each of the forest residue categories is extremely difficult without conducting comprehensive research throughout the state with continuous updates of the compiled data.  Without ongoing data collection, any quantification estimates would only be valid for the time frame in which the study was done and would be susceptible to ongoing market changes.  Therefore, the quantification of forest residue tonnages should be viewed with these inherent limitations in mind and the tonnages quoted should not be considered absolute values.

In generating estimated quantities, three primary sources were used.  The first source of information was the United States Department of Agriculture (USDA) Forest Products Laboratory’s (FPL) report, Recovery of Paper and Wood for Recycling: Actual and Potential.  The second source was the CEC’s 1991 Biomass Resource Assessment Report for California.  The last source of information was the Quincy Library Group’s (QLG) report titled Northeastern California Ethanol Manufacturing Feasibility Study (1997).  

USDA FPL Data

Primary timber processing facilities (i.e. sawmills and plywood mills) in the United States generate large quantities of wood residues in many forms, such as bark, chips, sawmill slabs and edgings, sawdust, and peeler log cores.  In 1991, it was estimated that 26 million tons of bark and 74.5 million tons of wood residues were generated by primary timber processing facilities in the U.S.  However, most of these wood residues were already being used as fuel or as fiber raw material to produce other products, primarily pulp and paper products.  Only about 6 percent of the wood residues and 5 percent of the bark residues were not being used in 1991, creating a disposal burden of only 4.3 million tons of wood waste and 1.4 million tons of bark waste.

CEC Data

The information and data collected for the CEC report mainly pertains to quantities of forest wood residue that are available for use as biomass fuel.  The materials covered in this report included forest slash, lumber mill residue, and chaparral (see Table B, below).  Lumber mill residue seems to have the greatest tonnages but probably has decreased over the past nine years.  The decrease would be due to the overall downsizing of the industry, a trend in exporting bulk lumber in lieu of finished products, and the advancements of lumber mill technologies, such as thinner blades, which leads to less waste.  The decrease in the quantity of mill residue is a minor issue because the majority of mills have power plants built on site to assist in their individual energy needs or the waste is dedicated to a specific reuse and is rarely destined for landfills.

Table B: Biomass Resources in California
(CEC, Biomass Resource Assessment Report, 1991)

Materials
Annual Amount (tons)
% Residue

Forest Slash
5,232,971
11.22

Lumber Mill Waste
5,468,286
11.73

Chaparral
7,651,000
16.41

Fruit and Nut Crops
1,880,105
4.03

Food Processing Waste
1,743,267
3.74

Vegetable Crops
919,140
1.97

Nursery Crops
24,878
0.05

Field and Seed Crops
6,618,782
14.20

Energy Crops
508,310
1.09

Urban Yard Waste
3,054,411
6.55

Livestock Manure
11,901,829
25.53

Urban Wood Waste
1,621,118
3.48

Total
46,624,098
100.00

Quincy Library Group (QLG) Report

The QLG report titled Northeastern California Ethanol Manufacturing Feasibility Study (November 1997), was organized and put together by the QLG along with other public and private stakeholders.  The Quincy Library group is an ad hoc association of local environmentalists, timber industry representatives, elected officials, trade associations, and residents that started meeting in 1993 to devise a plan to retain community economic stability, which is largely based on the timber industry.  Also in the goals of the group are improvement of forest health and reduction of the risk of catastrophic wildfires.
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The Quincy Library Group Biomass Fuel Supply study area includes most of Lassen and Plumas National Forests, and the Sierraville District of the Tahoe National Forest, all of which encompasses approximately 2.4 million acres.  The above areas are associated with existing or former sawmill sites.  The average moisture content of the forest residue is estimated to range from 45 to 50 percent, depending upon the species harvested and the time of year.  

Wood residue is generated as a part of normal logging operations of merchantable timber.  Typical logging operations in this area remove the larger high quality portions of the trees for sale to sawmills.  The remaining tops, limbs, and undersized trees too small for sawlogs can be chipped for biomass feedstock or left in the forest.  The amount of material generated for biomass depends on the particular stand of timber and the harvesting methods and ranges from 6 to 25 bone dry tons (BDT) per acre.  

This study estimated that approximately 1.97 BDT of recoverable forest residue is generated for each thousand board feet of saw logs harvested.  This estimate is based on the assumption that if a chipper was available on the logging operation to chip tops and damaged trees, one load of chips could be generated for each load of logs that was removed. 

Available Technologies/Products

Forest residues are the excesses of production that have not been utilized or left on the land after harvesting operations.  Although such waste contains materials that can benefit society, their apparent value is less than the cost of collection, transportation, and processing for beneficial use.  As a result, the waste discharged can cause environmental problems and the loss of a natural resource.  

If the waste can be utilized, such as to enhance food production, it is no longer waste but a new resource.  Waste utilization technologies rarely are a total waste management solution.  Such technologies may not handle all of the available wastes and can produce secondary residues, which could also require careful management.

Wood Fuel Pellets

Figure 15: Wood Fuel Pellets

Wood fuel pellets can be manufactured from waste sawdust, wood shavings, bark, hog fuel, and other wood or fibrous wastes.  It is processed in such a way that the particle size is uniform enough to be utilized by a pellet mill.  A complete discussion and description of technologies available is found in Appendix D of this report.

Particle Board

The development of improved-strength chemical adhesives has helped the lumber industry utilize materials that once were discarded as wood waste.  Particle board is one of those waste by-products that uses sawdust and small wood particles, combined with adhesives, and formed into sheets of uniform thickness using high pressure and temperatures.  The resulting product can be used in houses as underlayment.  Particle board is also used for cabinet countertops, for partitions between cabinets and drawers, for closet and other shelving and for furniture applications.  Particle board is also used as a base for door jambs and other trim, where a ply or veneer or hardwood is glued over the particle board base.  This type of product helps conserve our forest resources, and also helps to hold down the rising costs of construction and furniture materials.

Wafer/Oriented Strand Board

Figure 16: Oriented Strand Board

Both wafer board and oriented strand board are made from wood fibers that are mixed with resins and formed into sheets.  Both of these products enable the forest industry to utilize less desirable or less mature wood species to manufacture building materials.  

Wafer board is made by slicing soft wood into wafers that resemble potato chips in size and shape.  These wafers are then mixed with resins and formed into sheet materials that can be used for most of the same applications as plywood.  Because the wood wafers are completely wrapped up or encapsulated in the resin, the wafer board can be used for both interior and exterior applications.

Oriented strand board is made by separating wood fibers and then bonding them together with resins into sheets.  Like wafer board, strand board enables us to use lesser species of wood to manufacture building materials.  Fast-growing wood species such as poplar, which would not otherwise be commercially utilized, can be used and their rapid growth means they are truly a renewable resource.

Hardboard

[image: image18.jpg]


Hardboard utilizes what might otherwise be waste products to make building materials.  Hardboard is made of cellulosic wood fibers bonded together at high pressures.  The material is very dense.  It is made in 1/8 inch to 3/16 inch thicknesses, and is used for furniture construction, as the bottom of cabinet drawers or as the back wall side of furniture or cabinets.  Hardboard is smooth on one face and embossed on the opposite face.  

There is another kind of hardboard called tempered hardboard, which is heat-treated to improve its strength and moisture resistance.  When drilled in evenly spaced holes of uniform diameter (i.e., pegboard), it may be nailed on a shop wall and used to support hand tools, or it may be used for decorative purposes.  Hardboard may also be made into siding such as Masonite ™.  

Adhesives

A new technology employed in Japan to convert municipal sewage sludge into oil may also find application in producing wood adhesive from wood and bark.  The technology, developed by Japan’s National Institute for Resources and Environment (NIRE) biomass laboratory, uses high temperatures and pressures to liquefy sewage sludge.  Japanese and Australian collaborators are confident that it can be adapted to liquefy wood and bark to produce fuel and adhesives.

Unlike the tannin adhesives, the new adhesives made from bark will be of the nonaldehyde type gaining increasing interest overseas.  Their advantages over conventional aldehyde-based adhesives include greater tolerance of different wood species and moisture contents and the ability to cure rapidly at lower temperatures.  Also, they eliminate the risk of potentially hazardous releases of formaldehyde from reconstituted wood products.  Because of this new technology, this type of adhesive will still need to be tested for long-term durability.

Another Australian research project used Pinus radiata tannin extract as an adhesive using hot water extraction techniques to preserve the tannin reactivity.  Pilot plant trials were held in 1990 and 1991 and these showed that good quality particleboard could be made with the tannin formulation.  Excellent results were also achieved in pilot scale manufacture of plywood, oriented strand boards (OSB), medium-density fiberboard (MDF), and glued laminates.  

Further work to optimize the system focuses on the use of surfactants in the tannin formulation and improved extraction techniques.  The following are some of the advantages attributed to pine tannin extracts:  excellent waterproof bonding; relatively fast curing; nonalkalinity; low formaldehyde emission, low cost, suitability for steam injection processing due to “nonflushing” characteristics, and a good environmental image compared to other phonemics. 

FiberCreteTM Product

FiberCrete International, Inc. is a startup manufacturing corporation processing and using recycled fibrous wood waste materials to produce building materials such as panels for exterior usage that replace the stucco building process, cinder blocks, tile roofing shingles, and bricks.  Other waste materials such as newspaper sludge from paper processing plants, box plant offal, sawdust, cotton seed hulls, almond hulls, peanut shells, rice hulls, and other fibrous materials can also be used in this technology.

Many wood fibrous waste materials contain sugars and oils that prevent them from binding with portland cement and fly ash.  This process uses a lime and water wash to change the sugars and oils in woody fibrous materials rendering them compatible with portland cement and fly ash to make a cement-like product.  

Products manufactured of FiberCrete( products have the following characteristics (as compared to concrete):

· A higher insulation rating (R-value of at least 1.75 per inch or as tested by the United States Testing Laboratories).

· One-third the weight, which results in lower shipping costs and handling at the construction site.

· Reduced sound transmission.

· Can be cut with normal carpentry tools.

· Can be finished with no advanced preparation and with only one coating of direct applied stucco.

· Can be waterproofed with a spray at the last stage of the manufacturing process, which eliminates the need for a vapor barrier at the construction site.

Use as Mulch
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Figure 17: Hydromulch Operation

Mulches derived from wood residuals are among the most sought after types today.  As a result, the wood mulch market has become a significant revenue source for generators of wood residuals, such as sawmills and pulp and paper companies.  Numerous independent companies also are involved in gathering wood residuals from various sources, doing some processing, and then marketing the resulting product.  According to the National Bark and Soil Producers Association, the market for mulch is an estimated $300 million to $400 million per year.  Given the fragmented nature of the mulch industry, this figure is probably conservative. 
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Several counties (Ventura, Santa Barbara, San Diego, and Riverside) in Southern California are performing a demonstration project using mulch on avocado and citrus orchards.  Another example is an erosion control and weed suppression project in Ventura County that uses mulch in lemon orchards and at a rate of approximately 400 cubic yards per acre.
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Figure 18: Mulch for Erosion Control

Second Harvester( System

A technology known as The Second Harvester( reclaims low-profit wood wastes by converting them into premium, color-enhanced decorative landscaping mulch.  The value of the wood is raised substantially with only a minimal increase in production costs.  

It uses breakthrough technology for coloring mulch, in contrast to typical augering systems or inefficient batch systems.  This system utilizes a five stage, continuous mixing method to aggressively blend the colorants and mulch.  Wood chips are churned more rapidly and have a greater retention time for superior contact with the colorants being applied.  

This system also requires 50 percent less water compared to alternative systems.  This reduced water requirement allows colorants to be applied at the highest concentrations possible thus allowing for greater color consistency, longevity, and brilliance.  This system has the capability of producing from 50 to 200 cubic yards of finished mulch per hour.

ReFiberTM Mulch

Figure 19: ReFiber Mulch Sample

Wood Recycling, Incorporated (WRI) has developed a processing technology to convert chipped wood, saw mill residues, and other wood wastes into various mulch products.  WRI manufacturers one product called ReFiberTM Wood that contains 100 percent wood fiber mulch and offers improved seed germination and soil stability.  It has moisture content of 9 to 15 percent.  The pH is around 5.4 and the water-holding capacity of this mulch is approximately 1 gallon/pound.

Mountain Valley Farms (MVF)

This company, located outside Biglerville, Pennsylvania, has been selling mulch for more than 20 years.  Its principal business is making pallets and lumber, but it also produces a hardwood bark mulch.  Approximately 75 percent of this mulch is sold to the wholesale market.  Landscapers comprise about three-quarters of the market, and garden centers about one-quarter.

To produce bark mulch, MVF first grinds the bark that comes off its debarker and edging strips from the sawmill.  The ground material is placed in 20 by 20 foot windrows, where it is watered and turned every 30 days.  It is aged in this manner for six to nine months prior to being sold.  MVF buys anywhere from 100 to 150 trailer loads of bark from a network of sawmills.  Each of the mills has its own hogging operation and grinds the bark to MVF’s specifications.  MVF then puts the purchased bark directly back into its own composting windrows.

Jolly Farmer

This company, located in Maine, has been producing mulch products from bark since 1983.  Jolly Farmer is a stand-alone operation that purchases bark from mills throughout Maine, New Hampshire, Quebec, and New Brunswick and processes it into a wide variety of mulch products.  Recently, the company has begun to use mulch to produce a growing medium as well.  The process is a simple one that uses magnets to pull out any metals prior to grinding.  After the bark is reduced, it is screened with a trommel and then is stored in covered bins.

Jolly Farmer originally sold mulch to augment its firewood business.  After researching the business, it began using a portable grinding mill to process bark into mulch at sawmills in the Northeast.  Today, the company operates one of the most sophisticated mulch production facilities in the country on an 85-acre site in Poland Spring. Jolly Farmer produces and sells plain mulch, as well as mulches combined with soils, peat moss, and manures.

Biomass Uses
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Figure 20: Wood Biomass Piles and Cogeneration Plant (in background)

The economic and environmental benefits attributable to the biomass industry have been generally characterized within the following seven areas:
Improved Air Quality.  Combustion in a biomass plant versus open burning in a field or forest will change the nature of the emissions.  Combustion in a biomass plant provided reduction of carbon monoxide, particulate matter, and hydrocarbons, while increasing nitrogen oxide emissions.  The value of each type of emissions depends on plant design, fuel types, and location of a particular biomass plant.  

Decreased Use of Landfills.  The expansion of the biomass industry has provided benefits in the diversion of materials from landfills to biomass facilities.  This overall benefit is derived from savings in landfill space, the avoidance of tipping fee payment, and the reduction of environmental damage associated with landfills, such as the creation of leachate and methane gas.  

Increased Widlfire Prevention, Water Yield, and Improved Forest Health.  Forest thinning activities provide potential benefits such as improved forest health, a decrease in wildfire severity and occurrence, and increased water yield.  Additional potential benefits are related to increased wildlife population and recreational opportunities.  In addition to air benefits, biomass facilities provide a market for the material removed from the forest.

Enhanced Rural Economics.  A positive impact on rural area tax bases and employment is an additional benefit attributable to the biomass industry.  These plants are significant contributors to property tax revenues.  They are also a major employment provider in rural locations, and employees generate sales tax revenues.  

Electricity Generation Diversity.  As was intended by a 1978 federal law, the biomass industry has become a valuable additional, nontraditional power generation source.  Prior to the energy restructuring currently underway in California, the California Energy Commission estimated the value of diversity of energy generation to be less than 1 percent.

Uses in California

In terms of total electricity production in the state, biomass plants are a minor player (see Appendix F for a listing of California biomass plants), but in terms of biomass utilization, they have a significant impact.  In 1994, California biomass plants consumed about 8.5 million tons of organic waste per year.  These plants are currently having difficulty competing with the lower production cost of natural gas-fired generation plants.  

The restructuring of the electricity industry mandated by State law (Chapter 854, Statutes of 1996 [Brulte, AB 1890]) will be phased in during a four-year transition ending in 2002.  As part of this restructuring, the buy-back rate that utilities offer biomass electricity producers was recalculated and the current rate is too low for the biomass plants to compete with other generation plants on the grid. 

Opportunities still exist for cogeneration plants, biomass plants that create markets for excess thermal energy, and those that are successful in the “green power” market.  The cogeneration plants that are tied to wood manufacturing plants, such as sawmills, will likely continue to operate because they serve four functions: 

· Produce thermal process energy (e.g. steam for dry kilns).

· Produce electricity for plant needs.

· Provide a low cost disposal option for manufacturing residues.

· Produce electricity sales to the utilities.  

To the extent that consumers are willing to pay a nonsubsidized cost for this electricity, both biomass and cogeneration plants are in a position to profit if a sizable market develops for “green power.”

The future of these plants is difficult to predict, but what is certain is that changes in the products they produce and marketing approaches are required.  Some plants are considering other thermochemical, biological, and mechanical processes to convert biomass into higher-value products.  

Dow Corning Corporation Cogeneration Plant

Because of the rise in energy costs in the late 1970s, Dow Corning Corporation was looking for a new source of power for its manufacturing plant in Midland, Michigan.  This plant is located in an area with a well-developed road network and abundant supply of wood.  In addition, the plant was in an area required to meet national air quality standards, and clean burning fuels and technologies were needed.

Previously, the plant (a joint venture of Dow Chemical and Corning Corporation) had purchased electricity and burned #6 fuel oil to produce steam, but the worldwide energy crisis had caused energy prices to increase sharply.  After considering many different alternative energy sources including coal, natural gas, and nuclear power, Dow Corning settled on wood power.  

After a feasibility study to assess the fuel supply, the 22-megawatt Steam and Electric Cogeneration  (SECO) plant was constructed in 1982.  The plant continues to operate today, making use of wood harvested from forest stands as well as waste wood.  At present, 60 percent of the fuel supply comes from wood harvested from forest sources.  The remaining 40 percent comes from industrial and commercial waste wood.

The SECO plant generates approximately 40 cubic yards of ash per day.  The plant has a ready-made market for the ash in the acid quench ponds at the chemical plant on the premises.  Recently, SECO received an agricultural land use permit to spread the ash in dry form on farmland as a fertilizer.

The Dow Corning Corporation considers the SECO plant a success.  The $36 million cogeneration plant was paid off in less than four years.  In addition, many thousands of tons of wood wastes were kept out of landfills.  

Kirkland Lake Power Corporation Cogeneration Plant

In August 1990, Northland Power, located in Northeastern Ontario, completed the world’s first combined cycle integrated fuels project, providing 105 megawatts of electricity.  The design incorporates the firing of natural gas and wood waste in a single cycle.  This results in a plant that is much more efficient than plants using separate gas or wood waste cycles.  

As the gas and wood are simultaneously burned, heat is recovered and steam is generated.  The steam produces electricity, which is sold to Ontario Hydro.  The three byproducts of the cogeneration process are steam, hot water, and ash.  The steam produced has three separate lines at 30 psi, 90 psi, and 300 psi, which could be used by an appropriate nearby industrial process.  The hot water at between 105(F to 115(F would be ideal for a greenhouse operation.  Lastly, the 30 yards of ash produced per day and could be used as an ingredient in fertilizer.

Over the years, piles of bark and sawdust at area sawmills had posed waste disposal problems.  The wood waste was either landfilled or open burned creating both air and water pollution in the area.  With the use of this waste as biomass fuel, the problems of both air and water pollution were eliminated.  The installation of mechanical separators and wet scrubbers removed 98 percent of the fly ash before it entered the chimney.  Presently, nine area sawmills send their wood waste to the plant, diverting approximately 242,000 tons of waste from landfills.

Stirling Energy Systems (SES)
SES has developed a technology called BioGen for use in California.  This system would integrate a Stirling engine to a biomass burner.  The Stirling engine is truly an environmentally friendly device.  When one end is heated and the other kept cooled, useful work can be obtained through a rotating shaft.  It is a closed machine with no intake or exhaust, which results in very quiet operations.  Anything that gives off heat can be used to run a Stirling engine.  No combustion is required, only heat is required, or more accurately, a temperature difference between the hot and cold sides.  
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Figure 21: Stirling BioGen Biomass Unit
This system would utilize low-cost, renewable biomass fuels such as wood chips, sawdust pellets, almond and peanut shells, rice hulls, and corn cobs as well as specific biomass crops such as switchgrass or corn that are burned in a combustion chamber.  This heat would then be used to run the Stirling engine.  This system will be less costly to operate than other electrical power generating equipment.

BioGas Microturbine Power Plant

A company called Reflective Energies, together with a team of industry representatives, research institutes, and important end users, is developing a project that will be a major step in the development of clean, small, modular power systems that convert biomass to electricity in California.  Initial plant size will be 100 kilowatts—easily stepped up to 1 megawatt. 

This technology uses microturbines that run on low-grade fuels such as biomass gas.  Microturbines are small, high-speed turbine generator power plants, including the turbine, compressor, and generator all on a single shaft, as well as the electronics to deliver the power to the grid.  

Microturbines have only one moving part, use air bearings, and need no lubricating oil, and are expected to be much more rugged than internal combustion engines.  This system will be able to run on low pressure, low-Btu biomass gas, without the need for any other fuel.  No fuel gas compressor will be needed.  Catalytic combustion will assure no Nox.  

This mobile technology can be used at the site of generation.  This would eliminate transportation costs, reduce burdens on landfills, reduce smoke from open burning, and potentially provide a source of revenue. 

The cost of the power generated will be between $0.03/kWh and $0.045/kWh.  The projected cost of the power plant including the gasifier is below $1000/kW, less than half today’s prices.  Savings in landfill tipping fees will often be over $30/ton.  New plants are planned to be operating commercially within three years.

Uses in Other States/Nations

Other states are processing forest residues, which mainly consists of bark, sawdust, shavings, and cuts-off from manufacturing operations.  The nature of the material (e.g. wet/dry, soft/hard wood) affects its potential use and therefore, its potential value.  Most of the woody processing residues are sawdust and bark, which are generated during the milling of sawlogs.  Dry residues such as sawdust, shavings, and off-cuts are produced during the manufacturing from kiln-dried lumber.

Much of the dry shavings and some of the green and dry sawdust are sold to the poultry industry as animal bedding.  Most of the forest residues, whether green or dry, are used as boiler fuel.  The majority of these boilers are located at relatively large sawmills or veneer mills, which use on-site cogeneration systems to produce thermal energy and electricity.  

Many of the larger mills that have cogeneration systems purchase additional hog fuel from other, relatively small mills.  These smaller mills are typically too small to justify the purchase and operation of a cogeneration system and are commonly able to sell their residues to larger mills.  The economics of hog fuel vary, but in general the price of the fuel is not much more than the cost of freight—there is little if any profit from the sale of residues on the part of the residue producer.  In fact, for many small producers who are located far from a facility with a boiler, the cost of transportation exceeds the revenue received for the material—such expenses are viewed as a means of minimizing waste management costs.  

As an example, Arkansas has readily collectible and usable biomass generated in the state each year that amounts to an estimated 12.7 million tons, of which almost half (5.7 million tons) is “woody” biomass.  Woody biomass includes primarily residues generated in the forest and at wood processing facilities.  Other woody biomass includes woody material from right-of-way clearings, waste pallets, and wood from construction and demolition (C&D) activities.

Wood Waste for Kiln Drying in Thailand

A wood processing company located in Thailand produces parquet flooring.  In the manufacturing process, they produce large amounts of residues (i.e.,wood shavings and sawdust).  Instead of being dumped or incinerated, or using conventional fuels (i.e. bunker oil, diesel, gas, etc.) the wood shavings and sawdust are transported via pneumatic collector system and used as a source of energy in the boiler supplying hot water to the kiln dryers and hot presses.  The plant capacity is 1,250,000 Kcal/hr.  

The total investment cost of the above process equipment is approximately $180,000, excluding civil work.  The payback period is less than three years due to the savings from no longer having to dispose of wood residues, nor having to use fuel oil for the boiler.

Charcoal Briquette

Wood waste (i.e. bark, sawdust, butt ends, etc.) generated from sawmill operations is gradually becoming a problem in British Columbia, and a Calgary company is finalizing plans for a charcoal briquette manufacturing plant that will utilize wood waste that once went into smoke-belching beehive burners.  The size of the proposed charcoal plant will be dependent on the long-term fiber supply agreements signed with regional licensees.  The relationship between wood residue required and charcoal produced is about four to one.  For example, approximately 100,000 of charcoal/year would be recovered from 400,000 bone-dry tons/year of wood residue using this technology.

The wood used by this charcoal manufacturing plant has an average moisture content of approximately 50 percent and will be dried in two vibratory dryers.  The residues are then be heated in negligible amounts of oxygen in hot, moving bed furnaces to produce charcoal.  Off-gasses from the charring process are collected and reused as fuel for drying or charring the residues.  Excess gasses will be used to heat boilers to produce steam that will drive a turbine and create electricity.  The surplus electrical power produced will be sold back to nearby industrial plants or to 
BC Hydro. 

The charcoal produced at this plant is cooled and transferred to storage bins.  It is in a powdery and granular form at this stage.  The charcoal will be pneumatically loaded into enclosed hopper cars for rail shipment to another facility that will add starch, which comprises 6 to 9 percent of the weight of the charcoal barbecue briquettes, as a binding agent.  The charcoal briquettes will be marketed mainly in the European markets, along with other future national and international options.

Ethanol Production

Quincy Library Group Study

A organization named the Quincy Library Group (QLG) is working together with the Department of Energy (DOE), National Renewable Energy Laboratory (NREL), and other project partners and has put together a feasibility study to strategically thin California forests to reduce the fire danger, improve forest health, and restore ecosystem balance.  The objective of the study was to determine the economic, environmental, and regulatory feasibility of siting one or more forest biomass to ethanol manufacturing facilities in Northeastern California.  A key issue being dealt with in this study is what to do with the smaller trees once they are removed from the forests.  The option chosen that has the most validity is utilizing a technology that converts biomass to ethanol for fuel and cogenerate electricity.  

The study area includes most of Lassen and Plumas National Forests and the Sierraville Ranger District of the Tahoe National Forest.  The QLG identified seven sites within these regions and will recommend one as the site to build the biomass-to-ethanol facility.  The QLG’s major tasks are: (1) feedstock supply and delivery systems, (2) site selection, 
(3) design and cost estimates, (3) financial evaluation and sensitivity analysis, 
(4) environmental issues, (5) market issues, and (6) socioeconomic impacts.

The feedstock for the selected site will produce ethanol by using forest management and wood product residues.  The conversion technologies being considered are concentrated sulfuric acid, dilute sulfuric acid, and dilute nitric acid processes.  

New technologies have been developed which allow for the production of ethanol from “lignocellulosic biomass.”  Lignocellulosic biomass can be processed to produce sugars that can, in turn be fermented to ethanol.  The primary components of lignocellulosic biomass are celulose (45 percent), hemicellulose (25 percent), and lignin (25 percent).  The lignin component is the precursor to coal, has nearly the same energy as coal, but does not contain the sulfur found in coal.  Lignin is therefore a clean burning source of energy that can supply the steam and electricity needs of the ethanol plant.

Temporary Road Base

A landfill in California successfully uses recycled wood waste (hog fuel) and 100 percent recycled wood stumps as a low cost alternative for mud control and to provide traction in wet areas.  This wood waste replaces natural aggregate and uses approximately 12 percent less material than when using natural rock.  Another benefit of using this material is that it reduces the time involved in delivery and spreading operations.  The cost for this material ranges from $1.00 to $1.50 per cubic yard.  

Other Uses For/Products Made From Recycled Wood

· Absorbents

· Animal Bedding

· Art 

· Artificial Reefs

· Auto Door Panels, Interior, Trunk Liners

· Barrels

· Boxes

· Carbon & Fiber Composites

· Cellulose, Batts and Blankets

· Crates

· Erosion Control Material

· Fiber

· Asphalt Cements

· Block Filler

· Caulks

· Epoxy

· Food Additive

· Filter Medium

· Filtrate Absorption

· Gasket Material

· Grouts

· 
Insulation

· Mache

· Plastics 

· Phenolic Moulding Compounds.

· Roof Coating

· Sealants

· Texturized Paint

· Tile Cements

· Densified Fire Logs

· Furniture

· Honeycomb Panels

· Landfill Cover

· Methanol/Syngas

· Packaging Filler

· Pallets

· Panel Products

· Paper

· Pet Litter

· Plastic Wood

· Potting/Top Soil

· Pulp

· Pyrolysis Oils

· Reels

· Sludge/Municipal Solid Waste Amendment

· Soil Amendments

· Spools

· Toys

· Wood/Inorganic Composites

IV.  Conclusion

Many useful products can be manufactured from agricultural and forest residues as discussed in detail in this report.  Products and uses include soil amendment products (compost, mulch), construction materials (fiberboards, panels, wallboards, etc.), and energy uses (ethanol production, gasified rice straw, fuel in biomass and cogeneration facilities).

A number of the technologies that have been discussed in this report are very promising.  However, there are several factors to consider in evaluating the feasibility of any project.  Economics, environmental concerns, manufacturing concerns, and markets for end products are the driving forces behind the successful utilization of agricultural and forest residues.  


Recent research and development has produced many viable products that are finding commercial acceptance.  Several organizations responsible for writing standards and building codes are currently evaluating these new products and uses and making decisions that will affect the speed of future development and applications.  These products and uses appear to have bright futures and further research will undoubtedly develop productive uses for these wastes.

Because these residues are currently either being utilized in one way or another or disposed in place, they do not end up in municipal solid waste landfills.  Any newfound uses for these residues are likely to have minimal impact on municipal landfills.
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