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3. Evaluation of Markets and Technologies

3.1 Introduction

This section provides an evaluation of market for biosolids products and technologies that can be used to process biosolids and other municipal solid waste to produce marketable products.  The approach used to evaluate management options focuses on coordinating two key aspects: (1) identification of long-term, sustainable markets for biosolids products, and (2) the technologies that can manufacture products that are compatible with these markets. 

Three preferred alternative technologies to processing biosolids were selected using the following steps:

· Develop a list of potential markets for biosolids products.

· Screen the list of potential markets to eliminate alternatives that pose excessive risk or cannot meet the objectives of the agencies.

· Identify and screen processing technologies that are able to generate products that are compatible with the remaining market categories.

· Rank the processing technologies using a benefit scoring method to identify the three most promising alternatives.

3.2 Markets for Biosolids Products

Nine agricultural, horticultural, and silvicultural markets and eight other markets were identified that can use biosolids based products. Brief descriptions of the markets are provided below.  The descriptions include summaries of key aspects of these markets, such as legal restrictions, market size, public perception, and political constraints. Summaries of the descriptions and a screening evaluation are presented in Tables 3-1 and 3-2.  The tables include color-coding, with red indicating high risk aspects of a market, yellow indicating aspects requiring caution and green representing low risk.  Market categories that are colored in red were eliminated from further consideration because they are considered too risky.  Seven agricultural markets and four non-agricultural markets were retained to develop a biosolids management strategy.
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Biosolids Market Summary and Evaluation (Other Markets)


3.2.1 Agricultural, Horticultural, and Silvicultural Markets

Class A ‘products’, such as compost, dried pellets, and fertilizer can be used in a variety of agricultural, horticultural, and silvicultural markets. The markets in southern California for these products are discussed below. 

Various biosolids products can be used to improve soils and crops in both horticulture (e.g., maintaining lawns, gardens, and ornamental plants), agriculture (e.g., farming vegetables, fruits, nuts, and hay crops), silviculture (i.e., tree farming).  Numerous direct benefits exist, including the fertilizer value and soil structure improvements that can be achieved.  Indirect benefits include improved water quality brought about by reduction in soil erosion and use of chemical fertilizers and herbicides that can harm the environment.  Water conservation is often realized from use of compost products because it improves water retention in the soil.  Thirty-six facilities located throughout southern California produce over 1.6-million tons per year of compost products from 2.5-million tons per year of raw materials.

Biosolids products can be used to promote more sustainable agricultural practices, which are defined  as “long-term use of resources without degradation”.  Research has produced principals and guidelines focusing on the preservation and promotion of long-term soil fertility through sustainable agriculture.  Proper soil fertility levels help maintain adequate gas exchange, water retention capacity, organic matter content, and biological activity.  It also reduces soil compaction

Agriculture - Existing Programs

Existing agricultural reuse practices are limited to production of compost at one facility in Santa Barbara County and other composting facilities located in the San Joaquin Valley.  Land application of Class B biosolids in the San Joaquin Valley has stopped due to recently enacted ordinances.  The existing composting operations may be viable, but land application of Class B biosolids is no longer considered a viable option for the agencies.  In addition, use of composting facilities in the San Joaquin Valley are not in accordance with the agencies’ guiding principles that require local control and in-County use of biosolids.  Therefore, other than existing in-County composting options, maintaining existing agricultural markets using existing methods is not feasible.  This alternative was eliminated from further consideration.

Agriculture - Land Application of Class A Cake Biosolids for Non-food Crops

This alternative would involve application of Class A biosolids cake to agricultural sites.  The material would be produced using advanced anaerobic digestion or other thermal processes and mechanical dewatering to produce biosolids cake with Class A pathogen levels.  This alternative is being pursued by the City of Los Angeles.  

Private haulers and operators would be employed to reuse biosolids through application on land that is used to grow non-food crops. Most counties in southern and central California have moved to ban land application of Class B biosolids, so it is assumed that a Class A product will be required if land application of dewatered cake biosolids is to continue in the future.

Although it has fewer pathogens, Class A cake is aesthetically similar to Class B cake, which may negatively influence public perception of this option.  While it appears that Class A land application will not be banned entirely, there is a trend toward increasing restrictions on land application of Class A cake.  Because of aesthetic concerns (texture and odor), Class A cake is not considered to be a high-quality product that is valued by consumers.  It is unlikely that a large-scale biosolids cake land application program could be instituted in Santa Barbara County, and application of the material outside the county is not in keeping with the guiding principles.  Therefore, this market is not considered viable and was eliminated from further consideration.

Horticulture - Use by Public Agencies in Santa Barbara County

Biosolids compost and other Class A products can be used in a beneficial manner in parks, golf courses, and other areas.  Such products can be used for over-seeding turf areas, soil amendment in flower and ground cover areas, and mulch for weed and erosion control and moisture retention.  Biosolids compost has been used successfully in turf establishment and renovation.  In addition to improving the water holding capacity of the soil, compost has been shown to suppress certain diseases on creeping bentgrass and bluegrass turf.  Application of biosolids compost improves the establishment rate from seed and the general appearance of turfgrass (Barket, 2001).  Many parks, recreation, street and landscaping departments use compost for mulch and often prefer to use organics rather than man-made fertilizers and herbicides. 

Horticulture - Ornamental Plant and Flower Growers

The ornamental and nursery horticulture industries can use compost and dry products that have Class A, Exceptional Quality ratings.  The potential users included the nursery industry (wholesale and retail), landscape industry (contractors, soil amendment creators, and public-sector parks, public works, and highway departments), community gardens, and commercial developments and institutions with significant landscaping.

Horticulture - Blending & Bagging For Retail Sale

This market involves using compost and dried products in retail blending and bagging operations.  The benefits of using organic residuals, such as compost and dried products, to amend soils and improve growth of gardens and crops are numerous and well documented. 

In the southern California marketplace, four suppliers dominate sales at the retail level: Kellogg Garden Products, Scott’s Hyponex, Western Organics, and Whitney Farms.  The products are sold as topsoil or soil amendments.  A total of eleven compost product manufacturers and suppliers are known to be operating in the local retail marketplace.  Several of these manufacturers supply products to K-Mart, Target, and Wal-Mart for their in-house brands.  Of these manufacturers, three firms, Kellogg Garden Products, Western Organics, and Scott’s Hyponex, utilize biosolids in their product formulations.

The biosolids portion of the southern California marketplace appears to be dominated by Kellogg Garden Products.  Of the eight different products marketed by Kellogg, seven contain digested, composted biosolids.  In the case of Scott’s Hyponex, fifteen different products were available but only one product contains digested, composted biosolids.  A significant portion of the biosolids used by Kellogg and Scott’s Hyponex is obtained from EKO at IEUA’s existing compost manufacturing facility.  It was not possible to determine the relative quantities of biosolids-based compost moving through the distribution chain of these two companies.  This remains proprietary information. These firms expressed a desire to partner with biosolids generators to acquire additional compost material.

Table 3-3 describes the three major horticultural industries. The current market in California for horticulture is stable.  According to USDA NASS statistics regarding nursery and floriculture crops in 2000 (USDA 2001; USDA 2002), California leads the nation in the production in nearly all crop categories.  In nursery production, California made up 28% of the total $3.3-billion dollar industry.  In floriculture crops, California made up 21.5% of the total $4.7-billion dollar industry.

	table 3-3

	Horticulture Markets for Biosolids Products

	Ornamentals
	Landscaping
	Nurseries

	Greenhouse cut flowers & plants
	Landscape architects
	Wholesale & Retail

	Perennial plants
	Landscape contractors
	Container plants

	Fruit trees
	Wholesale soil amendments
	Soil amendments

	Ground cover
	Retail soil amendments
	Mulch

	Woody ornamentals
	Producer soil amendments
	

	Sod
	Public sector users:
	

	
	Parks Departments
	

	
	Golf courses
	

	
	Transportation & Highway Dept.
	

	
	Public Works Departments
	

	


Silviculture - Shade Tree Program Assisting Residential Development

Class A products can be used to aid in urban tree planting. A healthy sustainable urban forest provides many benefits to its community:

· Natural urban shading and cooling, reducing air conditioning and associated costs

· Reduced energy use, thereby lessening air pollution from electricity generation

· Sequestering up to 26 lbs.  of carbon dioxide per mature tree each year

· Water conservation and reduced stormwater runoff along with associated flooding and pollution (mature trees are able to trap and hold up to 50 gallons of water each)

This is not likely to be a large market, but it could be a good public relations reuse option, while providing additional benefits to the County.

Silviculture - Indirect Energy Production through Biomass Crop

Land application of compost, pellets or other biosolids products to private or publicly-owned lands can help produce crops that in turn can be used in the production of ethanol as a renewable fuel source.  Biosolids products can also be used to support fiber crops.  As an option, the County could partner with private sector farmers who have enough land available to use all, or a substantial portion, of the biosolids products generated annually.   The farm would need to be somewhat larger than would be estimated by agronomic loading alone to allow for various farming factors and contingencies including normal crop cycles and rotation.

With the switch from MTBE to ethanol as a gasoline additive as required by the State, significant increases in ethanol consumption will occur in California.  It is estimated, based on projected gasoline consumption, that California will consume an average of about 880-million gallons per year of ethanol from 2003 through 2005, as compared with only about 60-million gallons per year in 2000.

Creating a viable in-state ethanol industry to capture these benefits, however, poses major challenges.  The cost of producing ethanol remains high, requiring continued government price support to make it a competitive fuel additive.  Developing a California-based ethanol industry will also require a state government role to overcome economic, technical, and institutional barriers and uncertainties.  California-produced ethanol will face competition from out-of-state ethanol suppliers and in-state petroleum products.  Commercializing new technologies for converting biomass to ethanol raises uncertainties and presents challenges that must be overcome to foster and nurture a commercial ethanol industry in California.  

There are companies that have started ventures for developing crops for ethanol production.  One farm of around 80,000 acres would be able to supply approximately 25 percent of the California demand for ethanol as a fuel oxygenate.  However, to date, the sites that have been considered are located on marginal land in Imperial County and San Bernardino County, both of which do not allow land application of biosolids.  Whether the counties will allow the use of Class A biosolids products to support development of a new industry within the counties has not been explored in much detail.  It is likely that this issue will be brought up once the ethanol crop companies have further developed their ventures.  This alternative does not support the MJSWTG’s guiding principal of keeping biosolids within Santa Barbara County.

Agriculture - Citrus, Avocado, and Vineyard Crops

Fruit tree orchards use a highly specialized and intensive process that tends to exploit the soil to its maximum productivity.  Recently, limited use of manure and organic amendments, lack of crop rotation, frequent use of clean cultivation, lack of cover crops, little fallow time, increased traffic of orchard machinery, and intensive inorganic fertilization and herbicide programs have accelerated soil exploitation.  These factors have been identified as some of the major constraints of intensive fruit monoculture (Stoffella and Kahn, 2001).  Pelletized or granulated biosolids can provide the organic matter needed to improve soil quality.  In fact, a significant quantity of heat-dried products have been used by the citrus industry in Florida.  

In Southern California, there are 210,000 acres of orchards growing various crops.  It is not known how many of the acres are available for product application.  The theoretical market capacity at an application rate of 20 tons per acre would equal about 4.2-million tons per year.

This market is especially vulnerable to fluctuations in fertilizer demand, and it is a highly seasonal market that is only open during spring fertilization season before fruit sets.  Biosolids demand would depend upon the cost and availability of fertilizer alternatives.  Since farming is a relatively low-margin, high-risk industry, it is unlikely that farmers would use biosolids in the face of any negative public perception of biosolids.  Any stigma attached to the farmers food would lower the price they could charge for their fruit.  For this market to be effective, public perception would have to be managed.  Segments of the public may be particularly unwilling to allow biosolids to be used in production of their food.  In addition, food produced using biosolids could not be classified as “organic” under Federal rules.  Because of the high level of risk associated with this market, it is not considered to be viable.

Agriculture - Land Application of Lime-Stabilized Products

This market involves application of high-pH biosolids products containing lime to agricultural land.  Ag-lime products are typically used to increase the pH of acidic soils.  There has been limited development of the market for alkali-stabilized products in the western U.S. because soils in arid climates tend to be alkaline.  Most of the growth has been in eastern the U.S. where the soils tend to be acidic.  Application of a high-pH product to alkaline soils can impair the soil’s properties and restrict the availability of essential plant nutrients.  An alternative use that has been suggested is in remediation of sodic soils, which are typically treated with a heavy dose of gypsum to release salts.  However, most biosolids products that contain lime or gypsum, do not have a sufficiently high proportion to assist in remediating sodic soils effectively.

Because large quantities of lime are required to treat biosolids, transportation of alkali-treated biosolids is relatively expensive.  In horticulture, most plants prefer slightly acid or neutral soil, which limits this potential market.   While this market may be viable, it is not as promising as other alternatives.

3.2.2 Other Markets

Direct Energy Generation

The direct energy production market includes power generated by the exothermic combustion or oxidation of biosolids and renewable energy recovery through slurry-fracture injection.  Although digested biosolids have a lower calorific value than undigested solids, exothermic oxidation can still be achieved in a well designed process using incineration or supercritical water oxidation.  Power is typically generated through waste heat recovery, although combined heat and power (CHP) systems that are more commonly used in Europe can provide higher efficiency than steam boilers that have been used in the U.S.  

In southern California, power generation from anaerobic digester gas is widespread. However, this method only recovers a portion of the energy value of the biosolids.  The focus of biosolids reuse has been on recovering the nutrient value of the biosolids through land application because of its relative ease of implementation and cost-effectiveness.  However, in Europe, Canada and other regions of the U.S. where land application is limited for various reasons, direct energy production through combustion of biosolids has been successfully implemented.  Recent changes in land application regulations and in power costs in southern California have increased the focus on renewable energy sources.  At present, the wholesale price for electricity generated from renewable energy sources is $0.053 - $0.057 per kWh, compared with the wholesale price of non-renewable electricity of $0.033 per kWh.  

Currently, the renewable energy contribution to the total power demand in southern California is not significant, with less than ten percent of the SCE supply being generated from renewable sources.  However, there is a desire to increase the contribution of renewable energy sources.  The market size relative to the power that could be generated from biosolids is very large.  

Burned Land Rehabilitation & Erosion Control

Erosion of soil is a common problem associated with land that has limited vegetative cover, whether due to natural causes or human activity.  Erosion can be driven by wind or rainfall runoff.  Agriculture, arid land, burned land, cleared and undeveloped land and steep slopes are susceptible to erosion of topsoil and sub-soil.  Compost is the biosolids product with the best structure to assist in preventing erosion.  The objectives of using biosolids products for erosion control are twofold:

· To provide physical containment of soil particles.  A coarse wood mulch provides a structure against the soil which protects soil particles from wind and the impact of falling rain and the resulting runoff along the soil surface.

· To aid development of vegetative cover. Nutrients contained in  biosolids can assist in development of healthy plants and root systems, which provide long-term protection and containment of soil.  

The target market for erosion control along roadways includes state and local governmental agencies.  At construction projects, both private developers and public agencies would be the target markets.  For burned land rehabilitation, the Bureau of Reclamation would be the lead agency.  Before biosolids products can be used in these markets, biosolids must be added to the list of permissible or preferred products for erosion control.   

Caltrans has a program that supports the use of compost for erosion control.  Since compost is a Class A product, there should not be any local restrictions on its use in most local jurisdictions.  Bid prices paid by Caltrans during 2001 ranged from $520 to $555 per ton of compost in place (CDOT, 2002).  Even with the cost of transportation and blower truck application, the revenue potential for this use appears to be considerable.

Use of compost for preventing erosion during and following construction or for burned land rehabilitation would likely require action by the Regional Water Quality Control Boards and/or the local development permitting agencies before a market could develop.  Runoff quality, odors, dust, and ammonia release during application and the potential for public contact may be issues raised during an environmental review.

Compost has been used for erosion control in Oregon, Washington, Texas and California.  The Washington Department of Transportation used approximately 800,000 cubic yards of compost for roadway construction and maintenance in 2001 (Mauer, 2002).  Moreover, compost is a primary material used by the California Department of Transportation (Haynes, 2002).  The Compost Council has developed guidelines for the use of compost for erosion control, and the States of Washington and Minnesota have developed Standard Specifications for use of compost for erosion control in highway construction projects.  California has developed draft specifications.

Direct Landfill Disposal

Landfill disposal is not generally considered a beneficial use of biosolids and, therefore, does not satisfy the goal of reuse.  However, studies are being conducted to evaluate whether biosolids in landfills can enhance production of methane gas that can be beneficially used to generate heat and electricity.  In addition, landfill disposal can serve as a backup option.  Of a total of 102 landfills in southern California, 17 landfills are permitted to receive biosolids.  The theoretical capacity for all waste materials (including biosolids)  in southern California landfills is about 16.6-million cubic yards (7.5 million wet tons).  In Santa Barbara County, there are four landfills.  Two of the landfills are permitted to receive biosolids.

Beyond California, there are landfills in Arizona and Nevada that could potentially receive biosolids.  However, this option is politically uncertain and not in accordance with the goals of keeping biosolids facilities in Santa Barbara County.

Regulations have been enacted in California to reduce the volume of waste sent to landfills.  To comply with the regulations, many landfill operators prefer not to accept biosolids.

Alternative Daily Cover at Landfills

Under current regulations, operators of municipal solid waste landfills must cover deposited waste with a minimum of six inches of compacted earthen material or alternative material at the end of each operating day or at more frequent intervals if necessary to control vectors, fires, odors, blowing litter and scavenging.  Compost, co-compost, and chemically-fixed biosolids that meet the performance standards for cover material can be utilized as alternative daily cover (ADC).  ADC must be limited to up to 25% of landfill cover materials or landfill cover extenders as required under Public Resources Code (PRC) 42245.  The 25% limit applies on a quarterly basis to the total daily and intermediate cover or cover extender.  

There is significant competition with other wastes that can be used as ADC, including green waste, auto shredder waste, shredded tires and construction and demolition waste.  It is anticipated that regulations may be proposed to prevent excessive use of ADC as a means of meeting the landfill diversion targets.  Landfill ADC may be considered a backup market for biosolids products.  However, it is not considered a primary market and may not be a true reuse option.

Construction Material Markets

There are a number of different types of construction products than can be generated from biosolids.  These range from dried biosolids and soil mixtures, to glass aggregate, and inert, sandy materials.  The primary uses of these products  include construction fill, road fill and cement manufacturing.  

The construction industry market has not been widely used as a market for biosolids, largely due to the relatively low number of facilities that produce biosolids products that would be suitable for this market.  However, discussions with American Remedial Technologies and TPS Technologies that are involved in recycling of non-hazardous, contaminated soils indicate that there is a large market for soil-type materials for use as fill in construction and development projects. 

One company that has developed a process for converting waste materials, including biosolids, into a glass aggregate product that is marketed to the construction industry is Minergy Corporation.  The product, which can be made from mixed waste, is a lightweight glass aggregate that may be used in lightweight structural concrete, lightweight concrete masonry, insulating concrete, and as a lightweight and fire-resistant mineral filler.  It can also be used for ground cover in landscaping.  Glass aggregate from a biosolids-only process is most likely to be marketed as pavement and construction fill material. 

The inert ash or sandy material from incineration or supercritical water oxidation can also be used in the construction industry.  These materials typically pass the EPA leach test and are therefore not considered hazardous.  Over the past nine years, a facility in Minneapolis, Ohio has used ash from incineration of biosolids for manufacturing cement and building products.  The most viable use of incinerator ash has been as an admixture in cement kilns, where there is some evidence that the metals in the ash act as a catalyst.  

The overall aggregate market exceeds 3 billion tons per year in the United States.  At an average product price of $4.83 per ton, the market size exceeds $14 billion per year (U.S. Geological Survey, 2001).  The recycled aggregate portion of the market was less than 1 percent of these totals during the late 1990s (Wilburn, 1998).  However, the U.S. Geological Survey estimated that the recycled aggregate market sector is growing rapidly and will continue to do so.  

Non-Construction Material Products

Several materials for non-construction use can be generated from biosolids. However, this is not a market that has been widely considered for biosolids products.  Minergy claims that their glass aggregate products from the biosolids or mixed waste vitrification processes may be used in non-construction material manufacturing.  However, in discussions with Minergy, it appeared that their first target market in California would be the construction material market as the product would be more acceptable.  

In Japan, processes similar to Minergy were developed by Tsukishima Kikai (TSK) Corporation.  TSK supplies thermal treatment processes and incineration facilities for treatment of wastes, including a process for biosolids vitrification or melting.  TSK formed the molten biosolids into brick and artificial stone.  However, lack of acceptance of the product and process economics have led to TSK discontinue the process.

Although a number of biosolids aggregate or inert ash products could feasibly be used as non-construction materials, lack of acceptance has been a primary draw back to exploiting this market.  The general market for non-construction material products is strong.  However, the market for biosolids products as a non-construction product material is likely to be considerably smaller than for construction materials due to the lower acceptance of biosolids products for such applications.

Dedicated Land Disposal (Holloway Mines)

Since 1931 the Holloway Company has been mining gypsum from property near the intersection of Interstate 5 and State Highway 46 in Kern County, California.  These operations have left many hundreds of acres of open pits over 55-feet deep.  A company called GeoManagement LLC has proposed filling the pits with 2,000 wet tons of biosolids per day.  According to GeoManagement, the property has enough capacity to accept biosolids at this rate for over 40 years.  The first open pit to be filled covers and area of  150 acres and has an average depth of 55 feet.  This pit will take over 15 years to fill.  Other wastes will be accepted, including auto shredder waste and construction and demolition debris.  Upon delivery, the biosolids will be dried and combined with ash and local material in large mixers already on site from the mining operation.  This mixture will be disposed of over a 48-hour cycle. 

Except for approval from the Kern County Planning Committee and the Kern County Board of Supervisors, GeoManagement LLC has received all necessary permits for landfill disposal at the facility.  The remaining approvals are expected this year.  The site has received a negative declaration for CEQA compliance.  

The facility will consist of an unlined landfill sitting atop a 120-feet deep layer of impermeable clay that overlays a very small and poor-quality water table.  A leachate collection system will be required.  It is expected that all potential contaminants will be retained by the clay layer.  

The cost of disposal at the facility will include a tipping fee and transportation costs.  The tipping fee is estimated to range from $10 to $35 per wet ton.  Transportation is expected to cost up to $20 per ton
.  

This alternative does not beneficially reuse biosolids and does not achieve the goal of keeping biosolids in Santa Barbara County.

Fuel Production (Methane, Oil, Char, and Pellets)

Fuel products, methane, char or oil, generated by pyrolysis and gasification processes can be sold and beneficially used as fuel.  The calorific values of digested biosolids and undigested biosolids are typically around 6,500-7,500 Btu/lb. of dry solids and 9,000 Btu/lb. dry solids, respectively.  The form of the fuel products, the moisture content and the heating value of product produced by gasification and pyrolysis will vary depending on the process used.  In addition, thermally dried biosolids, which have a calorific value of around 7,000 Btu/lb. for undigested solids, may be combusted as a fuel.  

The current market for products such as fuel char is good.  Fuel char, at 6,500 to 9,000 Btu/lb. is a low- to mid-range energy value product compared to tires that contain 12,000 to 16,000 Btu/lb.  In comparison, bituminous coal has energy values ranging from 11,000 to 13,000 Btu/lb., fuel oil (No. 6) has 18,000 to 18,500 Btu/lb., wet wood (hogged fuel) has 4,000 to 5,000 Btu/lb., and agricultural waste has 5,000 to 8,500 Btu/lb. (CIWMB, 1992).  

The solids content of char produced by gasification or pyrolysis may vary from 50 to 95 percent.  Local uses for the char include cement kilns and biomass waste-to-energy plants.  Cement kilns, which are large cylindrical ovens, some as long as 1,000 feet and as much as 24 feet in diameter, operate best using char with a maximum moisture content of 8 percent when it is used in the clinker zone.  Char used in the pre-calciner zone can have a moisture content of up to 50 percent.  Cement kilns are usually fueled by powdered coal, oil, gas or liquid- or solid-waste-derived fuel.  Utilization of alternative fuels in cement kilns and other energy facilities has been practiced for decades.  

The Mitsubishi Cement Plant in Lucerne uses 300,000 tons per year of fuel.  Other companies with facilities in southern California include the Riverside Cement Company, which operates the Riverside Cement-Oro Grande facility north of Victorville.  This facility, launched in 1995, has a capacity of 1,200,000 tons of fuel per year distributed among seven kilns.  Additionally, TXI, the parent company of Riverside Cement, operates Riverside Cement-Crestmore, which is the largest production site of bagged cement in the United States (TXI web site, 2003).  

Some gasification and pyrolysis processes produce a low grade oil, similar to kerosene or No. 7 oil.  Industry experience indicates that the oil product is difficult to market, so many processes are designed to avoid its production.  

3.2.3 Summary of Markets for Biosolids Products

Based on the descriptions of potential markets for biosolids markets described above, the following markets have been retained for further consideration:

· Agricultural, Horticultural, and Silvicultural Markets

· Horticultural use by public agencies in Santa Barbara County,

· Horticultural use by ornamental plant and flower growers,

· Horticultural use through blending and bagging material for retail sale,

· Silvicultural use through a shade tree program,

· Silvicultural use for indirect energy production from a biomass crop,

· Agricultural use with lime-stabilized material

· Other Markets

· Direct energy production through exothermic oxidation or slurry fracture injection,

· Burned land rehabilitation and erosion control,

· Construction materials,

· Fuel production

Direct landfill disposal and use of biosolids as alternative daily cover at landfills are retained as backup options.

3.3 Preliminary Screening of Processing Technologies

3.3.1 Introduction

There is a wide range of technologies that can be used to process biosolids into marketable products.  A list of the technologies,  sorted into broad categories and subcategories, is provided in Table 3-4.  The table lists what products each processing technologies can produce. Brief descriptions of the technologies are provided below. 

The list of technologies provided in Table 3-4 was screened to identify fatal flaws, such as processes not listed in the Part 503 Rule to achieve Class A pathogen levels and technologies that are not in accordance with the guiding principles of the agencies.  Processes purported to produce Class A pathogen density levels under Alternatives 3 (Alternatives Treated in Other Processes) and 4 (Biosolids Treated in Unknown Processes) of the Part 503 Rule were eliminated from further evaluation since these alternatives may be deleted from the regulations in the future.  In addition, processes that do not provide a stable product free of offensive odors were considered to have a fatal flaw.  

The MJSWTG is also considering technologies that can be used to integrate management of biosolids, green waste, and municipal solid waste.  Several of the technologies included in this evaluation are capable of co-processing biosolids with these other organic waste streams.  These processing technologies are identified in Table 3-4.

	table 3-4

	Matrix of Product Manufacturing Technologies and Markets

	No
	Process
	Vendors Evaluated
	Is the Process Fatally Flawed?
	Applicable to Mixed Solids?
	Horticulture (County Uses)
	Horticulture (Ornamental & nursery)
	Horticulture (Blending & bagging for retail)
	Energy/Silviculture (Biomass crops)
	Citrus, avocado, vineyard & orchard
	Agricultural Lime Applications
	Direct Energy Production
	Erosion Control
	Constr. Materials
	Non-constr. Materials
	Fuel Production

	1
	Composting
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Vermiculture
	VermiTech
	No
	Yes
	(
	(
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	(
	(
	
	
	(
	
	
	

	
	Aerated static pile
	In-County Facility

Out-of-County Facility
	No

No
	Yes

Yes
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	In-vessel
	American Biotech1
Hot Rot2
US Filter/IPS and Longwood
	No

No

No
	Yes

Yes

Yes
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	Windrow
	New In-county Facility

Engel & Gray
	No

No
	Yes

Yes
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	2
	Heat Drying
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Direct Rotary Drum Drying
	Numerous, including Andritz, Flo Dry
	No
	Yes3
	(
	(
	(
	(
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	(

	
	Indirect Drying
	Numerous, including STORD and several others
	No
	Yes3
	(
	(
	(
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	(

	3
	Solar Drying
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Greenhouse4
	Parkson Corporation
	Yes
	No
	
	
	
	(5
	
	
	
	
	
	
	

	
	Open air4
	Several Agencies are doing this in-county
	Yes
	No
	
	
	
	(5
	
	
	
	
	
	
	

	4
	Bactericides
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Evergreen Organics
	Yes
	No
	
	
	
	
	
	
	
	
	
	
	

	5
	Chemical Stabilization
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Neat Alkali
	RDP Technologies

Bioset Inc.  (US Filter)
	No

No
	No

No
	
	
	
	(6
(6
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	Fly ash
	Transnational Environmental (N-Viro)

Waste Markets
	No

No
	No

No
	
	
	
	(6
(6
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	Neutralization
	California Soil Products

Hondo Chemical
	No

No
	No

No
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	6
	Organo-Mineral Fertilizer Production
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	High fortification
	Milorganite

AC Enterprises

United Water
	No

No

No
	Yes

Yes

Yes
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	Medium fortification
	AC Enterprises
	No
	Yes
	(
	(
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	Low fortification
	AC Enterprises
	No
	Yes
	(
	(
	(
	(
	(
	
	
	
	
	
	

	7
	Pyrolysis
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Low temperature
	EnerTech

Thermo Energy
	No

No
	Yes

Yes
	
	
	
	
	
	
	(
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	Mid temperature
	Enersludge
	No
	Yes
	
	
	
	
	
	
	
	
	
	
	(

	
	High temperature
	International Environmental Solutions
	No
	Yes
	
	
	
	
	
	
	(
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	8
	Super Critical Water Oxidation
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Above ground
	HydroProcessing

Chematur Engineering AB
	No

No
	No

No
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	Below ground
	Genesyst
	No
	No
	
	
	
	
	
	
	
	
	(
	
	

	9
	Gasification/Starved-air Combustion
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Several European & Asian vendors
	No
	Yes
	
	
	
	
	
	
	(
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	10
	Combustion
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Incineration
	McCarthy Farms
	No
	Yes
	
	
	
	
	
	
	(
	
	
	
	

	
	Plasma assisted oxidation
	HydroQuebec/Fabgroups Technologies
	No
	Yes
	
	
	
	
	
	
	(
	
	
	
	

	11
	Vitrification
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Vitrification
	Minergy
	No
	Yes
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	12
	Deep-Well Renewable Energy Recovery
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Terralog
	No
	No
	
	
	
	
	
	
	(
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	13
	Thermophilic, Class A Anaerobic Digestion
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Various Processes
	No
	Yes3
	
	
	
	(
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	Notes:
1.  Additional operating data is needed to verify performance.
2.  Pilot testing is recommended to verify feasibility of use with biosolids.
3.  Process be suitable for processing food waste but not green waste.
4.  Solar or greenhouse drying is not an approved process for producing Class A biosolids.
5.  Solar or greenhouse dried material could not be applied to land where bans on Class B biosolids exist.
6.  Alkali-stabilized material is not suitable for application on alkaline soils.


3.3.2 Composting 

Composting refers to biological, aerobic stabilization of biosolids and other organic material with an amendment added to improve texture.  The process is typically autothermal and generates sufficient heat to maintain temperatures over 50(C for at least three consecutive days, thereby producing a Class A product.  There are a number of different composting processes.  For this evaluation, the sub-categories considered are:

· Vermicomposting – composting using worms to facilitate the process;

· Aerated Static Pile – composting in piles that have forced aeration that eliminates the need for mechanical  mixing that is required with windrows and some in-vessel processes; and

· In-vessel  – composting that occurs inside enclosed cells.  The depth of the bed varies from around 8 ft to 24 ft depending on the specific process.  Forced aeration and mechanical mixing are used.

· Windrow – composting that occurs in the open-air in long piles, called windrows, that are 3 to 8 feet high.  Mixing is provided periodically by windrow-turning equipment.  Aeration is passive.

3.3.3 Heat Drying 

Heat drying reduces the water content of dewatered biosolids through evaporation.  The process produces pellets or soil-like material that can be used as fertilizers and amendments on agricultural land, golf courses, and parks.  Many of the existing municipal heat drying facilities in the United States have long-term contracts with private biosolids management companies that are responsible for marketing the product.  The pellets can be hauled offsite in bulk or bagged on site and marketed to retail outlets.  The process is approved for producing Class A biosolids under the Part 503 Rule, Appendix B, Processes to Further Reduce Pathogens (PFRPs), Alternative 2, Heat Drying.

Heat dryers can be classified into two main categories: direct and indirect.  Another option uses heated soil that is mixed with the biosolids during the drying process.  Each of these alternatives requires several support systems to provide a complete and safe heat drying system.

· Direct Dryers – In direct dryers, dewatered biosolids come into direct contact with hot air that is fed into the system.  The hot air can come directly from exhaust generated during combustion of fuel or from a heat exchanger.  The predominant mechanism of heat transfer in direct drying systems is convection.  Direct drying systems can use rotary drum dryers, belt dryers or flash dryers.

· Indirect Dryers – In indirect dryers, a solid metal wall separates biosolids from the heat transfer medium (steam, hot water, or hot oil).  Heat is transferred by conduction when biosolids contact hot metal surfaces.  Indirect heat-drying equipment includes paddle heat dryers, disk-type heat dryers, and multiple-hearth heat dryers.  Fluidized bed dryers can be configured as either direct or indirect systems.

· Drying with Heated Soil – Drying can be accomplished by mixing biosolids with soil that has been heated in a rotary drum dryer to a temperature over 500(F.  These systems generally combine drying of biosolids with a system designed to remove VOCs from contaminated soils.  To control air emissions, the biosolids are well mixed in an enclosed chamber, with the off-gases vented to a thermal oxidizer used to treat vapors from the soil treatment process.  The biosolids provide moisture and organic content to the treated soil, which improve the product’s characteristics and marketability.  

3.3.4 Solar Drying

There are two subcategories under solar drying:

· Greenhouse solar drying; and

· Open-air solar drying.

Greenhouse Solar Drying

Enclosed greenhouse solar drying uses solar energy, which is bolstered through the greenhouse effect and controlled air circulation, to provide faster and less odorous drying compared to conventional solar drying beds.  The manufacturer (Parkson Corporation) states that the process produces Class A pathogen levels, but it does not fit any of the Part 503 Rule alternatives for PFRPs.  Per an estimate provided by Parkson, a greenhouse solar drying system would require about 0.1 acres to treat 100 wet tons per year of digested and dewatered biosolids.  This option is considered to be fatally flawed because it can only meet Class A pathogen requirements only under Part 503, Alternative 3 or 4 , which may not be included in future regulations.

Open Air Drying

Drying beds can be used to dewater and dry biosolids through drainage and evaporation. Removing water from the sludge by drainage is a two-step process.  Initially, the water is drained into the sand or drainage system underlying the drying beds.  This step, typically a few days in duration, continues until the sand or drain system becomes clogged with fine particles or until all the free water has drained away.  Surface decanting is used to drain any supernatant remaining on the surface. This step is especially important for removing rainwater, which slows the drying process if it is allowed to accumulate on the surface.  Decanting may also be necessary for removal of free water released by chemical treatment. Drying in beds can be enhanced by use of auger mixing vehicles in paved beds. Water remaining after initial drainage and decanting is removed by evaporation.

This option is considered to have the following fatal flaws:

· May meet Class A by Alternative 3, but not under as a PFRP and reliability of the pathogen kill is questionable,

· Odors may eventually raise objections from neighbors,

· Management of the environmental impacts, nuisance odors, and containment of leachate does not appear to be adequate.

This option, however, may be considered as a backup option for biosolids processing and reuse.

3.3.5 Bactericides 

Treatment with bactericides requires addition of toxic chemicals to biosolids in sufficient quantity to achieve the pathogen reduction goal.  In theory, the dose can be controlled to provide Class A or Class B pathogen levels.  However, this process does not fit any of the Part 503 Rule alternatives for PFRPs and would need to be routinely tested for Class A compliance under Alternative 4.  

The review of this options is based on information provided by Evergreen Organics for use of the bactericide Busan 1236 (sodium N-methyldithiocarbamate) and experience gained in tests done by Atkins in the U.K. using borate for pathogen reduction in digested biosolids.  The information provided by Evergreen Organics states that the recommended dose is 0.5 percent by weight of metam sodium and 1 percent by weight of potassium hydroxide per wet ton of biosolids.  Based on the review of available material this option is considered to have the following fatal flaws:

· Can only qualify for Class A pathogen standards under Part 503 Alternative 3 or 4;

· Does not meet the Part 503 Rule requirements for vector attraction reduction that is to be conducted simultaneously to or after the pathogen reduction step
;

· The bactericides are toxic and would require special training and personal protective equipment (PPE) for handling.  Obtaining permits to store and use such chemicals may be difficult, especially in light of the amount that would be required;

· Improper dosing would result in a negative impact on the land to which the biosolids are applied.  To meet Class A pathogen levels, given the variability in feed pathogen concentrations, it would be difficult to maintain the correct dose.  The process would be more suitable for Class B pathogen requirements; and

· Addition of bactericides does not improve long-term stability of the product.  Since the cake would need to be stored until the bactericide concentrations are below the toxic limit, there is the potential for odor generation from the stored biosolids and pathogen re-growth.

3.3.6 Chemical Stabilization

There are a wide range of chemical stabilization options available that use alkaline or other chemical treatment processes, but they can be grouped into the three sub-categories to reflect the key process differences:

· Neat alkali (quick lime) processes – these require the addition of a high quality lime product such as quick lime;

· Fly ash and waste alkali processes – these processes use lower quality, but potentially cheaper, alkaline waste products such as fly ash from cement kilns; and

· Neutralization processes – these processes use an alkali with sulfuric acid to provide a product with a neutral pH.

Some of the alkaline stabilization processes also include an optional drying step to produce a drier, potentially better-quality product.

3.3.7 Organo-Mineral Fertilizer Processes 

Organo-mineral fertilizer processes involve adding minerals and nutrients to biosolids to produce a high-quality fertilizer that can be sold to farmers or retail consumer.  Typically, a base such as anhydrous ammonia and acids such as sulfuric acid and phosphoric acid are used to generate an exothermic reaction.  The level of fortification may be low, medium or high, depending on the local market requirements and process economics.

3.3.8 Pyrolysis 

Pyrolysis involves conversion or cracking of biosolids at high temperatures in the absence of oxygen.  As most organics are thermally unstable, they can be split by a combination of thermal cracking and condensation reactions into gaseous, liquid and solid fractions.  The process is highly endothermic but usually produces  char and sometimes oil that have heating value.  The form of the products depends on the temperature used in the process.  Pressures in the process may range from 0 to 3,000 psig.

· Low-temperature pyrolysis – takes place at temperatures < 600(F and typically does not produce an oil stream;

· Mid-temperature pyrolysis – takes place at temperatures in the range of 800 - 1,000(F and typically produces an oil stream and char that have fuel value.

· High-temperature pyrolysis – takes place at temperatures in the range of 1,200-1,800(F and typically produces ash rather than fuel.

3.3.9 Supercritical Water Oxidation

Supercritical water oxidation (SCWO), also known as wet oxidation or wet combustion, involves oxidation of organics above supercritical pressure and temperature in a liquid state.  Compressed air or oxygen are added into the pressure vessel to provide an oxidant. Supercritical water exists at conditions above its critical temperature (705°F) and pressure (3,200 psig).  The properties of supercritical water are highly dependent upon pressure when the system is near the critical point.  For SCWO, temperatures are typically in the range of 700 to1,100(F and pressures are in the range of 3,200 to 4,000 psig.  

The degree of oxidation is dependent on the reaction time, temperature and pressure.  One process that operates at subcritical conditions is the Zimpro process, which does not fully oxidize the organics and produces a waste stream that is difficult to treat and highly odorous.  Therefore, subcritical wet oxidation is not considered viable .  

SCWO systems can be configured as below-ground, deep-well type systems or above-ground pressure reactor systems. The process produces ash, water and carbon dioxide.

3.3.10 Gasification/Starved Air Combustion 

Gasification uses a combination of complete combustion and pyrolysis that produces less particulate and other air emissions than complete combustion.  However, it is not yet well understood, particularly for feed substrates such as biosolids, so the yields of off-gases and residues must be determined by pilot testing.  The byproducts are combustible gases, which usually have a fairly low heating value, and tars, oils and a char that have a heating value.  This process can occur in multiple-hearth furnaces using biosolids to produce a gas which is subsequently combusted in an afterburner to reduce hydrocarbon emissions.  Air or steam can be injected into the lower hearths to completely oxidize tars or char that are produced.

3.3.11 Complete Combustion 

Complete combustion involves oxidation of organics in the presence of oxygen.  Generally, an auxiliary fuel such as natural gas is required for complete combustion.  The amount of auxiliary fuel needed depends on the heating value and the moisture content of the feed substrate.  Complete combustion can be divided into two sub-categories:

· Incineration - the flue gas temperature must be raised to a minimum of 1,400(F for complete oxidation, and operating temperatures inside the reaction chambers are usually considerably higher.  To comply with air emission requirements, afterburners normally must be operated at 2,000(F for two seconds to reduce hydrocarbon emissions.  To be autogenous (no addition of supplemental fuel) using undigested sewage solids, the solids content must be greater than 28%.  Alternatively, co-combustion can be conducted using biosolids and a fuel source with a higher calorific value.

· Plasma Assisted Oxidation – uses a plasma arc to sustain the oxidation process by generating UV radiation and ionic radicals, which catalyze the oxidation and cracking reactions at lower temperatures of 1,100(F and with feed organic concentrations as low as 20 percent, depending on the calorific value of the feed.

Raw primary solids have the highest heating value.  Use of chemically-enhanced primary treatment or digestion generally reduces the heating value of the biosolids.  Combustion of biosolids can be a source of renewable energy, depending on the heating value and dryness of the feed product.

3.3.12 Vitrification 

Vitrification, or the melting of inorganic material in biosolids, is conducted at high temperatures in the range of 2,600-2,900(F and at atmospheric pressure in the presence of oxygen.  During vitrification, the inorganic fraction melts while the organic fraction burns to produce heat.  The molten solids are then cooled to form a hard glass aggregate or granular product.

3.3.13 Deep-well Renewable Energy Recovery 

Renewable energy recovery involves injection of liquid biosolids into deep wells that are connected with depleted oil and gas reservoirs at depths of 5,000 ft or more, using a technique know as slurry fracture injection (SFI).  It is anticipated that biosolids can be used for enhanced oil and gas recovery and will also continue anaerobic biodegradation after injection.  Because of the pressure involved, the carbon dioxide produced will preferentially dissolve in waters contained in the formation, while high-quality (90% pure), high-pressure methane can be recovered from gas wells.  SFI is used for disposal of oil field brine and slurries.  Currently, there are no SFI facilities using biosolids.  This alternative would require a well field near existing wastewater treatment plants.  Otherwise, dewatered biosolids would be hauled to and slurried at the well site, which would add costs.

3.3.14 Thermophilic, Class A Anaerobic Digestion 

A variety of thermophilic anaerobic digestion processes have been developed to meet Class A pathogen levels.  However, to meet Class A requirements by the Part 503 Rule, Alternative 1, the digestion process needs to include a batch holding step with adequate time and temperature.  Following digestion, pathogen re-growth can occur if the temperature is not maintained until reaching the sampling point.  Thermophilic digestion may increase odors at the plant site, particularly if the digester head space is not adequately sealed.  Odors may also be generated from the dewatering process.  However, depending on the processing temperature used, odors of Class A biosolids produced by thermophilic anaerobic digestion may be less objectionable compared with Class B solids. Class A biosolids have texture and consistency that are very similar to Class B biosolids, which subjects the material to negative public perception.  

3.3.15 Summary

The results of the initial fatal-flaw screening step are provided in Table 3-4.  Of the thirteen broad categories of technologies, three were eliminated due to fatal flaws. The remaining  ten categories were  retained for further evaluation. The result of this evaluation is presented in the following seciton.

3.4 Ranking of Remaining Processing Technologies

To evaluate the wide range of available biosolids processing technologies that passed the initial screening step, an approach was developed to rank alternatives using criteria that reflect key issues of concern to the agencies.   Each criterion was given a weighting factor to reflect its relative importance, so issues of greater concern are given higher priority in the evaluation.  

Each technology was given a raw score for each criterion using a scale of 1 to 5  (1 = lowest performance; 5 = highest performance).  The raw scores were then multiplied by the respective weighting factors to produce weighted scores.  The sum of all weighted scores for a particular processing technology quantifies the total benefit score of the technology.  

Table 3-5 lists the criteria used in the evaluation along with the importance weighting factor.  Narrative descriptions are provided below to define the criteria.

	table 3-5

	Processing Technology Evaluation Criteria

	No.
	Criteria
	Raw Score1
	Weighting Factor2

	1.
	Protection of Public Health & the Environment

	1.1
	Long-term regulatory compliance 
	1 – doubtful;  5 - likely
	5

	1.2
	Traffic 
	1 – high;  5 - low
	3

	1.3
	Potential for odor
	1 – high; 5 - low
	5

	1.4
	Air quality impacts
	1 – high;  5 – low emissions
	5

	1.5
	Energy Requirements
	1 – low;  5 - high
	3

	1.6
	Beneficial Reuse
	1 – high; 5 - low
	4

	1.7
	Health & safety
	1 – low;  5 - high
	5

	2.
	Reliability
	
	

	2.1
	Industry experience
	1 – none;  5 – similar size
	4

	2.2
	Process reliability
	1 – questionable;  5 - reliable
	4

	2.3
	Owner/operator options
	1 – contractor;  5 - flexible
	2

	2.4
	Management control
	1 – low;  5 - high
	4

	2.5
	Facility implementation risk
	1 – high;  5 - low
	4

	2.6
	Production of difficult waste streams
	1 – strong;  5 - none
	4

	2.7
	Product sustainability
	1 – questionable;  5 – long term
	5

	3.
	Cost Efficiency
	
	

	3.1
	Capital Costs
	1 – high;  5 - low
	4

	3.2
	Operation and Maintenance Costs
	1 – high;  5 - low
	5

	3.3
	Investment Risk
	1 – high;  5 - low
	4

	3.4
	Compatibility with existing infrastructure
	1 – low;  5 – v.  compatible
	4

	4.
	Implementation Requirements
	
	

	4.1
	Ease of Expansion
	1 – difficult;  5 – easy
	5

	4.2
	Capacity range
	1 – low;  5 – high
	3

	4.3
	Compatibility with other waste streams
	1 – not;  5 – very compatible
	2

	4.4
	Public Perception
	1 – negative;  5 – supportive
	5

	4.5
	Ease of in-county implementation/siting
	1 – difficult;  5 – easy
	5

	4.6
	Product compatibility with markets
	1 – not;  5 – very compatible
	5

	4.7
	Product acceptability
	1 – low;  5 - high
	5

	Notes:
1. Raw Score: 1 = negative or low score, 5 = positive or high score
2. Weighting Factor: 1 = low importance; 5 = high importance


3.4.1 Protection of Public Health and the Environment

Long-term Regulatory Compliance

This criterion considers current, emerging, proposed, and projected Federal, State and local regulations.  For any process to be sustainable in the long term, current and potential regulatory compliance problems must be minimized.  Processing alternatives that may be more strictly regulated in the future scored lowest.  This criterion was given the highest weighting of five.

Traffic 

Traffic is a critical issue for environmental impacts and public acceptance.  Processes that reduce traffic impacts from hauling products scored higher.  Traffic reduction may result through constructing the processing facility at or adjacent to existing facilities, through reduction in the volume of product generated and through reduction in the distance the product must be hauled to reach its market.  This criterion has been assigned a weight of three.

Potential for Odor Emissions

Odor is a critical issue for public acceptance and the long-term sustainability of a facility.  Processes that operate in the open air are more odorous and may not be sustainable over the long term. Processes that produce products at high temperature or contain relatively high water content will tend to be more odorous and received lower scores. Enclosures and odor scrubbers can be used to reduce impacts.  This category has the highest importance weighting of five.

Air Quality Impacts

Air quality is very important for environmental impacts, regulatory compliance and permitting and has the highest importance weighting of five.  Factors affecting air quality include combustion/pyrolysis products and diesel emissions from trucks.

Energy Requirements  

Technologies that required large energy inputs from auxiliary sources require capital investments in energy supply systems and will have higher operational expenditures.  On the other hand, some processes will produce excess energy that can be used beneficially.  However, some options will beneficially preserve nutrients but will not produce significant amounts of surplus energy. Therefore, a weighting of three has been assigned to this criterion so such alternatives will not be overly penalized.

Beneficial Reuse

Beneficial reuse refers to the amount of organic material, nutrients, and energy that can be beneficially reused by the alternative.  Processes that only produce waste ash and no marketable products score low on this criterion.  Processes that make maximum use of the beneficial qualities of biosolids and other waste streams scored higher.  This alternative was given a weight of four.

Health & Safety Benefits

Health and safety criteria covers both the general public and the handlers who will work with the recycled biosolids.  The primary constituents of concern, that have the potential to affect the health of exposed people, include pathogens and some metals.  It is possible for the general public to be exposed to recycled biosolids through various pathways involving ingestion and inhalation. Use of recycled biosolids on food crops is not considered a viable option, but inadvertent ingestion is possible.  Biosolids processes that produce dust emissions could expose people to inhalation hazards if not properly controlled.  This criterion was given the highest weight, five.

3.4.2  Reliability

Industry Experience 

Industry experience refers to the level of development and the number of successful, operational facilities, with the highest score being given to technologies that have installations of the size needed by the agencies.  The importance weighting for this criterion is four since the agencies strongly prefer systems with proven ability to process waste streams of similar scale and composition to those generated by the agencies.

Process Reliability  

Process reliability refers to the mechanical complexity of the process and the potential for upsets due to inclement weather.  Process reliability has a high importance weighting of four, as an unreliable processes cause operational problems and impact other factors such as reliable reuse of the product, stockpiling/storage of raw material and product, public perception and regulatory compliance.

Owner/Operator Options 

Technologies that are flexible from an operational perspective are preferable.  For example, a composting facility could be owned and operated by the agencies, it could be owned by the agencies and operated by a contractor, or the agencies could contract with a privately owned composting company on a unit cost basis.  The agencies could also participate in a regional facility with several owners.  However, the importance weighting for this is criterion is moderate to low and is given a value of two, as there may be viable technologies that do not have a wide range of owner/operator options but are still feasible.

Management Control 

Management control measures the level of influence the agencies will have over the design, construction and operation of the facility.  On-site management by county staff will provide the highest level of management control and therefore will carry less risk than a facility operated by a private company that may, for example, accept different types of wastes and may choose to discontinue treating biosolids in favor of more lucrative waste streams.  However, this criterion is not considered as important as there are a number of private companies that do focus on biosolids management.  This criterion has a weight of four.

Facility Risk 

Facility risk includes aspects such as financing of private facilities, management commitment to maintaining a high-quality facility that complies with the agencies’ goals, continued regulatory compliance and product quality.  The ability of a facility to continue operation successfully and with the high standards necessary to minimize negative public perception is preferred.  However, as this is an only anticipated risk, it has been assigned a weighting score of four rather than five.

Production of Difficult Waste Streams 

Processes that produce difficult to treat waste streams scored low on this criterion.  Examples of difficult waste streams include:

· Streams with high ammonia and phosphorus concentrations;

· Streams with high-strength  BOD/ COD or TSS;

· Ash that may be classified as hazardous; and 

· Air emissions that would require extensive treatment for compounds such as dioxins and mercury.

The impact of these waste streams may increase treatment costs and could increase the difficulty of siting the facility.  This criterion is considered to be of high importance, with a weighting factor of four.

Product Sustainability

As this is a long-term plan, it is important that any of the recommended technologies produce a product that is likely to remain useable for the foreseeable future without threat from regulations and public perception issues.  Therefore, this criterion is given a weighting of five.

3.4.3 Cost Efficiency

Capital Costs

Capital cost information has been obtained from a number of vendors that cover the range of biosolids processing technologies.  For technology options that do not have a specific price, an estimate of the capital cost was made for comparison with the specific costs from private vendor proposals.  Cost is not as critical an issue as ensuring that the technology provides a reliable management option and has been assigned a weighting factor of four.

Operation and Maintenance Costs

Operations and maintenance costs include labor, power, chemicals, and spare parts that must be spent to produce a product.  Since the feasibility of implementing a processing facility is heavily dependent on its costs, this criterion is given a weighting factor of five.

Investment Risk 

Investment risk is a reflection of the level of risk the agencies take when investing in a technology option.  Although investment risk is an important factor this criteria has been assigned a weighting score of four because the risks are anticipated; not actual.  Technologies that are only suitable for private ownership and financing scored high on this criteria, as there is little investment required from the agencies.  Technologies that are suitable for ownership by the agencies scored lower on this criteria, depending on the estimated level of investment required.

Compatibility with Existing Infrastructure

Technologies that are not compatible with the existing facilities are ranked lower in the evaluation.  Any technologies that have an adverse impact on the existing facilities, through recycle streams, footprint requirements or feed biosolids requirements was assigned a lower score.  This is an important issue in terms of site complexity, operations and land use.  However, it is not as critical as other factors and is therefore assigned a weight of four.  

3.4.4 Implementation Requirements

Ease of Expansion

Ease of expansion provides the flexibility to develop processing facilities in phases, which allows all potential parties participate at some point.  Facilities would be designed to handle initial commitments with room for expansion as  other agencies commit to using the facility. This is an important criterion in the MJSWTG Guiding Principals and is given a weighting factor of five.

Capacity Range

The agencies WWTPs range in size from less than 1 mgd to more than 10 mgd. Therefore, it may not be economical to implement some complex technologies at individual treatment plants because capital costs would be too high. In such cases, the facility would be located at a centralized facility that would process biosolids from several facilities.  In addition, some technologies are not suitable for implementation at capacities less than 10 to 20 dtpd.  This criterion was given a neutral weighting factor of three.

Compatibility with Other Waste Streams

Recycling of other waste streams, such as food waste and green waste, are also being evaluated by the MJSWTG. A process that handles all waste streams provides a more comprehensive solid waste management solution for the MJSWTG. This is considered to be an important criterion and was assigned a weighting factor of two.

Public Perception of the Facility 

Public perception is a key issue in southern California and is also a factor in siting and development of a facility.  Technologies such as incineration or facilities that have a tall stack may have negative public perception due to aesthetics and health concerns about stack emissions unless they are situated in remote or heavily industrialized areas.  This issue is considered critical, as public perception is key to the success, so it is weighted at five.  

Ease of In-county Implementation/Siting

Ease of implementation and siting ties in a number of factors that will affect the ability of a facility to be located in Santa Barbara County.  These factors encompass regulations, permitting and land requirements.  Facilities that would be difficult to site in Santa Barbara County reduce the probability of implementation and continuing operation and could attract negative publicity for the agencies.  Therefore, this is considered a key issue in evaluating the technology options and is heavily weighted at five.

Product Compatibility with Markets

Any process technology must provide a product that is compatible with a reliable market, and the product must be meet standards required by that market.  This is considered a critical issue and has an importance weighting score of five.

Product Acceptability 

The smell, aesthetics and physical characteristics of the product must be acceptable to the market and to the general public who may become aware of the use of a product in their neighborhoods.  This is considered a critical issue and has an importance weighting factor of five.

3.5 Evaluation of Viable Processing Technologies

3.5.1 Description of Viable Technologies

The processing technology options that are not considered to have fatal flaws were evaluated further using the criteria described above.  

3.5.2 Composting

There are several viable methods of composting. As discussed previously, the compost product, if it is well stabilized, screened and does not contain plastics and sharp objects, has a number of well-established markets.  

Vermiculture

Vermiculture involves composting using worms to assist in breakdown and mixing of organic matter.  The biosolids are mixed with an amendment and proprietary deodorizing agents. The mixture is spread over stainless steel cages that are about 11 feet wide.  The working depth is around three to four feet.  Fresh material is added daily on top, and processed material is removed from the bottom.  The total treatment time is around five weeks.  Further drying is conducted if required.  The beds are frequently re-wetted to maintain optimal conditions.  The beds are open to the atmosphere but sheltered by a roof structure.  For larger facilities, the beds can be stacked although feeding and harvesting are more difficult under such an arrangement.  

The key advantage of this process is the low energy requirement, as there is no external aeration or mixing source.  The vendor claims that the product would likely have a similar value to conventional compost.  The initial worm culture that would be required to seed a facility would be very large and costly.  The footprint required is also very large, given that the working depth is only 3.6 feet and bulking agents are added to the biosolids.  Without stacking, the footprint required would be around three times that required for an aerated static pile composting facility of similar capacity.  Stacking of beds is possible but does pose operational problems and has not been conducted at a large scale.  There are some economies of scale for systems sized up to the practical length of the worm beds, around 250 feet.  However, beyond this level, there are no significant economies of scale as the process is essentially modular.  There is concern over odor emissions as the process does not have any emissions control.  Although the texture of the final product depends on the type of amendment and screening system used, the final compost is primarily worm casings and amendment.  Samples appear to have considerable quantities of fine material.  

Data from existing facilities supports the claim that the product meets Class A pathogen levels for fecal coliform.  Helminth ova tests were conducted using laboratory grown samples, which are known to provide unreliable data as cultured strains are not as robust as naturally occurring organisms.  

The technology could most likely be implemented in Santa Barbara County.  However, the facility would likely need to be enclosed to meet air emissions requirements and to ensure that odors do not cause any offsite problems.  The enclosure would substantially increase the capital and operating costs.  Ventilation and scrubbing of the enclosure could add substantial operating costs.  Due to the footprint requirements, the facility may be difficult to site.

As with all agricultural products, the less treatment there is upstream of the process, the greater the nutrient value of the final product.  In addition, dewatering options that produce a drier cake are preferable because the amount of bulking agent required would be decreased.  

VermiTech

VermiTech, a New Zealand-based company that is the leader in the vermiculture field, has applied for U.S.  EPA Class A approval.  VermiTech has a number of contract options, including design-build-own-operate, design-build-operate, joint ownership and licensing of the process to an agency to build, own and operate.

Aerated Static Pile Composting

Aerated static pile (ASP) composting is a relatively simple approach to composting that does not require a high degree of mechanization.  ASP composting provides better process and emissions control than windrow composting. ASP composting requires forced aeration, which increases energy demands. Due to emerging regulations and public perception of odor, ASP composting facilities, particularly those that in the vicinity of residential areas, should be enclosed and provided with emissions control.  The composting enclosure should be ventilated using induced draft to draw air down through the piles to minimize fugitive emissions.  

ASP composting typically consists of an active composting phase, which occurs over a period of 21 days, followed by a curing phase that typically occurs over 28 days.  Further aging, in the range of 30 to 60  days, is also desirable.  Active composting is operated predominantly in negative (induced) aeration, while the curing phase can be operated either under negative or positive (induced or forced) aeration. Pile heights are typically in the range of 8 to 12 feet, and the process is operated as a batch process.  The aerated static pile process is autothermal and with proper process control can maintain temperatures over 55°C for three consecutive days to meet PFRP requirements. 

In-vessel Composting

In-vessel composting systems consist of defined cells within which composting is conducted as a continuous process.  Feed material is added at one end and the finished product is removed at the other end.  The loading rates and cell size determine the processing time, which should be at least 21 to 28 days for the active composting stage.  In-vessel composting systems can be characterized as conventional-depth systems such as the US Filter/IPS and Longwood systems, which have bed depths around 8 feet, and deep-vessel systems, such as the American BioTech system, with bed depth of around 24 feet.  Deeper beds can cause problems with air distribution and headloss when using conventional floor-mounted horizontal aeration systems.  Therefore, the deep-bed system manufacturers have developed air distribution systems that enter the pile to facilitate aeration.  

US Filter/IPS and Longwood

US Filter/IPS and Longwood composting systems are highly mechanized and require strict control on the size and quality of amendment used.  The process is currently being utilized in California by Las Virgenes Municipal Water District and the City of Santa Rosa. Several other facilities are successfully operating around United States. Typically, this process has higher capital costs because it is mechanized.  The systems require less labor and air, and if designed and operated properly, labor requirements are  about the same as ASP. However, IPS systems operate using forced ventilation, which require a building/enclosure to contain odors.

American BioTech

The primary advantage of deep–bed composting systems, such as that manufactured by American BioTech, are their small footprint.  For sites where land availability and cost are not critical, the higher capital cost of building the deep cells and installing the mechanized equipment and air distribution system would not likely be economical. Operating experience indicates that this process requires a high-quality, fine, saw dust-type amendment, which would increase operating costs and could cause operational problems from dust mitigation and potential fires.  Also, fine amendment material cannot be recovered by screens for reuse, which increases operational costs.

The American BioTech system was initially designed for a composting time of 13 days, a curing time of 13 days and a further two days in conditioning cells.  Operating experience, however, indicates that these design times are not sufficient for achieving a stable product.  This condition was found at a site in Florida where the system was installed and since shut down.  There have also been reported problems with breakage of the air lances and poor air distribution.  A total of four sites have installed the American BioTech system, of which only one is still operational.  Based on the review of current operating facilities, the composting and curing times required for this system would be similar to other in-vessel processes to produce a stable product.  This process requires amendments with specific quality and particle size and is susceptible to mechanical problems. Therefore, detailed review of the existing systems would be necessary to assess the suitability of this system. 

HotRot Composting Systems

HotRot provides an enclosed U-shaped vessel with a central axial shaft. The shaft bears tines and is periodically rotated to maintain porosity, achieve mixing and aerate the material. The tines are arranged in a helical pattern along the shaft. Shaft movement can occur in either direction and is automatically controlled. Net forward rotation determines the retention time of material in the composter, while total rotation achieves mixing and aeration. Supplementary air injection is used in some circumstances. HotRot modules range in processing capacity from 1 to 12 tons of waste per day. Shaft rotation and aeration are controlled by a PLC. The units contain sensors that feedback signals to control processing. To date, HotRot has not used their system to compost biosolids.  Therefore, pilot testing would be required to establish the feasibility and design criteria of this alternative.

Windrow Composting

Windrow composting is one of the most common composting technologies in use today. Its benefits include simple construction and low capital costs. Windrow composting is conducted by placing the mixture of feedstock in long narrow piles, also called windrows, and agitating or turning the piles on a regular basis. Typical heights of windrows are 3-9 feet; windrow widths range from 10 to 20 feet. The equipment used for turning, either bucket loader or windrow-turning machine, determines the height. Aeration of the windrows is passive and depends solely on the porosity of the pile. The size of the windrow is a balance between keeping it small enough to maintain aerobic conditions through passive aeration and keeping it large enough to hold heat and achieve temperatures high enough to evaporate moisture and kill pathogens. Windrow composting typically emits strong odors when piles are turned. With each turn of the pile, trapped heat, water vapor, and gases are released in the atmosphere. Windrow composting is primarily used in rural areas, where odors are less problematic.
Summary of Composting Alternatives

In summary, composting is a viable option, and opportunities for an in-County facility and in-County use of the product are in keeping with the biosolids management objectives.  Vermicomposting does not appear as feasible as other composting options when considering the size of facility required.  Vermicomposting may also be hampered by odor control requirements. A number of in-vessel composting options are available as well. Some of these systems, such as IPS, have been used at a number of installations in United States. In-vessel composting typically requires more equipment/automation and higher capital cost. Aerated static pile composting, on the other hand, is simple to operate and is less automated and requires lower capital investment compared to in-vessel composting. ASP composting, depending on the facility configuration, may have higher operating staff needs. Recent experience indicates that  ASP systems can be designed with pile heights of 10 to 14 feet, which could be beneficial for in-County opportunities where land space is at a premium. 

As with all agricultural and horticultural products, the less treatment upstream of the composting process, the greater the nutrient value of the final product.  In addition, dewatering options that produce a drier cake are preferable, as the amount of bulking agent to be added would be reduced.  The composting process is compatible with the existing wastewater treatment processes used by the agencies, but the relatively large footprint probably requires that composting be located at an off-site facility.

3.5.3 Heat Drying

There are a wide range of heat drying systems available on the market, including rotary drum dryers, paddle dryers, fluidized bed dryers and others.  For this evaluation, dryers were grouped into two broad classes of heat drying equipment – direct dryers and indirect dryers.  Rotary drum dryers may be superior because they have a longer operating history and have better product quality. An evaluation of indirect dryers is included for comparison.

Direct Rotary Drum Dryers

Direct rotary drum drying technology is based on evaporation of water by direct contact of dried material with a stream of hot air. This technology is the predominant sludge drying technology used in the United States. Some variations in rotary drum drying systems are discussed below. 

Major components of a rotary drum dryer system are the wet cake storage bin, recycle bin, mixer, furnace, drying drum, air/solids separator, vibrating screen/classifier, crusher (rollermill or hammermill), cooler, main circulation fan, saturator/scrubber, conveyors, and storage silos. 

In this system, the dewatered biosolids cake is briefly stored in a wet cake bin. From the wet cake bin, it is mixed with recycled dry product in the mixer to create a mixture that is approximately 60-70 percent dry solids. In the mixer, recycled fine material (seed material) is coated with wet cake to form round pellets with dry, solid cores. The dried product has a solids content of 90 to 94%.

To ensure that all components are compatible, it is important to consider the whole drying system as one package rather than considering the dryer as an individual piece of equipment.  The manufacturers usually provide an entire drying system.

The hot air required by the heat-drying process is produced in a furnace that is usually gas-fired but can accommodate other types of fuel.  The operating temperatures are generally lower than indirect dryers with the air stream typically running at temperatures around 600°F.  Dry, pelletized biosolids and the moisture-laden air stream leave the drum at approximately 195 (F.  Solids and hot air pass through the air/solids separator where solid particles are separated from the air stream in a two-step process.  

To create a pelletized product and to maintain the necessary solids handling characteristics, most systems recycle a portion of the end product back to the feed solids.  Product size control is maintained by screening granules that are too large or too small and recycling them back into the process.  Product-size pellets (typically 1 to 4 mm in diameter) are cooled in a water-based plate cooler and pneumatically conveyed to storage silos.

To reduce air emissions and the volume of exhaust gas, direct drying systems are generally designed to recycle exhaust gas to the burner, with 10 to 20 percent of the volume vented to allow for the addition of makeup air to maintain the correct proportion of oxygen in the burner.  Air circulating within the drying system typically contains 10% oxygen, which reduces potential for fires and explosions within the system.  Particulate emissions are typically controlled using a condenser and bag houses.  A regenerative thermal oxidizer, which is likely to be required in southern California, can be installed for additional emissions control.

Different vendors often claim to have the best efficiency in the drying process.  However, the heat input required to evaporate a given amount of water remains the same, and any efficiencies that exist are due to small adjustments to the process through heat recovery and exposure of the particles to the hot air stream.  Cost, operational experience and product quality are the differentiating factors when considering different vendors.  

The heat drying option is suitable for both on-site and off-site application, although advantages of an on-site facility include reduced truck hauling and possibly better management control. However, a centralized drying facility would realize economies of scale and could be managed effectively.  Many large and small communities use rotary dryers, including Milwaukee WI, New York, NY, Ocean City, NJ, Louisville, KY, Boston MA, Ocean County NJ, Upper Occuquon Sewerage Authority in Fairfax, VA, and Waco TX.  In California, new facilities are being developed in Corona and Sacramento.

To reduce costs of fuel needed to produce heat, it may be beneficial to locate the facility at a landfill so landfill biogas can be used as the fuel source.

Typical Safety Design for Rotary Drum Dryers

Dryers have had some safety issues during the development of the different types of dryers.  However, as the numerous successful installations show, manufacturers that understand the process of biosolids drying and the need to provide an integrated system, can provide dryers that operate safely.  The key process parameters that must be maintained to ensure safe operation are described below.

The outbreak of fire is contingent on the presence of a certain amount of fuel (gas and dust), and oxidant (oxygen), and an ignition source (energy from high temperature or sparks).  Limiting any of the three factors can prevent fires. The limiting values for biosolids are:

· Dust: should be maintained below 60 g/m3 
· Oxygen: should be maintained below 10 %

· Granulate temperature : should be maintained below 110(C

In the area where wet sludge is fed to the system,  methane is released, which can increase the risk of a gas explosion.  Gas extraction from the wet sludge storage silo can reduce the methane content to below 1% of volume to avert the risk of gas explosion.  An explosion-proof measuring probe monitors the efficiency of the extraction, and an emergency power supply is switched on in case of a power failure.

The temperature of circulating air drops very quickly in co-current operation, which ensures that the final drying of the pellets in the last stage takes place at a relatively low temperature.  After drying the pellets are cooled to a temperature below < 70 o C to prevent auto-ignition in the product storage silo.

The arrangement of the system, with the main fan on the clean-gas side of the circulating air loop and the use of externally placed bearings for the conveyors, provides additional safety.  

Ignition sparks are prevented by limiting the speed of moving metal parts to 1 m/s.  The belt of the elevator is also checked for movement, and all units are electrically grounded.

Indirect Dryers

There are a number of different indirect dryer configurations. However, all of them require conduction of heat from metal surfaces for drying.  Indirect dryers can use either paddles or disks to mix the material and transfer heat.  Wet biosolids are introduced into a horizontal stationary vessel (the stator), which is equipped with a rotor.  The rotor consists of several disks or paddles attached to a single, horizontally-mounted hollow shaft.  The shaft and the disks/paddles are internally heated by circulating steam.  Heat is transferred from steam to the biosolids through conduction.  As the shaft with disks/paddles turns against stationary scraper bars, the wet sludge comes into contact with hot metal surfaces and releases water.  The moisture-laden air is pulled from the vessel by a fan.  Indirect dryers are widely used in food, petrochemical, and pharmaceutical industries and have been installed for municipal biosolids drying applications.  Thermal efficiencies range from 1,100 to 1,300 BTU/lb. of water evaporated. 

Due to continuous break up of the dried material by the disks/paddles in the vessel, disk dryers produce biosolids with smaller particles and significant dust content compared to pellets or granules produced in direct rotary drum dryers.  Due to the design and structure of the dryer, the manufacturers have had trouble sealing the dryer, which had led to odor and operational issues.  

Indirect dryers need to run at higher heating temperatures to achieve evaporation within a reasonable time and to keep the size of the unit from being excessively large.  Therefore, biosolids that are in contact with the hot metal surfaces have a tendency to burn, which produces an unpleasant odor.  Coupled with the difficulty in sealing the system, the burning can cause significant problems.  The non-condensable vapors that are pulled off the dryer need to be treated separately, whereas in direct rotary dryers, most of the air is recycled and can be treated within the system.  The solids recycle systems can have trouble handling biosolids that are sticky.  Indirect heat drying systems have not performed up to expectations and several systems have been recently shut down including the installation at the Hyperion Treatment Plant in Los Angeles and one in Seattle.

Summary of Heat Drying Alternatives

Heat drying has improved significantly since the early 1980s when it started to be considered as a viable option.  With the rotary drum dryer systems, such as those supplied by SernaTech and Andritz, process control requirements are now much better understood and the current system design and engineering reflects this.  Heat drying has become widely used in Europe where land application of biosolids is less common.  The advantages of heat drying are that it produces a dry product, reducing the product volume and hauling traffic by four to five times.  

For digested biosolids, the end product from a well-designed system is stable and has little odor.  The product can be stored, bagged or sold on bulk for application to land, horticultural use,  and land reclamation.  However, in southern California the product market has not been developed and a certain level of effort may be required to create a market for the product.  

Another advantage of thermal drying is the small footprint required, which means that the facility could be located at one of the County’s wastewater treatment plants, at a landfill or at an industrial area in the vicinity.  

3.5.4 Chemical Stabilization

A wide variety of vendors and systems are available for chemically treating biosolids to produce Class A material complying with the Part 503 Rule under Alternative 1, Thermally Treated Solids, or Alternative 2, Biosolids Treated in  a high pH-High Temperature Process.  Such processes can also meet VAR conditions under Option 6, which requires increasing the pH and temperature of the biosolids to specified levels for a specified length of time. In typical chemical stabilization systems, alkaline materials are added to biosolids, which causes at exothermic reaction that simultaneously increases temperature and pH.

The processes can be broadly classified according to what type of alkali is used, neat alkali or quick lime, waste lime product such as fly ash, and whether acid is used in the process to neutralize the pH of the final mixture.  This evaluation considers all three subcategories, but  focuses on facilities that have been proposed for installation in southern California and therefore most likely to be available to the County as a biosolids processing options.

Neat Alkali Processes

Neat alkali processes use industrial-grade quick lime or a similar product such as rice lime.  The lime is mixed directly with biosolids to raise the pH of the mixture to around 12.  An exothermic reaction produces heat that is often supplemented with external heat for pasteurization.  The mixture is maintained a temperature of 70°C for 30 minutes.  If pathogen kill is not effected by heat pasteurization (Part 503 Rule, Alternative 1)  the process must meet Class A criteria under Alternative 2, which requires the pH to be maintained at 12 for 72 hours and temperature to be over 126(F for 12 hours.  Afterwards, the product must be dried to at least 50 percent solids.  The vector attraction reduction requirement is typically met under Option 6, which requires the pH to remain at 12 for two hours after processing and at 11.5 for a further 22 hours.  

RDP Technologies

One of larger vendors of neat alkali systems is RDP Technologies.  RDP uses lime and external electric heat for pasteurization.  Mixing and heating are conducted in a ‘Thermo Blend’ chamber that uses a heated auger to raise the temperature to 70(C.  A 30 minute retention time is provided in the chamber by conveying the material on a belt at a slow speed. The final product has a high pH of about 11.5 and is usually approximately 35 percent solids, depending on the feed solids concentration and the amount of lime required. A supplemental dewatering/drying system, which is not typically supplied by RDP, can be used to increase the solids content.  Also, storage tanks or bins, which are not provided by RDP, are needed to meet the holding time requirements for VAR.

Startup and shutdown of the RDP Thermo Blend system can be problematic, as the auger takes time to reach its operational temperature (around 450°F).  Any biosolids that remain in contact with the auger during startup or shut down have a tendency to burn, producing a very strong and unpleasant odor.  The system’s size is limited by the heat transferred from the auger to the biosolids mixture.  Multiple units may be required for a facility of the size required by the County.  Similar size facilities have been provided for utilities around the U.S., Australia and New Zealand.

US Filter - Bioset Inc.

The Bioset process is more complex than a typical alkaline stabilization process as it combines high pH (using oxidizing alkalis such as calcium oxide, potassium oxide or potassium hydroxide) with exothermic heat from the addition of sulfamic acid to provide operating temperatures around 250(F and pressures of around 15 psig.  After the initial process, the mixture is flashed across a pressure reducing orifice, which allows ammonia, volatile organics and steam to evaporate from the solids.  The process meets Class A pathogen levels under the Part 503 Rule, Alternative 1, Thermally Treated Biosolids.  The manufacturer claims to meet the VAR requirement under Option 1, volatile solids reduction.  

As the ratio of calcium oxide to acid is 100:1, the final product has a pH greater than 12.  The outlet temperature is around 160(F and solids concentration is around 40 percent.  Volatile solids reduction is around 66 percent due to volatilization and stripping of organics.  Vapor is condensed into a liquid stream that is high in ammonia and other organics.  The vendor claims that this product could be used as a liquid fertilizer.  Other vendors, who provide systems that also produce high ammonia liquid waste streams,  have indicated that the quantity produced may be insufficient to make it viable as a marketable product.  The waste stream also contains organics and has a high BOD concentration, which do not enhance the marketability of the liquid product.  Alternatively, the liquid waste stream can be returned to the headworks of a wastewater treatment plant.  If this facility were to be located at one of the treatment plants, or in the County, the impact of the highly concentrated nutrient load on the treatment plant and potential toxicity of the plant effluent would require additional investigation.

Fly Ash Processes

N-Viro

The N-Viro process is one of the most widely known fly ash processes and was used as the basis for the Part 503 Rule for producing Class A biosolids under Alternative 2.  The N-Viro process is also known as the Alkaline Stabilization with Subsequent Accelerated Drying (AASSAD) process. The process uses what is termed “alkaline admixtures”, which are typically composed of locally available alkaline waste products such as cement kiln and lime kiln fly ash.  Quick lime may also be used depending on its availability.  Since the lime content of the admixture is not as high as in neat quick lime, the volume of alkali that must be added to achieve a pH of 12 is generally greater than for neat alkali processes.  The N-Viro process typically takes place in large concrete cells.  Mixing is provided by front-end loaders.  The pH is maintained above 12 for over 72 hours, during which time the temperature must be kept above 52(C (126(F) for at least 12 hours.  Following lime treatment, the mixture is typically dried in a direct heat rotary drum dryer to produce a final product a high pH around 11.5 and a dryness of 50 percent or more.  

The use of waste lime products may reduce the operational costs of the process.  However, admixture quality control and process control becomes more critical.  The volume of alkali added is also higher, which increases the volume of the final product.  If constructed in Santa Barbara County, the facility would need to be enclosed and ventilated to control emissions.  Significant emissions controls would be required to reduce emissions of ammonia from the lime stabilization process and VOCs from the drying process.  The alkaline admixtures and the bulk mixing processes are also sources of dust and odors, and steam produced by the exothermic reaction of lime with biosolids would make the working conditions inside the building difficult without well designed ventilation.  Since the N-Viro process achieves Class A pathogen levels under Alternative 2, which requires the biosolids to be stored for 72 hours prior to the drying step, the footprint for this alternative is considerably larger than one that achieves Class A under Alternative 1 and VAR under Option 6 (pH control for 24 hours) or under Option 7, drying to 75 percent.  An evaluation and subsequent bid for Class A pathogen reduction processes for the Minneapolis-St. Paul area showed heat drying to be more cost effective than the AASSAD process.  

Neutralization Processes

Neutralization processes, which produce an alkali-stabilized product with a neutral pH, have been developed largely in answer to the two key issues associated with high-pH stabilization processes: 

· Volatilization of ammonia, which causes odors and reduces the fertilizer value of the final product.

· High-pH products are difficult to market in regions where soils already have a high pH.

This process typically involves addition of an alkali and a neutralizing acid such as sulfuric acid, which creates an exothermic reaction but maintains a neutral pH.  These processes are not well established and do not have as much industry experience as the high-pH lime stabilization processes described above.  There are two private contractors that have or are constructing facilities in southern California.  

Summary of Chemical Stabilization Alternatives

High-pH processes are known to be odorous, the lime is dusty and the product may become biologically unstable if the pH drops during storage.  The quantity of lime required to attain the required pH is often higher than stated by process vendors and is dependent on the biosolids characteristics and moisture content.  The product is best suited for land application immediately following processing.  However, the high-pH product may cause handling issues and the product may still be odorous at the time of land application, particularly if it has not been heat dried.  Facilities that are in the vicinity of a residential area will need to be enclosed, and the ventilation and emissions control requirements for such a facility are significant.  Remote facilities may not need to be enclosed for odor control purposes.  However, emissions controls may be legislated, as is currently occurring with composting facilities.  The ammonia emissions from high-pH processing of biosolids are generally higher than from composting facilities due to the pH difference between the two processes.  The difficulty with processes that do not include drying is that resulting solids content is typically below 40 percent, which makes marketing and product handling difficult.

The incompatibility of high-pH products on high-pH soils, such as those common in southern California, is not favorable for marketing.  There is a demand for calcium addition to marginal land with sodic soils.  But where the soil pH is already high, the preferred method of treatment is with gypsum, which contains calcium but does not raise the pH.  Therefore, there may be a market for neutralized biosolids which contain calcium.  

Treatment of high pH, sodic soils requires very heavy dosing with gypsum in a single application, followed by leaching of the salts from the ground.  This type of treatment may not be a good application for a calcium enriched biosolids product since the calcium is diluted and the nutrients in the biosolids may be leached out with the salts.

Advanced digestion processes, such as thermophilic digestion, are less compatible with high-pH alkaline processes since the ammonia concentration in the digested solids is higher, leading to higher ammonia emissions from the process and more odor.  Moreover, release of ammonia from the product reduces its nutrient value.  

For processes that neutralize pH, release of ammonia is less of an issue.  For all these options, the drier the feed solids, the better the consistency of the final product and the lower the chemical addition required.  However, very high cake concentrations (over 40 percent solids) may be problematic from a materials handling standpoint if the system is not designed for drier feed mixtures.

3.5.5 Organo-Mineral Fertilizer Production

Production of organo-mineral fertilizer involves processing a mixture of biosolids, minerals, and nutrients to produce a product that can be sold as fertilizer with added value compared to other biosolids processing options.  The most well known organo-mineral fertilizer product produced using biosolids is Milorganite, but there are other processes at different stages of development that are likely to be more feasible.  The Milorganite process only accepts undigested waste activated sludge, which is not compatible with the objective of maximizing biogas production at wastewater treatment plants.  Therefore, the Milorganite process is not included in the evaluation.  

Other options include the process being used by Unified Water to treat biosolids from New York City and a South African process marketed through AC Enterprises that uses different levels of chemical fortification to match market demands.  The AC Enterprise process is different from Milorganite in that digested biosolids can be used and the chemicals are added prior to drying, enabling the use of exothermic chemical reactions to provide some of the heat for drying.  The AC Enterprise process can accept feed material with a solids content of about 25 percent.  The chemicals used in the process can be varied according to market demands.  Typically, anhydrous ammonia is used as the base.  Acids such as sulfuric acid and phosphoric acid are also used.  A well-fortified fertilizer product may be sold for around $120-140/ton.

High fortification

This process incorporates around 75 percent chemicals and 25 percent biosolids on a dry weight basis.  The resulting exothermic reaction provides most of the heat needed to evaporate the moisture from biosolids.  A typical product would be a granular fertilizer of ammonium sulfate with 16 percent nitrogen and 15 percent sulfur.  The organic content would be 22 percent, with a three percent moisture contribution from the biosolids.  High fortification would therefore require around three tons of chemicals for every dry ton of biosolids treated.  One wet ton of biosolids at 25 percent solids concentration yields one ton of fertilizer, with the moisture content being mostly replaced by the chemicals.  High fortification requires a large materials handling system and is therefore usually done off-site, preferably in proximity to a rail transport system for chemical delivery.

Medium fortification

This process uses less ammonia and sulfuric acid.  Added chemicals typically make up 50 percent by dry weight of the feed material.  Supplemental heat is required for drying the product after the addition of the chemicals since the exothermic reaction produced by the chemicals is inadequate to achieve thorough drying.  A typical product would have a nitrogen content of 10 percent, a sulfur content of 8 percent and an organics content close to 50 percent.  Another product could be ammonium phosphate sulfate (APS), which has 10 percent nitrogen, 10 percent phosphate and 5 percent sulfur.  APS is particularly useful in sandy, high-pH soils such as those found in southern California.  Medium fortification requires use of around one ton of chemicals per dry ton of biosolids.

Low fortification

In this process, chemical content of the feed material is typically less than 30 percent by dry weight.  The resulting exothermic reaction is not sufficient to contribute much heat to the drying process, so additional heat is required.  The process can produce monoammonium phosphate (MAP) with a nitrogen content of 5 percent and a phosphate concentration of 10 percent.  Anhydrous ammonia and phosphoric acid are the primary chemicals used in the process.  Every dry ton of biosolids requires 0.3 tons of chemicals.  Due to the lower fertilizer value, the products are more likely to be sold as specialty brands to golf courses and horticultural markets.  This process is generally considered to be more economical for smaller plants that produce less than 50 dtpd and can be located on a wastewater treatment plant site.

3.5.6 Pyrolysis

Pyrolysis involves the breakdown of organic matter at high temperature and pressure in the absence of oxygen.  It typically results in the production of char and, in some cases, oil that have heating value.  Pyrolysis technologies have not yet been widely used for biosolids management largely because the technologies have not been proven at large scale, the costs have been considerably higher than direct land application options and the process is seen as complex and not well understood.  However, with the increasing restrictions on land application and improvements in technical development of the process, there is growing interest in high-temperature, fuel producing reuse options.  

Low Temperature Pyrolysis

Low temperature pyrolysis takes place at temperatures below 600(F.  It produces char that has a heating value, an effluent stream from the post-pyrolysis dewatering that is high in ammonia and organics, and air emissions that consist primarily of carbon dioxide with some VOCs and other compounds.  There are two vendors that have been promoting this technology in the United States.  One, EnerTech, is working to secure a site and build a regional facility by the Rialto wastewater treatment plant.  The other, ThermoEnergy Corporation, installed a demonstration facility at the Colton wastewater treatment plant.  Each of these vendors are described in more detail below.   However, the facilities described are not in Santa Barbara County, so they are not in keeping with the goals established by the agencies.

EnerTech

The process developed by EnerTech has been tested with feed biosolids concentrations up to 20 percent solids.  If the solids concentration is greater than 20%, the biosolids must be diluted and macerated to produce particle sizes of less than ½ inch.  The slurry is then pressurized to a set point  of 1,000 to 1,500 psig and passed through heat exchangers to raise the temperature to 400-450(F.  During the pyrolysis reaction, the organics in the biosolids are broken down and carbon dioxide gas is separated from the solids.  At the same time, any chlorine residual in the biosolids is converted to hydrochloric acid, which is neutralized by an alkali added to the biosolids prior to the heat treatment.  Chlorine is a precursor to dioxins, but this process removes chlorine from the treated solids in the form of aqueous salts before dioxins can form.  

The treated biosolids are passed through recovery heat exchangers used to heat the feed material.  The solids are then washed and dewatered in a screw press to a solids concentration between 40-70%, depending on the reuse options for the final product.  Due to the chemical changes that occur in the pyrolysis reaction, the viscosity of the treated biosolids is reduced and the dewaterability is increased.  The product can be further dried to 95% solids concentration if required by the reuse options.  When undigested biosolids are processed, the char has a heating value of around 4,500 Btu per pound at a solids concentration of 50% and 9,000 Btu per pound at a concentration of 95%.  The calorific value is lower for digested sludge, with typical values of around 6,500 Btu per pound of dry solids.  For the proposed facility in Rialto, EnerTech has determined that the key market is for use as a fuel to be added in the clinker zone of cement kilns.  This market requires a solids dryness of 95%.  

The process does produce an effluent waste stream that is high in ammonia and organics.  However, the process includes a membrane filtration process to treat the effluent prior to returning the stream to the headworks of the Rialto wastewater treatment plant.  The vent air from the process will be returned to the process heater, which operates at a temperature of 1,800(F to oxidize any VOCs in the air stream.  The vendor has discussed the air emissions with the AQMD and will submit an air permit application in parallel with the EIR.  

EnerTech is has operated one similar plant that was installed in Japan.  That facility operated on slurried organic solid waste and had a capacity of 22 dry tons per day.  A demonstration scale facility has been operated in Atlanta, Georgia using biosolids from a number of different wastewater treatment plants.  The pilot plant is portable and could be brought to southern California for testing purposes.  EnerTech is also pursuing construction of a full-scale biosolids treatment facility with a capacity of around 70 dry tons per day in New Jersey.  The site plans and zoning for this facility have been approved, the permitting process is underway and EnerTech has received commitments for 60% of the facility’s capacity.  

In southern California, EnerTech is developing a regional facility with a capacity of 250 dry tons per day and is close to signing an agreement with the City of Rialto for a 30 year lease for a site adjacent to the Rialto wastewater treatment plant.  The footprint of the processing unit will be 100’ x 100’ although the total area used will be close to 2 acres.  The site is in a heavily industrialized area and is around 60 feet below grade, which reduces visual impacts.  EnerTech is in dialogue with US Filter Operating Services Corp. regarding operational services.

The vendor states that when processing undigested sludge the process is a net producer of power, generating an excess of 1.25-1.5 times the auxiliary energy input.  The feed solids concentration is limited by the ability to pump the biosolids cake prior to heat treatment, and the vendor is currently working with pump manufacturers to obtain a pump that will be able to handle drier biosolids cake.  There are a number of cement kilns within a 50 mile radius of the proposed site in Rialto that have expressed interest in the fuel product.  EnerTech is in dialogue with Colton Cement, adjacent to the site, regarding a strategic partnership.  Tests done by General Electric show that the NOx emissions from the char is similar to coal, and the SOx and other emissions are lower, providing a cleaner burning fuel over all.  The ash from burning the fuel is used in the cement production process and therefore does not require disposal.

The feed stream is pressurized to 1,500 psig, which requires specialty pumping equipment and high-pressure/high-temperature vessels and heat exchangers.  Currently, there are no operating facilities of similar size to that required by the County.  Therefore, further investigation of existing demonstration facilities must be conducted to ascertain reliability of pumping systems, high pressure/temperature equipment and heat exchangers.  The pumping system currently limits the feed solids content to less than 20 percent.  

The organic waste facility in Japan had to be shut down due to problems with plastics reformulating during the three-stage pressure release step.  The vendor claims that the process has been modified with a single-stage pressure release step, but the plant in Japan has not yet been retrofitted with this modification.  The demonstration unit in Atlanta has this new feature, but the facility is not operated on a continuous basis.  Therefore, true operational and maintenance requirements and process reliability of long-term continuous operation with biosolids are not known.  While the energy requirements are lower than for high-temperature processes that evaporate the water from the biosolids, the high operating pressures consume significant energy.  

Testing of the product needs to be conducted to determine the metals content.  Odor release is also a concern and requires further investigation.  

Thermo Energy

The Thermo Energy process is similar to the EnerTech process, although some of the equipment is different. Thermo Energy uses a piston pressurization system and steam injection rather than pumps and heat exchangers, and the operational temperature and pressure are higher at 600(F and 2,000 psig, respectively.  The process design also includes addition of an alkali.  The feed solids concentration should be in the range of 15-30%.

The process conducted in batches that have a 20-minute reaction time, but two parallel pressurization pistons and reaction chambers are installed that provide continuous processing of the incoming biosolids.  The treated slurry is passed through a pressure-relief system and dewatered using centrifuges to around 50% dryness.  This process produces char with similar heating value to the EnerTech product; no oil is produced.  Tests were conducted at temperatures in the range of 527 - 617(F at the Colton demonstration facility, which had capacity to process 5 dry tons per day, during May and June, 2001.  At the lower end of the temperature range, cellulose from bathroom tissue was not completely degraded and the final product was speckled with white material.  The product had a smell of burnt coffee, but it was not strong or pungent.  

Centrate from the centrifuge is high in ammonia and organics.  During the testing at Colton, the COD of the centrate varied between 3,000 and 14,000 mg/L.  Thermo Energy has developed an ammonia recovery process that uses a resin to absorb the ammonia.  Ammonia is removed during media recovery with sulfuric acid to form high-quality ammonium sulfate crystals that could be marketed as a fertilizer.  At the Colton facility, the air was not treated in the boiler, but was passed through a condenser, GAC and a chemical scrubber.  VOC concentrations after the GAC were below 1,000 ppm.  It is anticipated that the level of emissions control installed at the demonstration facility would not suffice at a full-scale facility and that the process emissions would need to be treated in the boiler or with an afterburner.

It is estimated that a plant producing 100 dry tons per day would require a processing footprint of approximately 100’ x 300’, including the emissions control and ammonia recovery process.  The facility resembles a chemical processing plant, but it is not odorous and could probably be sited in an industrial area without attracting negative public perception.  Thermo Energy has submitted proposals to the major agencies in southern California, including the City of Los Angeles, OCSD, LACSD and San Diego.  However, they are not actively pursuing a facility in the region.

The Thermo Energy system uses piston pumps rather than the conventional pumps used by the EnerTech process, which may be a more reliable feature.  Currently, there are no operating facilities of similar size to that required.  Therefore, further investigation of existing demonstration facilities must be conducted to ascertain reliability of pumping systems, high pressure/temperature equipment and heat exchangers.  The facility in Colton, California has not been operated on a continuous basis.  Therefore, true operational and maintenance requirements and process reliability of long-term continuous operation with biosolids is not known.  While the energy requirements are lower than for high-temperature processes, high operating pressures necessitate high pumping energy.  

Testing of the product needs to be conducted to determine the metals content.  Odor release is also a concern and requires further investigation.  

Mid Temperature Pyrolysis

Mid-temperature pyrolysis processes are conducted at temperatures of 800-1,000(F and typically produce oil and char.  The following evaluation is based on material provided by an Australia-based company, Environmental Solutions International, Ltd. (ESI).  

Enersludge

ESI provides a process called Enersludge.  The first step requires the biosolids to be thermally dried to 90% solids.  The biosolids are then passed into a conversion reactor where they are maintained at a temperature of 850(F for 30 minutes.  Unlike low-temperature pyrolysis processes, this process is not pressurized since the higher temperatures alone are adequate for pyrolysis.  Four byproducts are formed by this process – oil, reaction water (condensate from the vapor stream), biogas (non-condensed gases) and a solid char material.  In a process that uses anaerobically digested biosolids, the product yields are typically 20% oil, 60% char, 10% biogas and 10% reaction water.  The oil stream, once separated from the condensate stream, can be sold as fuel for heating and electricity generation.  The char and the biogas are used for energy generation in a hot gas generator that is supplied as part of the package.  The reaction water is also used in the hot gas generator.  

The hot gas generator is similar to a fluidized bed incinerator and provides more heat than required by the thermal drying process (based on a feed cake solids concentration of 26%).  Additional heat required for the pyrolysis step is provided through a natural gas burner.  The ash produced from combustion of the char and biogas in the hot gas generator can be disposed of in a landfill or sold as a construction material.  The metals are bound in the ash in the form of non-leachable silicates and oxides and can therefore be classified as non-hazardous.  A fifth byproduct of the process is mercury-sulfide scum that requires disposal as a hazardous waste.  

Enersludge has one full-scale biosolids processing facility located at the Subiaco wastewater treatment plant in Perth, Australia, which treats undigested sludge.  The facility has a capacity of 25 dry tons per day and was fully operational in early 2001.  The footprint for the dryer and hot gas generator buildings is 82’ x 100’ x 53’.  The thermal conversion process building has a  33’ x 40’ x 46’ footprint.  

Concerns with the process include air emissions, permitting issues for the hot gas generator, which is essentially an incinerator, and the disposal of the hazardous mercury sulfide scum.  The oil produced is a low grade oil and, for the quantities produced, the effort required to market and sell the oil may not be cost effective.  

The oil has a heating value of 0.13 MMBtu per gallon, and the biogas has a heating value around 490 Btu per cubic foot, which is lower than digester gas.  The process is not a net energy producer as the low-temperature pyrolysis processes are, and the feasibility and operability of a process that includes thermal drying, pyrolysis and incineration is questionable.

High Temperature Pyrolysis

This technology uses temperatures similar to incineration, but the process occurs in the absence of oxygen.  A company called International Environmental Solutions (IES) in partnership with Neoteric Environmental Technologies is in the process of setting up a facility at Romoland, Riverside County, California that will be used as the basis for the evaluation of this technology.

International Environmental Solutions

IES has a patented high-temperature pyrolysis system, Advanced Pyrolytic Systems.  This process has an operating temperature of 1,200 – 1,800(F and was designed primarily as a waste-to-energy system using municipal solid waste.  The system can also be used to treat a wide range of wastes including tires, oil wastes, medical and hazardous wastes and can be used to reactivate carbon.  The facility in Romoland will have a number of units to treat different waste streams.  Initially, a 50-dry-tons-per-day unit will be installed.  Testing was scheduled to start in May 2003, and commercial operation was scheduled to commence three months later.  The unit will be tested with biosolids.  A 250 dry ton per day unit is expected to be installed towards the end of 2003 that would be operated primarily on biosolids.  The biosolids treatment process will involve heat drying to around 90 percent solids prior to feeding to the pyrolytic converter.  The converter is designed to use indirect heat from a natural gas burner for startup.  After startup, the system will produce heat from the feed waste.  The process produces a carbon char that has some heating value and can be used as fuel source or sold as a construction material for use as a road base or building material.  IES is developing the means to use the char on site as an additional fuel source so the process will be completely self-sufficient.  It is estimated that 100 dry tons per day of biosolids will produce 8 dry tons per day of char.

Vapor is separated from the solids and passed through a thermal oxidizer to destroy any contaminants.  The thermal oxidizer operates at  a temperature of 2,250(F.  The hot vapor stream is then sent to a waste heat steam boiler that produces steam used in drying process.  Alternatively, the steam could be used in steam turbines for power generation.  Off-gases are treated by a wet scrubber and condenser, and the final emissions are primarily carbon dioxide.  The vendor is developing a carbon dioxide removal system to provide a zero-emissions process at the Romoland site.  IES claims that the high-temperature process and the lack of oxygen destroys contaminants that would otherwise be emitted in low-temperature or incineration processes.  The site in Romoland will have a 250 gpm industrial wastewater treatment facility that will treat condensate from the pyrolysis vapor stream and the biosolids thermal dryer.  Effluent from the wastewater treatment plant will be used for steam generation.

The process is expected to be a net producer of energy.  At the proposed scale of 250 dtpd of biosolids, IES claims that the facility will be able to generate around 5 MW of power over the thermal drying requirements.  In comparison, a similar-capacity municipal solid waste facility would generate 7.2 MW and would not require thermal drying.

IES has been in discussions primarily with Eastern Municipal Water District (EMWD) and has tested biosolids from EMWD and LACSD at a 5 dtpd demonstration facility that had been operational in Long Beach, California.  IES does not currently have any confirmed contracts for biosolids and apart from the Romoland facility, they do not intend to operate as an DBOO company.  Once they have demonstrated the performance of the process at Romoland, they envision that decentralized facilities located at wastewater treatment plants owned by agencies will be the primary means of implementation.  A 250-dtpd system including the drying, pyrolysis converter, thermal oxidizer, waste heat boiler, turbines and generators for power generation would have a footprint of 20,000 to 24,000 square feet.  The power sub station and cooling towers would be additional.  The maximum facility height would be 32 feet.  

3.5.7 Super Critical Water Oxidation

Supercritical Water Oxidation (SCWO) involves oxidation of organics at super critical pressure and temperature in a liquid or cake form in the presence of oxygen. The process is pressurized, which prevents vaporization of the liquid.  Compressed air or oxygen is fed into the pressure vessel.  The reaction is exothermic, and the degree of oxidation depends on the temperature, pressure and detention time .  The key difference between sub-critical processes such as Zimpro and supercritical processes is that sub-critical processes do not fully oxidize the organics, producing effluent streams that are difficult to treat.  

There are two main categories of SCWO systems: above ground and below ground.  Both systems produce an inert, silty solid material that settles out of the liquid stream.  The volume of solids is significantly reduced as the organics are destroyed in the process.  The product can be used in construction applications or for use in manufacture of building materials.  Metals are bound in a non-leachable form that passes the Toxicity Characteristic Leaching  Procedure (TCLP) of the EPA.  

Air emissions are anticipated to be primarily carbon dioxide, oxygen and nitrogen, with no NOx or SOx or VOCs and minimal odor.  At supercritical conditions, organics, including oil or coal, and gases such as oxygen are highly soluble in water, enabling much faster and more complete oxidation reactions.  The water in the feed assists in formation of free radicals that also speed the reaction.  At supercritical conditions, oxidation reactions occur in 1-5 minutes, compared with sub-critical conditions which require 20-60 minutes.  For dilute streams (<200 Btu per pound) an efficient heat exchange system is required to make the process self sufficient.  

Above Ground Super Critical Water Oxidation

There are above ground SCWO systems being developed in the United States and Europe.  The following sections describe the United States-based HydroProcessing system and the Sweden-based process developed by Chematur Engineering AB.

HydroProcessing

HydroProcessing is a Texas-based company that has developed a SCWO system that has a 9.8 dtpd capacity.  The system is installed at Harlingen Wastewater Treatment Plant, Texas.  The system processes undigested primary and secondary sludge at a solids content of 6 to 8 percent.  The process steps include pressurization up to 3,450 to 3,700 psig, preheating of the feed sludge through heat recovery exchangers, heating up to 1,100(F using a gas-fired heater, reaction (around 60 seconds), liquid/solids separation in a hydrocyclone, cooling through heat recovery and depressurization.  Oxygen is added to the reaction process.  

The residual consists of a silty material that passes the EPA TCLP test.  The liquid effluent stream has low COD although the process had to be optimized to provide complete oxidation of ammonia to nitrogen gas.  The air emissions consist of 75% carbon dioxide, which is being used to replace sulfuric acid for pH adjustment at the adjacent reverse osmosis plant.  Other gases include oxygen and nitrogen.  The vendor also claims that the facility is a net producer of energy, stating that the energy capture is 2 to 3 times the total energy input from electricity, natural gas and oxygen.  The process produces 5.3 pounds of high-quality steam for every one dry ton of solids treated.  However, digested solids would not have such a positive energy balance.

The facility did have some start up problems, primarily related to grit particles in excess of 500 to 2,000 microns that caused pumping problems.  A grit removal cyclone was installed on the sludge feed to the gravity belt thickeners.  Modifications were also made to the heat exchangers to increase the run time between acid cleaning so that the up-time is around 95 percent.  The feed stream needs to be pressurized to 3,500 psig which requires specialty pumping equipment and high pressure/high temperature above ground vessels.  While the energy requirements for the oxidation process are low, the high operating pressures necessitate high pumping energy.  

The facility is now largely operated by the Harlingen wastewater treatment plant staff.  Based on this facility, HydroProcessing estimates the life cycle treatment costs to be close to $200 per dry ton without energy or carbon dioxide reuse credits.  Testing of the product would need to be conducted to establish the metal content and options for recycling or disposal.  

Chematur Engineering AB

Chematur Engineering AB has installed one demonstration facility in Sweden.  The process can be operated at temperatures between 700-1,000(F and pressures around 3,500 psig.  Feeding is continuous, and the reaction time is about 1 minute.  The feed stream needs to be pressurized to 3,500 psig, which requires specialty pumping equipment and high-pressure/high-temperature above ground vessels.  While the energy requirements for the oxidation process are low, the high operating pressures necessitate high pumping energy.  The process also requires supplemental heating, which is provided by a direct steam injection system.  The final product is  an inert, silty solids material.  Testing of the product needs to be conducted to establish the metal content and options for recycling or disposal.  The liquid stream is expected to be a low-strength effluent stream as the process provides for complete oxidation of organics.  The air emissions are primarily carbon dioxide, with negligible NOx and SOx.  Odor release is a concern and requires further investigation.

Currently, there are no operating facilities of similar size to that required for the County.  Therefore, further investigation of the existing demonstration facility is required to ascertain reliability of pumping systems, high pressure/temperature equipment and heat exchangers.  After oxidation, the biosolids stream needs to be cooled prior to further processing.  The relatively small footprint and potential for inert products and low air emissions are the potential benefits of this technology.

Below Ground Super Critical Water Oxidation

GeneSyst International Inc., is developing a supercritical Gravity Pressure Vessel (GPV), which consists of a vessel that is built underground to a depth of 6,000-8,000 feet.  The design is based on a sub-critical facility that was constructed in Holland by Oxidyne.  GeneSyst bought Oxidyne and their GPV technology in 1996.  

The process operates at a maximum pressure of 3,200 psig and a temperature of 705(F.  The vessel has concentric tubes to convey material through the vessel.  Raw sludge at solids concentrations up to 10 percent is pumped down the outer tube, and treated solids rise through the inner tube.  Oxygen is introduced through the innermost tube to the bottom of the reactor.  As the slurry travels downward in the vessel, heat and pressure are generated.  When it reaches the maximum pressure, oxygen is introduced into the slurry.  The slurry cools on its way up the inner tube.   The concentric design of the tubes acts as a heat exchanger between the cold sludge moving down and the warmer sludge moving up.  The size of the vessel depends on the reaction rate of the sludge with the oxygen.  An 11 ¾ inch vessel could process about 100 dry tons per day.  The vessel has no moving parts and is designed to operate with low pumping heads due to the density difference between the cooler (higher density) down-drafting slurry and the warmer (lower density) up-drafting slurry.  It is claimed that the SCWO process does not produce air emissions apart from carbon dioxide.  System design allows for variations in slurry concentrations and flow rates.  

The GPV cannot be located across an earthquake fault or in a salt dome.  For location of the system in Santa Barbara County, a careful geologic analysis would need to be conducted to assess the risk.  GeneSyst estimates the life of the system to be 20 years although the company only offers a five year warranty.  The estimated system life is based on an sub-critical reactor that was installed at Longmont, Colorado and operated between 1984-1985, after which time the vessel was dismantled and examined for corrosion.  Monitoring and maintenance of below ground systems will be considerably more difficult than for above ground systems.  However, the vendor claims that below-ground systems have advantages from the earth contributing heat to the process (1-2(F per 100 feet depth in the U.S.) and the earth providing insulation.  The design of the vessel does not require the use of high-pressure, maintenance-intensive pumping or heat exchangers such as those used in the above-ground supercritical oxidation processes.  However, fouling of the tubes could occur over time.  

Presently, there is no long-term operating information that can be used to evaluate the potential for long-term corrosion and fouling of the tubes.  The literature provided by the company dated to the 1980s and no clear indications were provided on how the process had improved and how the issues of concern such as maintenance requirements have been addressed.  Information provided indicates that the footprint for one 80 dtpd unit is estimated at 1.5 acres.  As the process uses thickened sludge, the facility would need to be located either on-site or close to existing wastewater treatment plants so sludge could be pumped to the vessel.  Existing dewatering equipment could potentially be used to dewater the product after oxidation and cooling.  

3.5.8 Gasification/Starved Air Combustion

Gasification is a cross between pyrolysis and incineration.  Oxygen is used but in insufficient quantities to allow complete combustion.  There are many variations in the process operating temperatures and pressures.  Variations in pressure and temperature impact the quality and type of byproducts, which may be in the form of a biogas, char or slag, oils and reaction water.  

Operating temperatures may be in the range of 1,500-3,300(F and pressures may be up to 400 psig.  The process dynamics and products vary considerably depending on the type of feed, and pilot testing is usually required to determine the yields of the off gases and residues.  With biosolids, the process has proved to be expensive. Typically, the economics of energy recovery are not positive due to the low calorific value and high moisture content of biosolids cake.  The biogas produced generally has a low heating value and needs to be combined with other higher quality fuels such as natural gas before it can be used.  The char and oils produced have less heating value than those produced in pyrolysis due to partial combustion of the organics in the gasification process.  

There are no vendors with firm plans to construct a gasification/starved air system in southern California to treat biosolids.  Gasification systems have been used more widely in Europe and Asia using high calorific value feed stocks such as wood wastes.  Advantages over incineration include the ability to control air emissions to a higher standard.  Due to the production of products with energy value, the process is seen as a energy recovery technology, whereas incineration is often considered a disposal or destructive technology.  In addition, gasification has not received the negative public perception that incineration has.  However, due to the lack of successful operation of gasification processes with biosolids and the poor quality of gas produced, it is not expected that gasification will be a viable option for biosolids processing in the near future.  

Renewable Resources Alliance, LLC (CR&R, Inc.)

CR&R has offered to develop a gasification process using a system manufactured by either Primenergy LLC or Energy Products of Idaho.  

CR&R, with corporate headquarters in Stanton, CA and additional facilities within Orange County, has formed a new business entity, Renewable Resources Alliance, LLC (“RRA”) in partnership with another company for the purpose of developing technologies that can be used to process solid wastes. 

RRA is investigating potential sites for this technology in southern California and hopes to utilize gasification to process residual waste from recycling facilities to produce fuel and electricity. RRA claims that the selected gasification technologies could manage between 240 and 650 dtpd of biosolids.  

The process would receive dewatered biosolids with a 25% solids content to produce an inert, dry ash.  Two primary steps (drying and gasification) would be used in the process. RRA believes that the residual calorific energy contained in the dewatered biosolids is sufficient to dry the product without auxiliary fuel.  However, auxiliary fuel and energy would be required in the gasification process.

Air from the process enclosure would be drawn to the gasifier to control odor and supply process air.  It is expected that the plant will require a regenerative thermal oxidizer for control of VOCs from the dryer. The ultimate environmental controls will depend upon the site specific permit conditions. A selective catalytic reduction (SCR) system may be required for compliance..

3.5.9 Combustion

Combustion is the oxidation or burning of material in an oxygen-rich atmosphere.  The most commonly used method is incineration, which is becoming more widely used in Europe and in the eastern U.S. where land application may not be available or may be severely restricted.  A new method that has been developed is Plasma Assisted Oxidation, which uses a plasma arc to catalyze the combustion reaction.  

Incineration 

Incineration has a long history of application for combustion of many different types of wastes.  There are different types of incinerators, including multiple-hearth furnaces and fluidized beds.  Fluidized beds are more commonly used in modern incinerators.  Sizing, heat balance and emissions vary depending on the type of waste.  Biosolids incineration can be designed to operate without additional fuel, depending on the calorific value of the biosolids and the moisture content.  Digested biosolids have less organic matter than undigested biosolids, and therefore, the calorific value is lower and the proportion of inert solids is higher.  With digested biosolids, the incineration process can typically be autogenous if the feed solids concentration is greater than 45%.  The ash from an incinerator typically needs to be disposed of in a landfill.  The volume of ash depends on the amount of inert material in the feed.  For digested biosolids, the ash generated is typically 25-35% of the feed solids.

Incineration emissions and public perception issues are the key factors to be considered for this technology.  Of the thermal treatment processes, incineration will typically have the worst emissions, including particulates, NOx, SOx, dioxins and metals.  Siting of an incinerator in southern California may be difficult due to public perception issues, and the air emissions control would be extensive , which would likely increase the cost significantly compared to facilities in other locations.  Incineration of biosolids cake form belt press or centrifuge dewatering (i.e., solids content of less than 30 percent) requires supplemental heating energy.

Plasma Assisted Oxidation

This process is similar to incineration, but it uses a plasma arc as a catalyst for the combustion process.  The plasma arc accelerates oxidation reactions, so the combustion process occurs at lower temperatures.  The plasma arc generates UV radiation and ionic radicals, which catalyze the oxidation and cracking reactions at temperatures of 1,100(F.  Feed material can have a solids concentration as low as 20%.  

The process requires a minimum feed calorific value of 20,000 MJ per dry ton to be autothermal.  Typical digested biosolids have a calorific value of 7,300 MMBtu per dry pound and would therefore need to be dewatered or dried to a higher solids concentration for the process to be autothermal.  The inert material remains as an ash that needs to be disposed of, and the condensate from the vapor stream will need to be returned to the sewer for treatment.  

The process has been pilot tested on various waste streams, including paper and pulp solids and manure.  Although the process involves complex multi-phase thermodynamics, the vendor is confident that their computer modeling will allow successful scale up from the pilot-scale to a full-scale facility.  There are no full-scale operating facilities treating biosolids.  It is expected that the issues with siting a facility in southern California would be similar to a conventional incineration facility.  The process is unproven at full scale, and it is not possible to verify the vendor’s claims that the process will be economical for treating biosolids at solids concentrations as low as 20 percent.

3.5.10 Vitrification

Vitrification involves production of glass-like material from the inert material in biosolids. Organic material is oxidized and removed during the process.  The process can be used to produce materials used in construction, such as glass aggregate or building bricks.  In the U.S., Minergy Corporation, a subsidiary of Wisconsin Energy Corporation, has one glass aggregate plant that treats biosolids.  Vitrification has also been developed in Japan where land application of biosolids is less prevalent due to space constraints.  

Minergy

The Minergy vitrification process is based on the patented ‘GlassPak’ system.  The vitrification or melting process requires the biosolids to be pre-dried to a minimum of 90 percent solids, which can be conducted using waste heat recovery from the vitrification process.  The vitrification process uses oxygen-enriched air to reduce the volume of air emissions and is conducted at temperatures of 2,600-2,900(F.  The organics in the biosolids are combusted to provide the primary source of heat to melt the inorganic mineral fraction (ash).  The melted solids are cooled to form an inert glass aggregate product, which is black and angular.  Most of the metals are encapsulated in a non-leachable form inside the glass.  The product yield is around 25 percent of the feed solids on a dry weight basis, so a 100 dtpd plant would provide 25 dtpd of glass product at <2 percent moisture. 

Air emissions are reduced by using a closed-loop system and through addition of oxygen into the gas stream.  The emissions control equipment includes a condenser and a fixed carbon bed to remove mercury.  It also includes NOx and SOx control equipment. Condensate from the dryer and vitrification processes would need to be discharged to sewer for treatment.  According to the vendor, the process can produce sufficient heat for the drying and vitrification process provided the calorific value of the dried biosolids is 6,000-8,000 Btu per pound.  Air emissions depend on the composition of the biosolids.  

The glass aggregate product can be used in a number of applications in the construction and non-construction industry.  The vendor states that the construction industry has a demand for aggregate of over one billion tons per year, including pavement and construction fill, for which the glass aggregate could be sold for $2-5 per ton.  The glass aggregate can also be sold into more lucrative markets for manufacture of cement or ceramic tiles at a value of $10-25 per ton.  

Vitrification does have a significant economy of scale.  The existing facility in Fox Valley Wisconsin, has a capacity of around 1,200 wtpd and the facility under construction for the City of Detroit will have a capacity of 2,000 wtpd.  Minergy has also developed a smaller, modular system termed the ‘GlassPack’ plant.  A 12 dtpd demonstration of the GlassPack system is operating at Winnecone, Wisconsin.  Minergy was considering constructing a 2,000 wtpd regional facility in the City of Vernon, California, which is a heavily industrialized area.  Minergy has provided proposals to a number of agencies in southern California.  The most recent price proposal on record (09/2001) was for $55 per wet ton, including drying but not including transportation for treatment at a regional facility.  The final price would depend on the size of facility installed.  However, due to a lack of commitment of biosolids from major agencies, Minergy is not currently pursuing location of a facility in Vernon.  

It is anticipated that due to the economies of scale for this process and the need to secure significant biosolids commitments from local agencies, construction of a regional facility by Minergy is not likely to occur in the foreseeable future.  The County could purchase modular GlassPack units to install on site, and Minergy have proposed two 60 dtpd units for an equipment price of $30 million.  The final cost would likely be significantly higher, including the thermal dryer and the added air emissions control equipment that would likely be required.  In addition, the facility would require a tall stack, that would likely provoke opposition from local residents.  

3.5.11 Deep-Well Renewable Energy Recovery

Deep-well renewable energy recovery involves pumping of liquid biosolids at solids concentrations of 3-5 percent and pressures of around 3,000 psig through wells into depleted oil field reservoirs at depths of 4,000-6,000 feet.  Renewable energy recovery is not a new process and has been conducted in southern California for over 50 years as a means of disposal of oil field brines, slurries and other wastes.  The company that has proposed developing this technique for biosolids injection is Terralog Technologies USA, Inc.  This process would require that injection wells be located adjacent to existing wastewater treatment plants so the dilute biosolids can be delivered by pumping instead of trucking.  Trucking dilute biosolids would not be economically feasible.  Alternatively, dewatered biosolids could be hauled to a well site where water could be added to produce a slurry that could be injected.

Terralog Technologies

Terralog Technologies is a company that supplies services in the oil and gas markets and has been involved in deep-well energy recovery projects for disposal of oil-contaminated soils and drilling slurries.  The proposed method of injection is known as Slurry Fracture Injection (SFI), which has been conducted at a Chevron site in the Los Angeles area for a number of years as a disposal method for slurry.  It is also used as a method of enhancing oil and gas recovery through injection of water/steam and carbon dioxide gas.  Applicability of renewable energy recovery requires a geological analysis, core analysis and reservoir computational modeling.  The process is expected to work best in unconsolidated sand formations.  

The complete process involves injecting biosolids slurry into a deep unconsolidated sand formation, displacing oil and gas that remains in the formation, and potentially producing methane through further decomposition of the biosolids.  The oil and gas can then be recovered from other recovery wells.  The suitability of existing wells for SFI will need to be determined as some older or lower class wells may not be able to withstand the high pressures.  

The biosolids are expected to continue degradation in the oil reservoir, and the carbon dioxide gas produced is expected to dissolve into water contained in the formation due to the high pressure in the formation.  Containment of carbon dioxide in this manner could provide carbon sequestration credits.  The methane gas produced is less soluble, and it is anticipated that it could be extracted from gas recovery wells.  Bench scale testing under high pressure conditions has been conducted that indicates that methane production starts forty-five days after injection of the biosolids.  However, initial information provided by Terralog estimated that methane recovery may not occur until the fifth year after injection begins.  At the depth of the oil fields, the biosolids will reach a temperature of around 140(F.  Pathogen reduction will be achieved by temperature and pressure.  

The life of an injection well will depend on the constraints of the formation and the rate of biosolids injection.  A well will have a minimum and a maximum flow rate required to provide sufficient fracturing.  There is also the potential for brine water streams to be used to clean out the well between injection cycles, providing an alternative disposal/treatment method for this problematic waste stream.  

Renewable energy recovery occurs in formations many thousands of feet below drinking water aquifers.  The distance and the presence of clay layers in between make the potential for contamination minimal.  Of greater concern is the potential for cross-contamination from the well.  The California EPA has been reviewing the process, and its key concerns have been with regard to ensuring the integrity of the injection wells and ensuring that the SFI process does not damage the well or any other wells in the oilfield.  Resistance to earthquakes must be engineered into the design.  The monitoring equipment needs to be robust to provide clear indication of fractures while being able to distinguish background noise and vibrations.  The potential for generation of hydrogen sulfide should also be addressed.  

The USEPA Region 9 Groundwater Office is currently reviewing an application by Terralog Technologies for a permit to test a Class V (most stringent design standards) well system.  The testing will answer some of the questions on safety, injection design parameters and the true potential for enhanced oil recovery and methane production.

3.6 Summary of Findings

Figure 3-1 provides the scoring results of the technology ranking evaluation.  As shown in this Figure, the three top ranked technologies include:

· Composting using aerated static pile (ASP) technology in an enclosed facility,

· Direct rotary drum drying at a regional facility, and

· Composting using in-vessel technology in an enclosed facility.

These three product manufacturing technologies will be evaluated in more detail in Section 4. The open-air windrow composting is currently being utilized by some of the agencies (the Engel & Gray composting facility in Santa Maria). Therefore, open-air windrow composting is also included for comparison to the top three alternatives.
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Weighted Benefit Scores of Biosolids Product Manufacturing Alternatives








� For a haul distance of 200 miles one way at $2.50 per mile (one way distance) the cost per load equals $500.  At 25 tons per load the unit cost of transportation equals $20 per ton.


� Documentation from Evergreen Organics stated that the process meets VAR since the final moisture content is less than 25% after blending with bulking agents and has a specific oxygen uptake rate (SOUR) that meets VAR requirements.  However, the vendor has misinterpreted the VAR requirements, as the 40 CFR 503 VAR Option 4 on SOUR is only permitted for sludge from aerobic treatment processes and Option 7 requires a dryness of 75% before blending with other materials.
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			TABLE 3-2


			Biosolids Market Summary and Evaluation (Agricultural Markets)


			Market			History			Market Strength			Current Market Size			Estimate of Future Markets			Competitors			Legal Restrictions			Perceived Market Risk			Public Perception Issues			Product Limits & Preferences			Economics			Political Constraints			CEQA Compliance			Assessment of Sustainability or Feasibility


			Existing Program Baseline			Substantial & Proven			Poor & failing			6,900 dtpy			Uncertain			Many; over 4,500 WTPD			Severe & worsening			Very Risky			Strongly Negative			Poor farmer acceptance; prefer other types			Reasonable yet worsening			Severe & worsening			General Order under litigation			Not Sustainable


			Horticulture – member agencies			Substantial & Proven			Good			5,100 dtpy
(14 dtpd)			5,100 dtpy
(14 dtpd)			Many; current local suppliers			None			Somewhat risky			Good			Normal			$0 to $30 per ton revenue			Low			None			Feasible; Requires demonstrations, sales mgt.


			Horticulture – ornamental & nursery			Substantial & Proven			Good			Uncertain			78,000 dtpy
(214 dtpd)			Many			None			Somewhat risky			Good			Normal			$0 to $88 per ton revenue			Low			None			Feasible; Requires demonstrations, sales mgt.


			Horticulture – blending & bagging for retail			Substantial & Proven			Good			66,000 dtpy
(181 dtpd)			86,000 dtpy
(236 dtpd)			Many			None			Somewhat risky			Good			Normal			$0 to $7 per ton revenue			Low			None			Feasible; Requires demonstrations, sales mgt.


			Silviculture – Shade Tree Program			Substantial & Proven			High			0			194 dtpy
(0.5 dtpd)			Few			None			Somewhat risky			Good			Normal			$55 to $100 per tree cost			Low			None			Feasible; Requires demonstrations, sales mgt.


			Energy/Silviculture – biomass crops			Substantial & Proven			Good			0			453,000 dtpy
(1,242 dtpd)			Few			Undeveloped			Somewhat risky			Good			Normal			Uncertain			Low			None			Feasible; highly challenging; need big project partner


			Citrus, avocado, vegetable, vineyard & orchard			Substantial & Proven but SE U.S.			Poor & failing			Uncertain			Uncertain			Conventional & organic fertilizers			Severe & worsening			Very Risky			Strongly Negative			Poor farmer acceptance; salt sensitive			$0 to Uncertain			Severe & worsening			None			Infeasible


			TABLE 3-2


			Biosolids Market Summary and Evaluation (Other Markets)


			Market			History			Market Strength			Current Market Size			Estimate of Future Markets			Competitors			Legal Restrictions			Perceived Market Risk			Public Perception Issues			Product Limits & Preferences			Economics			Political Constraints			CEQA Compliance			Assessment of Sustainability or Feasibility


			Direct Energy Generation			Substantial & Proven but other parts of U.S & Europe			Strong			Very large			Very large			Few			Substantial permitting requirements			Onsite-low; Offsite- high			Negative			Range from very dry to wet cake; Normal			Reasonable			High			Extensive			Feasible but Very difficult


			Burned Land Rehab and Erosion Control			Recent in Western U.S.			Developing			Small			Small			Many; aggressive			None			Low			Good			Normal			$520 to $555 per ton revenue Caltrans			Low			None			Feasible but Difficult; demonstrations required


			Direct Landfill Disposal			Substantial & Proven			Strong			74,800 dtpy
(205 dtpd)			69,000 dtpy
(189 dtpd)			Many			Somewhat difficult			Low			Negative			Normal			≈ $40 per ton cost			High			None			Feasible but Difficult


			Alternative Daily Cover at Landfills			Substantial & Proven			Strong			205,000 dtpy
(560 dtpd)			205,000 DTPY			Many; aggressive			Somewhat difficult			High			Negative			Normal			≈ $40 per ton cost			Low			None			Feasible but Difficult


			Construction Materials			Recent & small			Strong			0			205,000 dtpy
(560 dtpd)			Many			Low			Low			Good			Normal			≈ $35 per ton cost			Low			None			Feasible but Difficult


			Non-construction Materials			Recent & small			Strong			0			205,000 dtpy
(560 dtpd)			Many			Low			Low			Negative			Normal			≈ $35 per ton cost			Low			None			Infeasible due to market risk


			Dedicated Land Disposal			Substantial & Proven			Variable			0			150,000 dtpy
(410 dtpd)			Several POTWs			County Permits			Low			Negative			Normal			≈ $30 to $55 per ton cost			High			None			Infeasible due to potential political constraints


			Fuel Production			Substantial & Proven			Strong			Strong			Strong			Several POTWs			None			Low			Negative			Normal			Expensive			Low			None			Feasible but Difficult
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Summary

		Category		Description		Weighted Benefit Score

		B-02		Composting - Aerated Static Pile (Enclosed Facility)		381

		B-05		Direct Rotary Drum Drying		380

		B-03		Composting - In-vessel (Enclosed Facility)		363

		B-13		Organo-Mineral Fertilizer Product - Low Fortification		339

		B-04		Composting - Windrow (Open-Air)		326

		B-12		Organo-Mineral Fertilizer Product - Medium Fortification		321

		B-06		Indirect Disk or Paddle Drying		318

		B-11		Organo-Mineral Fertilizer Product - High Fortification		290

		B-23		Deep-well Renewable Energy Recovery		290

		B-16		Pyrolysis - High Temperature		287

		B-14		Pyrolysis - Low Temperature		287

		B-01		Composting - Vermiculture		285

		B-24		Class A Digestion		285

		B-22		Vitrification - Glassification		280

		B-18		Super Critical Water Oxidation - Above Ground		280

		B-19		Gasification		272

		B-17		Super Critical Water Oxidation - Below Ground		265

		B-08		Chemical Treatment - Neat Alkali (Enclosed and Scrubbed)		261

		B-20		Incineration		259

		B-09		Chemical Treatment - Fly Ash		258

		B-15		Pyrolysis - Mid Temperature		257

		B-21		Plasma Assisted Incineration		257

		B-10		Chemical Treatment - Neutralization		203

				Maximum		381

				Average		293

				Median		285

				Minimum		203
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Summary 2

								Direct Rotary Drum Drying				Composting - Aerated Static Pile (Enclosed Facility)				Composting - In-vessel (Enclosed Facility)				Composting - Windrow (Open-Air)				Organo-Mineral Fertilizer Product - Low Fortification				Organo-Mineral Fertilizer Product - Medium Fortification				Indirect Disk or Paddle Drying				Pyrolysis - High Temperature

		No.		Criteria		Importance Factor2		Raw Score1		Total Benefit Score Result3		Raw Score1		Total Benefit Score Result3		Raw Score1		Total Benefit Score Result3		Raw Score1		Total Benefit Score Result3		Raw Score1		Total Benefit Score Result3		Raw Score1		Total Benefit Score Result3		Raw Score1		Total Benefit Score Result3		Raw Score1		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		5		5		25		5		25		5		25		2		10		5		25		4		20		5		25		3		15

		1.2		Traffic		3		3		9		1		3		1		3		1		3		2		6		1		3		3		9		3		9

		1.3		Potential for odor		5		4		20		3		15		3		15		1		5		4		20		4		20		4		20		4		20

		1.4		Air quality impacts		5		3		15		2		10		4		20		1		5		3		15		3		15		2		10		2		10

		1.5		Energy Requirements		3		3		9		3		9		3		9		3		9		3		9		3		9		3		9		2		6

		1.6		Beneficial Reuse		4		5		20		5		20		5		20		5		20		5		20		5		20		5		20		3		12

		1.7		Health & safety benefits		5		3		15		4		20		4		20		3		15		2		10		2		10		2		10		4		20

		2		System Reliability

		2.1		Industry experience		4		4		16		4		16		4		16		4		16		3		12		2		8		2		8		2		8

		2.2		Process Reliability		4		4		16		4		16		4		16		4		16		4		16		4		16		2		8		3		12

		2.3		Owner/operator options		2		3		6		3		6		3		6		3		6		3		6		2		4		3		6		1		2

		2.4		Management Control		4		5		20		3		12		3		12		3		12		3		12		2		8		5		20		1		4

		2.5		Facility Risk		4		4		16		4		16		2		8		2		8		3		12		3		12		2		8		2		8

		2.6		Production of difficult waste streams		4		5		20		5		20		5		20		5		20		5		20		5		20		5		20		4		16

		2.7		Product sustainability (risk)		5		4		20		4		20		4		20		4		20		3		15		3		15		2		10		2		10

		3		Enhance Cost Efficiency

		3.1		Capital Cost		4		2		8		3		12		2		8		5		20		2		8		2		8		2		8		2		8

		3.2		Operations and Maintenance Costs		5		3		15		4		20		2		10		3		15		3		15		3		15		2		10		2		10

		3.3		Investment Risk		4		4		16		4		16		4		16		2		8		3		12		3		12		2		8		4		16

		3.4		Compatibility with existing infrastructure		4		5		20		5		20		5		20		5		20		5		20		5		20		5		20		5		20

		4		Implementation Requirements

		4.1		Ease of Expansion		5		2		10		3		15		3		15		4		20		2		10		2		10		2		10		2		10

		4.2		Capacity Range		3		4		12		4		12		2		6		5		15		3		9		3		9		4		12		2		6

		4.3		Compatibility with other waste streams		2		1		2		4		8		4		8		4		8		1		2		1		2		1		2		5		10

		4.4		Public perception of Facility		5		3		15		4		20		4		20		2		10		2		10		2		10		3		15		3		15

		4.5		Ease of in-county siting/implementation		5		3		15		2		10		2		10		1		5		2		10		2		10		3		15		3		15

		4.6		Product Compatibility with Markets		5		5		25		5		25		5		25		5		25		5		25		5		25		5		25		2		10

		4.7		Product Acceptability		5		3		15		3		15		3		15		3		15		4		20		4		20		2		10		3		15

				TOTAL						380				381				363				326				339				321				318				287

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-1

		Table B-1

		Composting - Vermiculture

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		4		5		20

		1.2		Traffic		1		3		3

		1.3		Potential for odor		1		5		5

		1.4		Air quality impacts		2		5		10

		1.5		Energy Requirements		4		3		12

		1.6		Beneficial Reuse		5		4		20

		1.7		Health & safety benefits		4		5		20

		2		System Reliability

		2.1		Industry experience		1		4		4

		2.2		Process Reliability		2		4		8

		2.3		Owner/operator options		2		2		4

		2.4		Management Control		2		4		8

		2.5		Facility Risk		2		4		8

		2.6		Production of difficult waste streams		4		4		16

		2.7		Product sustainability (risk)		4		5		20

		3		Enhance Cost Efficiency

		3.1		Capital Cost		3		4		12

		3.2		Operations and Maintenance Costs		2		5		10

		3.3		Investment Risk		2		4		8

		3.4		Compatibility with existing infrastructure		4		4		16

		4		Implementation Requirements

		4.1		Ease of Expansion		2		5		10

		4.2		Capacity Range		1		3		3

		4.3		Compatibility with other waste streams		4		2		8

		4.4		Public perception of Facility		4		5		20

		4.5		Ease of in-county siting/implementation		2		5		10

		4.6		Product Compatibility with Markets		3		5		15

		4.7		Product Acceptability		3		5		15

				TOTAL						285

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-2

		Table B-2

		Composting - Aerated Static Pile (Enclosed Facility)

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		5		5		25

		1.2		Traffic		1		3		3

		1.3		Potential for odor		3		5		15

		1.4		Air quality impacts		2		5		10

		1.5		Energy Requirements		3		3		9

		1.6		Beneficial Reuse		5		4		20

		1.7		Health & safety benefits		4		5		20

		2		System Reliability

		2.1		Industry experience		4		4		16

		2.2		Process Reliability		4		4		16

		2.3		Owner/operator options		3		2		6

		2.4		Management Control		3		4		12

		2.5		Facility Risk		4		4		16

		2.6		Production of difficult waste streams		5		4		20

		2.7		Product sustainability (risk)		4		5		20

		3		Enhance Cost Efficiency

		3.1		Capital Cost		3		4		12

		3.2		Operations and Maintenance Costs		4		5		20

		3.3		Investment Risk		4		4		16

		3.4		Compatibility with existing infrastructure		5		4		20

		4		Implementation Requirements

		4.1		Ease of Expansion		3		5		15

		4.2		Capacity Range		4		3		12

		4.3		Compatibility with other waste streams		4		2		8

		4.4		Public perception of Facility		4		5		20

		4.5		Ease of in-county siting/implementation		2		5		10

		4.6		Product Compatibility with Markets		5		5		25

		4.7		Product Acceptability		3		5		15

				TOTAL						381

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-3

		Table B-3

		Composting - In-vessel (Enclosed Facility)

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		5		5		25

		1.2		Traffic		1		3		3

		1.3		Potential for odor		3		5		15

		1.4		Air quality impacts		4		5		20

		1.5		Energy Requirements		3		3		9

		1.6		Beneficial Reuse		5		4		20

		1.7		Health & safety benefits		4		5		20

		2		System Reliability

		2.1		Industry experience		4		4		16

		2.2		Process Reliability		4		4		16

		2.3		Owner/operator options		3		2		6

		2.4		Management Control		3		4		12

		2.5		Facility Risk		2		4		8

		2.6		Production of difficult waste streams		5		4		20

		2.7		Product sustainability (risk)		4		5		20

		3		Enhance Cost Efficiency

		3.1		Capital Cost		2		4		8

		3.2		Operations and Maintenance Costs		2		5		10

		3.3		Investment Risk		4		4		16

		3.4		Compatibility with existing infrastructure		5		4		20

		4		Implementation Requirements

		4.1		Ease of Expansion		3		5		15

		4.2		Capacity Range		2		3		6

		4.3		Compatibility with other waste streams		4		2		8

		4.4		Public perception of Facility		4		5		20

		4.5		Ease of in-county siting/implementation		2		5		10

		4.6		Product Compatibility with Markets		5		5		25

		4.7		Product Acceptability		3		5		15

				TOTAL						363

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-4

		Table B-3

		Composting - Windrow (Open-Air)

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		2		5		10

		1.2		Traffic		1		3		3

		1.3		Potential for odor		1		5		5

		1.4		Air quality impacts		1		5		5

		1.5		Energy Requirements		3		3		9

		1.6		Beneficial Reuse		5		4		20

		1.7		Health & safety benefits		3		5		15

		2		System Reliability

		2.1		Industry experience		4		4		16

		2.2		Process Reliability		4		4		16

		2.3		Owner/operator options		3		2		6

		2.4		Management Control		3		4		12

		2.5		Facility Risk		2		4		8

		2.6		Production of difficult waste streams		5		4		20

		2.7		Product sustainability (risk)		4		5		20

		3		Enhance Cost Efficiency

		3.1		Capital Cost		5		4		20

		3.2		Operations and Maintenance Costs		3		5		15

		3.3		Investment Risk		2		4		8

		3.4		Compatibility with existing infrastructure		5		4		20

		4		Implementation Requirements

		4.1		Ease of Expansion		4		5		20

		4.2		Capacity Range		5		3		15

		4.3		Compatibility with other waste streams		4		2		8

		4.4		Public perception of Facility		2		5		10

		4.5		Ease of in-county siting/implementation		1		5		5

		4.6		Product Compatibility with Markets		5		5		25

		4.7		Product Acceptability		3		5		15

				TOTAL						326

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-5

		Table B-5

		Direct Rotary Drum Drying

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		5		5		25

		1.2		Traffic		3		3		9

		1.3		Potential for odor		4		5		20

		1.4		Air quality impacts		3		5		15

		1.5		Energy Requirements		3		3		9

		1.6		Beneficial Reuse		5		4		20

		1.7		Health & safety benefits		3		5		15

		2		System Reliability

		2.1		Industry experience		4		4		16

		2.2		Process Reliability		4		4		16

		2.3		Owner/operator options		3		2		6

		2.4		Management Control		5		4		20

		2.5		Facility Risk		4		4		16

		2.6		Production of difficult waste streams		5		4		20

		2.7		Product sustainability (risk)		4		5		20

		3		Enhance Cost Efficiency

		3.1		Capital Cost		2		4		8

		3.2		Operations and Maintenance Costs		3		5		15

		3.3		Investment Risk		4		4		16

		3.4		Compatibility with existing infrastructure		5		4		20

		4		Implementation Requirements

		4.1		Ease of Expansion		2		5		10

		4.2		Capacity Range		4		3		12

		4.3		Compatibility with other waste streams		1		2		2

		4.4		Public perception of Facility		3		5		15

		4.5		Ease of in-county siting/implementation		3		5		15

		4.6		Product Compatibility with Markets		5		5		25

		4.7		Product Acceptability		3		5		15

				TOTAL						380

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-6

		Table B-6

		Indirect Disk or Paddle Drying

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		5		5		25

		1.2		Traffic		3		3		9

		1.3		Potential for odor		4		5		20

		1.4		Air quality impacts		2		5		10

		1.5		Energy Requirements		3		3		9

		1.6		Beneficial Reuse		5		4		20

		1.7		Health & safety benefits		2		5		10

		2		System Reliability

		2.1		Industry experience		2		4		8

		2.2		Process Reliability		2		4		8

		2.3		Owner/operator options		3		2		6

		2.4		Management Control		5		4		20

		2.5		Facility Risk		2		4		8

		2.6		Production of difficult waste streams		5		4		20

		2.7		Product sustainability (risk)		2		5		10

		3		Enhance Cost Efficiency

		3.1		Capital Cost		2		4		8

		3.2		Operations and Maintenance Costs		2		5		10

		3.3		Investment Risk		2		4		8

		3.4		Compatibility with existing infrastructure		5		4		20

		4		Implementation Requirements

		4.1		Ease of Expansion		2		5		10

		4.2		Capacity Range		4		3		12

		4.3		Compatibility with other waste streams		1		2		2

		4.4		Public perception of Facility		3		5		15

		4.5		Ease of in-county siting/implementation		3		5		15

		4.6		Product Compatibility with Markets		5		5		25

		4.7		Product Acceptability		2		5		10

				TOTAL						318

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-8

		Table B-8

		Chemical Treatment - Neat Alkali (Enclosed and Scrubbed)

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		4		5		20

		1.2		Traffic		2		3		6

		1.3		Potential for odor		2		5		10

		1.4		Air quality impacts		2		5		10

		1.5		Energy Requirements		3		3		9

		1.6		Beneficial Reuse		2		4		8

		1.7		Health & safety benefits		3		5		15

		2		System Reliability

		2.1		Industry experience		4		4		16

		2.2		Process Reliability		3		4		12

		2.3		Owner/operator options		1		2		2

		2.4		Management Control		4		4		16

		2.5		Facility Risk		1		4		4

		2.6		Production of difficult waste streams		4		4		16

		2.7		Product sustainability (risk)		1		5		5

		3		Enhance Cost Efficiency

		3.1		Capital Cost		2		4		8

		3.2		Operations and Maintenance Costs		3		5		15

		3.3		Investment Risk		4		4		16

		3.4		Compatibility with existing infrastructure		1		4		4

		4		Implementation Requirements

		4.1		Ease of Expansion		2		5		10

		4.2		Capacity Range		4		3		12

		4.3		Compatibility with other waste streams		1		2		2

		4.4		Public perception of Facility		3		5		15

		4.5		Ease of in-county siting/implementation		3		5		15

		4.6		Product Compatibility with Markets		1		5		5

		4.7		Product Acceptability		2		5		10

				TOTAL						261

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-9

		Table B-9

		Chemical Treatment - Fly Ash

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		4		5		20

		1.2		Traffic		1		3		3

		1.3		Potential for odor		2		5		10

		1.4		Air quality impacts		2		5		10

		1.5		Energy Requirements		3		3		9

		1.6		Beneficial Reuse		2		4		8

		1.7		Health & safety benefits		3		5		15

		2		System Reliability

		2.1		Industry experience		4		4		16

		2.2		Process Reliability		3		4		12

		2.3		Owner/operator options		1		2		2

		2.4		Management Control		4		4		16

		2.5		Facility Risk		1		4		4

		2.6		Production of difficult waste streams		4		4		16

		2.7		Product sustainability (risk)		1		5		5

		3		Enhance Cost Efficiency

		3.1		Capital Cost		2		4		8

		3.2		Operations and Maintenance Costs		3		5		15

		3.3		Investment Risk		4		4		16

		3.4		Compatibility with existing infrastructure		1		4		4

		4		Implementation Requirements

		4.1		Ease of Expansion		2		5		10

		4.2		Capacity Range		4		3		12

		4.3		Compatibility with other waste streams		1		2		2

		4.4		Public perception of Facility		3		5		15

		4.5		Ease of in-county siting/implementation		3		5		15

		4.6		Product Compatibility with Markets		1		5		5

		4.7		Product Acceptability		2		5		10

				TOTAL						258

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-10

		Table B-12

		Chemical Treatment - Neutralization

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		2		5		10

		1.2		Traffic		3		3		9

		1.3		Potential for odor		2		5		10

		1.4		Air quality impacts		2		5		10

		1.5		Energy Requirements		2		3		6

		1.6		Beneficial Reuse		1		4		4

		1.7		Health & safety benefits		1		5		5

		2		System Reliability

		2.1		Industry experience		1		4		4

		2.2		Process Reliability		2		4		8

		2.3		Owner/operator options		1		2		2

		2.4		Management Control		1		4		4

		2.5		Facility Risk		1		4		4

		2.6		Production of difficult waste streams		3		4		12

		2.7		Product sustainability (risk)		1		5		5

		3		Enhance Cost Efficiency

		3.1		Capital Cost		3		4		12

		3.2		Operations and Maintenance Costs		3		5		15

		3.3		Investment Risk		3		4		12

		3.4		Compatibility with existing infrastructure		3		4		12

		4		Implementation Requirements

		4.1		Ease of Expansion		2		5		10

		4.2		Capacity Range		4		3		12

		4.3		Compatibility with other waste streams		1		2		2

		4.4		Public perception of Facility		2		5		10

		4.5		Ease of in-county siting/implementation		2		5		10

		4.6		Product Compatibility with Markets		2		5		10

		4.7		Product Acceptability		1		5		5

				TOTAL						203

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-11

		Table B-11

		Organo-Mineral Fertilizer Product - High Fortification

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		4		5		20

		1.2		Traffic		1		3		3

		1.3		Potential for odor		4		5		20

		1.4		Air quality impacts		3		5		15

		1.5		Energy Requirements		2		3		6

		1.6		Beneficial Reuse		5		4		20

		1.7		Health & safety benefits		1		5		5

		2		System Reliability

		2.1		Industry experience		2		4		8

		2.2		Process Reliability		4		4		16

		2.3		Owner/operator options		2		2		4

		2.4		Management Control		2		4		8

		2.5		Facility Risk		2		4		8

		2.6		Production of difficult waste streams		5		4		20

		2.7		Product sustainability (risk)		2		5		10

		3		Enhance Cost Efficiency

		3.1		Capital Cost		1		4		4

		3.2		Operations and Maintenance Costs		2		5		10

		3.3		Investment Risk		3		4		12

		3.4		Compatibility with existing infrastructure		5		4		20

		4		Implementation Requirements

		4.1		Ease of Expansion		2		5		10

		4.2		Capacity Range		3		3		9

		4.3		Compatibility with other waste streams		1		2		2

		4.4		Public perception of Facility		2		5		10

		4.5		Ease of in-county siting/implementation		1		5		5

		4.6		Product Compatibility with Markets		5		5		25

		4.7		Product Acceptability		4		5		20

				TOTAL						290

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-12

		Table B-12

		Organo-Mineral Fertilizer Product - Medium Fortification

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		4		5		20

		1.2		Traffic		1		3		3

		1.3		Potential for odor		4		5		20

		1.4		Air quality impacts		3		5		15

		1.5		Energy Requirements		3		3		9

		1.6		Beneficial Reuse		5		4		20

		1.7		Health & safety benefits		2		5		10

		2		System Reliability

		2.1		Industry experience		2		4		8

		2.2		Process Reliability		4		4		16

		2.3		Owner/operator options		2		2		4

		2.4		Management Control		2		4		8

		2.5		Facility Risk		3		4		12

		2.6		Production of difficult waste streams		5		4		20

		2.7		Product sustainability (risk)		3		5		15

		3		Enhance Cost Efficiency

		3.1		Capital Cost		2		4		8

		3.2		Operations and Maintenance Costs		3		5		15

		3.3		Investment Risk		3		4		12

		3.4		Compatibility with existing infrastructure		5		4		20

		4		Implementation Requirements

		4.1		Ease of Expansion		2		5		10

		4.2		Capacity Range		3		3		9

		4.3		Compatibility with other waste streams		1		2		2

		4.4		Public perception of Facility		2		5		10

		4.5		Ease of in-county siting/implementation		2		5		10

		4.6		Product Compatibility with Markets		5		5		25

		4.7		Product Acceptability		4		5		20

				TOTAL						321

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-13

		Table B-13

		Organo-Mineral Fertilizer Product - Low Fortification

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		5		5		25

		1.2		Traffic		2		3		6

		1.3		Potential for odor		4		5		20

		1.4		Air quality impacts		3		5		15

		1.5		Energy Requirements		3		3		9

		1.6		Beneficial Reuse		5		4		20

		1.7		Health & safety benefits		2		5		10

		2		System Reliability

		2.1		Industry experience		3		4		12

		2.2		Process Reliability		4		4		16

		2.3		Owner/operator options		3		2		6

		2.4		Management Control		3		4		12

		2.5		Facility Risk		3		4		12

		2.6		Production of difficult waste streams		5		4		20

		2.7		Product sustainability (risk)		3		5		15

		3		Enhance Cost Efficiency

		3.1		Capital Cost		2		4		8

		3.2		Operations and Maintenance Costs		3		5		15

		3.3		Investment Risk		3		4		12

		3.4		Compatibility with existing infrastructure		5		4		20

		4		Implementation Requirements

		4.1		Ease of Expansion		2		5		10

		4.2		Capacity Range		3		3		9

		4.3		Compatibility with other waste streams		1		2		2

		4.4		Public perception of Facility		2		5		10

		4.5		Ease of in-county siting/implementation		2		5		10

		4.6		Product Compatibility with Markets		5		5		25

		4.7		Product Acceptability		4		5		20

				TOTAL						339

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-14

		Table B-14

		Pyrolysis - Low Temperature

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		5		5		25

		1.2		Traffic		3		3		9

		1.3		Potential for odor		4		5		20

		1.4		Air quality impacts		2		5		10

		1.5		Energy Requirements		3		3		9

		1.6		Beneficial Reuse		3		4		12

		1.7		Health & safety benefits		2		5		10

		2		System Reliability

		2.1		Industry experience		1		4		4

		2.2		Process Reliability		1		4		4

		2.3		Owner/operator options		2		2		4

		2.4		Management Control		2		4		8

		2.5		Facility Risk		2		4		8

		2.6		Production of difficult waste streams		2		4		8

		2.7		Product sustainability (risk)		4		5		20

		3		Enhance Cost Efficiency

		3.1		Capital Cost		2		4		8

		3.2		Operations and Maintenance Costs		3		5		15

		3.3		Investment Risk		4		4		16

		3.4		Compatibility with existing infrastructure		3		4		12

		4		Implementation Requirements

		4.1		Ease of Expansion		2		5		10

		4.2		Capacity Range		3		3		9

		4.3		Compatibility with other waste streams		3		2		6

		4.4		Public perception of Facility		3		5		15

		4.5		Ease of in-county siting/implementation		3		5		15

		4.6		Product Compatibility with Markets		3		5		15

		4.7		Product Acceptability		3		5		15

				TOTAL						287

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-15

		Table B-15

		Pyrolysis - Mid Temperature

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		2		5		10

		1.2		Traffic		3		3		9

		1.3		Potential for odor		4		5		20

		1.4		Air quality impacts		1		5		5

		1.5		Energy Requirements		3		3		9

		1.6		Beneficial Reuse		3		4		12

		1.7		Health & safety benefits		1		5		5

		2		System Reliability

		2.1		Industry experience		2		4		8

		2.2		Process Reliability		2		4		8

		2.3		Owner/operator options		1		2		2

		2.4		Management Control		1		4		4

		2.5		Facility Risk		2		4		8

		2.6		Production of difficult waste streams		1		4		4

		2.7		Product sustainability (risk)		1		5		5

		3		Enhance Cost Efficiency

		3.1		Capital Cost		2		4		8

		3.2		Operations and Maintenance Costs		3		5		15

		3.3		Investment Risk		5		4		20

		3.4		Compatibility with existing infrastructure		5		4		20

		4		Implementation Requirements

		4.1		Ease of Expansion		2		5		10

		4.2		Capacity Range		3		3		9

		4.3		Compatibility with other waste streams		3		2		6

		4.4		Public perception of Facility		3		5		15

		4.5		Ease of in-county siting/implementation		3		5		15

		4.6		Product Compatibility with Markets		3		5		15

		4.7		Product Acceptability		3		5		15

				TOTAL						257

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-16

		Table B-16

		Pyrolysis - High Temperature

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		3		5		15

		1.2		Traffic		3		3		9

		1.3		Potential for odor		4		5		20

		1.4		Air quality impacts		2		5		10

		1.5		Energy Requirements		2		3		6

		1.6		Beneficial Reuse		3		4		12

		1.7		Health & safety benefits		4		5		20

		2		System Reliability

		2.1		Industry experience		2		4		8

		2.2		Process Reliability		3		4		12

		2.3		Owner/operator options		1		2		2

		2.4		Management Control		1		4		4

		2.5		Facility Risk		2		4		8

		2.6		Production of difficult waste streams		4		4		16

		2.7		Product sustainability (risk)		2		5		10

		3		Enhance Cost Efficiency

		3.1		Capital Cost		2		4		8

		3.2		Operations and Maintenance Costs		2		5		10

		3.3		Investment Risk		4		4		16

		3.4		Compatibility with existing infrastructure		5		4		20

		4		Implementation Requirements

		4.1		Ease of Expansion		2		5		10

		4.2		Capacity Range		2		3		6

		4.3		Compatibility with other waste streams		5		2		10

		4.4		Public perception of Facility		3		5		15

		4.5		Ease of in-county siting/implementation		3		5		15

		4.6		Product Compatibility with Markets		2		5		10

		4.7		Product Acceptability		3		5		15

				TOTAL						287

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-17

		Table B-17

		Super Critical Water Oxidation - Below Ground

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		4		5		20

		1.2		Traffic		4		3		12

		1.3		Potential for odor		4		5		20

		1.4		Air quality impacts		4		5		20

		1.5		Energy Requirements		2		3		6

		1.6		Beneficial Reuse		2		4		8

		1.7		Health & safety benefits		3		5		15

		2		System Reliability

		2.1		Industry experience		1		4		4

		2.2		Process Reliability		2		4		8

		2.3		Owner/operator options		3		2		6

		2.4		Management Control		3		4		12

		2.5		Facility Risk		2		4		8

		2.6		Production of difficult waste streams		5		4		20

		2.7		Product sustainability (risk)		4		5		20

		3		Enhance Cost Efficiency

		3.1		Capital Cost		2		4		8

		3.2		Operations and Maintenance Costs		3		5		15

		3.3		Investment Risk		1		4		4

		3.4		Compatibility with existing infrastructure		2		4		8

		4		Implementation Requirements

		4.1		Ease of Expansion		1		5		5

		4.2		Capacity Range		3		3		9

		4.3		Compatibility with other waste streams		1		2		2

		4.4		Public perception of Facility		3		5		15

		4.5		Ease of in-county siting/implementation		2		5		10

		4.6		Product Compatibility with Markets		1		5		5

		4.7		Product Acceptability		1		5		5

				TOTAL						265

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-18

		Table B-18

		Super Critical Water Oxidation - Above Ground

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		5		5		25

		1.2		Traffic		4		3		12

		1.3		Potential for odor		4		5		20

		1.4		Air quality impacts		4		5		20

		1.5		Energy Requirements		2		3		6

		1.6		Beneficial Reuse		2		4		8

		1.7		Health & safety benefits		3		5		15

		2		System Reliability

		2.1		Industry experience		1		4		4

		2.2		Process Reliability		2		4		8

		2.3		Owner/operator options		3		2		6

		2.4		Management Control		3		4		12

		2.5		Facility Risk		2		4		8

		2.6		Production of difficult waste streams		5		4		20

		2.7		Product sustainability (risk)		4		5		20

		3		Enhance Cost Efficiency

		3.1		Capital Cost		2		4		8

		3.2		Operations and Maintenance Costs		3		5		15

		3.3		Investment Risk		1		4		4

		3.4		Compatibility with existing infrastructure		2		4		8

		4		Implementation Requirements

		4.1		Ease of Expansion		3		5		15

		4.2		Capacity Range		3		3		9

		4.3		Compatibility with other waste streams		1		2		2

		4.4		Public perception of Facility		3		5		15

		4.5		Ease of in-county siting/implementation		2		5		10

		4.6		Product Compatibility with Markets		1		5		5

		4.7		Product Acceptability		1		5		5

				TOTAL						280

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-19

		Table B-19

		Gasification

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		4		5		20

		1.2		Traffic		3		3		9

		1.3		Potential for odor		4		5		20

		1.4		Air quality impacts		2		5		10

		1.5		Energy Requirements		2		3		6

		1.6		Beneficial Reuse		3		4		12

		1.7		Health & safety benefits		3		5		15

		2		System Reliability

		2.1		Industry experience		2		4		8

		2.2		Process Reliability		2		4		8

		2.3		Owner/operator options		1		2		2

		2.4		Management Control		1		4		4

		2.5		Facility Risk		3		4		12

		2.6		Production of difficult waste streams		3		4		12

		2.7		Product sustainability (risk)		3		5		15

		3		Enhance Cost Efficiency

		3.1		Capital Cost		2		4		8

		3.2		Operations and Maintenance Costs		3		5		15

		3.3		Investment Risk		2		4		8

		3.4		Compatibility with existing infrastructure		4		4		16

		4		Implementation Requirements

		4.1		Ease of Expansion		1		5		5

		4.2		Capacity Range		3		3		9

		4.3		Compatibility with other waste streams		4		2		8

		4.4		Public perception of Facility		3		5		15

		4.5		Ease of in-county siting/implementation		3		5		15

		4.6		Product Compatibility with Markets		2		5		10

		4.7		Product Acceptability		2		5		10

				TOTAL						272

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-20

		Table B-22

		Incineration

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		2		5		10

		1.2		Traffic		2		3		6

		1.3		Potential for odor		3		5		15

		1.4		Air quality impacts		1		5		5

		1.5		Energy Requirements		3		3		9

		1.6		Beneficial Reuse		3		4		12

		1.7		Health & safety benefits		3		5		15

		2		System Reliability

		2.1		Industry experience		4		4		16

		2.2		Process Reliability		4		4		16

		2.3		Owner/operator options		1		2		2

		2.4		Management Control		1		4		4

		2.5		Facility Risk		2		4		8

		2.6		Production of difficult waste streams		5		4		20

		2.7		Product sustainability (risk)		3		5		15

		3		Enhance Cost Efficiency

		3.1		Capital Cost		3		4		12

		3.2		Operations and Maintenance Costs		3		5		15

		3.3		Investment Risk		3		4		12

		3.4		Compatibility with existing infrastructure		5		4		20

		4		Implementation Requirements

		4.1		Ease of Expansion		2		5		10

		4.2		Capacity Range		3		3		9

		4.3		Compatibility with other waste streams		4		2		8

		4.4		Public perception of Facility		1		5		5

		4.5		Ease of in-county siting/implementation		1		5		5

		4.6		Product Compatibility with Markets		1		5		5

		4.7		Product Acceptability		1		5		5

				TOTAL						259

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-21

		Table B-23

		Plasma Assisted Incineration

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		3		5		15

		1.2		Traffic		2		3		6

		1.3		Potential for odor		4		5		20

		1.4		Air quality impacts		2		5		10

		1.5		Energy Requirements		4		3		12

		1.6		Beneficial Reuse		3		4		12

		1.7		Health & safety benefits		2		5		10

		2		System Reliability

		2.1		Industry experience		1		4		4

		2.2		Process Reliability		2		4		8

		2.3		Owner/operator options		1		2		2

		2.4		Management Control		1		4		4

		2.5		Facility Risk		2		4		8

		2.6		Production of difficult waste streams		5		4		20

		2.7		Product sustainability (risk)		4		5		20

		3		Enhance Cost Efficiency

		3.1		Capital Cost		1		4		4

		3.2		Operations and Maintenance Costs		3		5		15

		3.3		Investment Risk		4		4		16

		3.4		Compatibility with existing infrastructure		4		4		16

		4		Implementation Requirements

		4.1		Ease of Expansion		2		5		10

		4.2		Capacity Range		3		3		9

		4.3		Compatibility with other waste streams		3		2		6

		4.4		Public perception of Facility		2		5		10

		4.5		Ease of in-county siting/implementation		2		5		10

		4.6		Product Compatibility with Markets		1		5		5

		4.7		Product Acceptability		1		5		5

				TOTAL						257

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-22

		Table B-22

		Vitrification - Glassification

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		4		5		20

		1.2		Traffic		3		3		9

		1.3		Potential for odor		4		5		20

		1.4		Air quality impacts		1		5		5

		1.5		Energy Requirements		1		3		3

		1.6		Beneficial Reuse		3		4		12

		1.7		Health & safety benefits		3		5		15

		2		System Reliability

		2.1		Industry experience		3		4		12

		2.2		Process Reliability		3		4		12

		2.3		Owner/operator options		1		2		2

		2.4		Management Control		1		4		4

		2.5		Facility Risk		2		4		8

		2.6		Production of difficult waste streams		3		4		12

		2.7		Product sustainability (risk)		3		5		15

		3		Enhance Cost Efficiency

		3.1		Capital Cost		2		4		8

		3.2		Operations and Maintenance Costs		3		5		15

		3.3		Investment Risk		3		4		12

		3.4		Compatibility with existing infrastructure		5		4		20

		4		Implementation Requirements

		4.1		Ease of Expansion		2		5		10

		4.2		Capacity Range		3		3		9

		4.3		Compatibility with other waste streams		1		2		2

		4.4		Public perception of Facility		2		5		10

		4.5		Ease of in-county siting/implementation		2		5		10

		4.6		Product Compatibility with Markets		4		5		20

		4.7		Product Acceptability		3		5		15

				TOTAL						280

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
DRAFT Evaluation of Processing Technologies&R180880

&L&F, &A&CPage &P of &N&R&D, &T



B-23

		Table B-23

		Deep-well Renewable Energy Recovery

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		3		5		15

		1.2		Traffic		3		3		9

		1.3		Potential for odor		3		5		15

		1.4		Air quality impacts		4		5		20

		1.5		Energy Requirements		3		3		9

		1.6		Beneficial Reuse		3		4		12

		1.7		Health & safety benefits		3		5		15

		2		System Reliability

		2.1		Industry experience		1		4		4

		2.2		Process Reliability		2		4		8

		2.3		Owner/operator options		2		2		4

		2.4		Management Control		2		4		8

		2.5		Facility Risk		3		4		12

		2.6		Production of difficult waste streams		5		4		20

		2.7		Product sustainability (risk)		3		5		15

		3		Enhance Cost Efficiency

		3.1		Capital Cost		4		4		16

		3.2		Operations and Maintenance Costs		3		5		15

		3.3		Investment Risk		1		4		4

		3.4		Compatibility with existing infrastructure		4		4		16

		4		Implementation Requirements

		4.1		Ease of Expansion		2		5		10

		4.2		Capacity Range		2		3		6

		4.3		Compatibility with other waste streams		1		2		2

		4.4		Public perception of Facility		3		5		15

		4.5		Ease of in-county siting/implementation		2		5		10

		4.6		Product Compatibility with Markets		3		5		15

		4.7		Product Acceptability		3		5		15

				TOTAL						290

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance



&LCH2M HILL&CSanta Barbara County Biosolids Management Master Plan
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B-24

		Table B-24

		Class A Digestion

		No.		Criteria		Raw Score1		Importance Factor2		Total Benefit Score Result3

		1		Protection of Public Health & the Environment

		1.1		Long term regulatory compliance		3		5		15

		1.2		Traffic		4		3		12

		1.3		Potential for odor		2		5		10

		1.4		Air quality impacts		3		5		15

		1.5		Energy Requirements		3		3		9

		1.6		Beneficial Reuse		4		4		16

		1.7		Health & safety benefits		3		5		15

		2		System Reliability

		2.1		Industry experience		3		4		12

		2.2		Process Reliability		3		4		12

		2.3		Owner/operator options		3		2		6

		2.4		Management Control		5		4		20

		2.5		Facility Risk		3		4		12

		2.6		Production of difficult waste streams		3		4		12

		2.7		Product sustainability (risk)		2		5		10

		3		Enhance Cost Efficiency

		3.1		Capital Cost		3		4		12

		3.2		Operations and Maintenance Costs		3		5		15

		3.3		Investment Risk		2		4		8

		3.4		Compatibility with existing infrastructure		3		4		12

		4		Implementation Requirements

		4.1		Ease of Expansion		2		5		10

		4.2		Capacity Range		5		3		15

		4.3		Compatibility with other waste streams		1		2		2

		4.4		Public perception of Facility		2		5		10

		4.5		Ease of in-county siting/implementation		3		5		15

		4.6		Product Compatibility with Markets		1		5		5

		4.7		Product Acceptability		1		5		5

				TOTAL						285

		Notes:

		1 Score – 1 = negative or low score, 5 = positive or high score

		2 Importance weighting – 1 = low importance; 5 = high importance

		3 Result is the score multiplied by importance
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			TABLE 3-1


			Biosolids Market Summary and Evaluation (Agricultural, Horticultural, and Silvicultural Markets)


			Market			History			Market Strength			Current Market Size			Estimate of Future Markets			Competitors			Legal Restrictions			Perceived Market Risk			Public Perception Issues			Product Limits & Preferences			Economics			Political Constraints			CEQA Compliance			Assessment of Sustainability or Feasibility


			Existing Program Baseline			Substantial & Proven			Poor & failing			6,900 dtpy			Uncertain			Many; over 4,500 WTPD			Severe & worsening			Very Risky			Strongly Negative			Poor farmer acceptance; prefer other types			Reasonable yet worsening			Severe & worsening			General Order under litigation			Not Sustainable


			Land Application of Class A Cake			New			Uncertain			Very large			Very large			Many			Some Bans Exist			Somewhat risky			Moderate (odors are a concern)			Aesthetics are a Concern			$35 to $40 per ton cost			Uncertain


			Horticulture – member agencies			Substantial & Proven			Good			5,100 dtpy
(14 dtpd)			5,100 dtpy
(14 dtpd)			Many; current local suppliers			None			Somewhat risky			Good			Normal			$0 to $30 per ton revenue			Low			None			Feasible; Requires demonstrations, sales mgt.


			Horticulture – ornamental & nursery			Substantial & Proven			Good			Uncertain			78,000 dtpy
(214 dtpd)			Many			None			Somewhat risky			Good			Normal			$0 to $88 per ton revenue			Low			None			Feasible; Requires demonstrations, sales mgt.


			Horticulture – blending & bagging for retail			Substantial & Proven			Good			66,000 dtpy
(181 dtpd)			86,000 dtpy
(236 dtpd)			Many			None			Somewhat risky			Good			Normal			$0 to $7 per ton revenue			Low			None			Feasible; Requires demonstrations, sales mgt.


			Silviculture – Shade Tree Program			Substantial & Proven			High			0			194 dtpy
(0.5 dtpd)			Few			None			Somewhat risky			Good			Normal			$55 to $100 per tree cost			Low			None			Feasible; Requires demonstrations, sales mgt.


			Energy/Silviculture – biomass crops			Substantial & Proven			Good			0			453,000 dtpy
(1,242 dtpd)			Few			Undeveloped			Somewhat risky			Good			Normal			Uncertain			Low			None			Feasible; highly challenging; need big project partner


			Citrus, avocado, vegetable, vineyard & orchard			Substantial & Proven but SE U.S.			Poor & failing			Uncertain			Uncertain			Conventional & organic fertilizers			Severe & worsening			Very Risky			Strongly Negative			Poor farmer acceptance; salt sensitive			$0 to Uncertain			Severe & worsening			None			Infeasible


			Agricluture - Lime Stabilized Products			Substantial & Proven but Eastern U.S.			Uncertain			Small			Small			Few			Few			Somewhat risky			Good			Poor farmer acceptance; pH sensitive			$35 to $40 per ton cost			Uncertain


			TABLE 3-2


			Biosolids Market Summary and Evaluation (Non-agricultural Markets)


			Market			History			Market Strength			Current Market Size			Estimate of Future Markets			Competitors			Legal Restrictions			Perceived Market Risk			Public Perception Issues			Product Limits & Preferences			Economics			Political Constraints			CEQA Compliance			Assessment of Sustainability or Feasibility


			Direct Energy			Substantial & Proven but other parts of U.S & Europe			Strong			Very large			Very large			Few			Substantial permitting requirements			Onsite-low; Offsite- high			Negative			Range from very dry to wet cake; Normal			Reasonable			High			Extensive			Feasible but Very difficult


			Erosion Control			Recent in Western U.S.			Developing			Small			Small			Many; aggressive			None			Low			Good			Normal			$520 to $555 per ton revenue Caltrans			Low			None			Feasible but Difficult; demonstrations required


			Direct Landfill Disposal			Substantial & Proven			Strong			74,800 dtpy
(205 dtpd)			69,000 dtpy
(189 dtpd)			Many			Somewhat difficult			Low			Negative			Normal			≈ $40 per ton cost			High			None			Feasible but Difficult


			Alternative Daily Cover at Landfills			Substantial & Proven			Strong			205,000 dtpy
(560 dtpd)			205,000 DTPY			Many; aggressive			Somewhat difficult			High			Negative			Normal			≈ $40 per ton cost			Low			None			Feasible but Difficult


			Construction Materials			Recent & small			Strong			0			205,000 dtpy
(560 dtpd)			Many			Low			Low			Good			Normal			≈ $35 per ton cost			Low			None			Feasible but Difficult


			Non-construction Materials			Recent & small			Strong			0			205,000 dtpy
(560 dtpd)			Many			Low			Low			Negative			Normal			≈ $35 per ton cost			Low			None			Infeasible due to market risk


			Dedicated Land Disposal			Substantial & Proven			Variable			0			150,000 dtpy
(410 dtpd)			Several POTWs			County Permits			Low			Negative			Normal			≈ $30 to $55 per ton cost			High			None			Infeasible due to potential political constraints


			Fuel Production			Substantial & Proven			Strong			Strong			Strong			Several POTWs			None			Low			Negative			Normal			Expensive			Low			None			Feasible but Difficult
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