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p.12  Table ES-5 Summary of Alternative Fuel and Raw Material Benefits, Barriers, Technical Drawbacks, and Other Issues 
“AFR”

Automobile Shredder Residue

Benefits

High calorific value; after processing, energy content similar to coal. ASR has raw material value; silicates, calcium, aluminum, and iron content would replace the need for mined material High availability because almost all ASR is landfilled. Lowers landfill demand. 

Barrierss

TSCA regulations categorize ASR as a “PCB Waste.” This represents a regulatory barrier to use of ASR for energy recovery, therefore most ASR is landfilled. ASR can contain mercury (within mercury switches), lead, and copper from content of scrap automobiles; these elements can affect cement kiln air emissions. 
Technical Drawbacks

Technologies to upgrade the quality of ASR for suitable use within a cement kiln may not be cost effective. Treatment technologies that separate ASR into higher value high-purity plastics may compete with ASR use as alternative fuel, depending upon waste management hierarchy 

Other Issues

Modification of regulatory TSCA waste classification applicable to ASR may facilitate the use of ASR as an alternative fuel in cement kilns. According to cement sector contacts, EPA Region VI is interpreting EPA regulation “Disposal of PCB bulk product waste” in a way that automobile shredders that generate ASR cannot certify compliance. Performance testing and air permit modifications generally required; continuous emissions monitoring system (CEMS) installation may also be required prior to initiating AFR use; these represent added cost 

Plastics

Benefits

High calorific value; energy content similar to coal. Recycling reduces landfill gas emissions. Represents new use for unrecyclable plastics categories (b and c) that would otherwise go to landfill. Lowers landfill demand. 

Barriers

Difficult to generate consistent quantities of material; plastics waste from multiple generators may need to be consolidated. Recyclable plastics are often sent to post-consumer plastic recyclers; cement plants do not want to compete with recyclers or conflict with waste management hierarchy. Use of chlorinated plastics can increase emissions of PCDD/PCDFs and also affect clinker quality. 

Difficult to manage the quality of the material if commingled with general MSW stream, other non-plastic materials, and chlorinated plastics. Segregation of materials requires additional capital and labor costs. Generators (local governments) may need to install equipment and establish procedures to adequately segregate plastics in the MSW and supply the plastic for use in cement kilns. Performance testing and air permit modifications are generally required for plants to initiate AFR use; CEMS installation may also be required prior to initiating AFR use. These represent additional cost.
P. 40

3.3.2 Plastics
Several cement plant contacts reported recently establishing use of plastics as an alternative fuel (50  Lafarge/Systech, Sugar Creek, MO)  and others reported that they are investigating the feasibility of using plastics. (51 TXI, Midlothian, TX; Lehigh Cement, several plants)  

In 2006, 29.5 million tons of plastics were generated from MSW and other sources.52 These materials included either plastic scrap from manufacturing processes or post-consumer plastics generated from MSW recycling programs. Cement plant contacts and regulatory agency contacts indicated that the principal issues associated with the use of plastics include identifying (generating) an adequate long-term supply of the material and ensuring that the material is “clean” and not commingled with the general MSW stream or with other non-plastic materials. The material must be adequately segregated from the general solid waste stream to facilitate material handling and adequately segregated from chlorinated plastics to ensure that chlorinated plastics are not included in the feed stream. Cement kilns need to limit the amount of chlorine feed to the kiln to maintain clinker quality. (53 Lehigh Cement, York, PA, Redding, CA; Lafarge/Systech, Sugar Creek, MO) Cement sector contacts reported that plastics, as generated by suppliers, have a calorific value similar to that of coal (approximately 12,000 BTU per pound). 

P. 40-41

3.3.3 Automobile shredder residue (ASR) 

Automobile shredder residue was identified as an emerging material by the PCA E&E Committee Alternative Fuels and Raw Materials (AFR) subcommittee. 

Automobile shredder residue (ASR) contains the plastic and other non-metallic materials left after scrap automobiles are shredded, and can have a calorific value on the order of 10,000 BTU per pound after processing to remove residual metals and other non-combustible 
materials. 

According to the Argonne National Laboratory, as of 2003, U.S. auto shredders generated about 5 million tons of ASR annually.54 Because of the lack of a cost-effective technology to recycle ASR, it is mostly landfilled; smaller amounts are incinerated. Scrap Magazine has estimated ASR generation at about 5.4 million tons per year.55 This is consistent with Steel Recycling Institute automotive recycling rates data. These data show that automotive recycling rates have been relatively consistent from 2003 through 2006.56 

The PCA E&E subcommittee is investigating the potential use of this material as an alternate fuel in cement kilns. The PCA E&E subcommittee contact indicated that the calorific value of ASR after it is processed is similar to the calorific value of coal, but that because of Toxic Substances Control Act (TSCA) regulations that specifically categorize ASR as a “PCB Waste” most of the ASR generated is landfilled rather than burned for energy recovery. (57 TXI, Midlothian, TXI)

A recent study by the California Department of Toxic Substances Control (DTSC) included test data for ASR generated in California. The test results showed that the PCB content of disposed ASR generated by several California facilities averaged total PCB levels ranging from 16 to 82 ppm. (58 Evaluation of Shredder Residue as Cement Manufacturing Feedstock March 2006 CA Department of Toxic Substances Control). The California DTSC report indicated that modification of the TSCA classification definitions applicable to ASR may be needed to facilitate use of ASR as an alternative fuel in cement kilns. 

ASR can also contain copper and mercury (from mercury switches contained in scrap automobiles) and therefore ASR has the potential to affect air emissions from the cement kiln. Mercury can be emitted through the cement kiln stack, and copper, in combination with chlorine contained in cement kiln raw materials and fuels, can contribute to the formation of PCDD/PCDF emissions from the cement kiln stack. 

Argonne National Laboratory recently developed a “froth flotation” technology to separate ASR into higher value high-purity plastics. The technology is being evaluated by a consortium of automobile manufacturers. (59Argonne National Laboratory: Green Technologies Fact Sheet – Recycling Automotive Scrap, June 2007. http://www.transportation.anl.gov/pdfs/R/253.pdf(accessed on April 4, 2008)  

A full-scale demonstration project was conducted in Europe. (60, 61 http://www.transportation.anl.gov/features/asr.html Recycling: Salyp Solutions For WEEE & ELV Recycling: http://www.salyp.com/ (accessed on April 4, 2008). Such treatment technologies may be a potential competitor to use of ASR as an alternative fuel in cement kilns. Boughton (2006) reported that automobile recyclers are also working on developing and applying technologies to improve the separation of materials in ASR and to improve its combustion characteristics with respect to cement kiln operation and environmental impacts. These include application of existing ASR density separation technologies to separate fine material (<1.2 cm) from the ASR. This can reduce effects of the use of ASR on CKD characteristics and on air emissions. Boughton (2006) also reported that ASR has raw material value in addition to its fuel value, and noted that ASR contains silicates, calcium, aluminum, and iron. (62 Boughton, B., Horvath, A. (2006). "Environmental assessment of shredder residue management." Resources, Conservation and Recycling 47: 1-25, as cited in: Murray, A.E., and Price, L., 2008. Use of Alternative Fuels in Cement Manufacture, Ashley Murray, Energy and Resources Group, University of California, Berkeley; Lynn Price, Energy Analysis Department, Environmental Energy Technologies Division, Lawrence Berkeley National Laboratory, 2008, Page 28, Page 29.)
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Performance Testing 

In addition to the cost of making modifications to the kiln or materials handling system, the cost of performance testing is another cost that must be incurred to establish use of alternative fuels in cement production. 

Performance testing is generally required by state air quality regulations, and performance tests are designed to determine that the cement kiln operation is in compliance with its air emissions permit conditions. 

One alternative fuels supplier80 reported that conducting performance testing for a non-hazardous alternative fuel (e.g., biosolids) could cost on the order of $50,000 per kiln, and that for multi-kiln cement plants each kiln using the alternative fuel must be tested individually. Performance testing costs for an alternative fuel that is regulated as a hazardous waste (e.g., CSOS) could be on the order of $250,000 to $500,000 81 depending upon the regulatory requirements in the jurisdiction where the cement plant is located. 

Cement sector contacts and alternative fuels suppliers have identified performance testing and associated permitting costs as a cost barrier to increased use of alternative fuels. In general, according to state regulatory agency contacts, each alternative fuel introduced into the plant is subject to individual performance test and permitting requirements. However, if various alternative fuel materials are preprocessed into an “engineered fuel” that meets defined specifications for calorific value and other fuel quality parameters, the cement kiln (at least theoretically) should be subject to only one performance test for the engineered fuel, because the quality of the engineered fuel would not vary regardless of the alternative fuel materials it is made from. One alternative fuel supplier (82 Vexor Fuels, Medina OH ) reported that they had some difficulty convincing a state regulatory agency that the quality of the engineered fuel was a constant, even though the alternative fuel materials it is made from could vary. Both cement companies and alternative fuel suppliers are advocating a permitting system in which the specific air emissions from the cement kiln are permitted, but the permit does not explicitly identify specific alternative fuels that can and cannot be used. Therefore, a cement plant could use different alternative fuels based on available supply and other factors, without having to modify the permit each time a change is made, provided that the air emissions limits in the permit are not exceeded. This is referred to as a “flexible fuel concept” of permitting.

P46

Scrap Tires and Kiln Design

Some cement kiln designs are not conducive to using whole scrap tires, and may be limited to use of chipped tires. This is specific to the individual cement kiln design. One cement plant contact, using a preheater/precalciner-type kiln, reported that the plant (85 Lafarge/Systech, Sugar Creek, MO) conducted performance testing to introduce whole tires into the kiln. The testing showed that introduction of whole tires into the kiln riser resulted in the tire belts not moving into the kiln; and that introduction of whole tires lower down in the kiln resulted in insufficient oxygen for tire combustion. Despite spending several hundred thousand dollars in conducting the performance tests, the plant was unable to solve the technical issues. Chipping tires prior to introduction was not deemed to be a cost effective solution. The plant is now investigating sources of industrial rubber scrap, but is not planning on retesting whole scrap tires. Introduction of scrap tires into cement kilns can reduce cement kiln NOx emissions. One cement plant contact 86 reported that use of scrap tires in the cement kiln is actually incorporated as permit condition of the facility air permit for this reason. However, state regulatory agencies could not mandate the use of scrap tires in all cement kilns as air emissions control strategy, because some kilns cannot accept scrap tires
P. 47

Regulatory Issues

Cement plant contacts and regulatory agency contacts provided information concerning how the environmental permitting process is implemented for cement plants testing the use of new alternative fuels. In general, cement plants are required to obtain construction permits to establish the use of a new alternative fuel, in part because modifications to the materials handling system involving capital expenditure need to be permitted. (89 Puget Sound Clean Air Agency WA.)
Short-term testing of new alternative fuels for which no capital expenditure is required may be conducted under the MACT Standard without a permit modification. In this case there would be a limit on the duration of the test and the amount of alternative fuel material that could be tested. 

Cement kilns are generally required to conduct air emissions performance testing to demonstrate that use of the alternative fuel would not result in an increase in the air emissions from the cement plant. Cement kilns that have CEMS can use these systems to monitor emissions during performance tests; cement kilns that do not have CEMS would need to conduct physical testing of their emissions. If an increase in air emissions would result then other regulatory standards would be triggered. It is not necessarily the case, however, that every new use of alternative fuel or every modification needs to be permitted. State agencies 90 have developed guidance documents that outline what proposed activities would require permits.

Cement kilns conducting tests of new alternative fuels are generally granted a short-term permit by the regulatory agency to conduct performance testing both to test the technical performance and feasibility of using the alternative fuel. Several regulatory agencies 91 reported that cement plants applied for and were granted permits to test alternative fuels [and also raw materials] that ended up not being used because of technical difficulties (as opposed to issues concerning the cement plant air emissions). 

Scrap tires, CSOS, ASR, and biosolids each have unique regulatory issues with respect to permitting, performance testing, and public perception when used as alternative fuels. Scrap paper/wood and plastics are generally regulated as non-hazardous (municipal solid) wastes and have fewer specific regulatory issues; however, permit modifications and performance testing are generally required for cement plants to initiate use of these materials as alternate fuels. In general, construction or modification of materials handling systems or air emission control systems or kiln modifications made to accommodate non-hazardous waste alternative fuels would necessitate permit revisions. 

Performance testing and permitting requirements for hazardous waste alternative fuels (e.g., CSOS) would be significantly more expensive and time-consuming than for non-hazardous waste alternative fuels, because hazardous waste combustion is subject to the Hazardous Waste Combustor MACT Standards and other standards that specify the permit and performance testing requirements. These requirements would generally include preparation of a risk assessment in addition to performance testing.
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Automobile Shredder Residue 

The PCA E&E subcommittee contact (104 TXI, Midlothian TX )  indicated that TSCA regulations specifically categorize ASR as a “PCB Waste” unless proven otherwise, and that it is “difficult to prove otherwise.” EPA regulation 40 CFR §761.62(b)(1) Disposal of PCB bulk product waste (105 ttp://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&sid=7ac7957d31405806e269b992d0a3abaa&rgn=div8&view=text&node=40:30.0.1.1.17.4.1.4&idno=40 (106 personal communication with Tom Tyler, EPA [email to Robert Lanza, April 15, 2008] ) applies specifically to landfilling of ASR but also, according to cement sector contacts, is being applied by EPA Region VI to incineration of ASR. Section (b)(i) specifically applies to landfilling of ASR. 

As of 2005, EPA Region VI was strictly interpreting the phrase "from which PCB small capacitors have been removed" in the regulation as applying to ASR, and interpreting the phrase in ways that shredders could not certify compliance. A recent study by the California DTSC on beneficial use of ASR as alternative fuel in cement kilns concluded that the current regulatory framework for ASR with respect to PCBs actually promotes landfilling of the material as opposed to beneficial uses and that changes to the regulatory framework applicable to ASR may be needed to facilitate use of ASR as an alternative fuel in cement kilns.

P. 53

Plastics 

Several cement plant contacts reported that they have recently conducted performance tests using plastics or have recently established the use of plastics (130 Lafarge/Systech, Sugar Creek, MO; Lehigh Cement, York PA; TXI, New Braunfels TX) and that their plastics utilization rates are relatively constant. One cement plant recently established the use of plastics through materials sourcing conducted through a wholly-owned subsidiary. (131 Lafarge/Systech, Sugar Creek, MO) Plastics are an emerging material; increased utilization of plastics will depend upon addressing supply/logistics barriers.
P.54

Automobile Shredder Residue 

Only one cement plant was identified that is currently evaluating ASR as an alternative fuel. ASR is an emerging material; establishing utilization of this material in cement kilns will depend on addressing regulatory barriers.
P. 59

4.2.5 Plastics 
Several cement plant contacts reported using plastics, either generated by MSW recycling programs or generated by industrial plants that manufacture plastic products; other contacts indicated that their plants are investigating using plastics either by identifying private sector suppliers or by investigating how to partner with municipal government MSW recycling programs.

Two important issues related to utilization of plastics as an alternative fuel in cement kilns are obtaining an adequate supply of the material and managing the quality of the material. Cement plant contacts and regulatory agency contacts reported that in some jurisdictions plastics generated from MSW recycling programs are not segregated adequately such that the plastics can be used as alternate fuel in cement kilns. (162 PADEP; Lehigh Cement; TXI, Midlothian TX.)
Cement kilns do not want chlorinated plastics (e.g., polyvinyl chloride) in their feed stream because the chlorine in the plastic can generate air emissions (e.g., chlorinated dioxins and furans) in excess of permit limits. Cement kilns also closely control the chlorine content of the raw mix because chlorine can affect the quality of the clinker produced. However, cement plants in different regions with different characteristics of available raw materials may have different tolerances for the amount of chlorine, depending on the alkali content of the raw materials and other parameters. 

Cement plant contacts and regulatory agency contacts also reported that the recycling rate for plastics in many jurisdictions is not as high as it could be, reducing the amount of plastics collected for potential utilization in cement kilns. (163 PADEP; Lehigh Cement.)  Municipal governments responsible for operating MSW recycling programs in some cases would need to invest in equipment (e.g., sorters, shredders) and establish additional procedures to adequately segregate plastics and supply the plastics for use in cement kilns. The benefits of such investment would be a steady supply of high calorific value fuel (on the order of 14,000 BTU per pound) for the cement kilns and reduction of the potential for generation of landfill gas from disposal of plastics in landfills. However, cement plant contacts reported that it is not necessarily clear to the municipal governments managing the MSW programs that such capital or labor cost expenditures would pay for themselves in the increased value of the plastics that could be supplied to cement kilns. This is particularly the case in regions where the cost of landfill disposal is low. Low landfill disposal costs may drive local government decision making concerning recycling programs. Cement plants can either purchase shredded plastic from a supplier or install a shredder onsite. Installation of a shredder on site would be a significant capital expenditure. Some plants using plastics have chosen to install shredders One cement plant contact (164 TXI, Midlothian TX.) reported that they are investigating how to form partnerships with municipal government recycling agencies to promote increased and improved segregation of plastics. In the company’s estimate the additional sorting of materials would ultimately “pay for itself.” Another cement plant contact (165 Lafarge/Systech, Sugar Creek MO.) reported that their materials sourcing subsidiary recently conducted a market study to identify sources of plastics for the cement kiln. The subsidiary did not identify post-consumer plastics from MSW recycling agencies, but rather plastics generated by local industries. This is an indication that the MSW recycling agencies either are not generating plastics in sufficient quantities to supply the cement kiln or that the plastics being generated are not being adequately segregated. 

4.2.6 Automobile Shredder Residue 
Automobile shredder residue (ASR) is an emerging material. As discussed in Section 4.1.3, a principal barrier to use of this material in cement kilns is its regulatory classification. A recent study by the California DTSC assessed the regulatory and technical barriers to use of ASR as an alternative fuel in cement kilns. (166 Evaluation of Shredder Residue as Cement Manufacturing Feedstock March 2006 CA Department of Toxic Substances Control http://www.dtsc.ca.gov/TechnologyDevelopment/upload/auto_shredder_report.pdf) In addition to the regulatory issues related to PCB capacitors, other potential regulatory issues include the occurrence of mercury switches and lead (e.g., wheel weights) in the scrap automobiles from which ASR is generated. The EPA recently established a voluntary program for management of mercury switches and a regulatory program for management of mercury switches and lead waste in processing of scrap automobiles and other ferrous metal scrap. (167 Final Rule To Reduce Air Toxics Emissions From Area Source Electric Arc Furnace Steelmaking Facilities: EPA Fact Sheet http://www.epa.gov/ttn/oarpg/t3/fact_sheets/eaf_fs_121707.html [accessed April 16, 2008.] ) (168 National Voluntary Mercury Switch Program, EPA Fact Sheet: http://www.epa.gov/mercury/switch.htm [accessed April 16, 2008.] )The California DTSC Report also identified issues concerning the quality of the material, specifically related to the content of metals (e.g., copper wire scrap,) non-combustible material, water, and other undesirable materials (e.g., PVC plastic). The California DTSC Report identified specific technologies needed to upgrade the quality of ASR for use in cement kilns and evaluated their feasibility.
P.70
 ASR 

The classification of ASR as a “PCB-containing waste” under TSCA is a barrier to use of this material as an alternative fuel in cement kilns. 

Much of this material is being disposed of in landfills as a result. ASR is generated from automobile shredders that are located throughout the country, and (other than its regulatory classification) would represent a widely-available source of high-calorific value material for use as alternative fuel in cement kilns. The technologies needed to upgrade the quality of ASR for use in cement kilns also represents a potential cost barrier to use of the material in cement kilns. Modification of the waste classification definitions applicable to ASR may be needed to facilitate use of ASR as an alternative fuel in cement kilns.

P.88

TXI New Braunfels, TX TXI is working on a demonstration project at their New Braunfels, TX plant with company that procures plastics for cement kilns. 

TXI previously conducted a performance test in Midlothian using refuse-derived fuels. The refuse-derived fuel test was conducted with material from Minneapolis for a thesis test in 1993. The test demonstrated that the cement kiln could burn RDF within permit limits and without an increase in pollutant emissions. New Braunfels is scheduled to conduct a trial burn using RDF in mid-2008. One barrier for cement kilns using RDF in Texas is that it is very inexpensive to landfill MSW plastic material. Landfill costs in Texas can be as low as $10 per ton. Therefore, it takes a lot of momentum and incentives to get a municipality to sort plastics to make RDF. Plastics must be sorted separately from general trash; chlorinated plastics and non-chlorinated plastics must be sorted separately to make RDF for cement kilns. Municipal governments would bear the capital and operating cost of sorting the plastics, TXI is investigating how to collaborate with municipalities and provide incentives to get municipalities to do this. The sorting would eventually pay for itself in fuel and potentially also carbon cost; use of RDF as an alternative to landfilling the MSW is a climate change issue for avoiding generation of landfill gas CO2 and CH4.
P. 95-96

7.1.8 Automobile Shredder Residue 

TXI, Midlothian, TX TXI has been investigating use of automobile shredder residue (ASR) at their Midlothian plant. The material is generated by Chaparral Steel. Chaparral Steel is a former subsidiary of TXI that is now a separate company, and is located in Midlothian. Chaparral Steel generates ASR from shredding automobiles for its steel mill operation. The ASR, also referred to as “fluff,” includes non-metallic material from seats, dashboards, etc. ASR generated by automobile shredders has historically been landfilled. 

TXI has worked with Chaparral Steel on processing ASR at the Chaparral site. The steel mill first processes the automobile shredder residue to separate out non-ferrous metals. Nickel, aluminum, copper, and other non-ferrous metals sell at prices on the order or $1000 per ton, so the additional material processing of the ASR to remove the non-ferrous metal is cost effective. Shredders use eddy current or other processes to remove the non-ferrous metals to capture this value. As a final processing step, Chaparral puts the ASR through a “vertical mill” to get the material processed and sized to cement kiln standards. Chaparral processes the material down to – 1/4 inch size and to low moisture content. After this final treatment step the ASR has a calorific value similar to coal. 

The regulatory barrier to use of ASR in cement kilns is the Toxic Substances Control Act regulations. The TSCA regulations (referred “Superrules”) for PCB wastes affect the status of automobile shredder waste. Shredder waste is categorized as a “PCB waste” until proven otherwise, and according to TXI it is very difficult to prove otherwise. Therefore, automobile shredders can landfill this material relatively easily, but cement kilns cannot burn the material without encountering major regulatory hurdles under the PCB regulations. TXI is continuing correspondence with EPA concerning the TSCA issue.
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