Ve ¥ United States
\_ Environmental Protection
\’ Agency

EPA 744-R-08-001
June 2008

Wire and Cable Insulation and Jacketing:
Life-Cycle Assessments
For Selected Applications

References

Office of Pollution Prevention and Toxics
Design for the Environment Program
U.S. Environmental Protection Agency



References

Abanades, S. G. Flamant, B. Gagnepain, and D. Gauthier. 2002 “Fat of Heavy Metals During Municipal
Solid Waste Incineration.” Waste Management and Research. 20:55-68.

Andersson, P.; Simonson, M.; Rosell, L.; Blomqvist, P.; Stripple, H. Fire-LCA Model: Cables Case
Study II-NHXMH and NHMH cable. SP Report 2005:45.
http://www.sp.se/fire/Sv/PDF_reports/SP%20rapport%202005_45.pdf (accessed Oct 2006).

Associated Additives. http://www.almstab.co.za/products.htm (accessed Jan 2007).

Baitz, M. et al. Life Cycle Assessment of PVC and of Principal Competing Materials. Commissioned by
European Commission. July 2004. http://ec.europa.eu/enterprise/chemicals/sustdev/pvc-
final_report_Ica.pdf (accessed Sept 2006).

Barry, C. M. F.; Orroth, S. A. Processing of Thermoplastics. In Modern Plastics Handbook; Harper, C.
A., Ed.; McGraw-Hill, 2000; pp 5.1-5.125.

Bartley, R. Bureau of International Recycling, Brussels, Belgium. Personal communication, 2006.

Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and their Disposal.
http://www.basel.int/text/con-e-rev.pdf (accessed June 2007).

Beck, T. R. Electrolytic Production of Aluminum. In Electrochemistry Encyclopedia, 2001.
http://electrochem.cwru.edu/ed/encycl/art-a01-al-prod.htm (accessed Oct 2006).

Bennett, R. End Use Markets for Recycled Polyvinyl Chloride. University of Toledo College of
Engineering, July 1990.

Bisbee, Frank, “Limited Combustible Cable” is 100% Recyclable?, Heard on the Street Column,
www.wireville.com, undated, http://www.wireville.com/news/Hype%20Hype%20Hooray.pdf

BOMA International Abandoned Cable http://www.boma.org/Advocacy/

Boustead, I. Eco-profiles of the European Plastics Industry: High Density Polyethylene (HDPE).
PlasticsEurope (previously Association of Plastics Manufacturers in Europe, APME), 2005a.

Boustead, |I. Eco-profiles of the European Plastics Industry: Polyvinyl Chloride (PVC) (Suspension
Polymerization). PlasticsEurope (previously Association of Plastics Manufacturers in Europe,
APME), 2005b.

Braun, D. Recycling of PVC. Prog. Polym. Sci. 2002, 27, 2171-2195.

Bureau of International Recycling (BIR). Plastic Coated Cable Scrap.
http://www.bir.org/aboutrecycling/cable/index.asp (accessed May 2006).

COMEX (NY Commodities Exchange) http: http://www.nymex.com/cop_pre_agree.aspx Downloaded
July, 2007.

CRU International Limited. The Market for Fire Performance Cables. May 2002.
http://www.crugroup.com

CRU International Limited. May 2002. The Market for Fire Performance Cables.
http://www.crugroup.com.

Curran, M.A. 1996. Environmental Life-Cycle Assessment. McGraw-Hill, New York, NY.

195



d’Allmen, E. The Next Generation of Cable Technology. NORDX/CDT, 2000.
http://www.nordx.com/public/htmen/pdf/4800LXWP.pdf (accessed March 2007).

Dawson, Fred 2007. Personal communication between Fred Dawson, E. I. DuPont Canada Company,
and Alice E. Tome, Abt Associates Inc., June 5.

Department of Energy, Energy Information Administration (EIA), International Energy Annual, 1997.

DHHS (U.S. Department of Health and Human Services). 1999. Toxicological Profile for Lead. Public
Health Service, Agency for Toxic Substances and Disease Registry, prepared by Research
Triangle Institute, July.

Dini, D., T. Z. Fabian, J. T. Chapin. 2006. An Analytical Study of Some Physical Properties of Wire and
Cable Samples Collected from Older Homes. Underwriters Laboratories Inc.

DuPont Cabling Solutions. Abandoned Cables—A Hidden Danger.
http://www.dupont.com/cablingsolutions/abandoned_cable/hidden_danger.html (accessed June
2007).

DuPont Cabling Solutions, Cable Recycling Program, Communications Copper Cable Recycling
Program, 2006.

Ecobilan Eco-profile of High Volume Commodity Phthalate Esters (DEHP/DINP/DIDP). Prepared for
The European Council for Plasticizers and Intermediates. January 2001.
http://www.ecpi.org/upload/documents/document31.pdf (accessed Oct 2006).

Ecolink, Ecocenters as a Tool for Local Sustainable Development and for Environmental Research
Implementation, Project N-EVG-2002-00509, 2003
(http://www.folkecenter.dk/en/publications/ECOLINK%20BROCHURE%20NOV%202003.pdf,
accessed June 2007).

Economics Handbook—SRI International, 2002.
egb2_followup/draftguide/6LCopperCablesDRAFT.doc (accessed May 2006).

Environmental News Service, Plastic Disposal Waste Guidelines Adopted, January 23, 2002,
(http://vww.ban.org/ban_news/plastic_waste.html).

European Flame Retardants Association (EFRA) Flame Retardant Fact Sheet: Antimony Trioxide
(Sb203). Jan 2006. http://www.cefic-efra.org/Objects/2/Files/ATOFactsheet.pdf (accessed Oct
2006).

Fava, J., R. Denison, R. Jones, B. Curran, M. Vigon, B. Selke, S. & J.A. Barnum. 1991. Technical
Framework for Life-Cycle Assessment. Society of Environmental Toxicology and Chemistry &
SETAC Foundation for Environmental Education, Inc. Washington, DC.

FederalLegislativeRegulatorylssues/Telecomm/AbandonedCablelssueSummary.htm (accessed April
2006).

Finlay, P. Draft Guidelines On Best Available Techniques (BAT) for Smouldering of Copper Cables.
April 2004. http://www.pops.int/documents/meetings/bat_bep/2nd_session/

Fishman, M. Abandoned Cabling, The Big Disconnect: Who’s Responsible for Abandoned Cabling in
Your Building? http://www.wireville.com/news/Abandoned Cabling The Big Disconnect.html
(accessed May 2006).

196



Franklin and Associates, 2007. Cradle-to-Gate Life Cycle Inventory of Nine Plastic Resins and Two
Polyurethane Precursors. Prepared for the Plastics Division of the American Chemistry Council.

Geibig, J. and Socolof, M.L. Lead-Free Solders: A Life-Cycle Assessment. EPA 744-R-05-001.
Washington, DC. 2005.

Glew, C. Cable Components Group, LLC, Pawcatuck, RI. Personal communication, July 2005.

Glew, C. A.; Grune, G. L. The Fire Safety & Recycling Implications of Abandoned Communications
Cable in Buildings; Addressing and Defining Solutions. Presented at International Wire & Cable
Symposium, Inc., Philadelphia, PA, 2004.

Hagstrom, B.; Hampton, R. N.; Helmesjo, B.; Hjertberg, T. Disposal of Cables at the “End of Life,” Some
of the Environmental Considerations. IEEE Electrical Insulation Magazine 2006, 22(2),
21-30.

Harriman, E.; Greiner, T.; Veleva, V. Environmental challenges and materials restrictions in coated wire
and cable. Presented at NFPA Research Symposium, July 10, 2003.
http://www.turi.org/business/NFPA_Symposium_Paper-FINAL1.pdf (accessed Jan 2004).

International Agency for Research on Cancer (IARC) Antimony Trioxide and Antimony Trisulfide. Vol
47, p 291, 1989. http://www.inchem.org/documents/iarc/vol47/47-11.html (accessed Oct 2006).

ISO (International Organization for Standardization). 2006a. 1SO 14040, Environmental Management —
Life-Cycle Assessment Principles and Framework. International Standards Organization, Paris.

ISO (International Organization for Standardization). 2006b. 1SO 14041, Environmental Management —
Life-Cycle Assessment Principles and Framework. International Standards Organization, Paris.

Jung Chang-Hwan. No date. “Metal Flows in Thermal Treatment Systems of MSW in Japan.”
Candidate's Degree of Master.

Kattas, L.; Gastrock, F.; Levin, I.; Cacciatore, A.. Plastic Additives. In Modern Plastics Handbook;
Harper, C. A., Ed.; McGraw-Hill, 2000; pp 4.1-4.69.

Kreissig, J.; Baitz, M.; Schmid, J.; Kleine-M0ollhoff, P.; Mersiowsky, I. PVC Recovery Options: Concept
for Environmental and Economic System Analysis. PE Europe GmbH. April 2003.
http://www.ecvm.org/img/db/PE_Recovery Options_final_140503.pdf (accessed June 2006).

Krieger, T., S. Barr, J. Hoover, F. Dawson. 2007. New Fire Hazard and Environmental Burden
Evaluations of Electrical Cable Installations Utilizing ISO 14040 Environmental Methodologies.
DuPont.

Kroushl, P. The Flame Retarding and Smoke Suppression of Flexible PVC. Vinyl Formulators Division
15th Annual Compounding Conference. Orlando, FL, July 2004.

Leitner, H. Vinyloop® Ferrar. Personal communication, Nov 2006.

Lemieux, P. M.; Lutes, C. C.; Santoianni, D. A. Emissions of Organic Air Toxics from Open Burning: A
Comprehensive Review. Prog. Energy Combust. Sci. 2004, 30, 1-32.

Leung, L.; Kasprzak, D. Determination of Acrolein, Formaldehyde and Other Volatile Components from
Combustion of Flame Retarded Polyolefin Coated Communication Cables. Inteflam 8th Annual
Conference. Edinburgh, U.K., June 1999.

Lovstof/mech_recycle.pdf (accessed June 2006).

197



Mersiowsky, I. Long-Term Fate of PVC Products and Their Additives in Landfills. Prog. Polym. Sci.
2002, 27, 2227-2277.

Mersiowsky, I.; Weller, M.; Ejlertsson, J. Fate of Plasticised PVC Products Under Landfill Conditions: A
Laboratory-Scale Landfill Simulation Reactor Study. Wat. Res. 2001, 35(13), 3063-3070.

Mizuno, K., Hirukawa, H., Kawasaki, O., Noguchi, H., and Suzuki, O., ‘Development of non-lead
stabilized PVC compounds for insulated wires and cables’, Furukawa Review, No. 18, 1999,
pp.111-118.

NEMA California Proposition 65: Information for wire and cable manufacturers, 2002.
http://bwcecom.belden.com/sales/Quality/Prop65QA_NEMA .pdf (accessed Nov 2003).

Network Cabling. A Matter of Life and Death, 2005.
http://www.networkcablingmag.ca/index.php?option=com_content&task=view&id=534&Itemid
=2 (accessed June 2007).

PE & IKP (PE Europe GmbH and IKP University of Stuttgart), 2003. GaBi4-The Software System for
Life Cycle Engineering. Stuttgart, Germany.

Plastech Coatings. Teflon Properties. http://www.plastechcoatings.com/teflon_properties.html (accessed
June 2007).

PlasticsEurope Life Cycle & Eco-profiles.
http://www.plasticseurope.org/content/default.asp?PagelD=392# (accessed Feb 2007).

Plinke, E.; Wenk, N.; Wolff, G.; Castiglione, D.; Palmark, M. Mechanical Recycling of PVC Wastes;
Study for DG XI of the European Commission, Jan 2000. http://www.pvc.dk/billeder/

PRé (Product Ecology Consultants) SimaPro Database Manual: The BUWAL 250 Library. 2004.
http://www.pre.nl/download/manuals/DatabaseManual BUWAL250.pdf (accessed Feb 2007).

Primary lead mix. In Ullmann’s Encyclopedia of Industrial Chemistry; 5th Edition. Wiley-VCH;
Weinheim, 1997.

Principia Partners Post-Industrial and Post-Consumer Vinyl Reclaim: Material Flow and Uses in North
America. Chlor-Vinyl Steering Group, July 1999.

Realcomm Advisory. The Abandoned Cable Problem: State-of-the-Industry and Smart Solutions. Feb 22,
2006, 5(8). http://www.realcomm.com/advisory.asp?aid=199 (accessed April 2006).

Ring, K.-L.; Kalin, T.; Kishi, A. Fluoropolymers. CEH Marketing Research Report. Chemical Economics
Handbook—SRI International, April 2002.

Ring, K.-L.; Kalin, T.; Kishi, A. CEH Marketing Research Report: Fluoropolymers. Chemical Rossi,
M.; Griffith, C.; Gearhart, J.; Juska, C. Moving Towards Sustainable Plastics: A Report Card on
the Six Leading Automakers. Ecology Center, Feb 2005.
http://www.ecocenter.org/auto_plastics_report.pdf (accessed May 2005).

Rosato. D. V. Wire and Cable. In Extruding Plastics — A Practical Processing Handbook; Springer —
Verlag, 1998.

Scheirs, J. End-of-Life Environmental Issues with PVC in Australia. ExcelPlas Polymer Technology
(EPT), 2003. http://deh.gov.au/settlements/publications/waste/pvc/pubs/pvc-final-report.pdf
(accessed July 2006).

198



SETAC (Society of Environmental Toxicology and Chemistry). 1994. Life-Cycle Assessment Data
Quality: A Conceptual Framework. SETAC and SETAC Foundation for Environmental
Education, Inc., Washington, DC.

Shea, K. M. Pediatric Exposure and Potential Toxicity of Phthalate Plasticizers. Pediatrics, 2003, 111(6),
1467-1474.

Simonson, Andersson, Rosell, Emanuelsson, Stripple, Fire-LCA Model: Cables Case Study, Brandforsk
Project 703-991, SP Swedish National Testing and Research Institute, 2001.

Sims, Paul, Personal Correspondence, February 10, 2005.

Sims, P. Corporate Environmental Manager, Southwire Company. Personal Communication with Maria
Leet Socolof, Senior Research Associate, Abt Associates, June 4, 2007.—

Sims, Paul 2007. Personal communication between Paul Sims, Southwire Company, and Alice E. Tome,
Abt Associates Inc., June 5.

Socolof, M. L., et al. Desktop Computer Displays: A Life-Cycle Assessment, Volume 1. EPA 744-R-01-
004a. Washington, DC. December, 2001.

Socolof, M.L., J. G. Overly, L.E. Kincaid, D. Singh, and K. Hart. “Preliminary Life-Cycle Assessment
Results for the Design for the Environment Computer Display Project,” 2000 IEEE International
Symposium on Electronics and the Environment, p. 290-297. Institute of Electrical and Electronics
Engineers, Inc., San Francisco, CA, May, 2000.

SRC (Syracuse Research Corporation). July, 2006. Toxicological Profile for Vinyl Chloride. U.S.
Department of Health and Human Services, Public Health Service, Agency for Toxic Substances
and Disease Registry (ATSDR), Contract No. 200-2004-09793.

Swanson, M.B., G.A. Davis, L.E. Kincaid, T.W. Schultz, J.E. Bartmess, et al. 1997. “A Screening Method for
Ranking and Scoring Chemicals by Potential Human Health and Environmental Impacts,”
Environmental Toxicology and Chemistry, Vol. 16, No. 2, pp. 372-383, SETAC Press.

Taylor, B. Higher Voltage: Wire Recyclers in the U.S. are Ramping Up Their Systems to Welcome the
Return of Abundant Material Streams. Recycling Today [Online], Oct 2004.
http://findarticles.com/p/articles/mi_mOKWH/is_10_42/ai_n6276845 (accessed Aug 2006).

Taylor, B. Investors Only. Recycling Today [Online], Oct 14, 2005.
http://www.recyclingtoday.com/articles/article.asp?1D=5841&AdKeyword=cable+recycle
(accessed Apr 2006).

Taylor, B.; Toto, D. Fraying at the Edges: The Condition of Domestic Wire Chopping Has Some
Processors on Edge — Wire Chopping List.” Recycling Today, Oct 1, 2003. FindArticles.com
http://findarticles.com/p/articles/mi_mOKWH/is 10 41/ai_110360828 (accessed September,
2007).

Townsend, T. University of Florida. Personal communication. May, 2007.

TURI Environmental Health and Safety Issues in the Coated Wire and Cable Industry. Massachusetts
Toxics Use Reduction Institute (TURI). University of Massachusetts Lowell, April 2002.

Tyler, J. Superior Essex. Personal Communication, July, 2007.

199



Uniprise, CommScope, Inc., CommScope's Top 10 Differentiators, February 2006
(http://mww.uniprisesolutions.com/docs/CommScope_Top_10.pdf).

United Nations Environment Programme (UNEP). Consideration of the Implementation of the Basel
Convention. Technical Guidelines for the Identification and Environmentally Sound Management
of Plastic Wastes and for their Disposal. Aug 23, 2002. UNEP/CHW.6/1.
http://www.basel.int/meetings/cop/cop6/cop6_21e.pdf (accessed April 2006).

U.S. Environmental Protection Agency (EPA), 2005a. Office of the Administrator, Science Advisory
Board, Memorandum, U.S. EPA Science Advisory Board Perfluorooctanoic Acid Risk
Assessment (PFOA) Review Panel, January 13, 2005, available at
http://www.epa.gov/sciencel/pdf/pfoa_determination_memo_final.pdf.

U.S. Environmental Protection Agency (EPA), 2005b. Office of Pollution Prevention and Toxics, Risk
Assessment Division, “Draft Risk Assessment of Potential Human Health Effects Associated with
Exposure to Perfluorooctanoic Acid and Its Salts,” January 4, 2005.

U.S. Environmental Protection Agency (EPA), 2005c. Municipal Solid Waste Generation, Recycling,
and Disposal in the United States: Facts and Figures for 2005,
http://www.epa.gov/epaoswer/osw/conserve/resources/msw-2005.pdf (accessed June 2007).

USFA (U.S. Fire Administration) / National Fire Data Center "Non-Residential Structure Fires in 2000."
2000a.

USFA (U.S. Fire Administration) / National Fire Data Center "All Structure Fires in 2000"
http://www.usfa.dhs.gov/downloads/pdf/tfrs/v3i8.pdf. 2000b.

USFA (U.S. Fire Administration )/ National Fire Data Center "All Structure Fires™ 2005
http://www.usfa.dhs.gov/statistics/national/all_structures.shtm.

Vinyl Inst (The Vinyl Institute), 2003.
http://www.vinylinfo.org/materialvinyl/servingmoretour/1lmakingdifference.html (accessed Nov
2003).

Vinyloop®. http://www.vinyloop.com/ (accessed June 2007).
Vinyl 2010 Progress Report 2007. http://www.vinyl2010.org/Home/Check _our_progress/2007_report/.
(accessed Jan 2007).

Williams, E.; Mellor, W.; Stevens, G.; Azapagic, A.; Clift, R. Material and Process Selection
Methodology: A Data Cable Case Study. Presented at Tenth Annual Meeting SETAC-Europe,
Brighton, May 2000. http://www.surrey.ac.uk/CHAMP/documents/Brightonl.pdf (accessed
March 2005).

Wilson, A. Getting Down to the Wire. Architectural Record (online). Dec 2004.
http://archrecord.construction.com/features/digital/archives/0412feature-1.asp (accessed Jan
2007).

Wilson, A. Getting Down to the Wire. Architectural Record (online). Dec 2004.
http://archrecord.construction.com/features/digital/archives/0412feature-1.asp (accessed Jan
2007).

200



Wilson, A. Getting Down to the Wire. Architectural Record (online). Dec 2004.
http://archrecord.construction.com/features/digital/archives/0412feature-1.asp (accessed June
2007).

Wire recycling gets global attention. Recycling Today [Online], Feb 18, 2002.
http://www.recyclingtoday.com/articles/article.asp?1d=4288&SubCatID=21&CatID=9 (accessed
June 2006).

201



