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This talk summarizes the research accomplishments funded by NSF TSE grant BES 0124761.  This NSF sponsored research has led to a new multidisciplinary approach for viable plastics recycling from end-of-life electronics.  A new strategy was needed to recover the plastic content from billions of disposed products.  Discrete event simulations establish industrial engineering protocols that combine the selective disassembly of end-of-life electronic goods with spectrometric plastic resin identification, to form model process designs for the realization of pure plastic recovery streams with positive net value.  Now at the beginning of the third year of the grant, this NSF TSE funding has resulted in two refereed journal papers, four additional manuscripts under review, five conference papers, and a Masters thesis.  A best recycling practices workshop for the Indiana Recycling Coalition introduced this research to 55 participants from local and state government and industry.  This work is already influencing the practices at electronics recycling facilities.
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The consumption of petroleum resources for plastics production and the accumulation of plastic wastes present well-known challenges to the sustainability of contemporary manufacturing (1, 2).  Plastics in general, however, represent a highly refined material with a relatively low degree of degradation in use.  Thermoplastics are readily remolded.  Recovered materials should therefore enjoy substantial cost advantages over virgin resins manufactured from crude oil.  Yet, when molders are able to obtain them, they often pay no less for feedstocks with recycled content (3).  


The problem is one of infrastructure (4).  The extended supply chain that closes the loop between the end-of-life of a plastic good and its reincorporation in a new molded product is burdened by operating inefficiencies that increase the cost of recycled plastic.  Chief among these obstacles is the difficulty of separating recovered plastics received in low-value mixtures to produce high-value streams of useable pure-resin recyclate.  


To address this problem, we introduced new technology for rapid resin identification and extended industrial engineering principles to formulate a new recycling process design for the viable recovery of plastics from end-of-life electronic goods (5).  We developed two discrete-event simulation models (6), one representing the current practice, which is geared toward bulk shredding for metals recovery, and a new procedure, which includes plastic component disassembly and plastic sorting by resin type.  Remarkably, we found that implementing selective disassembly with resin identification will enable recyclers to recover pure plastic output streams with positive net value. 

Both simulation models used random truckload arrivals, finite processing capacities, and multiple-pass shredding with set-up times to accommodate hazardous materials runs.  Stochastic intervals, linked to all the variables of the simulation, were selected from probability distributions.  Truckload compositions were derived from pilot studies.  Pre-disassembly assessment time was reduced dramatically with a new symbolic methodology (7, 8).  Disassembly was conducted according to a space-per-disassembly-time scheduling rule (9-11), with the disassembly process itself governed by our novel selective disassembly strategy, which calls for the removal and recovery of entire plastic covers of computers and printers, and back covers only of monitors and televisions (12, 13).  An experimental study of this new disassembly strategy yielded an average separation rate of 1.3 kg/min (13).  


Plastic parts accumulated following selective disassembly in our model were identified by resin type at a sorting station by means of a point-and-shoot embodiment of Raman spectroscopy (14), which identifies plastic parts by resin on the basis of their vibrational signatures.  Characteristic spectra for the chemically related but incompatible polymers, acrylonitrile-butadiene-styrene (ABS) and high-impact polystyrene (HIPS) are compared in (5).  A computer data system rapidly distinguishes such spectra using the multivariate classification scheme known as Partial Least Squares.  At the sorting workstation, a worker scans plastic parts by moving them flush across a fixed probe.  Further research revealed that a threshold scheduling strategy may be used to identify and separate light and dark plastics with a single laser despite substantial set-up times for work-in-process from this sample case of nearly 200,000 electronic products (15).  For modeling purposes, we determined representative times for disassembly, resin identification and sorting using the Methods Time Measurement technique (16).  


Simulation outputs characterized the metrics of throughput and material quality for scenarios consisting of bulk shredding compared to selective disassembly with shredding.  We obtained results of significance for recycling process redesign (17).  In our study, selective disassembly recovered 90 percent of the plastic that would have been obtained as commingled resins by bulk recycling, with the important difference that as much as 90 percent of that product emerged in streams of pure-resin recyclates of high commercial value.  Thus, for example with an average annual input of 35,000 computers, 39,000 monitors, 17,000 printers and 96,000 televisions, selective disassembly processing with resin identification produced model plastic output with commercial value greater than $275,000 compared with a value less than $80,000 estimated for the commingled plastics accumulated from bulk shredding of this stream.  A breakdown by resin type for the input profile assumed is shown in (5).   Additional recycling planning studies that compare the current and proposed recovery processes demonstrate benefits that include recycling a wider product mix with improved material revenue streams (18). 


This research was presented at the Best Practices in Electronics Management Workshop for the Indiana Recycling Coalition where 55 attendees from local and state government and industry learned how to make plastics recovery more cost effective (19).  Results of this work have influenced practice on the DEER2 project administered by Concurrent Technologies Corporation and are featured in facility proposals in preparation at RRT Design and Construction.  

Thus in summary, selective disassembly is shown to produce a result that is both environmentally beneficial and economically viable (20).  Recovered plastics divert to reuse, and the labor costs of disassembly are mitigated by staging space savings and the commercial value of recovered plastics.  
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