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EXECUTIVE SUMMARY 
For several years, the PLASTICS’ Recycling Committee has been working to increase the 
usage of recycled plastics; with China’s 2017 decision to curtail the import of many recycled 
materials – including plastics – there has been a heightened awareness on the need to 
improve recycling and identify new products and applications that can be manufactured with 
recycled plastics. 
Polyethylene (PE) films – used for grocery and produce bags as well as other film / bag 
applications – are a unique material in the recycling chain. Most PE films are recycled by being 
returned by the consumer to grocery stores and other retail outlets in the Wrap Recycling 
Action Program (WRAP) or similar retailer recycling programs – and not collected curbside. 
In 2016, the American Chemistry Council (ACC) and the U.S. Environmental Protection 
Agency (EPA) signed a memorandum agreement to increase PE film recycling; in 2017, just 
over 1 billion pounds of PE film was recycled in the U.S., by 2020, the plastics value chain has 
committed to recycle 2 billion pounds annually. 
Plastics launched its NEMO PE Film project in early 2017 to identify opportunities and 
applications for recycled PE film. The members of PLASTICS are united in their view that 
recycling plastics is a priority and identifying end markets for products is critical to the success 
of PE film recycling. The Flexible Film and Bag Division and the Recycling Committee at 
PLASTICS are driving this particular end market demand effort. Currently, the primary recycled 
PE film product is composite lumber and recycled films or sheets; but these applications are 
operating near capacity so more end uses are needed. 
Phase I of the NEMO film study concluded after sorting and pelletizing PE film bags, the 
material samples passed physical and mechanical property testings, and that material was 
seen as a valuable and reusable resource for a variety of companies and up to 15 different 
applications. 
For Phase II, 12 PLASTICS members and related plastic value chain companies conducted 
further testing on the PE films to identify the range of performance and quality of material that 
can be generated with minimal processing. Testing results among participating companies 
(and their products that included shopping bags, composite railroad ties, automotive mats, wall 
board and other applications) varied significantly. 
As expected, the ability for potential end users to successfully use the material varied based 
on the demands of the applications being tested. Food contact and applications with tight 
specifications proved unsuccessful. Other applications, in which the film materials were 
blended with other resins and in non-food contact applications were more successful. During 
Phase II, it was demonstrated that material can be functionally used in structural applications, 
film applications and proves to be a good, low-cost feedstock for chemical recycling. In film 
applications, the recycled PE film samples met performance requirements, however did not 
meet aesthetic requirements. This points to the opportunity for converters to work with brand 
customers to shift aesthetic requirements to realistically accommodate post-consumer recycle 
(PCR). In total, Phase II identified approximately 100 million new pounds of potential annual 
demand by 2020. This is demand just from the companies participating in Phase II. That 
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demand could meaningfully be amplified if similar companies representing those product 
categories also qualified NEMO film materials for production. 
In addition to the information generated from the end market testing, three bale audits were 
conducted during the course of Phase II, yielding insightful information into the type of mix that 
could be expected to be generated at retail locations like grocery stores. Bales commonly 
contain a mix of “back of house” material as well as the “front of store” drop off material 
collected from consumers. Based on the bales processed during this phase of the project, it’s 
estimated that materials collected from consumers comprise about 25-30% of the total film 
material in the bales received, with the balance of the material begin generated by employees 
recovering pallet wraps and other commercial films. 
Also noteworthy: while the Phase II work was being performed, a parallel path of research was 
being performed to explore the potential of blending NEMO samples in asphalt. Preliminary 
research suggests the presence of recycled PE could enhance performance of asphalt. The 
research to explore the opportunity to use recycled PE films in parking lots and roads, which 
could eventually amount to millions of pounds of new demand annually, continues. The 
research relating to this path of research can be found on the PLASTICS Demonstration 
Projects page. 
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BACKGROUND 
A top priority for the PLASTICS’ Recycling Committee is to increase use of recycled plastics by 
promoting the value of recycled plastics and spurring more manufacturers to demand recycled 
plastics. 
Polyethylene (PE) films – most commonly associated with grocery and produce bags – are 
also used for a variety of other purposes: trash can liners, box and drum liners, stretch and 
bubble wrap, pallet wrap, newspaper bags, zip lock bags, shrink bags, construction film, 
industrial packaging, dry cleaning and garment bags, industrial packaging, and other uses. 
Polyethylene film has commercial and industrial applications, as the film is flexible, and 
durable; characteristics that are extremely important when bags are needed to carry or store 
heavy items or protect products during shipping. 
PE bags from virgin (non-recycled) materials comply with U.S. Food and Drug Administration 
(FDA) regulations for use with food applications, like produce, bread, food storage and other 
products found in grocery stores; they are instrumental in protecting and keeping produce and 
food fresh and safe. 
Packaging is also a leading use for polyethylene film – as case or product wrap for shipping of 
products – as well as wrap for products such as paper towels, napkins, bathroom tissue, as 
well as air pillows, bubble wrap, and envelopes used in shipping. PE, like many plastics, 
performs complex and important jobs in an incredibly efficient way. 
Given PLASTICS position of representing both manufacturers and consumers of plastics, the 
Flexible Film and Bag Division, and Processor and Brand Owner Councils within PLASTICS 
are well suited to pursue the NEMO film project and bring together cross-supply chain 
workgroups and companies to meaningfully identify new opportunities for use of recycled 
plastics. Bringing the supply chain together in a pre-competitive space, leveraging expertise 
and knowledge, establishes a platform for creating lasting system change to address end 
market challenges. 
PLASTICS member companies recognize that enhancing the recycling rate of film and plastics 
diverts materials from landfills and provides recycling opportunities and the development of 
new materials. As Phase I of the NEMO film study found, PE is a valuable, reusable resource 
available for a range of companies and applications; several million pounds of recycled PE film 
material could be re-used for new products. 
The impetus for PLASTICS’ NEMO program was also linked to a 2016 joint memorandum 
signed by the American Chemistry Council (ACC) and the U.S. Environmental Protection 
Agency (EPA) to increase the recovery of PE films to 2 billion pounds annually by 2020. 
According to the 2017 National Post-Consumer Plastic Bag & Film Recycling Report, produced 
by More Recycling and funded by the ACC, just over 1 billion pounds of post-consumer PE 
films were collected in the U.S. for recycling. In order to achieve the goals of the 2016 
agreement, new uses for the recycled material will need to be identified so collection points 
can be expanded. 
According to the 2016 More report, “The primary domestic end uses for plastic film include 
composite lumber, film and sheet, and ‘other’ uses, which may include products such as 
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crates. Composite lumber remains the dominant domestic end use market for post-consumer 
film.” 
Residual pigments and inks in the recycled films, from shopping sacks marketing and 
overwraps, can make it difficult to use the PCR material for clear film applications. It should be 
noted the recycled films in the U.S. are used for non-direct food contact applications – not 
direct food contact, although that is under review by the FDA. PCR-films are now most 
commonly used to manufacture beige, gray, or darker applications – frequently used for 
garbage bag manufacturing. 
Although plastic lumber and PCR films represent solid end markets for recycled PE film, they 
are, by and large, using as much material as they can. And given China’s 2017 National Sword 
decision to eliminate the importation of post-consumer and post-industrial scrap plastics and 
other materials, the current available supply of PCR film outweighs demand and that situation 
will only compound as efforts to expand film collection succeed. 
In an effort to support the growth of WRAP and other return-to-retail collection efforts, 
PLASTICS set the goal of identifying new end markets for recycled films. Today, opportunities 
for PCR film are further challenged given current market conditions where virgin plastics 
material are priced low and post-industrial recycle (PIR) is abundant with new production and 
supplies. With fixed recycling costs (collection, cleaning, processing, re-pelletizing), it can be 
hard for PCR to be cost competitive with virgin and PIR. In a strict view of the economics of 
prime PE films vs. PCR film, the scales tip toward prime or virgin materials in terms of costs, 
supply, and potential in terms of the materials’ specifications. 
Despite this economic reality, the plastics industry and supply chain recognize the many other 
value propositions for choosing and increasing usage of recycled content, including: 

Ã Meeting recycled content goals; 
Ã Demonstrating environmental leadership to build brand value with consumers; and 
Ã Meeting minimum recycle content requirements, whether statutory or voluntary to meet 

ecolabels or standards. 
Identifying new end uses for recycled materials is essential for not only films with the NEMO 
project, but all plastic materials that can be collected and recycled. 
The NEMO film effort is based on a previous demonstration model developed by PLASTICS 
on automotive bumpers; member companies of both PLASTICS and the ACC were 
instrumental in pushing for this PE film effort. PLASTICS’ Flexible Film and Bag Division 
agreed to support the effort and a formal demonstration project was launched in January 2017. 
Twelve companies accepted NEMO films and conducted specific tests and trials to determine 
the material’s suitability for their product portfolio: 

Ã Amcor 
Ã Bearlocher 
Ã Command Packaging 
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Ã Continuus Materials, LLC 
Ã Charter NEX 
Ã Interfacial 
Ã Midland Compounding 
Ã Nova Chemical 
Ã Ravago Recycling Group 
Ã RePoly/Evertrak 
Ã Series One, LLC Engineering Consultants 
Ã Solupac 

 
Based on the literature review and work in Phase I, the workgroup members identified the 
following potential applications to test as end user candidates for the NEMO film material: 

Ã Agricultural plastics 
Ã Industrial film 
Ã Can liners 
Ã T-shirt bags 
Ã Bubble film 
Ã Dimpled sheets 
Ã Trays 
Ã Drums 
Ã Buckets 
Ã PP products 
Ã Corrugated drainage pipe 
Ã Blow-molding 
Ã Bottles 
Ã Jars 
Ã Rotomoulding; containers, tanks, etc. 

 
For Phase II, the PLASTICS NEMO project found companies that tested the materials in a 
wide range of applications, including: 

Ã Wall board 
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Ã Film applications 
Ã Composite railroad ties 
Ã Chemical recycling 
Ã Retail in-store uses 
Ã Blending with additives to shift properties for further recycling 

 

WRAP -- Wrap Recycling Action Program 
The Wrap Recycling Action Program (WRAP) is a national public awareness and 
outreach initiative to increase the recycling rate of plastic polyethylene (PE) film. Now 
extending to more than 18,000 retail locations across the U.S., it is the largest, 
coordinated, film-focused recycling initiative to collect and process commercial and 
residential PE films; 90 % of U.S. residents have access to WRAP recycling sites. 
In addition to retail outlets, like grocery stores, WRAP also works with local and state 
governments, retailers, and material recovery facilities (MRFs) to educate consumers 
about what types of plastic films are recyclable, and how and where to recycle it. 

Successful PE wrap recycling requires clean and dry plastic bags and films, an advantage WRAP provides 
over MRF materials. 
The U.S. likely leads the world in film collection; 15 % of PE film in the U.S. is recycled due to the WRAP retail 
take-back program along with combined commercial collections. 
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NEMO Film Process – The Path of Collection, Processing, and Testing to Manufacturing 
New Products 
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NEMO FILM PHASE I PROCESS AND FINDINGS 
The multi-year NEMO film project was launched with the aim of creating new end market 
demand for return-to-retail film; other goals included objective evaluations of post-commercial 
film. To increase the utilization of recycled PE films, PLASTICS members and participants in 
the NEMO study followed this process: 

Ã Secure return-to-retail samples to understand the range of contamination and 
processing methods that would not require substantial processing, including washing 
and drying 

Ã Perform a standard set of tests on processed samples to understand the mechanical 
and physical properties of the blended PE recycled streams (including multilayer 
pouches which may inadvertently be present) 

Ã Identify potential end markets for the processed retail film, approaching end markets 
with samples and data that would accelerate their evaluation process 

Ã Begin to measure the size of the opportunity for this material based on positive 
outcomes from end market trials 

In Phase I, three streams of materials were evaluated: 
Ã Return-to-retail film 
Ã Post-commercial film material 
Ã MRF film samples 

The NEMO film workgroup established a testing protocol aimed at potential end users of film, 
sheet, thermoforming, and pipe extrusion; data would be secured for possible injection 
molding, blow molding and compression molding as well. 
Based on the initial evaluation of these three streams, the NEMO workgroup determined 
focusing exclusively on the return-to-retail stream warranted further exploration in Phase II. 
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SECTION I: SAMPLE PROCESS AND EVALUATION 
Phase II builds on the findings and progress of Phase I, furthering end market evaluation and 
even taking some samples to production. 
For Phase II, obtaining quality samples that are representative of the type of material found in 
return-to-retail and grocery streams is critical to ensure replicability of results. 
Samples for Phase II of the NEMO project have been obtained through two, return-to-retail 
sources: Novolex’s Bag-2-Bag program and Wegmans. The PLASTICS team worked to 
distribute samples obtained in Phase I and II, in amounts of 100 lbs. or less. For those 
companies needing larger samples for larger-scale trials, samples were arranged from 
InSource Materials, (see Appendix A for information on InSource Materials), a company 
processing return to retail film in a fashion very similar to the samples created in the NEMO 
film process (minimal processing, with no optical sorting or washing). 
Samples Tested in Phase II 
Samples of pellets created from the 
Novolex Bag-2-Bag program were 
distributed for sampling in Phase II. 
Details of the Novolex collection 
program and pelletizing of the samples 
can be found in the Phase I report (See 
Appendix A for information about 
Novolex). While the collection concept 
for the Bag-2-Bag program is similar to 
WRAP, the range of PE film items 
collected is narrower than the WRAP 
program and is limited to plastic bags 
only. This reduces the variety of PE 
captured in the program and may 
control for some contamination. 
Technology Process & Engineering, Inc. (TPEI) processed the sample from Novolox and its 
Bag-2-Bag program; during pelletization at TPEI, the extrusion system very quickly blew the 
screen pack as the contaminants clogged the screen, creating pressure. The few pellets that 
were produced during this initial trial looked good according to operators at TPEI, however, 
due to the clogging, TPEI decided to install a continuous screen changer to manage the 
higher-level of contamination in the material and, again, attempt to create a sample of pellets 
(information about TPEI can be found in the Appendix A). Pellets were successfully created 
using the continuous screen changer, and these pellets became root sample 2.2 (See Table 5 
for physical and mechanical properties of all NEMO film sample pellets). 
More sample material was needed for Phase II evaluation than what remained from the Bag-2-
Bag samples. Therefore, two more bales of material were obtained through ACC partners; this 
time coming from Wegmans (Phase I sample came from Price Cutter, root sample 4.1, 
properties in Appendix C). It was determined that conducting a bale audit would be helpful in 
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terms of understanding how the composition of the material ultimately correlated to the 
performance of the sample pellets that would be made. 
The first bale sort of Phase II was conducted by a team of volunteers at Save That Stuff, a 
recycler in the Boston area, that provides a broad range of recycling services for both 
residential and commercial customers and operates a small MRF. At that facility, the 
Wegmans’ bales were broken apart, and manually sorted for obvious, non-plastics 
contaminants which included: paper bags, multi-layer flexible plastic packaging, multi-layer e-
commerce bags, bags with paper labels, water bottles, and PVC film. The obvious 
contaminants were sorted out and removed (see Appendix B for photos). 

TABLE 1: BALE AUDIT AT SAVE THAT STUFF 
BALES WEIGHT DESCRIPTION 
Bale #1 1395 lbs Mostly Front of Store (consumer store drop-off mixed with back store 

wrapping film materials) 
Bale #2 1437 lbs Mostly Back of Store (mostly back store wrapping film materials) 
Total 2832 lbs    
     
BALE #1     
Description  Total Weight Container Weight Totals 
Store Front Box 1 280 lbs 80 lbs 200 lbs 
 Box 2 257 lbs 80 lbs 177 lbs 
 Box 3 301 lbs 147 lbs (plastic container vs. box container) 154 lbs 
Store Back Box 1  80 lbs 175 lbs 
 Box 2  80 lbs 267 lbs 
 Box 3  80 lbs 171 lbs 
Extra Box Box 1  80 lbs 90 lbs 
Trash Barrel 1  5 lbs 25 lbs 
Pouches Barrel 1 Random    0 
 Barrel 2 Metalized   0 
Rigids Barrel 1   0 
Loose Paper Bag 1   0 
Pp?? (Crincly) Clear   0 
 CIear with Labels   0 
Random Grocery Pfe Bags   0 

Table 1. Bale audit from the first material characterization performed at Safe That Stuff. 

The sample sorted at Save That Stuff was then sent to EREMA North America Inc.’s Ipswich, 
MA demonstration facility in three fractions: 

Ã largely back of the store PE films with paper label contamination (root sample 13.1) 
Ã mixed films from front of the store return-to-retail recycling (root sample 13.2) 
Ã back of the store PE films with less paper label contamination (root sample 13.3) 

Once received at EREMA, each sample was pelletized and maintained separately (for 
information on EREMA, see Appendix A). Those pellets were then sent to Noble Polymers for 
property testing which can be found in tables 6A and 6B (for information on Noble Polymers, 
see Appendix A). The evaluation by Noble Polymers showed that the properties of the first 
Price Cutter sample (root sample 4.1), was similar to the samples obtained from the Wegman’s 
sample (root samples 13.1-3). (See Appendix B for photos of the sort by Save That Stuff and 
photos of the pellets generated by EREMA.) 
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A second and third bale sort was performed by GDB International’s New Jersey recycling 
facility (for information about GDB International, see Appendix A). Wegman’s, again, provided 
bales from their Pennsylvania distribution center, and the bales were sorted into predetermined 
categories. (See Appendix D for photos of GDB International’s sort of the Wegman’s bales.) 

TABLE 2: PROJECT BALE AUDIT #2, BALE 1 PERFORMED AT GDB 
SORTING REPORT OF WEGMAN'S BALE 
Bale #1: 766 lbs 
Date: 1-19-2019 
Total # of Man Hours: 6.0 Hours (Approx.) 
Grade # of Boxes Gross Weight (lbs) Tare Weight (lbs) Net Weight (lbs) 
Clear Grade A Plastic 
(LDPE) 

3 Boxes/3 Pallets 312 162 150 

Clear Post-
Commercial Stretch 
Wrap 

2 Boxes/2 Pallets 349 109 240 

Clear LDPE With 
Labels on Each Bag 

2 Boxes/2 Pallets 299 104 195 

HDPE Color & Printed 
Grocery Bags 

1 Box/1 Pallet 139 48 91 

Printed & Dirty Plastic 
Film (Multilayer, Co 
Extruded) 

1 Box/1 Pallets 110 52 58 

Paper 0 Boxes/0 Pallets 3 0 3 
Cardboard 0 Boxes/0 Pallets 11 0 11 
Clam Shells, PVC, 
Strapping, Cheese, 
Yogurt Containers 

0 Boxes/0 Pallets 10 0 10 

Garbage 0 Boxes/0 Pallets 6 0 6 
Total Net Weight: 764 

 
PHOTOS FROM BALE #2 SORTED AT GDB ON 1/19/19. 
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TABLE 3: PROJECT BALE AUDIT #2, BALE 2 PERFORMED AT GDB 
SORTING REPORT OF WEGMAN'S BALE 
Bale #2: 991 lbs 
Date: 1-21-2019 
Total # of Man Hours: 3.0 Hours (Approx.) 
Grade # of Boxes Gross Weight (lbs) Tare Weight (lbs) Net Weight (lbs) 
Clear Grade A Plastic 
(LDPE) 

1 Box/1 Pallet 192 60 132 

Clear Post-
Commercial Stretch 
Wrap 

2 Boxes/2 Pallets 368 107 261 

Clear LDPE with 
Labels on Each Bag 

1 Box/1 Pallet 203 53 150 

Hdpe Color & Printed 
Grocery Bags 

1 Box/1 Pallet 257 52 205 

Printed & Dirty Plastic 
Film (Multilayer, Co 
Extruded) 

1 Box/1 Pallets 192 52 140 

Paper 1 Box/1 Pallets 57 52 5 
Cardboard 1 Box/1 Pallets 65 52 13 
Clam Shells, Pvc, 
Strapping, Cheese, 
Yogurt Containers 

1 Box/1 Pallet 84 52 32 

Garbage 1 Box/1 Pallet 104 52 52 
Total Net Weight: 990 

TABLE 4: PROJECT BALE AUDIT #3, BALE 1 PERFORMED AT GDB 
SORTING REPORT OF WEGMAN'S BALE 
Bale #3: 1,166 lbs 
Date: 03-14-2019 
Total # of Man Hours: 6.5 Hours (Approx.) 
Grade # of Boxes Gross Weight (lbs) Tare Weight (lbs) Net Weight (lbs) 
Clear Grade A Plastic 
(LDPE) 

3 Boxes / 3 Pallets 396 188 208 

Clear Post-
Commercial Stretch 
Wrap 

2 Boxes / 2 Pallets 517 137 380 

Clear LDPE With 
Labels on Each Bag 

3 Boxes / 3 Pallets 434 201 233 

Hdpe Color & Printed 
Grocery Bags 

4 Boxes / 4 Pallets 579 267 312 

Printed & Dirty Plastic 
Film (Multilayer, Co 
Extruded) 

1 Box / 1 Pallet 67 54 13 

Paper 0 Boxes / 0 Pallets 2 0 2 
Cardboard 0 Boxes / 0 Pallets 0 0 0 
Clam Shells, PVC, 
Strapping, Cheese, 
Yogurt Containers 

1 Box / 1 Pallet 76 62 14 

Garbage 1 Box / 1 Pallet 62 58 4 
   Total Net Weight: 1166 
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TABLE 5: PROJECT BALE AUDIT #3, BALE 2 PERFORMED AT GDB 
SORTING REPORT OF WEGMAN'S BALE 
Bale #4: 975 lbs 
Date: 03-14-2019 
Total # of Man Hours: 3.0 Hours (Approx.) 
Grade # of Boxes Gross Weight (lbs) Tare Weight (lbs) Net Weight (lbs) 
Clear Grade A Plastic 
(LDPE) 

1 Box / 1 Pallet 79 60 19 

Clear Post-
Commercial Stretch 
Wrap 

4 Boxes / 4 Pallets 1157 232 925 

Clear LDPE With 
Labels on Each Bag 

1 Box / 1 Pallet 78 57 21 

HDPE Color & Printed 
Grocery Bags 

0 Boxes / 0 Pallets 0 0 0 

Printed & Dirty Plastic 
Film (Multilayer, Co 
Extruded) 

0 Boxes / 0 Pallets 0 0 0 

Paper 0 Boxes / 0 Pallets 0 0 0 
Cardboard 0 Boxes / 0 Pallets 0 0 0 
Clam Shells, PVC, 
Strapping, Cheese, 
Yogurt Containers 

0 Boxes / 0 Pallets 0 0 0 

Garbage 1 Box / 1 Pallet 79 69 10 
Total Net Weight: 975 

 
The sorted, mixed film materials from the third bale audit were also sent to EREMA for 
processing and pelletizing. For both samples being pelletized, EREMA ran the material “as is” 
to minimize processing costs. Unfortunately, the materials from Bale Audit #3 contained pieces 
of shredded metal which prevented the EREMA equipment from being able to process this 
sample. 
A fourth bale audit will be conducted as part of Phase III with the goal of generating another 
1200 lbs. of pellets for distribution to prospective end users. 
In sending out samples of the pelletized return-to-retail material, on average most companies 
needed 30 lbs. of material, or less, to perform an initial evaluation. In one instance EREMA 
sent a sample of NEMO material as large as 100 lbs. to a prospective end user. In Phase II, 
there were some companies that required a larger sample of material, at which point they were 
directed to InSource Materials for a larger, yet still representative sample, of blended PE films. 
To confirm these InSource samples fell within the range of properties seen in the retail NEMO 
samples, Noble Polymers analyzed a representative sample from InSource, sample 16.2. The 
InSource material largely fell within the expected range of performance for this stream of 
material and was supplied to companies for further testing and evaluation. 
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TABLE 6A. COMPARISON OF PHYSICAL AND MECHANICAL PROPERTIES OF NEMO SAMPLE PELLETS 
   FLEX 

MOD, 
ASTM 
D790 

TENSILE 
PROPERTIES, 
ASTM D638 

TENSILE 
MODULUS, 
ASTM 
D638 

ELONGATION, 
ASTM D638 

GARDNER, 
ASTM 
D5420 

Sample 
No. 

Description Supplier tangent, 
psi 

yield, psi psi yield, % break, % in-lbs 

4.1 WRAP 
sample 1 

EREMA 40100 2300 (break) 30900 na 447 128 

13.1 Erema 
Test Run 1 

EREMA 33400 2400 (break) 29100 0 473 124 

13.2 Erema 
Test Run 2 

EREMA 66200 2800 (break) 51100 25 475 156 

13.3 Erema 
Test Run 3 

EREMA 32300 2300 (break) 26200 0 460 124 

2.2 Novolex 
Bag-2-Bag 

TPEI 47800 2460 (break) 45100 na 395 124 

16.2 Return to 
retail 
material 
process by 
In Source 
Materials 

In Source 
Materials 

30000 2230 (break) 2090 n/a 689 128 

TABLE 6B. COMPARISON OF PHYSICAL AND MECHANICAL PROPERTIES OF NEMO SAMPLE PELLETS 
   IZOD, 

ASTM 
D256 

MFI, 
ASTM 
D1238 
190C/2.16
KG 

SPECIFIC 
GRAVITY, 
ASTM 
D792 

ASH, 
ASTM 
D5630 

MELTING 
POINT, 0C 

HARDNES
S, ASTM 
D2240 

Sample 
No. 

Description Supplier ft-lb/in g/10min   DSC Shore D 

4.1 WRAP 
sample 1 

EREMA 9.7 (NB) 0.785 0.9389 1.30% 125 49 

13.1 Erema Test 
Run 1 

EREMA 9.617 0.752 0.9283 0 124.42 49 

13.2 Erema Test 
Run 2 

EREMA 11.393 0.369 1.0034 6.1 128.44 56 

13.3 Erema Test 
Run 3 

EREMA 9.528 1.097 0.9275 0.51 124.37 48 

2.2 Novolex 
Bag-2-Bag 

TPEI 7.65 (NB) 0.465 0.9679 4.01% 124.52 53 

16.2 Return to 
retail 
material 
process by 
In Source 
Materials 

In Source 
Materials 

9.58 (NB) 2.01 0.9173 0.20% 

121.2 47 

Physical and mechanical properties of each sample provided by Noble Polymers 

As you can see from the various streams of materials sampled, the samples of return-to-retail 
materials, regardless of their source, suggest these different streams fall within an acceptable 
range of variability. While further sampling should be conducted to increase confidence, this 
data suggests that end users could rely on this stream of mixed plastics and expect fairly 
consistent performance from the material if the same general mix is obtained. Because of the 
expected range of properties, this material would not be suited for high performance 
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applications, applications with tight aesthetic requirements, food contact, or other sensitive or 
regulated applications. However, based on the results presented in the next section, it is clear 
there are many opportunities for this material to be used in part, or in total for a wide range of 
uses. 
SECTION II: END MARKET EVALUATIONS 
From July 2018 thru April 2019, more than 40 individual samples were coordinated to either 
create pellets, property testing, or used for direct product testing. Twelve different companies 
conducted end market testing with a combination of materials from 2.2, 4.1, 13.1-3, or 16.2. 
This section details the outcome of those evaluations. The level of evaluation ranged from 
visual inspection to full production. With each evaluation, there is information to be learned 
about the performance of the material’s fitness for certain applications. 
Amcor 
Amcor, a diversified packaging company with operations and facilities around the world, 
provides packaging systems for a wide range of food, beverage, pharmaceutical, medical-
device, home and personal care products. Amcor works to not only protect their customers’ 
products and the people who rely on them, but also differentiate brands and improve supply 
chains with 35,000 employees in 200 locations and 40 countries. Amcor produces a broad 
range of flexible packaging, rigid containers, specialty cartons, closures and services. 
Amcor received 2 lbs. each of samples 13.1, 13.2, and 13.3 (all Wegman’s material), and the 
samples were reviewed with the film extrusion experts. Odor, color and pellet form were 
evaluated and compared to other LDPE PCR samples gathered from commercial sources and 
tested in the past. 
Based on the tests performed on similar material in the past, it was determined that there are 
still some hurdles to overcome before PCR LDPE becomes a viable input material for primary 
packaging applications, including: 

Ã Color (most of the Amcor products requires high transparency or very high level of 
opacity/white appearance) 

Ã Odor/Off-gasing in the final film 
Ã General reservations about non-food grade material entering the company’s plant 

Although Amcor identified a significant level of gels in this type of material, the company did 
not consider that to be a problem as long as the gel’s count and size remains consistent 
throughout the lots and the end customer is fine with the material’s gels. 
Bearlocher 
The Baerlocher Group is a leading manufacturer of additives for the plastics, supplying a wide 
range of stabilizers and other additives suitable for all polymer applications. 
With production plants around the world, Baerlocher is highly committed to innovation and 
sustainability, such as its role in the PVC sector and the transition from lead- to calcium-based 
stabilizers and by its innovative lubricant systems for wood plastic composites. 
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Baerlocher received a 5 lbs. sample of 13.2 from EREMA. The goal of the company's test was 
to evaluate how the stabilizer additives would impact the recycled PE blends. In this test, 
Baerlocher was focusing on the application of the antioxidant stabilizer packages, Baeropol T-
Blends, in downstream recycling uses. T-Blends are 100 % active combinations of phenolic 
antioxidants with Baeropol RST technology, which can be used as a phosphite 
replacement/offset, giving downstream customers a cost-effective option for their recycling 
efforts. Targets for T-Blend application are primarily polyolefins (HDPE, LDPE, LLDPE, PP). 
Baerlocher hopes to work with EREMA to stabilize their PE blends and provide longer life for 
the resins that they produce. However, Baerlocher believes the most effective approach would 
be to compound its stabilizer with the resin directly at EREMA rather than submitting recycled 
resin to another heat history and further altering the polymer structure. 
The company’s initial test of sample 13.2 was an extrusion test on the Baerlocher’s lab-scale 
Brabender twin-screw extruder; this resulted in a poor extrudate (partially-degassed extrudate 
that collapsed upon cooling) that prevented any further testing. When the tests can be rerun 
with the flake, they would target using Baerlocher stabilizers at ~2000ppm loading. 
Charter NEX 
Charter NEX Films is a leading independent producer of high-performance, specialty films 
used in flexible packaging and other end-use markets. The company operates seven sites 
across the United States. Charter NEX specializes in engineering multi-layer PE and barrier 
films for the flexible packaging market, including most food packaging sectors, pet food, lawn & 
garden, protective packaging, construction, and health care. Charter NEX also has a platform 
of sustainable films under the GreenArrow™ trade name which includes films for all-PE 
packaging and films made from bio-resin plastics, PCR, and compostable materials. 
Charter NEX Films strongly supports the NEMO film project and similar initiatives to identify, 
vet, and validate sustainable plastics solutions as an integral portion of the broader effort to 
build a circular economy. 
Charter NEX conducted an array tests on the NEMO samples and were excited about the 
initial processing and film results. The company ran the samples on both cast and blown film 
lines. On the cast line, Charter NEX ran a wide range of gauges – from 6 mils to 30 mils – with 
a constant level of PCR content. For the blown film testing, the company looked at a 25 % 
loading as well as an 100 % loading. 
The resins processed well – although there was sporadic carbon present in the web. For 
possible applications of the samples, this carbon should not be an issue. Further, the blown 
film trials exhibited gels; but the only variable of concern was the thin gauge cast film – the thin 
gauge blown film processed well. 
“Our goal in the testing was to see how the resin would process, whether any issues were 
experienced on line, and to see if there were any concerns that would make it a showstopper. 
We were able to make some film samples that could be shared with customers to begin 
gauging interest, explore some concepts, and educate them that in some applications, the 
material makes sense,” said Scott Hammer, corporate sustainability leader. “Many of Charter 
NEX’s GreenArrow™ films are designed to help convertors and CPGs take their unrecyclable 
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packaging and convert them into formats which meet the guidelines for the How2Recycle 
Store Drop-off program. So we firmly believe it is our obligation to complete the loop and 
evaluate that recycled material in pellet form.” 
Charter NEX has initiated internal discussions regarding the sample materials as well as with 
potential customers and their interest in having a PCR film as part of their portfolios. Charter 
NEX is looking at various PCR loadings for both blown and cast film applications which could 
result in a considerable volume of recycled material. Potential applications for the material 
could be T-shirt bags, construction applications, and agricultural films. Charter NEX takes the 
view that the number of possible applications are wide open; and that PCR containing film will 
go to an application that makes the most sense. 
One potential hurdle identified by Charter NEX is customer acceptance of the aesthetics 
associated with the film – notably gels and carbon. Further, for future film testing and samples 
in the NEMO project, Charter NEX indicated some improvements could still be made in 
reducing residual odors and enhancing clarity of the samples. It would also be nice to have an 
FDA compliant option available, as that would create more opportunities for PCR usage. 
Command Packaging, A Subsidiary of Revolution 
Revolution is a family of companies and brands consisting of Delta Plastics, Revolution Bag, 
Revolution Plastics, Rodeo Plastics and Command Packaging. The companies are committed 
to plastics manufacturing, collection, and recycling to help customers develop sustainable 
plastic products. 
As a division of Revolution, Command Packaging is a U.S.-based manufacturer of reusable 
shopping and restaurant bags, providing customers like retail stores and restaurants with high 
quality and environmentally friendly plastic bags to the nation’s top retail stores and 
restaurants. The company and its subsidiaries are focused on producing bag ban compliant, 
multiple-use, reusable bags made from recycled plastic. 
In a series of tests on the NEMO material, Command Packaging reported that three samples 
were able to hold a bubble (standard test method for detecting gross leaks in packaging by 
internal pressurization) and passed the dart test at three out of four times (a plastics industry 
test where a dart is dropped on a sample; and the energy required to break the sample is 
calculated.) Command indicated the dart test was borderline passable for its current standards, 
and an area it would want to revisit in further testing. 
However, each of the samples had varying levels of discoloration that would likely fall outside 
Command’s normal tolerance for color – although one sample was borderline. The coloration 
issues were something Command believed could be addressed by educating and working with 
customers and explaining the variance was due to PCR materials; some brands are using gray 
film bags made with PCR material and highlighting their recycled content to consumers. 
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Sample on top is made of 40 % NEMO sample 13.1; bottom left sample is make of 40 % NEMO sample 13.2; and bottom right is made of 40% 
NEMO sample 13.3. 

“We, as a company, need to explain to our customers – or better explain to our customers – 
about colors in recycled plastic content,” said Cherish Changala Miller, vice president, 
Corporate Marketing & Communication, Command Packaging. “We are fortunate that our 
current (agricultural) recycled content is brighter and whiter than some, but if there is a slight 
discoloration due to PCR content and other films, we need to begin to embrace that as an 
industry and with our customers. We need to say as an industry, ‘this is what we are doing with 
recycled materials, and this is why your material has that slight color difference.’” 
Command noted the sample had an odor, but it was no more than other PCR materials the 
company uses. Further, the graininess and gels in the samples during testing were high and 
impacted the print on the films and therefore would likely not pass Command’s quality controls. 
While the samples did not prove suitable for its reusable shopping bags, Command is 
encouraged by the study and is interested in where the NEMO film could be used elsewhere in 
their portfolio of products, like agricultural plastic products. Revolution will continue to test 
samples into Phase III. 
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“We are a recycler ourselves, but we want to see and learn what else is out in the marketplace 
and how we can increase plastics recycling, particularly given China’s decision to halt 
importation of recycled plastics,” Command’s Miller added. 
Continuus Materials, LLC 
Continuus Materials, LLC is a Houston, TX-based waste to resources company that operates 
one of the largest waste separation facilities in the country. The company is focused on 
capturing and extracting valuable components that are discarded in waste streams and 
manufacture new sustainable products. 
Continuus Materials received a 5-gallon sample of mixed shredded film from InSource 
Materials; the PCR film from retailers is representative of sample 16.2. Continuus Materials 
was to test the material without further processing, and given they were already using similar 
material streams, the NEMO material worked extremely well with their process. Continuus 
expects they can approve the mixed retail film as a feedstock very quickly; and the film 
material may not need to be shredded so Continuus could accept it in bale form. 
Continuus anticipates being able to consume 2,000-4,000 tons per year of mixed retail film at 
its Des Moines and Philadelphia facilities with more planned around the country. 
Continuus Material Recovery evaluated the sample materials to determine their viability in 
wallboard. In addition to LDPE and mixed paper, Continuus uses Grade 52 packaging 
consisting of paper and PE films found in containers of milks, waters, juices, and other liquid 
foods, to manufacture its wallboard products. 
Interfacial LLC 
Interfacial is a leading developer of advanced materials and manufacturing processes for a 
wide range of consumers around the world. Its headquarters and Development Services 
division are located in Prescott, Wisconsin and its manufacturing divisions are located in 
multiple locations in River Falls, Wisconsin. One grade of material they supply is a recycled PE 
used to make custom interior floor mats for vehicles. The company is actively exploring 
sourcing options for recycled PE in an effort to diversify their supply chain. 
Interfacial received a gaylord of pelletized mixed PE film from InSource to test in its automobile 
flooring application. After running the material, it was determined that this application requires 
material that has a melt flow index (MFI) of 3-5. The property testing data from the various 
mixed streams of retail film showed the MFI can range from .78 to 2.01. The InSource sample 
material actually showed the highest MFI of all of the samples. Interfacial suspects that 
manually pre-sorting the film, to select for materials with higher MFI could help better control 
the sample to hit the MFI target of 3-5. 
Midland Compounding & Consulting 
Midland Compounding & Consulting collaborates with manufacturers and corporations on an 
array of plastics material development, testing and production using its extruding, shredding, 
and molding equipment. The company helps manufacturers recover and reuse their plastics 
processing materials, saving money and materials for customers. Midland reprocesses a wide 
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range of plastics and offers post-industrial recycling, shredding and grinding, pelletizing, 
material upgrading and reformulation, and toll processing. 
Midland conducted two evaluations in Phase II on different samples: one series of tests were 
conducted on 50 pounds of pelletized material provided by EREMA, another series of tests 
were conducted on sample 4.2, the material pelletized from Price Cutter. 
For the 50 pounds of pelletized material from EREMA; Midland used the material for injection 
molding and tested it under ISO methods for mechanical, physical, thermal and rheological 
properties. Midland found the EREMA sample was uniform with die face cut beads of 
polyethylene material of varying shades of green. The material was injection molded under 
standard conditions for LDPE – and the molding machine was allowed to cycle automatically 
without incident. The test specimens produced showed no dimensional variability. 

 

Before testing, Midland reviewed the appearance of the material. The color is a green shade that is light enough to allow for a color palette 
other than black when developing new products. However, the surface is modeled, therefore, high gloss and class A surfaces will not be 
possible. Future parts should be textured to provide a uniform surface. 

MACRO APPEARANCE (>4 FEET AWAY)  MICRO APPEARANCE (<18 INCHES AWAY) 

EDIT NOTE CAPTION / EDIT: Midland notes the material’s appearance shows a population of black specks in the micro appearance that are 
not obvious, on the macro appearance. This would lend itself to applications involving larger parts that are viewed from a distance. 

Following positive initial evaluations of the 4.2 sample, Midland requested a larger, 1000 lbs. 
sample from InSource Midland, and conducted a wide range of tests on the samples, including 
Ash Content, Density, Flex, Hardness, Melt Flow Rate, Tensile, and VICAT softening temp – 
all were performed using ISO guidelines (See Appendix C). They conducted an extended 
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inbound raw material inspection program, and also conducted molded ASTM test specimens to 
compare the material to NEMO work performed at Noble Polymers. 
Midland found that the material from InSource has lower elongation and shrink values than the 
material from EREMA and is overall stiffer. The amount of difference is fairly significant and 
Midland believes the differences are inherent to the mix of plastics being recycled. Midland 
wants to get additional samples of return-to-retail films from other recyclers to better 
understand the range of properties that could be expected from this mixed stream. 
In analyzing the NEMO material’s suitability for usage within the company’s portfolio of 
products, Midland reported it remained an open question. However, the company’s focus is not 
necessarily to make the NEMO material fit a particular application, but to find that application 
that fits the NEMO material. 
“The first gate we go through when talking to a customer is ‘do you have an application that is 
purely function – not appearance – where we could use a utility grade product, that is 100% 
recycled, as its feature-benefit?’ We then get to work on how this recycled material can fit and 
fulfill the necessary requirements of that utility application. It is really about mechanical 
performance and reliability – this takes color, brightness, gloss out of the discussion and 
customer focus.,” said Chris Surbrook, New Business Development, Midland Compounding & 
Consulting, Inc. 
Midland is exploring uses of the NEMO film with a customer that supplies products to retailers 
like Target. The retail giant, with an eye toward its recycling and sustainability commitments, 
has given their supplier wide range to identify potential uses for the NEMO film. Midland is 
collaborating with its customer on developing several prototypes of applications using the 
recycled material to share with Target. 
Midland would like to study a broader cross section of the streams being recycled in order to 
understand the volatility. Expand the study – particularly for a material like PE – the next phase 
should include the study of 300,000 pounds or so and be able to get a better statistical 
sampling that could be shared with potential customers to show the level of reliability of the 
material. If the standard deviation in the material can get down to 8 – 9%, that makes the 
stream that much more attractive to customers. “It comes down to predictability and how it is 
going to perform in their processes.” Surbrook added. 
NOVA Chemicals 
Canada-headquartered NOVA Chemicals develops and manufactures chemicals and plastic 
resins for a wide range of global customers. With nearly 3,000 employees worldwide, Nova is a 
leading supplier of ethylene and polyethylene, chemical co-products, and expandable styrenic 
polymers. 
In its initial testing, the basic physical properties were not an issue for Nova, however, there 
was concern with the off-gassing of the material in elevated temperatures when the material 
was blown in a blown film bubble; this posed a risk in the bubble breaking. 
Nova found that the multiple extrusions that PCR undergoes, as well as inks or glues that can 
be found in the material, contribute to several potential emission bi-products that are a concern 
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during manufacturing. Nova was conducting further research on the concentrations of these bi-
products – and how those measure to existing standards and regulations. 
The experience of Nova Chemical suggests this stream, and other highly mixed streams might 
not be eligible for evaluation at facilities with strict controls on incoming materials, or in 
systems requiring a safety data sheet (SDS). 
Ravago Recycling Group 
Ravago has grown from its Belgian roots to approximately 6,000 employees around the world 
in 230 offices in 55 countries. The company has production and recycling facilities around the 
world. The company’s product portfolio includes plastics, natural and synthetic rubbers, and 
chemicals. 
Ravago used its NEMO sample materials for chemical recycling, compounding with tire crumb 
rubber, and one other confidential test combining the repro with prime resins. Its review of the 
materials for compounding included flow tests, impact and tensile, and ash and for chemical 
recycling tests included explosion risk for pulverized product and yield per pound of distillate 
recovered. 
The company found the NEMO films met their specifications; the most important issue in both 
types of testing was PVC content – of which the company found zero. 
Based on qualification of the NEMO material for this one chemical recycling system, Ravago 
believes 40 million lbs. of NEMO film could be used as feedstock for this company’s chemical 
recycling system.   
It should also be noted that a NEMO sample, provided by EREMA, was tested in another 
chemical recycling process and evaluations confirmed the mixed PE blend would work in the 
chemical recycling process being developed by Dr. Linda Wang at Purdue University. “With 
these two successful tests, it is highly likely that mixed retail film could serve as inexpensive 
feedstock for a wide range of chemical recycling technologies for polyolefins.” 
RePoly/Evertrak 
With an estimated 25 million railroad ties that need to be replaced every year in North America 
– sourced from trees and coated with creosote – Re/Poly Evertrak, a St. Louis-based 
manufacturer has been working to advance the sourcing and performance of railroad ties. 
With recycled plastics material from QRS, a Missouri company that provides large volumes of 
clean, resin-specific material to customers, Evertrak has developed a recycled plastics-based 
railroad tie that is modernizing the support system of railroad beds. 
The Evertrak 7000 is the first composite railroad tie suitable for transit systems and heavy haul 
railroads that uses glass fiber reinforced 100% recycled polyolefin plastic. Unlike traditional 
wood / creosote ties that are susceptible to humidity / moisture, excessive heat, and termite 
infestation, Evertrak’s materials are longer lasting and better performing. 
Evertrak’s ties have been installed in tracks at several Class I railroads as well as independent 
testing facilities conducted by the Transportation Technology Center Inc. (TTCI) in Pueblo, CO, 
at Owens Corning Laboratories, and other facilities where the ties are undergoing continuous 
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performance testing and evaluation. The Evertrak tie section at the TTCI independent testing 
facility just surpassed 100,000 gross tons in cyclic wheel loads. They basically run a remote-
control locomotive with coal cars in a 6+ mile loop, over and over (pic of Evertrak tie section 
attached). No other plastic ties competitors have even come close without some type of break 
or failure. 
Evertrak was able to utilize up to 50% of the 
NEMO material for its rail tie products; 
however, the company’s stringent 
requirements for its Evertrak 7000 tie 
prevented some material from being used. 
Some of the company’s other rail 
applications have different specifications and 
material requirements which would allow for 
increased usage of the NEMO recycled 
material. 
The company is expecting the 2,000 tie 
orders to turn to 20,000 then turning to 
200,000 per Class I customer. We currently 
have the capacity to manufacture 100,000 
ties annually at our facility, ramping up to 
300,000 with a second fully automated line. 
This second line will need to be supported 
with a film recycling plant. We expect to have 
both built and at full capacity by the fall of 
2020. We would use our existing rigid plastic 
volume mixed with film agglomerate to feed 
both tie manufacturing lines. Each tie is 
about 180+ pounds of plastic. So we are 
looking at consuming 54 mmlbs. pounds by 
the end of 2020. This would trigger the construction of our 1,000,000 tie capacity greenfield 
site in St Louis. We are optimistic this can be on line by the end of 2022. Therefore, Evertrak’s 
production relies on recycled plastic material, the company’s need for NEMO-type plastics is 
significant. For instance, if 20% of the 25 million railroad ties replaced annually were supplied 
by Evertrak, the company would need approximately 500 million pounds of NEMO material. 
(Confirm – should be a conservative initial production numbers to run with the high-end full 
production estimates.) 
Series One, LLC Engineering Consultants 
Series One, LLC Engineering Consultants conducted a series of tests for the manufacturing of 
polymer-based structural solutions that replace hardwood in a wide variety of industrial 
applications, such as train and rail transportation, construction and energy. Composite rail ties 
and construction mats are engineered to be stronger, more durable and longer lasting than 
hardwood products. 

EVERTRAK TIE SECTION ON THE TEST TRACK AT TTCI. 
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The NEMO film tests and trials at Series One were successful – the return-to-retail bales and 
pellets matched the performance of existing composite railroad ties made with other recycled 
materials. The firm is interested in testing a larger sample, and believes the annual demand for 
replacement railroad ties could need up to a million pounds of recycled PE material. 
Solupac 
Solupac manufactures high-quality flexible plastic and paper-finished generic and customized 
product lines for institutional and retail customers in the U.S. and around the world. 
Solupac received three 5 lbs. samples of 13.1, 13.2, and 13.3. The company evaluated the 
NEMO film material for consistency and marketability to its customers but found the material 
was not consistent with the necessary quality to supply to its customers. The consistency of 
the material needed to be improved in Solupac’s view and with its customer needs; they 
believed it should be provided in flake form rather than pellet form and would welcome an 
opportunity to conduct further tests on NEMO flakes. 
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Table 7.  New Demand Summary 
END USER PRODUCT TESTED EVALUATION 

SUCCESSFUL 
ESTIMATED 
ANNUAL VOLUMES 

NOTES 

Amcor Visual inspection No   
Series One, LLC 
Engineering 
Consultants 

Composite RR ties Yes 1 mmlbs./year  

Baerlocher Blending stabilizer 
additives to improve 
properties 

TBD N/A If successful, enhanced 
properties will expand end 
use opportunities 

Charter NEX Cast films Yes TBD Looking at using mixed PE 
films in cast film products 
for customers at 25%, 80% 
and 100% 

Revolution 
(Command 
Packaging) 

Agricultural plastic 
applications 

TBD TBD Did not work in shopping 
bags, but evaluating ag 
plastic applications in 
Phase III 

Continuus  Composite roof & 
Wallboard 

Yes Des Moines: 4 - 6 
mmlbs./year 
Philadelphia: 8-10 
mmlbs 2020 Doubling 

Material will be easy to 
qualify and use at existing 
Des Moines, IA facility. 
Sets up for future facilities 
in development. 

Interfacial Truck floor liners No  Does not fit melt flow range 
of 3-5 

Midland 
Compounding 

Retail applications Yes TBD Have products in 
development 

Nova Chemical  No  Need further evaluation 
regarding contamination 
and off gassing potential 
before processing. 

Ravago Recycling 
Group 

Chemical Recycling Yes 40 mmlbs./year This initial annual projected 
demand, and expected to 
grow. 

Repoly/Evertrek Composite Railroad Ties Yes 54 mmlbs./ Year by 
fall 2020 

500/mmlbs. a year when 
full-scale facility is built.  

Total annual demand identified ~100 mmlbs./year  
 
The results of the NEMO Film Phase II testing indicates there are many practical and viable 
uses for recycled PE film material when paired with the appropriate end user and application. 
Instances where NEMO film trials were not successful also yielded information that can help 
guide future evaluations, such as: 

Ã The material will not be practical in multi-layer packaging needing to meet stringent 
performance requirements. 

Ã Due to the variability of the material, evaluating the NEMO sample in a highly controlled 
environment, or in a facility requiring an SDS, may be challenging. 

Ã Using this stream in applications that have tight color control or printing aesthetic 
requirements may not be ideal. 
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The opportunities for this material, based upon NEMO study participants, include: 
Ã Cast film applications 
Ã Blending into structural applications 
Ã Chemical recycling feedstock 
Ã Applications where gels are not a problem 

In addition to the NEMO research on these end markets, concurrent research is underway to 
explore the viability of blending mixed PE films into asphalt. That research is available at 
https://www.plasticsindustry.org/supply-chain/recycling-sustainability/new-end-market-
opportunities-nemo/new-end-market-opportunities. If successful, the asphalt opportunity could 
create another 200 mmlbs./year, or greater, opportunity for mixed films processed with the 
NEMO protocols of no optical sorting or washing. 
  



 

 

Page 36 

  

APPENDIX 



 

 

Page 37 

Appendix A. ADDITIONAL INFORMATION ON PARTICIPATING NEMO COMPANIES 
EREMA 
EREMA is one of the world's leading technology manufacturers for plastics recycling machines 
and system components. Founded in 1983, EREMA today has more than 6000 systems in 
operation around the globe. In total, the company’s machines produce more than 14.5 million 
tonnes of plastics pellets every year. 
EREMA is part of the EREMA Group, to which PURE LOOP, 3S and UMAC also belong. North 
American operations are based in Ipswich, MA. 
GDB International 
GDB International Inc. was established in 1993 as a provider of recycling and sustainability 
solutions and to help companies achieve a “Zero Waste Goal”. In doing so the company 
generates and markets recyclable products including: plastics, metals and paper to various 
countries around the world. GDB’s strength lies in its diverse product portfolio. 
GDB International and its affiliate companies employ over 105 full time associates who are well 
versed in their respective fields of expertise. The company is also supported by over 180 
employees at its various warehouse locations across the country. Company owns over 
7,000,000 sq. ft of warehouse space across five states in USA. This infrastructure helps the 
company to provide recycling and sustainability solutions to its long list of suppliers.. 
InSource Materials and TCI Materials 
InSource Materials and TCI Materials and are family-owned companies operated by the same 
management group and located in a 110,000 square foot facility in Henry, TN. InSource is 
focused on recycling a wide range of materials from PP to TPO and other plastic materials 
through size reduction and pelletizing. TCI is focused on the flexible packaging recycled film 
market (LDPE/LLDPE/HDPE) and takes film to pellets in one step. TCI recycles scrap film 
directly into pellets in one step utilizing a high vacuum system to remove moisture and volatiles 
while providing continuous melt filtration down to 100 microns to remove contaminants. 
Noble Polymers 
Noble Polymers is a customer compounder of primarily polyolefin based products. The 
company possesses a full range of capabilities in material development, manufacturing, 
sourcing and logistics. They provide complete manufacturing support to customers including 
material selection, empirical testing, process development, and technical assistance. Beyond 
standard product offerings, Noble Polymers specializes in formulating custom compounded 
resins to meet specific customer needs, as well as toll compounding and contract 
manufacturing services. 
Novolex 
Novolex is a major player in North America’s fiber based & flexible film packaging with full 
postconsumer & post-industrial reclaim process capabilities. Under the Hilex (for retail bags) 
and WF&B (for can liner) brands, Novolex operates two post-consumer wash line reclaim 
plants. Most of the other Novolex film manufacturing plants also maintain full reprocessing (re-
pelletizing) capacities for post-industrial film streams. Novolex product offerings including a 
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range of recycled content film products with varying ranges of postconsumer and post-
industrial recycle content. Use of recycled content is guided by both the design limits of the 
product & the customer’s desired specifications. Considering both of those requirements, 
recycled content typically ranges from 10% to 40%; however more is used where it is possible. 
The two Novolex PE film recycling facilities are in North Vernon, IN and Shawano, WI. These 
two PCR recycling plants function very similarly, operating a full film wash line to include pre-
sorting, grinding, washing, drying and pelleting. 
TPEI 
Technical Process and Engineering, Inc. (TPEI) is headquartered in Lehighton, Pennsylvania, 
and is a major manufacturer of compounding equipment for the plastics and rubber processing 
industries. From compounding lines capable of processing a wide variety of thermal plastics 
and rubber polymers, to rotor repairs and restacking, machine alterations and rebuilds, and the 
design and fabrication of complete turnkey systems, TPEI is a leading single source supplier 
for processing facilities looking to keep their equipment running profitably. 
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Appendix B.  Photos from Bale sort of sample 13 
The sample sorted at Save That Stuff was sent to EREMA North America Inc.’s Ipswich, MA 
demonstration facility in three fractions: 

Ã largely back of the store PE films with paper contamination (root sample 13.1) 
Ã mixed films from front of the store return-to-retail recycling (root sample 13.2) 
Ã and back of the store PE films with less paper contamination (root sample 13.3) 

WRAP MATERIAL PELLETIZING 

 

  

Test Run 1:Sample 13.1 
Back Store Material 
Significant Paper label  
Contamination 
Some colored bags 

Test Run 2: Sample 13.2 
Front Store Material (customer 
drop off) 
Some Paper, Pouches, Mixed 
Material Contamination 
Colored bags 

Test Run 3: Sample 13.3 
Back Store Material 
Limited Paper Label Contamination 
Red printed large bags 
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Appendix C. MCC NEMO sample evaluation  
Midland Compounding and Consulting performed ISO testing on samples 4.2 and 16.2. Below 
are their findings on the sample as well as photos from the sort. 
 

NEMO POLYETHYLENE EVALUATION – SAMPLE 4.2 
PROPERTIES TEST 

METHOD 
SPECIFICATION 
(TBD) 

EREMA PE 
SAMPLE 

C. OF V. 
(%) 

Physical     
Specific Gravity, g/cc ISO 1183  TBD  
Ash Content ISO 3S41  1.7  
Mechanical     
Tensile Modulas, MPa  ISO 527-1  10.6 0.67  
Tensile Break, MPa  ISO 527-1  15.5 0.86 
Ultimate Tensile Strength, MPa  ISO 527-1  15.6 0.86 
Elongation @ Yield, % ISO 527-1  50.2 0.34 
Elongation @ Break, % ISO 527-1  345 0.12 
Flexural Modulus, MPa  ISO 178  206  
Flexural Strength, MPa  ISO 178  5.9   
Unnotched, lzod Impact, (kJ/m2)2 ISO 180    

@23°C    TBD  
@-30°C    TBD  

Notched, lwd Impact, (kJ/m2)  ISO 180    
@23°C    TBD  
@-30°C    TBD  

Rheological     
Melt Flow Rate {190°C / 2.16 kg) g/10 min. ISO 1133  TBD  

Typically, data is generated from injection molded specimens made from materials representative of the compound to be supplied. Tests are 
conducted at 73°F and 50% relative humidity unless stated otherwise. 

NOTE: These tests were performed using standardized conditions and methods. The data provided for these properties are typical values. 
However, many mechanical properties of thermoplastic materials can be influenced by process conditions, the environment, and the rate of 
the application of stress during testing. Therefore, these results should NOT be used alone as the basis of engineering design. Please contact 
a Technical Representative from Micland Compounding & Consulting to discuss this information.  
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NEMO SAMPLE TEST RESULTS (ISO) – SAMPLE 16.2 
PROPERTIES TEST METHOD INSOURCE 

PE SAMPLE 
C. OF V. (%) EREMA PE 

SAMPLE 
C. OF V. 
(% } 

DIFFERENCE 
BETWEEN 
SAMPLES 

Physical        
Specific Gravity, g/ 
cc 

ISO 1183 0.9378  0.922  1.68% 

Ash Content ISO 3541 1.7  1.7  0.00% 
Mechanical       
Tensile Modules, 
MPa 

ISO 527-1 290 9.56 262 16 9.66% 

Tensile Break, 
MPa 

ISO 527-1 14.0 .37 15.5 0.86 -10.71% 

Ultimate Tensile 
Strength, MPa 

ISO 527-1 14.0 .38 15.6 0.86 -11.43% 

Elongation @ 
Yield, % 

ISO 527-1 22 3.83 50.2 0.34 -128.18% 

Elongation @ 
Break, % 

ISO 527-1 347 0.22 345 0.12 0.58% 

Flexural Modules, 
MPa 

ISO 178 317 17.34 206  35.02% 

Flexural Strength, 
MPa 

ISO 178 6.2 0.9 5.9  4.84% 

Unnotched, lzod 
Impact, kJ/ m2) 

ISO 180      

@23°C     No Break 2.17  
@-30°C     No Break 0  

Notched, lzod 
Impact, kJ/ m2) 

ISO 180      

@23°C     No Break 0  
@-30°C     14.61 0.02  

Hardness (Shore) ISO 868      
Shore A    97.0 0  
Shore D  51 1.39 52.4 1.05 -2.75% 

Mold Shrink, (%) ISO 294-4      
Flow Direction  2.0  3.2 3.04 -61.35% 
Cross-flow 
Direction 

 1.8  2.9 0.88 -62.10% 

Thermal       
VICAT Softening 
Temperature 
(10N, 120°C/hour) 

ISO 306 103  103  0.54% 

Rheological       
Melt Flow Rate 
g/10 min. 
(190°C/2.16 cg) 

ISO 1133 1.6  1.0  37.50% 

Typically data is generated from injection molded specimens made from materials representative of the compound to be supplied. Tests are 
conducted at 73°F and 50% relative humidity unless stated otherwise.  

Note: These tests were performed using standardized conditions and methods. The data provided for these properties are typical values. 
However, many mechanical properties of thermoplastic materials can be influenced by process conditions, the environment, and the rate of 
the application of stress during testing. Therefore, these results should NOT be used alone as the basis of engineering design. Please contact 
a Technical Representative from Midland Compounding & Consulting to discuss this information.  
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APPENDIX D. Photos of GDB International’s sort of the Wegman’s bales, second sort 

 

 
 

GDB employees sort through PE film 
bales from Wegman’s. Four bales 
were processed; note that bale 3 was 
sourced from the back of the store 
while bale 4 was a mix of front-of-store 
and back-of-store (1 of 2). 

Contamination from the second sort 
conducted by GBD (1 of 3). 

Contamination from the second sort 
conducted by GBD (2 of 3). 

Contamination from the second sort 
conducted by GBD (3 of 3) 

GDB employees sort through PE film bales from Wegman’s. Four bales 
were processed; note that bale 3 was sourced from the back of the store 
while bale 4 was a mix of front-of-store and back-of-store (1 of 2). 


