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The REMADE Institute
Reduce EMbodied energy AnD carbon Emissions through 

early stage applied research & development 

Enable greater utilization of secondary feedstocks which
require less energy to produce for key materials

Reduce primary materials consumption (and energy lost
when they are landfilled) while achieving better than cost
and energy parity for key secondary materials

Promote widespread application of new technologies
across multiple industries that expand material recycling,
recovery, remanufacturing and reuse in US manufacturing

REMADE is a public/private partnership developing transformational technologies to
accelerate the transition to a Circular Economy for plastics, metals, fibers and e-waste
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Technology Innovation: Current R&D Portfolio
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13 Projects
$7.7M Project Value

7 Projects
$2.3M Project Value

5 Projects
$2.6M Project Value

3 Projects
$0.6M Project Value

3 Projects
$1.7M Project Value

30 Projects

45 Collaborating Organizations

$15 Million Project Value
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Example End-of-Life Plastics Streams1-9
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June 2019 REMADE Institute Recycling Training Program – Module A ©Brian Riise

Photos and Graphics courtesy of STADLER America LLC

Material Recovery Facilities
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Processes to Recover Plastics from Mixed Streams

Size Reduction Plastic Cleaning

Plastic-Plastic 
Separation

Removal of 
non-plastics

Compounding, de-gassing 
and melt filtration

Photo courtesy of MSS Inc.

Photo courtesy of Herbold Meckesheim GmbH 

Drawing courtesy of Hamos GmbH

Photo courtesy of SSI Shredding Systems, Inc.

Photo courtesy of Starlinger
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Plastic-Plastic Separations

• Several separation steps 
required

• Particle size is important12

• Sequence is important

Photo courtesy of Herbold Meckesheim GmbH 

Density Sorting14-15

Optical Sorting (NIR)16

Photo and drawings courtesy of MSS

Plastic Specific Gravity13

PP 0.92

HDPE 0.94

PS 1.05

PET 1.38

PVC 1.38

18. Adapted from US 6,452,126Electrostatic Sorting17

Drawing courtesy of Hamos GmbH

• Color

• NIR 

• X-Rays (T, F)

• metal detector

• other

• combination
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Example:  NIR Sorting of Plastics

PLA

PS

PE

PP

PET

PVC

PET-G

>1,700nm
MSS CIRRUS

<1,700nm NIR 
Cameras

Photo and diagrams are courtesy of MSS

• Commonly used for PET, HDPE and PP containers

• Cannot “see” black plastics! 20-26
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Plastic Identification with NIR

Also show videos such as https://www.youtube.com/watch?time_continue=152&v=eIZIWSj7jIg, https://www.youtube.com/watch?v=W5I00JcCdZE&feature=youtu.be (longer video with flakes) or 
https://www.youtube.com/watch?v=sB2wcaWqeT8&feature=youtu.be (short video household plastics) or https://www.youtube.com/watch?v=W5I00JcCdZE&feature=youtu.be (E-Waste)

Images courtesy of LLA Instruments, Berlin

https://www.youtube.com/watch?time_continue=152&v=eIZIWSj7jIg
https://www.youtube.com/watch?v=W5I00JcCdZE&feature=youtu.be
https://www.youtube.com/watch?v=sB2wcaWqeT8&feature=youtu.be
https://www.youtube.com/watch?v=W5I00JcCdZE&feature=youtu.be
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June 2019

Plastic Sorting 

Video courtesy of Bulk Handling Systems (BHS) 
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Artificial Intelligence & Robotics

June 2019 REMADE Institute Recycling Training Program – Module A

Video courtesy of AMP Robotics) 
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Why Separate by Density? 

Plastic type Specific gravity13

PP 0.92

HDPE 0.94-0.95

(HI)PS 1.03-1.05

ABS 1.05-1.08

PA 1.14

PET 1.38

PVC 1.38
<1.0

PP and PE

1.0<<1.1

ABS, HIPS

>1.1

Highly Mixed
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Density Separation Methods14-15,27

• Sink-float

• Drum separator

• Hydrocyclones

• Elevated density

• Salt solutions

• Suspended solids (magnetite, calcium carbonate)

• Water-only (jigging, tabling, spiral, upward flow/terminal 
velocity)

• Reduced density

• Water/alcohol mixtures

• Suspended solids (hollow glass spheres)

• Magnetic density separations (see TU Delft process28)

• Baffled Oscillation Separation System (BOSS) to separate PP 
from PE)29

• Froth flotation30

feed

lights

heavies

Photos courtesy of Herbold Meckesheim GmbH 
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Electrostatic Sorting of Plastics17,31

• Most commonly used on mixtures of plastics of 
similar density (e.g. ABS and HIPS)

• Can sort black plastics (unlike NIR)

• Based on differential charging of different plastics

• Plastic flakes are dry and (often) hot

• Performed on smaller particles (e.g. <10 mm)

REMADE Institute Recycling Training Program – Module A14

PVC

PET

PP

HDPE

HIPS

ABS

PA

PC

More negatively charged

More positively charged

18. Adapted from US 6,452,126

Drawing courtesy of Hamos GmbH
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Electrostatic Sorting of Plastics17,31

15

Drawings and photographs are courtesy of Hamos GmbH

REMADE Institute Recycling Training Program – Module A

WEEE (E-Waste) 
ABS/HIPS mix
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Review of Separation Processes to Recover Plastic Flakes

• Multiple Process steps are required

• Size Reduction

• Cleaning

• Removal of non-Plastics

• Plastic-Plastic Separation

• Two are more steps for each process type may be required

• Sequence and number of steps depends on the material stream and targeted 

products

• Do we have a product suitable for use by converters (injection molding, extrusion 

into sheet pipe or profiles, etc.)?
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The REMADE Institute 
https://remadeinstitute.org/

Magdi Azer
azer@remadeinstitute.org
(585) 213-1032 

mailto:azer@remadeinstitute.org
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