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PET

2 HDPE

3 PVC

Code Plastic

4 LDPE

5 PP

6 PS

7 Other

Plastic

Polyethylene Terephthalate

High-Density Polyethylene

Polyvinyl Chloride

Low-Density polyethylene

Polypropylene

Polystyrene

ABS, Acrylic, Nylon, EVA, PC, 
TPO, TPU, TPE, …

Examples

Drink bottles (water, soft drinks), food containers, tote bags, 
fleece, carpet
Bottles (e.g., detergent), milk jugs, containers, pails, pipe, geo 
liner, agricultural plastic
Window profile, containers, siding, flooring, pipe, shower 
curtains, lawn chairs
Plastic bags (e.g., grocery bags), tubing, dispensing bottles, 
sandwich wraps, flexible lids, lab equipment
Food containers (e.g., yoghurt), straws, dishware, bottle caps, 
plastic cups, automotive parts
Coffee cup lids, trays, crates, bulk bags, disposable cutlery, 
clamshell containers, packing peanuts, insulation boards

Polycarbonate sheet, Acrylic sheet, ABS pipe, LEGO
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Environmental Analysis

Cooling machine - Precious 
Plastics
https://www.preciousplastic.com/solutions/
machines/pro 

Plastic Recycling Options at UNBC - Summary of ENGR 300 Student Reports
April, 2025

Estimated plastic waste at UNBC
• Amount: 0.4 - 1 t/month
• Predominant plastics: PET, LDPE, PP
◦ (based on a single survey of a recycling bin)

Plastic Recycling Objectives
• Increase student involvement in recycling programs.
• Recycle at least 50% of plastic waste at UNBC, prioritizing plastics that are not currently recycled.
• Recycled products should have a minimum useful life 10 years and be recyclable at end-of-life. 
• Provide a recycling collection system that maintains a 90% student satisfaction survey for simplicity 

and usability.
• Net operating cost to UNBC should be less than the cost of current plastic removal program.

Ventilation
• Due to the use of PET plastic in the process and its narrow range between melting and burning 

temperatures, adequate commercial ventilation will need to be installed in the building.

Recycling ideas
• grouped by repurposing waste plastics into new uses, and by melting the plastic and reforming into 

new produces

Plastic Collection Options at UNBC

Cleaned & Sorted by students
• rinse station at recycling collection location
• one bin for each resin code (for clean and 

label free plastics)
• one bin for unsorted & unwashed plastic

When taught the right information and given the 
related infrastructure, the labour and energy of 
sorting and cleaning the waste stream can be left 
to the hands that used the plastics to begin with 
—> addresses dirty plastics, resource 
intensiveness, and throw-away culture 
simultaneously

Cleaned & Sorted after collection
• Use current collection system (one 

bin for flexible plastic, one bin for 
containers)

Screening: heavily contaminated 
materials, mixed polymers, or non-
recyclables removed

Manual sorting by resin code 

• Surface Water 
Infiltration System

• Passive Solar Heating 
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Figure 2: Huskee drink share program & plastic furniture 

1.6.1 Reusable drinkware sharing program 

The idea for this solution was inspired by the already successful HuskeeSwap Program founded in 
Australia [6]. In this program, cups made by Huskee from coffee cherry byproduct known as coffee 
husk are available for purchase at participating cafes or venues. Once a person has purchased a 
mug, they can bring it into a participating café and hand it in to receive their order in a clean 
Huskee cup. Using a similar program at UNBC could allow currently unrecycled plastics to be 
turned into reusable drinkware that could be eligible for exchange at the Agora Dining Hall, 
Degrees Coffee Co., and Good Earth Coffeehouse. If successful, this program could be extended 
to other businesses in Prince George as well.  

An issue with plastics is when producing food safe products, there is no way to guarantee that the 
secondary structure of the plastic after shredding and injection is food safe. To create reliable, food 
safe drinkware, the plastic mugs would have to contain a ceramic liner that creates a barrier 
between the contents and recycled plastic. This would unfortunately mean that the entire mug 
would not be made from recycled material, as sourcing and using recycled ceramics can be 
extremely difficult. The process of recycling ceramics is complex, with recycled ceramics typically 
finding use in creating high performance concretes [7]. This means that the liners of the drinkware 
would not be recyclable by the means of this project.  
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Figure 8: Plastic lumber boards [9]. 

This product can be made entirely from HDPE as well as PET and does not rot or decay, making it ideal for 
harsh weather conditions [10]. The durability of plastic lumber is favorable due to its resistance to rot, 
absorb moisture, and allow damage from insects or chemicals, unlike traditional lumber. This also 
increases the lifespan of the lumber, requiring less maintenance and reconstruction, resulting in lower 
overall costs. With the replacement of traditional lumber, the need for deforestation is also decreased 
[11]. By implementing this environmentally responsible method of recycling plastics, UNBC can reduce its 
environmental footprint while also creating products that are long-lasting. 

 
Figure  9: Plastic lumber outdoor furniture [12] . 

Demand for materials  
In Canada, the demand for recycled plastic construction materials, focusing on plastic lumber and bricks 
in increasing as sustainability principles and circular economy goals continue to grow in both the public 
and private sectors of construction. These recycled materials offer better alternatives to traditional wood 
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Shredder - Precious Plastics
https://community.preciousplastic.com/academy/
build/shredderpro 

https://bazar.preciousplastic.com/machines/
shredder-pro/shredder-pro-fully-built/new-v4-
shredder-pro-ce-certified-and-factory-made-with-
all-safety-standard-clone 

Shredder - Polyvora
https://polyvora.io/products/shredder-v4-x?
_pos=2&_psq=shredder&_ss=e&_v=1.0 

Washer - Precious Plastics
https://www.puruimachinery.com/low-price-for-
plastic-recycling-machine-pet-bottle-flakes-
crushing-and-washing-production-line-product/ 

Extruder - Precious Plastics
https://community.preciousplastic.com/
academy/build/extrusionpro

Sheet Press - Polyvora
https://polyvora.io/products/sheetpress-v4-x

Moulds range in prices from $1000 (plant pot) to $40,000 (single piece chair)

Extruder Pro
https://bazar.preciousplastic.com/
machines/extruder-pro/extruder-pro-fully-
built/extrusion-pro-v4-free-moulds-
available-clone/ 

Sheets

$6,400 + $1,000 shipping
with Free Lumber Mould

25 - 30 kg/h 8 kW

$6,700 + $800 shipping 25 - 30 kg/h 4 kW

$11,000 - $16,000 USD

1,000 mm x 1,000 mm
5 - 20 kg/h 7.2 kW$10,500 to $15,150 USD

$3,500 2.2–3.4 kW50 kg/h

$5,000 150 kg/h 10 kW

$3,000 20 kg/h 5 kW

$5,000 20 kg/h

Sample Costs Throughput Power

Sample plastic processes machines. Many different models are available 
Machines can also be made DIY

$26/kg (online sales prices 
between $21/kg and $30/kg)

$3/sheet (1 m x 1 m)
20 kg/sheet

Value varies with mould
~ 0.25 $/kg

Machine

$6,750 55 kg/h 2.5 kW

$3,750
$6,450

14 kg/h
25 kg/h

2.7 kW
3.7 kW

$3,450 5 kg/h 2.2 kW

4 hour/day max

4 hour/day max

$9,750

$5,850

1,000 mm x 1,000 mm

600 mm x 600 mm

20 kg/cycle

5 kW

15 kW

Press - Precious Plastics
https://www.preciousplastic.com/solutions/
machines/pro 

Moulds

Repurposing equipment needed
• heavy-duty sewing machine
• outdoor-rated, high-strength thread
• carabiners
• strong rope
• scissors or rotary cutter
• PVC pipe cutter
• water pump and tubing
• net cups and growing medium
• power drill with a drill bit set

Lumber

Extrusion
stabilizers, UV inhibitors, 
or reinforcing material 
added

Finishing
trimming rough 
edges, applying 
surface texturing, 
and controlled 
cooling

Sheets

Shredded 
plastic Sheet Press Drying & Cooling

Shredded
plastic Extrusion / Injector Mould

Processing Steps & Equipment for Melting & Reforming Options

Preparing plastic

Screening Sorting Shredding Washing/Drying
Density sorting

Shredded
plastic

Equipment Needed for Repurposing Options

Improper sorting also leads to polymer incompatibility, causing lower-quality recycled products

Plastic Types

Singh and Walker. 2024. Plastic recycling: A panacea or environmental pollution problem.  https://doi.org/10.1038/s44296-024-00024-w 

Mechanical recycling results in a 
decrease in the majority of environmental 
impacts from waste plastics, including:

• GHG emissions
• Human toxicity
• Material resource
• Ozone depletion

The exception is water consumption, 
which Increases with mechanical 
recycling vs alternatives.

Estimated lifecycle GHG emissions from 
mechanical recycling equipment setup 
ranges from 8 to 40 tCO2e

Select figures from student analysis:
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sorting and cleaning the waste stream can be left 
to the hands that used the plastics to begin with 
—> addresses dirty plastics, resource 
intensiveness, and throw-away culture 
simultaneously

Cleaned & Sorted after collection
• Use current collection system (one 
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3. The product should have a useful life of minimum 10 years such that it does not 
immediately fall back into the plastic waste stream. (environmental) 

4. Provide a recycling collection system that maintains a 90% student satisfaction survey for 
simplicity and useability. (social) 

5. Profit from the alternative will meet the operating costs within two years of 
implementation. (economic) 

6. Net cost to UNBC should be less than the cost of current plastic removal program after 
February 2026. (economic) 

2.2 Inventory of Non-Recycled Plastic Wastes 

To better understand the plastic waste stream at the university, three recycling bins will be 
investigated (flexible plastics, containers, and refundable beverages). The findings of this research 
will be used to determine an average for the composition of the plastics being placed in recycling 
bins. Categorization of the plastics will be useful data for understanding how much of the waste 
stream is useful in mechanical recycling. Currently UNBC recycling stations include four different 
sorting bins: paper, flexible plastics, containers, and refundable beverages as seen in Figure 3. 

 

Figure 3: Recycling stations at UNBC in 2025 

2.3 Collection and Sorting 

Depending on the composition of plastics recycled at UNBC and the condition that the materials 
are wasted, different options for the pathway of plastics can be considered. The primary 
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be achieved if difficult materials to mechanically recycle such as LDPE are involved in a mixture 
process. 

3.3 Sorting & Cleaning of Plastic Waste 

Many of the items in the university recycling bins are not cleaned, which provides another level 
of difficulty in handling the waste streams. Options for cleaning and sorting these items can be a 
recurring expense especially when it comes to labour. Costly options that automate the process 
includes infrared scanners or water density techniques were researched and found to have 
significant capital cost and does not change the behavioural habit of throwing away unsorted and 
dirty plastic. Energy and time intensive options would not suit the constraints of the project 
previously outlined. 

Precious Plastic, an open-source recycling initiative, makes the case that the true pathway to 
dealing with the recycling issue is by focusing on the citizens and constituents of the university to 
act for their own consumption [3]. The utopian viewpoint is that when taught the right information 
and given the related infrastructure, the labour and energy of sorting and cleaning the waste stream 
can be left to the hands that used the plastics to begin with. Precious Plastics has developed what 
they term ‘collection points’ where only clean and label free plastic can be sorted properly by the 
community as seen in Figure 7. By revamping the recycling stations with rinse stations at the 
university, the main issues of dirty plastics, resource intensiveness, and throw-away culture are 
addressed simultaneously. Drawbacks related to this plan begin with time consuming re-education, 
followed by a reliance on a communal effort and care towards more sustainable practices. 

 
Figure 7: Precious Plastics recycling collection stations 
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Moulds
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• PVC pipe cutter
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Food containers (e.g., yoghurt), straws, dishware, bottle caps, 
plastic cups, automotive parts
Coffee cup lids, trays, crates, bulk bags, disposable cutlery, 
clamshell containers, packing peanuts, insulation boards

Polycarbonate sheet, Acrylic sheet, ABS pipe, LEGO
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Figure  13: Plastic extruder [18]. 

 

The final machines in the process include the cooler and, if necessary, a sheet press. The cooler reduces 
the temperature of the extruded plastic, allowing it to harden into its final form. If additional processing 
is required, the cooler can be bypassed, and a sheet press can be used instead. The sheet press forms 1m 
× 1m plastic sheets, which can be utilized for various applications. 

 

  
Figure 14: Plastic cooling machine [19]. 

 

The energy demand and plastic processing capacity vary across different machines in the recycling process. 
The shredder operates at 2.2–3.4 kW and can shred 50 kg of plastic per hour. The extruder requires 5 kW 
and produces 20 kg of plastic per hour. The washer, consuming 10 kW, can clean up to 150 kg of plastic per 
hour. Lastly, the presser has the highest energy demand at 15 kW, producing one 20 kg plastic sheet per 
cycle [19] [20]. 
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However, its main drawback is the slower granulating process. Additionally, it requires a high-powered 
motor to operate efficiently [14]. 
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The next machine in the process is the plastic washer, which cleans and prepares the shredded plastic for 
further processing. It removes dirt, labels, and other contaminants using water or chemical treatments 
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The next machine in the process is the extruder, which melts plastic into a continuous form and forces the 
molten material through a die to create manageable shapes [17]. 

This extruder is fast and efficient, making it ideal for processing thermoplastics. It is designed to work with 
multiple types of plastics while ensuring both safety and reliability. This machine can recycle up to 20 kg 
of plastic every hour and makes productions of beams and bricks [18]. 
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Plastic Recycling Options at UNBC - Summary of ENGR 300 Student Reports
April, 2025

Estimated plastic waste at UNBC
• Amount: 0.4 - 1 t/month
• Predominant plastics: PET, LDPE, PP
◦ (based on a single survey of a recycling bin)

Plastic Recycling Objectives
• Increase student involvement in recycling programs.
• Recycle at least 50% of plastic waste at UNBC, prioritizing plastics that are not currently recycled.
• Recycled products should have a minimum useful life 10 years and be recyclable at end-of-life. 
• Provide a recycling collection system that maintains a 90% student satisfaction survey for simplicity 

and usability.
• Net operating cost to UNBC should be less than the cost of current plastic removal program.

Ventilation
• Due to the use of PET plastic in the process and its narrow range between melting and burning 

temperatures, adequate commercial ventilation will need to be installed in the building.

Recycling ideas
• grouped by repurposing waste plastics into new uses, and by melting the plastic and reforming into 

new produces

Plastic Collection Options at UNBC

Cleaned & Sorted by students
• rinse station at recycling collection location
• one bin for each resin code (for clean and 

label free plastics)
• one bin for unsorted & unwashed plastic

When taught the right information and given the 
related infrastructure, the labour and energy of 
sorting and cleaning the waste stream can be left 
to the hands that used the plastics to begin with 
—> addresses dirty plastics, resource 
intensiveness, and throw-away culture 
simultaneously

Cleaned & Sorted after collection
• Use current collection system (one 

bin for flexible plastic, one bin for 
containers)

Screening: heavily contaminated 
materials, mixed polymers, or non-
recyclables removed

Manual sorting by resin code 

• Surface Water 
Infiltration System

• Passive Solar Heating 

HDPELDPEPPPS PET

Lumber
Moulds

Other (e.g., ABS)

3D Printer 
Filament

Vinyl Banners

• Tote bags
• Hammocks
• Blankets
• Cots

PVC

• Hydroponic or Vertical Gardens
• Bicycle Racks 
• Walkway Construction 
• Portable Camping Cots 
• Surface Water Infiltration System

Ceramic lined 
reusable drinkware

Melting & 
Reforming 
Options:

Repurposing 
Options:

Current UNBC collection Collection bins by plastic code

Shredder - Precious Plastics
https://community.preciousplastic.com/academy/
build/shredderpro 

https://bazar.preciousplastic.com/machines/
shredder-pro/shredder-pro-fully-built/new-v4-
shredder-pro-ce-certified-and-factory-made-with-
all-safety-standard-clone 

Shredder - Polyvora
https://polyvora.io/products/shredder-v4-x?
_pos=2&_psq=shredder&_ss=e&_v=1.0 

Washer - Precious Plastics
https://www.puruimachinery.com/low-price-for-
plastic-recycling-machine-pet-bottle-flakes-
crushing-and-washing-production-line-product/ 

Extruder - Precious Plastics
https://community.preciousplastic.com/
academy/build/extrusionpro

Sheet Press - Polyvora
https://polyvora.io/products/sheetpress-v4-x

Moulds range in prices from $1000 (plant pot) to $40,000 (single piece chair)

Extruder Pro
https://bazar.preciousplastic.com/
machines/extruder-pro/extruder-pro-fully-
built/extrusion-pro-v4-free-moulds-
available-clone/ 

Sheets

$6,400 + $1,000 shipping
with Free Lumber Mould

25 - 30 kg/h 8 kW

$6,700 + $800 shipping 25 - 30 kg/h 4 kW

$11,000 - $16,000 USD

1,000 mm x 1,000 mm
5 - 20 kg/h 7.2 kW$10,500 to $15,150 USD

$3,500 2.2–3.4 kW50 kg/h

$5,000 150 kg/h 10 kW

$3,000 20 kg/h 5 kW

$5,000 20 kg/h

Sample Costs Throughput
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Press - Precious Plastics
https://www.preciousplastic.com/solutions/
machines/pro 

Moulds

Repurposing equipment needed
• heavy-duty sewing machine
• outdoor-rated, high-strength thread
• carabiners
• strong rope
• scissors or rotary cutter
• PVC pipe cutter
• water pump and tubing
• net cups and growing medium
• power drill with a drill bit set

Lumber

Extrusion
stabilizers, UV inhibitors, 
or reinforcing material 
added

Finishing
trimming rough 
edges, applying 
surface texturing, 
and controlled 
cooling

Sheets

Shredded 
plastic Sheet Press Drying & Cooling

Shredded
plastic Extrusion / Injector Mould

Processing Steps & Equipment for Melting & Reforming Options

Preparing plastic

Screening Sorting Shredding Washing/Drying
Density sorting

Shredded
plastic

Equipment Needed for Repurposing Options

Improper sorting also leads to polymer incompatibility, causing lower-quality recycled products

Plastic Types

Singh and Walker. 2024. Plastic recycling: A panacea or environmental pollution problem.  https://doi.org/10.1038/s44296-024-00024-w 

Mechanical recycling results in a 
decrease in the majority of environmental 
impacts from waste plastics, including:

• GHG emissions
• Human toxicity
• Material resource
• Ozone depletion

The exception is water consumption, 
which Increases with mechanical 
recycling vs alternatives.

Estimated lifecycle GHG emissions from 
mechanical recycling equipment setup 
ranges from 8 to 40 tCO2e

Select figures from student analysis:
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PET

2 HDPE

3 PVC

Code Plastic

4 LDPE

5 PP

6 PS

7 Other

Plastic

Polyethylene Terephthalate

High-Density Polyethylene

Polyvinyl Chloride

Low-Density polyethylene

Polypropylene

Polystyrene

ABS, Acrylic, Nylon, EVA, PC, 
TPO, TPU, TPE, …

Examples

Drink bottles (water, soft drinks), food containers, tote bags, 
fleece, carpet
Bottles (e.g., detergent), milk jugs, containers, pails, pipe, geo 
liner, agricultural plastic
Window profile, containers, siding, flooring, pipe, shower 
curtains, lawn chairs
Plastic bags (e.g., grocery bags), tubing, dispensing bottles, 
sandwich wraps, flexible lids, lab equipment
Food containers (e.g., yoghurt), straws, dishware, bottle caps, 
plastic cups, automotive parts
Coffee cup lids, trays, crates, bulk bags, disposable cutlery, 
clamshell containers, packing peanuts, insulation boards

Polycarbonate sheet, Acrylic sheet, ABS pipe, LEGO
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Plastic Recycling Options at UNBC - Summary of ENGR 300 Student Reports
April, 2025

Estimated plastic waste at UNBC
• Amount: 0.4 - 1 t/month
• Predominant plastics: PET, LDPE, PP
◦ (based on a single survey of a recycling bin)

Plastic Recycling Objectives
• Increase student involvement in recycling programs.
• Recycle at least 50% of plastic waste at UNBC, prioritizing plastics that are not currently recycled.
• Recycled products should have a minimum useful life 10 years and be recyclable at end-of-life. 
• Provide a recycling collection system that maintains a 90% student satisfaction survey for simplicity 

and usability.
• Net operating cost to UNBC should be less than the cost of current plastic removal program.

Ventilation
• Due to the use of PET plastic in the process and its narrow range between melting and burning 

temperatures, adequate commercial ventilation will need to be installed in the building.

Recycling ideas
• grouped by repurposing waste plastics into new uses, and by melting the plastic and reforming into 

new produces

Plastic Collection Options at UNBC

Cleaned & Sorted by students
• rinse station at recycling collection location
• one bin for each resin code (for clean and 

label free plastics)
• one bin for unsorted & unwashed plastic

When taught the right information and given the 
related infrastructure, the labour and energy of 
sorting and cleaning the waste stream can be left 
to the hands that used the plastics to begin with 
—> addresses dirty plastics, resource 
intensiveness, and throw-away culture 
simultaneously

Cleaned & Sorted after collection
• Use current collection system (one 

bin for flexible plastic, one bin for 
containers)

Screening: heavily contaminated 
materials, mixed polymers, or non-
recyclables removed

Manual sorting by resin code 

• Surface Water 
Infiltration System

• Passive Solar Heating 

HDPELDPEPPPS PET

Lumber
Moulds

Other (e.g., ABS)

3D Printer 
Filament

Vinyl Banners

• Tote bags
• Hammocks
• Blankets
• Cots

PVC

• Hydroponic or Vertical Gardens
• Bicycle Racks 
• Walkway Construction 
• Portable Camping Cots 
• Surface Water Infiltration System

Ceramic lined 
reusable drinkware

Melting & 
Reforming 
Options:

Repurposing 
Options:

Current UNBC collection Collection bins by plastic code

Shredder - Precious Plastics
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build/shredderpro 

https://bazar.preciousplastic.com/machines/
shredder-pro/shredder-pro-fully-built/new-v4-
shredder-pro-ce-certified-and-factory-made-with-
all-safety-standard-clone 

Shredder - Polyvora
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Washer - Precious Plastics
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Extruder - Precious Plastics
https://community.preciousplastic.com/
academy/build/extrusionpro

Sheet Press - Polyvora
https://polyvora.io/products/sheetpress-v4-x

Moulds range in prices from $1000 (plant pot) to $40,000 (single piece chair)

Extruder Pro
https://bazar.preciousplastic.com/
machines/extruder-pro/extruder-pro-fully-
built/extrusion-pro-v4-free-moulds-
available-clone/ 

Sheets

$6,400 + $1,000 shipping
with Free Lumber Mould

25 - 30 kg/h 8 kW

$6,700 + $800 shipping 25 - 30 kg/h 4 kW

$11,000 - $16,000 USD

1,000 mm x 1,000 mm
5 - 20 kg/h 7.2 kW$10,500 to $15,150 USD

$3,500 2.2–3.4 kW50 kg/h

$5,000 150 kg/h 10 kW

$3,000 20 kg/h 5 kW

$5,000 20 kg/h

Sample Costs Throughput Power

Sample plastic processes machines. Many different models are available 
Machines can also be made DIY

$26/kg (online sales prices 
between $21/kg and $30/kg)

$3/sheet (1 m x 1 m)
20 kg/sheet

Value varies with mould
~ 0.25 $/kg

Machine

$6,750 55 kg/h 2.5 kW

$3,750
$6,450

14 kg/h
25 kg/h

2.7 kW
3.7 kW

$3,450 5 kg/h 2.2 kW

4 hour/day max

4 hour/day max

$9,750

$5,850

1,000 mm x 1,000 mm

600 mm x 600 mm

20 kg/cycle

5 kW

15 kW
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Moulds

Repurposing equipment needed
• heavy-duty sewing machine
• outdoor-rated, high-strength thread
• carabiners
• strong rope
• scissors or rotary cutter
• PVC pipe cutter
• water pump and tubing
• net cups and growing medium
• power drill with a drill bit set

Lumber

Extrusion
stabilizers, UV inhibitors, 
or reinforcing material 
added

Finishing
trimming rough 
edges, applying 
surface texturing, 
and controlled 
cooling

Sheets

Shredded 
plastic Sheet Press Drying & Cooling

Shredded
plastic Extrusion / Injector Mould

Processing Steps & Equipment for Melting & Reforming Options

Preparing plastic

Screening Sorting Shredding Washing/Drying
Density sorting

Shredded
plastic

Equipment Needed for Repurposing Options

Improper sorting also leads to polymer incompatibility, causing lower-quality recycled products

Plastic Types

Singh and Walker. 2024. Plastic recycling: A panacea or environmental pollution problem.  https://doi.org/10.1038/s44296-024-00024-w 

Mechanical recycling results in a 
decrease in the majority of environmental 
impacts from waste plastics, including:

• GHG emissions
• Human toxicity
• Material resource
• Ozone depletion

The exception is water consumption, 
which Increases with mechanical 
recycling vs alternatives.

Estimated lifecycle GHG emissions from 
mechanical recycling equipment setup 
ranges from 8 to 40 tCO2e

Select figures from student analysis:
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Figure 3 - Single Scour Bar Chart Comparison 

7.3. Economic Analysis 

The implementation of a plastic recycling system at UNBC focuses primarily on the environmental 

benefits of each alternative, however this decision also requires an evaluation of the costs associated with 

choosing each method. This economic analysis aims to compare the different costs associated with the 

implementation of the 3D Printing Filament Extruder and the Plastic Sheet Press, comparing the costs of 

purchasing the equipment, electricity used and maintenance. To determine the viability of each method, 

Table 4 will provide a Net Present Value (NPV) analysis, assuming the equipment lifetime and estimating 

the annual operating costs. More information regarding the NPV Calculations can be found in Appendix 
B – Net Present Value Calculations. 

Table 5 - Net Present Value of Both Methods 

Process Initial Cost Annual Cost Lifetime NPV 

3D Printer Filament $ 15,000 $ 2,3801 10 years $ 34,300 
Plastic Sheet Press $ 32,000 - $ 2,320 10 years $ 13,200 

1- The current UNBC expenses and demand regarding 3D Printer Filament are unknown, so for a more detailed analysis, account for 

money saved from buying 3D printer filament and possibly selling the 3D printer filament. 

2 - It is important to note that some expenses were not considered in the evaluation above, due to being required by both alternatives 
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Figure 4: Total Energy Results for Recycled and Virgin Resins [3]. 

 
Figure 5: Global Warming Potential Results for Recycled and Virgin Resins [3]. 
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non-recyclable materials, reduce dependence on fossil-based inputs, and potentially generate energy-rich 
byproducts such as syngas or bio-oils. However, chemical recycling has a higher capital and operating costs, 
very high energy requirements, and potential environmental risks associated with emissions and chemical 
handling. These factors showcase that chemical recycling a less practical solution for small-scale, campus-
based initiatives, particularly under current budget constraints. 

LCA Comparison 
Table 1: LCA comparison of Mechanical and Chemical Recycling Technology 

Environmental Impact Mechanical Recycling Chemical Recycling 
CO2e kg/kg recycled product 0.28 kg CO2e/kg [4] 1.9 kg CO2e/kg [5]  
Average Energy Consumption per kg recycled product 0.08 kWh/kg (Table 3) 0.63 kWh/kg [6] 

 

In addition to chemical recycling, on average, requiring higher energy input as well as outputting a higher 
volume of CO2e, chemical recycling technology such as pyrolysis can release harmful emissions through 
the combustion of plastic resin. These chemicals include trace amounts of benzene, mercury, arsenic and 
formaldehyde, some of which are known to be carcinogenic [7].  

 
Figure  7: OpenLCA impact assessment on energy consumption between Mechanical (blue) and Chemical (red) recycling 

Social Impact Comparison 
Both mechanical and chemical methods of recycling there are positive and negative social impacts to 
consider if these systems were to be integrated. Both systems are rated on a scale of -2 to +2 in Table 2. 

Cooling machine - Precious 
Plastics
https://www.preciousplastic.com/solutions/
machines/pro 

Plastic Recycling Options at UNBC - Summary of ENGR 300 Student Reports
April, 2025

Estimated plastic waste at UNBC
• Amount: 0.4 - 1 t/month
• Predominant plastics: PET, LDPE, PP
◦ (based on a single survey of a recycling bin)

Plastic Recycling Objectives
• Increase student involvement in recycling programs.
• Recycle at least 50% of plastic waste at UNBC, prioritizing plastics that are not currently recycled.
• Recycled products should have a minimum useful life 10 years and be recyclable at end-of-life. 
• Provide a recycling collection system that maintains a 90% student satisfaction survey for simplicity 

and usability.
• Net operating cost to UNBC should be less than the cost of current plastic removal program.

Ventilation
• Due to the use of PET plastic in the process and its narrow range between melting and burning 

temperatures, adequate commercial ventilation will need to be installed in the building.

Recycling ideas
• grouped by repurposing waste plastics into new uses, and by melting the plastic and reforming into 

new produces

Plastic Collection Options at UNBC

Cleaned & Sorted by students
• rinse station at recycling collection location
• one bin for each resin code (for clean and 

label free plastics)
• one bin for unsorted & unwashed plastic

When taught the right information and given the 
related infrastructure, the labour and energy of 
sorting and cleaning the waste stream can be left 
to the hands that used the plastics to begin with 
—> addresses dirty plastics, resource 
intensiveness, and throw-away culture 
simultaneously

Cleaned & Sorted after collection
• Use current collection system (one 

bin for flexible plastic, one bin for 
containers)

Screening: heavily contaminated 
materials, mixed polymers, or non-
recyclables removed

Manual sorting by resin code 

• Surface Water 
Infiltration System

• Passive Solar Heating 

HDPELDPEPPPS PET

Lumber
Moulds

Other (e.g., ABS)

3D Printer 
Filament

Vinyl Banners

• Tote bags
• Hammocks
• Blankets
• Cots

PVC

• Hydroponic or Vertical Gardens
• Bicycle Racks 
• Walkway Construction 
• Portable Camping Cots 
• Surface Water Infiltration System

Ceramic lined 
reusable drinkware

Melting & 
Reforming 
Options:

Repurposing 
Options:

Current UNBC collection Collection bins by plastic code

Shredder - Precious Plastics
https://community.preciousplastic.com/academy/
build/shredderpro 

https://bazar.preciousplastic.com/machines/
shredder-pro/shredder-pro-fully-built/new-v4-
shredder-pro-ce-certified-and-factory-made-with-
all-safety-standard-clone 

Shredder - Polyvora
https://polyvora.io/products/shredder-v4-x?
_pos=2&_psq=shredder&_ss=e&_v=1.0 

Washer - Precious Plastics
https://www.puruimachinery.com/low-price-for-
plastic-recycling-machine-pet-bottle-flakes-
crushing-and-washing-production-line-product/ 

Extruder - Precious Plastics
https://community.preciousplastic.com/
academy/build/extrusionpro

Sheet Press - Polyvora
https://polyvora.io/products/sheetpress-v4-x

Moulds range in prices from $1000 (plant pot) to $40,000 (single piece chair)

Extruder Pro
https://bazar.preciousplastic.com/
machines/extruder-pro/extruder-pro-fully-
built/extrusion-pro-v4-free-moulds-
available-clone/ 

Sheets

$6,400 + $1,000 shipping
with Free Lumber Mould

25 - 30 kg/h 8 kW

$6,700 + $800 shipping 25 - 30 kg/h 4 kW

$11,000 - $16,000 USD

1,000 mm x 1,000 mm
5 - 20 kg/h 7.2 kW$10,500 to $15,150 USD

$3,500 2.2–3.4 kW50 kg/h

$5,000 150 kg/h 10 kW

$3,000 20 kg/h 5 kW

$5,000 20 kg/h

Sample Costs Throughput Power

Sample plastic processes machines. Many different models are available 
Machines can also be made DIY

$26/kg (online sales prices 
between $21/kg and $30/kg)

$3/sheet (1 m x 1 m)
20 kg/sheet

Value varies with mould
~ 0.25 $/kg

Machine

$6,750 55 kg/h 2.5 kW

$3,750
$6,450

14 kg/h
25 kg/h

2.7 kW
3.7 kW

$3,450 5 kg/h 2.2 kW

4 hour/day max

4 hour/day max

$9,750

$5,850

1,000 mm x 1,000 mm

600 mm x 600 mm

20 kg/cycle

5 kW

15 kW

Press - Precious Plastics
https://www.preciousplastic.com/solutions/
machines/pro 

Moulds

Repurposing equipment needed
• heavy-duty sewing machine
• outdoor-rated, high-strength thread
• carabiners
• strong rope
• scissors or rotary cutter
• PVC pipe cutter
• water pump and tubing
• net cups and growing medium
• power drill with a drill bit set

Lumber

Extrusion
stabilizers, UV inhibitors, 
or reinforcing material 
added

Finishing
trimming rough 
edges, applying 
surface texturing, 
and controlled 
cooling

Sheets

Shredded 
plastic Sheet Press Drying & Cooling

Shredded
plastic Extrusion / Injector Mould

Processing Steps & Equipment for Melting & Reforming Options

Preparing plastic

Screening Sorting Shredding Washing/Drying
Density sorting

Shredded
plastic

Equipment Needed for Repurposing Options

Improper sorting also leads to polymer incompatibility, causing lower-quality recycled products

Plastic Types

recycling. As a result, closed-loop recycling relies on high-quality waste
inputs14, with pre-consumer manufacturing waste forming a crucial
component6. Additionally, open-loop recycling creates products serving
different purposes than the original material that enters into alternative
markets11. The process of open-loop mechanical recycling can potentially
lead to secondary recycling opportunities. Conversely, tertiary, or chemical
cycling practices advancemethods to depolymerize and recovermonomers,
and hydrocarbon products through pyrolysis, and gasification15. Chemical
recycling, while efficient formixed plastic waste, is quite limited due to high
energy requirements and intense reaction conditions. Besides, a major
burdenof chemical recycling technologies suchas gasification or pyrolysis is
the need to clean the downstream output— to protect the equipment and
keep the product valuable16. Further, the quaternary approach involves
energy recovery by incineration, especially frommixed plastic waste instead
of diverting it to landfills6.

Theoretically, most polymers are recyclable and some even have
desirable cradle-to-cradle lifecycles, offering opportunities for a circular
plastic economy12,17. Here, we discuss some major challenges of recycling
such as the complexity of plastic products themselves, market forces that
make fossil-fuel-derived virgin plastics cheaper than recycled plastic feed-
stock, the negative environmental, and social impacts, and inconsistent
global policies, including the Global Plastics Treaty18, that influence inter-
national efforts for effective closed-loop plastic recycling19. Additionally, we
call for prioritizing reduction in plastic production, consumption, and
exploring alternative sustainable materials to tackle rising plastic waste20,21.

Challenges of plastic recycling
Acknowledging the presence of EoL plastics is crucial in addressing the
intricacies of plastic recycling. While recycling is widely touted as a pro-
mising pathway to achieving a plastic waste-free future, there remain sub-
stantial barriers to making this a reality. For example, current global
recycling rates, at only 9%, are simply ineffective in the face of increased
plastic production. Over 400Mt of plastics is produced annually2, primarily
as single-use items, accounting for more than 50% of consumer-based
plastics, which are difficult-to-recycle22,23. The intrinsic polymer and pro-
duct design flows of plastic impede their EoL recyclability. Despite the
recyclability ofmost consumed thermoplastics, only a small fractionof them
find their way into the recycling stream. Besides, several plastics are

incompatible during recycling resulting in a phase-separate mixture adding
to the recycling cost and reducing profitability6. Meanwhile, the phase
separation of the mismatching plastic waste stream can be controlled by
polymer compatibilizers such as block copolymers, and graft copolymers24.
The introduction of compatibilizers stabilizes the immiscible mixture and
allows their interaction to produce advanced material12,13.

Contemporary recycling techniques predominantly address thermo-
plastics, omitting a substantial fraction of plastic types lacking circular design.
Thermoset plastics exemplify this issue, where their valued rigidity from
covalent cross-linking also confers significant recycling resistance12. While it
is possible to grind into fine powders for certain downgrade applications,
recycling thermosets, which currently constitute one-third of the total plastic
manufactured, requires a distinct approach compared to thermoplastics25.
Similarly, elastomersprimarily composedof tires, represent oneof the rapidly
expanding industries, and encounter an uncertain fate24,26. Additionally,
composite plastics, integrating polymers with fibrous substances such as
fiberglass or carbon fibre, are increasingly used across various industries but
present substantial separation hurdles. These challenges underscore the
imperative for research into the design of easy-to-recycle plasticmaterials17,27.

The complexity and diversity of plastic compositions, exacerbated by
chemical additives blended for versatility, lead to a low recycling rate due to
the difficulty in recycling different grades together without degrading
properties11. For instance, reprocessing different colours of 100% recyclable
PET28 together can lead to lower-quality recyclate19,24.High-value transparent
plastics are preferred and hold higher market value, while pigmented ones
may be discarded. Therefore, recycling necessitates extensive sorting facilities
tomaintain the quality of the end product. A notable challenge to sorting lies
in the complex composition of most plastic waste generated today, com-
pounded by contamination with labels, coatings, and food remains8,29. The
immiscible plastic waste, combined with diverse materials, questions the
efficacy of current recycling techniques, which are more inclined to pure
waste polymers requiring efficient waste collection and extensive sorting24.
Although sortingwaste at the source has generally improved, the sortedwaste
is often underutilized or repurposed ineffectively30. If the waste stream is too
contaminated, it is not recycled and diverted to landfills or incinerators19.
Moreover, recycled plastics typically endure only a few recycling cycles3, with
approximately 10%—undergoing multiple rounds31, and are often mixed
with virgin materials to maintain the desired properties24.

Fig. 1 | Schematic showing the plastic life cycle (black), different plastic waste handling methods (landfilling, incineration, and recycling), approaches to recycling
(green), and solutions to achieve sustainability (blue). Artwork for this figure is original and created by the authors.
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Mechanical recycling results in a 
decrease in the majority of environmental 
impacts from waste plastics, including:

• GHG emissions
• Human toxicity
• Material resource
• Ozone depletion

The exception is water consumption, 
which Increases with mechanical 
recycling vs alternatives.

Estimated lifecycle GHG emissions from 
mechanical recycling equipment setup 
ranges from 8 to 40 tCO2e

Select figures from student analysis:
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