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B1 Introduction 
 

This Technical Memorandum #2 describes the results of the Tear Down/Time and Motion (TDTM) study 

carried out at Standard Auto Wreckers in Port Hope, Ontario in January, 2022. 

The TDTM study was used to assess the potential to recover more auto plastics from end-of-life vehicles 

(ELVs), prior to vehicle shredding. This site work was considered a practical approach to identifying, 

measuring and assessing the extent to which additional auto plastic recovery (after all potential reuse had 

already occurred) could occur withing the auto recycling and dismantling industry considering current 

operational practices at auto recycling facilities. The weight and resin type, plus the amount of time 

required to remove the specific plastic auto part was tracked for 4 vehicles over a 5-day period. 

Auto plastic parts itemized for removal in a longer-term program would be based upon a number of 

criteria, such as: 

• Homogeneity of plastic resins in each specific part 

• Ease of removal 

• Availability of end markets / market demand 

• Size/weight benefit to auto recovery firm to remove part. 
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B2 Tear Down/Time and Motion (TDTM) Study Site Protocol 
 

B2.1 Selection of Standard Auto Wreckers, Port Hope 
 

This portion of the research study was carried out at an ARC member site.  Standard Auto Wreckers in 

Port Hope, Ontario was chosen due to a number of important considerations. First and foremost, David 

Gold, President at Standard Auto Wreckers (Standard) was enthusiastic and incredibly supportive of the 

work being undertaken to advance plastic diversion from ELVs and offered his facility to host the 

assessment.   Standard had previously hosted an auto study resulting in the 2009 report entitled “Gate-

to-Gate Life Cycle Inventory Assessment of North American End-of-Life Vehicle Management Process”, by 

Susan S. Sawyer-Beaulieu and was open to engaging in additional research targeting the diversion of pre-

shredder ELV plastics. 

The study team visited with Standard staff, including David Gold, on December 17th , 2021 and noted a 

number of advantages in moving forward with selecting the Port Hope facility, including: 

• expansive, weather-proof, indoor disassembly work areas; 

• a dedicated dismantler technician to assist throughout the 5 day study period; 

• a high level of biosecurity with strict protocols for staff, resulting in zero COVID case transmission 

amongst staff; 

• availability during the January – February, 2022 study window; 

• a high level of throughput, providing access to a wide variety of ELVs to choose for inclusion in 

the sample population, and 

• a strong commitment of senior management and staff to assist the study group meet its goals and 

objectives.  

A critical factor impacting the work design was the impact of COVID protocols on work flow and staff 

availability.  Any staff member who was considered at risk, based on internal criteria, was required to 

isolate at home and not attend work. This protected staff but also had the consequence of reducing 

dismantling staff by almost 50% during the study period.  Despite this shortage, Standard staff were able 

to maintain study protocols and their commitment to facilitating the time and motion measures that were 

required for successful data gathering.  

 

B2.2 Considerations for TDTM Study Design 
 

The TDTM study carried out at Standard Auto Wreckers in Port Hope, Ontario was designed based on 

the following considerations: 
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1. The purpose of the TDTM study was to identify realistic options, opportunities and constraints 

related to the recovery of more plastics from ELVs at auto recycling facilities before ELVs are sent 

to metal shredders. 

2. The site work was designed to identify auto parts made of plastic that could easily be removed 

from vehicles as part of existing vehicle dismantling and parts recovery practices. 

3. In all cases, reuse is preferred to recycling, therefore any opportunity to reuse a plastic part is 

preferred to the recycling option. 

4. Where reuse of a plastic auto  part is not viable, recycling options should be pursued. 

5. As discussed in Tech Memo #1, ELVs have parts removed based on a pre-set list of items needed 

for stock or requested by the customers. The protocol was designed to fully acknowledged that 

the parts removal process must proceed unimpeded in order not to interfere with existing 

practices at the auto recycling facility. Recovery of additional plastic parts can only be sustainable 

longer term if it can co-exist with the current business approach. 

6. All vehicles undergo a minimum set of procedures such as depollution which includes removal 

and draining of gas tank and evacuation of other fluid reservoirs. Additional parts removed as 

standard procedure include: engines and drive train; wheels and brake rotors; catalytic 

converters; fuel tanks and batteries. 

7. Vehicles processed at Standard are tracked with a specific vehicle ID code which is attached to all 

parts and items removed. 

8. Every vehicle receives a work order and series of tags which indicate to the dismantler/technician 

what parts and assemblies are required to be removed for each vehicle. These are called ‘ticketed 

parts’. 

9. Un-ticketed parts, or unneeded parts are not saved, they are returned to the vehicle shell for 

crushing and eventual shredding. 

10. Some ticketed parts are recovered in order to maintain inventory stock, while other parts are pre-

sold. This demand for a particular part is what can also trigger the particular vehicle to be moved 

into the processing lineup, ahead of others. 

11. Vehicles are typically divided into two initial categories; a partial dismantle and a full dismantle. 

• Partial Dismantle – this often applied to later model or highly popular vehicles with a high parts 

demand.  Ticketed parts are removed and the remaining shell of the vehicle is stored outside as a 

whole unit, awaiting further parts recovery at a later date. 

• Full Dismantle – this approach to parts recovery involves a one-time visit with the dismantler 

where all parts required for inventory or sale are removed prior to the vehicle being directed to 

the crusher and ultimately the shredder. This may be due to the vehicle being in low demand – 

not worth keeping around after limited tickets are fulfilled - or in high demand, in which a high 

number of tickets are filled and there is limited value remaining in the vehicle for parts recovery. 

12. ELVs may arrive at the facility with damage to different components of the vehicle whereas some 

plastic parts may be recyclable e.g., damaged bumpers. 

13. Typically, ELVs have parts removed based upon market demand which is driven by a number of 

diverse factors such as: age of vehicle, brand, popularity, repairability, and frequency of 

damage/wear to parts and component.  

14. The TDTM study was designed to identify how more plastics could be recovered from vehicles in 

a way which fits in with current business practices at auto recyclers. 
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15. The selected protocol needed to fit in with existing processes at Standard Auto Wreckers in Port 

Hope, or follow a process that could realistically be implemented at this or other sites (i.e., recover 

more plastics in a way that is not be disruptive to the existing business model). 

16. The initial intention was to select and study vehicles of different models and ages for particular 

parts of the time and motion study where practical and the vehicles are available. Because of 

Covid restrictions and limited staff availability, the vehicles chosen were those most popular in 

the Canadian market (Toyota Corolla and F150 pickup truck), and two other vehicles which 

represent popular vehicles in the Canadian market (small SUV and Dodge Caravan). 

 

B2.3 Parts Removal Process Stages at Standard Auto Wreckers in Port Hope, Ontario. 
 

There are three distinct stages in the resale parts removal process which occurs at auto 

recycling/dismantling facilities that impact plastic recovery: 

o Stage 1: Pre-recovery – the time when easily removable plastic parts are directly accessible 

and recoverable, prior to resale parts being collected;  

o Stage 2: Recovery – the time when plastic parts can be recovered as the dismantler works to 

access the valuable or saleable parts on the ticket list; and 

o Stage 3: Post Recovery – the time after all saleable parts have been removed and prior to the 

ELV going to the crush pile and eventually the shredder. This may also include the stripping of 

plastic parts from process debris (i.e., non-saleable auto parts), and is the last opportunity to 

collect plastic parts not previously accessible  

The exact sequence in which a plastic part becomes accessible may shift depending on the ticket requests 

for a particular vehicle, and also on the particular vehicle design (sedan, pick-up truck; SUV, van, etc.).   

 

B2.3.1 Stage 1 - Pre-recovery – Plastics Removed Before Resaleable Auto Parts are Removed  

 

This stage includes all plastics parts which can be readily accessed prior to the recovery of valuable auto 

parts from the vehicle.  Based upon observations at Standard Auto Wreckers, the plastics parts in this 

category are most likely to include: 

a. Bumpers – front and back 

b. Engine splash guard and underbody covers 

c. Interior trim 

d. Trunk carpets 

e. Trunk molded panels 

f. Injection molded interior door panels 

g. Floor mats  

h. Visors 

i. Assist Handles 

j. Headlight and taillight assemblies 
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B2.3.2 Stage 2 – Recovery – Plastic Parts Removed from Vehicle During Recovery of Resaleable Auto 

Parts 

 

This stage includes the “surgical” removal of resaleable auto parts, which can typically originate in four 

main locations on the vehicle, namely: 

a. The interior – media centers, radios, speedometers and airbags are common items. 

b. The underbody and wheels – underbody panels, suspension assemblies, brake calipers and 

assemblies, shocks and struts, and tires and rims 

c. The engine compartment – the engine, transmission, alternator and starter, axles, steering 

linkages and catalytic converter 

d. The body – headlights and taillights, side mirrors, doors and assemblies, quarter panels and 

structural panels, and sunroofs/moonroofs. 

 

Based on this extensive list of potential resaleable parts, the Recovery Stage encompasses a wide range 

of possible parts that could be removed and hence allowing for access to a similarly broad range of plastic 

parts for recovery. The list of tickets per vehicle will dictate how deep a disassembler goes into a vehicle 

prior to directing the vehicles to the post recovery stage.  A high number of tickets means less additional 

effort that will be required to recover plastic parts, whereas a low number of tickets means every 

incremental plastic piece will require additional labour, and cost, to remove in a dedicated fashion. 

Most interior engine components and underbody parts are inaccessible prior to the mechanical 

disassembly effort. The most common, non-ticketed plastic parts which can be recovered as part of 

Recovery stage may include: 

a. Reservoirs – windshield fluid, radiator and brake fluid 

b. Climate management housing and ducts - filter assemblies and duct work 

c. Fuel tanks 

d. Light assemblies – head lights, taillights 

e. Engine compartment trim and covers 

f. Dashboards  

It would not be uncommon for parts to shift from Stage 1 to Stage 2 or Stage 3 to Stage 2, or vice versa, 

depending on the ticket list mandated in Stage 2. 

 

B2.3.3 Stage 3 - Post Recovery – Plastic Parts Removed from Vehicle After Removal of Valuable Auto 

Parts 

 

This stage refers to plastic parts than can be accessed after the traditional parts recovery step is complete.  

These include: 

a. Wheel arch liners 

b. Rocker panels 
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c. Seat belts 

d. Door panels 

e. Interior carpets 

f. Engine plastic trim, fittings, and assemblies 

g. Front and rear dash plastics 

h. Centre and upper consoles 

 

B2.4 TDTM Study Site Work Steps 
 

The study involved five days on-site at Standard Auto Wreckers in Port Hope Ontario. The vehicles 

included in the study were selected based upon a number of factors such as: 

a. The age of the vehicle – late model vehicles and aged out vehicles 

b. The type of vehicle construction – full frame vs unibody  

c. The category of the vehicle – e.g., pickup truck, compact auto, SUV, vans – all of which share 

similar characteristics but with notable differences 

d. The popularity of the vehicle – Canadian auto sales figures 

e. The availability of the vehicle – Standard vehicle inventory, immediate market demand for 

parts (presold parts). 

It should be noted that all vehicles selected for inclusion in this study were stock vehicles, meaning they 

were provided by Standard and possessed work order tickets for both stock parts and sold parts.  This 

“real world” process condition ensured that disassembly times, dismantler work pace and other 

throughput related variables were replicated to closely match industry standards. 

The study design recognized that the individual timing calculation for the removal of parts for an ELV 

was dependent on a number of factors: 

1. Each vehicle is unique due to many factors, such as: 

a. Age,  

b. Wear 

c. Condition of arrival – e.g., front end collision 

d. Ticket order quantity 

e. Vehicle type – car, truck, van, mid-size crossover etc. 

f. Vehicle design – full frame vs unibody 

2. Auto Technician efficiency  

3. Facility practices – the standard list of “must take” items may differ between sites depending on 

access to markets, environmental considerations and other considerations. 

4. Vehicle complexity – some parts are collectively accessed in groups or in assemblies which are 

measured as a lot or a mix of plastics. For example, the headlight assembly may include a 

multitude of different plastic parts and resins, or a dashboard may include a number of pieces 

which share a common access time and are removed as a group of mixed parts. 

5. Vehicle ticket lists –vehicles with short ticket lists, as compared to thorough tear downs, have 

significantly different sunk cost times, in terms of the technician time invested in the harvesting 
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of saleable parts, and which consequently impacts the amount of zero-cost availability ELV 

plastics for recovery. 

Two members of the Kelleher team were on site each day to direct the technician to remove particular 

parts and measure the time involved. 

Detailed recording sheets were designed ahead of time for recording the weight of each plastic part 

removed, as well as the time involved and the resin.  In most cases, the resin was labelled on the part.  
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B3 TDTM Study Results 
 

A five-day tear down/time in motion study was carried out at Standard Auto Wreckers in Port Hope 

from Jan 24-28, 2022. 

For the five days that the team was on site, plastics from five vehicles under different circumstances 

were measured: 

a. Ford F150 - 2007 

b. Dodge Caravan - 2012 

c. Toyota Corolla - 2009 

d. KIA Soul - 2016 

e. Toyota Highlander – 2012 (different methodology). 

 

These vehicles were chosen to reflect the most frequently handled vehicles at Standard Auto Wreckers  

as well as representing a cross section of commonly sold vehicle sizes from a full-size truck, compact car, 

vans, sub-compact crossovers and mid-size crossover SUVs. This selection also allowed for a review of 

both full frame and unibody vehicles in addition to being readily available at Standard Auto. 

For four of the vehicles (a.-d. above), the normal ticketed parts recovery “business as usual” process took 

place, but the technician was instructed to remove additional plastic parts identified by the study team 

during this time.  

In the case of the fifth vehicle (e.), the Toyota Highlander, the technician carried out ticketed parts 

recovery as usual. However, no additional plastic part removal was requested by the study team.  The 

technician was asked to set aside the plastics produced during normal parts salvaging operations in a 

separate bin.  The plastics in the bin were later identified by resin and part type, where possible, after the 

process was complete. This different approach was used to explore the potential for a “mixed plastics” 

program as part of the Roadmap.  

Overall, a great number of similarities and contrasts were noted in the approach and outcomes from 

vehicle disassembly, such as the ease of access to different volumes of plastic based upon styles, finishes 

and general vehicle construction. This distinction was nowhere more apparent than when contrasting a 

popular vehicle (the Toyota Corolla) torn down on the second day of the site work, and the most popular 

pick-up truck sold in Canada – the F150, torn down on the third day.   

Both vehicles suffered notable side impact damage, however, the size difference and unibody design of 

the Corolla versus the F150’s full frame engineering required the Technician to approach the dismantling 

in significantly different ways. The Corolla’s engine compartment was structurally disconnected and had 

the engine dropped through the compartment and removed from the vehicle, while the F150 had the 

entire cab disconnected and lifted off the frame to allow access to the engine for removal, due to the full 

frame underlying the engine and drivetrain. 

The following sections present the results of the field work.  
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B3.1 Ford F150 
 

Figure 1 shows some plastic parts removed from the F150. The technician is at the left hand side of the 

picture.  

 

Figure 1:  Plastic Auto Parts Removed from F150 During TDTM Study 

Table 1 presents the plastic parts removed from the Ford 150, the time taken to remove each specific 

plastic part, and the resin each part was made from where it could be identified. 

Table 1:  Plastic Parts Removed from Ford F150 During TDTM Study 

Detailed Parts in Category 
Total time 
(minutes) 

Weight (kg) Resin 

Center consoles 10.4 min.                        10.1 KG ABS 

Hood grill 8.3 min.                          2.2 KG ABS 

Side view mirror 0.9 min.                          2.3 KG ABS PP 

Dashboard assembly 53.7 min.                        10.9 KG ABS+PC 

Air duct systems 103.2 min.                          7.4 KG HDPE 

Fuel tank 7.0 min.                        11.3 KG HDPE, LLDPE, EVOH1 

Seat belt (x1) 0.5 min.                          0.1 KG PET/Polyester2  

Rear light assembly trunk (x2) 1.5 min.                          1.2 KG Acrylic ABS PC 

Centre rear light 1.9 min.                          0.3 KG Acrylic ABS PC 

Head Light assembly (x1) 2.7 min.                          1.7 KG 
Acrylic ABS PC PP TD20 
(20% talc) 

Driver front door panel 7.7 min.                          5.8 KG PP 

Half door panel 3.4 min.                          3.4 KG PP 

 
1 EVOH: Ethylene-vinyl alcohol copolymer;  

2 Estimate 



pg. 10   Kelleher et al  Appendix B: ARC Auto Plastics Roadmap Tech Memo #2 –Tear Down Time and Motion Study 14th March, 2022 

 
 

Interior trim  18.0 min.                          1.3 KG PP 

Reservoir windshield 2.9 min.                          0.4 KG PP 

Reservoir radiator 3.4 min.                          0.9 KG PP 

Reservoir brake fluid 7.9 min.                          0.2 KG PP 

Reservoir power steering 3.8 min.                          0.3 KG PP 

Windshield hood trim  6.4 min.                          1.6 KG PP 

Battery bracket housing 0.7 min.                          0.6 KG PP 

Radiator cover trim 0.4 min.                          0.3 KG PP 

Radiator fan shroud  10.5 min.                          2.6 KG PP 

Trim - bed box (x2) 0.3 min.                          1.8 KG PP 

Overhead consoles 0.3 min.                          0.1 KG PP 

Rear bumper trim 0.3 min.                          1.6 KG PP-LDPE 

Visors 0.5 min.                          1.1 KG PVC, PTT3 

Air cleaner box 2.0 min.                          1.8 KG TEO4 PP 

Battery cover 0.3 min.                          0.2 KG TPE5 

Bumper - front 15.6 min.                          3.6 KG TPO 

 Total 274.7 min.                     74.97 KG   

 

In total, about 75kg of plastic was removed from the F150 during a period of 275 minutes (4.6 hours).  It 

is worth noting specific reasons why some plastic parts took a significant amount of time to extract from 

the F150: 

• Hood grill, 8.3 minutes – this part was connected under the edge of the hood with screws and 

clips, some of which were not easily accessible, difficult to locate and some which were seized in 

place. For high resale parts, care must be taken to ensure damage is avoided. 

• Dashboard assembly, 53.7 minutes – this combination of pieces is typically removed in a 

structured trial and error approach. Due to the high number of fasteners and intricate dependent 

assemblies, it is not simple or straightforward. There is a steel structural frame in the middle of 

the dash structure that must often be removed from the vehicle to facilitate access. This can be a 

difficult and slow process, especially on older vehicles or models known to have seized/rusted 

fasteners. Removal of the dash also requires depressurizing the air conditioning system in addition 

to draining the heater core/coolant liquids. 

• Fuel tank, 7.0 minutes – this is a laminate plastic which often combines two or more different 

types of plastic. The fuel lines, fuel pump, breather unit and sensors must also be disconnected 

prior to depollution and draining the tank.  

• Interior trim, 18 minutes – this category includes multiple pieces which are most easily accessible 

after the disconnection of the ceiling mounted, assist handles. This group includes ceiling, post 

and floor trim pieces. 

• Radiator fan shroud, 10.5 minutes – this is removed after the trim pieces and radiator are 

disconnected. 

 
3 Estimate - PTT: Polytrimethylene terephthalate 
4 TEO: Tetraethyl orthosilicate 
5 TPE: Thermoplastic elastomers 
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• Front bumper, 15.6 minutes – the bumper is part of the front body panel assembly and connects 

with the lower metal bumper, the grill housing, the side quarter panels and the headlight 

assemblies. These assemblies have a high number of fasteners. In other vehicles, removal of the 

bumper can be much faster. 

• Carpet - On this Ford, the seats bolts required a specialized Torx head driver for the technician’s 

impact gun, and 2 bits were broken attempting to unfasten the seats from the body. This 

resistance to disassembly is not unexpected with Ford vehicles as the Technician warned the study 

team in advance of previous challenges that he had faced working with them. This inability to 

remove the seats prevented the removal of the carpets from the truck and lowered the overall 

plastic recovery volumes incrementally. 
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Table 2: Plastics Removed from the Ford F150 by Resin Type 

Resin Time % Time Weight % Weight 

PET/Polyester                      0.5 min. 0.2%                    0.1 KG 0.2% 

TPE                     0.3 min. 0.1%                    0.2 KG 0.3% 

PVC, PTT                     0.5 min. 0.2%                    1.1 KG 1.5% 

Acrylic ABS PC                     3.4 min. 1.2%                    1.6 KG 2.1% 

PP-LDPE                     0.3 min. 0.1%                    1.6 KG 2.1% 

Acrylic ABS PC PP TD20                     2.7 min. 1.0%                    1.7 KG 2.2% 

TEO PP                     2.0 min. 0.7%                    1.8 KG 2.4% 

ABS PP                     0.9 min. 0.3%                    2.3 KG 3.1% 

TPO                   15.6 min. 5.7%                    3.6 KG 4.7% 

HDPE                 103.2 min. 37.6%                    7.4 KG 9.8% 

ABS +PC                   53.7 min. 19.5%                 10.9 KG 14.5% 

HDPE, LLDPE, EVOH                     7.0 min. 2.5%                 11.3 KG 15.1% 

ABS                   18.7 min. 6.8%                 12.3 KG 16.4% 

PP                   65.8 min. 23.9%                 19.2 KG 25.6% 

Total                274.7 min. 100.0%                 75.0 KG 100.0% 

 

This  table illustrates the large number of different plastic resins used in the Ford F150.  Of the total plastic 

removed, the largest proportion of a single plastic resin is PP at 25%, followed by ABS at 16%. The Ford 

F150 has a high percentage content of PP and ABS which is not necessarily the same as other brands and 

non-domestic vehicles. It may also be a result of the F150 being a 4-door extended cab model which has 

2 front doors and 2 half doors for rear seat access. This increased interior space, as compared to a standard 

2 door pickup truck, would have significantly more PP in such items as trim and door panels. 

The third resin with the highest proportion of plastic is fuel tanks composed of complex or laminated 

plastics. Due to the single part making up this component, it would a potential opportunity for further 

focus, as auto wreckers are required to remove all fuel tanks for depollution, rendering them a sunk cost.    

 

B3.2 Dodge Caravan 
 

The 2012 Dodge Caravan underwent a full dismantle during the study, which means that the vehicle was 

to have all saleable parts removed from it prior to being sent for crushing and ultimately shredding.  The 

Dodge Caravan is a unibody structural design which means that the front end of the vehicle can be 

disassembled without lifting the engine out of the vehicle. Once the drivetrain is disconnected, the entire 

assembly can be lowered out of the vehicle. Despite a compact engine compartment design, it allows for 

ease of access to components once this occurs. 
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Figure 1 shows the technician taking auto plastic out of one of the vehicles studied. 

 

 

Figure 2:  Technician Dismantling Dodge Caravan for Tear Down/Time and Motion 

The following table outlines the plastic parts removed from the Caravan and the corresponding weights 

and times calculated for their access and removal. The Caravan was the fourth vehicle put through the 

study process and it will be noted that the minimum threshold for parts was raised to 0.4 Kg for this 

vehicle. 
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Table 3: Plastic Parts Removed from the Dodge Caravan during Tear Down Time and Motion Study 

Detailed Parts in Category Total time Weight (kg) Resin 

Store n’ Go Seat bin liner 2.7 min. 0.7 KG ABS 

Battery bracket 0.3 min. 0.6 KG ABS 

Hood grill 0.3 min. 1.7 KG ASA (Acrylonitrile styrene acrylate) 

Side view mirror 1.0 min. 1.6 KG ASA shell (POM inside) 

Blower motor 0.3 min. 1.4 KG 
GFPP30 (30% glass-reinforced 
polypropylene) 

Wheel liner 0.3 min. 1.2 KG HDPE 

Roof rack rail 1.8 min. 1.5 KG 
Nylon 6 GF+M 40 (40% glass fibre and 
mineral reinforced)  

Engine cover and related trim w/o 
insulation 

0.3 min. 1.1 KG Nylon 6 GF5 M20 

Radiator fan and shroud 0.3 min. 3.5 KG Nylon 66 GF+M 

Ceiling console 0.3 min. 0.7 KG PC ABS 

Spoiler 1.8 min. 2.7 KG PC+ABS 

Interior trim 39.3 min. 9.2 KG 
PC+ABS PP ABS+PP TEO PP+TD20 (20% 
Talc) 

Reservoir - windshield  0.3 min. 0.8 KG HDPE 

Reservoir - radiator  0.3 min. 0.5 KG HDPE 

Fuel tank 6 9.5 min. 8.5 KG HDPE, EVOH, LLDPE 

Floor mats  0.3 min. 3.1 KG PET 

Headlight assemblies  0.7 min. 4.1 KG Acrylic, ABS, PC, PP  

Rear light assembly - body  1.1 min. 1.3 KG Acrylic, ABS, PC, PP  

Sliding door panel 7.7 min. 2.2 KG PP 

Inside sliding door bracket 9.8 min. 2.3 KG PP 

Inside rigid door bracket 7.3 min. 1.9 KG PP 

Rear bumper bracket 2.8 min. 0.9 KG PP 

Wheel well walls 3.3 min. 1.8 KG PP 

Trunk hatch panel 0.3 min. 3.4 KG PP 

Trunk hatch sill trim 0.3 min. 0.5 KG PP 

Trunk hatch door trim 2.9 min. 1.9 KG PP 

Air cleaner housing assembly 0.3 min. 2.1 KG PP 

Radiator fan assembly 0.3 min. 3.9 KG PP 

Windshield hood trim 4.1 min. 1.9 KG PP10% Talc 

Door panels  4.1 min. 5.3 KG PP TPO 

Hub caps 0.3 min. 0.4 KG PP Nylon 

Sliding door exterior trim 1.3 min. 0.5 KG TEO 

Exterior door rail trim 0.7 min. 0.5 KG TEO 

Dashboard assembly 60.2 min. 21.0 KG TEO PP+TD20 PP ABS+PP HDPE ABS+PC 

 
6 a similar model fuel tank was used to determine the weight 
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Rocker panels  2.2 min. 1.7 KG TPO 

Bumper - front 7 0.3 min. 3.9 KG TPO 

Bumper - rear 6.3 min. 5.0 KG TPO 

 Total 175.6 min. 104.9 KG   

 

The total plastic removed from the Caravan was calculated at almost 105 kg with a removal time of 175 

min or 2 hours, 55 minutes.  This time does not include any allocations for work by the Technician to 

access ticketed parts as these would be considered sunk costs. The times referenced above only indicate 

the additional time required to remove the plastic parts intended solely for recycling. If a part was 

required to be removed prior to the removal of another part, the first item removal times were included 

in the second item’s time value. 

Specific parts and assemblies required more incremental effort than other plastic items, such as: 

• Interior trim - this group of parts covered the interior of the van and includes ceiling, floor and 

wall trim in addition to wall panels and post trim. While some pieces could be removed 

independently, many pieces required prior access through other pieces, such as removing 

seatbelt straps in order to remove post trim, removing assist handles to remove ceiling trim and 

removing floor and ceiling trim to remove interior wall panels. 

• Dashboard assembly – the dashboard assembly, similar to the F150, is an intricate and complex 

assembly which for this vehicle includes dash trim, molded dash cover, vertical console trim and 

side walls in addition to console components such as gauges and environmental controls. Due to 

the interdependency of all of these pieces, it was considered more precise to report these 

volumes as a single lot, with a single time factor, rather than potentially misrepresent the time 

values by segregating them. This also accounts for the broader mix of resins reported in this 

group.  

• Seats – seats were not removed from the vehicle due to similar concerns that the tools may break 

as the Technician attempted to disengage seized bolts and screws. This also prevented the carpet 

from being assessed for time and weight. 

• Door brackets – the sliding door and hinged door brackets require the associated door panels to 

be removed prior to extraction. These times are included in the bracket removal times.  

• Rear bumper - The rear bumper initially had the removal process started while the vehicle was 

sitting on the ground, but it was raised on the hoist to get at the remaining screws and clips on 

the bumper. 

  

 
7 Item detached at arrival, 20 seconds minimum time allocation 
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Table 4: Plastics Removed from the Dodge Caravan by Resin Type 

Resin Time % Time Weight % Weight 

PP Nylon       0.3 min. 0.2%             0.4 KG 0.4% 

TEO     1.9 min. 1.1%             1.0 KG 0.9% 

Nylon 6 GF5 M20   0.3 min. 0.2%             1.1 KG 1.1% 

HDPE    1.0 min. 0.6%             2.4 KG 2.2% 

ABS   3.0 min. 1.7%             1.3 KG 1.2% 

GFPP30   0.3 min. 0.2%             1.4 KG 1.3% 

Nylon 6 GF+M 40  1.8 min. 1.0%             1.5 KG 1.4% 

ASA shell (POM inside)    1.0 min. 0.6%             1.6 KG 1.5% 

ASA   0.3 min. 0.2%             1.7 KG 1.6% 

PP+10% Talc   4.1 min. 2.3%             1.9 KG 1.8% 

PET  0.3 min. 0.2%             3.1 KG 2.9% 

PC ABS   2.1 min. 1.2%             3.4 KG 3.2% 

Nylon 66 GF+M    0.3 min. 0.2%             3.5 KG 3.3% 

PP TPO    4.1 min. 2.3%             5.3 KG 5.0% 

Acrylic ABS PC PP       1.7 min. 1.0%             5.4 KG 5.1% 

HDPE, EVOH, LLDPE     9.5 min. 5.4%             8.5 KG 8.1% 

PC+ABS PP ABS+PP TEO PP+TD20   39.3 min. 22.4%             9.2 KG 8.8% 

TPO     8.7 min. 5.0%          10.5 KG 10.1% 

PP   35.1 min. 20.0%          20.8 KG 19.8% 

TEO PP+TD20 PP ABS+PP HDPE ABS+PC    60.2 min. 34.3%          21.0 KG 20.1% 

 Total    175.6 min. 100.0%        104.9 KG 100.0% 

 

Table 4 indicates that the highest volumes of mixed plastic pieces and resins (TEO PP+TD20 PP ABS+PP 

HDPE ABS+PC) in the amount of 21 kg took over 60 minutes to remove.  This “mixed bag” of plastics was 

from the dashboard dismantle and was grouped as a single unit due to the complex interconnectivity of 

the pieces and assemblies. Despite being a larger volume of pieces, it was only recovered at just over 0.30 

kg/min. 

Plastics which demonstrate a higher yield per minute of labour of homogenous materials are the TPO 

bumper plastic at 10.5 kg in 8.7 minutes and the fuel tank at 8.5 kg in 9.5 minutes. The fuel tank was made 

from a laminate of HDPE, EVOH, and LLDPE. 

 

B3.3 Toyota Corolla 
 

The 2009 Toyota Corolla is considered a compact car and this vehicle was subject to a full dismantle as a 

result of a side impact collision. The damage acquired by the vehicle prior to the end of life will affect what 
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saleable parts are removed from the vehicle. This in turn may alter the plastic recovery potential at the 

time of the dismantle. Figure 1 presents the Toyota Corolla dismantled for the study. 

 

Figure 3:  Toyota Corolla Used for the TDTM Study 

 

Table 5: Plastic Parts Removed from the Toyota Corolla during Tear Down Time and Motion Study 

Detailed Parts in Category Total time Weight (kg) Resin 

Shifter assembly 8.6 min. 1.1 KG ABS 

Center console 5.4 min. 2.6 KG ABS, ABS+Nylon 6, PP+E/P TD20 PC+ABS 

Side view mirror 0.3 min. 1.1 KG ASA PP 

Engine cover and trim 0.7 min. 1.0 KG Nylon 6 GF5 M20 

Overhead console 0.2 min. 0.5 KG PC+ABS, PC+AEPBS, PC 

Underbody cover - under bumper 0.3 min. 0.7 KG HDPE 

Air duct systems – part 1.0 min. 0.3 KG HDPE 

Front wheel well liner 4.8 min. 0.6 KG HDPE 

Fuel tank 2.3 min. 8.1 KG HDPE, EVOH, LLDPE 
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Floor carpet (one side) 10.0 min. 3.5 KG PET 

Trunk carpet 0.3 min. 1.1 KG PET, EPP + PE, PUR  

Headliner substrate 4.6 min. 1.3 KG PET, PUR-GF 

Seat belt 2.5 min. 4.0 KG PET/Polyester 

Headlight assemblies 6.5 min. 4.6 KG Acrylic ASA PC PP  

Rear light assembly  11.5 min. 0.8 KG Acrylic, ASA PC 

Interior trim - rear 2.5 min. 1.7 KG PP 

Reservoir brake fluid  0.3 min. 0.2 KG PP 

Windshield hood trim 6.0 min. 1.5 KG PP 

Transmission cover 3.0 min. 0.4 KG PP 

Steering column trim  0.8 min. 0.3 KG PP 

Air ducts & filter assemblies 2.7 min. 0.3 KG PP HDPE 

Mixed parts  0.3 min. 1.0 KG PP, PC, ABS 

Interior trim 9.8 min. 2.5 KG PP, PP+E/P (ethylene/propylene) TD20 

Dashboard assembly 38.3 min. 11.6 KG 
PP, PP+E/P, HDPE, Acrylic, PPTD40, PC+ABS, 
ABS+Nylon 6, PP+E/P TD20 

Door panel  0.3 min. 2.1 KG PP/PE 

Trunk molded panels  0.3 min. 1.0 KG PP/PE 

Reservoir - windshield  4.4 min. 0.5 KG PP/PE 

Reservoir - radiator 1.3 min. 0.6 KG PP/PE 

Reservoir windshield #2 0.3 min. 0.2 KG PP/PE 

Rocker panel  1.4 min. 1.8 KG PP+E/P-TD10 

Radiator fan assembly 0.8 min. 4.5 KG PP-GF25 

Rear dash trim 7.3 min. 2.3 KG PP-TD10 

Fuse box cover 7.4 min. 2.3 KG PP-TD10 

Air cleaner assembly 5.6 min. 2.1 KG PP-TD40, HDPE 

Fuel tank breather assembly 1.2 min. 3.0 KG PP-TD40, HDPE 

Visors 1.3 min. 0.8 KG PVC, PTT 

Bumper - front  4.0 min. 6.2 KG TPO 

Bumper – rear 4.1 min. 7.1 KG TPO 

Floor mats  0.3 min. 2.5 KG TPO PET 

 162.7 min. 87.5 KG  

 

Table 5 indicates that the Toyota Corolla yielded approximately 88 kg of plastic auto parts in 162 minutes, 

or 2 hours, 42 minutes.   

TPO bumpers provided a good opportunity to recover a high amount of single resin plastic with a low cost 

of only 8.1 minutes for 13.3 kg of plastic. Compared to mixed resins and mixed parts, optimal recovery 

opportunities rely on low contamination and low recovery costs. 
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Floor carpet – requires the removal of all seats and the center lower console in order to gain access. Seats 

are not always easy to remove due to seized parts and fasteners. 

Trim and door panels - on a smaller vehicle like the Corolla, these items are easier to access. The 

Technician was able to pull a number of trim assemblies off the vehicle in addition to the door panel, with 

the removal of very few fasteners. On smaller vehicles, the removal of plastic for recycling can sometimes 

be slightly less time consuming since some pieces are less resilient than larger vehicles like trucks and 

vans. 

Headlights and taillights – both of these assemblies were removed with the headlight yielding a high 

volume of plastic for time spent at 4.6 kg/6 minutes vs the taillight which posed some difficulty for the 

dismantler at 0.8kg in 11.5 minutes.   

Table 6: Plastics Removed from the Toyota Corolla by Resin Type 

Resin Time % Time Weight % Weight 

PP HDPE 2.7 min. 1.6% 0.3 KG 0.3% 

PC+ABS, PC+AEPBS, PC 0.2 min. 0.1%    0.5 KG 0.5% 

Acrylic, ASA PC   11.5 min. 7.1%    0.8 KG 0.9% 

PVC, PTT       1.3 min. 0.8%    0.8 KG 0.9% 

PP, PC, ABS 0.3 min. 0.2%    1.0 KG 1.1% 

Nylon 6 GF5 M20 0.7 min. 0.4%    1.0 KG 1.2% 

PET, EPP + PE, PUR  0.3 min. 0.2% 1.1 KG 1.2% 

ASA PP  0.3 min. 0.2% 1.1 KG 1.3% 

ABS 8.6 min. 5.3%    1.1 KG 1.3% 

PET, PUR-GF 4.6 min. 2.8%    1.3 KG 1.5% 

HDPE 6.1 min. 3.7% 1.5 KG 1.7% 

PP+E/P-TD10 1.4 min. 0.9%    1.8 KG 2.1% 

PP, PP+E/P TD20 9.8 min. 6.0%    2.5 KG 2.8% 

TPO PET 0.3 min. 0.2%    2.5 KG 2.9% 

ABS, ABS+Nylon 6, PP+E/P TD20 PC+ABS 5.4 min. 3.3%    2.6 KG 3.0% 

PET   10.0 min. 6.1%    3.5 KG 4.0% 

PET/Polyester      2.5 min. 1.5%    4.0 KG 4.6% 

PP  12.6 min. 7.7%    4.0 KG 4.6% 

PP/PE      6.7 min. 4.1%   4.5 KG 5.1% 

PP-GF25 0.8 min. 0.5%    4.5 KG 5.1% 

PP-TD10   14.7 min. 9.0%    4.6 KG 5.2% 

PMMA ASA PC PP       6.5 min. 4.0%   4.6 KG 5.3% 

PP-TD40, PE-HD 6.8 min. 4.2%    5.1 KG 5.8% 

PE-HD, E/VAL, PE-LLD 2.3 min. 1.4%    8.1 KG 9.3% 

PP, PP+E/P, PE-HD, Acrylic, PP TD40, PC+ABS, ABS+PA6, 
PP+E/P TD20 

  38.3 min. 23.5% 11.6 KG 13.3% 

TPO      8.1 min. 5.0%  13.3 KG 15.2% 
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     162.7 min. 100%  87.5 KG 100% 

 

Table 6 shows that the Toyota Corolla has a lower proportion of PP parts, at approximately 5%, when 

compared to Ford F150 at 25% and the Dodge Caravan at approximately 20%.   

The breakout of common accessible plastic parts and their resin categories may require further 

investigation to better ascertain how this would impact diversion program design. 

 The heaviest part group was the dashboard assembly which was partially removed for a total of 11.6kg 

in 38 minutes. There were difficulties in accessing the full range of dash components due to seized 

fasteners which prevented further dashboard plastic recovery.  While dashboard plastic parts are sizeable, 

they are also diverse and were composed of mixes of PP, PP+E/P, HDPE, Acrylic, PPTD40, PC+ABS, 

ABS+Nylon 6, PP+E/P TD20.   

 

B3.4 KIA Soul 
 

The 2016 KIA Soul is considered a sub-compact crossover SUV, with 4 doors and a rear full size hatch door. 

Similar to a van, the SUV crossover typically has more interior trim and better access than car models. The 

KIA Soul has a unibody frame construction. Figure 4 shows the front of the Soul with various plastic parts. 

 

Figure 4:  Kia Soul Used for TDTM Study 

The Soul was involved in a front-end collision and the grill, quarter panel and some of the interior engine 

compartment components were missing. Some plastic parts for this vehicle were going to resale rather 

than being available for recycling. This is a common occurrence with many vehicles where the plastic 

components are resold instead of discarded. 
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Table 7: Plastic Parts Removed from the KIA Soul during Tear Down Time and Motion Study 

Detailed Parts in Category Total time Weight (kg) Resin 

Side view mirror 9.4 min. 1.6 KG ASA PP 

Floor mats  0.3 min. 2.0 KG Nylon 6+SBS 

Underbody covers - side 0.3 min. 1.2 KG PET PP, PP-GF 

Floor carpet 16.0 min. 6.3 KG PET, EPP + PE, PUR  

Back hatch folding dash 0.3 min. 2.2 KG PET, WD-PP 

Rear light assembly  11.2 min. 2.7 KG PMMA, ABS, PC  

Inner structural rear bumper 3.3 min. 2.7 KG PP 

Underbody cover – front 0.7 min. 2.0 KG PP 

Radiator fan/reservoir assembly8 9.8 min. 2.8 KG PP 

Fuse panel box with fuses 12.1 min. 1.0 KG PP  

Air cleaner housing 2.8 min. 3.0 KG PP  

Front grill 1.7 min. 0.6 KG PP TD20 

Inner door panel assembly 12.1 min. 3.0 KG PP-GF30 

Windshield hood trim 2.8 min. 1.7 KG PP-TD 40 

Interior trim  22.9 min. 10.3 KG 
PP-TD20, PS-CAR, PP+E/P 
(ethylene/propylene) 

Assist handles 4.5 min. 0.4 KG PS 

Cargo management - trunk 0.3 min. 1.2 KG PS CAR 

Rocker panel  0.7 min. 3.2 KG PS CAR 

Trunk base cover 0.3 min. 3.2 KG PS CAR 

Radiator bracket and front trim  8.2 min. 5.2 KG PS CAR 

Battery tray 0.3 min. 0.4 KG PS CAR 

Trunk trim  0.3 min. 0.8 KG PS CAR, PP+E/P 

Door Panel 20.7 min. 3.4 KG PS CAR, PP+E/P-TD5 

Engine cover and trim  0.3 min. 1.2 KG PUR-E/PP 

Floor mats  0.3 min. 3.2 KG TPE 

Bumper – rear 1.0 min. 6.7 KG TPO 

Headliner Substrate 5.6 min. 5.7 KG TPO, PP 

 Total 148.2 min. 77.5 KG   

 

All of the vehicles dismantled present unique challenges to the dismantler and subsequently the plastic 

recycler. The following points illustrate some of the unique aspects the KIA Soul presented. 

Door panel – this part took almost 21 minutes to remove due to a high number of fasteners, and the lack 

of familiarity of the Technician with this model’s door assembly. While the Technician did possess a great 

deal of experience, he had not worked on this vehicle in over a year. This may also be attributed to the 

 
8 the reservoir was included in the assembly 
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KIA Soul being a 2016 and many vehicles coming through the shop were, on average, older models than 

6 years. 

Rear taillights – The rear taillights required the removal of some interior trim on the vertical stanchions 

as well as the removal as some lower trunk trim, take out some trunk trim. 

 

Rear seats - The rear seat in the Kia is bolted down in a very inconvenient place resulting in additional 

time to remove the seat. The seats were not included as plastic due to the low plastic to metal content. 

Seat construction is primarily polyurethane foam over a heavy metal frame. The foam core is not easily 

separated. The rear seats were removed as the passenger side, rear quarter panel had a ticket and was 

being cut from the vehicle body. 

 

Radio/media screen - was a ticketed part and was to be removed from the dashboard. This required 

partial removal of the dashboard components. This is not typically common.  

Air bags - all of the airbags had been deployed, so it was not possible to recycle them. Battery 

disconnection is required to deactivate the airbags, had they not deployed. This is common to all 

dismantles.    

Air conditioner – the air conditioning system needed to be drained and evacuated so that the coolant 

Freon does not escape to the atmosphere. This can take 20-30 minutes depending on size of system and 

is a sunk labour cost as it is required for depollution. 

 

Sunk labour costs - the battery tray had to come out to get access to the rest of the engine. In a unibody 

design, in a sub-compact vehicle, like the KIA Soul, many parts must be removed from the engine 

compartment in order to disconnect the drivetrain. The parts would all be considered sunk labour cost 

parts for recycling. 

 

Windshield hood trim must be removed in in order to get hood hinges removed  

Sunroof – this is a common regularly resold part and is removed, if undamaged. The assist handles, the 

visors and the roof center console all have to come out so that the headliner substrate can be removed 

and then the sunroof can be accessed. 

Fuel tank – the KIA had a metal fuel tank, unlike the fuel tanks from the other three vehicles examined 

which were all plastic.  

 
  



pg. 23   Kelleher et al  Appendix B: ARC Auto Plastics Roadmap Tech Memo #2 –Tear Down Time and Motion Study 14th March, 2022 

 
 

Table 8: Plastics Removed from the KIA Soul by Resin Type 

Resin Time % Time Weight % Weight 

PP PA          0.3 min. 0.2%           0.4 KG 0.4% 

PS              4.5 min. 3.0%           0.4 KG 0.5% 

PP TD20              1.7 min. 1.1%           0.6 KG 0.7% 

PS CAR, PP+E/P              0.3 min. 0.2%           0.8 KG 1.0% 

PET PP, PP-GF              0.3 min. 0.2%           1.2 KG 1.5% 

PUR-E/PP              0.3 min. 0.2%           0.8 KG 1.5% 

ASA PP              9.4 min. 6.3%           1.6 KG 2.1% 

PP-TD 40              2.8 min. 1.9%           1.7 KG 2.1% 

Nylon 6+SBS              0.3 min. 0.2%           2.0 KG 2.6% 

PET, WD-PP              0.3 min. 0.2%           2.2 KG 2.9% 

Acrylic, ABS, PC               11.2 min. 7.5%           2.7 KG 3.5% 

PP-GF30            12.1 min. 8.2%           3.0 KG 3.9% 

TPE 0.3 min. 0.2%           3.2 KG 4.1% 

PS CAR, PP+E/P-TD5              20.6 min. 13.9%           3.4 KG 4.4% 

TPO, PP            5.6 min. 3.8%           5.7 KG 7.4% 

PET, EPP + PE, PUR               16.0 min. 10.8%           6.3 KG 8.1% 

TPO            1.0 min. 0.7%           6.7 KG 8.6% 

PP-TD20, PS-CAR, PP+E/P              22.9 min. 15.5%         10.3 KG 13.2% 

PP      28.7 min. 19.3%         11.5 KG 14.8% 

PS CAR            9.7 min. 6.7%         13.2 KG 17.0% 

 Total 148.2 min. 100%        77.5 KG 100% 

 

B3.5 Toyota Highlander 
 

The 2021 Toyota Highlander was dismantled independent of the TDTM component of the study.  This 

vehicle subject was not timed but selected to assess the types and quantities of plastic parts being 

removed from a typical vehicle during a standard, ticketed full dismantle.  

The Technician was instructed by Standard to separate the plastic parts they would typically place with 

mixed metals scraps and debris. On a regular day, all materials coming off a vehicle during a dismantle are 

returned to the vehicle if not purposefully redirected for resale or non-shredder recovery.   

The parts for this vehicle were set aside for inspection by study staff who weighed and identified the part 

and resin(s) where possible to assess what a zero-cost plastic recovery approach might represent. 

Figure 1 shows one of the plastic parts recovered from the Hylander plastic placed in a separate bin during 

regular dismantling. 
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Figure 5:  Plastic Recovered from Toyota Highlander Bin. 

Table 9 summarizes the parts identified in the bin and their associated weights and resins. 

Table 9: Plastic parts by Resin Type from Toyota Highlander during Typical Disassembly 

Detailed Parts in Category Weight (kg) Resin ID 

Mud Flap   0.4 KG E/P 

Misc. rubber pieces - gaskets and engine hoses           4.2 KG mixed 

Wheel well liner         0.9 KG GF PE 

Head Light assembly        0.2 KG PC – HI (high impact) 

Engine trim    0.1 KG HDPE 

Underbody cover – front bumper      0.3 KG HDPE 

Under body cover - sides   3.3 KG HDPE 

Floor carpet - under front seat into 2nd row      1.2 KG PET carpet 

Floor carpet - second row floor mat         1.4 KG PET rubber 

Interior trim            0.1 KG PP 

Floor carpet - trunk storage flap        0.3 KG PP rigid base, PET skin 

Trunk sill latch trim        0.3 KG PP/TD 

Windshield hood trim        1.5 KG PP/TD 

Door panel - rear hatch            2.5 KG PP/TD10 

Interior panel – wall           1.7 KG PP-E/P  

Interior housing piece          0.1 KG PP-E/P 

Trunk organizer          2.2 KG PP-E/P 
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Interior panel              0.7 KG PP-E/P 

Interior panel                0.8 KG PP-E/P 

Trunk organizer                0.5 KG PP-E/P 

Interior panels w/ cup holder            0.7 KG PP-E/P 

Interior panel         0.4 KG PP-E/P 

Interior trim         0.3 KG PP-E/P 

Engine cover and trim             0.3 KG PP-E/P 

Engine trim                0.1 KG PP-E/P 

Wheel well liner (exterior)       0.5 KG PP-E/P 

Floor carpets - trunk storage flap       0.5 KG PP-E/P w/ PET carpet 

Floor carpets - trunk flap (x4 pc)        2.7 KG PP-E/P w/ PET carpet 

Soft shroud, cover 18"sq - u/k location          0.5 KG PVC 

Total Plastic Removed      28.5 KG   

 

Non-targeted plastic recovery limitations are as follows: 

• The bin used for collecting discarded parts was only for discarded plastic items and did not 

include any plastic parts that were recovered for resale. 

• Potential parts that might normally be available for recycling include front and rear bumpers, 

light assemblies (x4), in addition to the fuel tank. These are typically single piece, heavy weight 

items that would influence the overall recovered plastics volumes positively. 

• The Toyota includes significant PP-E/P parts, of which the resin type may vary between parts 

manufacturers. 

Table 10: Resin Summary for Toyota Highlander from Typical Disassembly 

Resin Mix Summary % of total 

PP 0.11 KG 0.4% 

PC - HI 0.18 KG 0.6% 

PP rigid base, PET skin 0.32 KG 1.1% 

E/P 0.36 KG 1.3% 

PVC 0.50 KG 1.8% 

PET carpet 1.18 KG 4.1% 

PET rubber 1.40 KG 4.9% 

PP/TD 1.80 KG 6.3% 

PP/TD10 2.50 KG 8.8% 

PP-E/P w/ PET carpet 3.19 KG 11.2% 

HDPE 3.67 KG 12.9% 

misc 5.08 KG 17.8% 

PP-E/P 8.20 KG 28.8% 

Total 28.49 KG 100.0 % 
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PP based resins, whether sole PP formulations or PP and mixed E/P or Talc (TD) components represent 

55% of materials recovered in this random evaluation. 

All of the parts collected in this non-targeted segment of the study were black plastics, of various resin 

types. All black, mixed plastics present a downstream challenge for automated sorting using optical 

technologies. 

This may indicate a correlation between similar resins used in commonly removed parts and full 

dismantler operations. Further study is warranted to verify correlation and potential opportunities with 

traditional vehicles dismantles and resin types. 

 

B3.6 Summary of Time and Weight of Plastics Removal by Vehicle 
 

Table 11 presents a summary of the amount of plastic removed from each vehicle and the time involved.  

It is notable that the largest and oldest vehicle, the Ford F150, had the least amount of plastic readily 

accessible and took the greatest amount of time.  

The average rate of time to access recycled vehicle plastic for recovery is necessary in order to best 

represent the diversity of vehicles on the road, and potentially destined for parts recovery. On average, 

three of the four vehicles dismantled yielded a similar amount of plastic parts at a consistent rate at 33 

kg/hour. This recovery rate was brought down slightly when the only full-size pickup truck in the sample 

was included, to a group average of 29 kg/hour. 

Table 11:  4 Vehicle Plastic Weight and Time Summary 

Vehicle Total Weight Total Time 
Kg /hr 
Total 

Ford F150 75.0 KG 274.7 min. 16.4 KG/hr 

Dodge Caravan 104.9 KG 175.6 min. 35.8 KG/hr 

Toyota Corolla 87.5 KG 162.7 min. 32.3 KG/hr 

KIA Soul 77.5 KG 148.2 min. 31.4 KG/hr 

Average 86.2 KG 190.3 min. 29.0 KG/hr 

 

At an industry shop rate of approximately $100/hour for labour and overhead costs, the median recovery 

rate of 29 KG/hour converts to a collection cost of approximately $3,450 per tonne to directly target and 

remove plastics from ELVs. On the other hand,  the time to remove TPO bumpers is 0.7 minutes (Table 

12) which equates to 291 kg/ hour at an approximate cost of $350 per tonne. 

Table 11 shows that the highest productivity rate for plastics removal from an end-of-life vehicle during 

the tear down field work was 105 kg removed from the Dodge Caravan in less than 3 hours. The upper 

and lower ranges of production, at the labour rate stated above, places the cost per tonne to recover at 

between $2,793 and $6,250 per tonne.     
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Table 12: Consolidated Tear Down 4 Vehicle Plastic Volume Summary 

Resin Time % Time Weight % Weight 

PUR-E/PP        0.3 min. 0%          0.8 KG 0.2% 

GFPP30        0.3 min. 0%          1.4 KG 0.4% 

PVC, PTT        1.8 min. 0%          1.9 KG 0.5% 

TPE        0.7 min. 0%          3.4 KG 1.0% 

ASA & Mix      11.0 min. 1%          6.0 KG 1.7% 

PET      10.3 min. 1%          6.6 KG 1.9% 

TPO & Mixes        6.0 min. 1%          8.2 KG 2.4% 

Nylon 6 & Mixes        3.5 min. 0%          9.1 KG 2.7% 

HDPE    110.3 min. 14%        11.3 KG 3.3% 

PC & Mixes      41.6 min. 5%        13.1 KG 3.8% 

ABS      30.3 min. 4%        14.7 KG 4.3% 

ABS Mix      60.0 min. 8%        15.8 KG 4.6% 

PET & Mixes      24.6 min. 3%        16.2 KG 4.7% 

Acrylic& Mixes      37.0 min. 5%        16.7 KG 4.8% 

PS & Mixes      35.1 min. 5%        17.7 KG 5.1% 

TEO & Mixes      64.1 min. 8%        23.8 KG 6.9% 

HDPE Mixes      18.8 min. 2%        27.9 KG 8.1% 

TPO      33.4 min. 4%        34.1 KG 9.9% 

PP    142.1 min. 19%        55.5 KG 16.1% 

PP & Mixes    130.0 min. 17%        60.8 KG 17.6% 

     761.1 min. 100%      344.9 KG 100.0% 
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B3.7 Conclusions 
 

The TDTM study demonstrated that each vehicle presents unique challenges and material 

characterizations.   

In 2022, trucks are an ever-increasing segment of new vehicle sales, with four of the top ten vehicles sold 

in the US in 2021 being pickup trucks9. Four of the remaining vehicles in the top ten were mid-size SUVs, 

such as the Toyota Highlander and Honda CRV.   

The different vehicle profiles provide for different access rates and different volumes of plastic for 

recovery. Larger vehicles provide easier access to large parts for removal but can offer lower quantities of 

plastic, while smaller vehicles offer more plastic that can be accessed with less labour. Despite the 

differences in vehicle profiles, the common thread amongst them all is that deliberately targeting and 

removing plastic is expensive and prohibitive at a rate of $3,450/tonne. Targeting specific auto plastic 

parts which are accessible (at the outside of the vehicle) and for the most part are quick and easy to 

remove (such as bumpers), the cost for removal at the auto dismantler facility is about $350/tonne. 

The opportunities in pre-shredder plastic recovery lie in the sunk cost segments of parts removal, where 

auto recyclers are already touching and removing various plastic parts and assemblies in order to access 

high value saleable items. 

The separate stages identified earlier in this report, Pre-Recovery, Recovery and Post-Recovery have a 

lower impact on plastic removal efficiency than the number of tickets that a vehicle may have at its end-

of-life. The higher quantity of tickets means that more parts must be recovered for resale for a vehicle.  

This typically requires that more of the vehicle is dismantled to access these parts, thereby releasing more 

plastic auto parts for diversion, without an incremental change to labour costs. Further research may be 

valuable to better establish the correlation between resale part tickets and plastics recovery. 

These plastic parts can be diverted at minimal additional cost to a facility and may even increase the 

quality of vehicles sent for shredding as they would have higher metal content ratios. 

Target items for further consideration include parts with high resin homogeneity, such as: 

• Bumpers – TPO – this is considered the most promising material to start with.  Auto dismantlers 

can collect many bumpers and if provided with an incentive are a good source of this material; 

future research should attempt to quantify the amount of bumpers that could be collected from 

collision centres which are a separate part of the auto value chain 

• Fuel tanks - HDPE, EVOH, LLDPE – future research is needed to find end markets for the gas tank 

materials which will likely have some gasoline residue. The advantage with gas tanks is that they 

need to be removed from the vehicle anyway for depollution and they can be accumulated at 

each site.  Figure 6 shows a photo of a typical gas tank 

• Mixed auto plastic parts after dismantling complete - such as trim and covers – PP, HDPE – 

future research is required to identify the best technologies and options  

• Headlight and taillight assemblies –Acrylic, ASA, PC, PP –  further research is needed on the 

time required to manually separate the different valuable resins from the removed parts 

 
9 https://www.cnet.com/roadshow/news/most-popular-cars-sold-2021/  

https://www.cnet.com/roadshow/news/most-popular-cars-sold-2021/
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Various industry reports indicate the average car lasts between 13 and 17 years10, which means that the 

average auto recycler currently encounters cars, on average, built between 2003-2010.  However, the 

highest demand for recovered auto parts are in late model vehicles at approximately five years old and 

drops off quickly as they undergo less extensive repairs. This results in a gap between higher volumes of 

older vehicles with offering less sought-after parts and a low supply of newer vehicles with high demand 

parts. The older supply of ELVs leave a significant opportunity for plastics to be easily reclaimed and 

diverted.  The above noted parts categories offer a lowest cost opportunity to built recycling capacity for 

auto plastics and increase the sustainability of this large industrial sector. 

 

 

Figure 6:  Gas Tank Removed For De-pollution 

 

  

 
10 https://www.aarp.org/auto/trends-lifestyle/info-2018/how-long-do-cars-last.html  
   https://berla.co/average-us-vehicle-lifespan/  

https://www.aarp.org/auto/trends-lifestyle/info-2018/how-long-do-cars-last.html
https://berla.co/average-us-vehicle-lifespan/
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B4 Engaging Research Partners in Taking Plastic Samples 
 

Two potential categories of research partners were identified as potentially being interested in using 

plastics samples from the site work: 

o Plastics recyclers; 

o Research hubs, universities, institutions and innovation centers. 

 

The following sections describe outreach to each of these groups to identify potential research partners. 

 

B4.1 Plastics Recyclers 
 

As documented in Technical Memorandum #1, interviews were conducted with 26 auto recyclers 

following the initial online survey. A total 17 plastic processors indicated that they were interested in 

viewing photos of the plastic parts removed in the tear down study conducted at Standard Auto Wreckers 

in Port Hope, ON in January, 2022.  

These processors were sent an email with a link to a OneDrive file containing photos of all the plastic parts 

removed in the study. Photos documented all parts and resin identifier tags.  

Four processors (Can-Am Recycling, Kal-Polymers, Lavergne Post Plastics and Service Consolidation St. 

Clair), indicated an interest in receiving samples of the auto plastics.  

Samples were packaged for shipping to the recyclers in early March, 2022, and the recyclers arranged for 

shipping to their facilities.  In one case, a team member dropped the samples off at the recycler’s facility 

in Mississauga. 

 

Figure 7:  Auto Plastics From TDTM Study Sent To Plastic Recyclers For Research 
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B4.2 Research Institutions or Universities Involved in End of Life Vehicle Plastic 
 

As part of the research for this project, universities and research institutions that were involved in auto 

sector issues were contacted to find out if they were aware of any research projects related specifically 

to recovering plastics from ELVs. 

The Smart Prosperity Institute is a national research network and policy think tank based at the University 

of Ottawa. The Institute delivers world-class research and works with public and private partners to 

advance practical policies and market solutions for a stronger, cleaner economy. In September 2021 they 

published a report entitled “CIRCULAR ECONOMY GLOBAL SECTOR BEST PRACTICES SERIES – Automotive 

Sector”. They responded that they were not aware of any research projects related to ELV plastics. 

Clean Energy Canada is a climate and clean energy program within the Morris J. Wosk Centre for 

Dialogue at Simon Fraser University in Vancouver, BC. The program works to accelerate Canada’s clean 

energy transition by conducting original research, convening influential dialogues, informing policy 

leadership, and driving public engagement. They also responded that they were not aware of any research 

projects related to ELV plastics. 

Dr. Franco Berruti is a professor of Chemical Engineering at the University of Western Ontario and the 

founder of Institute for Chemicals and Fuels from Alternative Resources (ICFAR). Dr. Berruti responded 

that ICFAR was deeply involved in R&D activities dealing with the conversion of plastic residues into value-

added products, ranging from fuels to monomers, and hydrogen. He also stated that they were currently 

pursuing the conversion of automotive shredder residue as well as the plastic components from used car 

batteries.  ICFAR works with bench scale and pilot project size gasification and pyrolysis systems to identify 

the potential of possible feedstocks, characterize the streams and determine the optimization of output 

products from the system.  

 

Bioindustrial Innovation Canada (BIC)  

Bioindustrial Innovation Canada (BIC) is a not-for-profit organization based in Sarnia, Ontario. BIC's 

mission is to provide critical strategic investment, advice and services to business developers of clean, 

green and sustainable technologies. BIC is focused on supporting start-up companies in the bioindustrial 

sector and building a green and sustainable cluster in Sarnia around the existing industries. BIC also assists 

other communities in bringing focus to their interests in bioindustrial industries. Sarnia is a key cluster 

focus for BIC and the support of the Accelerator at the Research Park.  

BIC were contacted11 to determine their level of interest in finding management options for EOL auto 

plastics. BIC have a number of projects in operation and believe they could handle mixed 

 
11 Personal communication Fergal McDonough, Envise and Sandy Marshall, BIC, 25th February, 2022 

 

https://www.sfu.ca/mecs/facilities/centre-for-dialogue.html
https://www.sfu.ca/mecs/facilities/centre-for-dialogue.html
https://www.sfu.ca/
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automotive plastics, potentially similar to the load of plastics removed from the Toyota Highlander 

without sorting. 

BIC have industrial partners who want the light hydrocarbon, high-retained value chemicals that auto 

plastics could provide - in order to reuse them in the plastics manufacturing process.   

The type of plastic that was observed from the Highlander was described, and BIC felt that apart from 

PVC they could process it all with the technologies available, that included the rubber gasket materials, 

PET carpet etc. 

They like low oxygen plastics, which was all of the material profiled from the Highlander.  They do 

not want chlorinated materials, but the PVC from the Highlander was only one item at 1.8% of the total, 

and could easily be removed ahead of any processing. 

The need to densify the value of plastics so that logistics maximize efficiency was identified as an issue 

that will need attention in the longer term for any kind of recovery system. 

Auto plastics could be a good fit with BIC who appear to have a number of potentially suitable 

technologies to manage these plastics.  An additional benefit is that they are located in Sarnia, Ontario, 

close to a number of chemical plants. Their goal is produce high value chemicals rather than synthetic oil 

from processed plastics. A number of future steps were identified as part of a research program to move 

this idea further: 

• Auto plastics would need to be provided to BIC at zero labour cost 
• A collection cost model would need to be developed based on available tonnages and locations 
• Collection pilots would be required to generate a bigger picture of what can be collected in a 

zero labour cost system  
• There would be a need to identify and develop a network to collect and move densified plastic, 

and  
• identify a shredder and cleanup facility for plastics, eg. float tank to remove glass and heavy 

debris etc. prior to delivery to BIC for further processing. 

 

 

 


