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2.0 Summary 

The goal of this project is to design an on-site recycling device. The device would accept 

consumer plastics and separate them by resin type. The separated plastic would then be 

granulated, washed, and pelletized in a batch process. This device would have to be small 

enough that it could be placed in the parking lots of grocery stores and other venues.  

Green Unit Engineering’s task is to not only design such a device, but to determine its 

economic viability.   

 

The device that Green Unit Engineering developed is as follows. The plastic is separated 

at the user interface via a UPC scanner. The user would scan the bottle and insert it in the 

appropriate actuated door depending on its resin type and color. The plastic would be 

stored until it reached the capacity of the bin, approximately 330 bottles (Appendix A-4).  

It would then be granulated, washed, and its label removed. It would then be dried, 

extruded and pelletized. The plastic pellets are stored in the unit until an operator collects 

it and sends it to a buyer. Green Unit Engineering also looked at a plant scenario that 

included the same separating and pelletizing techniques. This scenario is a single central 

recycling plant with supporting collection units instead of multiple complete processing 

units.   

 

In order to determine the throughput of the plastic, it was assumed that people in 

apartments would use the on-site recycle device, since apartments do not currently have 

recycling pickup by the city of Tucson. It was also assumed that the apartment residents 

would recycle at the same rate that homeowners recycle. Further, that the user interface 
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would separate the plastic perfectly. The amount of each type of plastic that would be 

recycled was determined by statistics from the Census Bureau and the Environmental 

Protection Agency (Appendix A-1).  The amount of plastic coming from these sources 

were divided equally between 35 units in the Tucson city area.  Since these assumptions 

are subjective, they could cause inaccuracies in the throughput and investor rate of return. 

 

The bare module cost of the 35 on-site plastic recycling units and the centralized plant are 

approximately $14 million and $1.6 million respectively (Appendix B-2 and B-3). The 

investor rate of return for the centralized plant is 15.4%, whereas the investor rate of 

return for the on-site recycling unit is 0.039% (Appendix B-2 and B-3). The on-site 

recycling unit is not economically feasible due to the expensive pieces of equipment and 

low throughput at each site. The smallest pieces of equipment were used in the design of 

the on-site recycling unit; however, their throughputs are capable of handling much larger 

quantities of plastic. Unless cheaper and smaller pieces of equipment come on the 

market, the centralized plant is much more economically viable and is therefore 

recommended for construction.  
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4.0 Introduction 

4.1. Overall Marketing Goal 

The goal of this project is to alter the current trend and attitude towards plastic recycling.  

In essence, the goal is to encourage plastic recycling by focusing on those that currently 

do not recycle. The focus of the project is to promote recycling to local residents of the 

Tucson areas.  While the City of Tucson does have curbside plastic recycling, it neglects 

those who live in apartments.  Apartment tenants’ easiest option is to throw away plastic 

in the trash (which will end up at the landfill) or to take it to a drop off location at the city 

park (which is an inconvenience).  Both options make it difficult for apartment residents 

to recycle.  Others who run into this difficulty are those that attend events such as the 

University of Arizona sporting games, the Tucson rodeo, and concerts. Plastic bottles and 

cups purchased at these events are often times littered on the ground or thrown in the 

trash.  Either way, the plastic ends up at the landfill.   

 

To address this problem of inconvenience, the project proposed is an on-site recycling 

unit.  The unit is small enough to fit into a parking lot (Appendix H-1) and able to be 

placed at high consumer traffic areas such as the grocery store, malls, and at large events.  

Since consumers already plan on going to these places, they can easily recycle plastics 

without having to go out of their way.  Further, places like grocery stores could offer 

coupon incentives to recycle.  The unit accepts any consumer plastics except type 3 

(PVC), not just the polyethylene terephthalate (PET) and high-density polyethylene 

(HDPE) that the City of Tucson currently collects (Gibson, 2008).  The unit then 

separates the plastic resin onsite without an operator.  The sorted plastic can then be sold 
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as recycled plastic to various industries.  The unit does not require an operator but would 

need occasional maintenance.   

 

The design proposed for this project is a recycling unit that accepts consumer plastics.  

The plastic is separated at the user interface using a UPC scanner and database; it is then 

granulated, washed, and turned into pellets in a batch process.  Another design is for a 

recycling unit that also accepts consumer plastics and separates it at the user interface; 

however, instead of turning the plastic into pellets, the plastic is compacted and stored.  

The compacted plastic is then transported to a recycling plant.  The benefits and 

drawbacks of both designs are evaluated in this report. 

 

Another aim of the project is to raise awareness for plastic recycling.  Since the unit is 

located in places where many people visit, it is very visible to the public.  Also, because 

of its distinctive shape and unconventional location, it raises public interest.  In addition, 

because of its interactive user interface, the unit can be appealing towards children.  This 

will have the effect of more families recycling and will encourage recycling in a young 

generation.    

 

The anticipated outcome for this project is an increase in plastic recycling.  The units 

reduce the amount of plastic that ends up in the landfill and diminish the amount of 

plastic in the municipal solid waste stream.  This not only addresses the end of life issues 

associated with plastic but also increase the value of the plastic.  Since the plastic will be 

automatically sorted and pelletized, it will be more valuable than scrap plastic.  This 
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project will also bring awareness to plastic recycling and encourage adults and children 

alike to take an active involvement in recycling.   

4.2. Current Market Info 

Recycling has become an emerging issue in today’s increasingly eco-friendly society; 

however, plastic recycling is behind in this trend.  In 2006, four-fifths of the 2.7 million 

tons of plastic PET bottles in the U.S. went into landfills (Intagliata, 2008), and CNN 

reports that as much as 90% of plastic bottles end up in landfills (Oliver, 2008).  Since 

plastic degrades very slowly, the landfill is not a sustainable solution.  In 2006, plastic 

accounted for 11.7% of the municipal solid waste stream in the U.S (EPA, 2007).  Also, 

the overall plastic recycling rate was 6.9%, most of which was PET and HDPE (EPA, 

2007).  Tucson specifically recycles only 21% of their recyclable material (Tucson 

Recycles).  These statistics indicate that plastic recycling is often times overlooked or 

neglected.      

 

A major contributing factor for such a tendency is that it does not make economic sense 

for a business to use recycled plastic instead of virgin plastic.  Since current plastic 

recycling is done by manual sorting, this is an expensive and time consuming process, 

thus not very economically viable (Understanding the Current Trends in Plastic 

Recycling, 2007).  Although with rising crude oil prices and rising costs of landfills 

companies may look more to plastic recycling. 

 

Another contributing factor to the lack of plastic recycling is that the idea is not instilled 

in American culture.  There is no significant monetary incentive to recycle, nor is it 
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convenient for some.  Those who have difficultly recycling are those living in 

apartments, small towns, and especially those attending large events such as sporting 

venues and concerts.  In fact, 80% of American homes have access to a recycling center; 

however, only 25% will take their plastic bottles to a recycling bin (Oliver, 2008).  This 

access may be limited in Tucson since the City of Tucson’s program only involves blue 

bins for homeowners and recycling centers in public parks (Gibson, 2008). 

 

In addition, people do not understand the environmental impact of plastic.  In a 2007 

national survey, 72% of Americans did not know that plastic is made from oil and 40% of 

them thought that plastic is biodegradable (Oliver, 2008).  This lack of knowledge on 

plastic has contributed to the attitude that plastic recycling is unimportant and therefore 

not worth the trouble. 

4.3. Project Premises and Assumptions 

The major premise that this design was based on, is that this unit will process plastics of 

type 1 (PET) and type 2 (HDPE) without contamination from other plastic types, 

aluminum or other common post-consumer wastes.  The assumption is based on the idea 

that the UPC based recognition system will accurately separate waste streams.  Therefore, 

the user along with the UPC system will completely separate PET and HDPE plastics 

from other types of plastics and unwanted items before the plastics are processed. 

 

Other types of plastics, with the exception of Polyvinyl chloride (PVC), will be 

compacted together and sold to cement companies as fuels at current landfill disposal 
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costs (Gerdes, 2008).  PVC plastic will be disposed of with other wastes such as caps and 

other un-identifiable items as normal garbage and sent to a landfill. 

 

Another assumption is that we are starting this process in Tucson Arizona.  The plastic 

collected by the City of Tucson primarily comes from blue bins provided to homeowners.  

Therefore, it is assumed that all the plastic currently being recycled comes from these 

homeowners.  If plastic drop off sites were located in front of local grocery stores, 

apartment renters would recycle their plastic at that drop off site instead of either 

throwing it away or taking it to park drop off locations or other curbside drop offs.  

Renters would recycle at the same rate as homeowners and there will be a total of 35 drop 

off sites in front of grocery stores, large apartment complexes, and other high traffic 

areas.  The fraction of other plastics (types 4-6 and other) dropped off at these locations 

would be the same as the national statistic for recycled plastics as reported by EPA.  

These assumptions were used to calculate the amount of plastic that will be processed and 

can be found in Appendix A-1. 
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5.0 Process Description Rationale and Optimization 

5.1. Block Flow Diagram 
Figure 5.1-1: Block Flow Diagram Page 1 
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Figure 5.1-2: Block Flow Diagram Page 2 (PET Color) 
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Figure 5.1-3: Block Flow Diagram Page 3 (HDPE Color) 
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Figure 5.1-4: Block Flow Diagram Page 4 (PET Natural) 
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Figure 5.1-5: Block Flow Diagram Page 5 (HDPE Natural) 
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5.2. Process Flow Diagram   

Figure 5.2-1: Process Flow Diagram Page 1

Chris Swanson Date

James Lykins Date

Ted Hom Date
Drawing No. 1

Andrew Gardner Date
Revision No. 1

Gr e e n  Un i t  En g i n e e r i n g  - Pl a s t i c s  Re c y c l i n g 

Process Flow Diagram
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Figure 5.2-2: Process Flow Diagram Page 2 
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Figure 5.2-3: Process Flow Diagram Page 3 
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Figure 5.2-4: Process Flow Diagram Page 4 
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Figure 5.2-5: Process Flow Diagram Page 5 
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Figure 5.2-6: Process Flow Diagram Page 6 
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Figure 5.2-7: Process Flow Diagram Page 7 
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Figure 5.2-8: Process Flow Diagram Page 8 
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Figure 5.2-9: Process Flow Diagram Page 9 
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5.3. Equipment Table 
 

Table 5.3: On-Site Recycling Unit Equipment Table(1) 

UPC Scanner U-101 
Model MS3580 QuantumT 

Power Requirement (kW) 0.001375 
Operating Current (mA) 275 @ 5 VDC 

Laser Class 1 
Height (m) 0.1275 
Length (m) 0.078 
Width (m) 0.0795 
Weight (g) 186.6 

Depth of Scan Field (m) 0.273 
MOC Misc 

Laptop Not Labeled 
Make Gateway 

Processor Intel Core 2 Duo 1.5 GHz 
Memory 160 GB 

Power Usage (kW) 0.1 
Actuators S-101 

Model Compact Push/Pull 6509K83 
Power Requirements (kW) 0.72 

Max Stroke (m) 0.15 
Speed at Load (m/min) 3.05 
Push/Pull Force (lbs) 25 
Retracted Length (m) 0.26 

Incline Belt Conveyor C-101a-d, C-302 
Model  Model PC 5 ft 

Max Incline (degrees) 40 
Overall Length (m) 1.52 

Bed Length (m) 1.22 
Bed Width (m) 0.3 
Speed (m/min) 19.75 

Drive (kW) 0.75 
Drop Bottom Containers DBC-101a-e 

Model 315-L 
Dimensions (m) .84x1.22x.61 

Weight (kg) 154 
Volume (m3) 0.57 

MOC Carbon Steel 
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Table 5.3 (Cont): On-Site Recycling Unit Equipment Table(1) 
Wet Granulator G-201 

Model SML 60/100 
Power Requirement (kW) 90 

Water Requirement (GPM) 62 
Rotor Diameter  (mm) 600 

Rotor Width (mm) 1000 
Feed Opening (mm) 980 x 1300 

MOC Misc. 
Friction Washer FW-201 

Model FAS 3000 
Power Requirement (kW) 18.5 

Water Requirement (GPM) 432.5 
Conveyor Length (mm) 3000 
Screw Diameter (mm) 500 

Screw (paddle) Speed (RPM) 1000 
MOC Misc. Steel 

Centrifugal Washer/Dryer WD-201 
Model T 305 

Size (m) .35 diam. x .4 long 
Drive (kW) 22 

Water Requirements (GPM) 90.33 
Base machine screen hold Size (mm) 2.5 

Throughput (t/hr) 
     PET 0.7-1 

     HDPE 0.7-1 
Hydrocyclone H-301 

Model  D 250 
Diameter (m) 0.25 

Vortex Pump Energy Requirement (kW) 15 
Water Requirements (GPM) 90 

Throughput (t/hr) 3 
     PET/PVC 1.5 

     HDPE 1.5 
Height (m) 0.25 

MOC Stainless Steel 
Vibrating Grizzly Screen VGS-301, VGS-501 

Surface Area (m2) 0.56 
MOC Carbon Steel 
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Table 5.3 (Cont.): On-Site Recycling Unit Equipment Table(1) 
Extruder/Pelletizer EP-301 

Model TSE-TT 20/28D 
Screw dia. (m) 0.021 

Power requirement (kW) 11.46 
Screw speed (rpm)  500 
Total torque (Nm) 72 

Expected rates (kg/h) 15 
Pellet Diameter (mm) 1 to 5 

Drive (kW) 3.73 
Pellet Receptacle R-301, R-302, R-501, R-701, R-901 

Part No. 1180 
Volume (gallons) 180 

Diameter (m) 1.02 
Height (m) 1.44 

MOC HDPE 
Unit Housing Not Labeled 
LxWxH (m) 12.19x2.44x2.44 

Capacity (m3) 67.68 
MOC Carbon Steel 

1 Please refer to Appendix G for detailed product specification sheets 
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5.4. Stream Table 
Table 5.4: On-Site Recycling Unit Equipment Table(2) 

Stream Number 1 2 3 4 5 6 7 8 9 10 
Temperature (K) 301 301 301 301 301 301-348 301-348 301-348 301-348 301-348 
Mass Flow (lbs/wk) 3,700 3,700 450 450 450 4,000 870 7,000 5,900 31 
Component Mass Flow 
     PET Natural 640 640 0 0 0 0 0 0 0 0 
     HDPE Natural 410 410 0 0 0 0 0 0 0 0 
     PET Color 430 430 430 430 430 430 430 430 0 0 
     HDPE Color 590 590 0 0 0 0 0 0 0 0 
     Types 4-6 1,400 1,400 0 0 0 0 0 0 0 0 
     Adhesives 46 46 5.5 5.5 5.5 5.5 5.5 Trace Trace Trace 
     Cap Liners 14 14 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 
     Plastic Labels 50 50 14 14 14 14 14 14 14 14 
     Paper Labels 26 26 1.7 1.7 1.7 1.7 0.33 0 0 0 
     Unknown Labels (types 4-6) 53 53 0 0 0 0 0 0 0 0 
    Water 0 0 0 0 0 3,500 420 6,600 5,900 15 
    Other Contaminants Trace Trace Trace Trace Trace Trace Trace Trace Trace Trace 
Stream Number 11 12 13 14 15 16 17 18 19 20 
Temperature (K) 301-348 301-348 301-348 348 301 301 301 301-348 301-348 301-348 
Mass Flow (lbs/wk) 1,100 430 430 430 620 620 620 5,400 1,200 9,600 
Component Mass Flow 
     PET Natural 0 0 0 0 0 0 0 0 0 0 
     HDPE Natural 0 0 0 0 0 0 0 0 0 0 
     PET Color 430 430 430 430 0 0 0 0 0 0 
     HDPE Color 0 0 0 0 590 590 590 590 590 590 
     Types 4-6 0 0 0 0 0 0 0 0 0 0 
     Adhesives Trace Trace Trace Trace 7.6 7.6 7.6 7.6 7.6 0 
     Cap Liners 0 0 0 0 2.4 2.4 2.4 2.4 2.4 2.4 
     Plastic Labels 0 0 0 0 8.7 8.7 8.7 8.7 8.7 8.7 
     Paper Labels 0 0 0 0 13 13 13 13 5.2 2.6 
     Unknown Labels (types 4-6) 0 0 0 0 0 0 0 0 0 0 
    Water 660 0 0 0 0 0 0 4,800 570 9,000 
    Other Contaminants Trace Trace Trace Trace Trace Trace Trace Trace Trace Trace 
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Table 5.4 (Cont): On-Site Recycling Unit Equipment Table(2) 
Stream Number 21 22 23 24 25 26 27 28 29 30 
Temperature (K) 301-348 301-348 301-348 301-348 301-348 348 301 301 301 301-348 
Mass Flow (lbs/wk) 900 0 8,700 600 600 600 670 670 670 5,900 
Component Mass Flow 
     PET Natural 0 0 0 0 0 0 640 640 640 640 
     HDPE Natural 0 0 0 0 0 0 0 0 0 0 
     PET Color 0 0 0 0 0 0 0 0 0 0 
     HDPE Color 0 0 590 590 590 590 0 0 0 0 
     Types 4-6 0 0 0 0 0 0 0 0 0 0 
     Adhesives Trace Trace* Trace Trace Trace Trace 8.3 8.3 8.3 8.3 
     Cap Liners 0 0 2.4 2.4 2.4 2.4 2.6 2.6 2.6 2.6 
     Plastic Labels 0 0 8.7 8.7 8.7 8.7 21 21 21 21 
     Paper Labels 0 0 0 0 0 0 2.5 2.5 2.5 2.5 
     Unknown Labels (types 4-6) 0 0 0 0 0 0 0 0 0 0 
    Water 900 0 8,100 0 0 0 0 0 0 5,200 
    Other Contaminants Trace Trace* Trace Trace Trace Trace Trace Trace Trace Trace 
Stream Number 31 32 33 34 35 36 37 38 39 40 
Temperature (K) 301-348 301-348 301-348 301-348 301-348 301-348 301-348 348 301 301 
Mass Flow (lbs/wk) 1,300 11,000 8,900 46 1,600 640 640 640 430 430 
Component Mass Flow 
     PET Natural 640 640 0 0 640 640 640 640 0 0 
     HDPE Natural 0 0 0 0 0 0 0 0 410 410 
     PET Color 0 0 0 0 0 0 0 0 0 0 
     HDPE Color 0 0 0 0 0 0 0 0 0 0 
     Types 4-6 0 0 0 0 0 0 0 0 0 0 
     Adhesives 8.3 0 Trace Trace Trace Trace Trace Trace 5.3 5.3 
     Cap Liners 2.6 2.6 2.6 2.6 0 0 0 0 1.6 1.6 
     Plastic Labels 21 21 21 21 0 0 0 0 6 6 
     Paper Labels 0.99 0.5 0 0 0 0 0 0 9.1 9.1 
     Unknown Labels (types 4-6) 0 0 0 0 0 0 0 0 0 0 
    Water 620 9,900 8,900 22 990 0 0 0 0 0 
    Other Contaminants Trace Trace Trace Trace Trace Trace Trace Trace Trace Trace 
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Table 5.4 (Cont): On-Site Recycling Unit Equipment Table(2) 
Stream Number 41 42 43 44 45 46 47 48 49 50 
Temperature (K) 301 301-348 301-348 301-348 301-348 301-348 301-348 301-348 301-348 348 
Mass Flow (lbs/wk) 430 3,700 810 6,600 620 0 6,000 420 420 420 
Component Mass Flow 
     PET Natural 0 0 0 0 0 0 0 0 0 0 
     HDPE Natural 410 410 410 410 0 0 410 410 410 410 
     PET Color 0 0 0 0 0 0 0 0 0 0 
     HDPE Color 0 0 0 0 0 0 0 0 0 0 
     Types 4-6 0 0 0 0 0 0 0 0 0 0 
     Adhesives 5.3 Trace 5.3 Trace Trace Trace* Trace Trace Trace Trace 
     Cap Liners 1.6 1.6 1.6 1.6 0 0 1.6 1.6 1.6 1.6 
     Plastic Labels 6 6 6 6 0 0 6 6 6 6 
     Paper Labels 9.1 9.1 1.8 0 0 0 0 0 0 0 
     Unknown Labels (types 4-6) 0 0 0 0 0 0 0 0 0 0 
    Water 0 3,300 390 6,200 620 0 5,600 0 0 0 
    Other Contaminants Trace Trace Trace Trace Trace Trace* Trace Trace Trace Trace 
Stream Number 51 52 53 54 55 56 57 58 59 60 
Temperature (K) 301 301-348 301-348 301-348 301-348 301-348 301-348 301-348 301-348 301-348 
Mass Flow (lbs/wk) 1,500 560 6,100 15,000 15,000 5,500 9,700 3,500 5,900 3,500 
Component Mass Flow 
     PET Natural 0 0 0 0 0 0 0 0 0 0 
     HDPE Natural 0 0 0 0 0 0 0 0 0 0 
     PET Color 0 0 0 0 0 0 0 0 0 0 
     HDPE Color 0 0 0 0 0 0 0 0 0 0 
     Types 4-6 1,400 0 0 0 0 0 0 0 0 0 
     Adhesives 19 0 0 0 0 0 0 5.5 Trace Trace 
     Cap Liners 5.8 0 0 0 0 0 0 0 0 0 
     Plastic Labels 0 0 0 0 0 0 0 0 0 0 
     Paper Labels 0 0 0 0 0 0 0 0.33 0 0 
     Unknown Labels (types 4-6) 53 0 0 0 0 0 0 0 0 0 
    Water 0 560 6,100 15,000 15,000 5,500 9,700 3,500 5,900 3,500 
    Other Contaminants Trace 0 0 0 0 0 0 Trace Trace Trace 
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Table 5.4 (Cont): On-Site Recycling Unit Equipment Table(2) 
Stream Number 61 62 63 64 65 66 67 68 69 70 
Temperature (K) 301-348 301-348 301-348 301-348 301-348 301-348 301-348 301-348 301-348 301-348 
Mass Flow (lbs/wk) 2,500 8,500 9,200 13,000 660 16,000 4,800 3,900 930 9,100 
Component Mass Flow 
     PET Natural 0 0 0 0 0 0 0 0 0 0 
     HDPE Natural 0 0 0 0 0 0 0 0 0 0 
     PET Color 0 0 0 0 0 0 0 0 0 0 
     HDPE Color 0 0 0 0 0 0 0 0 0 0 
     Types 4-6 0 0 0 0 0 0 0 0 0 0 
     Adhesives Trace Trace Trace 5.5 Trace 5.5 0 0 0 0 
     Cap Liners 0 0 0 0 0 0 0 0 0 0 
     Plastic Labels 0 0 0 0 0 0 0 0 0 0 
     Paper Labels 0 0 0 0.33 0 1.3 0 0 0 0 
     Unknown Labels (types 4-6) 0 0 0 0 0 0 0 0 0 0 
    Water 2,500 8,500 9,200 13,000 660 16,000 4,800 3,900 930 9,100 
    Other Contaminants Trace Trace Trace Trace Trace Trace 0 0 0 0 
Stream Number 71 72 73 74 75 76 77 78 79 80 
Temperature (K) 301-348 301-348 301-348 301-348 301-348 301-348 301-348 301-348 301-348 301-348 
Mass Flow (lbs/wk) 21,000 21,000 8,200 13,000 4,800 900 4,800 8,100 17,000 22,000 
Component Mass Flow 
     PET Natural 0 0 0 0 0 0 0 0 0 0 
     HDPE Natural 0 0 0 0 0 0 0 0 0 0 
     PET Color 0 0 0 0 0 0 0 0 0 0 
     HDPE Color 0 0 0 0 0 0 0 0 0 0 
     Types 4-6 0 0 0 0 0 0 0 0 0 0 
     Adhesives 0 0 0 0 7.6 Trace Trace Trace Trace 7.6 
     Cap Liners 0 0 0 0 0 0 0 0 0 0 
     Plastic Labels 0 0 0 0 0 0 0 0 0 0 
     Paper Labels 0 0 0 0 2.6 0 0 0 0 2.6 
     Unknown Labels (types 4-6) 0 0 0 0 0 0 0 0 0 0 
    Water 21,000 21,000 8,200 13,000 4,800 900 4,800 8,100 17,000 22,000 
    Other Contaminants 0 0 0 Trace Trace Trace Trace Trace Trace Trace 
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Table 5.4 (Cont): On-Site Recycling Unit Equipment Table(2) 
Stream Number 81 82 83 84 85 86 87 88 89 90 
Temperature (K) 301-348 301-348 301-348 301-348 301-348 301-348 301-348 301-348 301-348 301-348 
Mass Flow (lbs/wk) 26,000 840 9,100 23,000 23,000 8,300 15,000 5,200 8,900 5,200 
Component Mass Flow 
     PET Natural 0 0 0 0 0 0 0 0 0 0 
     HDPE Natural 0 0 0 0 0 0 0 0 0 0 
     PET Color 0 0 0 0 0 0 0 0 0 0 
     HDPE Color 0 0 0 0 0 0 0 0 0 0 
     Types 4-6 0 0 0 0 0 0 0 0 0 0 
     Adhesives 7.6 0 0 0 0 0 0 8.3 Trace Trace 
     Cap Liners 0 0 0 0 0 0 0 0 0 0 
     Plastic Labels 0 0 0 0 0 0 0 0 0 0 
     Paper Labels 10 0 0 0 0 0 0 0.5 0 0 
     Unknown Labels (types 4-6) 0 0 0 0 0 0 0 0 0 0 
    Water 26,000 840 9,100 23,000 23,000 8,300 15,000 5,200 8,900 5,200 
    Other Contaminants Trace 0 0 0 0 0 Trace Trace Trace Trace 
Stream Number 91 92 93 94 95 96 97 98 99 100 
Temperature (K) 301-348 301-348 301-348 301-348 301-348 301-348 301-348 301-348 301-348 301-348 
Mass Flow (lbs/wk) 3,700 13,000 990 14,000 19,000 24,000 3,300 2,700 640 6,300 
Component Mass Flow 
     PET Natural 0 0 0 0 0 0 0 0 0 0 
     HDPE Natural 0 0 0 0 0 0 0 0 0 0 
     PET Color 0 0 0 0 0 0 0 0 0 0 
     HDPE Color 0 0 0 0 0 0 0 0 0 0 
     Types 4-6 0 0 0 0 0 0 0 0 0 0 
     Adhesives Trace Trace Trace Trace 8.3 8.3 0 0 0 0 
     Cap Liners 0 0 0 0 0 0 0 0 0 0 
     Plastic Labels 0 0 0 0 0 0 0 0 0 0 
     Paper Labels 0 0 0 0 0.5 2 0 0 0 0 
     Unknown Labels (types 4-6) 0 0 0 0 0 0 0 0 0 0 
    Water 3,700 13,000 990 14,000 19,000 24,000 3,300 2,700 640 6,300 
    Other Contaminants Trace Trace Trace Trace Trace Trace 0 0 0 0 
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Table 5.4 (Cont): On-Site Recycling Unit Equipment Table(2) 
Stream Number 101 102 103 104 105 106 107 108 109 110 
Temperature (K) 301-348 301-348 301-348 301-348 301-348 301-348 301-348 301-348 301-348 301-348 
Mass Flow (lbs/wk) 15,000 15,000 5,700 9,100 3,300 620 3,300 5,600 12,000 15,000 
Component Mass Flow 
     PET Natural 0 0 0 0 0 0 0 0 0 0 
     HDPE Natural 0 0 0 0 0 0 0 0 0 0 
     PET Color 0 0 0 0 0 0 0 0 0 0 
     HDPE Color 0 0 0 0 0 0 0 0 0 0 
     Types 4-6 0 0 0 0 0 0 0 0 0 0 
     Adhesives 0 0 0 0 5.3 Trace Trace Trace Trace 5.3 
     Cap Liners 0 0 0 0 0 0 0 0 0 0 
     Plastic Labels 0 0 0 0 0 0 0 0 0 0 
     Paper Labels 0 0 0 0 1.8 0 0 0 0 1.8 
     Unknown Labels (types 4-6) 0 0 0 0 0 0 0 0 0 0 
    Water 15,000 15,000 5,700 9,100 3,300 620 3,300 5,600 12,000 15,000 
    Other Contaminants 0 0 0 0 Trace Trace Trace Trace Trace Trace 
Stream Number 111 
Temperature (K) 301-348 
Mass Flow (lbs/wk) 18,000 
Component Mass Flow 
     PET Natural 0 
     HDPE Natural 0 
     PET Color 0 
     HDPE Color 0 
     Types 4-6 0 
     Adhesives 5.3 
     Cap Liners 0 
     Plastic Labels 0 
     Paper Labels 7.2 
     Unknown Labels (types 4-6) 0 
    Water 18,000 
    Other Contaminants Trace 

2 Based on mass balance calculations as seen in Appendix A-1 and rounded to two significant figures 
* These are labeled trace since the amount is unknown and they are trace compared to the rest of the system
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5.5. Utility Table 

Table 5.5: On-Site Recycling Unit Utility Table(3) 

Equipment 

Energy 
Requirements 

(kW) 

Annual Energy 
Requirements 

(kW-hr/yr) 
Process Water 

(gallons/yr) 

Process Water 
for Purchase 
(gallons/yr) 

VGS-301 -* -* - - 
VGS-501 -* -* - - 
C-101a-d 3.00 8736 - - 

C-301 0.75 2724 - - 
EP-301 11.46 41,617 463,372 463,372 
FW-201 18.50 382 535,392 18,564 
G-201 90.00 2540 104,988 41,288 
H-301 15.00 551 198,224 - 

MT-301 0.37 1077 - - 
S-101 0.72 8387 - - 
U-101 0.0014 12 - - 

WD-201 22.00 2419 302,952 - 
Laptop 0.10 874  - - 
Total  161.9014 69,318 1,604,928 523,172 

* Energy requirement for vibrating grizzly screen considered negligible (Seider, Seader, & Lewin, 2004) 
   3 Utility requirements based on calculations found in Appendix A-3  
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5.6. Process Description 

The following description is an overview of how a plastic container is processed inside 

the plastic recycling unit.  The process is the same, with some scaled up equipment, for 

the plant scenario.  All of the equipment specifications can be found in the equipment 

table and utility table (Table 5.3) and the flow rates and stream compositions can be 

found in the stream table in Section 5.4.  

 

The user interface of the unit consists of a UPC scanner mounted flush to the unit, U-101, 

and a door screener, S-101, consisting of four automatic actuating doors.  The UPC 

scanner and the doors are located three feet vertically from the ground. This height will 

allow adults, children, and disabled persons to utilize the unit.  The user will scan each 

individual plastic container with the UPC scanner.  The information collected by the 

scanner from the UPC label will be processed with an existing database to identify plastic 

type and color.  

 

Recyclable plastic resins have been categorized into six types. Type 1 is polyethylene 

terephthalate, PET (PETE), type 2 is high-density polyethylene, HDPE, type 3 is 

polyvinyl chloride, PVC, type 4 is low-density polyethylene, LDPE, type 5 is 

polypropylene, PP, and type 6 is polystyrene, PS. Type 1 and 2 plastic will be separated 

into clear containers and colored containers. The unit will then process the plastic to 

create clean uniform pellets of each respective type of plastic. Types 4, 5, and 6 will be 

collected in a separate drop bottom container (DBC-101e) and will be sold as fuel for 

cement kilns while type three and all container lids and caps will be separated as waste. 
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The unit will prompt the user to put the container through the correct door and into the 

bin after it has been scanned and identified by the UPC scanner. If the container is 

recognized as type 1 or 2 the correct door, based on resin type and whether the container 

is clear or colored, will open via electric actuators at the unit’s user interface, S-101 (Fig. 

5.2-1). The user will put the container through the door and then scan the next container.  

As a safety precaution, the automatic door will not close until an optical sensor with a 

time delay reads there is nothing inhibiting the door from closing safely.  Types 4-6 will 

be dropped into a different door and the containers will fall directly into a collection bin, 

DBC-101e.  All container lids, type 3 plastic resin, and unidentifiable plastics by the UPC 

scanner will be placed in a separate container outside of the unit next to the user 

interface. 

 

Once an automatic door opens an incline belt conveyor, C-101a-d, will start. C-101a-d 

will transport the container from the point where the user dropped the container at an 

incline to a container with a drop bottom BDC-101a-d.  The unit has four belt conveyors 

at an incline and four drop bottom containers. These containers will collect type 1 and 2 

resin and their clear or colored containers.  Each drop bottom container will release the 

contents of the container to the next piece of equipment, G-201, when 330 bottles have 

been placed in the system (Appendix A-4), as to allow only one batch of specific resin 

type and color to be processed at a time. Emptying the containers using this estimate 

allows the size of the containers to be drastically reduced from what would be required if 

the entire weekly flow rates were collected and processed in a single batch, Fig. 5.1-1.   
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For example, following the process for colored PET (Fig. 5.2-2), the plastic from BDC-

100a is dropped into a wet granulator, G-201 (Stream 5 Fig. 5.2-2).  This wet granulator 

will create 3/8” plastic flakes, act as a pre-rinse for the plastic, and de-label the 

containers.  The water used in the wet granulation, stream 60, is recycled water from 

other processes in the unit and will be discharged as wastewater after being used in the 

friction washer, FW-201, as stream 66.  The wet plastic flakes leave G-201 with the water 

as stream 6 and enter FW-201.  Stream 6 is mixed with more water, stream 84. The 

additional water is both fresh and recycled water from other processes in the unit, which 

is used to meet the requirements of FW-201, stream 64.  The partially cleaned flakes 

leave FW-201 as stream 7 and are dropped into the centrifugal washer/dryer unit, WD-

201. 

 

The washer/dryer, WD-201, uses recycled hot water from the extruder/pelletizer, EP-301 

(Fig. 5.2-3), stream 57, to thoroughly clean the plastic flakes and remove any remaining 

adhesive and labels glued to the flakes.  When the wash cycle is finished, the flakes are 

transported with the wash water into the hydrocyclone, H-301 (Fig. 5.2-3), via stream 8 

using the pump included in the WD-201 unit.  

 

The hydrocyclone, H-301, will further separate the plastic flakes based on density into 

two fractions.  One fraction will be the small amount of plastic labels that were not 

removed and the plastic flakes that originated from the ring on the containers associated 

with their lids.  These rings are typically made of type five plastic, and undesirable for the 

purity of the final plastic pellets.  The second fraction will be plastic flakes of the resin 
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type being processed. The upper stream from the hydrocyclone will carry 90% of the 

water while the lower stream will carry 10% (Appendix A-1).  The labels and ring flakes 

will be pumped via the vortex pump included in H-301 to an agitated bar screen 

(vibrating grizzly), VGS-301 (stream 9).  The solids are removed as stream 10; they will 

be stored in a bin and removed when the final product is picked up.  The water leaving 

the screen as stream 59 is split into two streams, 60 described above and stream 61 which 

is combined with the other water recycle streams to feed FW- 201.  

 

The fraction of plastic flakes which are now only colored PET are pumped back to WD-

201 to be mechanically dried, stream 11.  Once dried, water is removed as steam 65 and 

the flakes leave WD-201 via an incline conveyor, C-301, and are transported to EP-301 

as stream 13. Stream 65 is mixed with the other water being sent to FW-201. 

Extrusion is a process that uses heat and force through a die to transform the plastic 

flakes into continuous strands.  The plastic flakes are fed into the extruder/pelletizer unit, 

EP-301, and are transformed into continuous strands.  The strands are sent through a 

cooling water bath and then cut into pellets via an air knife in EP-301.  The pellets will 

exit EP-301, stream 14, at 346 K and be placed in a receptacle, R-301, for removal and 

sale.  The unit will use only one extruder/pelletizer because of the cost associated with 

this piece of equipment. To prevent resin type or color contamination, the first two inches 

of strands made into pellets will be wasted (Appendix A-1).  The cooling water exiting 

EP-301, stream 55 is recycled to WD-201.   
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There will be a receptacle for each of the four resin types being processed and one for the 

wasted pellets.  The receptacles will be situated on a motorized turntable, MT-301, and 

controlled by the process program to ensure no contamination during collection of the 

pellets. 

 

The process described above is repeated for the other three resin types being processed in 

to pellets.  The process for HDPE colored resin can be seen on the PFD pages 4 and 5 

(Fig. 5.2-4 and Fig. 5.2-5).  The PFD showing PET natural and HDPE natural resin 

processing can be seen on pages 6 to 7 and 8 to 9 (Fig. 5.2-6,7 and Fig. 5.2-8,9), 

respectively. 

 

A complex water recycle has been designed so the unit will use as little fresh 

processing/cooling water as possible.  Fresh water from a city water connection will enter 

the unit in two different locations, stream 54 cooling water for EP-301 and stream 52 

provides the water required for FW-201 not supplied by stream 54 after it has been used 

by WD-201 and H-301.   
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5.7. Rationale for Process Choice 

The project given to Green Unit Engineering was to build a stand-alone recycling center 

that would accept post-consumer plastic and form pellets of different plastic resins. The 

main parameter that was set for this project was to recycle consumer plastic at high-

traffic consumer sites such as supermarkets or popular events.  How the plastic was to be 

recycled was determined by the group.  The design that was chosen was a recycling unit 

that is approximately the size of a trailer that can be located in a parking lot (Appendix 

H-1).  The recycling unit accepts consumer plastics via a UPC scanner that sorts the 

plastic at the user interface. Then, in a batch process, the plastic is granulated into small 

flakes and washed.  The flakes are extruded and pelletized, then stored onsite.   An 

operator then takes the pelletized plastic and sells it.   

 

Alternative designs investigated include a recycling unit that is similar in that it receives 

consumer plastic and separates it using a UPC scanner.  However, unlike the on-site 

separation design, the alternative would not extrude and pelletize the plastic. Instead, 

plastic is only compacted and stored onsite. Each recycling unit would act as a satellite 

site for a centralized recycling plant. The compacted plastic would be collected and 

transported to the recycling plant.  The recycling plant would have the same unit 

operations as the proposed design, but on a larger scale.  The difference is that the on-site 

design of complete smaller units does the entire process onsite, whereas the central unit 

requires transportation to a recycling plant. The alternative recycling unit was specified 

and economically evaluated for an ADEQ grant in Appendix F-1. 
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The cost for an individual proposed recycling unit is approximately $400,000 and the cost 

for the large-scale centralized plant is $1.66 million.  It can be noted that the on-site 

recycling unit costs less than the plant; however, the plant is far more profitable since the 

35 of the $400,000 units must be purchased to obtain the same amounts of plastic.  When 

considering the gate-to-gate cost of the on-site unit and the plant designs, the on-site unit 

for pelletizing, costs significantly less.    However, the plant design does not fit into the 

main goal of the project given to Green Unit Engineering and a centralized unit is very 

similar to what the city of Tucson currently uses.  This competition was not taken into 

account when costing either design but was assumed to affect the centralized unit design 

more because the city of Tucson could also place a recycle trash can at any high-traffic 

consumer site.  

 

The on-site processing unit design also has a benefit for society that the 

compactor/centralized recycler design does not provide. For example, the on-site design 

is a novel idea and innovative in the field of plastic recycling. The plant design, while 

much more economically feasible, acts more as a plastic collection site than as a 

recycling center. The on-site design is expensive to produce but provides a model for 

advancement to future plastic recycling devices. In addition, by having the unit 

operations on-site, the process is more streamlined.  The on-site design is faster and more 

convenient in getting the plastic to a buyer than the alternative design.   

 

As of today, the on-site recycling unit is not economically viable, however as the cost of 

oil increases so does the price of producing virgin plastic. From Appendix B-4 it was 
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calculated that the price of plastics would have to reach approximately $2500/ton before 

the individual recycling stations would become profitable. Further, as the price of oil 

increases, the need for oil conservation arises.  The practicality for plastic recycling will 

become more prevalent and the need for an on-site plastic recycling unit will be more 

realistic. 

 

Another alternative that was proposed was to use multiple pieces of equipment in the 

process in order to avoid contamination and plastic loss.  For example, it was originally 

proposed that the process contain two streams with identical pieces of equipment.  One 

stream would process clear plastic and the other stream would process colored plastic. By 

having two streams, contamination would be avoided.  The proposed design eliminated 

the second stream. Instead, water is run throughout the system to avoid cross-

contamination, and a small amount of plastic is discarded after extrusion to eliminate the 

need for multiple extruders (Appendix A-1). The choice to eliminate the duplicate stream 

greatly reduces the cost of each recycling unit.  The proposed recycling unit is an already 

expensive process. Having a second stream of unit operations would make the recycling 

unit more economically infeasible by nearly doubling equipment and electricity costs.      

 

Finally, one scenario researched was the potential impact to the design if the state of 

Arizona passed a bill that would require a 5 or 10 cent deposit on bottles purchased that 

would be refunded upon return. There are similar programs in 11 states.  These “bottle 

bill” states have recycling rates of 70-90% whereas the other states have recycling rates 

of 20-30% (Committe on Environment and Public Works, 2004).  The city of Tucson 
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reports a recycling rate of 21% (Tucson Recycles) and therefore with a deposit system it 

is reasonable to assume that this rate can triple. If the plastic recycling rate tripled, the 

amount of plastic needing to be processed would triple. This would not affect the design 

because the equipment used would be able to handle the increased throughput and would 

almost triple the profit because the added utilizes would be negligible. However, the 

money refunded to the user would have to be refunded to Green Unit Engineering by the 

city for processing the bottle in order for this bottle bill to be beneficial.  This scenario is 

not unreasonable as there is currently a bottle bill before the state legislature (HB2760 

beverage containers; recycling fund; redemption). 

 

The current design for the on-site recycling unit is capable of achieving high PET purities 

in the range of 99% based on other similar processes. Further, the on-site recycling 

design is capable of achieving HDPE purities of 98.18% (Appendix A-1). This is very 

close to values reported for other HDPE separating processes (Hegberg, Brenniman, & 

Hallenbeck, 1992). 
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6.0 Equipment Description, Rationale, and Optimization 

The equipment listed below is for one stand-alone unit that would take post consumer 

plastics and form pure plastic pellets.  For the Tucson area, Green Unit Engineering 

calculated that 35 of these units could be placed within the city (Appendix A-1).  Each 

unit is shown in the PFD in section 5.2 and details on power consumption and 

specifications are shown in the equipment and utility tables in Table 5.3 and 5.5 

respectively. 

 

6.0-1 Barcode Scanner (U-101) 

The barcode scanner priced for this design was the MS3580 QuantumT from Metrologic, 

which is represented on the PFD as U-101, and for further reference, the scanner’s 

product page is included in Appendix G-1 (Posguys, 2005).  SecondChanceGrocery.com 

(a small company recently out of business) had a database, compatible with the UPC 

scanner that contained most common items found in a grocery store, and for a 

significantly reduced price (UPC Database). This UPC scanner would scan barcodes and 

correctly identify the object being scanned by the user. The scanner would be 

omnidirectional, meaning that the scanner would send multiple lasers out at different 

angles and still be read, which would be ideal for reducing queuing time and not 

inconveniencing the user.  Another key aspect of this system would be that additional 

information about an object, such as plastic type and color, would be capable of being 

added to the database and therefore the plastic would be correctly separated by plastic 

number and color.  The barcode scanner would also have a sleep mode to help reduce 

power consumption. 
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The process depends on the UPC system to segregate correctly the plastic in the 

beginning.   Without this initial separation, it would be almost impossible to separate the 

color plastics from the clear plastics inexpensively. This would be ideal since clear 

plastics sell for more.  It was chosen over other identification systems such as IR because 

the UPC scanner would be cheaper by orders of magnitude.  In addition, the barcode 

system would be a novel idea and therefore was thought potentially to get people 

interested in using the recycling unit.  However, the one drawback to this device was the 

fact that the barcode had to be intact in order to be identified, and objects without 

barcodes would not be allowed to enter the recycling unit. 

 

The reason that this UPC scanner was chosen over others was that this scanner has the 

potential to hasten the sorting process via the omnidirectional scanning mechanism to 

speed up the process and reduce queuing time at the machine.  This is very important 

because this process has to appeal to a large number of people. Ease of use and low 

queuing times are key in attracting people to use this process.  In addition, the database 

that the barcode scanner will be drawing upon was chosen because it can be modified to 

include information about products that can be used to identify correctly the plastic resin 

and color of the object being scanned.  There are many UPC scanners available, however 

this unit was chosen because it provided the most information and the price for the 

scanner would not affect the equipment cost significantly.  The only optimization that this 

part of the process requires is to make the barcode scanner and the database communicate 

quickly along with optimizing the positioning of the scanner, which would have to be 

done on site.  
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6.0-2 Linear Actuators (S-101) 

The linear actuators suggested for use for the opening and closing of the automated doors 

were model 6509K83 from McMaster Carr, which were represented within the door 

screener (S-101) in the PFD, and the product page can be found in Appendix G-2 

(Mcmaster, 2008).  These linear actuators were compact and high speed, with an 

operating speed from 2.4 to 3 in/s depending on the weight of the door (Mcmaster, 2008).  

These had a max stroke length of 6 inches, which would work for most type 1 bottles, but 

it was assumed that these are comparable to other longer stroke linear actuators that 

would be needed for type 2 bottles (milk jugs, etc.).  These actuators would be needed to 

open and shut the correct door to where the plastic needs to be inputted.  Without 

automated doors, there would be no insurance that the correct plastic would be placed in 

the correct bins. 

 

The rationale behind electric actuators was that they do not need additional equipment 

like compressed air tanks for pneumatic actuators.  In addition, these actuators were 

cheap (this model was around $200 whereas most are over $700) and fast which would 

again be ideal to help reduce queuing and improve customer satisfaction (Mcmaster, 

2008). In addition, these actuators only produce 25 pounds of force; making the potential 

for injury less if the door accidentally shuts on an arm or a hand.  The optimization 

associated with the linear actuators is placement, which can only be optimally 

accomplished once the doors and casing are on site.  An optical sensor with a time delay 

would be installed for safety to make sure that there was nothing in the way of the door 

closing. 
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6.0-3 Drop Bottom Bins (DBC-101a-e) 

The drop bottom bins used for this design were large storage containers that have the 

ability to empty contents by removing the bottom. These are shown in the PFD as DBC-

101a-e (Section 5.2). The drop bottom containers priced for this process were from 

Powell Systems and a total of five would be needed, one for each type of plastic 

collected. The specifications for the drop bottom container are shown in Appendix G-4 

(Drop Bottom, 2004).  The purpose of these bins would be to store the plastic until a 

certain number of bottles were collected and then, when a bin was full, it would release 

its contents to be processed.  This would ensure that only one type of plastic would be 

processed at a time and would allow the recycling unit to have only one processing 

stream instead of one stream for each type of plastic collected. These bins were necessary 

in order to batch process different plastics at different times using the same machines.  

These bins were chosen because they were the cheapest that would be large enough to 

store the bottles until the process is ready for a new type of plastic. 

 

6.0-4 Incline Conveyor Belts (C-101a-d, C-301) 

The incline conveyor belts for the process were the PC model from Hytrol Conveyor 

Company (Fortna, 2006).  The conveyor belts are represented in the PFD as C-101a-d 

and C-301 and the product page and specifications can be found in Appendix G-3. The 

specific conveyors priced were the 5 foot long by 8-inch wide beds.  The belts were used 

to convey the plastic from one unit operation to another and elevating it at the same time.  

Each time the conveyor was used, the input of the next unit operation was on the top of 
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the machine and therefore an incline conveyor was necessary to elevate the plastic so that 

the next machine would receive the plastic properly. 

 

Five incline belts were necessary for the process proposed.  Four were to take the plastic 

from the drop bottom bins and transport it to the opening in the top of the granulator.  

The fifth incline conveyor was used to take the plastic from the dryer and input it into the 

extruder.  These were necessary to input the plastic where the granulator and extruder 

receive it, at the top of the machines.  These belt conveyors were used over tubular 

conveyors because tubular conveyors often need a minimum amount of plastic to 

function properly (if they use an Archimedes screw principle).  These incline belts were 

chosen over others because these belts provided the most information on the product page 

and it was concluded that cheaper belts did not significantly contribute to the overall 

equipment cost with savings in the hundreds of dollars.  The only optimization was the 

angle at which to place the conveyor to reduce the amount of space that this conveyor 

occupied. 

 

6.0-5 Wet Granulator (G-201) 

The wet granulator, model SML 60/100 from Herbold, was used to uniformly cut the 

plastic and make the plastic ready for processing (Herbold, Wet Granulator, 2007). The 

wet granulator is represented in the PFD as G-201 and the product page and 

specifications can be found in Appendix G-5.  A wet granulator continuously flows water 

through the grinding area in order to remove contaminates and maintain system 

cleanliness.  The wet granulator would take whole bottles, flattened or not, and cut them 
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to a defined size or smaller by cutting the bottles until they fit through specific sized 

holes.  The granulator was an essential piece of equipment in order to cut the bottles to 

sizes that are manageable for the downstream equipment.  Without it, the bottles could 

not be processed because they would be too bulky and hard to clean. 

 

A wet granulator was chosen over a dry granulator because wet granulators would 

eliminate the worry of contaminates (such as peanut butter), that could obstruct the 

plastic and impede on the effectiveness of the granulator.  Wet granulators would wash 

away contaminates as they were introduced to the system and therefore prevent 

unnecessary maintenance problems in downstream equipment.   

 

A granulator was chosen over other cutting methods because granulators cut the plastic 

bottles into more uniform sizes and into the dimensions that would be easily processed by 

the other unit operations. Pulverizers would make the plastics into fine powder, which 

requires more energy and is not necessary for the other pieces of equipment. Shredders 

do not control particle size like granulators do and therefore the plastic output would not 

have a consistent flake diameter (which would be necessary for proper separation in the 

hydrocyclone and for easy flow in pipes).  Granulators would also have the side benefit 

of de-labeling bottles at the start of the process and, with the addition of water and the 

friction washer, would remove a majority of paper labels by pulping and washing them 

away. 
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The SML 60/100 was chosen over other models because it was easily converted to a wet 

granulator and had more suitable blades that would not degrade as quickly over time 

(Elexie, 2008).  The wet granulator would also easily handle the throughput of plastic for 

this process. It claims to be low noise, which would be ideal for public acceptance of this 

process since it would be placed in high traffic areas. Optimization of the wet granulator 

would be accomplished by adjusting the blades and screen hole size to insure the correct 

uniformly sized plastic particles.  The mesh size for this process was designed to be 3/8 

inches, which would be easy to work with and within the capabilities of the granulator. 

 

6.0-6 Friction Washer (FW-201) 

The friction washer would be an addition to the wet granulator to ensure the flakes were 

cleaned and separated from the contaminated water.  As an add-on, it was included in the 

pricing of the wet granulator by Herbold (Elexie, 2008)  and can be seen in the PFD as G-

201 along with the product page in Appendix G-6.  The friction washer would also serve 

as a dewatering screw and would have a mesh to remove fine particulates coming into or 

being created by the wet granulator.   The dewatering screw allows the plastic to be 

removed from the “dirty” water so that contaminates would not be carried onto the next 

step of washing and cleaning.  The negative aspect to having a friction washer was that it 

used 370 gallons per minute extra, however water usage was inexpensive and water was 

being recycled.  The friction washer and granulator combined would be where most 

contaminates and paper labels were removed.  Any contaminates that were not removed 

are assumed to be removed by the washer further down the process stream.  All three 

units together were to ensure that there would be near zero contamination by the end of 
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the process, which would be necessary to sell the plastic at the highest price possible.  In 

addition, since the wet granulator would come with the correct friction washer for the 

unit there would be minimal optimization required.   

 

6.0-7 Mechanical Washer/Dryer (WD-201) 

The mechanical washer and dryer unit chosen was the T-305 from Herbold (Herbold, 

Mechanical Dryer/Centrifugal Washer, 2007).  The product page was included in 

Appendix G-8 and the unit is shown in the PFD as WD-201.  The unit was able to both 

wash the plastic and dry it at different points within the process (Herbold, Mechanical 

Dryer/Centrifugal Washer, 2007).  The T-305 would utilize a centrifuge mechanism to 

perform the actions of both washing and drying.  Wet fractions would be dried by spin-

drying whereas when washing, contaminates would be removed by the high impact 

energy created by the centrifuge and evacuated by water (Herbold, Mechanical 

Dryer/Centrifugal Washer, 2007). As a washer it would use high volumes of water (90 

GPM) to remove contaminates and pulp paper labels removed from the plastic (Herbold, 

Mechanical Dryer/Centrifugal Washer, 2007).  The unit itself is a large centrifuge with a 

polygon shaped, stainless steel screen basket that would be rotated at high speeds.  The 

screen hole size of the basket would be 2.5 mm so the plastic flakes would be retained, 

whereas smaller pieces would be removed before separation to avoid improper separation 

of non-uniform sizes (Herbold, Mechanical Dryer/Centrifugal Washer, 2007). The basket 

itself would have an oscillating pneumatic screen scraper for the inside and an automatic 

mechanical cleaning scraper for the exterior surface to ensure that paper pulp is 

completely removed (Herbold, Mechanical Dryer/Centrifugal Washer, 2007).   
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The main reason this machine was chosen over other pieces of equipment was that the T-

305 could be used as both a washer and a dryer.  This significantly reduced the space 

required by not having multiple machines and by combining both unit operations within 

one machine. The overall equipment cost was reduced as well.  This machine was also 

chosen because it can pulp paper labels and remove them from the plastic along with 

having automatic cleaning, which would reduce maintenance costs.  The T-305 was 

chosen over Herbold’s other models because it was the smallest and cheapest unit and 

still had the throughput required by our calculations in Appendix A-1. 

 

With this washer, the wet granulator and the friction washer, there would be three steps 

for the paper labels and contaminates to be removed.  This would make sure that only 

trace contaminates were in the plastic stream when it was time for extrusion.   

 

The water used for the washer was optimized by being recycled and the hot water from 

the extruder and pelletizer would be fed into the washer to heat the water.  Heated water 

would help the effectiveness of washing the plastic flakes and removing the adhesive.  

The calculations of the temperature change are shown in Appendix A-2. 

 

6.0-8 Hydrocyclone (H-301) 

The hydrocyclone chosen would pump in a slurry mixture and separate it into two output 

streams.  The model chosen was the D-250 from Herbold, who provided a product sheet 

that can be found in Appendix G-7, and is represented in the PFD as H-30 (Herbold, 
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Hydrocyclones, 2007).  The contents of the output streams would be separated according 

to density; anything less dense than water (HDPE, LDPE, and PP) would be removed 

with 90% of the water in the top stream and anything more dense (PET) would be 

removed with 10% of the water in the bottom stream (Appendix A-1). The D-250 would 

work by rotating the water and solids with high force using a vertex pump to feed the 

solids mixture into the hydrocyclone. This step was required to remove labels, cap liners, 

and residual HDPE when processing PET and to remove residual PET when processing 

HDPE.  This separation was to insure that the plastic would be as pure as possible and 

that it would have a higher selling price. 

 

Hydrocyclones were chosen over swim-sink tanks because they were much smaller.  The 

D-250 is about 85 cm tall and has a diameter of 25 cm whereas swim sink tanks are many 

feet in width, length and height (Herbold’s smallest swim-sink tank was 2.9 m long and 1 

m wide) (Herbold, Separation Tank Swim Sink, 2007).  Since the problem statement 

specified a small recycling process, it was very important to use the smaller pieces of 

equipment.  Not only were they smaller but hydrocyclones were also more efficient than 

swim-sink tanks as they could achieve 20 times the earth’s gravity of force (whereas 

swim-sink tanks would use just the earth’s gravity) (Herbold, Hydrocyclones, 2007). The 

D-250 was the smallest hydrocyclone made by Herbold and still had a throughput that 

satisfied the amount of plastic being processed.  Another reason that this model was 

chosen was that a slurry pump, especially for this model, would be provided. 
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The flow rate of the input stream would need to be optimized in order to maximize the 

separation.  This however would be manually done once the hydrocyclone arrived on site 

because every system would be different and the flow rate would depend on the percent 

of plastic in the stream.  The company provided no graphs or tables of this data, so a 

series of small tests would be needed to determine the optimal flow rate.  Since the pump 

is specially made for the model, there should be no need for additional optimization other 

than the flow rate itself. 

 

6.0-9 Extruder/Pelletizer (EP-301) 

The extruder priced was the TSE 020-4858 coupled with a pelletizer both quoted from 

Twin Screw Extruders Incorporated (Twin Screw Extruders Inc, 2008).  The combination 

of the pelletizer and extruder were represented as EP-301 on the PFD (Fig. 5.2-3) and the 

product sheet was included in Appendix G-9.  The screw system would force the clean 

and separated plastic flakes through the extruder while putting mechanical work into the 

plastic.  The plastic would be thermally heated, eventually softening the plastic to the 

point where the pelletizer could manipulate the plastic and form the pellets.  The 

pelletizer would then take the soften plastic and use water to re-harden it and form it into 

pellets with user defined diameters, between 1 to 5 mm, by a cutting mechanism.  These 

two unit operations were technically two pieces of equipment but were placed together 

and would work as one to create the pellets and therefore were priced as one machine and 

assumed a single piece of equipment for the purpose of this design. 
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The rationale for the extruder and pelletizer was that the process description called for the 

complete processing of the plastics on site including forming them into pellets.  This 

system itself was chosen because it was a bench scale model and therefore much smaller 

and would still work with the amount of plastic being processed.  In addition, this 

extruder and pelletizer would process the different plastics of interest. 

 

There was minimal optimization due to the machine fitting the required throughput and 

Twin Screw Extruders Inc. provided technical specifications (Appendix G-9).  Minor 

changes would be needed to the screw speed and temperature to ensure optimal 

performance. 

 

6.0-10 Pellet Receptacle (R-301, 302, 501, 701, 901) 

The pellet receptacles priced were 180-gallon plastic drums (Salvage Drums).  The drums 

are represented on the PFD as R-301, R-302, R-501, R-701, and R-901 (Section 5.2) and 

the product sheet was included in Appendix G-10. The sole purpose of these drums was 

to hold the pellets being produced until they were removed from the recycling unit.  

These were chosen because they were the largest bins at a cheap price.  The volume of 

these bins would be large enough to require emptying only once every three weeks 

(Appendix A-4).  For this design, there were a total of five of these bins, one for each 

type of plastic being processed and the waste plastic. 
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6.0-11 Vibrating Grizzly Screens (VGS-301, 501)  

The vibrating grizzly screen was a vibrating bar screen that would be used in this process 

to capture the unwanted plastics coming out of the waste stream from the hydrocyclone. 

The screens are represented on the PFD as VGS-301 and VGS-501 (Section 5.2) and the 

product information can be found in Seider et al. (Seider, Seader, & Lewin, 2004).  

Depending on the plastic being processed, the waste being captured is different.  For PET 

processing, the plastic from caps, labels and residual HDPE bottles would be removed, 

whereas for HDPE processing, residual PET would be removed and discarded.   

 

The vibrating grizzly screen was needed to keep solids out of the recycled water stream 

and remove the waste plastics from the process.  The 6 ft2 vibrating bar screen was priced 

because it was the smallest and therefore the cheapest and the surface area was more than 

enough for this design.  Calculations for the price of the vibrating bar screen are provided 

in appendix B-1. 

   

6.0-12 Motorized Turntable (MT-301) 

The motorized turntable was a large platform that rotates.  This was where the pellet 

receptacles would be placed so space would be consolidated and one pelletizer would 

feed into different bins.  The 6 ft turntable found was assumed able to work with the 180-

gallon bins if the turntable was altered to have a wider platform (Turntables, 2006). The 

motorized turntable is represented on the PFD as MT-301 (Section 5.2) and the product 

information was included in Appendix G-11. This machine was the solution to the 

problem of how one pelletizer could feed into different bins depending on which plastic 
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was being processed, since it was necessary to keep the plastics segregated from one 

another.  This model was specifically chosen because it was the largest one found and 

assumed capable of handling the necessary loads. 

 

6.0-13 Laptop 

The laptop was chosen by computer performance and was assumed to exceed the needs 

for this design without contributing to the total equipment cost significantly (Gateway M-

6816, 2008). The computing power was needed to accurately run process control via 

LabVIEW or a similar program and to monitor the system’s operations. Since data should 

also be stored about the plastics being processed, a decent sized hard drive was required 

to store the necessary information.  
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7.0 Safety Statement 

Because of the nature of plastic recycling and the absence of operators, the recycling unit 

is an inherently safe process. However, because of its close proximity to largely 

populated areas, safety hazards will be considered.  All of the following safety concerns 

are preventable with regular maintenance and repairs. The Process Hazard Assessments 

for the equipment used in this process can be found in Appendix I. 

 

The plastic pellets that leave the extruder are at a temperature of 348 K (Appendix A-2, 

Table A-2.1). This temperature is hot enough to burn the skin.  As a precaution, any 

persons that are handling the plastic pellets should use gloves before touching the plastic.  

The operator should also wait for the plastic to cool in order to ensure that he/she is not 

burnt.   

 

The extruder uses high temperatures in order to melt the plastic so that the plastic can be 

molded using the pelletizer.  If there is a malfunction in the extruder and it were to 

exceed the operating temperature, then the plastic can catch fire.  There are also large 

storage containers of plastic pellets that could catch fire.  Further, before the plastic is 

washed, it may contain other flammable items such as paper labels.  In case of fire, it is 

recommended that water and dry chemical powder be used to extinguish the fire 

(Polyethylene MSDS, 2008).   

 

 PET may decompose and form a flammable or combustible mixture with the air 

(Polyethylene MSDS, 2008).  Also, PET may be harmful if it is inhaled, ingested, or 
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absorbed.  Toxic fumes may be released as well from its decomposition, including carbon 

monoxide and dioxin (Polyethylene MSDS, 2008).  PVC contains many toxins including 

di-2-ehtylhexyl phthalate, an endocrine disruptor and possible human carcinogen 

(McRandle, 2004).  If the plastic were to catch fire and release toxic fumes, the local fire 

department should be contacted in order to extinguish the fire and anyone exposed to the 

fumes should seek medical attention as a precaution.  The vicinity of the fire should also 

be evacuated.  Since the recycling unit is enclosed in a metal container, the fire should be 

contained within it and not spread.  

 

Another fire concern is an electrical fire.  Electrical fires are often the cause of defects, 

physical damage, or aging in the wiring.  There are several electrical components within 

the recycling unit, including the user interface.  These components can age and become a 

risk for an electrical hazard.  Again, it is advisable that the fire department is called to 

extinguish the fire and the vicinity be evacuated.  If one is available, a carbon dioxide 

extinguisher may be used if the fire is small (Cyr & Johnson, 2006).  Water should never 

be used. 

 

The user interface contains actuated doors that open and close.  The doors contain a laser 

over the plane of the door.  If the laser plane were broken, the door will not close.  This is 

a safety precaution that will prevent the door from closing if a user’s hands were in the 

doorway.   
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The recycling unit is housed in a steel container.  Since steel is a conductor of electricity, 

it may become electrified and pose a danger to any users that approach it.  Such a 

scenario would arise if a water valve was to malfunction and a wire was to break.  The 

wire would provide an open source of electricity and water would fill up the recycling 

unit uncontrollably.  This combination could lead to the exterior of the recycling unit 

being electrified.  If this situation did occur, the vicinity of the recycling unit should be 

evacuated and the power to the recycling unit should be cut off.  

 

Since the recycling unit would be located in parking lots, it could pose a driving hazard.  

Drivers that are not careful of their surroundings could collide with the recycling unit, 

which occupy several driving spaces.  It can take as little as 5 mph for a healthy person 

with no health problems to sustain injury in an auto accident (Pancratz).  So while the 

impact of hitting the recycling unit may be small, it can still cause harm.  In such a case, 

it is necessary for the persons involved to seek medical attention. 

 

Since there is no operator that oversees the recycling unit, there will be no one to watch 

for any hazards.  This can make the recycling unit a dangerous apparatus, if not for the 

safety precautions and alert system being used.  A housed fire alarm and a sprinkler 

system will be installed inside of the recycling unit. If the fire alarm does go off, the fire 

department will be called and the electricity will be turned off automatically.  The 

recycling unit will also have an emergency shut off that can be accessed using a key.  The 

key will be kept with the manager of the grocery store or wherever the recycling unit is 

located. If there are any visible malfunctions to the machinery, the manager can shut it 
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down.  The damages that are not visibly apparent will be dealt with by the operator that 

checks the recycling unit.  The cost of these precautions is assumed to being negligible.   
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8.0 Environmental Statement 

The recycling unit has minimal impact on the environment.  There are no hazardous 

chemicals used in the recycling process.  Water is the only chemical used and it is only 

used to wash the plastic.  However, since the water washes away any adhesives or other 

chemicals from the bottles, it can become contaminated with harmful chemicals.  This 

contaminated water is filtered to remove pulp and recycled in the process.  The 

particulates that get filtered are then discarded into a waste bin.  It is possible that the 

recycling unit can become damaged and leak polluted water into its surroundings.  In this 

scenario, the surrounding environment could become polluted with chemicals such as 

laundry detergent.  Water polluted with laundry detergent will have chemicals that 

degrade slowly in the environment, including alkyl benzene sulfonates (Are Leading 

Brand Laundry Detergents Environmentally Friendly, 2005).  Water that is polluted with 

old laundry detergent may contain elevated levels of phosphate, a contributor to the 

eutrophication of waterways (Are Leading Brand Laundry Detergents Environmentally 

Friendly, 2005). 

 

While there are no dangerous chemicals that are used to recycle the plastic, the plastics 

themselves can be hazardous to the environment. The plastic resins are safe in the 

temperature range that they are being used in the process.  However, if there were a fire 

or excessive heat, the plastic resins can emit toxic fumes and possibly catch fire.  PET has 

an auto-ignition temperature of 349 °C (Polyethylene MSDS, 2008). The extruder 

temperature only reaches 75 °C and is unlikely to ignite the plastic unless a malfunction 

causes it to heat to 349 °C (Appendix A-2). PET will also decompose at very high 
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temperatures and release carbon monoxide, carbon dioxide and other combustible 

byproducts into the atmosphere (Polyethylene Terephthalate MSDS, 2007).  For example, 

acetaldehyde is an air pollutant and flammable gas that is released with the thermal 

degradation of PET.  Again, these fumes would only be released if the unit were to catch 

fire and were damaged, allowing the fumes to leak into the atmosphere. The carbon 

dioxide included in the fumes emission of plastic will contribute to global warming with 

a global warming potential of 1. However, the release of carbon dioxide is an unlikely 

scenario and the recycling unit would not normally exacerbate global warming. If a 

plastic fire were to occur, it can be put out using water or dry chemical powder. The 

properties of the other plastic resins are similar and would have the same emissions of 

carbon dioxide and carbon monoxide when decomposed. 

 

These are negligible environmental effects compared to the benefits that the recycling 

unit would provide.  The outcome of this project is to reduce the amount of plastic in the 

solid municipal waste stream.  This would decrease the amount of plastic that ends up in 

the landfill.  In some countries, 90% of water bottles end up in the landfill (Oliver, 2008).  

While the recycling unit would not solve this problem, it would mitigate it.       

 

By recycling plastic, there will be less virgin plastic produced.  Thus, there will be less 

plastic in the environment and more oil is would be conserved.  Plastic recycling also 

benefits the environment by using less energy to produce a product.  The amount of 

carbon dioxide that is emitted from utility usage is 1.34 lbs/kW-hr (Zandonella, 2007).  

The recycling unit uses 68,318 kW-hrs in one year (Appendix A-3, Table A-3.5).  Thus, 
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the amount of carbon dioxide emitted annually from one recycling unit is 91,546 lbs.  

Compared to the 7.8 tons of carbon dioxide produced per year by the average American, 

this is a relatively small amount (Zandonella, 2007). Also, recycling plastic uses two-

thirds less energy than making virgin plastic (Environmental Benefits of Recycle on the 

Go, 2008).  This saved energy will save on natural resources as well as save on the 

emissions of carbon dioxide created from generating that energy. 

  

Since the plastic is recycled and the resin is sorted onsite, there will be less 

transportation.  The recycling unit reduces the carbon dioxide emissions from trucks that 

would otherwise be required to pick up the plastic and transport it to a recycling center.  

The amount of carbon dioxide emitted per gallon of gasoline consumed is 25.3 lbs/gallon 

(Zandonella, 2007).  The only transportation necessary would be to transfer the plastic 

pellets to the buyer.  This would save hundreds of gallons of gasoline and accordingly 

tens of thousands of pounds of carbon dioxide emissions.  This reduction in carbon 

dioxide will lessen the impact on global warming.   
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9.0 Economic Analysis 

The analysis of designing a profitable recycling unit included the base design of a self-

contained processing unit and a recommended alternative design, a central processing 

plant with multiple collection units. The base design is 35 recycling units (Appendix A-1) 

that will take plastic containers from the user, ensure proper resin sorting, and process the 

plastic onsite to the final product. Green Unit Engineering plans to build 35 units to be 

put into operation in Tucson, AZ, and the surrounding area. 

 

The proposed design has a total bare module equipment cost of approximately $400,000 

for one unit (Appendix B-1).  Based on this bare module equipment cost, the Guthrie 

method (Seider, Seader, & Lewin, 2004) was used to calculate the annual operation and 

maintenance costs along with development costs, total depreciable capital, and total 

capital investment. 

 

The total capital investment necessary for unit construction and start up based on this 

method was found to be approximately $23.5 million (Appendix B-2). To calculate this 

investment the total bare module cost of equipment, cost of site, cost of offsite facilities, 

cost of start up, and an estimate of the working capital must be calculated. The values 

used by Green Unit Engineering can be seen in Table 4.1. 

 

Total bare module cost is the summation of all the quoted equipment costs and bare 

module costs from Seider (Seider, Seader, & Lewin, 2004) for all equipment necessary 

for the operation of the proposed design (Appendix B-1).  Site development costs were 
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estimated to be 5% of CTBM (Seider, Seader, & Lewin, 2004), the value given for an 

operation added to an existing complex. Although the recycling unit is not a permanent 

structure this cost was taken into the calculation to account for the fees for hooking the 

unit up to power, water, and sewage sources along with any fees associated with 

permitting. 

Table 9.1: Cost Factors to Calculate Total Capital Investment 

Cost Factors $ 2008 

Total Bare Module Cost, CTBM 14,000,000 

Site Development Costs, Csite 699,000 

Building Costs, Cbuildings 0 

Offsite Facilities Cost, Coffsite 699,000 

Start Up Cost, Cstartup 1,820,000 

Working Capital, CWC 3,514,000 
 

No building costs were estimated since the unit is self-contained, but offsite facilities 

costs were considered to account for the shipping and storage facilities necessary for the 

final product. Coffsite was also estimated to be 5% of CTBM (Seider, Seader, & Lewin, 

2004).  Startup costs were calculated to be 10% of the total depreciable capital (Appendix 

B-2).  This cost was included to cover any startup labor or auxiliary equipment found to 

be required at the time of startup. The current working capital was estimated as 17.6% of 

the total permanent investment, which is defined as 1.8(CTBM + Csite + Cbuildings + Coffsite) + 

Cstart up (Appendix B-2).  

 

To estimate the utility cost of the equipment, Table 17.1 from Seider et al. (Seider, 

Seader, & Lewin, 2004) was used to calculate base utility costs. The annual electricity 

cost of $97,045 was established by multiplying the kilowatt usage per hour, for the 35 

units as provided by vendors (Appendix A-3 Table A-3.5) by the base electricity cost of 
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$0.40/kW-hour (Seider, Seader, & Lewin, 2004). The process/cooling water utility cost 

was established using the same method, for process/cooling water flow provided by 

vendors (Appendix A-3) and calculated in our designed water recycle stream, at a cost of 

$0.50/1,000 gallons for an annual total of $9,155 (Appendix B-2 Table B-2.1).  The last 

utility cost accounted for was the wastewater discharge fee, $54,933 annually, estimated 

as $3/1000 gallons per year (Seider, Seader, & Lewin, 2004). 

 

Table 17.1, in Seider et al., was used to calculate a total annual production cost of $2.19 

million Green Unit Engineering made some other important assumptions. Three 

employees being paid $18.30 per hr, working 40 hours per week, will be responsible for 

maintenance of the unit and pickup and transportation of the final product to a 

storage/shipping facility. This wage is the median wage in Pima County in 2006 for 

installation, maintenance, and repair occupations in the manufacturing industry (Arizona 

Workforce Informer).  The annual direct wages and benefits, $114,192, was used as the 

basis for all labor and maintenance related operation calculations.  All other calculated 

costs necessary to derive the total annual production cost can be seen in Table B-2.1 of 

Appendix B-2. 

 

Annual sales of the proposed design, $1.47 million, were calculated using a base selling 

price for PET natural pellets at $760/ton, PET colored pellets at $620/ton, HDPE natural 

pellets at $660/ton, HDPE colored pellets at $600/ton (Plastics Recycling Section, 2008), 

and the mixed plastics type 4-6 at $150/ton (Masters & Ela, 2008). The sale of the mixed 

plastics is based on the market for using these types of plastics as fuel in cement kilns 
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(Gerdes, 2008). The price Lafarge pays companies for the plastic is the price the plastic 

suppliers would pay to dispose of the plastic in the local land fill (Gerdes, 2008). 

 

The low value of the annual sales compared to the annual production cost yields an 

annual net earnings of $-725,863, which does not yield a significant investor rate of 

return (Table B-2.1 Appendix B-2). The unprofitable investor rate of return was 

calculated using 2 years of construction and site planning assumption, a 5-year MACRS 

depreciation schedule, and a 30 year operation cash flow method (Table B-2.3 Appendix 

B-2)  

 

Through a sensitivity analysis of this economic analysis, some suggestions can be made 

for a redesign of this proposal, which would be more profitable. Factors that can be 

controlled by the design engineer include finding a design that will operate with less 

equipment or cheaper equipment to bring down the total bare module cost which 

accounts for 60% of the total capital investment.  An assessment of what the sales price 

of the pellets and mixed resin fuel would have to be to yield an investor rate of return of 

20% was performed (Appendix B-4).  The result shows that with the current design and 

quantities of plastic being produced all types of pellets would have sell for approximately 

$2,500/ton.  This scenario is not very likely so a second design option is proposed. 

 

The second design option would be to have 35 collection units that would only sort and 

compact the plastic containers (Appendix F-1). The compressed containers would be 

collected and taken to one central facility to be processed using the same equipment 
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proposed in the design previously described. This method of recycling is the current 

practice by the city of Tucson (Gibson, 2008).  If the equipment for the original design is 

used in the processing facility, excluding the extruder that is too small, a favorable 

economic analysis is seen. The base design runtimes of the equipment were scaled up to 

handle the recyclables from 35 units (Table A-3.7 Appendix A-3).  The only piece of 

equipment that needed to be replaced because of the lack of throughput capacity was the 

extruder. As a rough estimate, the cost of an extruder that could handle the capacity was 

found using the 6/10 rule (Seider, Seader, & Lewin, 2004). 

 

Following Table 17.1, in Seider et al. (Seider, Seader, & Lewin, 2004), the annual cost of 

this plant design was calculated.  Again, a 30 year cash flow analysis was preformed and 

was shown to yield an investor rate of return of 15.2% (Table B-3.2 Appendix B-3).  This 

is an attractive alternative design, but this type of recycling and processing is already 

being practiced in Tucson, AZ.  To endorse this design another study is recommended to 

prove that the quantities of plastic required to fulfill the estimates in the cost calculations 

could be achieved. 

 

Considering other factors that influence the economic feasibility of the plastic recycling 

unit, the price of virgin plastic is addressed.  There is an economic hazard for this design 

if the price of virgin plastic is reduced by falling petroleum prices. This seems unlikely at 

this time, and could potentially stop all monetary plastic recycling incentive. Another 

economic hazard with the 35 unit design is the size of equipment available for the 

processes required. The scale for equipment widely available is larger than the 
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throughputs of plastic resin expected (Appendix A-1).  If equipment is found for the scale 

designed, the overall equipment costs may be significantly reduced.  The oil price and 

cost of producing virgin plastic cannot be controlled.  If the price of virgin plastic drops 

significantly, the only way of mitigating this hazard would be to reduce the economic 

costs of this process. 

 

The 35 unit design has been shown to be unprofitable and not recommended by Green 

Unit Engineering to be constructed due to the low annual sales, the annual net sales loss, 

and low investor rate of return. The price of an individual unit that only sorts plastic by 

type and color such as the Multisort IR/ES Combo from National Recovery Technologies 

is approximately $171,000 for 1 ton an hour (Tomson, 2008). This is far more than the 

cost of the UPC scanner and database utilized in this design, although this design relies 

more on individuals scanning their own plastic. The Multisort IR/ES is approximately 

43% of the bare module equipment cost for a single recycling unit (Appendix B-2). The 

plant design using 35 collection units, which have been designed for the ADEQ grant 

(Appendix F-1), show a favorable investor rate of return and it is recommended by Green 

Unit Engineering to undergo further feasibility studies. 
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10.0 Conclusions and Recommendations 

For those who live in apartments or go to large events, plastic recycling can be an 

inconvenient process.  The goal of this project is to address the problem and encourage 

plastic recycling to those who would not otherwise recycle. More specifically the 

objective is to remove plastic from the solid municipal waste stream, and concurrently 

generate money so that the venture can be sustained.        

 

The design is an inherently safe process because no dangerous chemicals are being used.  

The most dangerous piece of equipment is the extruder/pelletizer.  The extruder/pelletizer 

reaches high temperatures of 75 °C and can be a fire concern, but a temperature sensor 

and an emergency shutdown system is implemented to ensure its safety.  The recycling 

unit is also an environmentally friendly process.  The only carbon dioxide emissions 

come from the electricity requirements for the recycling unit.  This circumstance is 

outweighed by the benefits the recycling unit has on the environment by removing plastic 

from the landfill.  If the recycling unit is put into use, the environmental impact of plastic 

is reduced with little environmental detriment and safety concerns.  

 

It can be concluded that while the recycling unit is a novel idea and has many 

environmental benefits, it is not an economically feasible process.  For 35 recycling units 

operating over a span of 30 years, the design would yield an investor rate of return of 

only 0.039% (Appendix B-2).  This is not an attractive rate of return; however, at a 

plastic selling price of approximately $2500/ton, the investor rate of return becomes 20% 

(Appendix B-4).  At this price, the recycling unit becomes a profitable venture and a 
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feasible business to start. This is a very unlikely scenario since plastic is not a rare 

commodity.  Until the selling price of plastic reaches this level, the recycling unit is not 

recommended for construction.  In addition, in order for the device to become a reality, it 

is recommended to find cheaper equipment costs.  The equipment bare module cost for a 

single unit is approximately $400,000 (Appendix B-1).  A third of this cost is contributed 

to by the extruder/pelletizer.  In order to lower the bare module cost and make the process 

more feasible, a cheaper extruder/pelletizer is required.  At the time of the report, the 

specified extruder/pelletizer is the cheapest model that was found, but it is essential that a 

cheaper one be found in order to lessen the bare module cost.   

 

The alternative design as mentioned in the ‘Rationale for Process Choice’ section is to 

have 35 satellite locations that collect and compress the plastic (Appendix F-1) and then 

transport the compressed plastic to a recycling plant. This process is much more 

economically feasible because it does not require the expensive unit operations at all 35 

collection points. For 35 collection points operating for 30 years, the investor rate of 

return is approximately 15% (Appendix B-3).  This is very close to the 20% rate of return 

that is ideal.  Thus, at the current price for recycled plastic, it is recommended that the 

plant design be constructed.   

 

The better rate of return for the recycling plant could be impacted by the assumption 

made about the cost and water requirements of the scaled up extruder/pelletizer 

(Appendix B-1).  The extruder that was specified in the onsite recycling unit was scaled 

up using the ‘6/10 factor’ as described by Sieder et al. (Seider, Seader, & Lewin, 2004).  
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Since the extruder/pelletizer accounts for a third of the equipment cost, the bare module 

cost is very sensitive to the cost of the extruder/pelletizer. Therefore, this assumption to 

scale up the cost of the extruder has an important impact on accuracy of the rate of return 

for the recycling plant. 

 

It is also worth noting that the assumptions made to perform the mass balance were 

difficult to assess.  Since there has been little study on the behavior of people recycling 

plastic, some of the assumptions that were ascertained may have caused inaccuracies in 

the evaluation of the investor rate of return.     

 

This process is capable of achieving the desired separations and it can operate in a limited 

area such as a parking lot (Appendix H-1). The primary issue with this process is the 

equipment costs. Due to the small-scale design of this process, the available equipment is 

limited to the smallest on the market; however, many of these pieces are capable of 

processing far larger amounts of material, approximately 1 ton/hr (Herbold, Wet 

Granulator, 2007). Until small scale processes of this type become more common place, 

this process will be limited to the more expensive pieces of equipment and until then will 

be economically infeasible. 

 

10.1. Future Work 

The aim of this project is to benefit the environment. While the recycling unit does 

remove plastic from the solid municipal waste stream, it does use electricity and 

consequently generates carbon dioxide. In order to be completely environmentally 
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friendly, it is recommended that the recycling unit use solar panels instead of power 

generated by power plants. The solar panels will need to be sized and priced in future 

work in order to see if the inclusion would make economic sense. In addition, instead of 

using current pieces of equipment on the market for each unit operation, an apparatus can 

be designed and constructed that is capable of all of the unit operations. In this way, the 

recycling unit can be designed and constructed cheaper than buying individual pieces of 

equipment.  Another aspect that should be worked on in the future is the precipitate in the 

water cycle.  The water is rinsed over the plastic in the extruder and recycled through the 

system.  Precipitates can collect throughout the water recycle loop due to the temperature 

changes and should be dealt with in future work to prevent problems.  The next step in 

the design of the recycling unit should be to continue finding cheaper unit operations in 

order to make the process more economically realistic. The equipment currently used is 

capable of much larger throughputs and this process would become more economically 

feasible as smaller pieces of equipment come onto the market and in demand for such 

processes. Finally, Green Unit Engineering should focus on marketing the recycling unit 

and getting consumers interested in using the recycling apparatus.  This can be done 

through advertisement and diligence towards making the unit a reality.                                                       
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12.0 Appendices 

Appendix A-1: Mass Balance Calculations 

From Don Gibson (Gibson, 2008), the amount of plastic obtained in 1 month by the city 

of Tucson using blue recycling bins, drop off sites at parks, and other recycling programs 

are as follows: 

Table A-1.1: City of Tucson Recycled Plastic Collection Rates 
City of Tucson PET collection in 1 month 90.56 tons1 
City of Tucson HDPE natural collection in 1 month 30.58 tons1 

City of Tucson HDPE colored collection in 1 month 44.18 tons1 

     * City of Tucson does not collect 3-6 plastic types for recycling 

To calculate the amount of plastic that would be captured at a drop off location in front of 

a grocery store the following assumptions were made. 

1. The plastic collected by the City of Tucson primarily comes from blue bins 

provided to homeowners and therefore it is assumed that all the plastic collected 

for the city of Tucson comes from homeowners. 

2. If plastic drop off sites were located in front of local grocery stores, renters would 

recycle their plastic at that drop off site instead of taking it to a park drop off 

location or other curb side drop offs site. 

3. Renters would recycle at the same rate as homeowners. 

4. There will be 35 drop off sites in front of grocery stores which each collect the 

same amount of plastics for recycling based on the approximate number of Fry’s 

in the Tucson area (Dex Yellow Pages). 

                                                           
1 Gibson, D. (2008, January 31). City of Tucson. 
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5. PET is collected at the same rate as reported by the City of Tucson while other 

plastics recycled in Tucson would be the same as the national statistic for recycled 

plastics as reported by EPA (EPA, 2007). 

6. The label weight is 3.7% of the plastic weight according to Mixed Plastics 

Recycling Technology (Hegberg, Brenniman, & Hallenbeck, 1992). 

7. Cap liner weight is 0.4% of plastic weight according to Mixed Plastics Recycling 

Technology (Hegberg, Brenniman, & Hallenbeck, 1992).  

8. Adhesive weight is 1.3% of plastic weight according to Mixed Plastics Recycling 

Technology (Hegberg, Brenniman, & Hallenbeck, 1992). 

9. PET plastic is assumed to be 40% colored and 60% clear, the same as glass 

(Hegberg, Brenniman, & Hallenbeck, 1992).  

10. Assume the ratio of HDPE color to HDPE Natural is 1.45 as reported by the city 

of Tucson (Gibson, 2008). 

11. Assume that 10.526% of the PET label weight is paper and the balance is plastic 

(Green Unit Engineering, Plastic Data Collection Results, 2008). 

12. Assume that 60% of the HDPE label weight is paper and the balance is plastic 

(Green Unit Engineering, Plastic Data Collection Results, 2008). 

13. Assume washer removes 100% of adhesive weight which then leaves the system 

as a dissolved constituent of the water leaving the friction washer (Herbold, 

Mechanical Dryer/Centrifugal Washer, 2007). 

14. Assume the Blower/Dryer unit removes 100% of water from the washed plastic 

stream (Herbold, Mechanical Dryer/Centrifugal Washer, 2007). 
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15. Assume that the material carries with it and additional 92.839% of its weight in 

water (Green Unit Engineering, Wet Material Mass Experiment, 2008). 

16. Assume that the mass of water can be calculated using the density of water as 

0.997 g/cm3 which is the density at the assumed inlet temperature, 25 oC (Water - 

Thermal Properties). 

17. Assume that 20% of the paper labels are removed in the washer (Herbold, 

Mechanical Dryer/Centrifugal Washer, 2007). 

18. Assume that the extruder/pelletizer requires 8 liters per minute (Twin Screw 

Extruders Inc, 2008).  

19. Assume 90% of the water entering the hydrocyclone leaves through the top while 

10% leaves through the bottom (Herbold, Hydrocyclones, 2007). 

20. Assume that 2 inches of the 5 mm diameter plastic strand is wasted between each 

batch of different plastic types and that this wasted mass is negligible in the mass 

balance calculations due to the limited accuracy of the current mass flow rate 

calculations. 

The following information in Tables A-1.2 and A-1.3 as well as Table A-1.1 was used to 

perform the mass balance calculations based on the above assumptions. 

 From the Census Bureau (Bureau, 2007):    

Table A-1.2: Tucson Census Housing Information 
Tucson Population 518,9562 
Total housing units 204,0191 

Total rental units 92,0711 

Total owned units 111,9481 

      * Data provided by the Census Bureau (Bureau, 2007) 

                                                           
2 U.S. Census Bureau. (n.d.). Tucson City, Arizona. Retrieved February 1, 2008, from U.S. Census Bureau: 
http://factfinder.census.gov/ 
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From EPA (EPA, 2007): 

  Table A-1.3: EPA Reported National Plastic Recycle Rates for 2007 

Total Plastics in MSW, 
by resin 

Generation3 
(thousand 

tons) 

Recovery2 

(thousand 
tons) 

Discard2 

(thousand 
tons) 

% of 
Recycle 
Stream2 

% of Plastic 
Generation2 

PET 3060 620 2440 30.39 10.38 
HDPE 6040 580 5460 28.43 20.48 
PVC 1670 0 1670 0 5.66 

LDPE/LLDPE 6560 280 6280 13.73 22.24 
PP 4050 20 4030 0.98 13.73 
PS 2550 10 2540 0.49 8.65 

Other Resins 5560 530 5030 25.98 18.85 
Total Plastics in MSW 

(in thousand tons) 29,490 2040 27,450 100 100 
 

Calculations: 

As mentioned in the assumptions, it is assumed that the renters in Tucson will take 

advantage of the recycling unit placed in front of the stores. Based on this assumption it 

is necessary to calculate the percentage of renters in Tucson using the Census Bureau 

data presented in Table A-1.2 as follows: 

 

% Renters = (Total Rentals)/(Total Housing Units) x 100  (A-1a)
 

 
The percentage of renters is: 

 

% Renters
 

%13.45100
019,204
071,92 =×=

   
(A-1b) 

 

                                                           
3 EPA. (2006). Retrieved February 1, 2008, from Environmental Protection Agency: 
http://www.epa.gov/epaoswer/non-hw/muncpl/06data.pdf 
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The PET collection rate for each site can be found based on assumptions 1-4 and is 

calculated as follows: 

 

PET per week per site = fractionrenter 
fraction)renter -(1sites #(wks/mo) 4

PETTucson ⋅
⋅⋅

  (A-2a) 

 
Using Eqn. A-2a the collection rate can be found as follows: 

 

PET per week per site = tons
tons

532.04513.0
)4513.01(354

56.90 =×
−∗∗   

(A-2b) 

 
The amount of PET colored and natural can be found using assumption 9 as follows: 

 
PET colored per week per site = PET per week per site*0.4   (A-3a) 

 
Using Eqn. A-3a the collection rate of PET colored can be found as follows: 

 
PET colored per week per site = wklbswktonswktons /6.425/2128.04.0/532.0 ==⋅    (A-3b) 

 
The amount of PET natural can be calculated using Eqn. A-3a with 0.6 instead of 0.4 and 

is found to be 638.4 lbs/wk per site. 

 

Using the data from EPA and assumption 5, we can calculate the expected amount of 

HDPE collected each week per site. This calculation is as follows: 

 

HDPE per week per site = Fraction HDPE
Fraction PET

Flow PET ⋅     (A-4a) 

 
Using Eqn. A-4a we can calculate the amount of HDPE collected per week as follows: 
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HDPE per week per site = wklbs
wklbs

/6.9952843.0
3039.0

/1064 =×
 

(A-4b) 

 
Using assumption 10 we can calculate the amount of HDPE that is colored and the 

amount that is natural as follows: 

 

HDPE colored per week per site = 
45.2

Flow HDPE45.1 ⋅
  (A-5a) 

 
Using Eqn. A-5a the HDPE colored collected per week per site is calculated as follows: 

 

HDPE color per week per site = wklbs
wklbs

/3.588
45.2

/6.99545.1 =⋅
 (A-5b) 

 
The remainder of the total weight of HDPE is natural HDPE and is found to be collected 

at a rate of 407.3 lbs/wk per site. 

 

The total amount of plastics excluding types 1-3 collected per week can be calculated 

using assumption 5 again and is found as follows: 

 

Other plastics collection rate = Flow) PET HDPE(
Fraction PET

Flow PET +−  (A-6a) 

 
Using Eqn. A-6a the collection rate for other plastics excluding types 1-3 is calculated as 

follows: 

 

Other plastics = ( ) wklbswklbswklbs
wklbs

/6.1441/1064/6.995
3039.0

/1064 =+−     (A-6b) 
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Assumption 6 can be used to calculate the label weight for each type of plastic and is 

done as follows for PET colored: 

 
Label Weight = 0.037*(plastic resin weight)    (A-7a) 

Label Weight = wklbswklbs /7.15/6.425037.0 =⋅   (A-7b) 

 
Assumptions 11 and 12 allow for the calculation of paper label weight and plastic label 

weight for the two processed types of plastic. An example of this calculation for the 

amount of paper labels generated from the PET colored plastic is as follows: 

 
Paper label weight for PET color = 0.10526*(label flow rate)   (A-8a)  

Paper label weight for PET color = wklbswklbs /65.1/7.1510526.0 =⋅     (A-8b) 

 
Assumption 7 allows for the calculation of the cap liner weight generated for each type of 

plastic. An example of this calculation for PET colored is as follows: 

 
Cap liner weight = 0.004*(PET colored flow rate)    (A-9a) 

Cap liner weight = wklbswklbs /7.1/6.425004.0 =⋅   (A-9b) 

 
Assumption 8 allows for the calculation of the adhesive weight generated for each type of 

plastic. An example of this calculation for PET colored is as follows: 

 
Adhesive weight = 0.013*(PET colored flow rate)   (A-10a) 

Adhesive weight = wklbswklbs /5.5/6.425013.0 =⋅        (A-10b) 
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The water requirement calculations were based on the mass throughput of material 

through each piece of equipment as well as the specified throughput and water 

requirements provided by the supplier. An example of the calculation for the water 

requirement for the wet granulator processing the PET colored plastic stream is as 

follows: 

 

Water Requirement = Req. Water Spec.
Throughput Spec.

Flow PET ⋅         (A-11a) 

Water Requirement = wkL
L

hr

gall

hrlbs

wklbs
/1579

gall 0.2642 

1

1

min60

min1

62

/4000

/5.448 =∗∗∗     (A-11b) 

 
Using assumption 16, the mass flow requirement of water for the wet granulator can be 

calculated as follows: 

 

Water Requirement = lbs/wk 3470
kg 0.45359237

lb 1

L 1000

m 1

m 1

kg 997

 1

 1579 3

3
=∗∗∗

wk

L     (A-12a) 

 

The run time required for each piece of equipment to process each type of plastic each 

week was calculated as follows: 

 
Run Time (hrs/wk) = (Equipment Throughput)-1(Weekly Throughput) (A-13a) 

 
For example, the run time for the wet granulator processing PET Color was calculated as 

follows: 

 

Run Time (hrs/wk) = hrs/wk 1121.0
lbs 5.448

hr 1

lbs 4000
1

=⋅







−

week
  (A-13b) 
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Tables A-1.4-A-1.5 present the run time for each piece of equipment processing each 

type of plastic and the specified throughputs provided by the suppliers. 

 
Table A-1.4: Equipment Run Times for Processing PET Color 

Equipment 
Equipment 
Designation 

Specified 
Throughput 

(lbs/hr) 
Throughput 

(lbs/wk) 
Run Time 
(hrs/wk) 

Wet Granulator G-201 40004 448.5 0.1121 
Extruder/Pelletizer EP-301 29.765 425.6 14.3011 

Washer/Dryer (Washing) WD-201 20006 447.1 0.2236 
Washer/Dryer (Drying) WD-201 20005 425.6 0.2128 

Hydrocyclone H-301 30007 462.8 0.1543 
Friction Washer FW-201 60008 448.5 0.0748 

 
 
 

Table A-1.5: Equipment Run Times for Processing PET Natural 

Equipment 
Equipment 
Designation 

Specified 
Throughput 

(lbs/hr) 
Throughput 

(lbs/wk) 
Run Time 
(hrs/wk) 

Wet Granulator G-201 40003 672.9 0.1682 
Extruder/Pelletizer EP-301 29.764 638.4 21.4516 

Washer/Dryer (Washing) WD-201 20005 671.4 0.3355 
Washer/Dryer (Drying) WD-201 20005 638.4 0.3192 

Hydrocyclone H-301 30006 662.1 0.2207 
Friction Washer FW-201 60007 672.9 0.1122 

 
 
 
 
 
 
 

                                                           
4 Herbold. (2007, May). Wet Granulator. Retrieved February 6, 2008, from Herbold Meckesheim USA: 
http://www.schneidmuehlen-herbold.de/info/info52-EN-Wet-granulator.pdf 
5 Twin Screw Extruders Inc. (2008, March 30). (C. Swanson, Interviewer) 
6 Herbold. (2007, May). Mechanical Dryer/Centrifugal Washer. Retrieved February 6, 2008, from Herbold 
Meckesheim USA: http://www.schneidmuehlen-herbold.de/info/info49-EN-Mechanical-Dryer-Centrifugal-
Washer.pdf 
7 Herbold. (2007, May). Hydrocyclones. Retrieved February 6, 2008, from Herbold Meckesheim USA: 
http://www.schneidmuehlen-herbold.de/info/info47-EN-Hydrocyclones.pdf 
8 Herbold. (2007, May). Friction Washer. Retrieved February 6, 2008, from Herbold Meckesheim USA: 
http://www.schneidmuehlen-herbold.de/info/info46-EN-Friction-Washer.pdf 
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Table A-1.6: Equipment Run Times for Processing HDPE Color 

Equipment 
Equipment 
Designation 

Specified 
Throughput 

(lbs/hr) 
Throughput 

(lbs/wk) 
Run Time 
(hrs/wk) 

Wet Granulator G-201 40003 620.1 0.1550 
Extruder/Pelletizer EP-301 29.764 599.4 20.1418 

Washer/Dryer (Washing) WD-201 20005 612.2 0.3048 
Washer/Dryer (Drying) WD-201 20005 599.4 0.2997 

Hydrocyclone H-301 30006 599.4 0.1998 
Friction Washer FW-201 50007 620.1 0.1240 

 
Table A-1.7: Equipment Run Times for Processing HDPE Natural 

Equipment 
Equipment 
Designation 

Specified 
Throughput 

(lbs/hr) 
Throughput 

(lbs/wk) 
Run Time 
(hrs/wk) 

Wet Granulator G-201 40003 429.3 0.1073 
Extruder/Pelletizer EP-301 29.764 414.9 13.9429 

Washer/Dryer (Washing) WD-201 20005 422.1 0.2110 
Washer/Dryer (Drying) WD-201 20005 414.9 0.2075 

Hydrocyclone H-301 30006 414.9 0.1383 
Friction Washer FW-201 50007 429.3 0.0859 

 
Using the form of Eqns. 11 and 12, the weekly water requirements for each piece of 

equipment and each type of plastic that is processed were calculated and the results are 

presented in Tables A-1.8-A-1.11. 

Table A-1.8: Equipment Water Requirements for Processing PET Color 

Equipment 
Equipment 
Designation 

Water 
Req. 

(GPM)9 

Run Time 
for PET 
Color 

(hr/wk) 

Water 
Req. for 

PET Color 
(L/wk) 

Water 
Req. for 

PET Color 
(lbs/wk) 

Wet Granulator G-201 62 0.1121 1579 3470 
Extruder/Pelletizer EP-301 2.13 14.3011 6907 15183 

Washer/Dryer WD-201 90.33 0.2236 4587 10083 
Hydrocyclone H-301 90 0.1471 3007 6610 

Friction Washer FW-201 432.5 0.0748 7343 16140 
 
 
 
 
 
                                                           
9
 Elexie, J. (2008, April 10). Engineering Sales. (C. Swanson, Interviewer) 
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Table A-1.9: Equipment Water Requirements for Processing PET Natural 

Equipment 
Equipment 
Designation 

Water 
Req. 

(GPM)8 

Run Time 
for PET 
Natural 
(hr/wk) 

Water Req. 
for PET 
Natural 
(L/wk) 

Water Req. 
for PET 
Natural 
(lbs/wk) 

Wet Granulator G-201 62 0.1682 2369 5207 
Extruder/Pelletizer EP-301 2.13 21.4516 10361 22774 

Washer/Dryer WD-201 90.33 0.3355 6882 15127 
Hydrocyclone H-301 90 0.2207 4511 9916 

Friction Washer FW-201 432.5 0.1122 11017 24215 
 

Table A-1.10: Equipment Water Requirements for Processing HDPE Color 

Equipment 
Equipment 
Designation 

Water 
Req. 

(GPM)8 

Run Time 
for HDPE 

Color 
(hr/wk) 

Water Req. 
for HDPE 

Color 
(L/wk) 

Water Req. 
for HDPE 

Color 
(lbs/wk) 

Wet Granulator G-201 62 0.1550 2183 4798 
Extruder/Pelletizer EP-301 2.13 20.1418 9728 21383 

Washer/Dryer WD-201 90.33 0.3048 6254 13746 
Hydrocyclone H-301 90 0.1998 4084 8977 

Friction Washer FW-201 432.5 0.1240 12183 26778 
 

Table A-1.11: Equipment Water Requirements for Processing HDPE Natural 

Equipment 
Equipment 
Designation 

Water 
Req. 

(GPM)8 

Run Time 
for HDPE 

Color 
(hr/wk) 

Water Req. 
for HDPE 
Natural 
(L/wk) 

Water Req. 
for HDPE 
Natural 
(lbs/wk) 

Wet Granulator G-201 62 0.1073 1511 3322 
Extruder/Pelletizer EP-301 2.13 13.9429 6734 14802 

Washer/Dryer WD-201 90.33 0.2110 4329 9516 
Hydrocyclone H-301 90 0.1383 2827 6214 

Friction Washer FW-201 432.5 0.0859 8434 18538 
 
The water was recycled in the process for maximum usage as shown in the PFD. The 

results of the overall mass balance can be seen in the PFD, BFD, and stream table in 

sections 5.2, 5.1, and 5.4 respectively. 

 

The design of this recycling unit is capable of producing HDPE with a maximum purity 

of 98.18%, calculated based on the fraction of HDPE in stream 50. 
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Appendix A-2: Energy Balance Calculations 
 

The energy exchanged in this system occurs in multiple locations due to the recycling of 

the water used for each piece of equipment. The energy exchange of concern however is 

the cooling water stream used for the extruder/pelletizer in order to cool the pellets down 

to the effluent temperature of 348 K. This stream enters the system at approximately 298 

K. The effluent temperature of the cooling water was provided by Twin Screw Extruders 

Inc along with the information presented in Table A-2.1. 

Table A-2.1: Twin Screw Extruders Water Temperature and Usage  
Data for the Extruder/Pelletizer Unit (Elexie, 2008)  
Water usage for extruder (L/min) 7-8 
Water bath water usage (L/hr) 3 

Inlet water temperature for extruder (oC) 18-25 

Outlet water temperature for extruder (oC) 75 
 
The following assumptions are made for energy exchange within the system: 

1. The water usage for the extruder is assumed to be the upper limit of 8 

L/min for mass balance calculations with an inlet temperature of 25 oC. 

2. The outlet temperature of the extruder/pelletizer is assumed to be 75 oC 

since the water flow from the extruder is much greater than that of the 

water bath (effluent temperature of 65 oC) (Elexie, 2008). 

3. The effluent temperature of the plastic pellets is assumed to be 75 oC, the 

same as the outlet temperature of the water from the extruder (Elexie, 

2008). 

4. The energy exchanged in the rest of the system is not critical and does not 

affect the processing of the plastic so the temperature range where the 

heated recycled water stream comes into contact with other streams is 
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assumed to be 25 oC – 75 oC (Elexie, 2008). The impact of this assumption 

is addressed in Section 10.0. 
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Appendix A-3: Utility Requirements Calculations 

The water requirement for this process has been reduced through the reuse of water 

introduced in the system for each piece of equipment that requires water. The PFD shown 

in Section 5.2 depicts that for PET the fresh water introduced in the system goes to the 

extruder/pelletizer unit (EP-301) and the friction washer (FW-201). For HDPE, the PFD 

depicts the fresh water introduced in the system going to the extruder/pelletizer unit (EP-

301), the friction washer (FW-201) and the wet granulator (G-201). Tables A-3.1-A.3.4 

display summaries of these water requirements for each plastic type from the mass 

balance performed in Appendix A-1. 

Table A-3.1: PET Color Fresh Water Requirements 

Equipment 
Equipment 

Number 
Run Time 
(hr/wk) 

Water 
Req. 

(lbs/wk) 

Water 
Req. 

(gall/wk) 

Fresh 
Water Req. 

(gall/wk) 
Wet Granulator G-201 0.1121 3470 417 0 

Extruder/Pelletizer EP-301 14.3011 15183 1825 1825 
Washer/Dryer WD-201 0.2236 10083 1212 0 
Hydrocyclone H-301 0.1471 6610 794 0 

Friction Washer FW-201 0.0748 16140 1940 67 
Total Fresh Water Requirement (gall/wk): 1892 

 
Table A-3.2: PET Natural Fresh Water Requirements 

Equipment 
Equipment 

Number 
Run Time 
(hr/wk) 

Water 
Req. 

(lbs/wk) 

Water 
Req. 

(gall/wk) 

Fresh 
Water Req. 

(gall/wk) 
Wet Granulator G-201 0.1682 5207 626 0 

Extruder/Pelletizer EP-301 21.4516 22774 2737 2737 
Washer/Dryer WD-201 0.3355 15127 1818 0 
Hydrocyclone H-301 0.2207 9916 1192 0 

Friction Washer FW-201 0.1122 24215 2910 101 
Total Fresh Water Requirement (gall/wk): 2838 
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Table A-3.3: HDPE Color Fresh Water Requirements 

Equipment 
Equipment 

Number 
Run Time 
(hr/wk) 

Water 
Req.(lbs

/wk) 

Water 
Req. 

(gall/wk) 

Fresh 
Water Req. 

(gall/wk) 
Wet Granulator G-201 0.1550 4798 577 469 

Extruder/Pelletizer EP-301 20.1418 21383 2570 2570 
Washer/Dryer WD-201 0.3048 13746 1652 0 
Hydrocyclone H-301 0.1998 8977 1079 0 

Friction Washer FW-201 0.1240 26778 3218 112 
Total Fresh Water Requirement (gall/wk): 3150 

 
Table A-3.4: HDPE Natural Fresh Water Requirements 

Equipment 
Equipment 

Number 
Run Time 
(hr/wk) 

Water 
Req. 

(lbs/wk) 

Water 
Req. 

(gall/wk) 

Fresh 
Water Req. 

(gall/wk) 
Wet Granulator G-201 0.1073 3322 399 325 

Extruder/Pelletizer EP-301 13.9429 14802 1779 1779 
Washer/Dryer WD-201 0.2110 9516 1144 0 
Hydrocyclone H-301 0.1383 6214 747 0 

Friction Washer FW-201 0.0859 18538 2228 77 
Total Fresh Water Requirement (gall/wk): 2181 

 
The water requirement for each piece of equipment was calculated as described by Eqns. 

A-11 and A-12 and converted to gallons as follows:  

 

Water (gall/wk) = 
lb 1

g 453.59237

g 997.0

cm 1

cm 785.411784 3

gall 1lbswater 3

3
⋅⋅⋅

week
       (A-14a) 

 
 

For example, the water requirement for the wet granulator processing HDPE Natural was 

calculated as follows: 

 

Water (gall/wk) = gall/wk 399
lb 1

g 453.59237

g 997.0

cm 1

cm 785.411784 3

gall 1lbs 3322 3

3
=⋅⋅⋅

week
(A-14b) 
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The fresh water requirement was calculated from a mass balance using the BFD and 

stream table in Section 5.1 and Table 5.4 respectively. The total annual process water 

requirement can be calculated from Tables A-3.1-A-3.4 as follows: 

 
Process Water (gall/yr) = 

yr

gall
 172,523

 weeks52gall 2181gall 3150gall 2838gall 1892 =⋅






 +++
yearweekweekweekweek

  (A-15) 

 
The electricity requirements for this process can be calculated based on the electricity 

requirements for each piece of equipment and the ‘run time’ required each week to 

process the required plastic mass flow rates specified in the BFD in Section 5.1. The 

following assumptions were made in these calculations: 

1. The UPC scanner will require power 24 hours a day 7 for days a week. 

2. Actuators require power 8 hrs a day for 7 days a week. 

3. Incline conveyors require power 8 hrs a day 7 for days a week. 

4. The incline conveyor to the extruder/pelletizer unit (EP-301) runs the 

same length of time as the extruder/pelletizer. 

5. The laptop requires power 24 hours a day 7 for days a week. 

6. The laptop power requirement is 100 Watts (Bluejay, 2008). 

7. The turntable requires power 8 hours a day. 

Table A-3.5 displays the energy requirements for each piece of equipment as well as the 

total annual energy requirement. 
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Table A-3.5: Process Energy Requirements for an Individual Recycling Unit 

Equipment 
Equipment 

Designation(s) Num. 
Energy 

Req. (kW) 

Run 
Time 

(hr/wk)  

Energy 
Req. (kW-

hr/yr) 
Wet Granulator G-201 1 9010 0.54 2539.84 

Extruder/Pelletizer EP-301 1 11.4611 69.84 41617.48 
Washer/Dryer (Washing) WD-201 1 229 1.07 1229.67 
Washer/Dryer (Drying) WD-201 1 229 1.04 1189.76 

Hydrocyclone H-201 1 159 0.71 550.63 
Friction Washer FW-201 1 18.59 0.40 381.70 
UPC Scanner U-101 1 0.00137512 168.00 12.01 

Actuators S-101 4 0.7213 224.00 8386.56 
Incline Belt Conveyor C-101a,b,c,d 4 0.7514 224.00 8736.00 
Incline Belt Conveyor  C-301 1 0.7513 69.84 2723.66 
Motorized Turntable MT-301 1 0.3715 56.00 1077.44 

Laptop Not Displayed 1 0.116 168.00 873.60 
Total annual energy requirement (kW-hr/yr):  69,318 

 
The run time for each piece of equipment was calculated based on Eqn. 13 in Appendix 

A-1 and Tables A-1.4-A-1.7 and summed to process all types of plastic. The annual 

energy requirement for each piece of equipment was calculated using the following: 

 
Energy Requirement (kW-hr/yr) =  wks/yr52Req.Energy TimeRun # ⋅⋅⋅  (A-16a) 

 
An example of this calculation for the wet granulator is as follows: 

 

                                                           
10 Elexie, J. (2008, April 10). Engineering Sales. (C. Swanson, Interviewer) 
11 Twin Screw Extruders Inc. (2008, March 30). (C. Swanson, Interviewer) 
12 Posguys. (2005, August). MS3580 QuantumT. Retrieved March 2008, from Posguys: 
http://www.posguys.com/download/MS3580_current.pdf 
13 Mcmaster. (2008). Retrieved March 2008, from Linear Motors and Electric Actuators (6509K83): 
http://www.mcmaster.com/ 
14 Fortna. (2006). Model PC Portable Parts Conveyor. Retrieved March 2008, from Fortna: 
http://www.fortnaonline.com/Merchant2/ 
15 Turntables. (2006). Retrieved March 2008, from Factory Supply Inc: 
http://www.factorysupply.net/conveyors5.htm 
16 Gateway M-6816. (2008). Retrieved March 2008, from Computer Geeks: 
http://www.geeks.com/details.asp?invtid=M-6816-R&cat=NBB 
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Energy Requirement (kW-hr/yr) = hr/yr-kW 84.2539
year 1

 weeks52
kW 90

hrs 54.0
1 =⋅⋅⋅

week
 (A-16b) 

 
Table A-3.6 presents the annual utility requirements calculated for the individual 

recycling unit scenario for an individual recycling unit. 

Table A-3.6: Annual Utility Requirements for an Individual Recycling Unit 

Equipment 

Energy 
Requirements 

(kW) 

Annual Energy 
Requirements 

(kW·hr/yr) 
Process Water 

(gallons/yr) 

Process Water 
for Purchase 
(gallons/yr) 

VGS-301 -* -* - - 
VGS-501 -* -* - - 
C-101a-d 3.0012 8736 - - 

C-301 0.7512 2724 - - 
EP-301 11.4610 41,617 463,372 463,372 
FW-201 18.509 382 535,392 18,564 
G-201 90.009 2540 104,988 41,288 
H-301 15.009 551 198,224 - 

MT-301 0.3714 1077 - - 
S-101 0.7212 8387 - - 
U-101 0.001411 12 - - 

WD-201 22.009 2419 302,952 - 
Laptop 0.1015 874  - - 
Total  161.9014 69,318 1,604,928 523,172 

* Energy requirement for vibrating grizzly screen considered negligible (Seider, Seader, 
& Lewin, 2004) 

 
The water requirement for the plant scenario was calculated by assuming that the 

required water to process plastic (for each piece of equipment) from 35 sites is 35 times 

the amount required to process the plastic for one site. Using this assumption the water 

requirement for the plant scenario is performed as follows: 

 
Water Requirement (gall/yr) = 35*(523,172 gall/yr) = 18,311,020 gall/yr  (A-17) 

 
The energy requirement for the plant scenario was calculated as before and these values 

are presented in Table A-3.7. The run time for each piece of equipment in the plant was 
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assumed to be 35 times greater than for a single unit since it will be processing 35 times 

the amount of plastic.  

Table A-3.7: Process Energy Requirements for a Plant 

Equipment Designation Num. 

Run 
Time 

(hrs/wk) 
Energy 

Req. (kW) 

Energy 
Req. (kW-

hr/yr) 
Wet Granulator G-201 1 18.99 909 88,894 

Extruder/Pelletizer EP-301 1 2444.31 11.4610 1,456,612 
Washer/Dryer (Washing) WD-201 1 37.62 229 43,039 
Washer/Dryer (Drying) WD-201 1 36.40 229 41,642 

Hydrocyclone H-301 1 24.71 159 19,272 
Friction Washer FW-201 1 13.89 18.59 13,360 
UPC Scanner U-101 35 5880.00 0.00137511 420 

Actuators S-101 140 31360.00 0.7212 1,174,118 
Incline Belt Conveyor C-101a,b,c,d 4 896.00 0.7513 34,944 
Incline Belt Conveyor C-301 1 69.84 0.7513 2724 
Motorized Turntable MT-301 1 56.00 0.3714 1077 

Laptop Not Labeled 35 5880.00 0.115 30,576 
Total Plant Energy Requirement (kW-hr/yr):  2,906,678 

 
Table A-3.8 presents the annual utility requirements calculated for the plant scenario. 
 

Table A-3.8: Annual Utility Requirements for Plant Scenario 

Equipme
nt 

Energy 
Requirements 

(kW) 

Annual Energy 
Requirements 

(kW·hr/yr) 

Process 
Water 

(gallons/yr) 

Process 
Water for 
Purchase 

(gallons/yr) 
VGS-301 -* -* - - 
VGS-501 -* -* - - 
C-101a-d 3.0013 34,944 - - 

C-301 0.7513 2724 - - 
EP-301 11.4610 1,456,612 16,218,020 16,218,020 
FW-201 18.509 13,360 18,738,720 649,740 
G-201 90.009 88,894 3,674,580 1,445,080 
H-301 15.009 19,272 6,937,840 - 

MT-301 0.3714 1077 - - 
S-101 0.7212 1,174,118 - - 
U-101 0.001411 420 - - 

WD-201 22.009 84,680 10,603,320 - 
Laptop 0.1015 30,576  - - 
Total  161.9014 2,906,678 56,172,480 18,312,840 

* Energy requirement for vibrating grizzly screen considered negligible (Seider, Seader, 
& Lewin, 2004) 
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Appendix A-4: Other Process Calculations 
 

The amount of plastic processed in each batch was calculated based on the weight of un-

compacted plastic that would fit into the specified drop bottom containers. This 

calculation was made with the following assumption: 

1. It is assumed that 16 bottles can fit into a volume of 1850 in3 based on 

measurements (Green Unit Engineering, Experimental Results from 

Plastics Compaction, 2008). 

The drop bottom container will release its load into the system after a certain number of 

bottles have been deposited into the system. This calculation is as follows: 

 
Number of bottles per load = (Container volume)*(# of bottles/volume)   (A-18a) 

 
 

Number of bottles per load = bottles 330
m 70640.00001638

in 1

in 1850

bottles 16
 m 625128.0

3

3

3
3 =⋅⋅ (A-18b) 

 
 
The volume of the receptacles was calculated based on the following assumptions: 

1. The void fraction of the packed spheres is 39% (Benenati & Brosilow, 

2004). 

2. The largest volume receptacle will be required for the plastic with the 

lowest density, therefore HDPE (density of 0.95 g/cm3) (HDPE High 

Density Polyethylene, 2008). 

3. To account for larger flow rates, the largest weekly mass flow is used in 

this calculation 

The required volume for the plastic receptacles was calculated as follows: 
 
 

Volume = (1/Density)*(Plastic Mass collected in a week)*[1-(void fraction)]     (A-19a) 



 

 

100 

 

 
 

Volume = gall 500.39)-(1
cm 43785.41178

gall 1
lbs 262180.00220462

g 1
lbs 4.638

 95.0
cm 1

3

3

=⋅⋅⋅⋅
g

   (A-19b) 

 
 

Since a week’s worth of plastic can be collected in a 50-gallon container, it is estimated 

that the plastic will only need to be collected approximately every 3 weeks since 180 

gallon containers are used for collection of the pellets. 

 

The carbon dioxide emissions due to the electricity requirement were calculated using 

1.34 lbs/kW-hr (Zandonella, 2007) as follows: 

 

CO2 emitted = 
yearhrkW

lbs hrs-kW 318,68
*34.1

−  = 91,546 lbs of CO2 per year    (A-20) 
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Appendix B-1: Equipment Costs 
 

Equipment costs were found from the individual manufacturers or Seider et al (Seider, 

Seader, & Lewin, 2004) and are presented in Table B-1.1.  

Table B-1.1: Equipment Pricing Information for an Individual Recycling Unit 

Equipment 
Equipment 
Designation # 

Unit Cost 
($) 

Total 
Cost ($) 

UPC Scanner U-101 1 25911 259 
UPC Database U-101 1 75017 750 

Laptop Not Labeled 1 56015 560 
Actuators S-101 4 203.812 815.2 

Incline Belt Conveyors C-101a,b,c,d/C-301 5 190013 9500 
Drop Bottom Containers DBC-101a,b,c,d,e 5 38118 1905 

Wet Granulator G-201 1 94,8069 94,806 
Friction Washer FW-201 1 40,3029 40,302 
Washer/Dryer WD-201 1 46,9989 46,998 
Hydrocyclone H-301 1 23,9679 23,967 

Vibrating Grizzly Screen VGS-301, 501 2 19,786.1719 39,572.34 
Extruder/Pelletizer EP-301 1 126,61010 126,610 
Pellet Receptacle R-301,302, 501,701,901 5 319520 15975 

Motorized Lazy Susan MT-301 1 629714 6297 
40' Container Not Labeled 2 386221 7724 

 
The cost for the vibrating grizzly screens was calculated from Seider et al (Seider, 

Seader, & Lewin, 2004) as follows: 

 
34.0600,4 AC p =     (A-21a) 

 
 
Where A is the surface area of the bar screen in square feet. The bar screens for this 

process will have an area of 6 ft2. 

                                                           
17 Mcbroom, L. (2008, March 4). (C. Swanson, Interviewer) 
18 Drop Bottom. (2004). Retrieved March 2008, from Powell Systems: 
http://www.powellsystems.com/dropbottom.html 
19 Seider, W. D., Seader, J., & Lewin, D. R. (2004). Product & Process Design Principles. New York: John 
Wiley & Sons, Inc. 
20 Salvage Drums. (n.d.). Retrieved March 2008, from EBK Containers: 
http://ebkcontainers.com/products/Salvage_Drums.asp 
21 General Purpose Container. (2008). Retrieved March 2008, from Foreman Express Site Management: 
http://secure2.data-comm.com/ 
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20.8459$)6(600,4 34.02 =⋅= ftCP    (A-21b) 

 
 
The bare module factor for screens is 1.73 (Seider, Seader, & Lewin, 2004) and the bare 

module cost is calculated as follows: 

 

PBM CC ⋅= 73.1     (A-21c) 
 

17.786,19$20.8459$73.1 =⋅=BMC     (A-21d) 
 
 
The total bare module cost for the vibrating grizzly screens was not scaled to 2008 and 

this difference is assumed negligible compared to the other equipment costs. 

 
The total cost for equipment for an individual recycling unit is $399,398.55. 
 
For the plant scenario, all of the pieces of equipment are sized properly to handle the 

increased mass flow except for the extruder/pelletizer. To estimate the cost of the larger 

extruder/pelletizer the “six-tenths rule” was used (Seider, Seader, & Lewin, 2004). This 

was done assuming that the run time for the extruder/pelletizer would be 35 times as 

much (2444 hrs). This calculation was done as follows: 

 

Cost2 = 
10/6

1

2
1 Capacity

Capacity
Cost 








⋅    (A-22a) 

 
 
Using the cost of the extruder/pelletizer from Table B-1.1, the cost of the scaled up 

extruder/pelletizer was found as follows: 

 

Cost2 = 55.725,068,1$
hrs 84.69

hrs 2444
610,126$

10/6

=






⋅   (A-22b) 
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Further, for the plant scenario, the number of incline belt conveyors was reduced since 

four of the incline belt conveyors come at the separation stage of the process. Price 

estimates from the ADEQ grant proposal (Appendix F-1) were used to calculate the 

additional cost of having 35 units as proposed for the grant to collect plastic to be brought 

to the plant. Table B-1.2 summarizes the additional equipment costs for this scenario. 

Table B-1.2: Additional Equipment Pricing Information for the Plant Scenario 

Equipment 
Equipment 
Designation # Unit Cost ($) 

Total Cost 
($) 

Extruder/Pelletizer EP-301 1 1,068,725.5510 1,068,725.55 
Mobile Recycling Unit Not Labeled 35 500022 175,000 

Trailer and Housing MT-301 35 150021 52,500 
Actuators, UPC Scanner, 

and Software U-101, S-101 35 110021 38,500 
Diesel Generator Not Labeled 35 70021 24,500 

Compactor Not Labeled 35 100021 35,000 
 
The total equipment cost for this scenario was calculated by replacing the cost of the 

extruder/pelletizer with the scaled up cost and adding 35 times the additional cost for the 

mobile recycling units described in Appendix F-1. The total equipment cost for the plant 

is $1,656,385.44, which is much cheaper than the 35 individual unit’s scenario.  

 

Additional UPC scanners, actuators, and conveyor belts would be purchased and 

available in case they need replacement. This would reduce down time for the process 

without contributing significantly to our overall equipment costs and therefore these costs 

are assumed negligible. 

 

                                                           
22 Kazz, M., Swanson, C., Lykins, J., Gardner, A., & Hom, T. (2008). Green Unit Engineering ADEQ 
Grant Proposal. Appendix F-1. 
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Appendix B-2: Economic Analysis for 35 Individual Recycling Units 
 

For this proposal, the Guthrie method was used along with the following assumptions: 

1. The equipment costs specified by the manufacturers are assumed to be the 

bare module cost except for the screens which were priced separately as 

described above (Seider, Seader, & Lewin, 2004). 

2. The Csite is calculated as 5% of the CTBM since this unit can be considered 

an addition to an integrated complex (Seider, Seader, & Lewin, 2004). 

3. The building costs (CBuildings) are assumed to be $0 since the units will be 

self contained.  

4. The offsite facilities cost (Coffsite facilities) is assumed to be 5% of the CTBM 

(Seider, Seader, & Lewin, 2004). 

5. Wastewater cost was assumed to be $3/1000 gallons (Seider, Seader, & 

Lewin, 2004). 

6. Allocated costs are assumed to consist solely of the wastewater cost and 

the offsite facilities cost (Seider, Seader, & Lewin, 2004). 

7. Startup costs are assumed to be 10% of the total depreciable capital, CTDP 

(Seider, Seader, & Lewin, 2004). 

8. The total depreciable capital is assumed to be 118% of the direct 

permanent investment, CDPI (Seider, Seader, & Lewin, 2004). 

9. The working capital, CWC is assumed to be 17.6% of the total permanent 

investment, CTPI (Seider, Seader, & Lewin, 2004). 
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The Busche (Seider, Seader, & Lewin, 2004)  cost sheet was also used for the economic 

analysis and the eventual calculation of IRR. This method was used along with the 

following assumptions: 

1. Process water is $0.50/1000 gallons 

2. Electricity costs $0.040/kW-hr 

3. The direct wages and benefits for the 35 units is used to pay 3 employees 

at $18.30/hr for full time employment (40 hrs/wk and 52 wks/yr) since this 

is the median wage for this type of occupation (2006 Occupational Wage 

and Employment Estimates, 2006). 

4. The direct salaries and benefits were estimated as 15% of the direct wages 

and benefits for both scenarios (Seider, Seader, & Lewin, 2004). 

5. The operating supplies and services are estimated as 6% of direct wages 

and benefits for both scenarios (Seider, Seader, & Lewin, 2004). 

6. Technical assistance to manufacturing and control laboratory expenses 

were neglected for the economic analysis of this scenario due to the nature 

of this design. 

7. The maintenance wages and benefits assumed to be part of the direct 

wages and benefits since the employees will be expected to do both parts 

of the job due to the nature of this design. 

8. The salaries and benefits were neglected for maintenance since this has 

already been included for the operators. 
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9. The materials and services were estimated as 100% of the annual direct 

wages and benefits since the operation employees are expected to be doing 

maintenance work as well for this design (Seider, Seader, & Lewin, 2004).  

10. The maintenance overhead cost was estimated as 5% of the annual direct 

wages and benefits since the operation employees are expected to be doing 

maintenance work as well for this design (Seider, Seader, & Lewin, 2004). 

11. The general plant overhead cost was estimated as 7.1% of the maintenance 

and operations salaries, wages and benefits for both scenarios (Seider, 

Seader, & Lewin, 2004). 

12. The mechanical department services cost was neglected for this scenario 

due to the nature of the design. 

13. The employee relations department costs were neglected for this scenario 

due to the nature of the design. 

14. The business services costs were neglected for this scenario due to the 

nature of the design. 

15. The total property taxes and insurance costs were estimated as 2% of the 

total depreciable capital, CTDC (Seider, Seader, & Lewin, 2004). 

16. The direct plant depreciation was estimated as 8% of the total depreciable 

capital minus 118% of the allocated costs (Seider, Seader, & Lewin, 

2004). 

17. The allocated plant depreciation was estimated as 6% of 118% of the 

allocated costs (Seider, Seader, & Lewin, 2004). 
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18. The transfer expense was estimated as 1% of annual sales (Seider, Seader, 

& Lewin, 2004). 

19. The direct research, allocated research, administrative expense, and 

management incentive compensation have been neglected due to the 

nature of the design. 

20. For this design the gross earnings were negative and therefore the net 

earnings were assumed to be the same value since taxes will not be paid 

on a loss. 

Table B-2.1 presents the results of the economic analysis for this design proposal.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

108 

 

Table B-2.1: Economic Analysis of Proposal for 35 Individual Recycling Units 
Total Bare Module Cost, CTBM $13,978,949.21 =35*(Equipment Cost – App. B-1) 
Site Development Costs, Csite $698,947.46 =0.05*CTBM 

Building Costs, Cbuildings $0.00 0 

Offsite Facilities Cost, Coff site $698,947.46 =0.05*CTBM 

Wastewater $/yr $54,933.06 See Eqn. A-23 
Allocated Costs, Calloc 
(wastewater+Coffsite) 

$753,880.52 =Coff site + Wastewater $/yr 

Direct Permanent Investment, CDPI $15,431,777.20 =Csite+Calloc+CTBM 

Startup Cost, CStartup $1,820,949.71 =0.1*CTDC 

Total Depreciable Capital, CTDC $18,209,497.09 =1.18*CDPI 

Total Permanent Investment, CTPI $19,965,625.79 =1.18*(CTBM+Csite+Coff site)+Cstartup 

Working Capital, CWC $3,513,950.14 =0.176*CTPI 

Total Capital Investment, CTCI $23,479,575.93 =CTPI+CWC 

 

Feedstocks  

Electricity ($/yr) $97,045.20 See Eqn. A-24 

Process Water Cost ($/yr) $9,155.51 See Eqn. A-25 

Total Feedstocks $106,200.71 =(Electricity $/yr)+(Process Water $/yr) 
 
 

Operations (Labor Related) (O)  
Annual Direct Wages and Benefits 
(DW&B) 

$114,192.00 =($18.3/hr)*(2080 hrs)*(3employees) 

Direct Salaries and Benefits $17,128.80 =0.15*(Annual Direct Wages and Benefits) 

Operation Supplies and Services $6,851.52 =0.06*(Annual Direct Wages and Benefits) 

Technical Assistance to Manufacturing $0.00 0 

Control Laboratory $0.00 0 

Total labor-related operations $138,172.32 =Sum of labor related operations (O) 
 

Maintenance (M)  

Total Depreciable Capital, CTDC $18,146,561.71 =CTDC 

Wages and Benefits (MW&B) $0.00 0 

Salaries and Benefits $0.00 0 

Materials and Services $114,192.00 =1.0*(Annual Direct Wages and Benefits) 

Maintenance Overhead $5,709.60 =0.05*(Annual Direct Wages and Benefits) 

Total maintenance $119,901.60 =Sum of Maintenance (M) 
 

Operating Overhead  
M&O-SW&B $131,320.80 =Sum of M & O salaries, wages, and benefits 

General Plant Overhead $9,323.78 =0.071*(M&O-SW&B) 

Mechanical Department Services $0.00 0 

Employee Relations Department $0.00 0 

Business Services $0.00 0 

Total Operating Overhead $9,323.78 =Sum of Operating Overhead 
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Table B-2.1 (Cont.): Analysis of Proposal for 35 Individual Recycling Units 
Property Taxes and Insurance $364,189.94 =0.02*CTDC 

 
 

Depreciation  

Direct Plant $1,385,593.45 =0.08*(CTDC-1.18*Calloc) 

Allocated Plant $53,374.74 =0.06*(1.18*Calloc) 
 

COST OF MANUFACTURE (COM) $2,176,756.54 =(Dep.)+(Taxes)+(Overhead)+(M)+(O)+(Feedstocks) 

 

Sales  

PET natural unit price $/ton $760.00 See Table B-2.2 

PET colored unit price $/ton $620.00 See Table B-2.2 

HDPE natural unit price $/ton $660.00 See Table B-2.2 

HDPE colored unit price $/ton $600.00 See Table B-2.2 

Type 4-6 as fuel unit price $/ton $150.00 See Table B-2.2 

Annual Sales $1,465,548.99 See Eqn. A-26a,b 
 
 
 

General Expense  

Transfer expense $14,655.49 =0.01*(Annual Sales) 

Direct Research $0.00 =0 

Allocated Research $0.00 =0 

Administrative Expense $0.00 =0 

Management Incentive Compensation $0.00 =0 

Total GE $14,655.49 =Sum of General Expense (GE) 
 
 

Total Production Cost (C) $2,191,412.03 =COM + Total GE 
 

GROSS EARNINGS (PROFIT) ($725,863.03) =(Annual Sales) – (C) 

Net Earnings ($725,863.03) =Gross Earnings (Profit) 

 
The fresh water coming into the system is assumed to leave as wastewater since there is 

no accumulation in the system. The calculation then, for wastewater disposal cost per 

year assuming $3/1000 gallons is as follows: 

 
 

Wastewater $/yr = 
yearyear

$54,933.06
units 35

gall 1000

3$

unit 

gall 172,523 =⋅⋅
⋅

  (A-23) 
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The annual electricity cost can be calculated based on the annual electricity for an 

individual unit (Table A-3.5) and the cost of electricity as reported by Seider (Seider, 

Seader, & Lewin, 2004) as follows: 

 

Electricity $/yr = 
yearyear

$97,045.20 
 units 35

hr-kW

04.0$

unit

hr-kW 318,69 =⋅⋅
⋅

  (A-24) 

 
 
The process water cost can be calculated similar to the wastewater cost, using $0.50/1000 

gallons as follows: 

 

Process Water $/yr = 
yearyear

$9155.51
units 35

gall 1000

50.0$

unit 

gall 172,523 =⋅⋅
⋅

  (A-25) 

 
 
The annual sales can be calculated from the sales price of each type of plastic and their 

annual processing rate. For example, the annual sales for each type of plastic can be 

calculated as follows: 

 
Annual Sales $/yr = (Selling Price)*(Annual Production Rate) (A-26a) 

 
 
For example, the annual sales of PET color can be calculated as follows: 
 
 

Annual Sales $/yr = 
yearyear

weeks

week

52.123,240$
units 35

 52

unit 

lbs 6.425

lbs 2000

00.620$ =⋅⋅
⋅

⋅  (A-26b) 

 
 
The total annual sales were calculated by adding the annual sales for each type of plastic. 

This information is presented in Table B-2.2. 
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Table B-2.2: Annual Sales for each Plastic Type Produced 

Plastic Type 
Mass Production 

Rate (lbs/wk) 
Selling Price 

($/ton) 
Annual Sales 

($/yr) 
PET natural  638.4 $760.0023 $441,517.44 
PET colored  425.6 $620.0023 $240,123.52 

HDPE natural  414.94 $660.0023 $249,212.96 
HDPE colored  599.42 $600.0023 $327,283.32 

Other Types Excluding 3 1519.5 $150.0024 $207,411.75 
Total Annual Sales ($/yr): $1,465,548.99 

 
A 30 year cash flow analysis was performed to calculate the IRR using a 5-year MACRS 

tax-basis depreciation schedule (Seider, Seader, & Lewin, 2004). Table B-2.3 presents 

the results of this analysis for the 35 individual recycling units. 

 
 
 
 
 
 
 
 
 
 
 
 
 
`

                                                           
23 Plastics Recycling Section. (2008, April 27). Retrieved April 21, 2008, from Recyclenet Recycler's 
World: www.recycle.net/plastic/index.html 
24 Masters, G. M., & Ela, W. P. (2008). Introduction to Environmental Engineering and Science. Upper 
Saddle River: Pearson Education, Inc. 
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Table B-2.3: A 30 Year Cash Flow Analysis for the 35 Individual Recycling Units 
  Investment           Cash Cum PV   

Year fCTDC CWC D C excl D S Net Earn Flow 0.2 IRR = 0.00039 
1 (9,104,748.55)         (9,104,748.55) (9,104,748.55) (9,104,748.55) 

2 (9,104,748.55) (3,513,950.14)         (12,618,698.68) (19,620,330.78) (21,718,507.67) 

3     3,641,899.42  $791,163.09 977,032.66  (2,177,298.80) 1,464,600.62  (18,603,247.02) (20,255,053.46) 

4     5,827,039.07  $791,163.09 1,465,548.99  (3,246,171.49) 2,580,867.58  (17,109,689.40) (17,677,215.52) 

5     3,496,223.44  $791,163.09 1,465,548.99  (1,777,757.65) 1,718,465.79  (16,280,953.96) (15,961,438.91) 

6     2,097,734.06  $791,163.09 1,465,548.99  (896,709.34) 1,201,024.72  (15,798,289.06) (14,762,763.04) 

7     2,097,734.06  $791,163.09 1,465,548.99  (896,709.34) 1,201,024.72  (15,396,068.31) (13,564,556.38) 

8     1,048,867.03  $791,163.09 1,465,548.99  (235,923.11) 812,943.92  (15,169,190.59) (12,753,837.42) 

9       $791,163.09 1,465,548.99  424,863.12  424,863.12  (15,070,381.00) (12,330,302.97) 

10       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,988,039.68) (11,906,934.32) 

11       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,919,421.92) (11,483,731.39) 

12       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,862,240.45) (11,060,694.12) 

13       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,814,589.22) (10,637,822.45) 

14       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,774,879.87) (10,215,116.31) 

15       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,741,788.74) (9,792,575.64) 

16       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,714,212.80) (9,370,200.37) 

17       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,691,232.84) (8,947,990.44) 

18       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,672,082.89) (8,525,945.78) 

19       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,656,124.59) (8,104,066.34) 

20       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,642,826.00) (7,682,352.03) 

21       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,631,743.85) (7,260,802.80) 

22       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,622,508.72) (6,839,418.59) 

23       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,614,812.78) (6,418,199.33) 

24       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,608,399.50) (5,997,144.95) 

25       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,603,055.10) (5,576,255.40) 

26       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,598,601.43) (5,155,530.60) 

27       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,594,890.04) (4,734,970.49) 

28       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,591,797.22) (4,314,575.01) 

29       $791,163.09 1,465,548.99  424,863.12  424,863.12  (14,589,219.86) (3,894,344.09) 

30   3,513,950.14    $791,163.09 1,465,548.99  424,863.12  3,938,813.26  (14,569,308.12) 0.00  
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The fCTDC investment for the first two startup years was calculated as half of the total 

depreciable capital as follows: 

 
fCTDC = (1/2)*(CTDC) = .55$9,104,748  7.09$18,209,495.0 =⋅  (A-27) 

 
 

The working capital in Table B-2.3 was taken from Table B-2.1. The 5-year MACRS tax-

basis depreciation schedule takes 20% of the total depreciable capital (CTDC) the first year 

after startup, 32% the second year, 19.20% the third year, 11.52% for the fourth and fifth 

years, and 5.76% in year six. An example of this calculation for the first year after startup 

is as follows: 

 
D = 42.899,641,3$09.497,209,18$2.02.0 =⋅=⋅ TDCC    (A-28) 

 
 

The cost excluding depreciation (C excl. D) was calculated by subtracting the direct plant 

depreciation from the cost of manufacture as follows:  

 
C excl. D = (COM) – (Depreciation) = 9$791,163.0.45$1,385,593-.54$2,176,756 =  (A-29) 

 
 

The annual sales after the first year of startup are assumed as 2/3 of normal due to 

probable startup issues (Seider, Seader, & Lewin, 2004). The net earnings were 

calculated as follows: 

 
Net Earnings = (S – C excl. D – D)*(1-income tax rate)  (A-30a) 

 
 
Assuming an income tax rate of 37%, the net earnings for the first year after startup were 

calculated as follows: 
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Net Earnings = ( ) 80.298,177,2$)37.01(42.899,641,3$09.163,791$66.032,977$ −=−⋅−−      (A-30b) 
 
 
The cash flow was calculated using the following equation: 
 
 

Cash Flow = (net earnings + D) – fCTDC - CWC  (A-31a) 
 
 

For the first year this calculation is as follows: 
 
 

Cash Flow = 55.748,104,9$0$55.748,104,9$)0$0($ −=−−+   (A-31b) 
 
 
The cumulative present value (Cum. PV) was calculated at an interest rate of 20% as 

follows: 

 
Cum. PVn = Cum. PVn-1 +  (Cash Flow)*[1/(1+0.2)]n-1       (A-32) 

 
 
Where n is the current year. The IRR column was calculated using the form of Eqn. A-

32, but goal seeking the interest value (IRR) so that the 30 year present value was $0. 

This resulted in an interest rate of 0.039%, essentially negligible.  
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Appendix B-3: Economic Analysis for a Single Plant 
 

For this proposal, the Guthrie method was used along with the following assumptions: 

1. The equipment costs specified by the manufacturers are assumed to be the 

bare module cost except for the screens which were priced separately as 

described above (Seider, Seader, & Lewin, 2004). 

2. The Csite is calculated as 5% of the CTBM since this unit can be considered 

an addition to an integrated complex (Seider, Seader, & Lewin, 2004). 

3. The building costs (CBuildings) are assumed to be $0 since the plant will be 

self contained. 

4. The offsite facilities cost (Coffsite facilities) is assumed to be 5% of the CTBM 

(Seider, Seader, & Lewin, 2004). 

5. Wastewater cost was assumed to be $3/1000 gallons (Seider, Seader, & 

Lewin, 2004). 

6. Allocated costs are assumed to consist solely of the wastewater cost and 

the offsite facilities cost (Seider, Seader, & Lewin, 2004). 

7. Startup costs are assumed to be 10% of the total depreciable capital, CTDP 

(Seider, Seader, & Lewin, 2004). 

8. The total depreciable capital is assumed to be 118% of the direct 

permanent investment, CDPI (Seider, Seader, & Lewin, 2004). 

9. The working capital, CWC is assumed to be 17.6% of the total permanent 

investment, CTPI (Seider, Seader, & Lewin, 2004). 
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The Busche (Seider, Seader, & Lewin, 2004) cost sheet was also used for the economic 

analysis and the eventual calculation of IRR. This method was used along with the 

following assumptions: 

1. Process water is $0.50/1000 gallons 

2. Electricity costs $0.040/kW-hr 

3. The direct wages and benefits for the plant is used to pay 3 employees at 

$30.00/hr for full time employment (Seider, Seader, & Lewin, 2004).  

4. The direct salaries and benefits were estimated as 15% of the direct wages 

and benefits for both scenarios (Seider, Seader, & Lewin, 2004). 

5. The operating supplies and services are estimated as 6% of direct wages 

and benefits for both scenarios (Seider, Seader, & Lewin, 2004). 

6. Technical assistance to manufacturing and control laboratory expenses 

were estimated as $52,000 and $57,000 respectively for the plant scenario 

(Seider, Seader, & Lewin, 2004). 

7. The maintenance wages and benefits are estimated as 5% of the total 

depreciable capital CTDC since this is a solids handling process (Seider, 

Seader, & Lewin, 2004). 

8. The salaries and benefits were estimated as 25% of the maintenance wages 

and benefits for the plant scenario (Seider, Seader, & Lewin, 2004). 

9. The materials and services were estimated as 100% of the maintenance 

wages and benefits for this design (Seider, Seader, & Lewin, 2004).  

10. The maintenance overhead cost was estimated as 5% of the maintenance 

wages and benefits for this design (Seider, Seader, & Lewin, 2004). 
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11. The general plant overhead cost was estimated as 7.1% of the maintenance 

and operations salaries, wages and benefits for the plant (Seider, Seader, & 

Lewin, 2004). 

12. The mechanical department services cost was estimated as 2.4% of the 

maintenance and operations salaries, wages and benefits (M&O-SW&B) 

for the plant design (Seider, Seader, & Lewin, 2004). 

13. The employee relations department cost was estimated as 5.9% of the 

maintenance and operations salaries, wages and benefits (M&O-SW&B) 

for the plant design (Seider, Seader, & Lewin, 2004).  

14. The business services cost was estimated as 7.4% of the maintenance and 

operations salaries, wages and benefits (M&O-SW&B) for the plant 

design (Seider, Seader, & Lewin, 2004). 

15. The total property taxes and insurance costs were estimated as 2% of the 

total depreciable capital, CTDC (Seider, Seader, & Lewin, 2004). 

16. The direct plant depreciation was estimated as 8% of the total depreciable 

capital minus 118% of the allocated costs (Seider, Seader, & Lewin, 

2004). 

17. The allocated plant depreciation was estimated as 6% of 118% of the 

allocated costs (Seider, Seader, & Lewin, 2004). 

18. The transfer expense was estimated as 1% of annual sales (Seider, Seader, 

& Lewin, 2004). 

19. The direct research, allocated research, administrative expense, and 

management incentive compensation have been estimated as 4.8%, 0.5%, 
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2%, and 1.25% of  the annual sales for the plant design (Seider, Seader, & 

Lewin, 2004). 

Table B-3.1 presents the results of the economic analysis for this design proposal.  
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Table B-3.1: Economic Analysis of Proposal for Plant Scenario 
Total Bare Module Cost, CTBM $1,656,385.44 See Appendix B-1 
Site Development Costs, Csite $82,819.27 =0.05*CTBM 

Building Costs, Cbuildings $0.00 0 

Offsite Facilities Cost, Coff site $82,819.27 =0.05*CTBM 

Wastewater $/yr $54,938.52 See Eqn. A-23 
Allocated Costs, Calloc 
(wastewater+Coffsite) 

$137,757.79 =Coff site + Wastewater $/yr 

Direct Permanent Investment, CDPI $1,876,962.51 =Csite+Calloc+CTBM 

Startup Cost, CStartup $221,481.58 =0.1*CTDC 

Total Depreciable Capital, CTDC $2,214,815.76 =1.18*CDPI 

Total Permanent Investment, CTPI $2,371,469.88 =1.18*(CTBM+Csite+Coff site)+Cstartup 

Working Capital, CWC $417,378.70 =0.176*CTPI 

Total Capital Investment, CTCI $2,788,848.58 =CTPI+CWC 

 
 

Feedstocks  

Electricity ($/yr) $116,267.12 See Eqn. A-24 

Process Water Cost ($/yr) $9,156.42 See Eqn. A-25 

Total Feedstocks $125,423.54 =(Electricity $/yr)+(Process Water $/yr) 
 
 

Operations (Labor Related) (O)  
Annual Direct Wages and Benefits 
(DW&B) 

$187,200.00 =($30/hr)*(2080 hrs)*(3employees) 

Direct Salaries and Benefits $28,080.00 =0.15*(Annual Direct Wages and Benefits) 

Operation Supplies and Services $11,232.00 =0.06*(Annual Direct Wages and Benefits) 

Technical Assistance to Manufacturing $52,000.00 =52,000 

Control Laboratory $57,000.00 =57,000 

Total labor-related operations $335,512.00 =Sum of labor related operations (O) 
 

Maintenance (M)  

Total Depreciable Capital, CTDC $2,214,815.76 =CTDC 

Wages and Benefits (MW&B) $110,740.79 =0.05*CTDC 

Salaries and Benefits $27,685.20 =0.25*MW&B 

Materials and Services $110,740.79 =1.0*MW&B 

Maintenance Overhead $5,537.04 =0.05*MW&B 

Total maintenance $254,703.81 =Sum of Maintenance (M) 
 

Operating Overhead  
M&O-SW&B $353,705.98 =Sum of M & O salaries, wages, and benefits 

General Plant Overhead $25,113.12 =0.071*(M&O-SW&B) 

Mechanical Department Services $8,488.94 =0.024*(M&O-SW&B) 

Employee Relations Department $20,868.65 =0.059*(M&O-SW&B) 

Business Services $26,174.24 =0.074*(M&O-SW&B) 

Total Operating Overhead $80,644.96 =Sum of Operating Overhead 
 

Property Taxes and Insurance $44,296.32 =0.02*CTDC 
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Table B-3.1 (Cont.): Economic Analysis of Proposal for Plant Scenario 
 Depreciation  

Direct Plant $164,180.93 =0.08*(CTDC-1.18*Calloc) 

Allocated Plant $9,753.25 =0.06*(1.18*Calloc) 
 

COST OF MANUFACTURE (COM) $1,014,514.81 =(Dep.)+(Taxes)+(Overhead)+(M)+(O)+(Feedstocks) 

 

Sales  

PET natural unit price $/ton $760.00 See Table B-2.2 

PET colored unit price $/ton $620.00 See Table B-2.2 

HDPE natural unit price $/ton $660.00 See Table B-2.2 

HDPE colored unit price $/ton $600.00 See Table B-2.2 

Type 4-6 as fuel unit price $/ton $150.00 See Table B-2.2 

Annual Sales $1,465,548.99 See Eqn. A-26a,b 
 
 
 

General Expense  

Transfer expense $14,655.49 =0.01*(Annual Sales) 

Direct Research $70,346.35 =0.048*(Annual Sales) 

Allocated Research $7,327.74 =0.005*(Annual Sales) 

Administrative Expense $29,310.98 =0.02*(Annual Sales) 

Management Incentive Compensation $18,319.36 =0.0125*(Annual Sales) 

Total GE $139,959.93 =Sum of General Expense (GE) 
 
 

Total Production Cost (C) $1,154,474.74 =COM + Total GE 
 

GROSS EARNINGS (PROFIT) $311,074.26  =(Annual Sales) – (C) 

Net Earnings $195,976.78  =Gross Earnings (Profit) 
 
 
A 30 year cash flow analysis was performed to calculate the IRR using a 5-year MACRS 

tax-basis depreciation schedule (Seider, Seader, & Lewin, 2004). Table B-3.2 presents 

the results of this analysis for the proposed plant design scenario. 
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Table B-3.2: A 30 Year Cash Flow Analysis for the Proposed Plant Design Scenario 
  Investment           Cash Cum PV   

Year fCTDC CWC D C excl D S Net Earn Flow 0.2 IRR = 0.15227 
1 (1,107,407.88) (1,107,407.88) (1,107,407.88) (1,107,407.88) 
2 (1,107,407.88) (417,378.70) (1,524,786.58) (2,378,063.36) (2,430,695.25) 
3 442,963.15 $850,333.88 977,032.66 (199,246.55) 243,716.60 (2,208,815.72) (2,247,136.41) 
4 708,741.04 $850,333.88 1,465,548.99 (58,921.34) 649,819.71 (1,832,762.65) (1,822,391.48) 
5 425,244.63 $850,333.88 1,465,548.99 119,681.41 544,926.03 (1,569,970.39) (1,513,277.97) 
6 255,146.78 $850,333.88 1,465,548.99 226,843.05 481,989.83 (1,376,269.49) (1,275,996.72) 
7 255,146.78 $850,333.88 1,465,548.99 226,843.05 481,989.83 (1,214,852.07) (1,070,071.98) 
8 127,573.39 $850,333.88 1,465,548.99 307,214.29 434,787.67 (1,093,510.81) (908,861.61) 
9 $850,333.88 1,465,548.99 387,585.52 387,585.52 (1,003,370.81) (784,143.82) 
10 $850,333.88 1,465,548.99 387,585.52 387,585.52 (928,254.14) (675,907.37) 
11 $850,333.88 1,465,548.99 387,585.52 387,585.52 (865,656.91) (581,974.28) 
12 $850,333.88 1,465,548.99 387,585.52 387,585.52 (813,492.56) (500,454.36) 
13 $850,333.88 1,465,548.99 387,585.52 387,585.52 (770,022.26) (429,707.23) 
14 $850,333.88 1,465,548.99 387,585.52 387,585.52 (733,797.02) (368,309.26) 
15 $850,333.88 1,465,548.99 387,585.52 387,585.52 (703,609.31) (315,024.99) 
16 $850,333.88 1,465,548.99 387,585.52 387,585.52 (678,452.89) (268,782.18) 
17 $850,333.88 1,465,548.99 387,585.52 387,585.52 (657,489.21) (228,650.32) 
18 $850,333.88 1,465,548.99 387,585.52 387,585.52 (640,019.47) (193,821.86) 
19 $850,333.88 1,465,548.99 387,585.52 387,585.52 (625,461.36) (163,595.94) 
20 $850,333.88 1,465,548.99 387,585.52 387,585.52 (613,329.60) (137,364.35) 
21 $850,333.88 1,465,548.99 387,585.52 387,585.52 (603,219.79) (114,599.24) 
22 $850,333.88 1,465,548.99 387,585.52 387,585.52 (594,794.96) (94,842.52) 
23 $850,333.88 1,465,548.99 387,585.52 387,585.52 (587,774.26) (77,696.64) 
24 $850,333.88 1,465,548.99 387,585.52 387,585.52 (581,923.69) (62,816.56) 
25 $850,333.88 1,465,548.99 387,585.52 387,585.52 (577,048.20) (49,902.88) 
26 $850,333.88 1,465,548.99 387,585.52 387,585.52 (572,985.30) (38,695.73) 
27 $850,333.88 1,465,548.99 387,585.52 387,585.52 (569,599.55) (28,969.59) 
28 $850,333.88 1,465,548.99 387,585.52 387,585.52 (566,778.09) (20,528.75) 
29 $850,333.88 1,465,548.99 387,585.52 387,585.52 (564,426.87) (13,203.37) 
30 417,378.70 $850,333.88 1,465,548.99 387,585.52 804,964.22 (560,357.56) 0.00 
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The calculations for this design scenario are the same as for the 35 recycling unit scenario 

in Appendix B-2.  
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Appendix B-4: Selling Price Analysis 

The required selling price required to make the economic analysis performed in 

Appendix B-2 was analyzed. Since the investor rate of return was a function of the selling 

price for each type of plastic, there was no accurate way of determining an exact selling 

price required for each type of plastic.  

 

In order to calculate the approximate selling price required, the selling prices of the 

various plastic types were manipulated until the required investor rate or return (IRR) 

reached 20%. This was done using the same methods described in Appendix B-2. The 

approximate selling prices for the plastic types should be in the range of $2,500 in order 

to achieve an IRR of 20% for the proposed design of 35 individual recycling units. 
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Appendix C-1: Herbold Phone Interview 

Meeting/ Phone Log 

Date:  4/10/2008 

Members Present: 

 Chris Swanson called John Elexie, engineering sales (888-612-7774), of Herbold USA. 

Summary of Information that pertains to the report:  

Herbold is a worldwide provider of plastic recycling equipment. Herbold specializes in 

providing equipment and designing plastic recycling processes (especially PET and 

HDPE). Prices, water requirements, and additional technical information were requested 

by Green Unit Engineering for the following: 

 

 

 

  

Equipment Price 
Water 
Requirement 

Power 
Requirement Notes 

Wet Granulator $94,806.00 62 GPM 90 KW 
Friction Washer $40,302.00 432.5 GPM 18.5 KW 

Washer/Dryer $46,998.00 
90.33 GPM 22 KW 

Pump for washer 
effluent included 

Hydrocyclone $23,967.00 90 GPM 15 KW 
Vortex pump 
included 
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Appendix C-2: Lafarge Phone Interview 

Meeting/ Phone Log 

Date:  2/25/2008 

Members Present: 

Chris Swanson called Kurt Gerdes, Director of raw materials, (816-251-2120), of 

Lafarge-North America. 

Summary of Information that pertains to the report:  

Ash Grove has an active alternative fuel program for replacing the standard natural gas 

and coal fuel sources in the cement kiln. They primarily use plastics from consumer 

products of types 1,2,4-6. Type 3, PVC, cannot be used because the chlorine in the ash 

that is added to the cement degrades steel rebar that supports the cement. 

Five Lafarge cement plants in the Midwest use plastic as an alternative fuel and replace ½ 

of the standard fuel needed. This equates to about 100,000 tons/yr per plant. Lafarge will 

pay for the transport of the plastic from companies to the cement plants. Lafarge will also 

pay the companies for the plastic at current regional landfill rates. 

To use the plastic as fuel Lafarge uses their $7 million, 20,000 square foot facility to 

grind plastic to ½”. The plastic is then mixed with recycled paper and wood. This is the 

fuel used in the kiln. All ash produced is put into the cement so there is no solid waste. 

  



 

 

126 

 

Appendix C-3: Tucson Mold Industries Phone Interview 

Meeting/ Phone Log 

Date:  2/25/2008 

Members Present: 

James Lykins called Jeff, owner of Tucson Mold Industries, (520-792-1075). 

Summary of Information that pertains to the report:  

Granulators are capable of taking raw plastic bottles and creating small flakes. Tucson 

Mold Industries has 3 granulators that can be used for testing at 1:30 pm on Friday at 930 

S. Plumer Ave. 
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Appendix C-4: B.D.F.I. Phone Interview and Meeting Log 

Meeting/ Phone Log 

Date:  2/20/2008 

Members Present: 

James Lykins called Curt Beyers, President of B.D.F.I, (520-349-1912). 

Summary of Information that pertains to the report:  

B.D.F.I. uses plastic from the landfill as an ingredient in wood pellets which are used for 

heating. B.D.F.I. is available on Tuesday at 1:00 pm for a meeting and tour of the 

operation for members of Green Unit Engineering. 

Meeting Log 

Date:  2/26/2008 

Members Present: 

James Lykins, Chris Swanson, Ted Hom, and Andrew Gardner met Curt Beyers of 

B.D.F.I. at the Tucson landfill at Speedway and Prudence. 

Summary of Information that pertains to the report:  

Curt Beyers of B.D.F.I. described the process he uses to make wood pellets for furnaces 

and heating. The wood pellets contain small amounts of recovered plastic, typically 

HDPE or LDPE. There is a market for recovered plastics as a heat source in the form of 

wood pellets which B.D.F.I. makes. The wood pellets with the plastic inclusion gives off 

far greater heat than traditional wood pellets. Most plastic can be used in these pellets 

except for type 3, PVC.  
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Appendix C-5: City of Tucson Phone Interview 

Meeting/ Phone Log 

Date:  1/31/2008 

Members Present: 

James Lykins called Don Gibson, City of Tucson employee (520-791-5414). 

Summary of Information that pertains to the report:  

Don Gibson provided information about the current collection rates of recycled types 1 

and 2 plastics in Tucson. The PET collected is 90.56 tons/month. The HDPE natural 

collected is 30.58 tons/month and the HDPE color collected is 44.18 tons/month. Don 

Gibson does not recommend plastic recycling drop offs at grocery stores. He believes that 

recycling of the other types of plastics would not be valuable due to the effort required to 

separate them. Don Gibson also believes that although less people visit parks on a regular 

basis, it is the best place for the recycling drop off sites because the land is owned by the 

city of Tucson and they do not have to deal with a third party. 
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Appendix C-6: Twin Screw Extruders, Inc E-mail Log 

E-Mail Log 

Date:  3/30/2008 

Members Present: 

Chris Swanson e-mailed Twin Screw Extruders, Inc (twinextruders@yahoo.com). 

Summary of Information that pertains to the report:  

The processing rate for the lab scale extruder/pelletizer is 13.5 kg/hr. The water 

requirements and temperatures are provided below. The price for the lab scale 

extruder/pelletizer is $126,610.00 

“Based on our actual experience for running PET and HDPE or similar polymers: 

 1.0  Approximate usage of water for: 

1.1  Extruder =  7 - 8 Liters per minute. 

1.2  Water bath/pelletizing = Capacity  48 - 50 Liters. 

1.3  Water bath make-up =  3 Liters/hr. 

 2.0  Approximate inlet water temperature for: 

2.1  Extruder = 18 - 25 deg. C. 

2.2  Water bath/pelletizing =  18 - 25 deg. C. 

 3.0  Approximate effluent water temp for: 

3.1  Extruder = > 75 deg. C, to steam flash. 

3.2  Water bath/pelletizing =  65 deg. C.” 
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Appendix C-7: Second Chance Grocery E-mail Log 

E-Mail Log 

Date:  3/4/2008 

Members Present: 

Chris Swanson e-mailed Second Chance Grocery 

(lynnmcb@mail.secondchancegrocery.com). 

Summary of Information that pertains to the report:  

Lynn McBroom was asked about the approximate cost of a UPC database for this project 

and her response is below: 

“Good evening!  I'm sorry I've been slow to get back to you.  The Second 
Chance database contains over 24,000 separate distinct entries.  Each line 
has the UPC code, a general product description, manufacturer name, brand 
name, more detailed description, size or quantity, comparative retail price 
(when available), and date of last entry.  I've attached a sample to this 
e-mail so you can get a better idea of how it works (Excel spreadsheet). 
 
You need to know that we closed our store in November 2006 so there are no 
entries since that time.  Of course there have been many food items added 
since then, but there are many more that are the same product (just with a 
different superhero on the label). The original price of our database was 
$750.  Realizing that it is not the most current, I am willing to sell you 
a copy for $275. 
 
Let me know if you are interested. 
 
Sincerely, 
Lynn McBroom”  
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Appendix D-1: Meeting Log for February 4, 2008 

 

OOOONNNN----SSSSITE ITE ITE ITE RRRRECYCLING ECYCLING ECYCLING ECYCLING SSSSEPARATION EPARATION EPARATION EPARATION PPPPROCESSESROCESSESROCESSESROCESSES    

MMMMEETINGEETINGEETINGEETING    

AGENDAAGENDAAGENDAAGENDA    
 

4 February 2008 
3:00 – 4:00 p.m. 

Harshbarger Building, Room 146C 
 

Attendees 
Andrew Gardner  (Facilitator) 
James Lykins (Scribe) 
Ted Hom 
Chris Swanson 
Greg Ogden 
 

 

AGENDA 
Item Topic  Presenter  Time (minutes)  
1 Types of resins to separate  Chris Swanson 5 

2 Required Purities  Ted Hom 5 
3 Plant or On -site separation  James Lykins 5 
    
4 Unit Operations  Andrew Gardner 5 
5 Assumptions in plastic collection quantities  James Lykins 5 
6 Deadlines and other miscellaneous items  Everyone 25 
 
Next Meeting Scheduled 
for:  

11 February, 2008; 3:00 p.m.  –  4:00 p.m.; Harshbarger Building, 
Room 146C 

 

Meeting Summary: 

We need a clear problem statement; the goal of the project should be to recycle all plastic 

types preferably on site where the plastic is recycled. Assume medical plastic is not 

accepted and neither are bottle caps. Assume that people will follow these instructions. 

We should find a product for the plastic types 3-6 since it would be expensive to process 

them as well as types 1 and 2. There is an ADEQ grant that could be applied for in order 

to get funding for this project’s future. For the next meeting we need to come up with the 
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necessary equipment for plastic separation, look into the ADEQ grant and figure out a 

product or solution to recycle the plastic types 3-6. Mike Kazz suggested it might be a 

good idea to take pictures of plastic at a rodeo and find out some information about their 

recycling programs. Mike Kazz also suggested looking into a muffin muncher which is 

used in wastewater treatment plants. 
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Appendix D-2: Meeting Log for February 11, 2008 

OOOONNNN----SSSSITE ITE ITE ITE RRRRECYCLING ECYCLING ECYCLING ECYCLING SSSSEPARATION EPARATION EPARATION EPARATION PPPPROCESSESROCESSESROCESSESROCESSES    

MMMMEETINGEETINGEETINGEETING    

AGENDAAGENDAAGENDAAGENDA    
 

11 February 2008 
3:00 – 4:00 p.m. 

Harshbarger Building, Room 146C 
 

Attendees 
Andrew Gardner  (Facilitator) 
James Lykins (Scribe) 
Ted Hom 
Chris Swanson 
Greg Ogden 
 

 

AGENDA 
Item Topic  Presenter  Time (minutes)  
1 Facility Tour Update James 2 

2 PFD Everyone 15 
3 Process Revisions Everyone 15 
4 Testing Ideas Everyone 10 
5 Action Items Everyone 8 
Next Meeting Scheduled 
for:  

18 February, 2008; 3:00 p.m. –  4:00 p.m.;  Harshbarger Building, 
Room 138 

 

Meeting Summary: 

James talked to Curt Beyers B.D.F.I. about visiting him at the landfill to see how he 

makes wood pellets and Curt was out of town. The group reviewed the BFD and agreed 

to change the units to lbs. The equipment for the process was discussed and it was agreed 

that rinsing and washing should be done in a single unit. The idea of a single extruder 

was agreed upon due to their high cost and it was decided that small amounts of plastic 

would be wasted between each batch to ensure purity. The idea of blowing air for drying 

was discussed and it was decided that the energy requirement might be too large.  



 

 

134 

 

Appendix D-3: Meeting Log for February 18, 2008 

OOOONNNN----SSSSITE ITE ITE ITE RRRRECYCLING ECYCLING ECYCLING ECYCLING SSSSEPARATION EPARATION EPARATION EPARATION PPPPROCESSESROCESSESROCESSESROCESSES    

MMMMEETINGEETINGEETINGEETING    

AGENDAAGENDAAGENDAAGENDA    
 

18 February 2008 
3:00 – 4:00 p.m. 

Harshbarger Building, Room 146C 
 

Attendees 
Andrew Gardner  (Facilitator) 
James Lykins (Scribe) 
Ted Hom 
Chris Swanson 
Greg Ogden 
 

 

AGENDA 
Item Topic  Presenter  Time (minutes)  
1 Facility Tour Update Everyone 2 

2 Testing Equipment and Locations Everyone 15 
3 Process Revisions Everyone 15 
4 ADEQ Grant Everyone 10 
5 Action Items Everyone 8 
Next Meeting Scheduled 
for:  

25 February, 2008 ; 3:00 p.m. – 4:00 p.m.;  Harshbarger Building, 
Room 138 

 
Meeting Summary: 

The group decided to meet Curt Beyers at the landfill to see what he does with recycled 

plastics on Tuesday. Mike Kazz will send out an ADEQ grant template for the group to 

use. The grant was discussed in detail about appeal, non-profit, mobility etc. Mike Kazz 

mentioned his non-profit group as an option for the grant. It was decided that the shredder 

at the Agricultural Bio Farm would be used to test shredding the plastic bottles as well as 

a washer for washing the shredded plastic. The idea of a hopper was suggested by Mike 

Kazz for automatic UPC scanning rather than having to manually scan each bottle.  
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Appendix D-4: Meeting Log for February 25, 2008 

OOOONNNN----SSSSITE ITE ITE ITE RRRRECYCLING ECYCLING ECYCLING ECYCLING SSSSEPARATION EPARATION EPARATION EPARATION PPPPROCESSESROCESSESROCESSESROCESSES    

MMMMEETINGEETINGEETINGEETING    

AGENDAAGENDAAGENDAAGENDA    
 

25 February 2008 
3:00 – 4:00 p.m. 

Harshbarger Building, Room 146C 
 

Attendees 
Andrew Gardner  (Facilitator) 
James Lykins (Scribe) 
Ted Hom 
Chris Swanson 
Greg Ogden 
 

 

AGENDA 
Item Topic  Presenter  Time (minutes)  
1 Grant Timeline James 15 

2 Rodeo Pictures and Briefing James and Ted 15 
3 Muffin Muncher Update Chris 5 
4 Recycle America and Tucson C&B Update James 5 
5 Don Gibson Data Update James 10 
Next Meeting Scheduled 
for:  

3 March , 2008; 3:00 p.m. –  4:00 p.m.;  Harshbarger Building, 
Room 138 

 
Meeting Summary: 

The group reviewed the grant timeline and grant application information as well as 

pictures from the rodeo that Ted and James attended. The rodeo currently switched from 

glass beer bottles to plastic bottles and their only recycling program is for the boy scouts 

to come and collect aluminum cans. Chris looked into the applicability of a muffin 

muncher to the process and decided it was too large and expensive for this process. James 

called Don Gibson with Tucson recycling and was referred to Don Gibson when calling 

Recycle America. Don Gibson provided collection rates for the city of Tucson and some 

information about how the City’s recycling program operates. Mike Kazz and Chris 

discussed the potential for using other types of plastic as fuel for cement plants. The 
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ADEQ grant should be simple and the goal should be to get people involved in recycling, 

especially kids. Focus on the simplicity of the idea and don’t get too complicated.  
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Appendix D-5: Meeting Log for March 3, 2008 

OOOONNNN----SSSSITE ITE ITE ITE RRRRECYCLING ECYCLING ECYCLING ECYCLING SSSSEPARATION EPARATION EPARATION EPARATION PPPPROCESSESROCESSESROCESSESROCESSES    

MMMMEETINGEETINGEETINGEETING    

AGENDAAGENDAAGENDAAGENDA    
 

3 March 2008 
3:00 – 4:00 p.m. 

Harshbarger Building, Room 146C 
 

Attendees 
Andrew Gardner  (Facilitator) 
James Lykins (Scribe) 
Ted Hom 
Chris Swanson 
Greg Ogden 
 

 

AGENDA 
Item Topic  Presenter  Time (minutes)  
1 Grant Discussion Everyone 30 

2 Project Status and Discussion Everyone 20 

Next Meeting Scheduled 
for:  

10 March , 2008; 3:00 p.m. –  4:00 p.m.;  Harshbarger Building, 
Room 138 

 

Meeting Summary: 

The group divided up the grant sections for writing. Mike Kazz agreed to using his non-

profit organization for the grant and said he would do the grant application form, 

disclosure form, and budget form. The compactor for the grant was discussed as well as 

the housing for the mobile unit.  It was decided that the group should experiment with 

plastic flakes and Lorenzo’s air compressor to see if air classification was feasible. The 

group also decided to find the compacted volume of a random sample of plastics using 

equipment borrowed from Lorenzo.  
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Appendix D-6: Meeting Log for March 10, 2008 

OOOONNNN----SSSSITE ITE ITE ITE RRRRECYCLING ECYCLING ECYCLING ECYCLING SSSSEPARATION EPARATION EPARATION EPARATION PPPPROCESSESROCESSESROCESSESROCESSES    

MMMMEETINGEETINGEETINGEETING    

AGENDAAGENDAAGENDAAGENDA    
 

10 March 2008 
3:00 – 4:00 p.m. 

Harshbarger Building, Room 146C 
 

Attendees 
Andrew Gardner  (Facilitator) 
James Lykins (Scribe) 
Ted Hom 
Chris Swanson 
Greg Ogden 
 

 

AGENDA 
Item Topic  Presenter  Time (minutes)  
1 Granulator Testing Results Everyone 10 

2 Product Ideas for mixed plastics Andrew 5 

3 Blower/Washer/Extruder and Pelletizer Testing Everyone 15 

4 Process Revisions Everyone 10 

5 Report Writing Due Dates Everyone 10 

Next Meeting Scheduled 
for:  

24 March , 2008; 3:00 p.m. –  4:00 p.m.;  Harshbarger Building, 
Room 138 

 
Meeting Summary: 

The group discussed the results from using Tucson Mold Industries granulator. The 

equipment worked well and it was confirmed as a good fit for the recycling unit. Washer 

testing was discussed and the idea of using a blender was brought up by Dr. Ogden. It 

was decided the mixed plastics would be collected and sold to cement companies for their 

kilns. The group reviewed the PFD and discussed possible changes. The group came up 

with some due dates for writing of the final project. The March 24 meeting was cancelled 

due to some of the group being out of town. 
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Appendix D-7: Meeting Log for March 31, 2008 

OOOONNNN----SSSSITE ITE ITE ITE RRRRECYCLING ECYCLING ECYCLING ECYCLING SSSSEPARATION EPARATION EPARATION EPARATION PPPPROCESSESROCESSESROCESSESROCESSES    

MMMMEETINGEETINGEETINGEETING    

AGENDAAGENDAAGENDAAGENDA    
 

31 March 2008 
3:00 – 4:00 p.m. 

Harshbarger Building, Room 146C 
 

Attendees 
Andrew Gardner  (Facilitator) 
James Lykins (Scribe) 
Ted Hom 
Chris Swanson 
Greg Ogden 
 

 

AGENDA 
Item Topic  Presenter  Time (minutes)  
1 Air Classification Results Chris 10 

2 Report Updates Everyone 10 

3 Process Revisions Everyone 15 

Next Meeting Scheduled 
for:  

 7 April , 2008; 3:00 p.m. –  4:00 p.m.;  Harshbarger Building, 
Room 138 

 

Meeting Summary: 

The group discussed the results from testing air classification using a compressor and 

pipe from Lorenzo. The simple experiment worked; however it was decided that air 

classification would not be used due to the substitution of a wet granulator in the process 

and the idea that damp material and pulp would not be air classified easily. The process 

was changed to include a wet granulator and friction washer and air blowers were 

removed from the process thereby saving energy and increasing the amount of washing 

received by the plastic. 
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Appendix D-8: Meeting Log for April 7, 2008 

OOOONNNN----SSSSITE ITE ITE ITE RRRRECYCLING ECYCLING ECYCLING ECYCLING SSSSEPARATION EPARATION EPARATION EPARATION PPPPROCESSESROCESSESROCESSESROCESSES    

MMMMEETINGEETINGEETINGEETING    

AGENDAAGENDAAGENDAAGENDA    
 

7 April 2008 
3:00 – 4:00 p.m. 

Harshbarger Building, Room 146C 
 

Attendees 
Andrew Gardner  (Facilitator) 
James Lykins (Scribe) 
Ted Hom 
Chris Swanson 
Greg Ogden 
 

 

AGENDA 
Item Topic  Presenter  Time (minutes)  
1 UPC Scanner James 5 

2 Peer Reviews Everyone 15 

3 Final Action Items Everyone   15 

Next Meeting Scheduled for:   TBD; 3:00 p.m. –  4:00 p.m.;  Harshbarger Building, Room 138  
 
Meeting Summary: 

James suggested that the group use some of their budget to purchase a UPC scanner to 

demonstrate how the plastics could manually be identified and separated during the oral 

presentation. The peer reviews from ChEE 443 were discussed and the group agreed on 

changes. The next meeting was scheduled for April 14th. 
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Appendix D-9: Meeting Log for April 14, 2008 

OOOONNNN----SSSSITE ITE ITE ITE RRRRECYCLING ECYCLING ECYCLING ECYCLING SSSSEPARATION EPARATION EPARATION EPARATION PPPPROCESSESROCESSESROCESSESROCESSES    

MMMMEETINGEETINGEETINGEETING    

AGENDAAGENDAAGENDAAGENDA    
 

14 April 2008 
3:00 – 4:00 p.m. 

Harshbarger Building, Room 146C 
 

Attendees 
Andrew Gardner  (Facilitator) 
James Lykins (Scribe) 
Ted Hom 
Chris Swanson 
Greg Ogden 
 

 

AGENDA 
Item Topic  Presenter  Time (minutes)  
1 PFD Update  James 10 

2 Herbold Update Chris 5 

3 New Tasks Everyone 10 

Next Meeting Scheduled 
for:  

 April 21, 2008 ; 3:00 p.m. –  4:00 p.m.;  Harshbarger Building, 
Room 138 

 
Meeting Summary: 

Mike Kazz purchased and brought the UPC scanner discussed in the previous meeting. 

Chris brought the group up to date about getting pricing information on Herbold for the 

equipment. The group made a list of final tasks to be completed for the project. The next 

meeting was cancelled so that more time could be spent writing the final project. 
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Appendix E-1: Experimental Results from Plastic Compaction 
 

Date of Experiment: 3/4/2008 
 
Methods: 
 
Green Unit Engineering needed information about the void space of plastic bottles. A 

simple method for determining this was to fill a container with a known volume with un-

compacted bottles. 

Results: 

A cylindrical container with a volume of 1850 in3 was filled with a random sampling of 

un-compacted plastic containers. The total number of containers that fit into the cylinder 

was 16. It was concluded that 16 random un-compacted plastic bottles could fit into an 

1850 in3 volume with the included void space. 
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Appendix E-2: Plastic Data Collection Results 
 

Date of Data Collection: 4/7/2008 
 
Methods: 
 
Green Unit Engineering needed information about the percentage of plastic bottles that 

contained paper labels. It was decided that the U-Mart at the University of Arizona would 

have a random sampling of plastic bottles that would end up in the recycling unit. The 

plastic containers at U-Mart were classified as plastic type and label type and the 

percentage of paper labels was calculated for types 1 and 2 plastic. 

Results: 
 
Table E-2.1 was produced with the results. 

Table E-2.1: Plastic Label Information 
Type Label 

1 Paper 
1 Plastic 
2 Paper % of type 1 with Paper labels: 10.52632 
1 Plastic % of type 1 with Plastic labels: 89.47368 
2 Plastic % of type 2 with Paper labels: 60 
1 Plastic % of type 2 with Plastic labels: 40 
2 Plastic 
1 Plastic 
1 Paper 
1 Plastic 
1 Plastic 
1 Plastic 
1 Plastic 
1 Plastic 
1 Plastic 
1 Plastic 
1 Plastic 
1 Plastic 
1 Plastic 
1 Plastic 
2 Plastic 
2 Paper 
2 Paper 
2 Paper 
2 Paper 
2 Paper 
1 Plastic 
1 Plastic 
2 Plastic 
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Appendix E-3: Wet Material Mass Experiment 
 

Date of Data Collection: 3/24/2008 
 
Methods: 
 
Green Unit Engineering needed information about the mass of water that ‘clings’ to the 

solids in the recycling unit system. To calculate this, a mass of plastic and labels were 

weighed, wetted, and weighed again to determine the additional water mass carried with 

it.  

Results: 

A dry weight of 1.4900 grams weight 2.8733 grams after being wetted and weighed 

again. This is the basis for the assumption that the solid mass will carry with it and 

additional 92.839% of its weight in water after getting wet in the process. 
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Appendix F-1: Green Unit Engineering ADEQ Grant Proposal 
 

1.0 Goals of Project 
 

The primary goal of this project is to provide greater access to Arizonans for plastic 
recycling.  Specifically, the goal is to reduce the amount of plastic recyclables in the 
Municipal Solid Waste Stream (MSW) where recycling is currently un-feasible and these 
materials are purely a solid waste burden.  Specific examples include apartment 
complexes, shopping centers, small towns, and special events, e.g., sporting events, 
concerts, fairs, etc.  Essentially, the focus is on recycling where large groups congregate. 
The proposed solution is a mobile, environmentally friendly plastic recycling unit.  An 
additional goal of the project is to increase the value of the recycled materials by an 
automatic sorter-system.  The final goal of the project is to empower children and young 
adults as stakeholders in the recycling process through the user-interface of the mobile 
unit itself. 

 

The proposed Mobile Recycling Center (MRC) will accept consumer plastics such as 
soda bottles and milk jugs, as well as, other types of mixed plastics.  The unit enables the 
separation of #1 and #2 type plastic resins and separates clear plastics from colored 
plastics along with a separate bin for mixed plastics. The reason for sorting the plastics 
into these various categories is to provide a higher value for the recycled plastic. This in 
turn provides a means of sustainability to the recycling process. 

 

 Plastics separation is accomplished by the user, who scans the barcode on the plastic 
container at the site and places the plastic container in the bin that automatically opens. 
The unit will be programmable to collect and separate different types of plastics 
depending on changes in the market. The MRC will be relatively compact and mobile 
and can be utilized in places from parking lots of high traffic supermarkets, shopping 
plazas, at sporting events, fairgrounds to even large apartment complexes where no 
curbside recycling program is available. 

   

 The outcome of such a machine would be to promote plastic recycling to people 
who would not otherwise recycle plastic, in addition to generate interest in young people 
who are interested in protecting the environment. This would help reduce the amount of 
plastic that ends up in the landfill.  Also, by separating the plastics automatically at the 
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collection site, the plastic have greater value and allow for better integration into the 
recycled plastics manufacturing process.   

 

2.0 Solid Waste Impact and Community Need 
 

According to the Environmental Protection Agency (EPA), plastics made up 
11.7% of the MSW stream in America in 2006. This number amounts to 29,490,000 tons 
of plastic.  The overall recycling rate of plastics is 6.9% (primarily PET “type 1” and 
HDPE “type 2”).   This low percentage proves that there is a lot of room to increase the 
amount of recycled plastics.  The plastic resin which has the largest impact on the MSW 
stream is LDPE/LLDPE with 6.56 million tons generated in 2006 (EPA, 2006). 
According to the City of Tucson Recycling Program, the only plastics being recycled are 
PET and HDPE through curbside programs and drop off locations at city parks. A large 
portion of Tucson residents do not have easy access to this program. According to Don 
Gibson with the City of Tucson Environmental Services, the reason for the lack of drop 
off locations at grocery stores or high traffic areas are because it is difficult for a third 
party to be involved in the recovery.  He also indicated permanent drop off locations were 
much easier to manage when they were limited to City of Tucson property (Don Gibson). 

 

 The lack of recycling plastics other than PET and HDPE, as well as, the lack of 
access to the existing recycling programs by many Arizona residents leaves a large gap 
for a more effective plastics recycling program. One of the goals of this project is to 
provide easier access for residents that would like to recycle, but are currently stuck 
between tossing their plastic bottles into a dumpster or dragging it to the nearest drop off 
site (usually located on city property such as a city park). This project seeks to make a 
mobile and more effective drop off site which has the potential to collect all resin types 
and specifically separate out the more valuable resins. The benefits of this project to the 
community would be numerous.  

 

 One example of a lack of plastic recycling is at the Tucson Rodeo. According to 
the Tucson Rodeo Chairman, Greg Jamieson, the Tucson Rodeo has just switched over to 
serving beer in plastic bottles. The current recycling that goes on at the Tucson Rodeo is 
for aluminum cans, not plastic bottles (Greg Jamieson). This increase in plastic waste 
could become easier to recycle with a kid friendly and eco-friendly MRC which, could be 
taken to any event of this nature where there is a large need for plastic recycling. This 
project will eliminate the manual labor required to separate plastic resins, provide easier 
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access to plastic recycling for Arizonan’s, motivate kids to start recycling, and create new 
markets for the recycled resins that are not currently being removed from the MSW 
stream.  

3.0 Partnerships and Organization Background 

The group that has been assembled to design, build and implement the first MRC consists 
of a diverse collection of engineers, teachers, university faculty, municipal staff and 
students.  The lead for this organization is the non-profit corporation, NADIA, which was 
formed in Arizona over 10 years ago and is dedicated to coordinating skilled individuals 
and companies focused on a common goal that serves the public’s needs. NADIA will be 
responsible for co-coordinating staff and sub-contractors, issuing reports to ADEQ and 
managing the budget.  NADIA is a woman-owned non-profit organization. 

 

Key relationships include Zelen Inc., a private environmental services company which is 
registered as a Chemical and Environmental Engineering firm with the Arizona Board of 
Technical Registration and has operated in Arizona for over 12 years. Zelen is also 
registered as a contractor with the City of Tucson’s Environmental Services Department.  
Zelen will be one of the contractors responsible for the design–build portion of MRC. 

 

The University of Arizona Department of Chemical and Environmental Engineering will 
act as a scholastic partner in the project. Because the idea of MRC was initially the 
brainchild of a senior design team, the MRC will be designed in part by engineering 
students at the University of Arizona. A faculty member, Dr. Greg Ogden, will serve as 
the group mentor. Dr. Ogden has experience as a Professional Engineer in Chemical 
Engineering.   

 

The City of Tucson Environmental Services Department will be available for beta-testing 
of the MRC system at public events such as Earth Day, the Tucson Rodeo and the Clean 
Air Fair. Mr. Don Gibson will act as team co-coordinator.   

 

Swan Industrial LLC, a company that is developing Tucson’s first Eco-industrial Park, is 
an additional team member in this project. Swan Industrial has agreed to provide space 
free of charge to NADIA for the storage of recycled plastics until materials are 
purchased.  Swan Industrial is located on Tucson’s south side and consists of 37 acres of 
heavy industrial land. 
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In addition, anticipated partners will include for profit entities such as Recycle America, 
a purchaser of recycled plastics and Beyer Block Company, a small company that builds 
recycled building materials from used plastics.  Both companies would act as potential 
buyers for the plastics that are recovered using the MRC allowing for sustained usage and 
the revenue stream for more units to come online. 

4.0 Tasks and Deliverables 

The critical path tasks for the proposed MRC are listed below with a brief 
description. A complete list of tasks and deliverables are listed in Attachment 4. The four 
quarterly and end of project reports will include, but are not limited to, complete 
quarterly budget, previous quarter comparison, project economic analysis, plastic 
collection data, project successes, future quarter improvements, and future quarter plan 
and time line. 

Critical Path Task 1: Launch Mobile Recycling Center (MRC) Project 

A location guide and timeline for the MRC will be created. Events that draw large 
populations held in Tucson, such as the Gem and Mineral Show and Tucson Rodeo, will 
be targeted. The directors of these events will be contacted to establish the benefit of 
having the MRE on site to remove plastic recyclables from the solid waste stream, and 
the benefits of having a “Green Event”.  High traffic grocery stores and shopping 
complexes will also be contacted to secure a location for the unit between events. The 
location guide and timeline will be delivered to ADEQ and available on the MRC Project 
website. 

Critical Path Task 2: Establish Project Website 

A website will be created to allow the ADEQ, event directors, store and shopping 
complex owners, and the Arizona community access to the unit’s location guide and 
project updates. All deliverables will be available for ADEQ access on this website. 

Critical Path Task 3: Continue Building Recycled Plastic Local Market 
Relationships 

The collected plastic will be available to local business with a need for sorted 
recycled plastic or mixed recycled plastic such as Recycle America, Beyer Block and 
Friedman Recycling Company.  Other local companies with recycled plastic needs will 
be contacted as to promote a local market to be satisfied by the unit and to increase local 
knowledge of the unit. 
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Critical Path Task 4: Material Acquisition, MRC Uni t Construction and 
Transportation Schedule  

All necessary equipment, material purchase and construction will take place with 
proper documentation and a detailed report that will be provided to ADEQ. A 
transportation schedule based on the location timeline will be established to ensure the 
schedule is accomplished. 

Critical Path Task 5: Advertising Campaign Launch 

A press release will be provided to local media for the benefit of newspapers, 
television and radio to inform the public to bring their collected plastic recyclables to the 
MRC unit.  Each time the unit is moved to a new location, a release will be issued. The 
press releases will be available for ADEQ to view on the project website. 

Critical Path Task 6: Sorted Recycled Plastic 

The plastic received by the MRC unit will be collected and stored at the Swan 
Industrial Park until distribution to local companies for use. 

Critical Path Task 7: Collect and Evaluate Plastic Collection Data 

The amount and type of plastic will be recorded based on location and time spent 
at the specific location. The biodiesel fuel costs, transportation/relocation costs, and 
advertising cost will also be recorded. This data will be used in the quarterly reports 
provided to ADEQ, establish the unit’s impact on the reduction of recycled plastic in the 
solid waste stream, and to project future unit fabrication and impacts. 

5.0 Budget Narrative 

 The proposed process requires a Universal Product Code (UPC) scanner much 
like the ones found inside any store to correctly identify what the user is scanning. The 
scanner will be positioned low enough so a child or young adult can access it, thus 
insuring the public’s number one recycler a chance to participate.  A database that can 
recognize what the user is scanning and can determine the type of plastic resin the object 
is composed of is a key aspect of this process.  This will determine which bin the scanned 
object will go in, reducing human error and ensure that only one type of plastic is in a 
specific bin.  One actuator for each of the five bins will be required to ensure that the 
doors will automatically open and close for the user to reduce confusion about which 
container the scanned object should be placed. Once again, whether an adult participates 
or a child, the MRC’s interface will insure proper resin sorting of the plastic bottle. 
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A plastics compactor will be used to automatically reduce the volume of the material, 
making it possible to hold more and therefore be emptied less.  In addition, the stand-
alone MRC will be powered by a biodiesel fueled generator to further increase the 
sustainability of the unit and provide 24 hour availability.  Lastly, the storage container 
housing would be required to protect the process from tampering and weathering.  The 
MRC will be housed in a colorful ‘eco-friendly’ display that will look aesthetically 
pleasing and therefore, increase interest from the general public, and most importantly, 
children to use the recycling unit. 
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Appendix G-1: UPC Scanner U-101 (Posguys, 2005) 
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Appendix G-2: Screen Unit S-101 (Mcmaster, 2008) 
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Appendix G-3: Incline Conveyors C-101a-d, C-301 (Fortna, 2006) 
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Appendix G-4: Drop Bottom Containers DBC-101a-e (Drop Bottom, 2004) 

Drop Bottom 
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Appendix G-5: Wet Granulator G-201 (Herbold, Wet Granulator, 2007) 
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Appendix G-5.1: Wet Granulator G-201 (Herbold, Wet Granulator, 2007) 
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Appendix G-6: Friction Washer FW-201 (Herbold, Friction Washer, 2007) 
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Appendix G-7: Hydrocyclone H-301 (Herbold, Hydrocyclones, 2007) 
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Appendix G-8: Washer/Dryer WD-201 (Herbold, Mechanical Dryer/Centrifugal Washer, 2007) 
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Appendix G-9: Extruder/Pelletizer EP-301 (Twin Screw Extruders Inc, 2008) 

A. TECHNICAL DATA TSE-TT 20/28D, 36D, 42D 
 

 Screw diameter ....................................................... [MM] 20.6 

 Processing Length ..................................................... [L:D] 36 

 Center distance of screws  ...................................... [MM] 17.05 

 Flight depth ............................................................. [MM] 4.05 

 Number of screw flights  ........................................ [Lobe] 2 

 Gear Drive Power ...................................................... [KW] 4 

 Installed Main Motor Size .......................................... [HP] 5 

 Max screw speed .................................................... [RPM] 525 

 Maximum torque ..................................................... [Nm] 72 

 Normal allowable axial pressure ............................... [Bar] 140 

 Length of barrel section .......................................... [MM] 742 

 

 Total Number of Barrels   

Quantity and type of barrels:                1 

 

One full length [36D] with feed opening for accepting premixed materials,  

downstream twin bore side feed opening and vent opening 

 

Discharge zone - strand die head 

 

Cool Only Zones [Feed] ...................................................................... 1 

Temperature Control Zones [Heat/Cool] ........................................... 5 

Stand Die Zone [Heat Only] ...............................................................     1   

 

KW Heat Capacity Per Zone: [240V, 1 Ph, 60 Hz] 0.8 

 

Heat Media: Electrical Resistance Heaters 

Cool Media: Demineralized Water 

            Main Power Supply:  approx 15 KVA, 240 Vac, 3 Ph, 60 Hz (Extruder) 

            Rated Current:  40A (Extruder) 

            Cooling Water:  7 liters/min  (Extruder)  

 

BARREL LINER MATERIAL: TSE  10  HARDNESS: 56 + 2 HRC 

SCREW MATERIAL:  TSE    9 HARDNESS: 52 - 2 HRC 

 

NOTE: DESIGNATION TSE 10 is CPM 10V through hardened steel. 

 DESIGNATION TSE   9 is CPM   9V through hardened steel. 

B. PROCESS TASK: LABORATORY USE FOR TECHNICAL COMPOUNDING OF 

ENGINEERING THERMOPLASTICS AT TYPICAL PROCESSING  

  RATES OF 0.5 TO 13.5 KGS/HR 
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Appendix G-10: Receptacle R-301, R-302, R-501, R-701, R-901 (Salvage Drums) 

 

       

Int. 

Dim.   

Ext. 

Dim.      

Price 

Each  

Part 

No.  Size  Color  

UN 

Rating  

Dia. x H 

(in.)  Dia. x H (in.)  Weight  1 

1180 

180 

Gallon  Yellow  

-----------

--  29 X 52  

40 1/2 X 56 

1/2  

120 

lbs.  639 
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Appendix G-11: Motorized Turntable MT-301 (Turntables, 2006) 

Powered Turntable  

 

Adjustable legs from 28" to 40" top of table. Has a 1/2 HP 230/460V enclosed motor and comes 
with guide rails. (Less electrical controls).  
  

H-TTABLE   
4' diameter $5468  
5' diameter $5983 
6' diameter $6297 
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Appendix G-12: Unit Housing (General Purpose Container, 2008) 
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Appendix H-1: Approximate Sizing of a Single Recycling Unit 
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Appendix I-1: Actuators PHA

Company: Green Unit Engineering Plant: Onsite Plastic Recycling Site: Tucson, Arizona Unit: Screening Unit (Actuated 
Doors) S-101 

System: Plastic Sorting 

Method: What-if Type: Actuating Design Intent: Automatically open doors 

Number: 5 

Team Members: Andrew Gardner, Ted Hom, James Lykins, Chris Swanson 

No.: 1 Description:  The doors open and receive the plastic 

Item What if...? Root Causes/Related Questions Responses Safeguards Action Items 

1.1 

 

The optical sensor fails The wire for the optical sensor shorts The door may close on the user and 
cause injury 

The doors use low pressure in order to 
cause minimum injury 

There will be two optical 
sensors in case one  fails 

1.2 

 

The door does not close all 
the way 

The motor on the door is broken The user can stick his/her hand into 
the door and be injured by the moving 
parts on the inside 

The doors are maintenance in order to 
ensure they are in good condition 

The optical sensor will 
detect if someone sticks 
his/her hand in the door and 
sound an alarm 
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Appendix I-2: Incline Conveyor PHA 

 

 

 

Company: Green Unit Engineering 

 

Plant: Onsite Plastic Recycling  Site: Tucson, Arizona Unit: Incline conveyor belt C-101a-
d, C-302 

System: Plastic transport 

Method: What-if Type: Transport Design Intent: Transport plastic flakes 

Number: 5 

Team Members: Andrew Gardner, Ted Hom, James Lykins, Chris Swanson 

No.: 2 Description:  Incline conveyor belt PHA What if Analysis 

 

Item What if...? Root Causes/Related Questions Responses Safeguards Action Items 

2.1 

 

Motor failure Proper maintenance? 

Power Surge? 

Stop plastic flake feed on to belt. Auto feed shut of when belt motor is 
not in operation or fails. 

Shut down unit and ensure 
fire protection system is 
online in case motor failure 
causes fire. 

2.2 

 

Belt failure (break) Belt material?  

Position of conveyor? 

Check specifications with supplier. 

Incline to be within manufacturer 
range. 

Weekly belt inspection Shut down unit 
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Appendix I-3: Drop Bottom Container PHA 
 

 

Company: Green Unit Engineering Plant: Onsite Plastic Recycling Site: Tucson, Arizona Unit: Drop-Bottom Containers DBC-
101a-e 

System: Plastic Storage 

Method: What-if Type: Storage/Transport Design Intent: Collect raw material (Plastic Bottles) 

Number: 5 

Team Members: Andrew Gardner, Ted Hom, James Lykins, Chris Swanson 

No.: 3 Description:  The bins hold the plastic until they are full, at which point the release the plastic into the shoots that go to the granulator 

 

Item What if...? Root Causes/Related Questions Responses Safeguards Action Items 

3.1 

 

The bottom dropped 
prematurely  

The motor that held the doors are 
broken? 

The plastic would fall, possibly while 
an operator is underneath it and may 
cause injury 

The containers are situated in a way 
that it is unlikely for an operator to be 
situated underneath it 

Place a screen to ensure 
that an operator does not 
stand beneath it 

3.2 

 

The container fell Age and wear cause the bin to fall The bin is full of plastic and could 
possible fall on an operator 

The bins are secured in position The bins replaced every few 
years to prevent aging 

3.3 

 

The bottom will not close The motor that held the doors are 
broken? 

The plastic would fall straight into the 
granulator, possibly causing a clog 

None have been implemented Have a weight sensor that 
would sound an alarm in the 
bin wasn’t collecting weight 
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Appendix I-4: Wet Granulator PHA 

Company: Green Unit Engineering Plant: Onsite Plastic Recycling  Site: Tucson, Arizona Unit: Wet Granulator G-201 System: Plastic size reduction 

Method: What-if Type: Granulator Design Intent: Granulate and rinse plastic 

Number: 1 

Team Members: Andrew Gardner, Ted Hom, James Lykins, Chris Swanson 

No.: 4 Description:  Wet Granulator PHA What if Analysis 

Item What if...? Root Causes/Related Questions Responses Safeguards Action Items 

4.1 

 

Feeder is clogged  Plastic backs up and/or gets stuck with 
contaminates 

Cut power and turn water off. 

 

Water is used to prevent water-soluble 
contaminates from building up. 

Water on valve if water begins to 
accumulate. 

Prevent drop bottom bins 
from dumping contents and 
stop collecting plastic if bins 
fill up. 

4.2 

 

Blade damage Contaminate, non-plastic, that is too 
hard for the blade is within a scanned 
bottle. 

Cut power and turn water off to avoid 
more damage to the blades. 

 

Most metals can be granulated without 
harm to the blade. 

Weekly inspection 

 

Prevent drop bottom bins 
from dumping contents and 
stop collecting plastic if bins 
fill up 

4.3 

 

Water failure Malfunction with the valve? 

Problem with water pipe before the 
unit? 

Turn water off to the unit Auto water shut off when motor is not 
in operation or fails. 

Mass flow controller 

Turn off friction washer to 
prevent running dry. 

4.4 

 

Motor failure Proper Maintenance? 

Power surge? 

Cut power to granulator Weekly inspection Prevent drop bottom bins 
from dumping contents and 
stop collecting plastic if bins 
fill up 
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Appendix I-5: Friction Washer PHA 

 
 

 

Company: Green Unit Engineering 

 

Plant: Onsite Plastic Recycle Site: Tucson, Arizona Unit: Friction Washer FW-201 System: Plastic Washing 

Method: What-if Type: Washing Design Intent: Remove contaminants from plastic flakes 

Number: 1 

Team Members: Andrew Gardner, Ted Hom, James Lykins, Chris Swanson 

No.: 5 Description:  The friction washer rinses the plastic flakes mechanically 

 

Item What if...? Root Causes/Related Questions Responses Safeguards Action Items 

5.1 

 

The washer became 
jammed  

Plastic flakes cause the washer to clog  The washer would begin to overflow 
with water and plastic flakes 

The washer is cleaned by a water 
rinsing unit 

Have operator check that 
the outlet is clear  

5.2 

 

An operator falls into  the 
trough 

An operator positions himself/herself 
on top of the washer 

The operator could be injured by the 
moving parts, including a conveying 
screw 

The washer has an emergency shut off 
system 

Include a screen that 
prevents an operator getting 
on top of the washer 

5.3 

 

An operator reaches into 
the trough 

An operator tries to dislodge a clog in 
the trough 

The operator could be injured by the 
moving parts, including a conveying 
screw 

The washer has an emergency shut off 
system 

Include a screen that 
prevents an operator from 
reaching into the washer 

5.4 

 

The trough breaks Age and use causes the trough to 
collapse 

Plastic flakes would be tossed from the 
washer and become a projectile 
danger 

The washer is routinely maintenanced 
in order to ensure it’s integrity 

Parts are routinely replaced 
as they begin to wear  
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Appendix I-6: Washer PHA 

  

Company: Green Unit Engineering 

 

Plant: Onsite Plastic Recycling  Site: Tucson, Arizona Unit: Washer WD-201 System: Contaminate removal 

Method: What-if Type: Washing Design Intent: Clean Plastic Flakes (Remove adhesive and labels) 

Number: 1 

Team Members: Andrew Gardner, Ted Hom, James Lykins, Chris Swanson 

No.: 6 Description:  Washer PHA What if Analysis 

Item What if...? Root Causes/Related Questions Responses Safeguards Action Items 

6.1 

 

Motor failure Proper maintenance? 

Power Surge? 

Turn power off to washer. 

Stop plastic flake feed into washer. 

Auto feed shut off when motor is not 
in operation or fails. 

Weekly inspection 

Turn off hydrocyclone, and 
prevent plastic from leaving 
drop bottom bins. 

6.2 

 

Water failure Valve malfunction? 

Problem with water pipe before the 
unit? 

Turn power off to washer. 

Turn water off to unit. 

Turn valves to shut position. 

Auto water shut off with improper 
water flow. 

Mass flow controller 

Turn off hydrocyclone, and 
prevent plastic from leaving 
drop bottom bins. 

Turn off granulator and 
water going into it. 

6.3 

 

Clogged Water accumulating or plastic? 

Plastic not being granulated properly. 

Large or “sticky” contaminants getting 
through granulator/friction washer. 

Turn off power to washer. Weekly inspection of granulator and 
friction washer. 

Turn off hydrocyclone, and 
prevent plastic from leaving 
drop bottom bins. 

Turn off granulator and 
water going into it. 
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Appendix I-7: Hydrocyclone PHA 

 

 

  

Company: Green Unit Engineering Plant: Onsite Plastic Recycling  Site: Tucson, Arizona Unit: Hydrocyclone H-301 System: Density separation 

Method: What-if Type: Plastic Separator Design Intent: Separate plastic based on types 

Number: 1 

Team Members: Andrew Gardner, Ted Hom, James Lykins, Chris Swanson 

No.: 7 Description:  Hydrocyclone PHA What if Analysis 

Item What if...? Root Causes/Related Questions Responses Safeguards Action Items 

7.1 

 

Water failure Broken valve?  

All water flow compromised? 

Broken vortex pump? 

Turn off power to hydrocyclone/pump. 

Turn water off and set valves to closed 
position. 

Mass flow controller 

Weekly inspections 

Turn off water to everything 
but extruder/pelletizer 

7.2 

 

Pump failure Proper maintenance? 

Power surge? 

Turn off power to hydrocyclone/pump Weekly inspections Turn off water to everything 
but extruder/pelletizer 
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Appendix I-8: Dryer PHA 

Company: Green Unit Engineering 

 

Plant: Onsite Plastic Recycle Site: Tucson, Arizona Unit: Dryer WD-201 System: Plastic Washing 

Method: What-if Type: Dryer Design Intent: Dry plastic flakes 

Number: 1 

Team Members: Andrew Gardner, Ted Hom, James Lykins, Chris Swanson 

No.: 8 Description:  The dryer dies the plastic flakes mechanically 

 

Item What if...? Root Causes/Related Questions Responses Safeguards Action Items 

8.1 

 

The dryer does not fully 
dry the flakes 

The motor in the dryer is broken The flakes leave the dryer with 
moisture, causing problems for the 
extruder 

Dryer can be shut down if a problem is 
detected 

Adding a heat lamp after the 
dryer 

8.2 

 

The dryer does not stop 
spinning 

The motor is broken and won’t turn off The dryer is unstable and could fall 
over, crushing someone 

The dryer is bolted down  Add an RPM sensor.  If it 
reaches too high of an PRM, 
it will shut off  

8.3 

 

Ruptured Age and use causes the wall of the 
dryer to break 

The dryer would spray plastic 
everywhere like projectiles 

The process is batch and if a rupture 
were to occur, the dryer would be shut 
down 

Replace the dryer every few 
years before wear can occur 
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Appendix I-9: Extruder PHA 

  

  

Company: Green Unit Engineering 

 

Plant: Onsite Plastic Recycling  Site: Tucson, Arizona Unit: Extruder EP-301 System: Plastic transformation 

Method: What-if Type: Extruder Design Intent: Extrude plastic 

Number: 1 

Team Members: Andrew Gardner, Ted Hom, James Lykins, Chris Swanson 

No.: 9 Description:  Extruder PHA What if Analysis 

 

Item What if...? Root Causes/Related Questions Responses Safeguards Action Items 

9.1 

 

Extruder overheats during 
operation 

Temperature sensor fail. 

Cooling water stopped 

Cut power to extruder. 

Allow cooling water to continuously 
run 

Independent temp sensor outside but 
near extruder. 

Cooling water on valve if temp is too 
high. 

Implement system 
shutdown if extruder 
temperature exceeds 
standard operating 
conditions. 

9.2 

 

Plastic becomes clogged in 
die 

Contaminate, non plastic, that does 
not become more pliable at operating 
temperature and clogs die 

Ability to reverse feed 

Cut power, and run cooling water to 
avoid overheating or fire. 

Sensor reading throughput of plastic 
strand on out side of die. 

Independent temp sensor outside but 
near extruder. 

Cooling water on valve if temp is too 
high. 

 

Cut power to extruder 
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Appendix I-10: Pelletizer PHA 

 

 

 

  

Company: Green Unit Engineering 

 

Plant: Onsite Plastic Recycling  Site: Tucson, Arizona Unit: Pelletizer EP-301 System: Plastic transformation 

Method: What-if Type: Pelletizer Design Intent: Pelletize plastic 

Number: 1 

Team Members: Andrew Gardner, Ted Hom, James Lykins, Chris Swanson 

No.: 10 Description:  Pelletizer PHA What if Analysis 

 

Item What if...? Root Causes/Related Questions Responses Safeguards Action Items 

10.1 

 

Plastic strand cooling 
water failure 

Broken Valve?  

All water flow compromised? 

Shut down extruder/pelletizer Cooling water flowmeter Shut down system 

10.2 

 

Air knife failure Loss of compression Shut down extruder/pelletizer Weekly inspection Reintroduce the non cut 
strand into the system to be 
extruded and cut by air 
knife when fixed 

 

10.3 

 

Strand feeder failure Feed roller motor failure Shut down extruder/pelletizer Strand throughput sensor Shut down system 
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Appendix I-11: Motorized Turntable MT-301 

 

 

 

 

  

Company: Green Unit Engineering 

 

Plant: Onsite Plastic Recycle Site: Tucson, Arizona Unit: Motorized Turntable MT-301 System: Plastic Storage 

Method: What-if Type: Turntable Design Intent: Automatically rotate receptacles 

Number: 1 

Team Members: Andrew Gardner, Ted Hom, James Lykins, Chris Swanson 

No.: 11 Description:  The motorized turntable houses the storage bins 

 

Item What if...? Root Causes/Related Questions Responses Safeguards Action Items 

11.1 

 

The turntable spun too 
fast 

The motor was broken The bins would fall over and plastic 
pellets would fly everywhere 

The bins are bolted down on the 
turntable 

The turntable would have an 
PRM sensor.  If the PRM is 
too high, it will shutdown  

11.2 

 

The motor caught fire The motor overheated A fire would start near the pellets, 
possibly causing them to catch fire 

There is a sprinkler system in the 
recycling unit in cause of fire 

The motor should be 
replaced every few years to 
prevent age and wear 
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Appendix I-12: Electricity PHA 

 

 

 

 

 

Company: Green Unit Engineering 

 

Plant: Onsite Plastic Recycle Site: Tucson, Arizona Unit: Electricity System: Power Source 

Method: What-if Type: Utility Design Intent: Power process equipment 

Number: N/A 

Team Members: Andrew Gardner, Ted Hom, James Lykins, Chris Swanson 

No.: 12 Description:  The power source for the recycling unit 

 

Item What if...? Root Causes/Related Questions Responses Safeguards Action Items 

12.1 

 

A wire was cut There are moving parts in the 
recycling unit and a wire could be 
accidentally cut 

There would be an open source of 
electricity and an operator could be 
electrocuted  

An emergency power shut off is used Use an ammeter to measure 
electricity usage and shut 
down electricity if it gets too 
high 

12.2 

 

An electrical surge causes 
a machine to break 

A storm causes an electrical surge An operator can be electrocuted  An emergency power shut off is used A surge protector is 
implemented  

12.3 

 

An electrical fire occurs Age and wear to wiring The recycling unit could catch fire and 
pose a hazard to it’s vicinity  

An emergency power shut off is used Carbon dioxide fire 
extinguisher is placed inside 
of recycling unit 


