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Summary

In order to help Haiti recover from its devastating earthquake, the Garment Fibers from Plastic Bottles group has proposed a chipping patent in order to develop an industry for Haitians that is both sustainable and profitable.  The proposed system comes from U.S. Patent No. 5,375,778 issued December 27, 1994 (exp. December 27, 2011) entitled “Continuous Method for Reclaiming Plastic Scrap.”  This process patent presents a closed system positive displacement method for separating contaminants, chipping, washing, drying, and pelletizing recycled plastic PET bottles.  The system uses auger technology attached to variable drive motors in order to continuously move the product forward at the desired rate of production.  With this technology, Haiti can take the millions of plastic bottles shipped to them due to relief efforts after the earthquake and turn them into profitable plastic flake which can be sold to manufacturing companies, such as FOSS Manufacturing or Patagonia, which specialize in the making of recycled polar fleece.
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Introduction

On January 12th 2010, a magnitude 7.0 earthquake was centered around Haiti’s capital Port-au-Prince. By the end of January, there were 52 aftershocks measuring an average of 4.5 on the Richter Scale. The Haitian government projected that upwards of three million people were affected by the earthquake, with an estimate of 316,000 people dead 300,000 injured and 1,000,000 made homeless. This catastrophe left the nation in shambles. Director of the Department of Sustainable Development at OAS in Washington, Cletus Springer said that "You could tell very easily that these buildings were not going to survive even a magnitude 2 earthquake.” Buildings, even as large as the presidential palace were destroyed, various shanty towns and slums were deserted, and it left the country in a state where they were unsure if recovery was even possible. Along with all of the domestic and social problems, there also were numerous ecological and environmental problems. One issue that is prominent in Haiti is the number of plastic bottles that are all around the countryside. Because of the disaster, Haiti is unable to launch a legitimate recycling initiative. According to the New York Times article “Recycling in Haiti Eases Tensions in 'a Very Violent Neighborhood,'” the recycling initiative could also be key to “ending Haiti's dangerous over reliance on charcoal for energy, responsible for the loss of 98 percent of the nation's forests.” With the number of plastic bottles in the country, people could actually find something valuable to use those bottles for. Our task this semester was to conduct an intellectual properties search to find a patent for producing fleece from plastic bottles. The ultimate project goal was to work with an international consortium, ENGR 497,  to establish a design for a small scale  PET bottle processing operation in Haiti. The scale that we are looking at is around 1000 pounds/day.



Initial Goals
The initial goal of the Garment Fiber from Plastic Bottles group was to conduct an intellectual properties (IP) search. Due to the fact that the group was reporting to an international consortium as well as ENGR 497, the search had to begin right away. The initial goal set was to find and scale multiple patents to be presented to the international consortium and ENGR 497. The patent was to be for a machine that recycles PET bottles into chip flakes, which ultimately produces a spool of garment fiber. The model was to be made to operate on a small scale of 1000lb/day. Prior to contact with the international consortium and ENGR 497, another goal consisted of communicating with companies that produce their garments through a similar process. The companies included Foss Manufacturing, THREAD, Patagonia, and North Face.  The purpose of this contact was to gather information that could not be obtained through the patent, such as operation facility costs, machine costs, etc. Unfortunately, these companies all replied stating that they are a part of a long supply chain and were unable to provide any signification information.

Revised Goals

Upon research through patents and various companies, it was realized that the process of turning recycled plastic waste into fleece could be broken down into three separate processes: the collection of plastic, plastic flaking, and threading.  The steps best suited for Haiti needed to be assessed.  The collection of plastic scrap would be a simple one done through incentives that could be provided to the community to help clean up.  There was, however, a setback to solely using this method: shipping fully intact bottles would use too much wasted space and therefore be too expensive.  Also, collection would not help to start up a new industry in Haiti which was one of our goals with this project.  Flaking of the bottles could easily be done, along with their sanitization.  This step in the process would make for easy to ship-off plastic, and it would require the use of a factory which would create a new job market for Haiti.  Threading and making fleece out of the flaked plastic granulate would also create a bigger industry for Haiti, but given the available resources and technology it was deemed that Haiti could not produce as high of a quality fleece as other factories in developed nations.   Also, when talking to fleece manufacturing companies such as FOSS Manufacturing and Patagonia, interest in purchasing flake was expressed as opposed to purchasing premade fleece.  Also it was noted that just making plastic flakes and pellets would allow Haiti to sell off plastic to more than just the fleece industry.  This recycled plastic has many applications including insulation, polymers and resins, and many other applications where PET plastic may be used.  Upon examining these options, it was decided that collecting and flaking would provide Haiti with the best industry options to sell and market their product. 

Using this information, a new set of goals was devised.  The original goals of creating a new industry in Haiti and scaling down the process still existed, but the newly developed goals were as follows:

· Obtain a plastic chipping patent

· Devise a method of plastic collection

· Implement patent and collection with ENGR 497 Group and Hungarian Students

The patent and collection method were to be set up and analyzed by mid-February, and at that point the technical research conducted would be implemented with the ENGR 497 group to integrate a manufacturing method and develop energy methods for the factory to be set up.  The Hungarian students would also provide a business plan and marketing strategy to make the project feasible and appealing to manufacturing companies, such as FOSS and Patagonia, who would want to purchase chips from Haiti.
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Figure 1. Evidence showing that four plastic bottles chipped fill less area than one empty plastic water bottle.
Continuous Method for Reclaiming Plastic Scrap

U.S. Patent 5,375,778, filed June 7, 2003 by Lynn Lundquist, describes a process for reclaiming plastic scrap. It takes plastic containers and converts them into clean plastic granulated materials that can then be recycled into many different materials. The purpose for choosing this particular patent, as opposed to a patent that converts the plastic chips to plastic thread, is due to the capacity for a third-world country like Haiti to house and maintain the machinery required to melt and make plastic threads. In addition, there is a concern for Haiti’s ability to sell a high quality thread that textile manufacturers would be willing to purchase. Lastly, textile manufacturers, like FOSS and Patagonia, have expressed their need for pure plastic chips because they complete the threading process in their own factories. For these reasons, it is recommended that the Continuous Method for Reclaiming Plastic Scrap patent be used in Haiti. 

It should also be noted that certain steps in the Continuous Method for Reclaiming Plastic Scrap process were deemed unnecessary. For example, the centrifugal separation step is meant for containers that contain oil or other liquid wastes that may contain value if reclaimed, but in this case, the only liquid waste will be water.  The first air classification step was deemed unnecessary due to the even flaking of the chipping method selected for size reduction.  Hydro classification was deemed unnecessary because it would not sufficiently separate the type of plastic we need for our chipping process.  Below is a flow diagram of the chipping and washing process.  Items in blue indicate the chosen path for the process, where as items in grey represent those not necessary for the process we have set up, or their products are out of the scope of our project.
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Figure 2. Process Diagram from Lynn C. Lundquist’s Patent: Continuous Method for Reclaiming Plastic Scrap (Lundquist, Continuous method for reclaiming plastic scrap 1994).

Collection of Plastic Bottles

In order for the bottles to be processed into the fleece, the bottles must first be collected and prepared for the processing operation. One problem is that all of the bottles in Haiti are scattered throughout the entire country. The collection and recycling process is fueled by public service and recovery aid from different organizations throughout the world. The organization that takes a major role in the collection process is an organization known as the Haitian Community Development Project. The Haitian Community Development Project is an organization that strives for combating the growing solid waste problem in Haiti. In the projects, representatives from the organization will visit schools all around Haiti, and explain to the students the importance of recycling. Schools will then go around to an area and begin to help the cause in collecting the bottles. The organization will visit different villages and towns to talk about the problem of solid waste in Haiti, and it will lead the recycling initiative around the area. Currently the majority of the collection comes from the Haitian Community Development Project and other minor public service industries. 

Once the bottles have been collected, they must be prepared before being fed into the processing operation. There are companies such as Uni feed that will take the collected bottles and prepare them for processing. One component in the preparation is the metal separation process. This step is mainly for safety precautions, any remnants of metal could severely jeopardize the success of the fleece production process. 

Size Reduction: Chipping

The size reduction part of the process uses different mechanisms that either granulate or chip plastic scrap. The decision to focus mainly on the chipping process as opposed to the granulation process is because the granulation process is more likely to create a large percentage of plastic material that is too fine to continue through the rest of the process. A granulation process would require that the material be sent through an air classifier to remove the very fine plastics. This process creates waste in two ways: a waste of plastic fines that are no long available for recycling and a use of extra energy to send the granulates through the air classifier. For these reasons, it would be more efficient to only use the chipping process for size reduction. 

There are many different processes to reduce plastic scrap to smaller chips. The chipping process that is recommended in the Continuous Method for Reclaiming Plastic Scrap is described in U.S. Patent 5,110,060, filed by Lynn Lundquist in May 1992, titled Cutter Enhancement for Plastic Size Reduction equipment. The process consists of plastic scrap, which is labeled as 14 and 15 in Fig. 3, entering the three alternately rotating cutter discs. Initially, the cutter faces group the plastic and pull the plastic into the rotating cutter discs. From here, the cutter faces puncture the plastic and then shear the plastic. At times, when multiple layers are sent through the cutter discs, the outer layer of plastic, 15, may not be severed so the plastic is then pushed between the pinch plate, 5, and the cutter disc, 1’. The space between the pinch plate and the cutter disc is small enough that the plastic is pierced to create a uniform size.  This technology uses the cutter discs along with the pinch plate to ensure that the plastic is cut to the desired uniform size in one pass-through, while other technologies require multiple pass-through’s of the plastic material due to inconsistently sized chips, which obviously allows for a lesser power requirement and more efficient usage (Lundquist, Cutter enhncement for plastic size reduction equipment 1992).
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Figure 3. This is a perspective view of the preferred embodiment of the cutter and shaft showing a pinch plate mounted axially to the first shaft, and an opposing cutter mounted on the second shaft (Lundquist, Cutter enhncement for plastic size reduction equipment 1992).

This process is not only preferred by Lynn Lundquist, but is also preferred by the ENGR 408 because it allows for more efficient use. This is especially important for use in a country like Haiti that lacks readily available electricity and people educated enough to perform repairs on the machine.
Continuous Wash Cycle

Following the chipping process, U.S. Patent 07/711,934 provides a washing mechanism to ensure sanitation, known as the Continuous Wash Cycle. This is a basic cleaning process exists in order to remove hazardous wastes and contaminated particles that may have been left behind from the bottle’s label, adhesive products, or air-borne contaminants that it has encountered throughout its life cycle. The first step of the wash cycle consists of high pressured spraying of water and steam. As the particles begin to wash off from the water and steam, they are forced into the effluent separation. The effluent separation is a series of filters through which contaminants are separated into two waste disposals, those being fine wastes and soluble/suspended wastes. Particles that are not disposed into either of the two waste disposals are sent into a salvage, which consists of another series of filters. The particles that are able to be filtered through are then re-injected into the continuous wash cycle. The patent itself does not contain the effluent separation cycle, but recommends the company SWECO that produces numerous devices capable of performing this task.

Continuous Containment Removal and Material Drying:

In this section of the process, the washed materials are transferred from the continuous wash cycle into a feed hopper that puts them into the continuous containment removal and material drying cycle.  Once dropped into the auger housing, materials are pushed through an auger where a small amount water is again used to remove adhesive keeping any remaining labels attached to the plastic granulate.  At this stage, the water releases energy from an induced thermal action.  Too much water is used in the washing step to achieve this effect.  After this, the material is transferred to a housing that contains high speed rotating members adjacent to corresponding stationary members.  Here the plastic granulate is tumbled with strong impact in order to separate remaining labels on bottles by weakening the bonding properties of the adhesive and then turning it into fiber.  Once labels are removed, material is transferred by air to an air classification device.  Here there air will separate the lighter, unwanted materials and moisture.  Air is sent up through the bottom of the device, and the flake enters through the feed channel. The heavier objects, i.e. the plastic chips, are rejected downwards because their weight is larger than the force of the air, and the objects that are smaller and undesirable are pushed by the air upwards. It’s baffled because then it takes longer for the trash to move downward and gives the air a better chance of properly sorting the materials.   These contaminates will be contained separately as waste away from the rest of the system.  Once the salvage plastic leaves the air classification device, it is returned to continue the drying cycle.  This drying is achieved through mechanical action of rotating members and streams of high pressure air at the very end of the mechanism.  Once this step is completed, plastic chips may be discarded to a container ready for shipping, or they may be sent to a pelletizing mechanism which uses a screw extruder to make uniform spherical pellets that can be used for other applications of recycled plastic.  For the scope of this project, only chips are necessary to be sent to manufacturing companies for the making of thread.
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Figure 4. This figure depicts a longitudinal cross section of the Continuous Containment Removal and Material Apparatus suggested for use in the process patent “Continuous method for Reclaiming Plastic Scrap’ (U.S. Patent 5,375,778) and further explained in the patent “Apparatus for continuous container label Removal” (U.S. Patent 5,289,978) (Lundquist, Continuous method for reclaiming plastic scrap 1994).
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Figure 5. This figure depicts a cross section 2 lbeled on the longitudinal section above showing the rotating and stationary members used to separate labels and dry the plastic granulate. (Lundquist, Continuous method for reclaiming plastic scrap 1994).
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Figure 6. The figure above depicts a cross section of the air classification device required for waste separation.
Group Dynamics 

Throughout the semester, the group formed a positive working relationship. Because the objective was to find a patent, most of the work initially involved intellectual properties (IP) searches on Google to find a patent. Because it wasn’t necessary to always be together while searching, and the group had busy lives outside of ENGR 493, the group shared all of the information through Google Documents. This way, progress was being made, but in a very effective way. Of course, meeting times were scheduled once a week when possible to verbally discuss the progress of the project.

Because the members of the group were all taking the class as an elective, there was an equal amount of motivation. Each member spent time outside of meetings searching for a patent or other information that could help. This allowed the group to start thinking outside of the original scope of the project and start questioning the feasibility of such a large scale operation in Haiti.

In addition, each group member shared the leadership role. Communication and progress continued even when the leader, or the one who had recently been organizing meetings and delegating work, got busy with schoolwork. One of the group members always took the initiative to keep making progress in order to meet the deadline.

Throughout the project, the group faced challenges, as expected. The patent search was initially very discouraging because no real progress was being made in the first few weeks. It took a great deal of research to even find the proper keywords that were needed to find a patent. Access to information about the machines was also limited from manufacturers. Not even FOSS or Patagonia fleece manufacturers, when personally contacted, provided much information about the machines used in their manufacturing operations. 

Another major challenge the group had to overcome was a scope change. In the last third of the semester, the group was told that the patent and technical information was no longer need. THREAD wanted to focus more on collection, as opposed to the technical side. With this came frustration that the weeks of work felt worthless along with the freedom to do what we wanted. The group was unsure what to do, and hit a wall for sometime before deciding to deeply analyze the chipping process. THREAD had wanted to collect plastic bottles and ship them to the United States for further processing, but the group felt that it was not efficient or economical to ship something full of air, which would take up much more volume than a pile of plastic chips. After cutting up some bottles, the group realized that approximately four chipped bottles could fit into one intact bottle. In this time of uncertainty, the group did not give up, but instead, chose to further question the feasibility of FOSS’s decisions. 

Conclusions

Despite the international consortium and THREAD’s decision to solely collect water bottles in Haiti, the Garment Fibers from Plastic Bottles project group stands by its findings that an implemented chipping process would be beneficial to Haiti’s relief efforts and its economy. This is established through the simplicity of technology, interest in product, and creation of industry and Haiti.
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