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Chapter 1

Introduction

The motivation for this paper came from questions I had when collecting the
recycling from my office at UT-Austin and my home. Questions like:

- What can and cannot be recycled? Why? What is actually recycled?
- What happens to the recycling after it is picked up? Is it properly taken

care of?
With these questions in mind my purpose with this study was to under-

stand the full process of recycling: from collection, to sorting, to processing,
and finally to reusing recycled materials. Also I wanted to actually experience
this process, by visiting sorting and recycling facilities.

A lot of information on recycling is currently available. On the internet
it is scattered and qualitative, on books it seems to be mostly for children
or for people that study or work in the field of recycling, and on magazines,
like The Economist, particular aspects are discussed, but not the full process
or specifics of a city. A single source of easy access that discusses the full
process in an objective, simple and quantitative way for people like me, that
are interested in recycling, but do not work in the field, is in need. I also feel
that clear guidelines for recycling should be advertised at UT-Austin and in
the City of Austin. Most people, who I have talked to while researching for
this paper, recycle wrong or not recycle at all because of lack of information.
Both, UT and the City, have their guideline information basically confined to
specific websites, where also very little information is given about why only
certain materials are accepted, and where and how they are processed. This
paper does not completely addresses these problems, but I hope it can be a
starting reference for people with similar concerns as mine.

In this chapter I give an introduction to the full process of recycling and
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explain why materials like plastics have recycling numbers imprinted on them
and what do they mean. On Chap. 2 I discuss what materials are accepted
for recycling at UT-Austin and in the City of Austin, how they are collected,
who takes care of the pick up, and where they are taken to. On Chap. 3
I explain the process of sorting recycling materials and how it is done at
Balcones, a the sorting facility in Austin. On Chap. 4 I explain some of the
physical processes of recycling materials like paper and plastics, how that is
done at Cycled Plastics, a plastic recycling facility in Austin, and what are
the common uses of recycled products. Finally on On Chap. 5 I present the
conclusions of this study along with benefits and criticism to recycling.

1.1 Collection, sorting, processing, and reusing

The word recycling is used for many purposes, it can refer to: the material
that is going to be recycled, the actual process of recycling a material, and,
in a colloquial way, to reusing a material (that was recycled or not). To avoid
confusion, below is a list of how these different meanings will be referred to
in this paper:

- Recycling materials: recyclables.
- The actual process: either recycling process or just recycling.
- Uses for recycled products: reusing or just uses of recycled products.
In the case we talk about reusing a material without recycling it first this

fact will be emphasized in the text.
The full process of recycling a material can be separated into four stages:

collection, sorting, processing, and reusing. Some materials are capable of
actually going full cycle several times, sometimes coming out as the same
original product, other times as a similar product. Plastic soda bottles can
be recycled into plastic bottles again or into plastic combs. On Chap. 5 we
will present some examples of full cycle processes and its limitations.

In the first stage the collection of recyclables is performed at houses,
companies, universities, recycling centers, etc. The recycling material can
either be collected separately, for example recycling centers have numerous
bins for each specific material, or altogether. Many cities in the U.S. now have
a collecting system where one can place all recyclables in a single recycling
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cart, no sorting is required, this process is called single-stream recycling.
On Chap. 2 we will compare these two collection systems, single-stream vs.
collectors separation.

The collected material for recycling is also called post-consumer or re-
covered material, as many times it does not only consists of recyclables, but
also of contaminants that are misplaced with the recyclables. Contaminants
can be either non-recyclable products, such as organic material, or products
that cannot be recycled in a specific area or facility, for example in Austin
one cannot recycle PVC pipes.

Three important points at the collection stage that are not usually em-
phasized are to wash, flatten, and separate bottles from caps of recyclable
containers. Flatten the recyclables assists further crushing. Flattened items
take only a third as much room as unflattened ones. That saves 2 out of 3
trips to the recycling plant [1]. Rinsing the containers avoids contaminating
recyclables and machines at the recycling facility. And plastic bottles and
caps cannot be recycled together (see why on Sec. 1.2).

The second stage is usually performed at sorting facilities. Occasionally
sorting and recycling are performed at the same place, but in general these
are two different facilities and companies. In most cases different materials
cannot be recycled together, therefore they need to be sorted before being
processed. At this stage not only recyclables are separated, but also materials
that will not be able to be recycled. Around 20% of what is contained in a
bale of recovered paper is not paper, but pieces of plastic, metal, food, etc.
[2].

The actual recycling process is done either at a recycling plant or at
the same facility where virgin materials are manufactured, the last seems
to be common for paper for example. There is a large number of recycling
processes, as each type of recyclable can go through at least one possible
recycling process and because the desired outcome can be a large variety
of products. One example is that from clean white paper it is possible to
produce any kind of paper.

The last stage is reusing, or uses of recycled materials. Some recycled
materials are made into the same original material, some are used for different
purposes, and some are mixed with virgin materials. Currently most printing
paper is at least 10% recycled paper and many plastic bottles are 25% post-
consumer recycled plastics. In Chap. 5 we will present many examples of
how currently recycled products are being used.
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1.2 What do the plastic recycling numbers

mean?

At the bottom of most plastic containers you can find a small number inside
the three arrow triangle recycling symbol, like the one shown on Fig. 1.1.
This number is a reference to what type of plastic the container is made of.
Each plastic is composed of a different molecule or set of molecules. Different
molecules do not mix when plastics are recycled, it is like trying to recycle
paper and glass together. For this reason they need to be separated. The
recycling numbers are uniform way of classifying the different types of plastic
and it aids recyclers in the sorting process [3, 4]. Note that sometimes other
numbers are found on the bottom of plastic containers, but only numbers
inside the recycling symbol are valid for recycling purpose.

The recycling symbol code was designed by The Society of the Plastics
Industry (SPI) in 1988 [6]. Different types of plastics are sometimes referred
to as ”resins” and the numeric symbols are known as ”Resin ID Codes”.
Since recyclers target post-consumer plastics, the recycling symbols are most
commonly found on household packaging materials.

The SPI and the Federal Trade Commission (FTC) guidelines for use of
the recycling code are the following:

- Used on bottles and rigid containers in compliance with laws in 39 states.
- Identifies resin (type of plastic) content only.
- Must be as inconspicuous as possible so the consumer’s purchasing de-

cision is not influenced.
- Must not be modified in any way.
- No claims of recyclability or the word ’recyclable’ near the code symbol.
- Molded or imprinted on all 8 ounce to 5 gallon containers that can

accept the 1/2” minimum size symbol.
- Must appear on the container bottom as close to the center as possible.
For more information on the guidelines see the SPI web page [6].
The recycling code constitutes of the numbers 1 through 7. Sometimes

below the numbers you also find the abbreviations for the plastic type, see
Fig. 1.2-1.8. The most widely accepted plastics for recycling are number 1
and 2, also most of plastic containers are type 1 and 2. Below is a list of
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Figure 1.1: Image of a #6 plastic recycling symbol imprinted on the bottom
of a plastic container. Note that the number is inside the three arrow triangle
recycling symbol. [7].
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the numbers, full names of the plastics they refer to, and some examples of
common containers made of that product.

Number 1 - Poly(ethylene terephthalate):
Soda bottles, water bottles, cooking oil bottles, medicine containers, back-

ing for photography film.
Number 2 - High-density Polyethylene:
Containers for: laundry/dish detergent, fabric softeners, bleach, milk,

shampoo, conditioner, motor oil, also various toys, and grocery bags.
Number 3 - Poly(vinyl chloride):
Pipes, shower curtains, clear medical tubing, vinyl dashboards and seat

covers.
Number 4 - Low-density Polyethylene:
Wrapping films, grocery bags, and sandwich bags.
Number 5 - Polypropylene:
Tupperware, yogurt tubs, (orange) medicine containers, and plastic caps

of soda bottles.
Number 6 - Polystyrene:
Plastic cups, disposable cutlery and cups (clear and colored), coffee cups,

packing peanuts, Styrofoam insulation.
Number 7 - Products labeled as ”other”:
They are made of any combination of 1-6 or another, less commonly used

plastic.
Note that, as stated in the last Section, soda bottles and caps should

be separated before recycling, as the bottles are number 1 and the caps are
number 5, and different types of plastic do not recycle together.

The products shown are just examples, so when sorting recyclables always
check the recycling number imprinted on the bottom of the plastic item.
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Figure 1.2: Examples of containers made of poly(ethylene terephthalate) -
plastic #1 [7].

Figure 1.3: Examples of containers made of high-density polyethylene - plas-
tic #2 [7].
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Figure 1.4: Examples of containers made of poly(vinyl chloride) - plastic #3
[7].

Figure 1.5: Examples of containers made of low-density polyethylene - plastic
#4 [7].
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Figure 1.6: Examples of containers made of polypropylene - plastic #5 [7].

Figure 1.7: Examples of containers made of polystyrene - plastic #6 [7].
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Figure 1.8: Examples of containers made of other types of plastics - plastic
#7 [7].
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Chapter 2

Collection: Recycling at UT
and the City of Austin

2.1 Collection at UT-Austin

In 2007 the University of Texas at Austin won No. 1 campus in waste min-
imization at the nationwide recycling contest RecycleMania [8]. That year
201 schools participated in the competition. In 2009, 514 schools signed up
for this contest.

At UT-Austin the people involved in the process of recycling are:
- Jeffrey Basile - Recycling and Sustainability Manager
- UT Sustainability Network
- Campus Environmental Center (CEC)
- Custodial and staff
- Volunteers (faculty, staff and students)
Jeffrey Basile is UT’s first Recycling and Sustainability Manager. He

started working at UT in 2008.
There are two main environmental organizations at UT: the Campus En-

vironmental Center (CEC) and the UT Sustainability Network. The first is
a student organization. The second is mainly faculty and staff, but some
students are also part of it.
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Below is a list of what that is currently recycled or reused at UT campus:
- Paper and cardboard - collected for recycling by custodial.
- Plastic (#1 and 2 only) - collected by volunteers, taken for recycling by

the CEC.
- Aluminum cans (no aluminum foil)- collected by volunteers, taken for

recycling by the CEC.
- Batteries, rechargeable and alkaline - collected by volunteers, taken for

recycling by the CEC.
- Trees - if needed to be removed the university replants them on another

site on campus.
- Bikes - orange bike project (CEC): reforms abandoned and donated

bikes for students to use it.
- Compact Fluorescent Light bulbs (CFL) - collected by volunteers, taken

for recycling by the CEC.
- Ink cartridges - collected by volunteers, taken for recycling by the CEC.
- Cell phones - collected by volunteers, taken for recycling by the CEC.
- Food - made into compost on the composting machines on campus.
- Metal scrap - reused at facilities.
- Wood (and pallets) - reused at facilities.
- Furniture - university property is reused at facilities and for the general

public there is the project trash to treasure (CEC), which collects donations
for resale.

- Electronics - university property is collected for the campus surplus
and the general public can donate those for recycling through the Campus
Computer Store [9].

There are also projects for using cooking oil to make biodiesel fuel and
for the collection of clean Styrofoam.

The volunteers referred above can be faculty, staff or students. All CEC
projects are carried out by students volunteers. Currently there are about 150
staff, faculty and student volunteers that collect indoor plastic and aluminum
recyclables (mostly staff) and 20 students that collect outdoors [10]. The
university takes care of all paper and cardboard recyclables on campus.

From all the materials presented above the main recyclables collected
on campus are: plastic, aluminum, paper and cardboard. The only plastic
containers accepted are #1 and #2, without caps (as we have seen on Sec. 1.2,
these are # 5, therefore not accepted). In the case of aluminum, only cans
are accepted. And from paper and cardboard basically anything that tears
and is clean is accepted, examples are:
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- Colored paper
- Stapled paper
- Envelopes with plastic windows
- Magazines
- Paperback and hardback books
- Glossy paper
- Post-it notes
- Spiral notebooks
- Folders
- Newsprint
NO paper that has been used for food or hygiene purposes can be recycled

- candy wrappers, tissues, disposable plates and cups, pizza and doughnut
boxes, etc. On Sec. 4.1 we will discuss the reasons why contaminated paper
cannot be recycled.

The indoor collection of recyclables is done on blue bins. PLAIN blue
bins or with signs saying “Please recycle only paper and cardboard“, like the
ones shown on Fig. 2.1, are ONLY for collection of paper and cardboard.
Bins for aluminum cans and plastic should have a sign or sticker indicating
so, like the ones on Fig. 2.2.

Outdoor blue bins are ONLY for aluminum cans and plastic. Outdoor
paper bins can vary, but for the most part they burnt orange.

It is important that each type of recyclable is placed in the correct bin
assigned for it, mainly for two reason. The first is that different types of
collected materials go to different facilities, which, for the most part, are
either specialized in paper and cardboard sorting or in plastic and aluminum
sorting. A material that cannot be sorted at a facility is considered contam-
inant and most of the times goes to landfill, instead of being recycled. The
second reason is that if a plastic containers with liquids is placed together
with paper, that can contaminate the paper and then it can not be recycled,
as discussed above.

The paper and cardboard collected at UT is currently sold to Balcones
Resources [11], a sorting facility also located in Austin (more information
about it on Sec. 3.1). Confidential campus papers are disposed at Austin
Task [12].

The volunteers that take care of indoor plastic and aluminum collection
are responsible for taking the recyclables outside the buildings, where then
the material is collected by two work-studies and one intern of the CEC,
who drive them to ACCO Recycling, also in Austin. The work studies are
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Figure 2.1: Example of indoor recycling bin for paper at UT-Austin.
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Figure 2.2: Example of indoor recycling bin for plastic and aluminum at
UT-Austin.
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cost shared between the university and the Federal Government. The money
obtained from selling the plastic an aluminum goes to the CEC. Lately they
have not been receiving any payment for these materials, the reason claimed
is the U.S. economic crises. But they are also not being charged for disposing
it at ACCO [10]. The reimbursement price on paper has also dropped off
drastically from 2008 to the beginning of 2009, and UT is trying to get a new
contract with a different recycler [13].

Below is a table of UT’s most significant recycling numbers from 2004 to
2009. I assembled this table from the Recycling Revenues Summary provided
at the UT Facilities web page [14].

General Services Refuse and Recycling Statistic

Year Lbs of re-
cycled pa-
per

# of cu yds
of landfill
saved

Landfill
savings

Paper
recycle
rebate

Other
recycle
rebates

08-09 1,760,250 2,904 $15,402.19 $18,989.10 $5,091.92
07-08 2,965,578 4,893 $25,948.81 $230,599.96 $48,188.57
06-07 2,924,960 4,826 $25,593.40 $143,960.22 $53,079.58
05-06 2,912,560 4,806 $25,484.90 $104,452.20 $33,845.11
04-05 3,137,940 5,177 $27,456.98 $112,144.98 $12,064

Note that the last column, other recycle rebates, is where the numbers for
plastic and aluminum appear. UT has plans of institutionalizing the plastic
and aluminum collection.

UT Facility’s also provides cost savings numbers from recycling rebates
and landfill cost avoidance. Fig. 2.3 is the chart for cost savings of 2007 -
2008.

At a UT Sustainability meeting in 2009 it was said that UT-Austin is
required by law to recycle 40% of its waste, and the paper collection on
campus accounts for this amount. Jeffrey Basile did not confirm or denied
this information.

In 2009 UT announced to the public its first Carbon Footprint assessment
with data from 2000 through 2009 [15]. The inventory did not account for
the carbon offset of the recycling on campus. That is a study I would like
pursue to in the near future.

For more information about recycling on campus:
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Figure 2.3: Cost savings plot of UT-Austin from 2007-2008. In purple is
paper recycle rebate, in light blue is landfill cost avoidance, and in pink is
other recycle rebates [14].
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- Recycling and Sustainability Manager:
Jeffrey Basile, jeff.basile@austin.utexas.edu
- Most environmental programs at UT-Austin:
www.bleedorangethinkgreen.com
- Student environmental projects:
Campus Environmental Center (CEC), www.utenvironment.org

To order a paper and cardboard bin on campus:
UT Facilities
www.utexas.edu/facilities/services/recycle.html
To order a plastic and aluminum bin and for disposing of other

recyclables on campus:
Campus Environmental Center (CEC)
www.utenvironment.org/content/index.php?option=com &task=view&id=70

Summary of main accepted recyclables at UT-Austin:
- Paper and Cardboard
Anything that tears, as long as it was NOT used for food or hygiene

purposes.
- Plastic
only #1 and 2. No bottle caps.
- Aluminum cans
no aluminum foil.

2.2 Collection by the City of Austin - single-

stream recycling

In October of 2008 the City of Austin expanded their recycling collection,
adopting a single-stream system, where all recyclables are placed in a single
bin. Since the switch to single-stream the recycling numbers have gone up
41 percent [16].

Currently the city ACCEPTS the following items for recycling [17]:
- Paper and Cardboard - Anything that tears, as long as it was NOT used

for food or hygiene purposes. (The same as UT-Austin).
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- RIGID Plastic - #1 - 7. Bottle and caps should be separated.
- Aluminum and metal cans - but not aluminum foil.
- Glass - bottles and jars (not broken).
Items that are NOT accepted for recycling:
- Motor oil bottles - cannot recycled, no matter what type of plastic they

are made from, so they have to go to trash.
- Plastic bags, wrap and packaging - plastic bags are collected for recycling

by grocery stores, like HEB.
- Styrofoam, foam and CD cases - the only facility that accepts and

recycles those materials in the Austin area is Cycled Plastics [18], see Sec. 4.3.
- Toys and hangers - can be donated to Goodwill.
- Wires and metal scrap.
- PVC pipes.
- CDs and DVDs.
The reasons why the following items are not accepted in the Austin single-

stream recycling are [19]:
- Wet paper: paper mills deem it unacceptable for processing in to new

paper (more information on Sec. 4.1). There are other uses for this paper
(used in mixing with seeds for mulching embankments on new roadways),
but there has to be a market for it in the city where the recycling material
recovery facility is located.

- Aluminum foil: the optical sorters used for sorting containers (more
information on Chap. 3) do not operate on thin objects like foil.

- Plastic bags, Ziploc bags, and plastic wraps: can get caught up in the
automated sorting machinery. They also cannot be sorted by the optical
sorters.

- Styrofoam: tends to break up into pieces and cannot be sorted out of
mixed material.

- Wires and metal scrap: can get caught up in the automated sorting
machines (more information in Chap. 3).

- Broken glass: it poses a health risk to the crews that picks up the
recyclables.

Also HAZARDOUS WASTE, anything that is flammable, corrosive, toxic,
poisonous, or reactive, should not be put in trash or recycling bins. This
products can be properly disposed of or recycled at the Austin Household
Hazardous Waste Facility [20]. That includes:

- Light bulbs and CFLs
- Batteries, alkaline and rechargeable.
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A few items are NOT accepted at all by the Austin Solid Waste Services,
them being:

- Radioactive waste.
- Medical waste.
- Explosive materials.
- Computers or other appliances - electronics can be donated to Goodwill

or traded for store credit at Best Buy [21].
- Tires.
At the Austin Solid Waste Services website you can find the ”How Do

I Dispose Of Directory”, a long alphabetical list of materials and how to
dispose of them properly, in some cases it even explains why they should be
disposed that way [22].

City of Austin ships all of the materials collected from the single-stream
recycling program to a material recovery facility in San Antonio where it is
processed by Greenstar [23]. Price is based on the Official Board Market
for recycled materials and varies throughout the month. There are on going
discussions about building a sorting center in Austin to take care of the
single-stream collected recyclables [16].

Single-stream vs. collectors separation
Single-stream allows residents to mix recyclable paper, plastic, aluminum

cans and glass in one bin. Some advantages of this method are:
- Convenient for residents because it requires no sorting of items. Toss

all recycling into one cart.
- Encourages more residents to recycle.
- Recycle more and more types of items.
- Automated collection trucks are in general cheaper than trucks for sep-

arated materials.
- Reduces collection costs because collection can be automated, and col-

lection routes can be serviced more efficiently.
- Worker injuries may decrease because single-stream trucks have auto-

mated lifts.
- More paper grades can be collected, including food packaging (boxboard)

and mixed residential paper.
Some disadvantages are:
- The sorting process is more expensive. In general that causes to lower

the buying price of recyclables and raises the price on recycled products.
- Contamination is much higher, specially in the case of paper.
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For more information about recycling in Austin:
Austin Single-Stream Recycling
http://www.ci.austin.tx.us/sws/default.htm
How Do I Dispose Of Directory - Austin Solid Waste Services
http://www.ci.austin.tx.us/sws/disposal a.htm
Ecology Action of Texas
http://www.ecology-action.org/index

Summary of main accepted recyclables by the City of Austin:
- Paper and Cardboard
Anything that tears, as long as it was NOT used for food or hygiene

purposes.
- RIGID Plastic
#1 - 7. Bottle and caps should be separated.
- Aluminum and metal cans
no aluminum foil.
- Glass
bottles and jars (not broken).
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Chapter 3

Sorting

The sorting process is done in a series of stages, many of which involve
automated processes. A truck-load of material can be fully sorted in less
than an hour [24].

There are many processes used for sorting recyclables. It is hard to obtain
specific information on them, because these techniques are proprietary. In
general a sorting process works in the following way [24, 25]:

- The collected material is taken to a material recovery facility. Once
there, the recovered material goes from the collection vehicle to a conveyor
belt, spread out in a single layer, as seen in Fig. 3.1. At this stage large pieces
of cardboard, plastic bags and food waste are removed by hand. Plastic bags
can cause the machinery to jam.

- The recyclables then go through a trommel, a large rotating cylinder
that sorts them by size. Glass, plastic and aluminum fall through the trom-
mel holes, whereas paper travels through it.

- In some sorting centers the process of separating plastic and paper is
done using a spectroscopic scanner, which differentiates between different
types of paper and plastic based on the absorbed wavelengths, and then
diverts each material into its collection bin (or conveyor belt).

- Cardboard is separated from the mixed paper usually by hand.
- Plastic is recognized by optical scanners, which then trigger blasts of

air to blow the plastics into proper bin.
- Iron, steel, and tin cans are separated using strong magnets.
- Aluminum is ejected by magnetic eddy currents. A rotating magnetic

field induces an electric current around the aluminum cans, which in turn
creates a magnetic eddy current inside the cans. This magnetic eddy current
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Figure 3.1: Image of recovered material on conveyor belt [26].

is repulsed by a large magnetic field, and the cans are ejected from the rest
of the recyclable stream.

- Glass is the last material left and must be sorted by hand based on its
color: brown, amber, green or clear.

Finally, glass is crushed, paper is sometimes shredded, and plastic is
shredded into small chips. Each is then sent to a recycling plant.

Contaminants are also an issue in the sorting process. For example bottle
caps have to be separated by hand, and labels can sometimes be melted in
water (and/or chemicals).

As an image is worth a thousand words, I indicate the following videos
on sorting:

- Recycling Sorting Plant
http://www.youtube.com/watch?v=PeOP7IWtoso
- Cogelme - Waste recycling system, eddy current and magnetic separator
http://www.youtube.com/watch?v=hF53wdmccnE&feature=related
They are short, fun and instructive.

26



3.1 Balcones Resources

Balcones Resources[11] is a company that does recycling, document and prod-
uct destruction, fuel technologies, and waste stream solutions. They have
facilities in Austin, Dallas, and Houston. They service commercial offices,
printers and manufacturing facilities throughout Central Texas (Waco to San
Antonio). They attend hundreds of companies, including the University of
Texas at Austin.

The Austin facility focus on sorting paper, but they also work with plas-
tics, especially numbers 1 and 2. Recently they started accepting wood, to
be used in their fuel technology project [11]. They try to work with the dif-
ferent materials that their customers need to dispose of. For example, at the
Austin facility, I saw plastic wrap, metal straps (that came with cardboard),
and wood pallets. All these products either came with the recyclables or
were brought by their customers, and were going to be reused or directed to
an appropriate recycling facility. Balcones is proud to state that only 1 to
1.5% of the recovered material they receive goes to landfill, and that they do
not own a landfill.

The sorted recyclables leave Balcones Austin to go to Mexico, India, and
sometimes other parts of the U.S. and Italy. To Mexico they go by rail, the
train cars leave directly from inside the Austin facility. To get to India the
recyclables travel to Dallas, then California, and from there they go by boat.

The plastic recyclables usually go to India, were manual labor is cheaper
than in the U.S.. There the bottle caps and labels are removed manually.
The paper they sort usually becomes tissue, toilet paper and cardboard. At
Austin they sort, depending on the time of year, 4,000 to 5,000 tons of paper
per month.

Balcones Austin facility is 70,000 square feet and has 6 people that work
in the sort line only. Even though Balcones, like most sorting and recycling
facilities, does not explain their sorting process exactly, to avoid exposing it
to competing companies, they did give me a tour of the Austin facility and
explained the basics of their paper sorting process. Their sorting process
consists of:

- One person separates by hand contaminants from the recyclables. In
this case, contaminants can be paper that got in contact with food or liquids
or non-paper materials that were misplaced with the paper to be recycled
(plastics bags, cans, etc.). Non-paper items like staples, plastic windows from
envelopes, and others are not a problem for the Balcones process.
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- The recyclables travel on a conveyor belt, and into a machine that sep-
arates bigger pieces of cardboard from smaller pieces of paper. This machine
is called Old Corrugated Container (OCC) Separator.

- The smaller pieces continue on the conveyor and 4 people separate white
paper from others.

- When a large amount of white paper piles up it gets pushed, by a
machine, to a second conveyor belt.

- The piles of each of the separated types of paper and cardboard goes
on the second conveyor belt, with a small gap in between different materials.
This conveyor belt leads to the compressor, the baler.

- Once compressed and tied the sorted material is transported to the
recycling facilities.

All different types of paper - newspaper, plain white paper, mixed paper,
... - are separated at Balcones. Usually the whiter the paper the wider the
variety of papers that can be made from it, and therefore the higher is its
value (see more information on Sec. 4.1).

As wet paper cannot be recycled, see Chap. 4, Balcones stores the sorted
cardboard outside, as it is a more resistant product, and the white paper
inside, see Fig. 3.2-3.3.

To sort a ton of recyclables costs around 20 to 50 dollars. A ton of mixed
paper can be sold for around 10 dollars and a ton of completely white paper
can be sold for around 250 dollars. But, as discussed on Sec 2.2, the prices
fluctuate, and can change throughout a month.

Andy Andrasi, the Balcones Austin Site President, said that since mid
2008 the prices of recyclables are going down. The price of plastics, for
example, is pretty dependent on the price of oil. If oil prices goes up recycling
becomes a better alternative than making virgin products, therefore recycling
goes up too. As oil prices being going down, recyclable prices being going
down too.

I learned two very interesting facts from my visit to Balcones. The first
one is that a lot of the recovered materials for recycling are actually materials
that were never used. These are products that were not made in the right size
or shape, or that were misprinted or mislabeled, and a lot is left overs from
cutting paper and plastic in a certain shape. The second interesting fact is
that products that can be recycled, and even that state to be recyclable, do
not necessarily get recycled. I was aware of this fact, but it was interesting to
see why it happens. At Balcones I saw a paper shopping bag in the material
to be sent to their fuel project, instead of being with the paper to go to a
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Figure 3.2: Image of sorted cardboard at Balcones Resources Austin.

29



Figure 3.3: Image of sorted paper at Balcones Resources Austin.
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recycling plant. The paper bag even had the word recyclable printed on it,
but it could not be recycled. Even though the bag was made of paper, it
had wax on top of the paper and the handles were hard to be removed, this
made it very hard to recycle, most paper mills cannot handle such material.
Many paper mills, around the world, are from the 1940s, some even go back
to the 1800s, and they cannot recycle or mix certain paper materials. We
will discuss more about the process of making paper in next chapter.

Summary of Balcones - Anything That TearsTM

Services: hundreds of companies (including UT-Austin).
Facility size: 70,000 sq. ft.
Workers on sort line: 6.
Amount processed: 4,000 to 5,000 tons of paper per month.
Machinery: Old Corrugated Container Separator + Baler.
Price of paper (varies every month!):
buy US$20-50 a ton
sell US$10-250 a ton
Receives material from: Central Texas.
Sends sorted material to: Mexico, Italy, and India.
Interesting facts:
Landfills only 1-1.5%.
Uses recovered material in fuel technology project.
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Chapter 4

Recycling

4.1 Recycling paper

The Leading Technical Association for the Worldwide Pulp, Paper and Con-
verting Industry (TAPPI) claims that the world’s first piece of paper was
actually made from recycled material [27]. Around 200 B.C., the Chinese
used old fishing nets to make the first piece of paper in the world. Other
interesting paper facts provided by the TAPPI are:

- In the U.S., paper accounts for two-thirds of all the packaging material
recovered for recycling - more than glass, metal, and plastic combined.

- About 87% of the more than 520 paper mills in the U.S. recycle some
recovered paper.

- More paper is recovered in the U.S. than is sent to landfills.
- Recovered paper provides over one-third of all the fiber (tiny strands of

cellulose) used at U.S. mills.
- Americans recover nearly 50% of all the paper they use.
- Around 20% of what is contained in a bale of recovered paper are con-

taminants - plastic, metal, etc.
- Recovered paper supplies close to 40% of the fiber used to make all

paper and paperboard products in the U.S.
There are many levels of paper recycling, from papier-mache done on
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elementary school art class to paper mills, but the process used in these
different situations is actually very similar. The current process of recycling
paper consists of basically 7 steps:

1) Re-pulping
The sorted paper travels in a conveyor belt to a pulper, which is a big vat

that contains water and chemicals. The pulper works like a mixer, chopping
the paper into small pieces. Heating the mixture breaks the paper down into
fibers more quickly. The paper turns into a mushy mixture, called pulp.

2) Screening
The pulp goes through screens of various shapes and sizes to remove

contaminants, such as bits of plastic and globs of glue.
3) Cleaning
The pulp is cleaned by spinning it around in a large cone-shaped cylinder.

Lighter contaminants collect in the center of the cone and heavy contami-
nants, like staples, are thrown to the outside of the cone.

4) De-inking
Sometimes it is necessary to remove printing ink and glue residue from

the pulp. Often a combination of two de-inking processes is used:
- Washing: small particles of ink are rinsed from the pulp with water
- Flotation: the pulp is put in a flotation cell (a large vat) and injected

with soap-like chemicals (surfactants) and air. The surfactants loosen the
ink and residues from the pulp, which then stick to air bubbles and floats to
the top of the mixture. It is similar to washing our hands, the soap loosens
the grease from our hands and the water washes the soap-grease mixture
away. The inky air bubbles create a foam on top of the pulp, which is then
removed.

5) Refining
The pulp is beaten to make the recycled fibers swell. Refining separates

large bundles of fibers into individual fibers.
6) Bleaching
If the paper being made is:
- White - the pulp may need to be bleached with hydrogen peroxide,

chlorine dioxide, or oxygen to make it whiter and brighter.
- Brown (ex: industrial paper towels) - no bleaching is needed.
7) Paper making
This step is the same for pulp from recycled paper, virgin paper, or a mix

of the two. The pulp is mixed with water and chemicals to make it 99.5%
water. This mix is sprayed on a large screen that moves quickly. The mix
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starts draining and the fibers begin to bond resulting in a wet sheet. This
sheet then goes through heated metal rollers that fully dry it resulting in
paper.

Two interesting points should be noted here. Recyclers do not accept wet
paper because it is already in a re-pulping stage. And, as far as I understood,
in the recycling process presented above grease cannot be separated from
paper, and that is why pizza boxes and others paper products used for food
and hygiene purposes cannot be recycled.

The ink, stickies, and small fibers, separated in the de-inking process, can
weight as much as 35% of the starting recovered paper weight. This material
can be burned to make energy, composted, or landfilled. Sometimes it can
also be used to make concrete and gravel for roads.

Most recovered paper is recycled into a grade similar to, or of lower quality
than, the grade of the original product. The higher grade of all is (never
printed) white paper. Wood fibers can only be recycled five to seven times
before they become too short and brittle to be made into new paper.

Video on recycling paper:
Abitibi Paper Recycling Video
http://www.youtube.com/watch?v=u8-CEJLpTh0

Summary of the steps of recycling paper
Re-pulping: chopped paper + water + chemicals.
Screening: remove contaminants, bits of plastic and globs of glue.
Cleaning: spinning - heavy contaminants go outside the cone, lighter

contaminants collect in the center.
De-inking: washing with water + soap-like chemicals + air bubbles.
Refining: pulp is beaten to make the recycled fibers swell.
Bleaching: for white paper the pulp needs to be bleached.
Paper making: a screen and heated metal rollers dry the pulp.

4.2 Recycling plastic and Cycled Plastics

Statistics on plastic bottle recycling were first done in the U.S. in 1990.
The recycling numbers have increased every year since then. In 2005 over
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2.1 billion pounds of post-consumer plastic bottles were recycled. Overall
plastic bottle recycling rate climbed to 24.3% [5].

Unlike paper, plastic does not seem to have any limitation on how many
times it can be recycled. Also different than paper, plastic can be recycled
by many different methods. Below are two processes that are performed at
Cycled Plastics [18]. The first one works for soft and rigid plastic and the
second one only for rigid plastic.

1) Soft and rigid plastic recycling process (takes #2, 4, 5, 6, and some 7):
The plastic goes up on a conveyor belt and enters the machine, see

Fig. 4.1. The main barrel of this machine is called an extruder. In the
first part of the process the plastic is cut by crossing blades. When it gets
small enough it passes a screen. It is then melted and forced through a
second screen. This screen retains materials that do not melt at the same
temperature as the plastic - paper, metal, other plastics, ... The plastic is
then made into pellets, of sizes a bit smaller than a finger nail. The material
coming from the pelletizing machine is screened for size. There are 3 ways
out: too big, too small (fines) and just right, see Fig. 4.2. The rejects are
recycled again. The product from this process, shown in Fig. 4.3, can be
made into plastic bags, CD cases, and others.

2) Rigid plastic recycling process (takes #2, 4, 5):
The recovered plastics is fed to the machine, where it is chopped, washed,

and separated in a large water container. To clean it they just add a little
detergent to the water. Most number 2 plastic bottles are from detergent
and soap, so they provide some detergent too and clean very easily. In the
water the materials that float, #2, or #4, or #5, separate from the materials
that do not float, like paper from labels and plastic #1 and #7. The product
of this process can be seen in Fig. 4.5.

Eventually they have to filter the water used in the washline and dis-
charge it. They are required to be permitted by the City of Austin and are
periodically reviewed to make sure they are properly filtering it.

One problem is that #2 bottles sometimes have lids and attachments
that are made from #5, in most cases, and so that gets cut together with
the #2s. They are able to overcome this problem because there is a small
percentage of #5 (polypropylene) that is acceptable in their #2 (high density
polyethylene) end product.

Cycled Plastics
Cycled Plastics [18] was established in 2001 and is backed by over 80
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Figure 4.1: Entrance of recycling machine for both rigid and non rigid ma-
terials (called pelletizers melt and extrude).
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Figure 4.2: Exit of recycling machine for both rigid and non rigid materials.
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Figure 4.3: Product of recycling machine for both rigid and non rigid mate-
rials.
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Figure 4.4: Recovered plastic that is fed to the recycling machine for rigid
plastic.
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Figure 4.5: Product of recycling machine for rigid plastic.
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combined years of experience in the plastics industry. The Austin facility
is 108,000 square feet, has 50 employees (5 work in the office and 45 in the
plant), and services around one hundred post industrial and post consumer
companies - plastics manufacturers, packaging companies, furniture distribu-
tion companies, and other recyclers.

Around 2 million lbs. of plastics are recycled at Cycled Plastics per
month. About 5%-10% of the recovered material they receive is lost because
of contamination. Their recycled products in general are made into film
(bags, liners, etc.) and outdoor products (corrugated pipe, edging, etc.). In
March of 2009 Cycled Plastics bought plastics at $0.08/lb on average and
sold at $0.28/lb on average.

Summary of Cycled Plastics
Services: around one hundred companies.
Facility size: 108,000 sq. ft.
Workers: 50.
Amount processed: 2 million lbs per month.
Machinery: Soft plastic + Rigid plastic + Baler.
Price of plastics (varies every month!):
buy US$0.08 /lb
sell US$0.28 /lb
Receives material from: U.S. and Mexico.
Sends recycled material to: U.S.
Interesting facts:
Around 50% of the recovered materials received are never used defective

products.
Is the only facility in the Austin area that collects (and recycles) clean

foam and Styrofoam.

4.3 Uses for recycled materials

A recycled product can, in most cases, be used in the same fashion as before
it was recycled. In general, soda bottles (plastic #1) can always be made
into soda bottles again. Some companies go further than that and make new
products out of recycled products. For example, Simple Shoes have soles
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made from used tires, and shoe laces and pedbeds from recycled #1 plastic.
Other examples of uses of recycled materials are [4, 28]:

#1 - PETE - carpets, fiberfill for jackets and fabric for T-shirts, sleeping
bags, life jackets, shopping bags, bean bags, rope, car bumpers, tennis ball
felt, combs, sails for boats, furniture, and plastic bottles.

Clear #2 - HDPE - easily made into new containers.
Colored #2 - HDPE - toys, piping, rope, and plastic lumber.
# 4 - LDPE - new bags and plastic lumber.
# 5 - PP - plastic containers.
# 6 - PS - CD cases, insulation, plastic utensils.
Paper - mixing with seeds for mulching embankments on new roadways.
Plastic # 3 (PVC) is usually used only once, because when it melts it

releases hydrochloric acid which damages machines in general [29].

42



Chapter 5

Conclusion - reduce, reuse and
recycle

Recycling definitely reduces landfilling, water and air pollution due to land-
fills, energy usage, and greenhouse gas emissions, see the table below. It also
preserves natural resources.

In general recycling has not been a very profitable business in the past
semester. The prices of recycling materials change even month to month, and
they depend strongly on price of virgin materials. But the number of sorting
and recycling facilities keeps increasing and so does the number of cities that
are adopting some system of collection of recyclables, which indicates that
recycling is a growing business. Improvements in the technology of sorting
and recycling can help reducing the costs of recycling. Other possibilities are
subsidies and reuse of materials.

Environmental effects of recycling [24]

Material Energy savings Air pollution savings
Aluminum 95% 95%
Cardboard 24% -
Glass 5-30% 20%
Paper 40% 73%
Plastics 70% -
Steel 60% -

Below are some interesting facts found in this study:
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- Flattened recyclable items take only a third as much room as unflattened
ones. That saves 2 out of 3 trips to the recycling plant [1].

- Rinsing the containers avoids contaminating recyclables and machines
at the recycling facility.

- Plastic bottles and caps cannot be recycled together (the first is #1 the
second is #5).

- Grease cannot be separated from paper in the recycling process, there-
fore paper products used for food and hygiene purposes cannot be recycled.

- Staples, envelopes with plastic windows, and post-its can be placed
together with paper recyclables.

- Aluminum foil, broken glass, and motor oil bottles are not accepted for
recycling, even though aluminum cans, glass bottles and plastic bottles are.

- Products that can be recycled, even that have the recycling symbol
imprinted on it, do not necessarily get recycled.

- Recyclables should be placed directly in the recycling bin. Plastic bags
can jam the machinery at sorting and recycling facilities.

- Sorting facilities processing of recyclables, in general, is part manual
and part automated.

- A lot of the recovered materials are materials that were never used
(defective products and left overs from cutting materials in certain shapes).

- Balcones has a fuel technology project that uses recovered materials.
- Recovered paper supplies close to 40% of the fiber used to make all

paper and paperboard products in the U.S.
- Most recovered paper is recycled into a grade similar to, or of lower

quality than, the grade of the original product.
- Wood fibers can only be recycled five to seven times before they become

too short and brittle to be made into new paper. There does not seem to be
such a limit for plastics.

- Often trucking #4 plastics bags for recycling uses more energy than
producing a virgin product [4].

- Often the cost of moving used Styrofoam is higher than making a virgin
product [4].

- Styrofoam and plastic bags are light and usually fly away from landfills,
ending up in rivers and in the ocean [30]. Birds and fish eat them and dye.
Recycling these materials can help avoiding this problem.

- Top 5 Reasons to Reuse a Bag [22]:
1. The petroleum in 14 plastic bags could drive a car 1 mile.
2. Americans use over 14 billion plastic bags a year.
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3. It takes 70% more global warming gases to make a paper bag than a
plastic bag.

4. Plastic bags do not biodegrade in landfills.
5. Cities spend up to 17 cents per bag in disposal costs.
The amount of waste around the world is growing rapidly, it has nearly

tripled in the U.S. from 1960 to 2005 [31], but fortunately so is recycling.
Still reducing and reusing are better options, and they need to be taken
more seriously. For example a few years a go soda bottles were returnable
glass bottles. Today few drinks in the U.S. come in glass bottles and only a
few places accept glass back, mostly for recycling. In Germany pretty much
every glass container that you return you receive some money back, and
these containers are mostly reused, not recycled. More projects on reusing
and reducing should be implemented.
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