Implementing and Financing an Electronic Product Collection, Recycling, and
Reuse Program In Washington State

Stakeholder Meeting One

Amount of electronic waste and where they go

e How much electronic waste is generated in Washington State?

How much is being disposed?

°
e How much is being recycled?
e  What is being done with the rest?

e How much is exported from Washington subject to reporting under 40 C.F.R. part 262 -STANDARDS
APPLICABLE TO GENERATORS OF HAZARDOUS WASTE?

e How much is exported and not subject to reporting under 40 C.F.R. part 262?

e Are exported electronics handled in compliance with national laws of export destination countries?

What are the problems associated with unwanted electronic products received by charities?

What is the suitability of lined and unlined facilities for the disposal of covered electronic products?




WHAT ARE ELECTRONIC PRODUCTS?'

We are surrounded by electronic products today.

Electronic products have their primary functions

provided by electronics circuitry and components such as integrated circuits, transistors, diodes, resistors,
capacitors, inductors, cathode ray tubes (CRTSs), liquid crystal displays (LCDs), lasers, sensors and
“electronics packaging” (e.g., printed circuit boards, connectors).

The many types of electronics equipment can be categorized by primary functional groups, (see table 1).
This study applies only to covered electronics as defined in ESHB 2488. Covered electronic products
are: “computer monitors, personal computers, and televisions sold to consumers for personal use...”
highlighted in table 1.

Table 1: Functional Electronic Product User Groups and Product Uses

Commercial Consumer Military/Defense
e Computers and peripherals e Video e Weapons control systems
e Financial Systems e Audio e Communications systems
e  Security Systems e Communications ¢ Navigational systems
e  Entertainment e Computers and peripherals e  Security systems
e Office equipment e Game systems e  Encryption systems
Industrial Aerospace Automotive
e  Telecommunications Equipment e On-board control systems e Control systems
e Test and Measurement Equipment | ¢  Communications systems e Audio systems
e Medical Equipment e Navigation systems e Instrumentation
e  Manufacturing Equipment e Radar and traffic control | ¢ Navigation systems
e Control Systems systems e  Safety systems
¢ In-flight entertainment systems e Diagnostic systems

AMOUNT OF ELECTRONIC PRODUCTS AND WHERE THEY GO

HOW MANY COVERED ELECTRONIC PRODUCTS BECOME OBSOLETE IN
WASHINGTON STATE?

Information is sketchy. Our best current estimates indicate that between 2003
and 2010 over 4.5 million CPUs, 3.5 million cathode ray tube monitors, and 1.5
million flat panel monitors will become obsolete. In addition, slightly less than
500,000 laptop computers will no longer be usable. (See lllustration 1).

The US Census Bureau estimates that there are 2.4 televisions per household in
use within the United States. That number increases to 2.7 by 2010. Taking
those numbers and extrapolating to Washington, we estimate that there are over
6 million televisions in use in Washington State in 2004 increasing to over 7
million by 2010; see table 2 for details.

Information provided by Panasonic, North America that evaluated the recovery of
television units in Europe, Japan and Hennepin County Minnesota indicates that
product take programs in those areas achieve about .03 units per capita returned
for recycling each year. This would indicate that if Washington had comparable
programs, there would be about 185,000 televisions recycled in 2004, modestly
increasing to 199,000 units in 2010. This would place the end of life age of
recycled televisions at 32 years, assuming that those televisions recycled are all
that are available to recycle, both of which are highly unlikely.

Data collected from Florida television collection programs indicate televisions
being turned in are much newer. Of the total in their sample, 45% were 12 years
old or les to 71% arel16 years old or less.

If we use an average age at end of life of 18 years, to be conservative, and .03
units per capita we would recover about 58% of televisions reaching end of life in
2004 and drop to about 50% in 2010. lllustration 2 demonstrates these data
visually.

“Size is the biggest
hindrance on a CRTs
lifespan. The bigger the
image, the brighter the
CRTs have to burn. Thus,
decreasing their lifespan.

Good quality rear and front
projection TVs generally
have a lifespan of 10-15
years, while direct view TVs
can last 10-20 years. With
the leaps technology takes,
and the desires of
consumers to replace their
old TVs with the latest and
greatest technology, the
best bet is that most TVs are
replaced before their life
ends within 5-8 years.”

The Televisions of the Future, HT

Advise.com, December 2002




Other factors that should be considered include replacement of current

televisions in use to new high definition and digital sets in order to keep up with Five Fastest Growing CE

the technological changes in broadcasting and cable systems." Not unlike Product Categories in
computers, the next several years will bring new technology that is incompatible 2002
with most sets in households today. Replacement, rather than renting converter | (earoveryeargrowth in units)

boxes, could be the choice of most American consumers. So, while sets can last | i1z 1 cp 610%
10 to 18 or more years, they, too will be replaced due to obsolescence, or vanity, | piasma Displays 540
rather than wear. What consumers will do with replaced sets is unknown. Many | in-Dash CD Players/ 384
find places in children’s rooms, dedicated sets for video gaming, or other MP3 Players

functions in the household. Some will just sit in storage CD-R Disks with 266
unctions in . J ge. Audio Designation

Direct View DTVs with 201

In addition, factors related to new technology development and consumer
preference for larger and larger screens should be considered. Larger screens
don't last as long as the small television screens of the past.

2003 2004 2005 2006 2007 2008 2009 2010

5,694,309 6,020,996 6,350,331 6,489,687 6,651,191 6,788,451 6,954,397 7,135,015
Table 2. Televisions in use in households in Washington State

Total Computers and Monitors
Becoming Obsolete Within Washington
State 2003 through 2010
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lllustration 1. Computers and monitors estimated obsolete between 2003 and 2010.



ESTIMATED TELEVISION RECOVERY IN WASHINGTON STATE
WITH END OF LIFE AT 18 YEARS
2003 THROUGH 2010
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lllustration 2. — Potential Television Units Recoverable 2003 to 2010

e How much electronic product waste is disposed in Washington State?

Obsolescence does not necessarily equate to products disposed. Many consumer electronics don’t show
up in the solid waste stream for a number of years beyond their last use. Consumers tend to hold on to
these products for some time for reasons not understood. At many consumer electronics collection
events, for example, televisions will be turned in that are several decades old.

About 16,615 tons of electronic wastes were estimated as disposed in 2002, according to the most recent
waste composition study of municipal solid waste (MSW) in Washington State. That is only .3% of the
total of all MSW disposed that year. The study did not discern between types of electronic products such
as computers, televisions, electronic games, audio equipment, etc. However, this number is low when
compared to the estimated consumption and life expectancy of electronic products. Therefore, we should
be able to assume that a great deal of electronic products are stored, given away to family members or
charities, or handled in some other way that would not be reported.

e What happens to the rest? Stored? Recycled? (Is this information available
at the county level)?

We don't know, exactly. A portion is being recycled. Our annual statewide recycling rate survey
indicates that computers began to be reported recycled in a small way in 1999. In 2002 there were over
1,400 tons of computers recycled. (Table 2).

1999 2000 2001 2002
9 255 317.19 1,414.37

Table 3. Tons of Computers and Related Components Recycled in Washingtoniii

A straight calculation comparing electronics recycled to electronics disposed would indicate a recycling
rate of approximately 7.8%. This would accurately reflect a recycling rate of materials handled within the
current solid waste management system. This calculation is not comparing “apples to apple.”

Information from the International Association of Electronics Recyclers points out the fact that most of the
electronic products processed through their members come from commercial sources, not consumer



sources.” We could assume then that the quantities of electronics reported as recycled are from the
commercial sector, rather than consumers here in Washington. Electronics disposed at landfills in the
state come from all sources, commercial and consumer. In addition, “electronics” as sorted in recent
waste characterization studies lump all electronic products together. Sources and types are not broken
down in detail. So, the numbers shown above are merely illustrative and probably do not reflect the true
material flow of electronics in the state.

LT

L

A 3,200 pound load of computers, from a commercial source, being disposed at a transfer station in Washington.
September, 2004.

What is the distribution of electronic product consumption in Washington State?

In order to begin to evaluate electronic product recycling collection options within the state, we need to
consider distribution of the products over the landscape. The reason being is that a cost effective
program serving a dense population may not be as efficient in a rural area and vise versa. Also, a county
with a large area and a similar population to counties with smaller area counties may need to use
collection strategies more akin to their neighboring rural counties.

DISTRIBUTION OF
COVERED ELECTRONIC
PRODUCTS BY COUNTY
2005 ESTIMATE

Number represents either
computers or televisions.

1to 10 NONE 101 to 200
- 11t0 30 201 to 300
31to 50 301 to 500
- 51to 75 501 to 600
76 to 100 - >800
Illustration 3

This exercise is illustrative of the potential materials recovery within each county. Since local government
is responsible for management of solid waste in the state, it is only appropriate to look at the issues of
materials collection at a localized level. lIllustration 3 graphically represents the computer and television
density per square mile within the counties of the state. The state average is 88 units per square mile for
either televisions or computers. The range between counties is extreme, from 3 units each per square to
over 800 units each per square mile. (See Appendix A for detailed table).



Recycle-ability of electronic products
e What resources are utilized in electronics manufacturing?

Electronic products material content can be as unique are the types of products and their manufacturers.
We can take a general look at covered electronic products and provide a reasonable description.

Electronic products are made of many materials such as steel, aluminum, copper, glass, plastic, precious
metals (including gold, palladium, silver, and platinum), and other miscellaneous materials such as rubber
and wood. Nearly half of the materials recovered from electronic products are metal, with plastics making
up an additional 33%. There can be as many as 9 different plastic resins in a mixed load of electronic
products recovered for recycling.”

CATHODE RAY TUBES

Most computer monitors and televisions that will be collected for recycling contain a cathode ray tube
surrounded by a plastic casing with other wiring, chips and devises. Cathode ray tubes (CRTS) represent
the majority of the weight. CRTs are made primarily of silicon at 60%, 10% sodium and barium, 8%
potassium and 5% lead. Aluminum and strontium are about 2% each with other materials such as iron,
fluorine, antimony, zinc, copper, titanium and magnesium representing less than one percent each of the
remainder. The material of greatest concern is lead.

CRT Glass

CRTs are made up of three basic components, the faceplate or screen glass, the funnel glass that makes
up the bulk of the CRT, and the neck. These parts are all glass, containing different portions of the
materials described above. Screen glass does not contain lead. Screen glass can not contain any lead
as it would interfere with being able to see the image projected upon it, but does contain high levels of
barium oxide. The funnel glass and neck contains lead oxide which is there to contain the radiant energy
within the tube itself. It is estimated that cathode ray tubes contain between 4 and 8 pounds of lead,
each.

LIQUID CRYSTAL DISPLAYS (LCDs)

LCDs are thin and light making them ideal for applications where portability is desired, for example, laptop
computers. They have also found their way into television applications. LCDs are made of layers of
various materials including a mirror in back, which makes it reflective; a layer of glass with a polarizing
film and an electrode plane made of indium-tin oxide on top which covers the entire area of the LCD; a
layer of liquid crystal substance; another piece of glass with an electrode on the bottom and another
polarizing film on top. Most LCDs are lit with built-in fluorescent tubes above, beside and sometimes
behind the LCD.

Liquid crystal, Cholesteryl Benzoate, is the material from which the display gets its name. Itis
synthesized by reacting benzoyl chloride (C;HsCIlO), a lachrymator (tear gas), with cholesterol
(C27H450H), in a bath with pyridine (CsHsN), a colorless, flammable, toxic liquid. Pyridine is used as a
solvent, as a denaturant for alcohol, and as a starting material in the synthesis of other compounds. In
the process, the chlorine atom is released and a new compound is formed.

PLASMA SCREENS

Plasma screens are primarily used in television applications. They contain xenon and neon gas,
magnesium oxide, and phosphorous. The screen acts similarly to a CRT, without the bulk of the glass, as
photons excite the phosphorus within the gas. Because there is no light gun, as in CRTSs, the plasma
screen, like the LCD, uses small fluorescent lights, containing tiny amounts of mercury, for illumination.

PLASTICS

It is not practical at this time to quantify the amount of plastics in electronic products. Products vary
widely in design and material composition of components. What we do know is the general kinds of
plastics used in electronic products. '

The following information is provided through a report by the American Plastics Council. " The report
stated that approximately sixteen different generic plastic resins were sold into the electrical and
electronic manufacturing sectors in 1996. Those resins included:



Acrylic (mostly polymethyl methacrylate or PMMA)
Acrylonitrile Butadiene Styrene (ABS)

Epoxy

Phenol Formaldehyde (PF)

Polyacetal (POM)

Polyamide (nylon) (PA)

Polycarbonate (PC)

Polycarbonate/Acrylonitrile Butadiene Styrene blend (PC/ABS)
Polyethylene (PE)

Polyethylene Terephthalate (PET)

Polybutylene Terephthalate (PBT)

Unsaturated Polyester (UP)

Polyphenylene Ether/High-Impact Polystyrene blend (PPE/HIPS or PPO)
Polypropylene (PP)

Polystyrene (including high-impact polystyrene or HIPS) (PS)
Polyurethane (PU)

Polyvinyl Chloride (PVC)

The six most common resins sold into electronic equipment applications are PS (29 percent), ABS (14
percent), PP (12 percent), PU (9 percent), PC (8 percent), and PF (5 percent). These six plastics make up
about 77 percent of total resin consumption.

Actual plastic resin content of consumer electronics collected for recycling can best be described by
samples taken from the Hennepin County, Minnesota electronics recycling program.

Plastic | Television | Computer Misc.
Resin Plastics Plastics Plastics
HIPS 75% 5% 50%
ABS 8% 57% 24%
PPO 12% 36% 11%
PP 3% 3%
Other 2% >1% 2%
PE 6%

PC/ABS 2%

PC 2%
PVC 2%

Table 4. Resins Found in Hennepin County Plastics Sample (in total and by product category)

Only about 35% of plastics contained in collected electronic products are recyclable. Plastics are rejected
from recycling for the following reasons:

(1) Contains metal coatings or paint;

(2) Are made of highly density-variable structural foam;

(3) Contained glass filler;

(4) Contains greater than 25 percent metal by weight;

(5) Contains composite plastics, such as printed circuit board materials;

(6) 20 percent of its surface or more covered by labels or lamination that could not easily be removed;
and/or

(7) Contains more than three types of plastic.

Due to these contamination issues, even the best collection programs will still result in the disposal of a
significant amount of plastic materials.

METALS

Electronic equipment, particularly computers, contain significant amounts of metals. Aside from the lead
in CRTs mentioned above, the casings, circuit boards and wiring all contain valuable metals. According
to information provided by the United State Geological Survey, 1 metric ton of electronic scrap from
personal computers contains more gold than that recovered from 17 metric tons of gold ore.”™ In 1998, the



amount of gold recovered from electronic scrap in the United States was equivalent to that recovered
from more than 2 million metric tons of gold ore and waste."™

According to industry experts, efficiencies in design and production have reduced the quanities of
precious metal used in electronic products. Because of this, reclamation of those metals from scrap e-
waste may not be as efficient as the USGS reports indicates.

INTRINSIC VALUE OF ELECTROINIC PRODUCTS

It is interesting to imagine that consumers pay in the neighborhood of $1,000 for a computer these days,
some much less, some much more. After 3 to 5 years of use, those computers have lost nearly all value.
When recycled, a computer may fetch about $10 per unit in the recycling market, for its materials after
processing at a material recovery center or similar business. Under current conditions, there is so little
value in the recycled commodities that these businesses must charge a fee to take used electronic
products in for recycling in order to make it cost effective to operate successfully. The cost of a new
computer to the consumer is not in the materials the computer is made of, but in the “value added”
categories such as research and development, design, marketing, assembly, transportation and profit.

The economics of electronics recycling is visited in greater detail in another section. However, to illustrate
the issue of intrinsic value further, it is important to understand “material flow.”

MATERIAL FLOW

What is material flow?

Material flow identifies the source and distribution of materials within the economy. lllustration 4 provides
a simple summary of the concept for electronic products. During a product life-cycle, from beginning to
end, there are numerous points of contact where value is added. All consumer products begin with raw
materials. Those materials are taken from the source - earth, air, water — and refined into a material
suitable to manufacture a product. That material is sent to a manufacturer. For example, petroleum
products may be sent to a chemical company that converts it to plastic. Aluminum ingots may be sent to
a rolling mill and made into sheets. These materials are then sent to a manufacturer that makes parts.
Sheet metal can be stamped into casings for disk drives. Plastic may be sent to an injection molding
plant to make keys for keyboards or shells for monitors. The parts are sent to an assembly plant were all
the various parts are put together, for example, hard disks, motherboards, cases, and memory chips are
brought together in one place to make a CPU. The CPU would then go to a distribution center where it is
matched with a monitor and other peripherals and packaged. Packages are sent to wholesalers then to
retailers, or directly to customers.

Every step of this process entails investment and waste. The value added to the material is the
investment. Waste can include things like packaging materials, air pollution from transportation vehicles,
slag from smelters and even mine tailings from the first step in the flow.

While the product is now in the consumers hands, it is still very much part of the economy. While in use,
the consumer may use the product as a tool in investments or part of their business. When the consumer
decides that the product no longer serves their needs, the consumer makes a choice as to what happens
to the product. The choices are store, sell, redistribute within the consumers activities, donate, dispose,
or recycle. When stored, the product is taken out of the economy temporarily. The rest of the choices
are choices to keep the product within the economy for various amounts of time. Disposal is the shortest.
The consumer pays someone to transport and dispose of the product in an incinerator or landfill. Reuse
alternatives keep the product in use, but ultimately a decision will be made to dispose or recycle. When
the recycling choice is made, the product is place back into the manufacturing and distribution cycle.
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Illustration 4. Material Flow

HOW MUCH ELECTRONIC WASTE IS EXPORTED FROM WASHINGTON?

We are still researching this question. The International Association of Electronics Recycler report that a
survey of their members indicates that export of electronic products is no longer practiced. However, the
IAER does not represent all electronics recyclers. There remains cause to believe that export still occurs.
However, detailed data on export of recycled material, much less specific electronic products, has not
been found. We will continue to pursue credible information sources to answer the questions posed in
ESHB 2488 related to the export of hazardous electronic waste products and how they are handled in
receiving countries.

WHAT ARE THE PROBLEMS ASSOCIATED WITH UNWANTED ELECTRONIC
PRODUCTS RECEIVED BY CHARITIES?

We are still researching this question. Our understanding of the problem is that obsolete and non-
functioning electronic products are being left at charity donation stations. Because these products no
longer serve their original purpose they must be disposed. Several counties within the state have banned
the disposal of certain electronic products, specifically cathode ray tubes, in landfills. Due to this ban,
charities pay a premium to dispose of these products through other methods.

Roughly a third of the products received at donation stations are not salable. Those products are
disposed of as solid waste. In large charity organizations, this disposal cost is a significant portion of their
operating budget, possibly breaking into the seven figure range statewide.

The valuable reuse service provided by charity organizations within our communities is being severely
impacted by “night dumping” of goods at donation stations. Paying for disposal of these unusable items
reduces the ability of these organizations to achieve their charitable missions. The added cost associated
with disposal of electronic products further compounds the problem.

Major charity organization active within Washington will be surveyed to determine the impacts of disposal
of unusable electronic products upon their work.

WHAT IS THE SUITABILITY OF LINED AND UNLINED FACILITIES FOR THE
DISPOSAL OF COVERED ELECTRONIC PRODUCTS?

Information is being developed.



Computer and television density per square mile within Washington counties (Note: totals may not equal due to rounding).

APPENDIX A

Population POPULATION HOUSEHOLDS | HOUSEHOLD COMPUTER | TELEVISION

2005 AREA DENSITY (EST’D. 2005) DENSITY COMPUTERS | TELEVISIONS DENSITY DENSITY
State of
Washington 6,233,345 66,544.1 93.67 2,442,435 37 5,834,062 5,861,844 88 88
Adams
County 17,458 1,925 9.07 5,584 3 13,318 13,402 7 7
Asotin
County 21,466 635.3 33.79 8,829 14 21,057 21,190 33 33
Benton
County 151,522 1,703.1 88.97 57,262 34 136,570 137,429 80 81
Chelan
County 71,169 2,921.4 24.36 26,908 9 64,176 64,579 22 22
Clallam
County 64,969 1,739.5 37.35 27,843 16 66,406 66,823 38 38
Clark
County 391,264 628.2 622.83 146,648 233 349,755 351,955 557 560
Columbia
County 3,914 868.8 4.51 1,688 2 4,026 4,051 5 5
Cowlitz
County 98,764 1,138.6 86.74 38,540 34 91,918 92,496 81 81
Douglas
County 36,257 1,820.5 19.92 13,207 7 31,499 31,697 17 17
Ferry
County 7,901 2,204. 3.58 3,211 1 7,658 7,706 3 3
Franklin
County 52,642 1,242.4 42.37 15,929 13 37,991 38,230 31 31
Garfield
County 2,436 710.5 3.43 1,033 1 2,464 2,479 3 3
Grant
County 82,397 2,681.1 30.73 28,066 10 66,937 67,358 25 25
Grays
Harbor
County 66,490 1,916.9 34.69 26,834 14 63,999 64,402 33 34
Island
County 74,738 208.4 358.63 29,929 144 71,381 71,830 343 345
Jefferson
County 28,308 1,814.2 15.60 12,935 7 30,850 31,044 17 17
King County 1,786,803 2,126. 840.45 740,296 348 1,765,606 1,776,710 830 836
Kitsap
County 236,403 396 596.98 90,998 230 217,030 218,395 548 552
Kittitas
County 34,314 2,297.2 14.94 13,908 6 33,171 33,379 14 15
Klickitat
County 20,338 1,872.4 10.86 8,108 4 19,338 19,459 10 10
Lewis
County 73,005 2,407.6 30.32 28,215 12 67,293 67,716 28 28
Lincoln
County 10,095 2,311.2 4.37 4,202 2 10,022 10,085 4 4
Mason
County 53,789 961.1 55.97 21,186 22 50,529 50,846 53 53
Okanogan
County 41,458 5,268.1 7.87 16,299 3 38,873 39,118 7 7
Pacific
County 20,957 933 22.46 9,373 10 22,355 22,495 24 24
Pend Oreille
County 12,679 1,400.3 9.05 5,190 4 12,378 12,456 9 9
Pierce
County 740,838 1,678.9 441.26 282,282 168 673,243 677,477 401 404
San Juan
County 15,480 174.9 88.51 7,330 42 17,482 17,592 100 101
Skagit
County 113,136 1,735.1 65.20 43,153 25 102,920 103,567 59 60
Skamania
County 10,483 1,656.4 6.33 4,109 2 9,800 9,862 6 6
Snohomish
County 666,735 2,089.1 319.15 253,255 121 604,013 607,812 289 291
Spokane
County /2 441,068 1,763.6 250.10 175,065 99 417,530 420,156 237 238
Stevens
County 42,105 2,478.3 16.99 16,435 7 39,197 39,444 16 16
Thurston
County 234,053 727 321.94 94,744 130 225,964 227,386 311 313
Wahkiakum
County 3,906 264.2 14.78 1,624 6 3,873 3,898 15 15
Walla Walla
County 57,475 1,270.5 45.24 20,485 16 48,857 49,164 38 39
Whatcom
County 180,463 2,119.5 85.14 70,628 33 168,448 169,507 79 80
Whitman
County 40,445 2,159.4 18.73 15,227 7 36,316 36,545 17 17
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