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Executive Summary

Background

In June 2001, the California Integrated Waste Management Board (CIWMB) contracted with a
management consulting firm to conduct a baseline diversion study for electronic waste (e-waste).
Interest for this study was spurred, in part, by a letter issued by the Department of Toxic
Substances Control (DTSC) clarifying State regulations that require cathode ray tubes (CRT) to
be managed as a hazardous waste, and that prohibit disposal of CRTs in municipal solid waste
landfills. It is expected that this clarification of regulations will result in an increase in the need
for CRTs to be diverted from landfills.

Study Purpose and Focus

The purpose of this study was to provide the Board with data about e-waste volume, processing
capacity, and diversion cost estimates so that the Board may make informed decisions regarding
possible steps necessary to address the impact of the State regulations and other economic
concerns. Under the guidance of a Board e-waste steering committee, the study focused on
particular items within the e-waste diversion stream in order to provide more depth to salient
issues, rather than less information on many topics. Accordingly, the study examined:

» Diversion, not disposal or total e-waste generation.*

*  Central processing units (CPU) and CRT-containing televisions and computer monitors, not
all types of e-waste.

*  Primary and secondary processors within the diversion market, not the “go-betweens” who
are collectors and transporters of e-waste.”

The steering committee developed five research questions to help focus and guide the study. In
order to answer these questions, surveys were conducted of processors and residents, and
responses were extrapolated to statewide data estimates.

Summary Findings
Future Volume of CRTs Exceeds Current Capacity to Process Them

The research findings show a gap exists between the current processing capacity and the
projected volume of diverted CRTs for 2006. Alternatively, the current capacity to process CPUs
exceeds the future volume of diverted CPUs. In its entirety, the capacity shortfall reflects a
difference of thousands of tons of e-waste and millions of dollars in additional cost to process that
waste.

¥ In this report, the term “diversion” refers to managing e-waste in such a way that it does not enter the solid
waste stream—i.e., landfills—where toxic substances can leach into the ground and impact air and water
quality. In this report, the alternative to diversion is disposal—the process of discharging e-waste into the
solid waste stream.

¢ Primary processors are those who refurbish or repair items for resale or re-sell the item as is, while
secondary processors are those who de-manufacture (dismantle) products in order to recover raw
materials.



Processors Predict a Smaller Increase in Processing Volume Than Historical
Trends Would Predict

Processors are predicting a lower volume to be processed in 2006 than historical trends would
indicate. For most e-waste types and processing types, processors’ self-reported projections
represent the lower end of the projected volume range. This lower volume projection may, in part,
reflect a loss of some processors from the future processing market. Survey responses showed
that 25 percent of primary processors and 14.3 percent of secondary processors included the
elimination of handling these materials as a factor in their volume projections.

Some Processors Deterred From Handling CRT-Containing E-Waste

Verbal and written feedback from some processors indicates a desire to move away from
processing CRT-containing televisions and computer monitors as a result of the costs associated
with CRT handling requirements. According to these processors, profit margins to process
televisions were slim before it was clarified that CRTs must be handled as a hazardous waste.
With the understanding that dumping CRTs in landfills is not a disposal option, the additional
costs to transport and handle CRT-containing e-waste makes them less attractive to processors.

Conclusions

While these findings indicate there may be a reduction in the overall number of processors in the
future, it is not clear how this decrease will impact actual processing capacity in California. Large
processors may be able to absorb the capacity lost to smaller processors exiting the market.
However, opportunities to divert e-waste at a local level may be limited by the loss of diversion
outlets such as thrift stores.

The loss of local, convenient diversion outlets could seriously bottleneck the flow of e-waste to
secondary processors. Although local collection programs, whether administered by government
or private business, may be able to compensate for some of this reduction in diversion capacity,
they are constrained by the same cost considerations as thrift stores. At this time, it is unlikely
that either public or private local collection programs would consider expanding their efforts into
the e-waste diversion market because of high handling and transportation costs.

The Board’s policy decisions will benefit from continued monitoring of shifts in the e-waste
market and factors causing these shifts. This information will help the Board to know, for
example, if and where more collection opportunities need to be implemented, or whether the
capacity of secondary processors needs to be shored up before residents are informed of new
diversion opportunities or encouraged to deplete their stockpiles.

Considerations

The conclusions drawn reflect the period of study for this report—that is, through calendar year
2006. The Board should be aware of factors that affect both the supply of e-waste (volume) and
the demand for e-waste (capacity) beyond the years of this study. Additionally, the projections in
the findings do not reflect the impact of actions the Board and other government agencies may
take within the next five years, such as encouraging a release of stockpiled items or changing
regulations that may impact the market further. The Board needs to be cognizant of how these
actions and related issues can impact California’s ability to successfully divert e-waste.



The following factors may affect e-waste volume and processing capacity in California:
e Sales volume continues to be large.*

»  Shifts in householders’ behaviors can affect volume of e-waste being diverted.

* New federal prison may accept e-waste, thereby increasing capacity.

*  More processors may be identified through reporting requirements, thereby refining capacity
numbers.

" Sales and product data are insufficient to predict when a product will become e-waste and therefore
cannot be used to predict diverted volume. Also, technology trends will not alter CRT-containing e-waste
volume in the near term.



Introduction

In June 2001, the California Integrated Waste Management Board (CIWMB) contracted with a
management consulting firm to conduct a diversion study for specified electronic waste (e-waste).
An e-waste steering committee consisting of CIWMB Executive and Board staff guided the
consultant throughout the engagement. This report is the product of that study.

Background

There has been a growing national dialogue regarding the rapidly increasing volume of e-waste
entering the solid waste stream and its potential environmental impacts. E-waste as a broad
category may contain hazardous materials such as lead and mercury. Unwanted or broken
televisions, computer monitors, central processing units (CPU), cordless phones, cash registers,
videocassette recorders, cell phones, copiers and printers, stereos and speakers, microwaves,
x-ray machines, some scientific equipment, and other electronic devices are all considered
e-waste.

Televisions and computer monitors have been the focus of more intense scrutiny recently because
they contain cathode ray tubes (CRTs) with significant amounts of toxic materials including lead,
barium, mercury, and cadmium, which can pose public health risks.' Additionally, because
personal computers become obsolete so quickly, CPUs (which contain lead, mercury, and other
toxic materials®) are also being looked at closely.

The following regulatory developments have impacted CRT management in California in the last
year:

«  March 2001: In a letter to the Materials for the Future Foundation (MFF),’ the Department of
Toxic Substances Control (DTSC) clarifies that “CRTs meet the existing hazardous waste
criteria and should be handled as hazardous waste.” This letter does not change existing
regulations * in any way; however, this letter increases public awareness that CRTs are
hazardous waste and may not be disposed of in municipal solid waste landfills.

» August 2001: DTSC adopts emergency regulations classifying CRTs as universal waste. This
change reduces the management requirements for CRTs in California to the minimum
permissible under federal law, but maintains the prohibition on landfill disposal.

Based on some processors’ verbal and written feedback, 2001 has been a tumultuous year.
Despite California’s longstanding regulations regarding appropriate management of hazardous
waste, it appears that an understanding of the implications of these regulations by those who
generate and process CRTs was not widespread until the clarifying letter to MFF in March of this
year. Consequently, costs associated with treating CRTs as hazardous waste have only recently
been felt.

Although the emergency regulations adopted in August sought to lessen both the cost and the

burden of handling CRTs, survey respondents did not report either effect. This could be because
processors were not yet aware of the new regulations, had not recognized the full benefits of the
new regulations, or had not yet changed operations to capitalize on the new regulatory structure.

Scope of Services

The purpose of the study was to provide the Board with data about e-waste volume and
processing capacity and cost estimates so that the Board may make informed decisions regarding

Division 20, Chapter 6.5 of the Health and Safety Code



steps that may need to be taken to address the changing economics of e-waste management. The
Scope of Work was developed by CIWMB staff and approved by the Board in April 2001. The
consultant was required to identify processors’ current capacity, future volume, and projected
costs of processing the additional e-waste volume expected in 2006. From this information, the
consultant was to determine whether the current infrastructure could manage the projected
volume, and if not, what the cost would be to process the expected additional volume.

Study Focused on Diversion, Not Disposal

In order for the Board to have more detailed information that would help them make decisions for
future diversion activities, the steering committee decided that this study should examine
particular stakeholders and certain e-waste types within California’s diversion market—

not e-waste disposed* of in landfills, or the total volume of e-waste generated by households,
business, or the public sector.

Study Focused on CRT-Containing Televisions and Computer Monitors and CPUs

The Scope of Work indicated that the e-waste types for the study might include computer
monitors, televisions, cordless phones, videocassette recorders and DVDs, cell phones, copiers
and printers, stereos and speakers, microwaves, and other electronic devices. After much
discussion, the steering committee determined that the study should focus on CRT-containing
televisions and computer monitors and CPUs to enable the collection of a significant amount of
information on a few e-waste products rather than less information on more e-waste products.
These three e-waste types were selected because of their potentially hazardous nature and because
the market for these items is adjusting to the state’s changing regulatory environment.

Study Focused on Primary and Secondary Processors in the Processing Chain

Within the diversion market, the scope of processing types is confined to primary and secondary
processors. Primary processors are defined as those who refurbish or repair items for resale or re-
sell the item as is, while secondary processors are those who de-manufacture (dismantle) products
in order to recover raw materials. The report does not include entities that collect or transport
waste, such as landfill operators, household hazardous waste facilities, local government
collection programs, and haulers, or entities that solely export e-waste and do not process it in
some way. The steering committee’s interest in focusing on the entities that actually re-sell and
recycle e-waste, rather than the “go-betweens,” reflects a concern that these processors have the
greatest potential for causing a bottleneck for diversion.

Five Questions Developed to Focus Research

The steering committee developed five research questions to help focus and guide the study.
These questions were designed to provide the Board with the answers they need to determine
what actions, if any, will be necessary to handle the expected increase in CRT-containing
televisions and computer monitors, and CPUs being diverted from landfills over the next five
years. These research questions are:

1. In calendar year 2001, what is the capacity in California to process CRT-containing
televisions and computer monitors, and CPUs, by processing type?

2. In calendar year 2006, what will be the projected range of CRT-containing and CPU e-waste
volume in California, by e-waste type?

v In this report, the term “disposal” refers to discharging e-waste into the solid waste stream—i.e., landfills—
where toxic substances can contaminate the ground, air, and water. In this report, the alternative to disposal
is diversion—the process of managing e-waste so that it does not enter the solid waste stream.



3. Can the current infrastructure (as determined by the answer to question 1) handle the volume
of CRT-containing televisions and monitors and CPUs as projected for calendar year 2006,
by e-waste type and processing type?

4. What is the projected range of cost to manage the additional volume of e-waste as projected
for calendar year 2006, by e-waste type and processing type?

5. What is the current volume of the residential stockpile of CRT-containing televisions and
monitors in California?



Methodology

Various methods were used to generate estimates for this report. This section details how these
data were derived.

Background

Reports on E-Waste Reviewed to Provide Context

To gain an understanding of the issues surrounding e-waste, the consultant reviewed background
information provided by Board and Executive staff. A list of those sources can be found in the
bibliography. Appendix F also provides a listing of publications and groups as additional
resources.

Capacity, Volume, and Cost
List Compiled From Many Sources to Identify Universe of California Processors

A list of potential primary and secondary processors was created by combining
existing contact lists from the CIWMB, DTSC, and the Silicon Valley Toxics
Coalition. Those lists were then supplemented by processor information provided on
Web sites of the Electronics Industry Alliance, TechSoup, International Association of
Electronic Recyclers, and the National Recycling Coalition.* Goodwill and Salvation
Army stores were then added to complete the list. Through this process, 591 primary
and secondary processors were identified.

Processors Surveyed to Identify Capacity, Volume, and Cost

The consultant, with the input of the steering committee, developed a written survey for e-waste
processors to identify current capacity, projected future volume, and existing costs for specified
e-waste types. The survey was mailed to the 591 processors. Processors were invited to submit
their responses to the consultant’s Web site, or to provide responses on paper, which were then
returned to the CIWMB or to the consultant. Appendix A provides the survey questions and
Appendix B contains a summary of responses.

List Refined Through Telephone Contact

To encourage a higher response rate to the survey, the consultant made multiple attempts to
contact the processors. During the telephone contacts, the consultant was made aware of five
additional processors not originally identified, bringing the grand total of potential processors to
596. Of this number, 214 processors were directly contacted, while information on the other 382
(representing the Salvation Army and Goodwill stores) was obtained by contacting their regional
offices.

The consultant found that of the 596 processors, 103 of the contacts did not process the specified
e-waste items, were no longer in business, or could not be located. Therefore, other than
Goodwill and Salvation Army stores, 111 primary and secondary processors were identified in
the state. This is likely the most comprehensive and recent list of California processors and, for
the purposes of this study, represents the known universe.

Table 1 details how the consultant identified the known processors.



Table1
Known Processors

591 Processors originally identified

+ 5 Processors identified through telephone contacts

596 Processors in total identified

- 103 Processors no longer processed, not in business, or that could not be located
493 Viable processors

- 382 Goodwill and Salvation Army stores

111 Processors (other than Goodwill or Salvation Army) in the state

In making follow-up phone calls, the consultant also identified whether the processor was

(1) solely a primary processor, (2) solely a secondary processor, (3) both processing types, (4) an
existing business that does not process the specified e-waste, or (5) a seemingly defunct business. Of
the 596 processors, 445 were primary only; 22 were secondary only; 26 were both types; and 103
were businesses that did not process specified e-waste or were apparently no longer in business.
Appendix C contains the list of the 596 potential processors. Table 2 provides the profile of known
processors.

Table 2
Profile of Known Processors

445 Primary processors only

22 Secondary processors only

26 Both primary and secondary processors

103 Not in the specified e-waste business or no longer in business

596 Grand total of contacts

Of the 493 viable processors identified, 26 individual survey responses were received in time for data
analysis, for a response rate of 5.3 percent. A single response representing statewide figures for a
thrift store chain was also received, itself representing 37 percent of all survey subjects. Two late
responses from processors were received and were referred to for contextual value. Interestingly,
some processors expressed reluctance to provide their market data to government, especially since the
survey information was being requested in what processors view as an uncertain regulatory
environment.

Three Sampling Models Used to Develop Statewide Estimates

In order to extrapolate statewide figures from survey responses for capacity, volume, and cost, three
sampling models were built based on different processor characteristics. All three models were
stratified by e-waste type (televisions, monitors, and CPUs) and processing type (primary and
secondary).

*  Model 1: Large processors not dependent upon local market

One model was developed to derive figures for the large processors. These processors handled a
significantly higher volume of e-waste than other processors and were not bound by a local



market. Because the large processors in the state drive the statewide volume, survey follow-up
with these processors was particularly aggressive, and a 61.5 percent response rate was obtained.
In order to extrapolate capacity and volume for each of the three e-waste types and two
processing types, values from survey respondents were assumed for non-respondents based on the
respondents’ answers, except for televisions. Because few of the respondents handled televisions,
the consultant tested the responses by following up with 100 percent of the large processors—
even those who did not submit a survey—to ascertain participation in television processing.

*  Model 2: Processors dependent upon local resale and recycling markets

Smaller processors were examined as a distinct group. These businesses—closely tied to local
resale and recycling markets—were more sensitive to the number of televisions, monitors,
and CPUs being generated and discarded * in their area. Therefore, for this group, the
consultant built a model that stratified the list of processors into clusters that were based on
regions of the state having similar numbers of computers per household. This proxy for the
“e-waste market” was developed using computer ownership figures from the U.S.
Department of Labor’s Current Population Survey Internet and Computer Use Supplement.’
Non-respondents were assigned the values of respondents, within the same cluster, e-waste
type, and processing type.

e Model 3: Thrift store chains reliant on donations

The third sampling group was thrift store chains. Thrift stores were treated as a distinct
sampling group because they are charity organizations that receive donated items and
therefore may face different market dynamics than for-profit processors. Thrift store data was
also unique because one thrift store chain provided statewide figures, accounting for 37
percent of the entire list of processors in California.

All Responses Converted to Tons for Common Analysis

In order to compare, summarize, and analyze data from the processors’ survey, all data was
converted to a common metric—tons. A conversion ratio used by the National Safety Council
(NSC) in its 1999 report was applied to any responses that were provided in units—specifically,
each television was converted to 50 pounds, and each monitor and CPU was converted to 30
pounds, respectively.® Pounds were then converted to tons. The conversion ratios presented in
Table 3 may be used to convert the volume figures presented in this report to pounds or units.

Table 3

Conversion Ratios

CRT Television 1 ton = 2,000 pounds = 40 televisions
CRT Computer 1 ton = 2,000 pounds = 66.66 monitors
Monitor

Desktop CPU 1 ton = 2,000 pounds = 66.66 CPUs

These methodologies were used to extrapolate statewide figures from survey responses. However,
additional calculations and estimates were developed in order to answer particular research
questions. Additional details of these methodologies are presented below.

9 In this report, “discard” means to relinquish an item that is no longer being used. The item, e-waste in this
context, could be discarded in the solid waste stream (disposal), or discarded into the processing market
(diversion).



Historical Average and Processor Self-Reporting Used to
Develop 2006 Volume Estimates

To estimate the future volume of diverted e-waste, two forecasting models were developed using
historical trends and processors’ self-reported projections to create a range of projected 2006
volume. * Processors were asked to report both their processing volumes from 1996 to the present
and their own projections of processed volume through 2006.

* Historical Average Forecast

The first model used historical volume changes as an indicator of future volume. After
statewide estimates of historical volume were built from survey responses within the
sampling models, a five-year average of the rate of volume change for each year between
1996 and 2001 was calculated and applied to the 2001 volume to create volume for 2002.
This process was repeated through 2006.

* Self-Reported Forecast

The second model applied processors’ own projections for the volume processed in 2006 to
build a statewide figure for future volume.

The biases of one model help to offset the biases of the other. For example, the “historical”
forecast assumes that, on average, the future will look like the past. Assuming all things remain
equal, this is a reasonable assumption. However, the environment of e-waste processing is a
dynamic one, and processors have indicated that current changes in the environment are causing
them to consider the impact on their future. Using processors’ own predictions of the future helps
to account for expected shifts in the market.

For purposes of these projections, the consultant assumed that the only variable that will change
is the volume of diverted e-waste; all other market factors—transportation and handling costs,
statute, regulation, the universe of processors—remain constant. Implications of changes to
processing costs, statutes, regulations, and the universe of processors are discussed in the
Considerations section of this report.

2001 Capacity and 2006 Volume Compared to Determine Gap

By comparing the capacity estimates with the projected volume ranges, the consultant determined
whether a gap existed in the processors’ current ability to handle the projected 2006 volume of
each type of e-waste within each type of processing method.

Average Processing Cost Applied to Volume Gap to
Calculate Cost of Processing Additional Volume

Processors were asked to report their total average processing costs for each e-waste type on the
survey. No definition of “total processing cost” was provided for processors on the survey.
Instead, processors were left to define their costs as they saw fit. As a result, self-reported
processing costs may be more inclusive and therefore higher than an amount that a householder

The estimate for the future volume (and subsequently the gap and cost) of televisions that will be
processed by secondary processors does not have a range. In this case, only the self-reported forecast was
used because the secondary market for televisions is dominated by a single large processor that entered
the television market in the last few years. This processor’s entry into the market and aggressive ramp-up
affects the historical rate change in a dramatic way. To apply this rate change to the future would falsely
assume that this processor’s ramp-up would continue. Therefore, only the self-reported forecast model was
applied to this e-waste and processing type.



may by charged to drop off a CRT at the processor’s site. For purposes of this report, costs could
include those associated with hauling, processing, storage, and labor.

Survey responses were averaged, by e-waste type and processing type, to derive an average
processing cost per ton. The 2001 consumer price index (CPI) inflator of 2.7 percent’ was then
applied to each year through 2006 to arrive at an estimate of future average cost in 2006 dollars.
This inflation factor is another reason that costs used in this report would be higher than any
reported current cost of processing e-waste. Where the gap analysis showed that future volume
exceeded current capacity for a specific e-waste type and processing type, the consultant applied
the average processing cost to the difference, to estimate a total cost to process the expected
additional volume in 2006.

Table 4 presents the future average processing cost per ton, the common unit used to measure
capacity and volume.

Table 4
Average Processing Cost
(in 2006 Dollars)

| Cost per ton

Televisions

Primary Processing $2,600
Secondary Processing $1,700
Computer Monitors

Primary Processing $1,800
Secondary Processing $1,100
CPUs

Primary Processing $1,500
Secondary Processing $700

Stockpile Estimation
California Households Surveyed to Estimate the Number of Stockpiled CRTs

To identify Californians’ stockpiling behavior and the volume of stockpiled e-waste items, the
consultant worked with The Field Institute to conduct a telephone survey of a representative
sample of residents. The surveyor contacted 1,003 respondents between September 7 and
September 10, 2001; the survey was conducted in both English and Spanish. The sample set for
the survey was developed using random digit dialing methods, which gave all adults in
households with telephones an equal opportunity of being selected for the survey. This method
enabled the survey to include households either with listed or unlisted telephone numbers in their
proper proportions. Specifically, California residents 18 years and older were asked whether they
stockpiled televisions and/or computer monitors that they were no longer using. After the
completion of interviewing, appropriate statistical weights were developed to match the sample of
California adults interviewed to known parameters of the total population in California. Estimates
of sampling error from results based on the overall sample of 1,003 adults are plus or minus 3.2
percentage points at the 95 percent confidence level. Appendix D contains the survey questions
and a summary of responses.

2000 Census Data Applied to Residents’ Survey Results to Determine Statewide
Volume of Stockpile



U.S. Census Bureau data from the 2000 census provided the total number of California
households and that information was used to arrive at the volume of items stockpiled.® The
number of households that were storing one, two, and three items, respectively, was derived by
multiplying the total number of California households by the percentage of households that
reported having a particular number of stored items. For those respondents that reported storing
three or more televisions or monitors, it was assumed that precisely three items were being stored.
The total number of stockpiled items was then calculated by multiplying the number of stored
items per household by the number of households storing that particular number of items.



Findings

The purpose of this study was to identify the processors’ current capacity to handle specified e-
waste, project e-waste volume in 2006, and determine the cost to process the additional volume
projected for 2006, if a gap existed. Additionally, it was to identify the degree to which
Californians stockpile specified e-waste items and identify potential issues for the Board to
consider.

This data in the following section of the report is presented at two levels:

1. As summary findings that tie together key data points generated from the consultant’s
research and surveys.

2. At amore detailed level in response to the five research questions developed by the
e-waste steering committee.

Summary Findings
Future Volume of CRTs Exceeds Current Capacity to Process Them

The research findings show a gap exists between the current processing capacity and the
projected volume of diverted CRTs for 2006. Alternatively, the current capacity to process CPUs
exceeds the future volume of diverted CPUs. In its entirety, the capacity shortfall reflects a
difference of thousands of tons of e-waste and millions of dollars in additional cost to process that
waste.

Processors Predict a Smaller Increase in Processing Volume Than Historical
Trends Would Predict

Processors are predicting a lower volume to be processed in 2006 than historical trends would
indicate. Processors’ self-reported projections represent the lower end of the projected volume
range for every e-waste type and processing type except for secondary processing of televisions
and secondary processing of CPUs. This lower volume projection may, in part, reflect a loss of
some processors from the future processing market. Survey responses showed that 25 percent of
primary processors and 14.3 percent of secondary processors included the elimination of handling
these materials as a factor in their volume projections.

Some Processors Deterred From Handling CRT-Containing E-Waste

Verbal and written feedback from some processors indicates a desire to move away from
processing CRT-containing televisions and computer monitors as a result of the costs associated
with CRT handling requirements. According to these processors, profit margins to process
televisions were slim before it was clarified that CRTs must be handled as a hazardous waste.
With the understanding that dumping CRTs in landfills is not a disposal option, the additional
costs to transport and handle CRT-containing e-waste makes them less attractive to processors.

Research Findings

As stated in the Introduction section, the steering committee identified five central questions that
reflected the primary interest of the Board in this study:

1. In calendar year 2001, what is the capacity in California to process CRT-containing
televisions and computer monitors, and CPUs, by processing type?
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2.

In calendar year 2006, what will be the projected range of CRT-containing and CPU
e-waste volume in California, by e-waste type?

Can the current infrastructure (as determined in the answer to question 1) handle the volume
of CRT-containing televisions and monitors and CPUs as projected for calendar year 2006,
by e-waste type and processing type?

What is the projected range of cost to manage the additional volume of e-waste as projected
for calendar year 2006, by e-waste type and processing type?

What is the current volume of the residential stockpile of CRT-containing televisions and
monitors in California?

Following are detailed survey findings that address the five questions:

1.

In calendar year 2001, what is the capacity in California to process CRT-containing
televisions and computer monitors, and CPUs, by processing type?

Table 5 shows California’s current e-waste processing capacity by e-waste type and processing

type.
Table 5
Current Capacity to Process E-Waste (in tons)
Secondary

Primary Processing Processing Total Capacity
Televisions 4,000 900 4,900
Monitors 32,000 14,900 46,900
CPUs 34,200 62,100 96,300

Televisions

Based on sampling from the infrastructure survey findings, it is estimated that the current
capacity of California’s primary processors to handle televisions is approximately 4,000 tons,
while the current capacity of secondary processors to handle televisions is 900 tons.

Compared to the other e-waste types, processors appear to have the least capacity to handle
televisions. Feedback from processors indicates that both supply and demand drive this
marked difference. Some processors noted that they do not receive many televisions because
their suppliers are businesses whose waste is predominantly computers. Additionally, it
appears that it was not until the publication of the DTSC letter that landfill operators were
aware, as a group, that they could not accept televisions; therefore, televisions may have been
primarily deposited in landfills rather than diverted to processors in the past. According to
processors, televisions, unlike computers, are more often used by their owners until they are
no longer functional, and thus, their resale value is minimal. When the cost associated with
the proper disposal of televisions as a hazardous waste is added to the equation, televisions
may become even less attractive to processors.

Monitors

It is estimated that the current capacity of primary processors in California to handle monitors
is 32,000 tons, and the capacity of secondary processors to handle monitors is 14,900 tons.
Based on survey responses and follow-up phone calls with processors, the consultant found
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that many processors that handle monitors do not handle televisions. Processors indicated that
owners generally replace their monitors at a faster rate than televisions, and therefore,
monitors have greater resale value, either as an operating unit or for their component parts.

¢« CPUs

It is estimated that the current capacity of primary processors in California to handle CPUs is
approximately 34,200 tons. The current capacity of secondary processors in California to
handle CPUs is 62,100 tons. Feedback from processors suggests that CPUs are the most
lucrative type of e-waste, particularly at the secondary processing level because of the resale
value of circuit boards. When asked in follow-up phone calls why processors have such a
large capacity for CPUs, far beyond the current volume they process, processors stated that
they would like to increase the CPU volume they process, if they could only identify a greater
supply of them.

Figure A provides a graphical depiction of these findings.
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2. In calendar year 2006, what will be the projected range of CRT-containing and CPU e-
waste volume in California, by e-waste type?

Table 6 shows the projected volume of diverted e-waste in California by e-waste type and
processing type.

32?&?112 Range of Diverted E-Waste Projected for 2006 (in tons)
Primary Secondary Total Volume
Processing Processing Diverted
Televisions 4,600-6,600 2,300 6,900-8,900
Monitors 25,400-46,300 15,500-22,200 40,900-68,500
CPUs 22,400-30,400 14,800-35,400 37,200-65,900

As noted in the methodology section of the report, the consultant used two models to forecast the
2006 volume of e-waste: a historical average forecast and a self-reported forecast.

For most processing types and e-waste types, processors’ self-reported projections for volume
processed in 2006 represent the lower range of projected volume while the upper end of the
volume ranges reflects the projections built by applying historical trends to the future. By
comparing the two ends of the ranges, it is clear that processors expect the future volume of
e-waste processed to be lower than what the past would indicate.

There are two exceptions to this outcome. First, for CPUs diverted to secondary processors, the
processors’ self-reported projections for 2006 volume reflect the higher end of the estimated
range. In other words, secondary processors expect to handle more CPUs in 2006 than historical
trends would predict. Second, as explained in the Methodology section of the report, the estimate
for the future volume of televisions for secondary processing does not fit this model because it
was built using only the self-reported forecasting model and therefore is not shown as a range.

It is important to note that some processors made it clear, both in surveys and in telephone
interviews, that after becoming aware that CRTs must be handled as hazardous wastes, they
would have to reexamine whether processing this type of e-waste was economically viable. This
was particularly true amongst primary processors. However, the fact still remains that CRTs
cannot be deposited in landfills and therefore the volume of CRTs that needs to be diverted for
processing will increase.

While one larger processor indicated that its growth in processing volume of televisions and
computer monitors was uninterrupted by any clarification of the State regulations, others have
reported a decline in the volume they were willing to process due to the costs associated with
handling CRTs as a hazardous waste. According to these processors, State regulations add an
additional cost to processing these items. In the case of televisions, some processors reported that
the profit margin on televisions was already low and the addition of any new cost would reduce
or eliminate their already slim profit margin. As a result, these processors want to reduce, not
increase, their role in processing CRT-containing televisions.

I See footnote on page 7 for an explanation of why this value is not presented as a range.
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¢ Televisions

The estimated volume of televisions that will be diverted to primary processors in 2006
ranges from 4,600 tons to 6,600 tons. The estimated volume of televisions that will be
diverted to secondary processors is approximately 2,300 tons. Compared to monitors and
CPUs in both types of processing, the volume range of televisions is notably smaller. The
lower end of the range may be explained, in part, by processors’ unwillingness to handle
televisions. In other words, the current low capacity limits the volume of televisions that can
be processed. Even the high end of the range, which is based on historical figures, indicates
that people may wish to divert their televisions but few processors will likely accept them.

¢ Monitors

The volume of monitors that is projected to be diverted to primary processors in California in
2006 is estimated to range from 25,400 tons to 46,300 tons, while the volume of monitors that
is projected to be diverted to secondary processors in 2006 ranges from 15,500 tons to 22,200
tons.

* CPUs

The volume of CPUs that will be diverted to primary processors in California in 2006 is
estimated to range from 22,400 tons to 30,400 tons. For secondary processing, it is estimated
that the volume of CPUs diverted will range from 14,800 tons to 35,400 tons.

Figures B and C provide graphical depictions of these findings.
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Figure C

2006 Projected Diverted E-Waste Volume - Secondary Processing
3. Can the current infrastructure (as determined in the answer to question 1) handle the volume of CRT-containing televisions

and monitors and CPUs as projected for calendar year 2006, by e-waste type and processing type?
40,000
Table 7 shows the estimated gap between California’s current e-waste processing capacity and 2006 diverted e-waste volume.

1
BEZ%’% tween Current Processing Capacity and
2006 Djverted E-Waste Volume (in tons)

30,000 Primary Processing———Secondary; Total Gap
Processing
,;Eerlﬁxiqions 600 — 2,600 1,400 2,000 - 4,000
Monitofs 0 — 14,300 600 — 7,300 600 21,600
P N N N . . .
2 LgRos ©9ap ©9ap ° $PHigh Volume Projection
|—
105, 00 elevisions
The estimated shortfall of primarjy processprs’ current cgpacity to) handl¢ the futge PV ofdiyfe&P f@féié'lq@ﬁanges from
approximately 600 tons to 2,600 fons. Forjsecondary prdeessors, the futyre| volume of televisions exceeds current capacity by
10,00 pproximately 1,400 tons. The fifidings w¢re corroboratpd through anecdlotal evidence provided by processors during follow-up

int¢rviews and discussions. As discussed ih research findlings 1 afd 2, televisions have a very low market value and therefore
5 odoyocessors are unwilling to accept the volyme. Consequéntly, as the volume of televisions increases, the gap becomes more severe.

e Manitors

Por primary processing, itis estimated that the Tuture volume of momitors being diverted ranges from a value that falls within the
current capapifgef primary procpghitergat which excegip (g current capacity by 14,300 tons. This reflects the difference between
the §elf—reponed forecast for monitor volume, which does not exceed current capacity, and the historical average forecast, which

proj oR%: QQ]B”&E%B@OD%S(?0@5&’5@*39@@95‘&%%}5&%5%%%? E%WF&%%%@H@@%&@BQ@&& a gap between future volume and

current capacity—a gap that could range between 600 tons and 7,300 tons.
* CPUs

No gap is projected between current processing capacity and 2006 volume for CPUs, in either primary processing or secondary
processing, because capacity exceeds projected volume. Within primary processing, the projected volume ranges from 22,400 tons to
30,400 tons, which is less than the estimated current capacity of 34,200 tons. Similarly for secondary processing, the projected volume

See footnote on page 7 for an explanation of why this value is not presented as a range.
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range of 14,800 tons to 35,400 tons is less than the estimated current capacity of 62,100 tons. These quantitative findings were
supported through personal interviews and anecdotal evidence encountered during the survey process. During that personal contact,
processors repeatedly noted that CPUs are the most desired of the

e-waste types included in this study. As a result, processors have built significant capacity and are searching for additional sources for
used CPUs. In fact, some processors indicated that CPUs are sometimes used to subsidize less profitable monitors. For example, a
processor might agree to take a user’s monitor for free, providing the CPU is included.

Figures D and E provide graphical depictions of these findings.
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4. What is the projected range of cost to manage the additional volume of CRT-containing
and CPU e-waste as projected for calendar year 2006, by e-waste type and processing

type?
Table 8 below shows the estimated projected range of costs to handle the 2006 volume of

diverted e-waste.

Table 8
Projected Range of Cost to Handle Additional Volume
of Diverted E-Waste in 2006 (in millions and in 2006 dollars)

Primary Secondary Total Cost to Handle
Processing Processing Additional Volume
Televisions $1.6-$6.8 $2.4° $4.0-$9.2
Monitors $0-$25.7 $.7-$8.0 $.7-$33.7
CPUs No cost No cost No cost

¢ Televisions

Within primary processing, the average processing cost per ton is estimated to be
approximately $2,600. Applying this per-ton cost to the gap between current capacity and
future volume results in a total cost range of $1.6 million to $6.8 million to process the
additional volume of e-waste. For secondary processing, the total cost of the gap is
approximately $2.4 million, or approximately $1,700 per ton.

¢ Monitors

Because the future volume estimated for monitors undergoing primary processing ranges
from no gap to a gap of 14,200 tons, the cost estimate runs from $0 to $25.7 million at a cost-
per-ton of approximately $1,800. For secondary processing of monitors, the cost to process
the additional e-waste volume ranges from $700,000 to $8.0 million at approximately $1,100
per ton.

e« CPUs

The estimated future volume in both primary and secondary processing does not exceed the
estimated current capacity to process CPUs. Therefore, there is no gap or cost associated with
a gap. On the contrary, there is an appreciable excess of capacity to process CPUs. For CPUs,
the average cost to process a CPU ranges from approximately $700 per ton for secondary
processing to about $1,500 per ton for primary processing.

The focus of this research question is to identify the cost associated with processing the 2006
volume that exceeds 2001 processing capacity. However, should the Board consider offering
financial incentives to processors, these incentives may need to be applied to the full volume of
processed e-waste, not just the volume that exceeds current capacity. As such, the total cost of
processing the entire 2006 projected volume (not just the gap) is provided in Appendix E. These
costs were calculated by applying the average per-ton processing cost to each of the 2006 volume
forecasts.

T See footnote on page 7 for an explanation of why this value is not presented as a range.
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5. What is the current volume of the residential stockpile of CRT-containing
televisions and monitors in California?

Table 9 shows the extent of California’s stockpile of televisions and monitors.

Table 9
CRTs Stockpiled in California Households
Percent of
Tonnage Number Households
Televisions 73,600 tons 2.9 million 18.5 percent
Monitors 47,800 tons 3.2 million 19.4 percent

Televisions

According to a representative phone survey that was conducted by The Field Institute in
September 2001, 18.5 percent of California households stockpile televisions: 13 percent
stated that they were storing one television; 3.9 percent were storing two televisions; and 1.6
percent were storing three or more televisions. Consequently, there are approximately 2.9
million televisions, or almost 74,000 tons of televisions, stockpiled in California households.
It is interesting to note that this volume is between 8 and 10 times the total volume of
televisions projected to be processed in 2006.

Monitors

According to The Field Institute survey, 19.4 percent of California households stockpile
computer monitors: 13.9 percent stated that they were stockpiling one monitor; 2.7 percent
were stockpiling two monitors; and 2.8 percent were stockpiling three or more monitors.
Accordingly, there are approximately 3.2 million monitors, or almost 48,000 tons of
monitors, stockpiled in California households. If released all at once, this stockpile volume
could more than double the entire projected volume of diverted monitors in 2006.
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Conclusions

According to the study’s findings, a gap exists between the current processing capacity and the
projected volume of diverted CRTs, but not of diverted CPUs. The CPU phenomenon appears

clear: processors possess a large current capacity to handle CPUs because of their profitability.
Therefore, current capacity can accommodate future volume.

As for CRTs, the story is more complicated. Survey findings show that processors expect to
process less e-waste in 2006 than historical trends would predict. The survey also showed that
some processors project lower volumes in the future because they are reducing or eliminating
CRT-containing televisions and computer monitors from those e-waste items they process.
Finally, verbal and written feedback from some processors indicated that this potential exit from
the processing market is due to the cost of handling CRTs appropriately, a cost that is perceived
as new, since the clarification of existing regulations in March of 2001. While all of these factors
indicate a reduction in the number of processors, it is not clear how this decrease will impact
actual processing capacity in California.

Impact of Loss of Processors Is Uncertain

Taken to an extreme, a loss of primary and secondary processors from the market would mean
that residents and businesses would have nowhere to properly dispose of their waste, and
stockpiling and illegal disposal might increase. Although it is known what percentage of
respondents are considering leaving the market—25 percent of primary processors and 14.3
percent of secondary processors—it is not certain what the magnitude of this loss will mean in
terms of total processing capacity. For example, the remaining processors could potentially
increase capacity sufficiently to replace that of departing processors.

Large Secondary Processors May Be Linchpin to Capacity

Large secondary processors accept large quantities of used televisions and computers directly
from businesses and government clients, as well as from primary processors—such as thrift stores
—who must dispose of televisions and computers that could not be repaired or resold. Large
processors, then, serve as the final stop along the processing continuum and could cause a
bottleneck for processing if their capacity does not expand to absorb increased volume of diverted
e-waste.

Of the 14.3 percent of secondary processor respondents who indicated a desire to exit the market,
none were large processors. If, in fact, large secondary processors are not hampered by the cost of
appropriate disposal of CRTs, then this link in the processing market should not be in danger of
contracting as the volume of diverted e-waste increases. However, whether or not the current
capacity of these large processors will increase fast enough to meet the supply of diverted e-waste
in 2006 is unknown.

Loss of Smaller Processors May Mean Loss of Convenient Access to Diversion

Large processors may be able to absorb the capacity lost to smaller processors exiting the market.
However, opportunities to divert e-waste may be limited by the loss of local diversion outlets
such as thrift stores.

Thrift store operators were the most consistent in reporting that the cost of discarding donated
televisions and monitors that could not be sold was proving prohibitive. As a result, these stores
were either considering instituting a policy, or had already instituted one, to refuse CRT
donations. In this case, the loss of a local thrift store could mean that residents lose a convenient
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outlet for recycling their televisions and computers. According to The Field Institute survey
results, the trend to give away used items for reuse was strong.* Other recyclers have reacted to
the increased costs by imposing significant CRT disposal fees. Some of these processors have
reported clients walking away from their facilities when learning of new disposal fees for used
televisions and monitors. It is unknown what these people did with the items they were going to
recycle. The cumulative effect of no landfill disposal, fewer collection opportunities, and
introduction of processing fees may deter household diversion.

Introducing New Outlets for Diversion May Mitigate Loss of Local Processors

Local collection programs, whether administered by government or private business, may be able
to compensate for some of the loss in local diversion capacity. If local programs were available,
residents could place their e-waste items at the curb or take them to local drop-off sites instead of
donating them to thrift stores. The success of shifting e-waste diversion capacity to local
collection programs would depend upon making these programs cost-effective and convenient
and then educating the public about the “new” diversion opportunities.

However, these programs would be constrained by the same cost considerations as thrift stores.
At this time, it is unlikely that either public or private local collection programs would

consider expanding their efforts into the e-waste diversion market because of high handling and
transportation costs.

Board May Wish to Monitor Processing Market

The Board is faced with a market that is undergoing change. Processors predict a slowdown in the
growth of e-waste that will be processed in 2006; they perceive “new” costs associated with CRT
disposal; and some even indicate a desire to exit from the market. Some of these effects may be
mitigated once processors learn about the implications of the emergency regulations on their
bottom line. It would benefit the Board’s policy decisions to continue to monitor how the market
is shifting and what factors are causing these shifts. This information will help the Board to know,
for example, if and where more collection opportunities need to be implemented, or whether the
capacity of secondary processors needs to be shored up before residents are informed of new
disposal opportunities or encouraged to deplete their stockpiles.

4 QOver 43 percent of non-stockpilers gave their used televisions to a friend, relative, or to charity, and
almost 30 percent did the same with their monitors.
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Considerations

The conclusions drawn reflect the period of study for this report—that is, through calendar year
2006. The Board should be aware of factors that may have an impact on the e-waste stream—
affecting both the supply of e-waste (volume) and the demand for e-waste (capacity)—beyond the
years of this study. Additionally, the projections in the Findings section do not reflect the impact
of certain actions the Board and other government agencies may take within the next five years,
such as encouraging a release of stockpiled items, or changing regulations that may impact the
market. The Board needs to be cognizant how these actions and related issues can impact
California’s ability to successfully divert e-waste. This chapter explores some of those issues.

Factors Influencing E-Waste Volume
Sales Volume Continues to Be Large

Currently, CRTs and CPUs are sold in the U.S. and California in great numbers. These numbers
will continue to grow in the next five years. Although the length of time between purchase and
disposal is difficult to predict, it is certain that increasing sales through 2006 will yield continued
high volumes of e-waste in the coming decades. Table 10 below presents the projected sales
volume for CRT televisions, CRT monitors, and CPUs through 2006.

Table 10
California Sales Data * (units shipped in millions)

2001 2002 2003 2004 2005 2006
Televisions 3.33 3.29 3.35 3.40 3.46 3.52
Monitors 5.36 5.45 5.56 5.51 5.44 5.37
CPUs 6.79 7.07 7.25 7.43 7.59 7.82

Sales and product data is insufficient to predict when a product will become
e-waste and therefore cannot be used to predict diverted volume.

While it is worthwhile to examine sales trends in order to have a general understanding of the
magnitude of electronic products that will ultimately become e-waste, it is important not to be
misled into assuming that one can accurately predict when a particular item sold today will
become e-waste. As part of the Scope of Work, the consultant was directed to survey electronic
manufacturing firms for historical and projected sales data of specified electronic products. The
original purpose of the task was to use sales figures to estimate the future volume of e-waste. To
prepare for this survey, the consultant conferred with three sources about the reliability of using
sales data to create a sales-to-disposal model.

* The NSC’s national sales estimates and projections were used for televisions and CPUs, and an average
annual percentage growth rate was applied to the projections NSC had made through 2003 and 2005.2
National sales projections from Gartner Research—a nationally recognized research firm that specializes in
technology—were used for monitors.® Since Gartner Research’s projections extended to 2005, the rate
change from 2004 to 2005 was assumed from 2005 to 2006. In order to extrapolate California sales from
national estimates, California’s population as a percentage of national population was applied to the
projections for televisions. California sales were estimated to be 12.04 percent of national sales using this
calculation.' For monitors and CPU sales, computer ownership in California households as a percent of
computer ownership nationally was used. Based on this methodology, California monitor and CPU sales
were estimated as 13.60 percent of national sales."’
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The three sources were: a large computer manufacturing firm that recycles monitors; Gartner
Research, a nationally recognized research firm that specializes in technology; and a professor
within the Department of Civil and Environmental Engineering at San Jose State University who
is currently researching e-waste diversion. All three experts indicated that the sales-to-disposal
relationship is problematic. According to Gartner Research, the variables that play into disposal
behavior are so numerous and disconnected that predicting disposal at a future point in time based
on sales data is erroneous. Gartner Research itself is no longer producing these sales-to-disposal
reports. The Board should not try to associate sales data to disposal volume to identify needed
capacity at a point in time, as no direct link can be made.

Technology Trends Will Not Alter CRT-Containing E-Waste Volume in Near Term

Table 10 shows CRT monitor sales beginning to decrease in 2004. According to Gartner
Research, the decline is due to increasing sales of flat-panel display (FPD) monitors in the sales
market displacing CRT-containing monitors. Despite this dip in sales, Gartner Research predicts
that the sales volume of CRTs will remain high, even as non-CRT technologies, specifically FPD
monitors, rise to meet it.*'> Therefore, within the time window of this study—2001 through 2006
—non-CRT monitor technology is not predicted to cause CRT sales to fall below 2001 levels.

In the coming decade, it is conceivable that CRT monitor sales will decrease below current levels,
as a result of the mainstreaming of FPD monitors or some other non-CRT technology. After some
undeterminable time lag, there will be an impact on the volume of e-waste that contains CRTs.
However, with the high volume of CRTs sold each year and the myriad lifecycles that products
can have based on individual variables, it is likely that CRTs will remain in the e-waste stream, at
significant numbers, for years to come. As a case in point, almost half of the televisions collected
during a pilot collection project conducted in Minnesota in 1999 and 2000 were manufactured in
the 1960s and 1970s—discarded two and three decades after they were sold.” Thus, the Board
should understand that FPD monitor sales might not affect the waste stream for quite some time.

The impact of digital television (DTV) and its subset, high definition television (HDTV), were
not quantified for this report, as any significant effect will likely occur outside the timeframe of
this study. However, there are several importan