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1. EXECUTIVE SUMMARY

The god of this study was to produce a written report that aggregates and andyzes existing data from
five Electronic Product Recovery and Recycling (EPR2) programsin order to:
Identify a common format for data collection for materials and cot;
Evauate and aggregate existing collection and demanufacturing materials and cost data sets;
Identify common opportunities and barriers for different collection and transportation models,
Define the advantages and disadvantages of different collection and transportation modes;
Identify commodities that are most viable economicdly (podtive revenue) for collection and
demanufacturing;
Identify successful motivators and strategies for marketing collection events;
Identify key issues and motivators for various groups that have or may participate in dectronic
equipment collection including consumers, loca government officids, amdl businesses, recyclers,
demanufacturers, shippers, etc.;
Identify data gaps and infrastructure needs to increase residentid participation; and
Andyze what motivates the public to participate in collection events

The collection programs that were studied consisted of two Common Sense Initiative (CSl) sponsored

programs (San Jose, CA and Somerville, MA/Binghamton, NY), as well as programs in Union County,

NJ; Hennepin County, MN; and Naperville/Wheston, IL. These collection programs represented a
range of different collection models — from one-day collection events to permanent collection depots —
and subsequently arange of costs and revenues.

The cogts and revenues for each of these collection programs were gathered in order to calculate the net
cods. The following table indicates the avalable data. Since only two of the programs included the
upfront promotiond costs, which were quite high, these costs were not included in the calculation. On
the revenue end, dl of the programs had some revenue from scrap, but only Somerville, Union County,
and San Jose received revenue from the resde of equipment.

Table 1: Available Cost and Revenue Data

Collection Publicity Operating Transport | Demanufacturing Disposal
Agency

Binghamton/ X X X
Somerville
Naperville/ X X X
Wheaton
Union County X X X X X
Hennepin X X X X
County
San Jose X X X

The cogs and volumes associated with these programs are outlined in the following table. The table
shows that the cost per pound of materia collected varies from less than $0.10 per pound to $0.50 per
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pound. The range of values reflects not only the different collection and management models, but aso the
different sets of data that were available for each program.

Table 2: Collection Program Summary Table

Program Period Net Cost* Pounds Collected | Cost Per Pound
Somerville Fal 1996 $3,299 7,448 $0.44
Spring 1997 $1,001 13,723 $0.08
Binghamton Fdl 1996 $444 2,372 $0.19
Spring 1997 $1,863 9,031 $0.21
San Jose Oct. 1997 $4,373 61,600 $0.29
Union Co. $5,858 42 886 $0.14
Cranford $13 120 $0.10
Westfield $234 2,240 $0.10
Clark $2,003 10,640 $0.19
Kenilworth Oct. 96 to Mar. 98 $1,075 6,680 $0.16
Linden $15,155 87,060 $0.17
New $767 5,180 $0.15
Providence
Rahway $3,843 26,560 $0.33
Summit $11,957 51,500 $0.23
Hennepin Co. Average
1995-1997 $278,000 552,000 $0.50
Naperville Fal 1996 $8,000 24,267 $0.33
Fdl 1997 $8,000 60,000 $0.13
Wheaton Spring 1998 $8,000 22414 $0.36

* See Appendix C for an explanation of how this value was cal cul ated.

While these differences in net costs among programs would seem to imply that some programs were
more successful than others, the differences in how the data was collected and provided for each
programs makes such a cursory assessment impossible. However, while making a comparison between
these programs is not possible based on a comparison of the net codts, it was gtill possble to use this
cost data to make some limited assessment of the economics and dynamics of these collection programs.

>

The net codts of the programs were driven by the demanufacturing cogts; the operationd costs for
many of the case studies were either not accounted for or very smdl. However, snce a number of
these collection programs were pilots, this may not be the case for programs operating over longer
periods.

In terms of pounds of material collected per resident, the curbside collection programs gppeared to
be more efficient than the other collection models, while the one-day collection events appeared to
the least efficient. More and better collection datais necessary to confirm this.

In contrast to the previous point, the number of items collected per dollar of collection program cost
was higher for the curbside events than the other collection models. This was evidently due to the
high transportation costs associated with collection. For the one-day collection events, the cost per
item collected was lower than the other collection models. However, the one-day collection events
that were studied did not incur any operating costs, which would likdy narrow the differences
between the two collection models.
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>

A weighted average of al of the collection programs indicates that over 75% of the equipment that
was collected fel into five categories: 36% of the items were televisons, 16% conssted of audio and
stereo equipment, 11% were monitors, 8% were computers and CPUs, and 6% were VCRs. The
remaining equipment consisted of keyboards (5%), printers (4%), telephones (3%), peripherads
(1%), microwaves (1%), and miscellaneous other equipment (9%).

The resdentid EEE waste collected by these programs was generdly outdated and in poor
condition. Consequently, the materid was expensve to manage and little valuable scrap was
extracted from this equipment. Of the equipment that was collected, computers and CPUs provided
most of material that generated revenue for the programs.

Items that contained CRTs (eg., televisons and monitors) predominated in the five collection
programs. Since the cost to manage these materias is quite high, the large number of CRTs had a
substantia impact on the net cost values.

Promotion and planning of the events were essentid to the effectiveness of the collection programs.
This was made evident by the lack of turnout for the first week of the San Jose pilot, for which there
was little prior publicity. Additiondly, the first Binghamton collection event was affected by a
number of factors, including aloca footbal game that was being held at the sametime.

The public is interested in EPR2 programs. This is evident from the fact that the amount of
equipment that was collected increased over time for al the programs that had more than one
collection. In addition, the CSl-sponsored events (Somerville, Binghamton-One day drop off model
and San Jose-retail collection modd) will be continuing due to the positive public reception in their
communities.

In addition to the specific conclusons from the andyss of these collection models, some generd
comments may be drawn on the basis of the assembled information provided by these case sudies.
Since these generd comments are based on quditative information, additiond data and research into
these areas would be beneficid.

>

Most demanufacturers focus exclusvely on commercid EEE waste.  According to the Hennepin
County program coordinators, the low qudity of the reddentid equipment keeps many
demanufacturers from getting involved in a resdentia collection program. A collection program for
both resdentid and smdl business waste may generate more interest from demanufacturers Smply
because the qudity of EEE waste may be better.

Totd transportation, demanufacturing, and disposa costs may overwhelm al other program costs.
These codts relate to the variety of materia collected, loca labor market, the distance required to
trangport materids to a demanufacturing facility, the distance to end markets and the disposa costs
of unmarketable materids.

The loading of heavy metalsin the municipa solid waste stream was a fundamenta driver for the two
collection programs (Union County and Hennepin County) where most of the resdentid solid waste
dream isincinerated. Both counties believe that remova of EEE waste from the waste stream may
play an important role in reducing the heavy metal burdensin the fly and bottom ash, which can result
in an indirect economic benefit for the community by lowering ash disposa fees.
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» The ultimate digpogition of demanufactured materids should be evauated to determine if these
venues (eg., glass to glass recycling, smeting, overseas disposition for CRTS) meet the objectives of
the program.

» The advantages and barriers to  different collection models are such that determining the best
collection method depends on the motivations of the collection agency. The following table
summarizes these factors for the different collection modds. The definition of each modd is
provided in Section 5.3.2.4 of the report.

Table 3: Summary of Advantages and Barriersto Collection Models

Collection Barriers Advantages
Model
Drop-off Events Ineffective or insufficient publicity can | - Low up-front costs
P result in low participation - Short time-frame but high collection
Conflicts with other events may affect amount
participation
Resident’s unfamiliarity with drop-off
events can affect participation
. Potential unequal distribution of costs | - Economies of scale over single
Regional . .
Approach among communities community drop-off event model
PP Planning of the eventsis shared
Larger base of residents to
participate
Not effective for every community size | - Year-round collection of equipment
Permanent - . . .
. Need for staff may increase operational | - Convenient for most residents
Collection . :
costs - Economies of scale are possible
Depot
. Potential of theft of equipment for | - Easy for residents used to curbside
Curbside .
Collection parts, and then abandonment collection
Operational costs can be higher than | - Residents without transportation
other models can more easily participate
. Retailer's active participation is |- Low up-front and operational costs
Point of . .
Purchase essential for the collection agency
(Retail) Retailer may not be able to collect the | - Promotion of the program by
. data on participation retailers ensures high visibility
Collection L
Logistical issues
. The economies of scale are uncertain. - The gaps created by one model can
Combined/ . . . .
. Requires large population to be viable befilled by another model
Coordinated :
Collection Y ear-round collection
Methods Good if inhabitants are spread over a
large area

» The experiences from other recycling programs indicate that these EEE residentia waste collection
programs are in ther infancy and have the potentid to evolve and eventualy become more cost
effective. Asthese programs expand and markets for the recovered materias grow, the net cost per
pound collected can be expected to decrease.  The potential economies of scale from the expansion
of these programs and the creation of demanufacturing businesses will aso help to reduce codts.
However, based on the qudity and varied nature of the collected materids, it seems likely that the
cods of these programs will remain relatively high compared to other traditional solid waste disposal
methods.
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Ovedl, these case studies provided insght into the costs associated with the operation of an EEE waste
collection program. Additiona research into the effects of economies of scale and the development of
secondary markets would be ussful to get a better understanding of how the economics of these
programs will change over time,
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2. INTRODUCTION

2.1 PROJECT BACKGROUND / THE COMMON SENSE INITIATIVE

The Common Sense Initiative (CS)) is an innovative gpproach to environmenta protection and pollution
prevention developed by the U.S. EPA. The Common Sense Initiative addresses environmental
management by indudtria sector rather than environmental media (air, water, land). EPA sdected six
indudtries to serve as CSl pilots: automobile manufacturing, computers and eectronics, iron and sted,
metd finishing, petroleum refining, and printing. Six sector subcommittess, each congdting of
representetives from indudtry, environmenta justice organizetions, labor organizations, environmental
organizations, the U.S. EPA, and state and local governments address environmenta issues facing these
industries.

The Common Sense Initiative (CSl) Computers and Electronics Sector has been discussing, researching,
and evauating pilots focusing on consumer and community Electronic Product Recovery and Recycling
(EPR2) collections of End-of-Life Electronics and Electricad (EEE) waste from the municipa solid waste
sream. To date, CSl has supported severd efforts to collect and analyze data on EEE waste recovery
and processing, including the Somerville/Binghamton pilot and the San Jose pilot.! The collection pilots
test various collection models: residentid collection; ongoing drop-off at retail establishments, one-day
drop-off programs versus curbside collection; and smal business programs. The three collection pilots
were independently sponsored and implemented, with CSl providing support for data collection and
andyss. CS was dso ingdrumentd in the Electronic Product Recovery and Recycling (EPR2)
roundtable, which works on end-of-life issues for eectronics.

2.2 PROJECT SCOPE

The god of the project was to produce a written report that aggregates and analyzes existing data from
the CSl-sponsored pilots as well as from other EEE waste collection programs in Union County,
Hennepin County, and Naperville/lWheaton into a summary report. No new collection data was
generated for thisreport, which:

Identifies a common format for deta collection for materials and cost;

Evauates and aggregates exigting collection and demanufacturing materias, and cost data sets;
Identifies common opportunities and barriers across different collection and transportation moddls;
Defines the advantages and disadvantages of different collection and transportation models;
Identifies commodities that are most viable economicdly (postive revenue) for collection and
demanufacturing;

I dentifies successful motivators and sirategies for marketing collection events,

Identifies key issues and motivators for various groups that have or may participate in dectronic
equipment collection including consumers, local government officials, smal businesses, recyclers,
demanufacturers, shippers, €tc.;

Identifies data gaps and infrastructure needs to increase resdentia participation; and

Anayzes what motivates the public to participate in collection events.

1 A collection pilot in the San Francisco area was also sponsored by CSI, and summary information is provided in
Section 8.
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3. SUMMARY OF COLLECTION PROGRAMS

The collection programs included in this report represent different geographic locations, collection

methods, and data sets (see the map and table below).

Since some of the programs were pilots, much

of the data regarding operational and other costs were not available. Therefore, the differences in the
amount of data available for each program make direct comparisons between the programs difficult.
The following summaries include discussions of the design of the collection program, the participation
rate, estimated cost and revenue, and any important comments relative to the program’ s operation.

Table 4: Collection Models Used by Collection Program

Collection Agency Drop-off Event Permanent Curbside Point-of -
Depot Purchase
(Retail)
Binghamton/ Somerville
Naperville/ Wheaton
Union County
Cranford
Westfield
Clark
Kenilworth
Linden
Rahway
Westfield
Summit
Hennepin County
San Jose
ngnn:pinEnt (_W(v\
£ 7
Naparvilled ' Binghamtn Som:/'i’I‘Te/
Wheaton® D2
Union Count¥®&="
T s
J
San Jose

dl“ A

Figure 1: Location Map for Collection Programs
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31 BINGHAMTON, NEW YORK/SOMERVILLE, M ASSACHUSETTS
Collection M ethod:

One-day drop-off events
Number of Collections: Two eventsin each city
Fall 1996, Spring 1997

Envirocydle, Inc.

Collection Dates:

Demanufacturer:

Motivation Behind Collection:

Under the Common Sense Initiative, the U.S. EPA sponsored a pilot resdentia EEE waste recycling
and demanufacturing program in Binghamton, NY and Somerville, MA. The gods of the project were
to:

=  Characterize the types and volumes of EEE wagte in the municipa solid waste stream;
=  Assssstheviability of collecting, demanufacturing, and recyding these materids, and
= Gauge the consumers willingness to offset the cost of such a program?

Binghamton was initidly chosen to participate in the project because of its exigting relationship with the
demanufacturer (Envirocycle, Inc.) and its proximity to their demanufacturing plant in Halstead, PA.
Somerville was included as the second community for the pilot study because of its demographic
amilarity to Binghamton, and its exigting recycling program and its household hazardous waste (HHW)
drop-off program.

Demographics:

Although Binghamton has higtoricaly been a blue-collar community, its population of white-collar
workersis growing. It isthe largest community in Broome County, which is located near the northesst
corner of Pennsylvania. Somerville has a mixture of blue- and white-collar workers, dthough the white-
collar population has been risng due to a shrinking manufacturing sector. It is located just outsde of
Bogton. The following demographics are available for the two communitiess

Table 5: Binghamtor/Somerville Demographics

Municipality Population Households Median Income
Binghamton 53,000 25,000 $29,169
Somerville 72,280 30,000 $44,866

Event Promotion:

The participation rate for recycling programs in the two communities is about 48% in Binghamton and 15%
in Someille, which reflects the general public’'s awareness and interest in recycling. A number of

2 Unless noted, all information was gathered from Residential Collection of Household End-of-Life Electrical and
Electronic Equipment: Pilot Collection Project, Common Sense Initiative — Computer and Electronics Sector, U.S.
Environmental Protection Agency, Region I, EPA-901-R-98-002, February 1998.

3 Census of Population and Housing, 1990. Bureau of the Census, Washington: The Bureau, 1992.

4 partici pation rates for HHW collection programs generally range from one to three percent, and can be as high as 10
percent. Household Hazardous Waste Mangement: A Manual for One-Day Community Collection Programs. Office
of Solid Waste and Emergency Response, U.S. Environmental Protection Agency. EPA-530-R-92-026. Washington.
August 1993.
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methods were used to promote the specific EEE waste collection event. An informational flyer was sent to
every household in both cities and also was made available to residents in retail stores and public buildings.
The flyer outlined the collection program, listed the items that would be accepted by the municipality, and
gave directions to the collection site. In addition, members of the local chambers of commerce who had an
interest in electronic and electrical appliances (i.e., repair shops, electronics retailers) were contacted and
notified of the program. The events also were promoted on the community calendar listings on loca radio
and TV dations, and in press releases. Findly, a press conference, attended by local government officials,
was organized in both cities to promote the events. These promotional events required expenditures for the
printing of the direct mailing, the labels for the mailing, and the postage. The costs of each of these
expenses are listed below.

Table 6: Promotiona Expenses for Binghamton and Somerville Filots

Municipality Direct Mail Printing Costs Labels Postage (both
Costs locations)
Binghamton $1,380 $4,387 $1,242 0,707
Somerville $1,439 $4,359 $384 ’

Resident Participation:

Both communities saw an increase in participation during the second event: about a 30% incresse for
Somerville and a 170% increase for Binghamton in the number of cars that dropped off equipment. The
following table indicates the number of households that participated in the events, and the percentage of
total households that this number represents (participation rate). These numbers do not reflect the
participation of the residents of Broome County, who were adso alowed to participate in the Binghamton
events.

Table 7: Participation Rates for Binghamton and Somerville Pilots

No. of Households | Participation Rate
Municipality 1996 1997 1996 1997 Net I ncrease
Binghamton 47 128 0.2% 0.5% 172%
Somerville 193 250 0.6% 0.8% 30%

Conddering the rather high participation rate for generd recycling programs in Binghamton, the
participation numbers for their first event is interesting.  This modest turnout is believed to be due to
circumgtances that were beyond the control of the organizers, notably the poor westher (snow),
condruction outside the drop-off facility, and the high school football championship being held that day.
The attendance may have aso been affected by the implementation of a user fee. All of these deterrents
were not in evidence during the second collection event. Since only 10 of the 128 cars that dropped off
equipment in the second event had participated in the first event, it is reasonable to assume that these
elements did have some impact on participation.

Collection:

The pilot was modeled after atypica one-day collection event for household hazardous waste held on a
Saturday morning/afternoon. Both communities have experience in managing a recycling program and a
HHW drop-off program.
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The collection took place a existing municipd facilities—in Somerville a the public works facility, and in
Binghamton at the Broome County Trandgt Garage, S0 there was no property cost associated with the
collection. Additiondly, the volunteer workers minimized any labor costs associated with collection.

No limitations were gpplied to the types of EEE waste that would be accepted. One of the gods of the
program was to determine the types of equipment that could be collected during a municipa collection
program, and the demanufacturer agreed to accept anything that came in.  This equipment conssted of
the following.

Table 8: Items Collected During Binghamton and Somerville Pilots

Computers | Monitors | Keyboards Printers| TVs | VCRs | Microwaves | Stereos
Binghamton
Fall 1996 7 8 7 2 23 4 3 30
Spring 1997 19 33 26 9 52 23 12 111
Somerville
Fall 1996 21 17 18 12 94 27 12 134
Spring 1997 72 52 44 40 61 46 12 96

In addition, the collection events aso took in a number of telephones, household dectrica appliances,
and ar conditioners. The following table shows the total weight of equipment that was collected for each
collection event.

Table 9: Pounds of Equipment Collected During Binghamton and Somerville Events

Fall 1996 | Spring 1997

Binghamton | 2,372 lbs 9,031 Ibs
Somerville 7,448 |bs 13,729 Ibs

During the collection events, participants were surveyed to determine their willingness to pay for the
ability to drop-off EEE waste. They were given arange of vaues to choose from: $1 to $5; $5 to $10;
and over $10. A mgority of the respondents (>80% in both communities) indicated they would pay
between a $1 and $5 fee for the drop-off program. In fact, during the first Binghamton event, a $2 user
fee was charged of those people dropping off equipment. The fee was abandoned during the second
event, in part because the city believed that it contributed to the low turnout in the first event.

Trangportation:

All transportation costs associated with a drop-off event are those for trangporting EEE wagte to the
demanufacturer. Due to the distance between Somerville and the Envirocycle facility (312 miles),
trangportation costs for the Somerville pilot were more than 6 times those for the Binghamton pilot.

Table 10: Binghamton and Somerville Transportation Costs

Transport Costs
Municipality per 53’ Truckload

Binghamton $96
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Somerville $646

Demanufacturing:

Envirocycle, a large firm with experience in EEE waste recyding, was the contractor for the
demanufacturing. They provided in-kind services for the pilot project, including free transport to and
from the collection gte, and free demanufacturing of the maerid. Even though the municipdities were
not charged for the demanufacturing, Envirocycle provided data on their tota codsts to asss with the
anaysis of the project. These codts are based on a labor rate of $26.50 per hour, which include al of
their overhead and wages:

Table 11: Binghamton and Somerville Demanfacturing Costs

Fall 1996 Spring 1997
Total Total
Municipality Hours Cost Hours Cost
Binghamton 315 $835 111 $2,942
Somerville 118.3 | $3,135 85 $2,253

Revenue:

The resde of eectronics and dectrica gppliances occurred only during the second Somerville collection
event, where Envirocycle collected about $962 from the sale of working equipment. All the rest of the
equipment was disassembled and the vauable materia sold for scrap, except for the wood which was
landfilled. The revenue from scrap per event can be broken down as shown.

Table 12: Binghamton and Somerville Gross Revenues

Municipality Fall 1996 Spring 1997
Binghamton $487 $1,175
Somerville $481 $845

Envirocycl€' s tota yield from the sde of scrgp from the four events came to $2,889 most of which
derived from the sde of meta, plastic and CRTs. The materids that were extracted for revenue include

the following.

- Metal 26% - Radiators 4% . Fans 1%
. Scrap Plagtic 13% - Motors 4% . Yokes 1%
. CRTs 12% - Wire 3% - DiscDrives 1%
. Carcass 12% . Copper 2% - Refine Boards 1%
. Clean Pladtic 8% - Aluminum 1% . Capacitors <1%

The percentages represent the weight percentage of materia extracted for the total of al four collection
events. Data on which materids contributed most to the net revenueis not avalable.

Net Cost:
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The cods for the four collection events are derived from the cogts of promotion and the demanufacturing
costs. The net codts, taking into consideration the revenue, are as shown.

Table 13: Binghamton/Somerville Net Costs

Municipality Fall 1996 Spring 1997
Binghamton $444 $1,863
Somerville $3,299 $1,091

For Binghamton, these costs trandate to $0.19/pound collected for the first event and $0.21/pound
collected for the second event. For Somerville, the costs equate to $0.44/pound collected for the first
event and $0.08/pound collected for the second event. These vaues do not include the promotiond
cogts, which would substantially increase the cost per pound collected.

Project Comments:

The participating municipalities congdered both collection programs to be successful because the
participation rates increased from one collection event to the next while the cost per pound collected
decreased. The positive public attitude toward these collections has motivated both communities to
continue the collection programs. Somerville had an additiona collection event in the spring of 1998 and
Binghamton is planning another event for 1999.

A number of conclusions came from these two pilot events:

The demanufacturing rate (Ibs of equipment dismantled per hour) increased between the first and
second collection events. According to Envirocycle, this was largely due to increased efficiency
on the pat of thar gdaff members For the Somerville collection pilot, the incressed
demanufacturing rate was dso influenced by a growth in the amount of computer equipment that
was collected, since computer equipment is generaly easier to dismantle than some of the older
EEE waste that was collected.

The timing of the event is key to guaranteeing adequate participation. The low turnout & the first
Binghamton event was due in part to adverse weether conditions and a loca high school football
game that was going on & the sametime.

The transport distance to the demanufacturer had a noticegble impact on the net costs of the
program, thus indicating that the presence of alocal demanufacturer can be important.

The implementation of a user fee during the firs Binghamton event may have affected the public
turnout; however, other mitigating factors make it difficult to confirm this assumption. In fact
when surveyed, resdents of both Binghamton and Somerville indicated their willingness to
subsidize the collection program with aminimal user fee.
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3.2 SAN JOSE, CALIFORNIA

Collection Method: Point of Purchase (Retail) Drop-
off

Number of Collections: Three participating retallers

Collection Dates: The period from October 1 to

November 2, 1997

Demanufacturer: Berman’s Diversfied Industries

Motivation Behind Collection:

A Common Sense Initiative sponsored data collection for a computer-equipment collection program
conducted in San Jose, CA, in October of 1997. The goas of this pilot project were to:

= Determine the feasbility of a point of purchase (consumer retail store) collection scheme for EOL
computer equipment;

= |dentify potentid barriers, regulatory and other, which might inhibit a collection/recycling program
of this nature; and

= Determine the economics of collecting consumer equipment viathis approactp.

Demographics:

San Jose is located in Santa Clara County, about 56 miles south of San Francisco. The population of
Santa Clara County is over 1.6 million (1995); San Jose covers 174 square miles, with an estimated
(1994) population of over 873,000 residents. San Jose is described as the capitd of Slicon Vadley,
meaking it a good focus community for the pilot sudy. The community is amix of white-collar and blue-
collar residents; the median household income is approximately $50,000.

Event Promotion:

Extensve publicity was planned for the pilot program, induding: countywide mailing of a missng
children/computer collection "marriage card"; billboard messages, public service announcements; press
releases; and dectronic equipment retail store flyers, posters and advertissments. Much of this publicity
never took place because of timing and scheduling conflicts. The only publicity that actudly occurred
before the event was a bulletin published on the U. S. Environmenta Recycling Hotline (1800 Cleanup)
website, which was just coming on-line a the time. This lack of advance publicity appeared to have a
sgnificant impact on the program since no equipment was collected during the first week of the pilot.

To remedy this lack of participation, EPA held a press event on October 9to promote the collection
program; televison and newspaper coverage of the event helped increase the pilot’s vighility. This event
was followed by didtribution of flyers promoting the drop-off program with the San Jose City employees
paychecks. An email notice was dso digtributed to Santa Clara County employees.

5 All information was gathered from San Jose Computer Collection and Recycling Pilot: Draft, Common Sense
Initiative — Computer and Electronics Sector, US Environmental Protection Agency, Region | X, February 1998, pp. 1.
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The participating stores dso ran some publicity for the event. One of the Stores ran a newspaper

advertisement for the event; the other two stores publicized the pilot via ads stuffed in cusomers bags.

Resident Participation:

Residents and small businesses dropped off equipment at the three participating stores, however, no data
was collected on the participation of the two consumer groups. A one-page questionnaire was
developed for the collection program to determine the demographics of the participants. However, no
datistical data on participation is available since not dl of the participating stores decided to use the
questionnaire and not al of the participants chose to fill it out.

Resident participation seemed to be affected by the aggressiveness of the participating sores. Only one
store actively promoted the pilot program, making the drop off of equipment easy for consumers. This
store a0 collected most of the equipment during the pilot program.

Collection:

The program congsted of a 5-week drop-off program that was organized with the participation of three
local dectronic and computer retailers distributed throughout the city. The stores were charged with
collecting the equipment, surveying the resdents to determine a participation rate, and stockpiling the
equipment until the demanufacturer came to collect it each week

The retailers themselves covered the operationd costs. These costs included the labor for collecting the
equipment from resdents’ cars, the congtruction of displays, and any storage space dlocated to the EEE
waste. No information on each individud store's cost for the program is avalable. No fees were
charged by the stores to the municipaity or of the participants to cover their cods.

The items collected were limited to computer-related EEE waste — e.g., monitors, keyboards, printers,
and computers. The number of items collected was talied in terms of the number of pallets collected per
store. Each pallet congsted of an estimated 64 cubic feet of equipment, leading to atota of 4,220 cubic
feet of equipment collected during the pilot. The following table shows the number of palets that were
collected per store, per week.

Table 14: Pdlets Collected During San Jose Pilot

Week 2 Week 3 Week 4 Week 5
Sorel 4 2 2 4
Sore?2 1 1 1 3
Sore3 13 10 11 14
Totals 18 13 14 21

Table 15: Items Collected During San Jose Pilot

In al, 61,600 lbs of equipment was collected over the five-week program. The equipment collected
conggted of the following items.

Computers

Monitors

Keyboards

Printers

Peripherals

Laptops

Misc. Parts
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Total All
Sores 972 937 341 413 66 27 63

More detail on the number of items collected per store isnot available.

Trangportation:

The transportation distance to the manufacturer depended on the location of the store. Stores 1 and 2
were about 15 miles from the demanufacturer, whereas Store 3 was only 10 milesaway. The equipment
was picked up from the stores once a week over the five-week period, athough Store 3 required two
additiona pickups per week. A total of 20 trips were made over the duration of the project.

The totad cost of transport for the pilot collection project amounted to $480. Transportation was
cdculated to include the costs of standard loading and unloading time. The large loads and smdl
entryways for the participating stores were determined to require excessive labor, the cost of which was
estimated to have the potentid to increase tota transportation costs by up to 60%.

Demanufacturing:

Berman’'s Diversified Indugtries, a San Jose-based recovery/resae/recycle service provider, conducted
the demanufacturing. The firm dismantled dl of the computer equipment that had no resde value. Overdl
cogts for sorting and dismantling was given as $7,500.

Monitors predominated in terms of the weight of materid collected - 30,000 Ibs or 49% of the total
weight collected. Berman's did not itsdlf demanufacture the monitors, but rather shipped them overseas
for demanufacturing. The monitors were exported at a net cost of $0.05 per pound, which yielded a
totad cost of gpproximatdy $1,500 for the 30,000 Ibs of monitors. This gave a totd demanufacturing
cost for the pilot program of around $9,000.

It is interesting to note that the cost of demanufacturing CRTSs oversess is estimated to be only 1/10™ of
the equivalent costs in the San Jose area. Had the CRTs been demanufactured in the area, the cost
would have increased tenfold, to around $15,000. This would have led to a total cost of $23,000 for
the demanufacturing component of the program. It should be noted that the numbers for
demanufacturing CRTs around San Jose are based on Berman's estimates of loca costs, and are not
necessarily equivalent to demanufacturing costs e sewhere in the United States.

Revenue:

Resdle of working equipment accounted for 40% of the total revenue, most of which came from the sde
of black and white monitors. These black and white monitors represented only 10% of al the monitors
that were collected. No working computers were successtully sold because of the age of the equipment.

The remainder of the revenue came from the extracted scrap.  The breakdown of materia recovered
from the collected equipment is as follows, shown as percent composition by weight and by revenue
yield for the entire collection period.

Printed circuit boards and high-grade breakage (hard drives, motors and mixed meta parts) comprised
the mgjority of the revenue from scrap, which was supplemented by the sadle of mixed
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Table 16: Digribution of Commodities by Weight and Vaue

Commodity Weight Revenue
CRTs 49% -
Sedl 20% -
Scrap Plastic 13% -
High Grade “ Breakage” 10% 48%
Mixed Metals 3% 6%
Plastic 3% -
Circuit Boards 3% 42%
Wire 1% 4%

metals and wire. Asde from CRTs, mogt of the materid recovered from the disassembled equipment
was sted and pladtic; this material produced no revenue sinceit had little market value. The total revenue
for the five-week pilot totaled $5,120.

Net Cost:

The net cost of the five-week pilot project was $4,373. Thisis equivaent to a cost of $0.07 per pound
of materid collected. The management of the CRTs had a large impact on the net cost of the program.
As explained previoudy, the shipment of the CRTs oversess resulted in codts that were substantialy
lower than they would have been had the demanufacturing occurred in the San Jose area. In a scenario
where the monitors are recycled locdly, the net cost would be more than four times greater- $17,990.
Thisis equivaent to a cost of $0.29 per pound of materid collected. Note that the retailers costs were
not included but were donated as in-kind services.

Project Comments:

The extensve publicity that resulted from the EPA press conference appears to have affected
participation since the collection went from zero palets of equipment the first week to 18 palets the
second week. Despite the perception of some of the participants that the stores were profiting from the
collection program, the program coordinators indicated that the overdl attitude of the participants
seemed to be pogtive. This perceived positive attitude has motivated one of the participating chains to
continue the program at a number of its other stores.

During the pilot program, some barriers to EOL computer equipment collection were identified:

The dow dart in promotion of the event led the consultant assessing the project to conclude that
"marketing efforts should be established at least sx months in advance and should be monitored
regularly before and throughout the collection event.” This conclusion is based on the fact that the
program relied on volunteer groups to promote the program, many of whom in the end did not
provide the promised service.

In Cdifornia, specid approvals and permits must be granted before CRT glass can be handled or
shipped. Specid permits are dso required for CRT glass recyclers, which has the effect of limiting
the number of firms that recover this materia. The end result is a high cost for demanufacturing of
CRTs. Conddering that dmost half of the equipment (by weight) consisted of computer monitors,
these monitors were shipped overseas to avoid excess costs.

Contrary to the results from the Binghamtor/Somerville pilot, a survey designed for this program
indicated that most participants (over 60%) would not pay afeeto drop off eectronics.
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3.3 HENNEPIN COUNTY, M INNESOTA

Collection Method: Permanent Drop-off
One-day Drop-off Events
Mobile Collection Events
Curbside Collection

Retail Collectiorf
Number of Collections: Pamanent fadlities and
drop-off events (ongoing)
Collection Dates: 1997
Demanufacturer: Hennepin County

Motivation Behind Collection:

Hennepin County, MN, began recycling EEE wadgte in 1992, with the god of diminating the meta
content, specificaly mercury, lead, and cadmium, from the county’s municipd solid waste (MSW)
sream. Mogt of this waste is managed as waste-to-energy or refuse-derived fud. The county uses both
front-end removad of materids and back-end facility control equipment to manage heavy metds in
MSW.

The resdents had an accepting attitude toward environmenta programs before the EEE waste recovery
program began since Hennepin County was aready managing a number of other smilar programs, eg.,
collection and recycling of used tires and HHW.’

Demographics:

Hennepin County, which condsts of some 45 communities, is located in the eastern portion of
Minnesota. The median household income for the entire county is $35,659. The county (population:
over 1 million) includes metropolitan Minnegpolis, conssts of around 439,000 households. One-third of
the county’ s popul ation resides in Minnegpolis®

Event Promotion:

Since Hennepin County manages a number of different recycling programs, publicity for EEE waste
collection is covered by newspaper advertisements and flyers that are produced for the collection of al
"problem materias’ (i.e, HHW, tires, batteries, and EEE waste).? Some advertissments highlight the
EEE waste collection component of the program. Brochures and radio advertisements are used as well.

6 A regional retail collection pilot that focused on the collection of CRTs was held in the summer of 1998. Data on this
collection was not available at the time of publication.

7 The budget for the EOL electronics collection program in Hennepin County is 1/10" of the budget for the HHW
collection program.

8 Census of Population and Housing

9 Unless noted, all information was gathered from personal communication with Cheryl Lofrano-Zaske, Principal
Planning Analyst/Problem Materials Program, Hennepin County Environmental Management Division, April 13, 1998.
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The county sponsors most of the publicity, dthough the cities may advertise to their resdents as well.
There is dso word-of-mouth publicity for the program.

Resident Participation:

The equipment is collected with other HHW and problem materials and is not recorded separately.  For
this reason, no data is avallable as to resdent participation in the EEE waste collection program. The
county estimates that participation in the HHW program may be around 15%.

Collection:

The county operates two drop-off Stes. one at Brooklyn Park in the north and the other in Bloomington
in the south.  While resdents are invited to drop-off materiads year-round a the permanent facilities,
collection events are dso held throughout the county. EEE waste is dso collected through city cleanup
days, and facility and curbsde collection in the city of Minnegpalis (initisted in November 1997).
Participation in the collection program is limited to households and residents.

Hennepin County has permanent facilities that accept HHW, recyclables, brush, auto waste, white
goods, and EEE waste. Fees are charged for the white goods ($10 to $30) and tires ($1), but not for
EEE wagste. One dte dso takes in MSW from county resdents for a fee. The cost of dl facility
operations that can be alocated to the collection of EEE waste has not been determined.

For mobile events, the county covers dl of the setup, organizational, and transportation costs. For city
events, the county covers the labor to collect and transport the equipment.

In its promotion of the EEE waste collection program, the County indicates what types of materias will
be accepted. The program targets materias with CRTSs, but dso is used to manage the inflow of
camcorders, stereos, radios, computers, tape players, VCRs, and telephones. Rechargesble and
cordless gppliances that contain batteries are aso accepted and disassembled by PPL (the county's
contractor), and then digposed of viathe battery recycling program.

The bulk of the materia collected in 1997 came from the permanent facility (62%), with about 26% from
the city/county collection events, and 12% from the curbsde collection in Minnegpolis.  Since the
curbside program has been going on for only a few months, and participation has been higher than
expected, it is expected that the curbsde collection percentage will increase in the coming yesar.

The following table lists the number of items and tons collected for the years 1995 to 1997. The county
collects a wide range of equipment; the miscellaneous/other category encompasses equipment such as
answering machines, typewriters, and dust busters. The county estimates that approximately 800 tons of
meateriad will be collected in 1998.

Table 17: Items Collected During Hennepin County Program

Computer [ Monitors | Keyboards| Printers TVs VCRs | Audio/ | Telephone| Copiers| Misc. Tons
/ CPUs Stereo Other
1997 1,331 1734 899 54 7,376 1184 2,813 514 4 1,686 366
1996| 661 1,156 517 261 5115 617 1,898 357 43 1,249 262
1995 67 673 254 189 4,428 407 1,932 340 81 1,388 200

Trangportation:
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Hennepin County generdly covers the transfer of the collected equipment to the demanufacturer. The
county pays PPL to staff and trangport the equipment from mogt city events.

Demanufacturing:

The county contracts with a loca train-to-work not-for-profit organization (PPL) to provide labor and
gpace for the disassembly of the collected materid. The county is responsible for management of the
disassembled components from the demanufacturing process. PPL's fee accounts for the bulk of the
county’ s demanufacturing costs for the program.

The main mativation behind the initiation of the EEE collection program was the dimination of heavy
metals from the waste stream, which led to the choice of target materids — CRTs, CPUs, PWBSs,
batteries, mercury relays, and PCBs. Plagtics and wood are managed by the county’s Solid Waste
Management System. All of the extracted scrap metals are recycled.

The demanufacturing processiis labor intensve and the yield can be affected by the lower productivity of
workers who are new to the program. Yield can aso be affected by the qudity of the materid that is
taken in ance mogt is old and of little vaue (old TVs, dectronics). Virtualy dl circuit boards collected
are low-grade. Furthermore, there are cods associated with management and disposa of the
heterogeneous materiads stream.

The county has estimated that the cost of demanufacturing approaches about $20 per item collected.
That includes any overhead, transportation, labor, and hazardous'non-hazardous materid disposa
associated with collection and disassembly. This cogt is paid directly from the county’s solid waste
management fees.

Revenue:

No revenue is received from resde of working electronics and eectrica equipment — any materid thet is
in working condition is offered to resdents free of charge at the collection facilities. In 1997, roughly
350 units (of the 18,100 units collected) were placed on a re-use shelf and taken by resdents. The
county estimates that the average age of materids is over 20 years old and thus there is little reuse
opportunity.

Minima revenue comes from the sde of the scrap materid that is extracted (copper wire and other
metas) — around $25,000 in 1997. For 1996, the revenue was a bit less at $20,000 while for 1995 the
amount was even smdler, around $10,000. The revenue per commodity ranges from between $0.01
and $0.50 per pound. The county has found that the market for most of the commodities that are
extracted is not strong enough to generate sufficient income from the materia collected.

The county pays about $10 per CRT (at an average weight of 30 pounds) to dispose of them via a
secondary lead smdter. Over 50% of the units collected contain a CRT. There are dso codts
associated with digposd of other materids including plastics, wood, and other waste (PCBS, mercury
switches, and batteries). The overal program operates as a cost center.

Net Cost:
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The gross cost for the EEE waste collection program in 1997 was $350,000. For the previous two
years, the costs were very similar: $350,000 in 1996 and $190,000 in 1995. Based on these costs, the
following table outlines the net cost and net cost per pound of equipment collected for dl three years.

Table 18: Hennepin County Net Cost

Hennepin County Net Cost Net Cost per Pound of
Year Material Collected

1997 $325,000 $0.48

1996 $320,000 $0.67

1995 $180,000 $0.48

This is edimated, since not al of the materid that is collected in a year is demanufactured and/or
disposed of in that same year. Over 90% of this codt is attributed to demanufacturing — labor and
trangportation to PPL’s facilities, labor for demanufacturing, and the transportation of CRTs to the
secondary smeter and disposal.

Project Comments:

According to Hennepin County, the collection program has been effective in reducing the equipment
containing heavy metd that enters the municipa solid waste stream. Since the inflow of equipment has
increased annualy, the community attitude toward recycling seems to be positive. However, there are a
couple of concerns that affect the program’s operation:

In the development of Hennepin County's program, the decison was made to collect only materia
from the residentia sources through the collection program, targeting eectronics containing a CRT.
Within the gtate of Minnesota, CRTs have been identified as the number one remaining source of
lead in MSW and there is an exigting infrastructure to handle eectronics, i.e., computers, generated
from commercia sources. In developing the infrastructure for demanufacturing and the end markets
for the recovered materias, both economic and environmenta consderations are evaluated.
Materid is managed in accordance with the date's waste management hierarchy as listed in
Minnesota Statute 115A.02: reduction and reuse, recycling, resources recovery, and landfilling. The
county also verifies and reviews end Stes for find management

The desgn of the demanufacturing scheme means that the operation of the program is greatly
influenced by disruptions in the outflow of demanufactured material. The demanufacturer has limited
storage capacity for the collected materids, so a shutdown a the secondary lead smelter or any
other end market for materials may lead to additiond storage and handling codts.

In 1997, 9,000 CRTs were collected. It cost the county about $10 to dispose of each CRT; dmost
one third of the County’s budget is dlocated to CRT disposd. The county has evauated CRT
disposa options including glassto-glass recycling, primary smelting, and overseas export. They
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determined that secondary lead smdlting recovers most of the lead from the CRTSs (estimated by the
smdter at over 99%) and isthe most cost-effective option for a mid-western operation at thistime.
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34 UNION COUNTY, NEW JERSEY

Collection Method: Curbside
Permanent Drop-off
One-day Drop-off Events

Number of Collections: Seven Countywide Events

and ongoing city programs
Collection Dates: October 1996 to September
1997 (ongoing)
Demanufacturer: Electronics Processing
Associates, Inc.

Motivation Behind Collection:

In May of 1995, the Union County Utilities Authority (UCUA) and the New Jersey Department of
Environmental Protection (NJDEP) began planning the implementation of an EEE wadte collection
program. The move was intended specificaly to reduce the flows of lead, cadmium, mercury, and other
heavy metdls entering the Union County Resource Recovery Fecility (UCRRF), therefore improving the
quaity of its ar emissons and ash resduel® Union County began by sgning an agreement with
Electronics Processng Associates, Inc. (EPA, Inc.) of Lowdl, MA, to demanufacture the collected
equipment. One requirement of the contract was that EPA, Inc. st up afacility in Union County.11 In
October 1996, NJDEP issued a Research Development and Demonstration approva to EPA, Inc. to
operate their facility under a Universa Waste Exemption.

Demographics:

Union County has a population of around 500,000, with an estimated 180,000 households. The median
family income is approximatdly $49,000. Each participating municipdity in the county was invited to
develop its own collection standards, based on its labor, transportation, and storage capacities, as well
as its experience with wadte collection. Six communities signed contracts with the county to participate
and develop a collection system. Four other communities also signed contracts to participate in regiona
collection programs, two of which have since held collection events:

Table 19: Union County Demographics

Municipality Population Households Median I ncome
Cranford 22,633 8,407 $60,659
Westfield 28,870 10,588 $77,022
Scotch Plains 21,160 8,407 $64,920
Mountainside 6,657 2454 $80,639
Clark 14,629 5,638 $4,521
Kenilworth 7574 2,449 $45,774
Linden 36,701 11,877 $42,634
New Providence 11,399 4312 $70,618

10 Unless noted, all Union County information was gathered from the Union County Demanufacturing Program -
Semi-Annual Report, Union County Utilities Authority, October 1, 1997-March 31, 1998.

11EpA, Inc. has consolidated its activities in New Hampshire. Union County is currently collecting proposals to
manage the demanufacturing locally.
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Rahway 25,327 9,844 $46,962
Summit 19,757 5,997 $83,876

Event Promotion:

The program was initidly promoted via flyers digtributed to 120,000 households in the county.

Countywide events were aso promoted through newspeper advertisements in the five county
newspapers. A presentation was made to the Rutgers University Demanufacturing Partnership Program
and the Rutgers University Eco-Policy Center Solid Waste Workshop for Mercer County to promote
the program. The flyers cogt $0.105 a piece, plus an additiona $2,000 for printing costs, resulting in a
net cost of $14,600. Most of these flyers (and their cost) went toward the countywide events. The
additional newspaper advertisements cost around $1,800 per event (with four events), for atota cost of
$7,200. The estimated net cost for publicity was $21,800.

Resident Participation:

The participation rate for all programs was estimated to be about 5% of the County’ s households.12 No
specific information is available about the participation of specific municipa programs, or the County
programs versus the municipa programs.

Collection:

Due to variances in municipal resources and experience, each municipaity developed its own collection
scheme. The municipdities followed the curbside recycling program experience in NJ, by piggybacking
on the current infrastructure for bottle and can recycling in the state. The county found it necessary to
aso provide countywide collection for residents and businesses that were interested in participating only
if no persona trangportation or processng costs were incurred. As of the end March 31, 1998, the
county has held seven such events.

The agreement between Union County and the demanufacturer provides that participating municipdities
receive free processing of their EEE waste, and are paid $50 per ton for their collection. Residents,
government agencies, schools, and smal businesses were invited to participate. Large businesses can
participate by working directly with EPA, Inc.

Among the ten municipdities paticipaing in the program, Clark, Kenilworth, and Summit have
permanent collection depots where residents can drop off materids. The collected materid is ddivered
to EPA, Inc. once a month. Summit supplements this facility with a curbside collection program thet is
tied in with its bulk waste (by appointment) collection. Linden and Rahway aso operate curbside
collection programs. Rahway’s curbside program operates as part of its bulky item and recyclable
collection scheme, and the costs for the EEE waste collection cannot be disassociated from the other
program costs.

Four other communities (Westfield, Scotch Plains, Mountainsde, and Cranford) agreed to participate in
the program under a "regiond gpproach.” (They dternatdy host a quarterly collection event solely for
their residents, with labor and transport covered by the host municipality.) Through March 31, 1998,
one regiona collection event has been held in Cranford and another was held in Westfield.

12 personal communication with the New Jersey Department of Environmental Protection.
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Union County focuses on collecting items that were determined to have some environmenta impact,
namely monitors, TVs, computers, VCRs, keyboards, telephones, copiers, audio/stereo equipment,
printers, peripherds, and microwaves. The following table lists the items collected in each location:

Table 20: Items Collected During Union County Pilot

Computers | Monitors | Keyboards | Telephones | TVs | VCRs | Microwaves | Audio/
Stereo
County 258 273 268 136 157 103 38 261
Cranford 2 2 2 0 0 0 0 0
Westfield 24 20 19 1 4 0 1 2
Clark 22 149 22 18 67 16 21 41
Kenilworth 7 48 0 8 55 12 9 36
Linden 138 176 48 67 931 97 145 429
New 3 10 0 2 4 | o 4 6
Providence
Rahway 33 44 27 76 198 17 24 81
Summit 243 317 115 68 462 39 46 224
Totals 730 1,039 501 376 1918 | 284 288 1,080
Trangportation:

In the following table, the transportation costs given for the curbside programs include the cost of
callecting the materid and ddivering it to EPA, Inc. The two regiond collection events in Cranford and
Westfield generated no information on transportation costs.

Table 21: Union County Transportation Distances and Costs

Program Trips Made Transport Costs
Clark 6 $389
New Providence 1 $360
Kenilworth 3 $233
Linden 15 $4,620
Rahway 62 $6,200
Summit 40 $5,622
Union County 7 $1,437

Trangportation cogts for Rahway and Linden, which have curbside collection programs, is high rdative to
the other municipdities. Thisis due to the frequency of equipment collection and the additiona need to
trangport the equipment to EPA, Inc.

Demanufacturing:

Demanufacturing is managed by EPA, Inc., which opened a new locetion in Union County after winning
a competitive bid between eight demanufacturing companies in the US.  After sdecting EPA, Inc.,, the
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county completed an environmentd survey of six origind equipment manufacturers (OEMs) and a
number of demanufacturers to rank the importance and relevance of diminating EEE waste from the
wadte stream. Of "high" environmenta benefit were monitors and TVs (due to the CRT). Of medium
impact were computers (CPUs), VCRs, keyboards, telephones, copiers, audio/stereo equipment, and
microwaves. Of "low" benefit were printers and peripherds. The focus of the collection was to remove
most of these high-impact items from the waste stream.

EPA, Inc. charged a set cost per type of equipment collected. The price per unit reflects the
demanufacturing and disposal costs. The charges are provided in the following table.

Table 22: Demanufacturing Charges per Item Collected

Price Per Unit
ComputeryCPUs $1.00
Monitors $5.75
Large TVs $9.50
Small TVs $7.00
Printers $2.00
VCRs $2.00
Keyboards $0.75
Telephones $2.00
Peripherals $0.75
Copiers $5.00
Audio/Sereo $2.50
Microwaves $2.00

While they generate revenue from most of the materid that they extract, EPA, Inc. must pay about $0.10
per pound for disassembly of the CRTs. With 28,000 Ibs collected every 4 months, it cods the
company $38,400 for one year of CRT disposd. In addition, the cost of disposing of the solid waste that
was generated came to about $200 per week, for atotal cost of over $10,000 per year. This disposal
cost was not included in the cost data; however, since it was not possible to determine what percent of
this waste was derived from the resdentiad demanufacturing program.

Revenue:

Many of the items collected in Union County are technologically obsolete or broken beyond repair, so
EPA, Inc. is only able to sdl about $40 worth of equipment (VCRs, TVs, consumer eectronics) a
week, providing roughly $2,000 per year in revenue from the resde of used eectronics and eectrical
equipment. This does not, however, include any resale vaue from working computers (about 1% of
input), snce they are shipped to EPA’s other facilities. Data on the income from this equipment is not
avalable.

The bulk of the income comes from the sde of recovered scrap. Scrap metd, wire, and components
yield EPA around $0.06 per pound of scrap sold. The outflow of scrap is estimated to be about 7,000
Ibs per month, resulting in about $5,000 per year in revenue. Additionaly, circuit boards net about
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$0.85 per pound, so with about 1 pound of circuit board per computer, the annua revenue from this
source equals about $458. The net revenue from al sources comes to around $3,358 for the first year
of the program.

Net Cost:

The net cost for each program is outlined in the table below. The initid infrastructure costs of the
program make the net cost for the time period look higher than they currently are because initid costs
flatten out as the program matures and the tonnage of collected materia increases.

Table 23: Union County Net Cost

Net Cost per

Municipality Net Cost Pound Collected
Clark $2,003 $0.19
Cranford $13 $0.10
Westfield $234 $0.10
Kenilworth $1,075 $0.16
Linden $15,155 $0.17
New Providence $767 $0.15
Rahway $8,843 $0.33
Summit $11,957 $0.23
UCUA $5,858 $0.14
Countywide

Project Comments:

The Union County program was funded via a grant from the NJDEP and a $120,000 grant, over two
years, from U.S. EPA Region I1. Participation appears to be consstent, and the attitude of the public is
generdly postive.

A tracking system to determine the source of incoming materia has not been fully coordinated, since
loads arrived infrequently and in low volumes & the beginning of the program. For the first few months,
there was not enough volume to judtify tracking and billing on amonthly basis.

After 18 months, testing of the incinerator stack and ash has indicated that the EEE program has been
effective in diverting materias containing heavy metas from the MSW waste stream sSince concentration
levels are lower than the basdline vaues. This concluson is supported by the information provided in
Table 39, which shows the caculated concentration of heavy metasin MSW, based on metalsin the ash
resdue and air emissons. However, the specific contribution of the demanufacturing program to these
reductions has not been calculated.
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35 NAPERVILLE AND WHEATON, ILLINOIS
Collection M ethod:

One-day Drop-off Event
Three events

October 1996, 1997
(Naperville), and April 1998
(Whegton)

The Electronic Recovery
Specidig, Inc.

Number of Collections:

Collection Dates:

Demanufacturer:

Motivation Behind Collection:

Naperville and Wheaton organized their EEE waste collection events with the cooperation of a loca
demanufacturer, The Electronic Recovery Specidig, Inc. (ERS). The goals of these events were to:

=  Reduce the amount of materid that the municipdity sends to the landfill;
= Safdy digpose of the potentidly hazardous materids, and
=  Promote the collection of EEE waste on amunicipd levell3

The demanufacturer got involved with the intention of increasing interest in resdentia collection events,
which would ultimately result in a greater volume of EEE waste for them to demanufacture.  With the
completion of their first event in October 1996, Naperville followed with another event in October 1997.
Whezaton then followed suit by working with ERS to conduct a drop-off collection event in April 1998.

Demographics:

Naperville, IL, is a western suburb of Chicago and one of the fastest growing cities in the state. The
town is largdy white collar. The neighboring suburb of Whesaton is smilar in profile to Naperville. Both
towns are active in waste management, with collection programs for HHW, tires, books, and recyclable
materids. In fact, Ngperville was the firg city in Illinois to implement aHHW collection scheme.

Table 24: Naperville/Wheaton Demographics

Municipality Population Households Median I ncome
Naperville 85,000 32,000 $60,000
Wheaton 50,000 18,000 $52,000

Event Promotion:

Promotion in Naperville began sx weeks before the first event and conssted of the placement of door
hangers by meter reeders a dl single-family homesin the city. The door hangers outlined the date, time,
and location of the program as well as what items would be accepted. Since ERS cannot demanufacture
equipment that is 110V or 220V, people were asked not to bring household eectrical equipment and
gppliances. This was combined with publicity in the loca Chamber of Commerce newdetter a couple of

13 Unless noted, all Naperville background information was gathered via personal communication with Marta Keane,
the City of Naperville and all Wheaton background information was gathered via personal communication with Kay
McKeen, DuPage County, Illinois.



page 28

weeks before the event. The city produced the door hangers in-house & “no net cost” to the
municpdlity.

The second Naperville event was publicized using notices and flyers sent to every library, chamber of
commerce, municipdity, township office, and park digtrict within the county. There was aso good
coverage by some of the loca papers promoting the event. The city also sent flyers home with school
children that attended the public and private schools serving the Naperville area. These flyers were dso
produced in-house.

For the Wheaton event, publicity conssted of an advertissment in the city newdetter during the months
of March and April. Notices were dso sent to the local churches, where they were placed on church
bulletin boards. Additiondly, there was comprehensive newspaper coverage of the event, resulting from
the strong competition between newspapers in the community. All of this publicity came a no net cost
to the municipdlity.

Resident Participation:

Over 250 households (measured by the number of cars) dropped off materid during the first event, 185
of which were from Naperville. For the second event, there were 670 cars measured, but the household
participation is uncertain since there were a number of businesses, schools, and organizations that
dropped off equipment as well. Overdl, the totad number of cars increased by dmost 170% from the
firgt to the second event.

At the Wheaton event, 906 cars were counted but the city estimated the actua participation to be more
than 1000 households since a number of residents parked on the streets, or ddivered their EEE waste
on foot. The high atendance is due in part to the fact that the event combined EEE waste collection with
abook and tire collection.

Collection:

All three events were Saturday drop-off collections held on municipd property. Volunteers handled
some of the gredting and unloading of the incoming cars, dthough a large number of ERS employees
were present to sort, unload, and stack the materid.

The events targeted eectronic equipment — e.g., computers, TVs, VCRS, microwaves, and stereos —
since the demanufacturer did not have the ability to work with eectricd equipment (110 or 220 V
items). The itemslisted in the table were collected at the events, 1996 and 1997 held in Naperville, and
1998 in Wheaton:14

Table 25: Items Collected During Napervill/Wheaton Pilots

Computers | Monitors| Keyboards | Printers| TVs | VCRs | Microwaves | Stereos
Naperville
1996 367 ‘ 152 ‘ 160 ‘ 113 111 | 54 28 286
1997 305 290 65 130 292 | 236 40 120
Wheaton

14 Naperville data provided in City of Naperville Memorandum dated October 10, 1996 and Memorandum dated
November 21, 1997. Wheaton data provided via personal communication with Bob Bell, The Electronic Recovery
Specialist, Inc.
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1998 99 226 0 102 102 | 109 33 115

Telephones, copiers, and miscellaneous other items were also collected.

In terms of weight, 24,267 1bs were collected in Naperville in 1996, around 60,000 Ibs in Naperville in
1997, and 22,414 |bs in Wheaton in 1998.

Although the demanufacturer, ERS did not charge the municipdities for their labor, the company’s cost
per event was given a around $8,000. A portion of these costs derive from the labor for the event (e.g.,
sorting, stacking of the equipment) and the rental of the truck.

Trangportation:

The tota trangportation distance from Naperville/Wheaton to the ERS facility in Niles, IL, is about 30
miles. Because both a 53-ft and a 23-ft truck were being used to trangport the equipment, multiple trips
were required at each event. The cost of these trips makes up the portion of the $8,000 event cost not
due to labor. After the Wheston event, Tire Grinders Transporters, Inc.,, a company that was
participating in Wheaton's tire collection program, voluntarily hauled one-hdf of a 53-ft truck's worth of
materid to ERS. Their trangportation costs are not included in the estimate.

Demanufacturing:1s

ERS explained what they could and could not take to the volunteers and participants, in order to limit the
collection of usdess materid. They do not have the cagpacity to demanufacture many dectrica
appliances (i.e,, those that run on 110 to 220V). ) Mogt of the dectrica equipment that was collected
was thrown away during the event.

The equipment was broken down into wiring, circuit boards, and high-grade breskage. The monitors
and tdevisions were disassembled and the CRTSs recycled. The process used to disassemble and
recycle the CRTs was consdered proprietary. It is unclear what type of recycling occurred and if it was
domedtic or international. The demanufacturer did not provide the exact type and percentage yield of
commodities from these events.

Revenue:

No exact data was provided on the revenue from any of the demanufacturing; however, ERS estimated
that their total income from the materia comes to around $6,000 per event. ERS indicated, however,
that for each event an additiona $6,000 was spent in disposing of unusable materiad. This disposd cost
includes the extra cost of the sorting, storage, and shipment of broken eectronics to re-training programs
throughout the U.S. and to overseas markets.

Net Cost:

The demanufacturer carried the net cost for dl of the events, which they estimated to be around $8,000
per event. The net cost per pound decreased more than 60% between the two Naperville events.

15 pemanufacturing, revenue and cost data gathered via personal communication with Bob Bell, The Electronic
Recovery Specialist Inc.
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Table 26: Naperville/Wheaton Net Cost

Municipality Net Cost Net Cost per
Pound Collected
Naperville 1996 $8,000 $0.33
Naperville 1997 $8,000 $0.13
Wheaton 1998 $8,000 $0.36

Project Comments:

According to the municipdities, the collection programs were successful because they had alarge turnout
for each event. The coordinator in Naperville indicated that despite the high yields for the two events,
only a periodic collection would be the most cost-effective choice for her community. In her opinion,
additiona collection events would probably not lead to substantialy grester amounts of equipment
collected.

The demanufacturer explained that these events could have broken even with better collection support
during the events. ERS employees covered most of the labor for sorting and loading, a cost that could
have been offset by more coordinated volunteer help. All the same, they have been working with other
municipalities to continue expanson of these collection eventsin the area.

ERS dso noted that an essentid eement in coordinating the event isthe exigence of an "exit plan,”
meaning a client for the demanufactured materid or equipment. This was especidly relevant to ERS
since they had limited storage space, and ended up shipping some of the collected materid to re-training
programs.
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3.6 SUMMARY DATA FOR THE PILOT PROJECTS

The range of data gathered from these five collection programs makes it impossible to develop a linear
relationship between collection method, cogsts, and equipment yield.  This is due to the different
collection models used in the programs, the variety of the equipment collected, the management of the
equipment that was collected, and the ultimate digposd of the equipment. The following table shows
what cost data was available for each collection program.

Table 27: Available Cost and Revenue Data

Collection Publicity Operating Transport | Demanufacturing Disposal
Agency

Binghamton/ X X X
Somerville
Naperville/ X X X
Wheaton
Union County X X X X X
Hennepin X X X X
County
San Jose X X X

The summary tablesin this section provide deata for al available data sets (aside from upfront costs), with
the cavest that the values are not directly comparable.

Some data regarding the cost of pre-program publicity was avalable. However, this information was
only available for Union County and BinghamtorySomerville. The impact of the large up-front outlay for
publicity was enough that including these vaues in the summary table would skew the vaues for these
two programs. Therefore the available data on upfront costs was not taken into account.

It should aso be noted that the cost associated with the Hennepin County program is an aggregete of all
costs paid by the county — labor for some collection, demanufacturing, staff sdaries, trangport, disposd,
supplies, overhead, etc. Due to the design of the program and the selection of vendors, many of the
costs could not be divided into specific categories such as collection type or tota transportation cost.

Findly, for curbsde collection programs that coincide with other collection programs (bulk items, HHW,
gppliances), no atempt was made to dlocate costs to the EEE waste callection. The codts that are
presented include some of the costs associated with the collection of both the EEE waste and other
items. However, these codts are assumed to be smdl in comparison to the cost of transporting the EEE
waste to the demanufacturer.
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Table 28: Binghamton/Somerville and San Jose Summary Cost Data

Binghamton / Somerville San Jose

Location Somerville Somerville  Binghamton Binghamton San Jose
Event Date Fall 1996 ring 1997 Fall 1996 ring 1997 | October 1997

total revenue $481: $1,807 $487; $1,175 $5,1
total cost® $3,781 $2,308! $931: $3,038 $23,11
net income (cost) ($3,299); ($1,091); ($444) ($1,863) ($18,010)

total inflow (Ibs) 7,448 13,723 2,372 9,031 61,6
total cost/Ib $0.51; $0.21: $0.39; $0.34 $0.3
revenuellb $0.06 $0.13 $0.21: $0.13 $0.0

Note: Total cost per pound is equal to the total cost divided by the pounds collected, not the net cost divided by the pounds collected.

a: Binghamton and Somerville totd cost vaues consst only of the cost of transporting the EEE wadte to the demanufacturer and the cost of the
demanufacturing labor. The San Jose cogts include the cost of trangporting the EEE wagte to the demanufacturer, the cost of the demanufacturing, and
the disposal cogts associated with disposing the CRTs.
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Table 29: Union County Summary Cost Data

Union County

Location Union Co. Cranford Westfield Clark Kenilworth

Event Date October 1, 1996 to March 31, 1998
total revenue $456 $2 $34 $77 $46
total cost® $6,314 $15 $268 $2,080 $1,122
net income (cost) ($5,858) ($13) ($234) ($2,003) ($1,075)
total inflow (Ibs) 42,886 120 2,240 10,640 6,680
total cost/Ib $0.15 $0.13 $0.12 $0.20 $0.17
revenue/lb $0.01 $0.02 $0.02 $0.01 $0.01

Note: Total cost per pound is equal to the total cost divided by the pounds collected, not the net cost divided by the pounds collected.

b: The Union County tota cost vaues include the cogst of trangportation to the demanufacturer and the cost of demanufacturing the EEE waste and
disposing of the unsold scrap and CRTs.
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Table 30: Union County Summary Cost Data (cont.)

Union County (cont.)

New

Location Linden Providence Rahway Summit

Event Date October 1, 1996 to March 31, 1998
total revenue $592 $34 $184 $454
total cost® $15,747 $801 $9,027 $12,412
net income (cost) ($15,155) ($767) ($8,843) ($11,957)
total inflow (I1bs) 87,060 5,180 26,560 51,500
total cost/Ib $0.18 $0.15 $0.34 $0.24
revenuel/lb $0.01 $0.01 $0.01 $0.01

Note: Total cost per pound is equal to the total cost divided by the pounds collected, not the net cost divided by the pounds collected.

b: The Union County tota cost vaues include the cogst of trangportation to the demanufacturer and the cost of demanufacturing the EEE waste and
disposing of the unsold scrap and CRTs. The curbside collection program in Linden aso includes some small operating expenses, which could not be
separated from the transportation costs.
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Table 31

Hennepin County Summary Cost Data

Hennepin County

Location Hennepin Co.

Event Date 1995 1996 1997
total revenue $10,000 $20,000 $25,000
total cost® $190,000 $350,000 $350,000
net income (cost) ($180,000) ($330,000) ($325,000)
total inflow (Ibs) 400,000 524,000 732,000
total cost/Ib $0.48 $0.67 $0.48
revenue/lb $0.03 $0.04 $0.03

Note: Total cost per pound is equal to the total cost divided by the pounds collected, not the net cost divided by the pounds collected.

¢. The Hennepin County total cost vaues include the operating codts, costs of trangportation to the demanufacturer, demanufacturing costs, and
disposd costs for the unsold scrap and CRTSs.



Table 32: Naperville/Wheaton Summary Cost Data

Naper ville/Wheaton

Location Naperville Naperville Wheaton

Event Date Fall 1996 Fall 1997 Spring 1998
total revenue $6,000 $6,000 $6,000
total cost® $14,000 $14,000 $14,000
net income (cost) ($8,000) ($8,000) ($8,000)
total inflow (Ibs) 24,267 60,000 22,414
total cost/Ib $0.58 $0.23 $0.62
revenue/lb $0.25 $0.10 $0.27
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Note: Total cost per pound is equal to the total cost divided by the pounds collected, not the net cost divided by the pounds collected.

d: The Naperville and Whesaton tota cost vaues include the costs of transportation to the demanufacturer, demanufacturing costs, and disposa costs
for the unsold scrap.
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4, ECONOMIC ANALYSISOF PILOT PROJECTS

This section provides a more detailed anadlyss of the collection programs, which covers the following
items

Net economics,

Anayss of cogt;

Andyss of revenue; and

Coallection efficiency.

4.1 NET ECONOMICS

The net economics of an EEE wadte collection program is defined by the sum of the revenue and costs
associated with the program.  The experience shown by the previous five collection examples is that
collection programs generdly run & anet cost. Note that this is a purely economic statement. Some of
the programs and pilots have other objectives that have not been trandated into cost.

In looking at the net economics, it is helpful to understand what costs and revenue sources are
contributing to this vdue. The following graphic indicates the economic interactions between the
important stakeholders in these collection programs.

) \
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(
(
(

Figure 2: Economic Interaction Between Stakeholders

Each of these stakeholders has its own specific cost and revenue structure, and not every one will bear
the same economic burden. However, it is important to note that the net cost of the five collection
modds for this report includes the sum of dl of the available cost and revenue data; not dl of the
following cost and revenue data was available for every program:

Cost = demanufacturing + transport + operating + publicity + disposal costs
Revenue = revenue from scrap + revenue from resdle + revenue from fees or services
While the data that was gathered for these programs was useful in determining the total cost of a

program, it is not as helpful in assessing the economic role that each individua stakeholder has in the total
economics. Each stakeholder’ s economic role is expanded upon in the discussion in Section 5.
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4.2 CoOST ANALYSS

Looking a the program summary tablesin Section 3 indicates that even for smilar collection modds and
geographic locations, costs were not consstent or predictable.  Specificaly, this irregularity is due to
differences in data collection methods.  The short-term nature of many of these pilot programs resulted
in sarvices provided "in-kind" or "in-house" The end result is that the demanufacturing costs hed the
most sgnificant impact on the apparent cost of the programs.  In fact, dmogt dl of the available cost
dataisrelated to demanufacturing.

4.2.1 Demanufacturing Versus Disposal

The two charts below indicate the net cost per pound recycled for each of these programs in comparison
to the average disposd fees per pound (either for landfilling or incineration). The charts show how
widdy the cods for recycding vary, both between and within communities. Thisis likely due to both the
limited amounts of data that are available for each mode, and the fact that, with the exception of
Hennepin County, none of the programs have been running along time.

The charts are organized by collection mode, with the first chart presenting one-day drop-off events and
the second chart presenting the other collection methods. Each data set has two separate columns — the
net cost per pound for recycling and the disposal codts per pound. The recycling cost column
incorporates the cost data for demanufacturing the collected equipment and disposal of any scrap that
was not sold, and any income from scrgp and resde. Hennepin County is not included in the graphs so
as not be mideading, since their demanufacturing costs cannot be dissociated from their collection and
trangport cost. The disposa costs column represents the tipping fees or incinerator fees for each locality.
Collection and transport were not included since collection costs for MSW were not available.

In examining these charts, it is obvious that the recycling programs are more costly than disposa of the
materid via incineration or landfilling, and this difference appears to be independent of the type of
collection program. It should be noted that these charts do not incorporate any non-quantified costs,
such as the costs associated with disposing of incinerator ash containing heavy metals, which may
increase the disposal cost per pound.
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Disposal vs. Recycling Cost Comparison: One-day Drop-off Collection Events

O Net recycling cost/Ib (Demanufacturing + Disposal - Revenue)

B Disposal cost/Ib (Incineration or Tipping Fee)
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Figure 3: Disposa vs. Recycling Cost Comparison: One-day Drop-off Collection Events

Disposal vs. Recycling Cost Comparison: Other Collection Models

O Net recycling cost/Ib (Demanufacturing + Disposal - Revenue)

B Disposal cost/Ib (Incineration or Tipping Fee)
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Figure 4: Disposal vs. Recycling Cost Comparison: Other Collection Models
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4.2.2 CRT Recycling

The commodity that predominated in most of the five collection programs is the CRT (see the following
chart). Televisons, monitors, and some other dectronic equipment (e.g., oscilloscopes) dl contain
CRTs. It isobvious then that a demanufacturing program can be grestly affected by what is done with
this materid. There are a number of options that were used by these five collection programs — domestic
glassrecycling, smeting, and export — that have varying costs.
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Figure 5: Items Containing CRTSs as a Percentage of Total Equipment Collected

One optimum demanufacturing option, a least in terms of the net economics, may be the recycling of the
CRT into glass. Demanufacturers who recycled CRTs received some revenue for the glass that they
generated. However, it is difficult to determine just how much revenue they received per CRT since
glass recyclers consder their process to be proprietary.  The complexity of this option is aso technically
related to the multiple formulations of CRT glass (over 200 chemicad formulations), and the demand by
manufacturers for product specifications of the secondary material. In addition, federal and date
regulaions regarding CRTs are complex, which may aso increase the cost of the recycling process and
ultimately limits the number of companies that can do the recycling. For the collection agency, the lack
of alocad demanufacturer to provide this service could result in high transportation costs that outweigh
the revenue generated from the recycled materid.

Smelters were dso used as adisposd option for the CRTs. A amdter usesthe silicain the CRT glassas
flux in its operations and recovers some of the lead. Most smelters are located in remote locations, which
can make trangportation cogts high relaive to the vaue of the materid. Further, snce secondary
smdters have moderate feedstock needs, the outflow of CRTs from the collection program sent to a
smdter can become dependent on the smdter’s demand.  Such is the Situation for Hennepin County,
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where the demanufacturing program is affected when the smdter shuts down (the county is affected by
the shutdown of any end market, not just the smdlter). The county then has to store the CRTsit collects.

A third option for CRT disposd is export to developing nations. The cost for demanufacturing may be
much lower in other countries than it is in the United States - as much as ten times lower, as indicated in
the San Jose study. There is an open debate as to what actually congtitutes demanufacturing and/or
disposal in an overseas market.  While this overseas digposal option does reduce the costs to a
demanufacturer, there are issues to condder before exporting the materid. Worker hedth and safety
laws, and hazardous waste disposal laws overseas may be less dringent than in the U.S. and may
contribute to cost savings when CRTSs are shipped abroad for management, disposd, or recycling. The
demanufacturing of CRTSs therefore may lead to hedlth problems for overseas workers16 Because of
the hazardous nature of some of the materias in CRT glass (lead and cadmium) and the less stringent
environmenta standards in developing countries, the shipment of these materid's overseas may in fact just
be a displacement of pollution.

The digposa of CRTs is consgently a cost for the collection agency. While a demanufacturer may
generate some revenue from the sde of the CRT glass that they generate, the revenue does not fully
offset costs that the demanufacturer will transfer to the collection agency for the trangport and disposd of
the materid.

4.3 REVENUE ANALYS'S

The revenue for these programs was derived ether from resale of the collected materia or sde of the
demanufactured scrap. Most of the programs received a notable amount of revenue, however, the
amounts were not sufficient to offset the collection agency’s codts for collection and demanufacturing.
The following section andyzesin more detail some of the revenue streams from these programs.

431 Resale

The following table ligs the collection programs that received revenue from the resde of equipment.
Revenue/pound collected is the economic yield of resold equipment per pound of equipment that was
collected. The cost/pound collected is the gross cost of collection/demanufacturing per pound of
equipment that was collected.

Table 33: Resale Revenue Per Pound Collected

Collection Resale Total Pounds Resale/Pound Cost/Pound
Agency Revenue Collected Collected Collected
San Jose $1,940 61,600 $0.03 $0.38
Somerville (1997) $962 13,723 $0.07 $0.21
Union Co. Total $3,120 232,866 $0.01 $0.21

Note: Values for Union Co. Total are for all of the collection programs over the collection period of 18
months. The cost/pound collected for San Jose is for the scenario in which CRTs are exported for
demanufacturing.

As is evident from this table, the resde revenue per pound is only a fraction of the cost per pound.
Additiondly, there does not gppear to be any linear correation between the amount of equipment
collected and revenue from resde, which leads to the conclusion that a large amount of equipment

16 The San Jose Computer Collection and Recycling Pilot, pp 9.
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collected does not necessarily trandate into alarge amount of revenue from resdle. Thisislikely because
the quality of equipment that is collected varies depending on the specific community, its locations, and
time.

4.3.2 Offsetting Costs

For these collection programs, revenue was not sufficient to offset dl of the codts associated with the
program’s organization and operation. Most of this revenue is dependent on factors that are beyond the
direct control of the collection agency, such as the market price for the extracted materids, the quality of
the extracted materid, and the presence of demanufacturing firms. Consdering this, in order to reduce
the net cogt of collection, collection agencies would do best to ether focus on reducing program costs,
work with a demanufacturer to develop a revenue share on any resde of collected equipment, or assess
the community's willingness to pay. However, it is helpful to undersand how far these collection
programs are from a "break-even point", i.e., the point where the revenue per pound is equa to the cost
per pound. Also note that because of the disparity in the data between pilots not al costs are included
and may cause the break-even point to increase.

To illugtrate this, the cost per pound collected was divided by the revenue per pound collected (see
Section 3.6 for these numbers) to caculate the ratio of cost to revenue. Thisratio is essentidly equd to
how many times larger the codt is than the revenue, eg., aratio of 2 means that the cost per pound
collected is twice the revenue per pound collected. Therefore, this ratio gives an idea as to how much
the revenue per pound would have to increase to be equa to the cost per pound. These ratios are
shown for dl five of the collection programs in the following chart.

Since the revenue received from demanufactured materids is linearly dependent on the market price of
the materid, these ratios can be interpreted as how much the market price would have to increase for the
revenue per pound to equa the cost per pound. This assumes that only the market values received for
the demanufactured materids change and not the type and weight of materids collected or the cost for
the collection program.

This chart illugtrates that most of the one-day drop-off events have codts that are around twice the
revenues. As the markets for some of the extracted materials develop, these programs have the
potentia to break even, assuming that their costs per pound stay a least the same, and they collect
equipment that contain materid with some market vdue.  The other collection modds have higher
break-even costs, which is due both to their higher costs and lower revenues’ The very high bresk-
even point for the Rahway curbside collections is mainly due to the transportation costs associated with
the frequent number of collections. Since this bregk-even point is skewed due to the organization of this
particular collection modd, it should not be seen as representative of the typica curbside collection

program.

17 1t should be noted that the revenue numbers for the Union County events are based on average data provided by
the demanufacturer and the actual revenue values may be somewhat greater than those that are included in the
analysis.
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Reaching the Break-Even Point -
Ratio of Cost per Pound Collected to Revenue per Pound Collected
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Figure 6: Reaching the Break-Even Point for Collection Models

44  EQUIPMENT COLLECTION

Despite the differences in mativations behind the individua collection programs, the items that each
program targeted were mogtly smilar.  The following table outlines the items that were requested by
each of the collection programs (some of the programs received items that they did not target), which
shows these amilarities. The San Jose pilot is obvioudy different since the god was to collect only
computer-related equipment. Hennepin County aso collects microwaves, but under its gppliance
collection program.

Table 34: Items Targeted by Collection Program
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Computer Monitors | X X X X X
Computers X X X X X
Televisions X X X X
Sereo equipment X X X X
Soeakers X X X X
VCRs X X X X
Microwaves X X X
Fax Machines X X X X
Printers X X X X
Telephones X X X
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The following chart gives some indication of the average compostion of a collection event in terms of the
percentage of totd items collected. The average was caculated to give more weight to the collections
with the greatest yield. The chart gives a rough gpproximation of what a collection program can expect
to collect, even though it does not take into account the impacts that a particular collection model or
geographic area may have on the type of equipment collected. The chart does indicate that TVs and
monitors made up amost 50% of the items collected, which as was mentioned above can subgtantialy
affect the cost of the EEE wadte collection program. The substantiad percentage of equipment that fits
into the Misc. Other category shows that the range of what is collected is generdly not limited to the
equipment that is targeted.

Per centage by Type of Number of Items Collected:
Weighted Average of All Collection Events

Misc. Other  Computers/CPUs

Peripherals 9% 0
1% 8%
Monitors
Telephones 11%
3%
Audlloé;:efeo Keyboards
5%
' 4%
M |crowave£
1%
VCRs

6%

TVs
36%

Figure 7: Percentage-by-Type of Number of Items Collected

4.4.1 Collection Efficiency

While there were smilarities among the collection modesin terms of what equipment was collected, they
were quite different in terms of how economicaly this equipment was collected. One of the ways to
assess these differences is to cdculate the collection efficiency of a program, which is the number of
items that are collected per dollar spent on the collection. The larger thisvaue is, the more cost effective
the collection modd.

The following chart shows the collection efficiency vaues for dl of the programs. The Cranford,
Wedtfidd, Somerville (1997), and Union County programs stand out because they appear to have very
high collection efficiencies compared to the other collection programs. All four of these data sets come
from programs that are organized as one-day drop-off events. Although these four examples would
seem to indicate that drop-off events are the mogt efficient collection models, the low vaues for some of
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the other drop-off events contradict this concluson. This variation within collection modds is likely due
to the fact tha the cost vaues that were used to caculaie the collection efficiency include
demanufacturing costs.  Therefore, items that are more codtly to demanufecture (eg., CRTS) can
increase the cogt of the program. In addition, sSince advertisng factors and weather affect program
turnout, this can affect the number of items collected, without directly affecting the program cost.
Transportation costs, which depend on the distance to the demanufacturer, are dso afactor that has less
to do with the collection modd than with the location of the municipdity. Therefore, without a more
detailed data set for each collection program, the impact that a particular collection modd has on the
collection efficiency isunclear.

Collection Efficiency (# of items collected /$ of program cost)
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Figure 8: Collection Efficiency of Collection Modds
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4.4.2 Equipment Collected per Resident

Examining the weight of equipment that is collected per resident can dso be used to assess the efficiency
of the collection mode. The following chart shows these vaues as they were caculated for dl collection
programs using summary data. That is, the pounds of equipment collected per resdent for Somerville
represents the total weight of equipment over both collection events. The chart indicates that the Linden,
Summit, and Rahway programs collected the most per resident, whereas most of the one-day collection
events (Cranford, Union County, Somerville...) collected the least. This gppears to indicate that the
curbside collection programs are more efficient in collecting materid than the other collection models.
While this concluson seemsiintuitively correct, some factors independent of the collection modd, such as
the difference in the kinds of materia collected per event (eg., TVS or microwaves), may skew these
values

Pounds of EEE Waste Collected Per Resident
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Figure 9: Pounds of End-of-life Electronic and Electrical Waste Collected Per Resident
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5. BEYOND THE EXAMPLE COLLECTION PROGRAMS

In Section 4, the focus of the andyss was on the tota economics of the five example collection
programs. However, each stakeholder involved in the development and implementation of such a
program had its own unique cost and revenue streams.  Therefore, the examination of the total cost
does not help to identify what specific cogts an individua stakeholder is incurring. This section uses the
examples presented in Section 3 to identify these stakeholders and outline their individua economic roles
in the collection process, with the intention of highlighting the difference between their roles. The section
isorganized into the following sections:

5.1  Identifying the Different Stakeholders
5.2  The Demanufacturer

5.3  TheCallection Agency

54  TheParticipant

55  Other Stakeholders

Throughout this section, text boxes outlining the experiences of HHW collection programs and European
EEE waste collection programs are included to supplement the information provided by the case sudies.

5.1 | DENTIFYING THE DIFFERENT STAKEHOLDERS

The following graphic, repeated from section 4.1, illudrates the economic interactions among the
program participants, the collection agency and the demanufacturer, as if a separate actor fulfilled each
role. In this broader discussion, the term "collection agency” is used to encompass municipa and county
government or retail establishments, as well as other bodies that would possbly coordinate an EEE
wadte collection program. Although this relationship is somewhat smpligtic, snce the case studies have
indicated that not dl of these cods are relevant to dl collection models, it does indicate that not every

stakeholder has the same economic concerns.
Revenue from

\ )

8

Participant usstFees Y Collection Agency | pemantagturing Fet Demanufactur er

Operational Costs
Demanfacturing Costs
Disposal Costs
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(

Figure 10: Economic Interaction Between Stakeholders

In determining the economics of a collection modd, these three actors have the most direct influence.
Other actors can aso affect the economics of an EEE waste collection mode as well, but not always to
the same degree:
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For a point-of-purchase collection model, such asin San Jose, the retailers were the collection agent

and subsequently incurred many of the costs related to the collection operation.

State or nationa governments play a role when implementing regulations that either directly promote
EEE waste recydling or indirectly promote it through landfill bans.

Private industry/OEM s (aside from demanufacturers and retailers) can dso play arole at either end
of the collection modd by affecting the market value of extracted materids or by modifying the
design of the dectronic or dectricd equipment that they produce. OEMs have assged in
deve oping the demanufacturing industry to manage off-gpecification and return equipmen.

The roles and impact of each of these actorgstakeholders are developed in more detail in the following
sections.

52 THE DEMANUFACTURER
521 Role

The role of the demanufacturer is to take in the collected equipment and to ether resdll this equipment,
| the materid extracted from it, or pay for disposd. The discusson in this section focuses on the
economics of a demanufacturer that is separate from the collection agency. While the andyss of costs
and revenue are dso relevant to a demanufacturing program run by the collection agency, the focusis on
the economic drivers specific to the demanufacturing.

The following graphic illugtrates the revenue and cost flows associated with demanufacturing. The arrow
out of the box labeled "Demanufacturer” indicates the costs to the demanufacturer, which consst of
labor, disposa, Sorage, and permitting.  Setup costs such as property, equipment or permitting are not
included. The arrows pointing inward toward the box indicate the revenues that the demanufacturer
receives. At "deady dat€”’ (i.e., over the long term) the sum of these revenues will at least offset the cost
of the demanufacturing. This is because the demanufacturer will likely adjust its fees to offset cogts that
are not offset by the demanufacturing revenue. These dynamics are discussed in more detail below.
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Figure 11: Cost and Revenue Streams for the Demanufacturer

Although the main motivation driving private demanufacturing is revenue (and profit), some other short-
term drivers may exis. Demanufacturers were willing to participate in a resdentid collection pilot to
evauate entering into this type of busness arrangement. Additiondly, they may decide to participate for
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the sake of their public image. Of course, the program must provide at least the promise of gability and
aufficient quantities of equipment for a demanufacturer to absorb the potential 1osses.

5.2.2 Demanufacturing Costs

The experiences from the collection pilots indicate that the demanufacturing program has the grestest
overdl impact on the net economics of a collection program. However, snce few of the other cogs
associated with the collection programs were available for these case studies, the red codts of
demanufacturing relaive to, for example, program operation is not clear.

The high cost of demanufacturing is likely due to the labor-intensve nature of the process. All of the
programs examined for this report used manua labor for most of their disassembly processes. This
manua focus leads to a threshold of efficiency for disassembly. Since the effect of technology advances
on the ability of a worker to take gpart a TV or stereo is unknown, once al employees reach their
maximum productivity, it can be assumed that the demanufacturer will have reached a maximum output
of demanufactured materid. At this point, the cost per pound demanufectured is at its lowest.
Therefore, any increase in the inflow of EEE waste would require a concurrent increase in the sze of the
labor force, if the rate of outflow is to be maintained. While this will result in an incrementa cost due to
the increased labor, there will also be anincrease in profit due to thisincrease in inflow.

There are other costs beyond the actud costs of demanufacturing labor, such as those for storage of
equipment overflow. The demanufacturer may need to store some of the equipment it collects, since at
least in the case of one-day drop-off collection events the demanufacturing rate is unlikely to be able to
meatch the speed of equipment inflow. The impact and Size of this cogt is unknown, since it is highly
dependent on the demanufacturer’s capacity as well as the yield from the collection program. One
demanufacturer, ERS, Inc., mentioned that storage codts for the drop-off events that it participated in
had a substantia impact on the net cogt, since the inflow of equipment it received was much grester than
anticipated.

One other cogt of relevance to demanufacturing is the cost of materid disposal. It is obvioudy in the
best interest of the demanufacturer to sdl as much of the materid that it extracts from the used
equipment. It must dispose of dl of the materid that it cannot sall. The amount of waste that is produced
depends on the amount of valueless materid thet is accepted from the collection program. The cost for
this disposd varies since it depends on market prices for materids, the qudity of the resdentid
equipment that is collected, and the local disposal codts. Disposd costs may include those for refuse
(plastics and wood) and waste materids (PCBs, batteries, low-grade circuit boards, CRTS, mercury
switches).

The NJDEP is going to undertake research, with funding from the U.S. EPA, to expand markets for
plagtics derived from EEE waste collection. This research will require the assistance and participation of
OEMs and plagtic resn manufacturers, and may help determine ways to improve the current market for
secondary materias.

5.2.3 Revenue

For the demanufacturer, revenue is the main business driver. Revenue can come from three sources: the
resde of refurbished or working equipment, the sde of recovered scrap, and the assessment of a
demanufacturing fee. The income from each of these sources depends on a number of variables: the
market vaue of equipment/commodities, the efficiency of the demanufacturing program, the qudity of the



equipment that is collected (as well
as its source- commercid versus
residentid), end-of-life
management  concerns, and
reldionship with the collection
agency.

5.2.3.1 Resale

The evidence from the collection
programs is tha mogt of the
equipment collected is either non-

functiona or outdated;
refurbishment  (i.e, repar) is
generdly not  cod-effectivels

However, for items that are
working and have some economic
vaue, rede can yidd more
revenue from an item than
demanufacturing. The number of
items that are available for resdleis
dependent on the age and type of
the equipment that is collected.
While there was no data on the
average age of the items collected,
anecdotad evidence suggests that
much of it is rdaivey od ad
outdated (eg., 286 series
computers, console televisons,
andog radios). Hennepin County
esimates that the collected TVs
are between 20 and 25 years old;
the computers are 10 to 15 years
old.

The data from the pilot programs
indicates that there is no linear
correlation between the amount of
equipment collected and revenue
from resde, which leads to the
concluson that a large amount of
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REFURBISHMENT / REUSE IN EUROPE

The refurbishment of EEE waste is a well-established practice
in Europe, but it is often done by OEMs and involves
primarily the collection of commercid waste. One OEM has
processed over 20,000 tons in a four-year period. The large
scae of this operation isthe key to its viahility (and represents
the problem for U.S. demanufacturers). The OEM handles
digtribution, repair, and spare parts, and assesses dl of the
incoming equipment in the following fashion:

1. Systems and equipment that have value on the open
market are refurbished as required and then sold.
The company finds thet there is Hill demand for
second-hand systems from companies that cannot
afford new equipment.

2. Spare partsassemblies from equipment that are not
suitable for resde are removed and tested. Tested
items are used by the OEM’ s repair service.

3. Components are removed and sold to traders.

The remaining materids from dismantling operations are sent
to gpecidized recycling vendors. The OEM consders,
however, that the amount of equipment recycled may increase
over time, Snce items are becoming technologicaly out-of-
date more quickly, making much of the collected equipment
unussble,

A study in the Netherlands has shown that demanufacturing of
EEE waste may be a better environmenta option than ether
reuse in the Netherlands or export to other countries. One of
the reasons cited for this concluson is that older dectronic
and dectricd equipment is much less energy efficient than
current equipment.

SOURCE: Recovery of Waste from Electrical and Electronic
Equipment: Economic and Environmental Impacts, A report

produced for the European Commission DGXI, AEA Technology,
AEAT/2004 Issue 1, July 1997

equipment collected does not
necessaxrily trandate into a large amount of revenue from resae.
equipment that is collected.

It is more related to the type of

While reuse of equipment can be a preferable waste management strategy, there is a potential cost that
should be taken into consderation before equipment is resold. One demanufacturer commented about

18 The cost of parts and labor to repair a 286 computer, for example, generally exceeds the value of the repaired
machine on the open market. No datawas available on the costs or effectiveness of this option.
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the problem of liahility attached to the sde of working equipment received from a collection program.19
If an item is sold and subsequently found to be defective, or if it injures the purchaser in some way, the
costs of litigation would likely exceed the revenue derived from the initid sale. There are dso potentia
ligbility concerns about data that may be left on an old computer syssem. Thisis an issue that should be
anticipated, snce the potentid cost of the liability may not be worth the moderate revenue that is
collected.

While the revenue that comes from the resale of EEE waste has the potentid to be substantia, this was
not the widespread fact in the pilots and programs examined in Section 3. There does not appear to be a
positive correation between the amount of equipment collected and the amount of revenue derived from
resde. Therefore, it is not likely that this source of income will offset the costs of the demanufacturing
programs. Resde revenue per pound collected is generaly a fraction of the cost for collection and
demanufacturing and disposal.

5.2.3.2 Sale of Scrap Material

The sale of scrap is the demanufacturer’s bread and butter.  The revenue from the commodities that
make up EEE waste is dependent on two factors:

Revenue per commodity = commodity yield X commodity merket price

While this is a ampligic rdationship, the collection program can directly afect only one of its
components - the commodity yield. The market price of the commodity is generdly aresult of dements
outsde the demanufacturer’s control (in the short term), such as the price of virgin materia or the
demand for demanufactured material. However, understanding the variables that affect the yield of a
commodity is useful in determining what items to target for collection.

Commaodity Market Price

The following table20 shows the ranges in revenue that can be collected for the commodity materias
coming from EEE wagte. The values are based on the vaue paid to one demanufacturer (Envirocycle,
Inc.) for separated equipment at their loading dock a one point in time. The ranges indicate the possible
va ue depending on market conditions and quality of the materid.

In generd, the higher vaues come from commercid EEE wade, most resdentid equipment that is
collected will yield a most the lower of these values. In some cases, the poor qudity of the residentia
equipment will yield no revenue or will even represent a cost.  These vaues are presented merely to
illusirate the potentia range in value for these extracted commodities:

19 personal communication with The Electronic Resource Specialists, Inc., June 9, 1998. The demanufacturer also
indicated concern about the chance that once the resold item does finally stop working, it will get thrown away rather
than recycled, especially if the electronics collection is a periodic event. This would defeat the purpose of the
collection program.

20 c3) Pilot Collection Project. February 1998, pp 46.



Table 35: Potential Revenue for Extracted Materials

Commodity Potential Revenue Range
(per Ib of material)*

Clean Pladtic $0.05 to $0.30
Printed Circuit Boards $0.50 to $1.30
Fans $0.07 to $0.10
Disc Drives $0.15 to $0.25
Phone Plagtic $0.05 to $0.20
Cadt Aluminum $0.20 to $0.28
CRTs $0.056

Metal $0.01 to $0.025
Carcass $0.01 to $0.05
Scrap Plagtic $0.00 to $0.01
Trandgstors $0.01 to $0.05
Wire $0.15to0 $0.18
Aluminum $0.35 to $0.40
Y okes $0.15to0 $0.19
Motors $0.03 to $0.05
Capacitors $0.02 to $0.05
Copper $0.55 to $0.66
Radiators $0.15

Power Supply $0.06

* Prices are derived from off spec/commercial materials and not residential materials.
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Essentidly, the commodities with the highest vaue for the demanufacturer are those that have high
precious metd content in their circuitry. Such is the case for a printed circuit board, which contains
copper, gold, and silver, among other metals. The following table shows the average condtitution of both
alow grade?! and high-grade?? printed circuit board. Note that the low-grade circuit board reflects that
quaity of the material from residentid collections (Section 3). The high-grade boards come from

equipment that is generdly collected from commercid entities.
Table 36: Circuit Board Metal Content

Metal Low Grade Circuit High Grade Circuit
Board Board

Copper 16 to0 18% 16t0 21%
Gold <0.5 ounce/ton 2.510 46.5 ounces/ton
Siver <5 ounce/ton 41.8 to 57.3 ounces/ton
Tin Not andyzed 2.510 46.5 ounces/ton
Iron Not andyzed 0to 9%
Nickel Not andyzed 1%
Lead Not andyzed 0.7%

21 patais provided by Cheryl Lofrano-Zaske, Principal Planning Analyst,

Public Works, Hennepin County Minnesota.
22 Mining discarded electronics. H. Veldhuizen and B. Sippel. Industry and Environment. Volume 17, No. 3. July-

September 1994, pp 9.

Problem Materials Program, Department of
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0.02 t0 0.03%
Lessthan 0.01%

Arsenic
Cadmium

Not andyzed
Not andyzed

Other materias not found on circuit boards, such as copper wire or duminum parts, dso yidd high
revenues per pound. Under current market conditions, metals and eectricd parts yidd the best revenue
from scrgp.  Based on this information, a demanufacturer needs to collect computers (containing metal
parts, circuit boards, chips, and dectricd parts) to gain the maximum revenue from demanufactured

equipment.

All of the collection programs that were profiled focused on collecting this type of equipment.

Commodity Yidd

The amount of the commodity tha is
extracted is dso affected by the type and
volume of the inflow of equipment, o0 the
gregter the paticipation, the greater the
inflow, and the greater the volume of
extracted meateria (assuming that
demanufacturing efficiency days condant).
Therefore, one way for a demanufacturer to
increase its profit is to work with the
collection agency to promote the collection of
equipment that is economicaly vauable from
a commodity standpoint—computers and other
commercid grade dectronics.

The qudity of the items that are collected
greatly dffects what commodities ae
extracted. A computer in bad condition will
yidd less revenue for its components than a
amilar computer in very good condition. A
hypothess thaa came from the
Binghamton/Somerville report was thet, as
most of the older equipment is collected and
leaves the resdents households, the
collection events would gtart to take in newer
equipment.  This assumption has merit
congdering the inexpendve and digposable
naure of most of today’s technology.
Continuing the assumption, this would mean
that as time goes by, more high-grade materid
would be available for potentid reuse, leading
to higher revenues. While the vdidity of this
scenario is unknown, there are some points
that contradict this:

There seems to be a lag time associated
with the disposa of equipment. It is

IMPROVING DEMANUFACTURING

Recent sudies in Jgpan have examined the amount
of work required to disassemble dectronic
products. The reaults show that most of the
improvement burden is on the OEM. For example,
for PCs, the time required can be lowered by
reducing the number of inter-connections, and by
making fastenings, particularly screws, more easily
accessble.  Of course, the impact of these
modifications will only have a longterm impact
snce these case dudies have indicated that most
electronic or eectrical equipment is discarded when
itisvery old.

Also in Japan, steps have been taken to automate
demanufacturing. In March of 1996 Sony
congructed a pilot plant for the automated
dismantling of TV sts  The $4 million plant was
designed to handle around 100,000 TVs (from
between 12 and 29 inches in Sze) ayear. The sze
of the TV is determined using avideo camera, and a
circular saw makes cuts in the front and sdes of the
cabing. The CRT is then dismantled usng
automated procedures. While no exact data is
avaladle on the cogt of this system, the evidence
suggests that the expense of the process outweighs
itsvaue.

SOURCE: Recovery of Waste from Electrical and
Electronic Equipment: Economic and Environmental

Impacts, A report produced for the European Commission
DGXI, AEA Technology, AEAT/2004 Issue 1, July 1997.
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logicd to assume that if resdents are now turning in 286 series computers or andog stereo

equipment (items that are at least 10 years old) the lag in the disposa of today’s Pentiums or digital
VCRswould at least pardld this.

In response to the concerns of consumers, OEMs are eva uating making computers that are easier to
upgrade, which could minimize the need to buy a new computer (and dispose of the older one).

Much of today’s equipment is made with fewer precious meta components as companies try to
reduce their production costs. This will lead to a smdler amount of valuable scrap materia once the
item isrecycled.

The amount of revenue generated from the sale of commodities is dependent on the yield of revenue per
commodity. To maximize this yidd, the qudity of the collected maerid must be high, the
demanufacturing process must be at its optimum leve, and the materids collected must contain

ELECTRONICS RECYCLING IN EUROPE AND JAPAN

Before the 1990s in Europe, the main items that were dismantled were mainframe computers for
which the primary environmenta concerns were relays and switches containing mercury.  Items
currently being disposed of contain lower concentrations of precious metds, but higher
concentrations of other elements of concern, notably leaded glass from CRTs. This has lead to a
change in the demanufacturing scheme: wheress origindly demanufacturers paid companies for old
mainframes, now companies must pay the demanufacturers to take the equipment.

The generd practice in Europe is to first remove any hazardous components from the discarded
equipment, such as batteries, mercury switches, and capacitors containing PCBs. Mogt items are
then dismantled into components, one exception being products such as hi-fi equipment, which
demanufacturers consder not economica for dismantling. These products are usudly shredded,
with metal and plastics then recovered from the shredded product.

The equipment is dismantled into four main components. metd, plastics, CRTs, and printed circuit
boards. Some components are recovered for reuse. Hazardous components are sent to treatment
facilities. Metal is sent to meta processors for recovery.

Circuit boards are generdly sent to a copper refiner, who is able to ded with brominated flame-
retardants in the circuit boards. The price paid to the smelter per board depends on their copper
and precious metd contents. Shredding before smelting enables recovery of the sted and
auminum in the boards, but dso distributes the precious metds between the two streams.

A technique being developed in Japan by NEC would first hest the circuit board to a temperature
a which the solder mdts, after which the components would be mechanicdly removed. The circuit
board is then shredded and separated into glass fiber and copper. Whether this method is
economicdly viableis not yet known.

SOURCE: Recovery of Wade from Electricd and Electronic Equipment: Economic and
Environmenta Impacts, A report produced for the European Commisson DGXI, AEA
Technology, AEAT/2004 Issue 1, July 1997.

commodities that have high market values. A collection agency can only directly affect the latter, and
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should focus its efforts on promoting the collection of economicdly vauable items while aso evduating
relevant environmenta impacts.

5.2.3.3 Demanufacturing Fee

A demanufacturing fee is charged of the collection agency running the program in order to cover the
demanufacturer’s disassembly costs. None of the collection pilots indicated that the participating
demanufacturer charged a fee to cover the codts of its services. Thisis due to the fact that most of the
programs were pilots, in which the demanufacturer provided in-kind services. In Hennepin County, no
demanufacturing fee was charged because the county is the demanufacturer. However, it seems logica
that a demanufacturer would assess a fee over the long term since in-kind services are not economicaly
feasble for a demanufacturer. This fee would be a function of the amount of equipment taken in and the
estimated revenue share and associated costs that could be obtained from that equipment. It is possible
thet, as the yied from the collected equipment increases and the demanufacturer begins to offset its
codts, thisfee could decrease over time.

5.3 THE COLLECTION AGENCY

Costs related to the setup, operation, and maintenance of an EEE waste collection program can vary,
depending on the type of collection modd that is in place. Most of these varying codts are directly
incurred by the collection agency. For the collection agency, the program cost and demanufacturing fee
appear to be the eements most affecting the net economics of their program. A user fee for service can
aso be evduated on a site-specific basis.

In the following figure, the arrows leading out of the box labeed "Coallection Agency” indicate the types
of codts tha a collection agency can incur from the organization and operaion of an EEE waste
collection program. The degree to which each of these individua codts affects the total cost for the
program depends on the type of collection model. The costs range from short-term (up-front costs) to
long-term (operationd costs), and can be highly variable. Unlike the demanufacturer, the collection
agency does not have many options available to offset these codts, except possbly from the
implementation of a user fee (the arrow leading into the box). All of theseissues will be discussed in the
following sections.
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Figure 12: Cost and Revenue Streams for the Collection Agency

5.3.1 Role

The collection agency plays the centrd role in the design of a collection program since it organizes the
program around its own needs and moativations. Prior to beginning the design and implementation of a
program, the collection agency determines its overdl god. Determining the god requires formulating not
only the mativation (the ‘why’) behind the collection program but also the ‘what to collect’ and “how
much to collect.” The following table recaps what was covered in Section 3, and aso outlines some of
the motivations behind setting up a collection program.

Table 37: Moativation Behind Collection Programs. Summary Table

Motivation for the Program

Program

consarvation

consarvation

1. Feaghility of aprogram (CSl sponsored),
resource conservation, Source Reduction

2. Source reduction, removd of heavy metdsfrom
MSW stream going to incinerator, resource

3. Genegrd community interest in recyding

4. Reduction in landfilled material, resource

5. Interes from/ involvement with a demanufacturer

Binghamton/Somerville; San Jose

Hennepin County; Union County

Hennepin ~ County;

Somerville (post-pilot),
(post-pilot), San Jose (post-pilot)

Naperville/ Wheaton

Naperville/ Wheaton

Naperville,
Binghamton

Not al of these motivations are relevant to dl collection agencies; eg., the removd of heavy metads from
incinerator emissions and ash is of less concern to a community that landfills al of its waste.



page 57

It is interesting to note that al three of the CSl-sponsored events will be continuing. Since the impetus
behind the continuation is public interes, it is possble that, over time, the net cost per pound collected
will decrease for each of these programs.

While there are various motivations behind the cregtion of a program, there are essentidly only three
drivers behind "what to collect": the economic vaue of equipment, the environmenta impact/toxicity of

equipment, and the volume of equipment.
Economic vaue drives the collection program
only if the colection agency is the
demanufecturer or if the demanufecturer’'s
participation is dependent on the value received
from the items collected. A discussion of items
to collect for economic reasons is covered in
Section 5.2.3.2.

For the programs concerned about the potential
environmenta burdens of EEE wagte, the Union
County and Hennepin County programs
indicated that the items to target are those that

MOTIVATIONSFOR COLLECTION:
HoOUSEHOLD HAZARDOUS WASTE

For Household Hazardous Waste (HHW) collection
programs, one of the greatest benefits may be the
fact that consumers are educated on HHW issues.
According to a spokesperson for a hazardous waste
handling firm, GSX Chemicd Sarvices, Inc “it is
difficult to change peoples behavior through public
sarvice announcements or pamphlets, ...collection
programs are dtractive, and receive a lot of media

contain metas such as cadmium, mercury, and | Atention”.

lead. More specificdly, these programs
focused on:

This implies that collection prograns have an
inherent vaue in that they change peopl€’ s behavior.
The implementation of a collection program for EEE
wadte not only reduces the eectronics in the MSW
flow, but it dso makes people aware of the
importance of the issue and the benefits of recycling
ingenerd.

SOURCE: The Costs and Benefits of Household
Hazardous Waste Collection Programs, Paddock, T.,

TVs Monitors computers
VCRs keyboards copiers
microwaves audio/stereo equipment telephones

Findly, if the mativation isto reduce the amount of materid that is landfilled, large volumes of equipmernt,
such as TVs, monitors, computers, and microwaves, should be targeted. Of course, to reduce the
volume as much as possible, dl available EEE waste should be collected.

The final element for a collection agency to consider, or "how much to collect,” should be based both on
how much the demanufacturer can accept, and what equipment exists within the community. As was
outlined earlier, once the efficiency threshold of a demanufacturer is reached, additiond inflows of
equipment require additiond manpower. If collecting as much equipment as possible is the god, the
collection agency will need to consder the storage requirements for excess equipment. This is the case
in Hennepin County, where, if the secondary smelter or any other end market shuts down, it must store
the collected equipment until the demand for equipment resumes.
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One important tool for determining "what" and "how much" to collect is a survey of the participating

community.  For example, if the participating community condsts of predominately |low-income
resdents, implementing a collection program that selectively targets computers will not likely return the
greatest yield. Therefore, it is useful to determine what equipment exists in the community, and what
volume is avalladle. Unfortunately, the programs that were examined did not give much ingght into the
role of demographics in determining participation rates and the volume of equipment collected. All the
same, it is suggested that the demographics of the community, as well as the exising solid wadte
infragtructure, be taken into account before the planning of a collection program.

5.3.2 Costs—Influence of Collection M ethod

The cods related to the method of collection are of interest to collection agencies considering an EEE
waste collection program. These costs can be broken down into three categories. up-front, operationa,
and trangport costs.  Each of these categoriesis defined below.

5.3.2.1 Up-front Costs

The up-front, or setup, codts are the expenditures needed before the operation of a collection program.
These cogts can potentialy include:

= Promotion of the event and public education on the program;
= S,

= Equipment acquistion;

= Building congtruction; and

» Land acquistion.

These are one-time outlays needed to cover the necessary infrastructure and setup for a program. Over
time, these outlays are minima in comparison to the operationa cogts. These cogs are not dl necessary;
among the five EEE waste collection programs that were examined, only promotiond cods were
accounted for. In fact, the last three dements, equipment acquisition, building congruction, and land
acquidtion are not likely to be costs that a collection agency will incur since no community would build
an EEE wadte callection program from scraich. They are included merely to give an idea of some of the
potential costs.

5.3.2.2 Operational Costs

These costs cover the expenses of collecting, sorting, and storing the equipment, but exclude
demanufacturing. They include:

= Collection labor;

= Collection transportation;

= Additiond publicity;

=  Slorage;

= Equipment mantenance; and
= Waste management.

The operating expenses for a collection program are driven by the price of labor. The more manpower
hours required collecting equipment, the greater the program cost. These labor costs can be reduced
through the use of volunteer |abor to cover traffic direction, vehicle unloading, equipment sorting, and the
like. Additiona publicity costs will undoubtedly be necessary throughout the life of the collection
program. Operational costs relating to transportation, storage, and maintenance are dependent on the
choice of collection mode. The more action that is required by a collection agency to collect equipment,
the higher these operationa costs can be.
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One congderation that a collection agency should keep in mind is the potentid to collect equipment that
may need specid management. Such isthat case in Hennepin County where equipment containing PCBs,
older batteries and mercury switches frequently are collected. The waste management costs, depending
on regulations governing the materid, can potentidly be high.

5.3.2.3 Transportation Costs

Trangportation cods relate to the expense of trangporting equipment to demanufacturing facilities. The
experience pulled from these examples is that the distance that items are trangported is highly variable,
and is dependent on the demanufacturing scheme.  Considering that the number of demanufacturersin a
community may be very smal, the trangportation portion of the costs can have significant impacts on the
net cos. While the collection agency cannot generdly control the transportation distance, they can
control the sze of the load, which can have an effect on the trangportation costs per pound.

5.3.2.4 Different Collection Models

The following sections examine the reationship between different collection modes and the cost
categories that were outlined above. The collection modes each have a range of up-front, operationa
and transportation cogts that depend on the specific structures of the programs. That is to say that not
every drop-off event is going to be the same. The discussion aso presents a number of the perceived
advantages and barriers to the implementation of each particular model

Drop-off Events

A drop-off event is a one-day event that is usudly held over a weekend to maximize resdent
participation. The event generdly is organized using existing municipd facilities (eg., a parking lot, waste
collection facility) and the up-front costs can be negligible. Publicity for the event is paramount since
participation seems to require subgtantia advance warning of the event. The expense of this publicity
depends on the sze of the community, as wel as the opportunities for free publicity.  Volunteer
participation during the event- for sorting, unloading, and stacking - can make operationa costs minimal.
Without volunteer help, the operating cost depends on the locd labor rate and the turnout for the event.
The transportation costs can vary greetly (see the transportation cost difference between Somerville and
Binghamton) depending on the location of a suitable demanufacturer.

Barriersto the effectiveness of this model:

Since the event is held on one day, ineffective or insufficient publicity can result in lower participation
than is expected and desired.

Thetiming of the event is essentid to avoid creating conflicts with other events that might have alarge
attendance.

Participation could be low if citizens are not used to participating in drop-off events for other
recyclables.

Work tasks for volunteers must be restricted to reduce potentid liabilities (i.e., volunteers do not do

any heavy lifting).

Advantages of thismode!:
The up-front cogts for this event can be low.
The amount of materia collected can be high, for ashort amount of time.

Regional Approach
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Usng the regiond goproach, multiple communities

host coordinated events on a rotating basis. Thisis
essentidly the same as a drop-off event.  The costs
are amilar to those for a drop-off event, except that
the participating collection agencies share the cogs.

THE BENEFITSOF PERMANENT
FaciLiTiES: HHW COLLECTION
EXPERIENCES

Barriersto the effectiveness of thismoded: Some communities in the United States are

The digribution of costs related to participation
can be unequa since not dl communities may
contribute the same amount of items to the
collection.

Rotating the location of the event may reduce
participation if residents do not want to drive too
far to drop off their EEE waste.

Work tasks for volunteers must be redtricted to
reduce potentid ligbilities (i.e., volunteers do not

do any heavy lifting).

Advantages of thismode!:

. There are economies of scae for the regiond
approach compared to the drop-off event modd,
since the cost per pound collected is split among
the participating communities in the regiond
approach.

moving away from typical one-day collections
for HHW and moving toward permanent
centers that can accept the collected material.
Experience from HHW programs indicates
that permanent programs are more efficient
because a person with waste can get rid of it
properly when they have it, instead of having
to wat untii the next collection day.
Permanent centers may aso be cheagper in the
long run because liasons can be established
for the reuse and recycling of wastes such as
paint and used oil. The experience from HHW
collection may help guide the development of

programs for EEE waste collection. SOURCE:
Proceedings of the Fifth National Conference on
Household Hazardous Waste Management, Dana
Duxbury & Associates, Andover, MA, November,

1990.

Panning of the events is less complicated if the

respongbility is shared.
Thereisalarger base of resdents from which EEE waste can be collected.

Permanent Collection Depot

A permanent collection depot is essentidly a year-round collection event. The up-front costs could be
high for this model if the depot is developed solely for EEE waste. However, this is not likely to be the
case Snce acquiring land, congtructing a storage facility, and hiring staff are too codly for the smdl yidd
that would come from EEE waste collection. Normally the program would co-locate with a collection
gte for other items (glass, HHW, MSW), which would result in negligible up-front costs. The same
principle would apply to operationd costs. There are no costs for collection, but other operationa
cods, such as sorting of the materids and utilities would be split among the multiple materids. The
transportation codts, of course, depend on the location of the demanufacturer relative to the collection
gte.

Barriersto the effectiveness of this model:
The size of the community may not warrant the extra expense of year-round collection.
The collection of data relative to the demographics of the participants and the type of equipment that
is dropped off may require staff, which would increase operationd codts.

Advantages of thismode!:
Equipment can be collected year round, which could produce higher annud yields than would occur
during periodic events, however, there was insufficient data to understand how much the yield would
be affected.
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The collection moded is more convenient for residents, who can drop off materid when they prefer to
do so.

Economies of scade are possble since costs are reduced as the amount of equipment collected
increases over time.

Curbside Collection

The curbsde collection model consigts of the collection of EEE waste either on a periodic bass or by
request. Beginning a curbside collection modd from scratch would result in substantia up-front codts,
however, the presence in the community of a curbside program for MSW or other recyclables would
alow for an dlocation of these up-front costs among the various programs. Publicity costs could be low
as well snce the presence of an existing program would indicate that the residents were aware of a
collection program. Considering the smal percentage of resdentia solid waste that conssts of EEE
waste, congtruction of a curbside collection program soldly for these items would not make sense.

Coexigence of the EEE waste collection with an exigting curbside collection program could aso
substantidly reduce the operationd costs, assuming that EEE waste collection occurs a the sametime as
the collection of other items. Transportation costs, as with the other collection models, vary depending
on the location of the demanufacturing facility.

Barriersto the effectiveness of this model:
Equipment gtting on the curb could potentialy be stolen for parts, with any remaining materid being
thrown away. Thiswould certainly affect yield from the demanufacturing.
Even if the operdtion of the collection program coincides with the collection of other materid,
operationa cogts can be much higher than for other collection models.

Advantages of thismode!:
Curbside pickup minimizes the "hasde’ for resdents, especidly if they are used to curbside collection
for other recyclables.
Residents without trangportation can more easly participate in the collection program.

Paint-of-Purchase (Retail) Collection
The point-of-purchase collection modd implies that a retaler covers the cogs for the collection and
sorage of EEE waste. Therefore, the only up-front cogts for the collection agency consist of those for
event publicity. Operationd cods are minimd for a collection agency since aretaller’ s employees handle
the operation. The trangportation costs can vary, depending on the location of the retaller relative to the
demanufacturer. This cost could increase if the retaler is not be able to set asde adequate storage
space for the collected materid and more frequent collections are required.

Barriersto the effectiveness of this model:
The active participation of the retailer is essentia to ensure good resident participation.
Collection of data on participation is dependent on the retailer, who may not be able to collect the
information.
Logigticd issues (dorage space, collection from participants, etc) can complicate the
implementation.

Advantages of thismode!:
The collection agency has low up-front and operationa costs.
There isthe potentid for ahigh yield, as was indicated by from the results of the San Jose pilot.
The promation of the program by retallers ensures high vishility.
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Combined/Coordinated Collection Methods:
This modd is a combination of the various other collection modds. drop-off events, curbside collection,
permanent drop-off collection, and point-of-purchase drop-off. The costs of such a program is redly
just the sum of the costs of the individua models, so the net cost for the combined collection mode
should be higher than for a sngular method. This gpproach is good when maximum coverage is desired
and there is a suitable population to support the mix of modds, such asin Hennepin County.

Barriersto the effectiveness of this model:
The economies of scae are uncertain.
The large scale of thismodd requires alarge population to be viable.

Advantages of thismode!:
The gaps created by one collection model can be filled by another model—i.e., resdents who are far
from a drop-off facility can participate in alocd drop-off event.
The regime dlows for year-round collection of EEE waste,
The combination may be good for a collection agency that has inhabitants spread over alarge area.

Taking into congderation the analys's presented above on categories of cog, it is difficult to determine
the most economicd collection mode. In fact, the choice of amodd redly hinges upon the gods of the
program, the existing infrastructure for collection, and the demanufacturing capacity, rather than which
model costs the least to run.

The following is a table summarizing the barriers and advantages of each collection moddl, as presented
above.

Table 38: Summary of Advantages and Barriers to Collection Models

Collection Model Barriers Advantages
) Ineffective  or  insufficient | - Low up-front costs.
Drop-off Events publicity can resut in low |. Short timeframe but high
participation. collection amount.
Conflicts with other events may
affect participation.

Resdents  unfamiliarity ~ with
drop-off events can affect

participation.
Regional Potentid unequa digtribution of | - Economies of scale over single
costs among communities. community drop-off event
Approach
modd.
Panning of the eventsis shared.
Larger base of residents to
participate.
Permanent ?Oc;;[] gﬂfﬁ; v; Zfeor every : ;(qeua:rp nrgi?d collection of
Collection Depot Need for staff may increase - Convenient for most residents.
operationa costs. . Economies of scae are
possible.
: Potential of theft of equipment - Minimal hasde for residents.
Curbside :
Collection for parts, and then accustomed to curbside

abandonment. collection.
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collect the data on participation.

Operationa costs can be higher Residents without transportation
than other models. can more easily participate.
Point of Purchase Retailers active participation is Low up-front and operational
. , essential. costs for the collection agency.
Retail) Collect : :
(Retail) Collection Retailer may not be able to Promotion of the program by

retailers ensures high ‘visbility.’

Logistical issues.
Combined/ The er_:onomies of scale are The gaps created by one model
Coordinated unoel'ialn. . can befilled by anothq model._
Collection R_equwes large population to be Year_-round collection is
Methods viable. possible.

Good if inhabitants are spread
over alarge area.

5.3.3 Minimizing Costs

The collection agency has some opportunities to minimize the cost of the collection that are not directly
dependent on the collection model. The following points are relevant to nearly al collection modes.

Use of Volunteers,

Usng volunteers to assst with collection
labor can be cost effective in that it reduces
operationa costs and dlows more of the
budget to be used for publicizing the
program. The key to the effective use of
volunteers is to clearly train them on their
duties. Thisis especidly true for volunteers
who are charged with sorting equipment.
Ineffective sorting could increase the cost of
demanufacturing snce the sorting would
have to be done a the demanufacturing
fadlity, which is not effident. On the
downdde, ligbility issues related to the use
of volunteers must be examined.

Assgtance with Publicity:

The promotion of a collection event or
program is essentid to getting the maximum
yidld of EEE wage. The community
newdetter, local chamber of commerce
publications, and newspapers can be
sources of free publicity. This will not only
reduce the up-front costs but also promote
the program to a wide audience. As an
example, the news conference put on by the

OFFSETTING CosTts: HHW COLLECTION
EXPERIENCES

Some communities have imposed user feesto create a
fund for the management of HHW. However, these
fees can be a deterrent to participation since resdents
in many dates can legdly throw HHW inthetrash. In
Anchorage, Alaska, for example, when the modest
drop-off fee for HHW is waived during the month of
May, the paticipaion among resdents jumps
dramaticaly.

Rather than implement user fees, some dtates have
ingtituted specific taxes for HHW programs.  In New
Hampshire, a tax on hazardous waste generators
funds maiching grants to communities for HHW
collection. Retallersin lowa sdlling products covered
under a state shelf labeling law pay a $25 registration
fee that covers HHW program costs.

Snce it is legd to dispose of EEE wade in many
dates, the implementation of a user fee may lead to
experiences Smilar to those for HHW collections. The
experiences from HHW management programs should
be consdered when cost reduction options are
examined.

SOURCE: Household Hazardous Waste Mangement: A

Manual for One-Day Community Collection Programs.
Office of Solid Waste and Emeraencv Response. US
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U.S. EPA during the San Jose pilot recelved a large amount of free coverage from locd papers and

televison gtations, which sparked a surge in resident participation.
Piggybacking on Exiging Recyding Program:

The existing wagte collection infrastructure can make the setup costs of a curbside or permanent EEE
wadte collection program negligible. Operational costs can aso be shared among the various collection
programs, making the long-term collection of EEE waste more feasble. In a number of communities in
Union County, the curbside collection program is held in conjunction with the curbsde collection of bulk
items, which leads to lower collection costs than would occur if the collection were solely for EEE waste.
In addition, piggybacking on programs that resdents are aready familiar with can help to boost the
participation rate for the program.

Formulating a Rd ationship with a Demanufacturer:

Most demanufacturers, at least over the long-term operation of a program, will charge a fee for
demanufacturing services. However, if a demanufacturer becomes an integrd part of the design of a
collection program, it may be possible to convince that company to reduce or split any fee that they
would charge. A demanufacturer would benefit from this through the ready access to a constant flow of
equipment and the promotion of resdentia collection programs. The more collection programs that
come into existence over the long run, the greater the potentiad economies of scde for a demanufacturer.

5.34 Revenue

Unless a collection agency has direct control over the demanufacturing scheme, they generdly have little
ability to generate revenue from a collection program. One exception is through the implementation of
user fees. User fees refer to charging the participant a set fee per pound or per item of equipment thet is
dropped off. The effectiveness of such atoal is highly dependent on the population’s desire to recycle.
User fees in a community with low interest in recycding may have a ddeterious effect on the overdl
participation rate.

For example, the Binghamton pilot implemented user fees ($2 per vehicle) during their first collection
event, for which turnout was noticeably low — only 47 households out of 25,000. The user fee was
abandoned during the second event, and turnout improved substantially — 128 households, of which only
10 had participated in the first event. However, whether this user fee was a disincentive to participation
or not is unclear snce there were other mitigating factors (the climate, construction, etc.) that affected the
firsg event and not the second event. It is interesting to note that a high percentage of program
participants surveyed in Binghamton and Somerville (over 80% in each community) indicated ther
willingness to pay between $1 and $5 to dispose of their EEE waste.

There are some issues to consgder before implementing a user fee, particularly what dternative resdents
might have to paying the fee. Anecdotal data from the collection programs highlighted in Section 3
indicates that much of the EEE wadte is ether stored in the home because of some presumed economic
vaue (eg., an old computer) or isdisposed of viathe resdential solid waste stream. These choices are
relatively easy for a resdent to make, especidly for someone who is not overly concerned about
recycling. Paying afee for digposal can be seen as amore difficult choice to make.23

5.3.5 Avoided Costs

23 A number of munici palities charge fees for tire or appliance disposal, which may be more viable because unwanted
appliances and car tires take up large amounts of space and disposing of them in the trash is normally not an option.
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Up to this point, the discussion of costs and revenue has focused on codts that were incurred ether by
the collection agency or the demanufacturer. There are, however, additiond codts that are not easily
quantifiable. These are termed the avoided costs. Avoided costs are defined as the reduction in cogts of
one MSW activity or path that results from use of a different MSW activity or path. Typicaly, avoided
cost implies the reduction in the codts of collecting, transferring, trangporting, and landfilling MSW that
results from source reduction, recycling, composting, or waste-to-energy. The vaue of the avoided
costs is dependent on whether the focus is on (1) specific MSW activities or paths, (2) the tota costs of
the entire system, (3) near-term margind changes, or (4) longer-term mgor changes in the MSW
program.24

If the focus of an assessment of avoided codts is merely a comparison of specific waste management
activities, in this case EEE wadte recycling and landfilling, then it is incorrect to assume that the cost per
pound of the recycling should be subtracted from the avoided cost of landfilling to caculate a ‘ net cost’
of recycling. That is, if the net cost for recycling is $100 per ton and the net cost of disposa is $90 per
ton, then it isincorrect to say that the net cost of recycling is $10 per ton, taking into account the avoided
cost of $90 per ton. The full costs per ton of recycling are not affected by any resulting avoided cost of
landfilling. From this point of view, avoided costs for these programs cannot redisticaly be calculated.

However, if avoided cogts are looked at on a larger scae, lower landfilling costs could occur as a result
of the diverson of waste via an EEE waste collection program over a period of time. Over the long term,
the recycling of EEE waste will reduce the collection agency’s total outlay for landfilling. The reduction
in tota landfilling or incineration fees can be quantified; this vaue is the avoided cost. These avoided
costs should not be considered as revenue, however, since they do not necessarily reduce the total costs
of MSW management or the fees and taxes that resdents must pay for solid waste management.

Even though the avoided codts for an EEE wagte collection program should not be viewed in terms of
the waste management costs that are offset, they are a good measure of the added value of a collection
program. For the programs examined in Section 3, the avoided codts were associated with landfilling,
whose cogt per pound is smdl relative to that for collection and demanufacturing. However for the
counties that use incineration, the avoided costs not only relate to the disposal of the ashes, but dso to
the avoided pollution.

Both Union County and Hennepin County initiated their EEE waste collection program based on thelr
dedire to reduce and eventudly diminate the environmenta impacts of heavy metas in their incinerator
ash. These programs seem to have had an effect, based on the data in the following table, which shows
the caculated concentration of heavy metds in MSW, based on metds in the ash resdue and air
emissons. However, the specific contribution of the demanufacturing program to these reductions has
not been calculated.

Table 39: Changesin Metal Concentration for Union County Incinerator Ash

Period Cd Pb Hg
(mgkg) | (mg/kg) | (mg/kg)

Basdine
Feb 94 to Nov 96 6.49 210.1 2.46

24 Fyll Cost Accounting for Municipal Solid Waste Management: A Handbook. United States Environmental
Protection Agency. Office of Solid Waste and Emergency Response. Washington, DC. September 1997. EPA 530-R-
95-041. pp. 52-55.
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Since Debut of Collections
Dec 96 to Aug 97 543 141.27 2.15
Apr 97 to Feb 98 3.75 117.41 2.22

Disposd of incinerator ash is controlled via Toxic Characterigtic Leaching Procedure andysis that is used
to determine whether or not a materid is hazardous. The tipping fee for incinerator ash is dependent on
this determination. Digposal of ash is typicaly more expensive than disposd in a solid wagte landfill and
the avoided cogts will reflect this Removing toxic condituents (e.g., EEE waste containing lead or
cadmium) from the MSW dream may reduce the toxicity of the ash, and subsequently lead to lower
management and disposal codts.

5.3.6 TheCoallection Agency and Demanufacturing

Just as there are drivers for a collection agency to develop an EEE waste collection program, there also
are drivers that determine how the collected equipment should be demanufactured. a collection agency
may take two approaches. Thefirst is a private sector approach, which was the approach used in four of
the case studies. The second is a public sector approach whose drivers are not solely economic. Both
of these gpproaches are outlined below.

Private Sector:

The pilots have a unique rdationship with the demanufacturer providing in-kind services or being
subsidized by grant funding. More typicdly, a collection agency would enter a contractud relaionship
with a loca demanufecturer. Idedly this relationship would alow the collection agency to trandfer the
collected equipment for free or even receive a portion of the revenue yield. However, it is more likely
that there will be a fee based upon the volume or weight of equipment that is accepted. In this Situation,
the net costs for the collection agency would depend on those codts that are associated with the
collection of the items. It is not known what a demanufacturer would actudly charge a collection agency
for accepting EEE waste since not enough data was available.

Public Sector/Non-profit:

This gpproach is the development of a public sector program to cover the demanufacturing of
equipment. This could entail, for instance, the cregtion of a job-training program for lower-income
residents or outsourcing of work to an association for the handicapped. Creating jobs and promoting job
traning are clear advantages to this approach. Ancther benefit is tha any revenue from the
demanufactured materia can go toward offsetting the program costs. Additiondly, it is possible that
funding from socid programs could offset some of the cost of this Iabor.

The difficulty with this method for most collection agenciesis that they will beer dl of the cogts that were
origindly covered by the demanufacturer. As was pointed out earlier, demanufacturing codis are a
substantid portion of the net cogts for collection programs. The additiond financid burden might be too
large for most small- and medium-sized collection programs.

The following factors d o influence the devel opment of an EEE waste collection program:
Government Regulations Regarding CRTs:

The designation of some CRTs as hazardous waste by the federal Resource Conservation and Recovery
Act, may limit the viability of an EEE waste collection program since items containing CRTs seem to
make up a large portion of the total number of items collected. These regulations can affect the
implementation of a program since permit requirements for the handling of hazardous wadte redtrict the
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number of firms that can recycle CRTs. This leads to higher overdl demanufacturing costs because of
high trangportation and permitting cods if a remote demanufacturer is used. In the absence of an
available demanufacturer to handle CRTS, the materid will need to be disposed of by other means.

While thisis the current stuation for CRTs, some changes are occurring that may remove this barrier. In
early 1999, the U.S. EPA expects to propose a rule under the Resource Conservation and Recovery
Act that may streamline the regquirements for managing CRTs while retaining controls to protect human
hedth and the environment. The rule will dso specify that once the CRT glass is processed such asto
be usable as araw materid in CRT glass manufacturing, it is not subject to hazardous waste regulations
(Appendix A). In addition, states have adopted their own policies and regulations for CRT managemen.

Limited Market for Demanufactured Material:

The qudity and type of the equipment gathered in resdentid collections may aso limit the market for
recovered materia. Currently, many loca demanufacturers do not want to manage TVs. A large amount
of the materid that is recovered is plastic, which a the moment has little economic vaue compared to
most of the other materids that are extracted. Additiondly, few OEMs are willing to accept recycled
materid for use in their production processes. This is mainly due to incompatibility between different
types of plagtics, technicd difficulties in sorting plagtics, and problems with matching the colors of
recycled and virgin materid. In addition, some materias are a cost to market, including CRTs and low-
grade boards, aswdll asthe plagtics.

5.3.7 Retailers

Retalers are crucid in the implementation of a point-of-purchase collection program, which, as
presented in the case study, is redly a partnership between retallers and government agencies. In this
type of collection modd, the retailer acts as the collection agency. The retailer absorbs many of the
operationd costs associated with the collection program, such as labor for sorting and storage costs.
This shift dlows the cooperating government agencies to focus on increasing participation to generate
greater yields. Full cooperation is essentid between the retailer and the interested government agencies
to forge a public/private partnership.

For the retailer, there are number of benefits to participating in the collection program, namely:
Aninflow of potential customers who are digposing of used equipment;.
A source of spare parts for equipment repair;
Postive public relations—a"green” image; and
Free publicity for the store via the collection agency’ s promotion of the event.

The benefits retailers receive from this cooperation obvioudy depend on the participation rate for the
program. Therefore full coordination with the collection agency is in the retailer’s best interest. In San
Jose, the extensve publicity from the press conference had a marked effect on participation, which
reflects an overdl podtive loca atitude towards EEE waste collection in the area. The postive attitude
of the public has motivated one the participating chains (Fry's Electronics) to continue the program at a
number of its other stores.
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54 THE PARTICIPANT
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Figure 13: Cost and Revenue Streams for the Participant

Participants are essentid to a collection program since strong resident turnout is vita for a program to
generate sufficient amounts of equipment. A participant’s involvement usudly comes without any cost
burden, aside from the Stuation where there is a user fee for the drop off of equipment (see discusson in
Section 5.3.4). However, a free recycling program is not in and of itsef a motivator for participation.
Resident participation depends on more quditative e ements such as a predisposition toward recycling or
adequate publicity for the program.

Some e ements that may motivate aresdent to participate may include:
. Easy accessto events or drop-off facilities,
Timing of the event to avoid poor wegther or conflicting events (to the degree possible);
Coordination of the event with other collection programs such as for tires, books, or bulky items;
and
Incentives, such as discount coupons for the purchase of new dectronics or eectrical equipment
made available when equipment is dropped off.

The mogt important driver for participation is the promotion of the collection program; awareness is
fundamenta to a program’s effectiveness. The programs that were profiled in Section 3 used a variety
of methods to ensure that there was sufficient public knowledge of the event. These methods included
(not an exhaudtive liY):

Door hangers,

Flyers sent to area schools;

Articles promoting the program in loca community newdetters;
Newspaper coverage; and

Flyers added to government employees paychecks.

One of the methods that seemed to have the most impact on participation was the staging of a press
conference in San Jose, which resulted in both televison and newspaper coverage of the pilot.  This
alowed the program to reach a wide range of potentid participants.  The free press from this event
provided a red boost to the collection event, which up to that point had collected no equipment.
Whether any collection agency can duplicate the effectiveness of such an event is uncertain, however,
since there were a number of dignitaries present at the San Jose publicity event that helped boost the
coverage of the event.
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According to a number of the collection program coordinators, one of the keys to effective publicity for
acollection event is planning. Thisis certainly the case for drop-off events when a specific date has set
addefor the collection. The experience of the San Jose pilot is that the lack of adequate publicity before
the beginning of the event led to the zero yidd during the first week.

5.5 OTHER STAKEHOLDERS

The previous sections outlined the roles that the collection agency, demanufacturer, and participant play
in the development of an EEE waste collection program. Beyond these three essential stakeholders are
some other actors who can have an effect on the desgn and function of an EEE waste collection

program.
55.1 Government

In the context of this anayss, the federa government sponsored the discusson of EEE waste
management programs under the Common Sense Initiative-Computer and Electronics Sector.
However, no forma policy recommendation has been made a thistime.  In addition, a number of states
are currently congdering banning the landfilling of EEE waste or CRTs. Such aregulation would lead to
the need for dternative waste management practices for such materias. This may actudly force many
communities to quickly implement programs that end up being costly to them in the short-term. The
advantage may be that over time, an increase in the number of collection programs will lead to
economies of scae as more demanufacturing firms are crested to meet the demand for [abor.

55.2 Privatelndusry

For the Union County program, Sharp Electronics, Lucent Technologies, Panasonic, and the Electronic
Indudtries Alliance dl provided in-kind support for the desgn and implementation of the pilots.
However, asde from this program, private industry?> did not play a direct role in the development of
the EEE waste collection programs. Rather its influence has been on the upstream and downstream ends
of the collection mode, i.e., during the manufacturing of equipment, through the purchasing of recycled
materid, or in developing the demanufacturing sector to manage off-specification or return products.
However, the Union County experience indicates that private industry will work directly with a collection
agency to asss with the design and implementation of a collection program. Private industry could also
become the collection agency via equipment take-back schemes, dthough the economics of this
collection modd is outside the scope of the study.

Private indudtry’ s indirect impacts are examined below.
Upstream |mpacts:

25 private industry is includes Original Equipment Manufacturers (OEMSs), their suppliers and primary materials
manufacturers.



Changes in both consumer demand and technology
can dfect the lifespan of consumer equipment.
While some of the EEE wadte collected was
mechanicaly sound, the technology was obsolete or
undesirable, making reuse a end-of-life less viable
than demanufacturing or disposad. Congdering this,
private industry has the greatest potentia to make an
impact on the end-of-life of this kind of waste by
affecting the disassembly of the equipment. A
modification in manufacturing methods, such as
minimizing the number of fasteners in an item, could
lead to a reduction in the amount of time required to
demanufacture equipment. This reduction in time
would eventualy result in a decrease in the cost of
demanufacturing.

Another production change that would assigt the
recycling of EEE waste would be the use of fewer
heavy meta components in equipment.  This could
dso have the effect of reducing many of the
environmental concens  about  landfilling  or
incinerating EEE wade. Redidicdly, however,
OEMs and their suppliers face some limitations in
how their equipment and components are designed.
These upstream changes would not have an
immediate impact; current changes in manufacturing
will not affect collections for a number of years
because of the time lag between equipment purchase

and disposd. Over the long-term, however, the impact on the net costs of such a collection program

would be favorable.

Downgtream | mpacts.
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EEE WASTE COLLECTION AND
PRODUCER RESPONSIBILITY IN
EUROPE

Currently in the European Union there are
discussons as to what role OEMs should
play in the collection of EEE wade
Debates on a new directive on waste
dectrical and dectronic equipment initidly
focused on placing mogt of the financid
burdens of collection and demanufacturing
on equipment producers. However, current
plans have changed to place the burden of
resdentidd EEE waste collection on
municipdities, while OEMs would dill be
obligated to accept the collected equipment.

Although this directive has not yet been
finaized, the current debate indicates that
the approach to EEE waste collection in
Europe is to incorporate OEMs into the
process, which will distribute the costs of
the collection program.

SOURCE: Product Stewardship Advisor, Cutter
Information Corp., September 4, 1998.

The most direct effect that private industry (predominantly parts suppliers and primary meterid
producers) has on an EEE waste collection program is through the purchase of recycled materid and
parts. The market for some of the materids that are extracted from eectronics is governed by demand
from companies that produce the parts or the materids used in eectronics or eectrica equipment.
Demand, however, is affected by concerns about the qudity and quantity of the extracted materid. In
fact, it has become a Catch-22 since the insufficient supply of a recycled materid leads to low demand
by private industry, which in turn leads to fewer demanufacturers and less output of materia. For private
industry to asss in the expanson of EEE waste collection programs, demand for the recycled materia
needs to be increased.  With the expanson of EEE wadte collection programs, the supply of useful
materid will a least be guaranteed.
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6. CONCLUSION

The focus of this report is to examine different collection programs and develop some generd
conclusons about the dynamics of an EEE waste collection program. All five of the case dudies
provided a large amount of information on demanufacturing codts, publicity, the volume of materias
collected, etc., and dthough no clear picture was formed as to the best collection method, some genera
conclusions were reached. The precision of these conclusons, however, is limited by the data that was
avallable. The following sections cover data gaps, future areas of research, and the genera conclusons.

6.1 DATA GAPS AND FUTURE RESEARCH

One reason that a more in-depth assessment of these collection programs was not possible is that the

data that was gethered for the study was not uniform. As was mentioned &t the beginning of Section 4,

the net cost for these programs was cd culated using both demanufacturing and collection program costs.

The advantage of this gpproach is that it gives a better picture of the true cost of managing such a
program. The disadvantage is that costs that are specific to the collection agency or the demanufacturer

are hidden in this net cost value. Therefore, it was difficult to bresk out what specific costs were the

driversfor the program.

To provide for amore concise anadlyssin the future, the data ggps should befilled in. This would require
more specific data from the collection agency on the following codts:
Up-front costs—
Publicity
. Saf;
Operationa costs—
Staff time alocated to the program
Codts of publicity for aprogram, including work that is completed in-house
Maintenance cogts for facilities,
Transportation to the demanufacturer;
Fees paid to the demanufacturer (aside from transportation costs); and
Ultimate disposal practices including CRT export for demanufacture and disposdl.

This additiona data would provide the collection agency with a clearer assessment of the red costs
associated with the implementation of a collection program. This detailed information would dso dlow a
collection agency to track the progress of its collection program.

The limitations on data also prevented an andysis of the effects that economies of scale can have on a
program. With the existence of economies of scae, the expanson of alocd collection program either in
participation, frequency of events, or volume collected would result in a reduction in the net cost per
pound collected. While this seems intuitively correct, there was not enough long-term data available to
confirm that grester sze leads to lower expenses. Data on changes in the program costs during the
growth of a program would aso be needed to accurately determine the effect of program size.
Determining the effects of economies of scale would be important in helping to define the appropriate
Sze of acollection program for a community.

Asde from the evident data gaps, there were a couple of areas of research, outside the scope of this
report, that would provide information useful in the implementation of a residentid EEE waste collection

program.
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One areais an andysis of the potentiad markets for many of the materids that are extracted from EEE
waste. Thiswould certainly be useful in the case of plastics, Snce alot of the engineered plagtics thet are
generated from EEE waste have no vadue in the marketplace. An andysis of potentia markets for these
secondary materids would dlow a collection agency to determine whether the revenue from the
extracted materid may offset more of the program costs.

Pardld to this would be andyss of the equipment that was collected, and cost and revenue associated
with each type of equipment. The results could be useful in dructuring a collection program.
Unfortunately, much of the data necessary for such a study was unavailable for this report.

An assessment of the environmenta impact of EEE waste was dso beyond the scope of this study, but
could be ussful in calculating the avoided or added costs associated with a collection program. It could
aso indicate what equipment a program should target. Consdering thet al of the collection programs
operated a a net cost, more data on avoided costs could provide more complete information on the
relative cogts or benefits of initiating a collection program. An environmenta life cycle assessment could
a0 be useful in presenting the environmentd trade-offs that exist for different EEE waste management
options.

Findly, an investigation into the value of the regulation of demanufacturers could be another subject for
future research. Representatives from both Hennepin County and the New Jersey Department of
Environmenta Protection have indicated that demanufacturers may be tempted to accept EEE waste and
dore it in warehouses, without having legitimate markets for the extracted materids. While there was no
indication from the five case sudies that this could be the case, the potentid exids if EEE waste
collection becomes a mandate in some aress.

6.2 CONCLUSIONS

While these differences in net costs among programs would seem to imply that some programs were
more successful than others, differences in how the data was collected and provided for each programs
makes such a judgment difficult. However, while making a comparison between these programs is not
possible based a comparison of the net codts, it was gill possible to use this data to make a limited
assessment of the economics and dynamics of these collection programs:

» The net codts of the programs were driven by the demanufacturing codts; the operationa costs for
many of the case studies were ether not accounted for or very smal. However, snce a number of
these collection programs were pilots, this may not be the case for programs operating over longer
periods.

» Interms of pounds of materid collected per resdent, the curbside collection programs appeared
to be more efficient than the other collection modes, while the one-day collection events gppeared
to the least efficient. More and better collection data is necessary to confirm this.

» In contrast to the previous point, the number of items collected per dollar of collection program
cost was higher for the curbside events than for the other collection modds. This was evidently
due to the high transportation costs associated with collection. For the one-day collection events,
the cost per item collected was lower than the other collection models. However, the one-day
collection events that were studied did not incur any operating costs, which would likely narrow
the differences between the two collection models.

> A weighted average of dl of the collection programs indicates that over 75% of the equipment that
was collected fdl into five categories: 36% of the items were televisons, 16% conssted of audio
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and stereo equipment, 11% were monitors, 8% were computers and CPUs, and 6% were VCRs.
The remaning equipment conssted of keyboards (5%), printers (4%), telephones (3%),
peripherds (1%), microwaves (1%), and miscellaneous other equipment (9%).

The resdentiad EEE waste collected by these programs was generaly outdated and in poor
condition. Consequently, the materid was expensve to manage and little vauable scrap was
extracted from this equipment. Of the equipment that was collected, computers and CPUs
provided most of materia that generated revenue for the programs.

Items that contained CRTs (eg., teevisons and monitors) predominated in the five collection
programs. Since the cost to manage these materials is quite high, the large number of CRTs had a
substantia impact on the net cost vaues.

Promoation and planning of the events was essentid to the effectiveness of the collection programs.
This was made evident by the lack of turnout for the first week of the San Jose pilot, for which
there wasl little prior publicity. Additiondly, the first Binghamton collection event was affected by a
number of factors, including alocd footbal game that was being held at the sametime.

There is gpparent public interest in EEE waste collection programs. This is evident from the fact
that the amount of equipment that was collected increased over time for al the programs that had
more than one collection. In addition, the CSl-sponsored events (Somerville, Binghamton- one
day drop off modd and San Jose- retall collection modd) will be continuing due to the postive
public reception in their communities.

In addition to the specific conclusions from the analysis of these collection modds, more generd points
were drawn from the information provided by these case sudies. Since these genera comments are
based on quditative information, additiond research on these points would be beneficid.

>

Mogt demanufacturers focus exclusvely on commercid EEE waste.  According to Hennepin
County, the low qudity of the resdentid equipment inhibits many demanufacturers from getting
involved in aresdentia collection program. A collection program that takes in both resdentia and
smal business waste may generate more interest from demanufacturers, smply because the quaity
of EEE waste may be better.

Totd trangportation, demanufacturing, and disposa costs may overwhelm al other program costs.
These costs relate to the variety of materia collected, local |abor market, the distance required to
transport materias to a demanufacturing facility, the distance to end markets, and the disposa
cogts of unmarketable materials.

The loading of heavy metds in the Municipa Solid Wagte stream was a fundamenta driver for the
two collection programs (Union County and Hennepin County) where most of the residentid solid
wadte stream isincinerated. The counties advocate that the remova of EEE waste from the waste
stream may play an important role in reducing the heavy metd burdens in the fly and bottom ash,
which can result in an indirect economic benefit for the community by lowering ash disposa fees.

The ultimate dispostion of demanufactured materias should be evduated to determine if these
venues (e.g., glassto-glass recycling, smelting, overseas digposition for CRTS) are in accordance
with the objectives of the program.

The advantages and barriers to different collection modds are such that determining the best
collection method is dependent on the motivations of the collection agency.
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To put the current Stuation for these collection programs in perspective, it is ussful to examine the
experiences of other recycling programs. The proliferation of recycling programs in the 1980s resulted in
a supply-driven market since the infrastructure required to accept recycled materids was ill in
development.26 As aresult, the net cost for many of these programs remained high since there was little
revenue derived from the recycled materids. In the beginning, collection of recyclables tended to run
ahead of capacity, with materias being made available to the recycling marketplace independent of the
demand for the materials that were recovered.  This mirrors the Stuation for EEE residentid waste

recycling today.

Today the issue of marketsis ill acritical issue. Public interest in recycling and private sector demand
for products with recycled content have driven an increased indudtrid recycling capacity. While the
cgpacity now exigs, further market development ill is needed to assure market dability and
accessbility.

For the collection agency involved in recycling, it is important to understand that commodity-like
marketplaces can be very volatile, sometimes demanding more scrap, sometimes demanding less scrap.
Movements are traditiondly difficult to predict. This volaility is driven by a number of factors. For
ferrous and non-ferrous scrgp metds, the price is generdly related to the vadue of the virgin raw
materids. For paper, plagtic, and glass from MSW, the relaionship is less direct, Snce it is dependent
somewhat on the quality of the materid. During the recovery of typica recyclables, some contamination
isevident. Consequently, the recyclables may not be of as high a quality asthe market demands.

The experiences collected from gppliance or white goods recycling programs have some relevance to
EEE waste collection. With space a a premium in the early 1990s, at least 16 dates banned the
disposa of white goods in landfills. This led to a jump in the recycling rate, which went from 20% in
1988 to 75% in 1995.27 A smilar growth in the recovery rate for EEE waste would not be surprising.

Like EEE waste, white goods have a high initid cost, and because of their perceived value, many people
samply kept their old appliances rather than diposing of them. This is apparent when you consider that
the typica age at disposd isfrom 10 to 20 years. Many municipdities rely on curbside collection, either
through appointment or on designated days, as a means of collecting this materid. However, according
to a representative of the Appliance Recycling Centers of America, one-day collection events remain a
popular method of collecting old units from the public.

For appliance recycling, not including the use of an auto shredder, labor costs account for 84% to 86%
of the total operation costs. The labor cogts are insengtive to volume, and increasing throughput has a
relatively minor impact on the tota cost per unit. This coincides with the current Stuation for EEE wagte
demanufacturing since it is dso very labor intendve. The difference between the two types of
demanufacturing is the materids that are recovered. Appliances contain alot of ferrous metds, but little
else of economic value. Electronics include a number of precious metas that makes their disassembly
more cost affective, especidly if markets develop over time.

Experiences with other types of recycling programs indicate that EEE resdentid waste collection
programs are in ther infancy, and have the potentia to evolve and eventudly become more cost
effective. 1t could be expected that as these programs expand, and markets for the recovered materials
grow, the net cost per pound collected should decrease.  The potentia economies of scae from the

26 The Role of Recycling in Integrated Solid Waste Management to the Year 2000. Keep America Beautiful, Inc.
Stamford, CT. 1994. pp. 5-1to 5-6.

27 Handling Difficult Materials. Waste Age. Randy Woods. May 1994. pp. 71-73.
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expanson of these programs and the creation of demanufacturing businesses will aso help to reduce
cods. However, consdering the quaity and varied nature of the collected materids, it seems likely that
the costs of these programs will remain high relative to other traditional solid waste disposal methods.
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7 APPENDIX A: US EPA CRT RECOMMENDATION

COMMON SENSE INITIATIVE (CSl) COUNCIL RECOMMENDATION ON CATHODE RAY
TUBE (CRT) GLASS-TO-GLASSRECYCLING

Based on in-depth work conducted by the CSI Computers and Electronics Sector Subcommittee, the
CSl Council has determined that properly conducted Cathode Ray Tube (CRT) glass-to-glass recycling
is a cleaner, chegper, smarter gpproach to waste CRT management that should be increased. To
facilitate accomplishing that god, the CSl Council recommends that the U.S. Environmenta Protection

Agency.

1. Revise the applicable Resource Conservation and Recovery Act (RCRA) hazardous waste
management regulations to facilitate CRT glassto-glass recycling as outlined in Attachment 1. The
revised CRT glassto-glass recycling regulations should be clear and smple to understand. The
Council asks that, as appropriate, EPA discuss with members of the Computers and Electronics
Sector Subcommittee any new issues that arise during rule development and implementation.

2. Complete and implement this CRT rulemaking as soon as possble, and in the intervening period,
take appropriate steps to redize the environmental benefits of CRT glass-to-glass recycling.

Finaly, the CSl Council recognizes that there may be CRT glass recycling methods or end uses other
than CRT manufacturing that are aso cleaner, cheaper, and smarter approaches to waste CRT
management. On the other hand, some recycling methods or end uses may pose risks to human hedth
and the environment. The Computers and Electronics Subcommittee will be working to determine which
recycling methods and end uses are preferable and to propose appropriate standards for such methods,
but the Council is aware that the future of the Common Sense Initiative is undefined a thistime. Thus,
the Council asks that EPA consder any additiona work completed by the Sector, and if appropriate,
design the CRT glassto-glass rule so that other legitimate recycling methods or end uses may be added
in the future, including standards tailored to the risks and benefits of the recycling method or end use.
The Council takes no position on the question of whether states should be dlowed to add additiona
recycling methods or end uses without a prior determination by EPA.

ATTACHMENT 1: COMMON SENSE INITIATIVE COUNCIL RECOMMENDATION
CATHODE RAY TUBE (CRT) GLASS-TO-GLASS RECYCLING

1 Add to the Resource Conservation Recovery Act (RCRA) hazardous waste management
regulations new standards specific to CRT glassto-glass recycling which will apply in place of the
standard RCRA hazardous waste requirements.  These new standards are to be structured in a
manner Smilar to the Universal Wadte rule (40 CFR Pat 273). The regulation will include an
excluson from the definition of solid waste darifying that processed CRT glass28 that isto be reused
in CRT glass manufacturing is not a solid waste subject to the RCRA hazardous waste regulations
(including the new CRT standards described here). The Council recommends that EPA promulgate
this exclusion because the processed CRT glass is sufficiently commodity-like based on the following
factors 1) the degree of processing the materid has undergone is such that it requires little, if any,
further processng, 2) the materid has economic value, 3) the materid is like an andogous raw
materid, and 4) there is a guaranteed end market for the materid. Based on the information

28 processed CRT glass is glass that has been separated from non-glass components (e.g., TV/monitor plastic and
metal components, implosion band, shadow mask, deflection yoke, electron gun, inner shield) and which has been
cleaned to remove coatings (e.g., day, phosphors).
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currently available to it, the Council o beieves that the materid is handled to minimize loss, but
requests that EPA conduct whatever investigation EPA determines is gppropriate to reach a fina
conclusion regarding this factor.

2. Thenew CRT glassto-glass recycling standards will explain that they apply only to materids that are
currently regulated hazardous waste. However, the standards will explain that the god is that the
dandards be smple enough that one infragtructure develops for voluntarily managing adl CRT
materids in the same system.

3. The new CRT glassto-glass recycling standards will define the following three categories of
regulated entities:

Collectors: Persons who collect/store whole TVS/monitors.  Within this category, some
requirements will apply only to large collectors (those who store 40 tons or more (~ 4,000 units) on-
ste for longer than 7 consecutive days).

Processors: Persons who:
- intentiondly bresk CRTS,
- manageintentiondly broken CRT glassor cullet; or
- clean codtings (e.g., dag, phosphors) from CRT glass.

Trangporters: Persons who transport TV §monitors, whole CRTS, broken CRT glass, or cullet.

Entities involved in refurbishment and disassembly of products containing CRTs (not to include
taking gpart the CRT29) are not subject to this sandard or the RCRA hazardous waste regulations
(40 CFR Parts 260 through 270) (on the basis of the CRT itsdf) until it is determined that these
materias are not repairable or reusable. EPA will consider what safeguards are necessary, if any, to
address environmenta concerns associated with accumulation of large volumes of CRTSs.

4. Thenew CRT glassto-glass recycling sandards will include the provisonsillugtrated in the following
Table and detailed in Annex 1.

29 EPA will consider other refurbishing activities that should be addressed in the same manner.
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Table 40: Provisions Applicable To CRT Glass-To-Glass Regulated Entities

REGULATED ENTITY

PROVISION Collector Pr ocessor Transporter

1. Notification large collectors X

only
2. Marking (on-site and for transport) X X
3. Storage Limit X X X
4. Shipping CRT Glass Materids large collectors X

only: shipments

out
5. Genera Performance Standard X X X
6. Prevent Releases of Glass Particulate
7. Genera Good Management X X X
8. Minimize Breskage X X
9. No Cross Contamination X
10. Manage Residues Appropriately X
11. Environmenta Justice Provision X
12. Package for Transport X X
13. Exports X X
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ANNEX 1: CRT GLASS-TO-GLASSRECYCLING PROVISIONS

1. Notification: One-time notice to the agency implementing the hazardous waste regulations (EPA or
the state) of company name, location, activities, etc.

2. Marking: Materids must be marked in accordance with either (1) or (2) below.
(1) CSI/CRT approach:

(& Whole TVSmonitors visble when looking a primary packaging (container or vehicle
body): no marking required.

(b) TVdmonitors, bare CRTs, and glass in packages (i.e., containers or vehicle bodies) or
dorage areas. mark container or storage area with the following words.  *Cathode ray
tubes (CRT) or CRT glassto be used in CRT glass manufacturing. Contains lead. Do not
mix with other glass or materids.”

(2) Universal Waste gpproach for materids in transportation: If the state in which the shipment
originated has Universd Waste marking standards (i.e., labeling with text) for the materid: mark
(label) the materid as required under the originating state’ s Universal Waste program.

3. StorageLimit: Collectors -- 1 year + as described in 40 CFR 273.15. Processors -- 1+ year as
described in 40 CFR 261.1(c)(8). Transporters -- 10 days as described in 40 CFR 273.53.

4. Shipping CRT Materials: Maintain records for 3 years. No specified form for records.

Small and large collectors -- may send shipments only to other collectors or to processors in CRT
System.

Large collectors -- for each outgoing shipment, keep records of quantity, date, name and address of
person shipped to, and an acknowledgment of receipt from the recipient.

Processors -- 1) dl TC hazardous glass that is technically and economicdly usable in CRT glass
manufacturing must be sent to a CRT glass manufacturer for use in CRT glass manufacturing. 2) for
each incoming and outgoing shipment, keep records of quantity, date, name, and address of person
shipped to, and an acknowledgment of receipt from the recipient. 3) Annudly, prepare a certified
satement stating that al TC hazardous glass that is technicaly and economicdly ussble in CRT glass
manufacturing was sent to a CRT glass manufacturer for usein CRT glass manufacturing.

5. General Performance Standard: Manage and/or transport CRT materias in a way that prevents
releases to the environment of glass pieces, glass particulate, other components, and materias used
in processing (eg., cleaning or sorting media). Immediately contain any releases to the environment
and manage contained materid under gpplicable waste management requirements.

6. Prevent Releases of Glass Particulate: For any sorage or management activities involving
bresking glass or managing broken glass, ingal and maintain systems sufficient to minimize releases
of glass and glass particulate via wind dispersal, runoff, and direct releases to soil. (Examples of
wind dispersd control systems may include: a good condition building; closed containers, closed
tanks; keeping materials stored or managed outdoors covered, or wet, as appropriate. Examples of
sysems for preventing releases to soil directly may include: an impervious floor or pad; a good
condition building. Examples of systems for preventing releases via runoff may include a good
condition building; implementing an agpproved storm-water management plan; adequate run-off
controls.)
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7. General Good M anagement:
-- Collectors, Processors, Transporters -- no disposal on-site
-- Collectors and Transporters -- no dilution, no treatment (dismantling, intentiona breakage,
processing)
-- Processors -- no combustion or trestment activities using temperatures high enough to volatilize
lead from CRT glass, no storage or processing in surface impoundments

8. Minimize breakage: Collectors -- manage to minimize breskage of TV Smonitors. Transporters -
- transport to minimize breakage of TV Smonitors, CRTS, glass pieces.

9. No Cross-Contamination: Do not mix TC hazardous CRT glass with other glass that is not going
to CRT glass manufacturing. Blending of glassthat is going to glass manufacturing is alowed.

10. Manage Residues Appropriately: Manage any components removed during dismantling, any
residues separated from glass (e.g., coatings), and residues from processing glass (e.g., blast media,
cleaning media, dugt, floor sweepings, glass fines) under gpplicable waste management requirements
(hazardous waste, solid waste).

11. Environmental Justice: For new processors -- implement a procedure for advisng the locd
community of the nature of the activities to be conducted, including the limited potentid for resdent
and worker exposure to lead or chemica coatings. This procedure should include notice to the
community, and a public meeting if requested by the community. A locd, date, or federd
governmenta authority must approve the text of the notice and the notice procedure, and must
conduct the mesting, if any. If preexising Sate or loca Sting/zoning or other procedures meeting
these standards are followed, no additiona action is necessary.

12. Package for Transport: Materias must be packaged in accordance with either (1) or (2) below.
(1) CS/CRT approach:

(8 Package TVs, monitors, or whole CRTs in a way that minimizes breskage during norma
shipping conditions. The packaging must minimize releases to the environment if
unintentional breakage does occur. For example, if TVs and monitors are shrink wrapped
onto palets in such way that broken pieces of glass might not be contained, the packed
palets should be placed in an outsde package (e.g., a box or vehicle body) that will
minimize relesses.

(b) Package broken CRTs, CRT glass pieces, or CRT glass cullet in sftproof packaging (i.e., a
container or vehicle) that is condructed, filled, and closed so that: (1) There will be no
identifiable releases of CRT glass to the environment, and (II) The effectiveness of the
package will not be reduced during norma shipping conditions. For example, packages
should be resistant to puncture by glass pieces.

(2) Universd Wadte gpproach for materids in trangportation: If the state in which the shipment
originated has Universd Wadte packaging standards for the materid: package the materid as
required under the originating Sat€' s Universd Wagte program.

13. Exports:  For shipments of materids that are hazardous waste, other than processed CRT glass
(without coatings) -- comply with 40 CFR 262 Subparts E or H (export notice and consent
procedures for non-OECD and OECD countries), revised to specificaly identify the recipient as a
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CRT glass manufacturer, or a collector/ processor shipping to a CRT glass manufacturer (dso
identify the manufacturer).
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8 APPENDIX B: THE SAN FRANCISCO AREA COLLECTION PROGRAM

Collection data for the San Francisco Area collection program was not available in time for this report.
However, a summary of the program’s dructure and the generd summary data that was available is
presented below.

Collection Method: Drop-off event and curbside
collection

Number of Collections: 10 days (Oakland and San
Francisco), 1 day Hayward

Collection Dates: March 28, 1998 and May
11-22, 1998
Demanufacturer: Eat Bay Consavation

Corps (EBCC) in Oakland

M otivation Behind Collection:

Materids for the Future Foundation, a San Francisco area NGO, initiated three collection programs in
the San Francisco Bay Area with the help of loca community-based organizations and businesses. The
collection program conssted of a drop-off event in the City of Hayward, a Residentid Super Recycling
Day in San Francisco, curbside collection in San Francisco, and curbside collection paired with bulky
wadte pickup in Oakland. At the time of publication, detailled information was only avalladle for the
Oakland collection pilot.

The moativation behind al of the collection pilots was to document the flow of eectronic and eectrica
products into the resdentiad waste stream and to determine if the recovered EEE waste could be
recycled in a cost-effective manner. In addition, the collection program in Oakland was designed to
determine:

Whether a youth employment training organization (East Bay Consarvation Corps) can recycle
materids for the Oakland Bulky Waste Collection Program; and

Whether Oakland residents would participate in a curbside EEE waste collection program.

Demogr aphics:

The end-of-life dectronic and dectricd waste was collected in three communities. The areais amixture
of blue-collar and white-collar workers. The Oakland collection program was organized so that the
collection would cover a diverse range of household income and property values.

Table 41: San Francisco/Hayward/Oakland Demographics

Municipality Population Households Median Income
San Francisco 723,959 305,984 $40,561
Hayward 111,498 40,246 $40,246
Oakland 372,242 144,766 $37,000

Event Promotion:
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The Oakland Collection program was advertised usng fliers for the Bulky Waste Pick-up sent to
Oakland neighborhoods approximately three weeks prior to the collection program. A specia insert that
outlined the EEE wadte collection component was included within the flyer.

Informa interviews with residents during the collection programs indicated that the residents were avare
of the EEE waste collection program. However, many agppeared not to have separated the EEE waste
from the other bulky waste, as was requested in the flyer.

Resident Participation:

The following table outlines the data that was collected on the participation of residents in the various
collection pilots.

Table 42: Collection Program Participation Rates

Municipality No. of Households | Participation Rate
San Francisco 13,392 4.4%
Hayward 222 0.6%
Oakland 3,692 2.6%

Collection:

The collection of EEE waste in Oakland coincided with the collection of resdentid bulky waste.
Resdents of Oakland can participate in an annual Bulky Waste Pick-up day during which Waste
Management, Inc. (the city contractor) collects white goods, tires, furniture, and yard trimmings. The
program collects from gpproximately 300 households a day. The bulky waste collection is timed to
correspond with residential garbage collection.  Two trucks are dlocated to the collection of white
goods and tires, and the rest of the collected materid is picked up by a garbage truck carrying a hopper.

Materids for the Future Foundation worked with the Oakland Recycling/Solid Wagte gaff to coordinate
the collection of the EEE waste. The collection program occurred over a period of 10 days. To
accommodate the extra collection, a driver was added. The cost of the additiona driver for the
collection was given as $4,300 for the 10-day project. The EEE waste was collected from the curbside,
and placed in Gaylords aboard a flat bed truck. When the collection truck was full, the materia was
trangported to the EBCC location for demanufacturing. The following table outlines the equipment that
was collected:

Table 43: Items Collected During Oakland Collection Pilot

Computer | Vacuum | Heaters Fans | TVs | VCR | Microwav | Stereo
S S S €s S
Oakland 55 93 23 31 198 20 54 117

In addition, the collection events aso took in a number of toasters, carpet cleaners, answering machines,
and other equipment. In total, 15,623 pounds of equipment was collected during the 10-day program.

Trangportation:
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The trangportation of the collected equipment occurred whenever the truck was full and generaly took
15 to 25 minutes, depending on the location of the Bulky Waste collection in relaion to EBCC
(demanufacturing contractor). No data was available on the costs associated with the transportation.

Demanufacturing:

The East Bay Consarvation Corps (EBCC), a youth employment training organization, was the
demanufacturer. The collected EEE waste was off-loaded at the EBCC facility, where the employees
labeled and itemized the equipment. The employees had not been specificdly trained to demanufacture
EEE waste, and the volume of TV's and microwaves proved to be a challenge to disassemble,

The program required atotal of 4 workers and a supervisor working 40 hours per week for two weeks
to demanufacture the collected equipment. The off-loading of equipment took time away from the
dismantling, a least an hour per shipment. The itemizing of the equipment adso took some time. Since
the contract was for a limited duration, not al of the equipment was disassembled. No data was
available on the cogt of the demanufacturing of the collected equipment.

Revenue:

The EBCC initidly anticipated that the circuit boards and other computer components might generate
some revenue. However, since not enough time was available for them to disassemble the equipment,
most of the materid that was recycled conssted of scrgp metd from vacuum cleaners, heaters, and small
appliances.

Some of the plagtics were sent to a company, MBA Polymers for recovery. Most of materia that MBA
Polymers was able to recover conssted of plastic from TV housings. No data was available on any
revenue from the recovered materias.

Net Cost:

Since the only data available consisted of the additiona cost of collection for the Oakland pilot ($4,300),
net cost was not caculated for this collection pilot.

Project Comments:

The summary reports for al three collection pilots are not yet published, so data was not available for a
more detailed anadysis. According to the draft report on the Oakland collection program, there were a
number of barriers and opportunities that came out of this collection program:

The resdents did not sort their materid as requested in the flyers that were sent out, and
subsequently the collection process took longer. The Waste Management, Inc. supervisor in
charge of the Bulky Waste collection indicated that the drivers should not separate out the EEE
waste.

The demanufacturer was not prepared to demanufacture al of the equipment in the time period
of the contract. A number of TVs were left on the curbside because of lack of pace in the
EPCC facility. In addition, off-loading and itemization of the equipment took time away from the
actud demanufacturing. The EPCC employees inexperience with disassembly may have
contributed to the partid demanufacturing of much of the equipment.
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MBA Polymers, the company that accepted much of the plastic from EPCC's operations,
indicated that the recovery of plastic from resdentid EEE waste was feasble. Thetelevison and
computer housing appeared to be the best candidates for recovery. MBA stressed that a
aufficient volume of materid would be necessary to sustain such an operation, and that a proper
levd of dismantling would be required to make plagtic recovery possible.
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9 APPENDIX C: CALCULATING NET COST

The cost and revenue vaues for each of the five collection programs were cd culated using data provided
by the respective program organizers. No additiona data was collected for this report. The total costs
and revenue were caculated according to the way in which the data was provided by the participating
collection agency:

Per Event Somerville Binghamton; Whegton; Naperville

Per Period San Jose (5 week period); Union County Municipdities (6
month periods)

Per Year Hennepin County

For cdculation of the net cogt, the following two equations were used:
Total Cost=Cr+ Cp + Cy + Co
where Cy = costs associated with the transport to the demanufacturer
Cp = costs from the demanufacturing of the equipment
Cu = upfront costs (publicity etc.)
Co = operating costs.
Total Revenue = Rz + Rs
where Rg = revenue from resale

Rs = revenue from scrap.

Only those cosgts and revenues for which data was available were used in the eguetions; that is, if no
upfront costs were available (Cy ), the value was assumed to be zero.

The net cost per program is essentidly the difference between these two values.
Net Cost = Total Cost — Total Revenue

The net cost per pound collected was cdculated as the net cost divided by the number of pounds of
materid collected for the program.

The total cost per pound collected was caculated as the total cost divided by the number of pounds of
meateria collected for the program.
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