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GARBAGE BY THE POUND

I. INTRODUCTION

"A. Introduction

Municipalities across the nation are looking toward new forms of residential refuse rates to encourags waste
reduction and diversion while bringing in needed revenues, ‘Garbage rates based on the weight of each
customer’s set-out have been proposed' and often have been discussed as a promising solution, bur have
generally been perceived as functionally impractical. Now it appears the reality of billing by weight is here.
A variety of prototype systems are closing in on the goal of accurately weighing and identifying each customer’s
. Tefuse without interfering with collection patterns.-And one system has tecently received certification, with
- several others looking like they are close on the heels! As waste managers continue to debate the berefits of
implementing a weighing program, equipment manufacturers are beginning to sell working systems. This study
- provides highlights of information gathered from weight-based pilot communities and manufacturers in 2 survey
~Tecently completed by Skumatz Economic Research Associates (SERA), of Seattle, Washington.2 -

B. Incentive Systems

Many other forms of variable-rate structures and user-fee systems for residential garbage collection are 2lready
becoming popular across the country, The number of solid waste Jurisdictions adopting various forms of
- incentive-based fee systems has been increasing dramatically over the last few years. Cities and towns charging
-~ customers for garbage collection based on the amount they generate have increased from barely a few hupdred
+ municipalities a few years ago t6 nearly two thousand currently.? Program directors have primarily chosen from
..+ ' " afew proven options: 1) variable can subscription systems; 2) pre-paid bag systems; 3) pre-paid sticker or tag
" win osystems; or 4) hybrid systems.* These are ‘generally called volume-based systems, providing varying rztes to
‘ Customers based on different volumes of waste disposed. L .

% 0w Although volume-based systéms provide bettér ‘incentives than systems thatareﬁmde.d via ﬁxed .fe&_s for
-~ unlimited collection or through property taxes, volume-based systems have several weaknesses.

®  Many sjrstems' base fees on subscription rather than usage, with va.riable‘ can customers paying for a -
set number of cans weekly, whether or not they use them. -~~~ . > e

.® The s'ystcins_ do not charge less if the containers are not full, so there are no incenti'ves_ to reduce set-
outs below filling the smallest container. ’ '

® Volume-based systems require rate-setters to translate betwesn tdnnage (often the basis of cosis) and
volume (the basis for revenues), leading to uncertainties, compaction incentives, etc.

® Many volume-based systems (variable can systems) require expensive purchase, delivery, and siorage
of multiple container sizes.” a . -

c. .Wéight—Based: improvements to Incentives

Weight-based systems offer customers incentives every week of the year and provide fair, informative billing.
They encourage ail recycling and reduction efforts, without requiring a variety of refuse containers. Weight-

' Skumatz, “Garbage by the Pound,” Resource Recyeling, November 1989,
?  'This survey was partially funded by the Reason Foundation,

*  Skumatz and Zach, “-Commuﬁity Adoption of Variable Rates: Aa Update,” Resource Recycling, June 1993, and updated servey
completed recenty by SERA., ‘

¢ Stumatz, “Introducing the Hybrid Variable Rate System,” BioCycle, Novembér 1993,
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based systems can also be expanded to charge different amounts for different materjals and waste sweams. This
enhancement can provide strong incentives to reinforce waste diversion efforts

-Now many municipalities that have already Jmplemented volume-based systems or are just cqonsidering their
first pricing are seriously examining a weight-based rate structure as the ultimate solution—znd some are
“wondering whether they should consider skipping directly to a weight-based system. :

D. R&D Efforts

. Advances are pmn:usmg for several systermns. So far most testing has been at the pilot project level, with varying
levels of tests in over a dozen communities. The most noteworthy developments are as follows:

®  Ore semi-antomated, scale system has recently received National Institute of Standards and Technology
(NIST) certification for implementation in communities, Another semi-automated, in-metion system
has passed all the most complicated certification tests. :

® Based on our research, several other firms have reached fairly advanced levels of testing and system
design and are close to submitting systems for certification. :

The early work in a Seattle weight-based fee pilot project demonstrated feasible approaches for weighing and
identification® and sparked interest from many communities. Since then, much of the research acd development
‘work has been funded by scale manufacturers, sometimes with grants or co-funding from conmzpunities or
indirectly from state agencies. In addition, a government agéncy in Canada has shown considerable interest and
gave funding, on a repayable basxs ‘to & firm to develop a.nd demonstrate a computenzed waste-wet,hmg

‘-system e )

A variety of re31dentzal welghmg pilot programs over the last four years have produced positive responses from
‘customers and waste managers, and have dnven manufacturers to improve prototypes to meet the demands of

a fully functioning system.

" E. Community Directions and Need -

Many municipalities are considering welght-based rates due to some specific drawbacks of volume-based and
variable can systems. :

'®  Some communities are considering variable can systems and wish to provide different size carts at
different rates to reward customers for refuse reduction. However, the communities are nc tizg the high
expense of this system including purchasing, maincaining, and distributing a large icventory of
different cart sizes (and redistributing containers as subscriptions change). They also note the difflculty

~of providing an incentive below the smallest cart size (which, for 2 semi-automated system, is
commonly 35 gallons). In addition, a separate bag or tag system is often needed to allow customers
to dispose of waste beyond the normal can subscription size.

. Glendale California, as an example phased ina vanable can rate system over the last faw years with
semi-automated collection and differently sized program carts. The city views a weighing systern as
the logical next step and an improvement if the technology were successful. The cicy believes a
weighing system would be simpler for both the city and the residents, requiring fewer camt exchanges.

® Many towns, including Oak Park, Iilinois and Montlake, Washington, had already purchased 60- or
$0-gallon containers for customers when they moved to semi-automated collection. Now they find

3 Funded by the Environmental Protection Agency. See, for example, Skumartz, “Garbage by the Pound The Poteatial of Weight-
Based Rates,™ Resource Recycling, July 1991. This test demonstrated the overall feasibility of the approach, dezonstrated the
excellent performance and potential of radio-frequency identification (RFID} tags, and developed and demonsira=d a retrofited
semiautomated tipping arm. -
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themselves in the position of wanting to incorporate variable rates or improve the variable-rate
incentives, but cannot afford to purchase new, smaller containers. Other communities recognize that
there is 2 limit to the size of cart that can fit on semi- or fully automated mechanisms. Frequently, cans
smaller than 35 gallons must be dumped by hand, reducing the savings from automation.$

. Case Studles of Pllot Test Commumtles E o © ik s S

R Ny

“Tn our study, we found pdot test commumucs across the country aud around the world mcludma tests in

Pennsylvama New Jersey, North and South Carolina, California, Florida, Minnesota, ‘Washington, and other

o - states, as well as Canada, Australia, Denmark, Germany, Switzerland and other locations. A few of the pilots
* ‘are summarized below. Further information can be obtained from the authors or from the communities.

. 'Seattle conducted the ﬁrst test of these systems 7 Seattlc conducted a two-phase pllot test in 1989-90 using two

o systems -with financing. from an EPA grant. The first system involved a manual process (bar codes) usmg

.. available technology to produce data for mock brlls and sohcxt feedback. The second phase tested an early semi-
. - . dwtomated tipper scale and radro—ﬁ'equency ®RF tags, “‘which were successful in 1dent1fymg carts and weights.

‘Weights were downloaded from a hand-held computer and. mock brlls ‘were calculated and marled to customers -

oo every other week tbroughout the expenmeut Analysis of the project suggested that custormers reduced their set- :
- ~out weights in response to the bills and were supportive of the wexghmg system eonccpt Pamcularly noteworthy

peicent; |
ywrs' ;—:Although werght “based rates are i Seattle s compreheuswe plan for the future Seattle will not be

) ,The prlot program began in the spnng of 1994 Wlﬂl 500 households located throughout the Crty Data for bills

were collected for about 165 households. The system uses a modified semi-automated rear-loader with a 25-
cubic-yard body. An RFID tag attached to the roll-cart dumper reads the RF tags just below the vpper lip of
the roll cart. A computer located in the cab of the truck maintains the data. Production (stops coliected per hour)

= durmg the pﬂot has kept pace with preptlot rates, and the equtprnent is submrtted for-certification.

3 Durham North Carolina T

Durham began a pilot, weight-based system with 2,800 households in 1992 The system used & semi-automated

 scale with a poly coder and bar-code scanner. In a six-month field test, the system performed well and proved

durable in all sorts of weather extremes. It was then demonstrated in the 1ab and field for state and federal

- weights-and-measures officials.:In the first set of tests, the scale produced consistent accuracies of 0.1 to 0.3

pounds in level conditions (within the required 0.5 pounds), but the scale did not produce sufficient accuracy
at the required 2 to 3 degrees off-level. The manufacturer of this system has since solved this problem. As of

¢ And, based on our research, we find widespread m-the-ﬁeld reports ‘that even 30—35 gallon semiautomated continers are
rouunely hand-dumped, bypassing the lifter and associated safety gains. -

7 Skumatz, "Garbage by the Pound: The Potendal of Weight-Based Rates.”
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* spring of 1994, the scale has been certified, but given the time involved, the staff have currently given up trying _
to get the Council to accept a variable-rate system. '

4, Victoria, Capital Regional District, British Columbia

One of the most extensive pilot tests for weighing residential waste took place recently in the Czpital Regional
District (CRD) of Victoria, B.C. In the CRD municipality of Gak Bay, the collection staff tesied prototype
equipment to simultaneously weigh and collect three different residential waste streams. In the comprehensive
pilot program, the CRD staff worked with a new truck capable of collecting and weighing refuse, nonglass
recyclables, and organics in one stop. The truck is an innovative new triple-packer truck with thres packing bins
and three tipping arms, each of which is modified with load-cell weighing technology and RFID technology.
'The pilot customers received special carts with RF tags. The system recorded the weight of the contents, the .
type of material, and the generator and address; this information was then downloaded to compuzT- This very
automated system also downloads the weights remotely through a radio system to a computes COWItOwn at

headquarters!

The pilot test was made available to all citizens of Oak Bay on a volunteer basis, and 63 percent of the residents
opted to participate. Weight-based billing is one of the many diversion incentives that the CRD is examining
to push residents toward diversion goals of 50 percent for 1995. Expenses for the pilot test weze $325,000,
_ including $100,000 for the new truck. The truck manufacturer provided substantial technical assisznce and test
carts for below cost. The pilot recently ended and the equipment was removed. The District hopes to implement
the system throughout the Capital I_{iegional District in the three- to five-year horizon.

" &. Mendham Township, New Jersey®

" 1n 1992, Mendham Township implemented a weight-based variable rate system. Rather than charging customers
based on the mumber ‘of pounds, Mendham incorporated a variation that charges customess in 15-pound
jncrements. Customers buy stickers at $1 per 15 pounds and attach the pumber of stickers ne=daed to “cover”
the waste in the container. Although customers need to estimate the number of pounds in a contzirer, the system
provides an innovative way around the problems associated with billing and revenue collection (stickers are
prepaid). The sticker cost covers the disposal cost of the waste. This system, along with a switeh from twice-
to once-per-week service and a recycling program, is credited with reducing annual, tax-funded costs per -
household by about half, increasing recycling by 83 percent, and decreasing disposal tonnage by 55 percent.

6. Milwaukee, Wisconsin

Milwaukee, Wisconsin’s pilot test should be in the field in late 1994 or early. 1995, Milwzukae’s system
includes retrofitted semi-automated tippers. Instead of identifying the carts via RFID, Milwzrxee is using 2
computerized routing system in which the routes are read, in order, into.the computer, and the computer scrolls
the address to the next house at each stop.

7. Farmington, Minnesota

Farmington wanted to become the first municipality to implement weight-based rates, tur because of
*technological setbacks and ultimately unsuccessful redesigns, the city has ceased working on &2 system. The
city attempted to develop a fully automated collection system, and over the last few years worksd with several
different companies toward that goal. Occasional field tests were conducted on various combizzzons of system
_components with Farmington’s modified, fully automated rapid rail collection truck. At least cze2 test operated
- fairly successfully, except for the electrical problems produced by the abusiveness of field conditicns. The static
weighing mechanism that Farmington was working on required a two-second pause in tipping cvcle. They tested
two types of idéntification and data storage: 1) radio frequency cart identification; and 2) fixed bar-code scanner

t  World Wastes, February 1993, pp. 36-30.
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reading an onboard route sheet. Farmmgton has expenenced retralmng chfﬁculnes and opposition from

 collection personnel. At various points, the city has estimated that a fully developed system co_uld cost between

. $10,000 and $12,000 per truck with an addmonal $7,000 to $9,000 for office equlpment 5

8. aneapol:s Minnesota

o aneapohs rana smalI pilot test of a welght-based system in the spnngfsummer of 1993 They installed load

cells on two semi-antomated lifters, ‘arid used RFID for can identification, Tead by an anténna. The system :
_weighed before and after dumping, 2 and the information was stored in an onboard computer that was downloaded -

| .: “evenings. They found the system showed go-od reliability and accumcy, but they did not feel their ‘trial was long

enough to determine how well the system would ultimately work. They were concerned that perfounanc. would
be affected by a wide range of factors, including continuous movement, angle of collection, wind spesd, speed
of dumping, and relative amounts of refuse. The city, which simultaneously examined alternative, volume-based
(variable can) options, is not planning to implement the system at th1s nme They decxded that custormers might

not Iike the new system and might complain. - e

9. Denmark DT

A fully automated system (with carts similar to 90—gallon) was used in a commumty in Denmark cherging 2
kroner (35¢) plus tax per kilogram for garbage collection, and recycling collection at no charge. The nzme and
address are anached to the container, and the garbage weighed and recorded by the electronic database in the

" truck, ‘The community found thaf people were content with the system. The weighing and recyclmg programs :
L were reported to have cut by half the amount of garbage havmg to be bumed in the® commumty '

"Austzaf:a ;
3 iR

aqd the. address of the stop were read as they were emptied into the garbage tmck Rwdents recefved regular '
jstatcnts th:oughout the year, mformmg thern of the quantity of theu' waste, how much they could be expected

wo-. o to charge for that quantity, and how it compared with other set-outs in the community (“mock bills™). Residents
. also received waste reduction educational materials. The welghmg technology developed for the trial was proven

not to be accurate over the course of the project and the boundaries of the city changed durmg the experiment,

~**"“placing the households outside ‘the ‘confinés of the” city:‘For these reasons, théy decided not to procezd with

implementation of a welght-based program

B. Manufacturer Survey

We found several firms across the eountry and internationally that had been involved in one or more

~.components of these systems, with several core firms working successfully on the weighing/scale elements. In
~ . addition, prototypes continue to improve, with a number of different groups of companies pooling their expertise
+. In cart-tipping mechanisms, weighing systems; 1dentxﬁcauon tecb.uology, a.nd portable data storage in more

¢

’ formal armngements to develoP tm’nkey systems

vMost prehmmary testing . of Wexghmg systems has be‘-n focused on. modxfymg sexmautomated“’ or fully
I automatcdcm -tipping mechanisms. These efforts reflect the move by roany communities toward curbside seri- -

or fully automated systems to increase collection efficiency and decrease costs.

?  The EPA MITE program wﬂl be issuing a report describing approaches tned and lessons learned in the Farmington sxperiment
‘within the next few months.

® " Skumatz, “Garbage by the Pound: The Potential of Weight-Based Rates™; ses also EPA MITE report.




6 SERA/REASON FOUNDATION
- SERA surveyed nearly 2 dozen firms in the United States and overseas that are actively working on
_ demonstrating or marketing key hardware components to z fully viable “Garbage by the Pound” system. We

’ spemfically quened firms on component featurcs status, field experience, expected costs, and cerification

© issues.

' Nearly all scale firms noted being “just about” to submit their equipment for certification, or bave already
submitted the equipment and passed one or both levels of certification.!

‘Several manufacturers are bringing to market integrated system packages; others are concentrating on a key
component and users would need to assemble systems from several firms. -

Special features that have been or are being developed include:

_ dynamic (in-motion), semi-automated systems;
automated, sideloader systems;
radio-downloadable systems;
weighing in the presence of “shaking”;

“autocorrections for inclines;
_long-range, low-frequency ID systems; and
and other featurcs

Equipment estimates ranged from about $10, 00(}-520 000 for scale systcms, $800-$2,500 for REID rezders and
$3-$10 each for tags. ’ _

4

Table

Summary of System Design:Component Options

"% Scale Options

-‘Read Options

Data Transfer Options

Charge Options

seso

*semi-automated, static .

. semi-automatéd, dynamic
fully automated, rapid rail -
. scales detecting changes in

truck weight

[ ]
.
L ]
L ]

. RFID

bar code -
bar-coded route shccts
computer s¢rolls
next address

. downloading, onboard| e
hand-held computer | ®
radio transfer/
downioad

calculated bill
prepaid sticksrsisiamps in
denominated, xmid-pound

‘Incraments

. EQUIPMENT, CERTIFICATION AND COST ISSUES

A. Certification lssues

Our research shows that one considerable obstacle to installing weight-based systems has besn ceveloping
marketable equipment that would receive certification approval from governmental weights-zod-measures
agencies. These systerns are being asked to conform to Class III level, as defined by the Naticrz! Instimte of
Standards and Technology (NIST). This class applies to all scales involved in the sale of goods azd services,
such as produce and supermarket scales. The requirements are generally equivalent to 0.1-percent sccuracy, but
depend on the actual increments, division, and capacity of the individual scale. For garbags-copers for
residential cans, this would fall berween 0.3- and two-pounds accuracy. This requirement has keld back

1mplementat10n of these systems beyond anything but pilot tests.

Some have argued that these requirements are too stringent, noting that: 1) if there is a base fz=, all of the
charge is not based on weight; 2} the weight does not need to be charged to one-pound accuracy, tu: could be

M Ses description of the certification process under a later heading in this report. Equipment must mest performance standards
and tolerancss both before and afiar several wesks of field use,



