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SUMMARY

Under the terms of a contract between the Common Council of
the City of Buffalo and Citizen Action-New York, the Center for
the Biology of Natural Systems (CBNS) has studied tﬂe feasibility
of applying the CBNS Intensive Recycling System to the disposai of
household trash in Buffalo.

The present Buffalo tiash disposal system 1is based on
collection of unseparated trash frém households and é;gll
commercial establishménté by the City Department of-Street '
Sanitation (DOSS). At presentrthe collected trash is delivered to
transfer stations at a cost to the City ("tipping fee") of $2@ per
ton. However, this fee is expected to rise sharply, because the
1andfills and the incinerator in which Buffalo £rash is ultimately
disposed are becoming more costly in response to the new, more
rigorous requlations that their serious environmental hazards
require. If the City continues its present trash disposal system,
it will probably face a tipping fee of about $60 per ton in 1991,
@hich will continue to rise thereafter. The average landfill
tipping fee in the Northeast already reached $39 in 18987,

The CBNS Intensive Recycling System can provide the City with
a cost-effective means of trash disposal that avoids the
environmental hazards inhefent in trash-burning incinerators and
that sharply reduces landfilling. It differs from the present
Buffalo trash'disposal system in several important ways:

e Householders are required to separate trésh into four
containers; three contain recyclable fractions of the trash (food

garbage and yard waste; paper and cardboard; bottles and cans),



and the fourth contains non-recyclables. The containers are
brought to the curb for weekly pickup,
e The separate fractions are collected by two truck-
trailer units. Thg food/yard waste fraction is taken to a
“facility that converts it into marketable compost; the
paper/cérdboard and bottle/can fractions are taken to a materials
recovery facility that produces marketable commodities: several
grades of paper;, color-separated crushed glass. alumjnum and tin
cans. The non-recyclable f;action can be disposed of in an
ordinary landfill.
In assessing the feasibility of applying this system to trash
disposal in Buffalo, we have made the following determinations:
1. A CBNS test of the Intensive Recycling System (of 188
households over a l8-week period) in East Hampton, L.I., shows
that it can recover 84% of the trash (by weight) in marketable
forms. Because of:this high level of physical efficiency, the
Intenéive Recycling sttem cén serve as an alternative to
incineration (which burns about 78-75% of the trash, by weight).
2. A survey of a total of 514 households in three Buffalo
neighborhoods (Delaware, Fillmore and Masten) shows that abgut 78%
of the households would be willing to do the neceséary separat{on
of trash. There was no significant difference in the level of
positive response among these three neighborhoods, which differ in
+heir socio-economic character; together they are representative
of the total Buffalo population. This result, together with the

high physical efficiency of intensive recycling, indicates that

ii




' the system can effectively dispose of the city's total stream of
regular trash. - | _

3. The markets for the recycled pfoducts'produced by the
Intensive Recycllng System that are accessible to the Buffalo area
have been evaluated. They are suff1c1ently large to readlly
accommodate the system's output of recycled materials.

4., The environmeutal 1mpact of the Intensive Recycling
System is minimal- the proce551ng facilities do not appear to emit
unacceptable amounts of dust or tOXlC metals, they dao* not emit
toxic chemicals or pathOgenlc mlcroorganlsms. They are free of
the toxlc hazards generated by trash- burnxng incinerators.

5. The Intens1ve Recycllng System is cost- effectlve, as
compared with the City's present system. 'In 1991, with the new:
system in full operation, its annual net cost to the City would be
$118.81 per ton, about 4.5% less than the total cost of the
present system ($124 42) -- assuming a $68 per ton tipping fee and
a 90% rate of household part1c1pat10n) As the tipping fee rises
above $52.47 per ton, the Intensxve Recycllng System becomes
progressively less costly than the present one.

The total cost.of the Intensive Recycling System and the
break-even tipping fee wili be reduced below this estimate if the
prices received for recycled materials are at the high end of the
reported range rather than the mid-point. If the prices are at
the low end of the range, if pickup time is increased (relative to
the present system) by 50% rather than 25%, or if there is no
increase in overtime, then the break-even tipping fee increases.

6. Adoption of the Intensive Recyoling System would

significantly increase émplOyment and earnings of DOSS workers, as

iii



compared with the present system. Employment would increase from
311 in the present system to 374 in the proposed system; total
employee annual earnings would rise froﬁ $8,306,50808 in the present
system-to $11,568,6088 (computed in constant 1987 dollars) in ‘the
proposed system -- an increase of $3,254,108, or 39.2%.

7. A considerably larger portion of the funds spent by the
City to operate the Intensive Recycling Sysfem would remein within
the Buffalo ecohomy as compared with the funds spent to operate
the present system. As a result, adoption of the proposed system
would significantly increase the positive impact of the City's
trash—disposal-expenditures on the Buffelo economy. Construction
‘ of the new processing_facilities would inéolve 243 temporary Jjobs,
with earnings of $4,266,000 and increased induetrial output of
about $14,023,880 (computed in constant 1987 doliarsj. In
addition to this one-time-only impact, operation of the proposed
system would have an apprec1able ongoing economic impact; annual
industrial output would 1ncrease by $4,592,0082, employment by 139
.jobs, and earnings by $4,550,088. Moreover, by pioneering in the
application of intensive recycling to urban trash disposal, the
City would create opportunities for the local development of new

industries that process recovered materials and produce recycling-

related equipment and supplies.

8. We conclude that the adoption of the Intensive Recycling
System would'provide the City with a means of trash disposal that,

compared with the present one, would significantly reduce city

trash disposal costs; would increase the number of DOSS employees

and their total earnings; and would appreciably increase the

iv
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* pesitive economic impact of trash-disposal spending con the City's

economy.r
In order to implement the proposed Intensive Recycling

System, we recommend that the City undertake a sméll—scale pilot
test-(involving'SB-lﬂﬂ volunteer households), followed by a larger
mandatory test (involving one or mdre neighborhoods or 1,8808-
19,0606 households). The tests should be trials of the Intensive
Recycling System -- that is, four-container separation and
proceséing of all recyclable trash fractions -- in orter to refine
the procedures and assumptions used in this feasibility study.
Such tests would provide more.precise informatioﬁ about‘the
'composition of the tfash stream; the rate of trash production; the
adequacy of ﬁousehold containers; and the appropriate sizes of the
col}ection vehicles. These data refinements are important;-for
they will influence the overall cost of the system. When the
second pilot test is undertaken, it will be necessary for the City
to COmmit itself tb full-scale operation of the Intensive
Recycling System, fof the test will require fhe construction of

the necessary processing facilities.
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I. INTRODUCTION

Environmental impacts and rising costs have created a
national trash-disposal crisis. Landfills, which now receive 90%
of the nation's trash, have created serious environmental problems
and, in any case, are rapidly £illing up. The New York State
Dept. of Environmental Conservation (DEC) expects to close more
than two-thirds of the state's present jandfills, and will sooh
announce new rules severely restrictiﬁg their_operatf%n (NYS DEC,
1987a). Regulatory 1égislation is under consideration.as well,
These trends, which recognize the environmental unsuitability of
landfills, are reflected in the costs paid to dispose of trash in
them ("tipping fee"); the national average fee has nearly doubled
between'1982 and 1987 (Pettit, 1988). Tipping fees in the
Northeast are particularly high, doubling between 1986 and 1987;
the average t1pp1ng fee was $39 per ton in 1987,

Trash-burning incinerators face similar difficulties. They
generate very_serious environmental and health haza:ds in the form
of toxic emissions and ash, and ﬁew, more expensive environmental
control systems are being introduced. As a result, incinerator
tipping fees have increased sharply, rising on the average by 160%
between 1982 and 1987 nationally (Pettit, 1588). Since the
incinerator's environmental problems are still unresolved, these
costs are expected to rise further. |

The trash disposal crisis will have a serious impact'on the
City of Buffalo. After being collected by the City, Buffalo's
trash is dellvered to transfer stations where NEWCO, a subsidiary

of Browning-Ferris Tndustries (BFI), takes responsibility for



final disposal, in return fot7a tipping fee of approximately $20
per ton (City of Buffalo, 1987). This compares well with the
national average tlppxng fee at landfills ($20.36) or incinerators
($33.64) (Johnson, 1988). On the other hand, the ultimate
disposal of Buffalo's trash, chiefly in the Occidental incinerator
at Niagara Falls, contributes to the environmental hazards

generated by that facility.

It is clear, however, that the present 51tuat10n will not
last very long and that Buffalo faces sharp increases in costs if
the present trash disposal system is not changed. The City
contract w1th BFI must be renegotiated this July. The company has
already stated that it will replace the present three-year |
contract with a one-year contract. There are indications that BFI

will demand a significéntly higher tipping fee -- apparently more
than ¢3¢ -- and that further increases will be required in
subsequent years. This expectatlon reflects the trash dlsposal
problem in Erie and Niagara Counties. About 96% of the Buffalo
trash‘is‘carted by B?I to the Occidental Chemical Co. incinerator
in Niagara Falls and thé temaindet is deposited in the company's
Erie County landfiils. Both the landfill and incinerator costs
are expected to inctease not only because of their generic
environmental difficulties, but also because of situations
peculiar to them. |

Competition for ljocal landfill space is becoming
progressively more acute. Two of the landfills in the Erie-
Niagara region are municipélly owned; these are expected to close

in the'near future. The BFI landfill in Tonawanda is also
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expected to close, and that town expects to face a nearly doubled
tipping fee when it shifts to another landfill or disposal system.
This problem is compounded by the fact that the remaining two
landfills accept 65% and 35% of their trash respectively from
outside the area (MacClennan, 1988), 51nce they are prlvately
owned, they are free to do 0. Because landfills are being |
rapldly closed in New York and New Jersey: those in the Erie-
Niagara region are being used increasingly by dlstant communities.
For example, Essex County, NJ, expects to ship 1nc1nerator ash to
an Erie County landfill {(Curcio, 1987) So,_because of heavy
demand for the diminishing landflll space in the Erie-Niagara
region, the costs of trash-disposal in a 1andf111 will rise at an
increasingly rapid rate. |

A similar situation affects disposal in trash-burhing
incinerators. According to the recent Haste Agg tlpplng fee
survey {(Pettit, 1988; Johnsony 1988) the 0cc1dental plant, whlch
receives most of Buffalo's trash, charged a fee of $15 per ton in
1986. Currently the fee is $25 (Eggers, 1988), and 1t is certaln
to increase further. . One reason is that the Occidental '
incinerator has been required to make extehsive imprbvements in
emission controls as a result of a 1985 test conducted by DEC that
revealed unacceptable emissions of particulates and dioxin.
Although subsequent tests in 1987 showed that.particulate
emissions were apparently in compllance with State standards, the
new dioxin emission values are not yet avallable. If they fail to
improve, the plant may,face addltlonal cqsts_fot control
equipment. Occidental plans to pass these costs through to ‘the

tipping fee (Eggers, 1988) .



Incinerator ash disposal is also likely to generate increased
costs. The Occidental plant, which burns about 688,888 to 768,808
tons of trash annually, generateé about ISB,Bﬁﬂ'tons of ash per
year (Eggers, 1988). At present the ash is deposited in a local
landfill. However, recent DEC tests of ash from six New York
State incinerators (not including Occidehtal) show that the ash
frequently contains so much toxic lead and cadmium as to fall
under the EPA definition of a "hazardous substance,“.yhich must be
disposed of in a speciai (and very costly) hazardous waste
landfill (NYS DEC, 1987b). Despite these results, DEC has thus
far refused to designate the ash in this way and . has declared that
it is a "special substénce" that can be disposed of in a special
kind of "monofill"™ landfill (Nésenchuck, 1988). This will
nevertheless require higher costs for the disposal of the
Occidental plant's ash. If the DEC's redefinition of the ash's
toxicity is withdrawn and the aéh must go to a hazardous waste
landfill, the disposal costs will become extremely high. (There
is pressure in this direction; a bill'cdrrently'before the Suffolk
County Legislature would require incinerator ash disposal in a
hazardous waste landfili. -In_addition, EPA is béing sued by the
Environmental Defense Fund to reguire that incinerator ash be
designated as a hazardous subétance.)

Thus, the cost of disposing of trash at the Occidental
incinerator is bound to increase rapidly. Moreover, the
continuing availability of the plant is uncertain. For example,

depending on the as-yet-unreported dioxin emission levels found in

the last DBC test of the plant, Occidental might be reguired to
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" add a scrubber to the control system. The cost of the scrubber
would not only add $16-$28 per ton to the tipping fee, but
installing it might involve a lengthy shut-down of the plant
(Manoogian, 1988; City of NY Dept. of Sanitation, 13584)

It is apparent that the present.costs of disposing of Buffalo
trash, whether in a regional landfill or the Oecidental
incinerator, are almost certain to rise consideiably; Based on
the foregoing considerations, we estimate that the present tipping
fee will increase by about three-fold in the next three years.

These considerations require that the C1ty of Buffalo plan
for a new system of trash disposal that sharply reduces its
present dependence on landfills and the Occidental 1nc1nerator.
Intensive recycllng is a way of accompllshlng this purpose.
Intensive recycllng can dispose of the City's trash without o
incurring the environmental hazards involved in 1nc1nerat10n, it
sharply reduces the amount of trash that is landfilled or
incinerated. As tipping fees rise over the next few years;'it
w1ll become the City's most cost- -effective means of trash
disposal. In this report we present the results of our study:
under a contract from the Buffalo Common Council, to evaluate the
feasibility of applying intensive recycling to the Buffalo trash
problem as a means of providing the City with a.cost—effective,

environmentally sound means of solving it.

II. BACKGROUND
Municipal solid waste consists of residential, commercial and
institutional trash. Almost all of Buffalo's commercial and

institutional trash is picked up and disposed of by private
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carters. This report is concerned with the trash stream that is

collected and disposed of by the City: trash from residences and

some small commercial establlshments that are part of the city's

regular collection system.
This trash stream is composed of "regular” waste (for
example, food garbage and yard waste, paper. cardboard, bottles

and cans) and “bulky waste (such as discarded appliances,

furniture, tires and large branches and, in the fall, leaves). As

shown in Table I, such bulky waste represents about 29% of the

total trash stream; it is picked up by special city collections,
while the regulaf’trash is picked up at weekly intervals. These
two parts of the trash stream must pbe handled differently. The
bulky waste is normally jandfilled; a good deal of it could, |

however, be salvaged for reuse or recovery. The regqular trash,

which makes up the greatef part of the trash stream, can be either
landfilled, incinerated, or recycled. This project'analyzes the
' feasibility of using a system of intensive recycling to dispose of
the regular part of the residential trash stream.
About 85% (by weight) of the residential trash stream

consists of components that are currently capable of being

recycled: paper and cardboard into recycled paper and paper
products; aluminum and tin cans into aluminum and steel; glass
bottles and jars into crushed glass used‘in manufacturing glass
products;-food garbage and yard waste into compost (see Appendix
B). There are two approaches to recycling these components: (1)

. partial recycling, and (2)-intensive-recyc1ing. Although this

study is concerned with the feasibility of applying intensive
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Table I

ESTIMATED BUFFALO WASTE STREAM (1987)

- Regular
Total Bulky Regular Non-yard Yard
Waste Waste Waste Waste Waste
‘ (t/mo) (t/mo) (t/mo) (t/mo) (t/mo)}
January 11,781 778 11,811 16,560 451
February 18,373 - 835 9,538 9,538 8
March 14,568 - 3,008 11,568 16,568 1,008
April 15,838 3,000 12,838 16,219 2,619
May 17,929 4,526 13,483 18,568 2,843
June 19,7540 5,212 14,538 . 16,219 4,319
July 017,792 3,910 13,882 18,568 3,322
August “16,305 3,692 12,613  18,568° 2,853
September 16,785 2,802 13,983 16,219 - 3,764
October 15,943 2,657 13,286 16,568 = 2,726
November 14,265 2,991 11,274 10,219 1,855
December 13,896 1,456 11,6480 19,568 1,080

_—-——_q.-———.———-————-.————————u————-—_————-——-.——-———.-—————————--—-—_-

‘Annual Total 184,425 34,851 149,574 124,335 25,239

% of Total 100% 18.9% 81.1% . - 67 .4% 13.7%
Annual Average I ‘
1b/person-day 3.16 .60 2.56 2.13 B.43
. June Peak: - | |
tons per day 658 174 - 485 341 144
1b/person-day 4.11 1.89 1.89 2.13 6.99
Assume: | -

1. Total waste refers to waste picked-up-by-City of Buffalo crews.
1+ consists of almost all residential waste plus material from
small commercial establishments. Bulky waste consists of
furniture, white goods, and some yard waste, €.9.., leaves in
the fall. "Regular waste" is defined as total waste minus
bulky waste. Regular waste refers to the elements of the trash
stream collected weekly by the Dept. of Street Sanitation.

2. Generation of regular non-yard waste (total minus bulky minus
yard waste) is constant per day and equals the generation rate
of regular waste during February (i.e., no yard waste in Feb.).
Therefore, the amount of reqgular residential waste generated
per day is about 340.6 tons per day. Waste generation
estimates for other months are based on this value and the
number of days per month.

3. Estimated Buffalo population = 328 ,008.

Source: Written communication from S.A. Buczkowski, Buffalo
Commissioner of Street Sanitation. Data for total waste and bulky
waste are from 1987. January & February bulky waste data from 1987
were not available, so 1988 data were used. March and April bulky
waste was estimated from actual data for other months.
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recycling to Buffalo's trash disposal problem, it is useful

initially to compare the two approaches.

A. Partial Recycling:
This is the conventional'approach. It is targeted on the

recovery of a few spec1f1c components of household or commerc1a1

waste: newspapers, cardboard, office paper, alumlnum cans or glass
>
2L
bottles. Typlcally, such programs have been (1) voluntary, ;%RE vot TN
Af‘h o

leading to low rates of participation; (2) economlcally precarious

- because they have not included the avoided cost of lahdﬁilling in

their accounting; and (3) troubled by difficulty in-marketing

their products because they are not processed after collectlon and
are therefore low in quallty. Of the separate partial recycllng
programs, only recovery of aluminum cans can be regarded as

M somewhat successful. Nationally, about 58% of the annual

production is collected and reused by the aluminum industry {The
Aluminum Assn., 1987). In contrast, only 21% of discarded paper
and 7% of discarded_glass‘products are now recfcled. According to.
a recent survey (Pettit, 1986), those communities with recycling
programs recover an average of only 7% of the total trash stream.
Accordingly, suoh oartial recycling programs cannot be regarded as

a means of dealing with the trash disposal problem as a whole.
B. Intensive Recycling:
This approach is inteoded to deal, not with separate
recyclable components, but with the tragh stream as a whole --
that is, it is meant to be a.self—sufficient means of trash

disposal. Unlike partial recycling, intensive recycling is
therefore an alternative to incineration. At the request of the

Town of East Hampton, CBNS devised such a-system in 1986 (see




Commoner et al., 1986). The system begins in the household, where
trash is separated into four containers: food garbege and other
putrescible material; paper and cardboard; metal cans and glass
bottles; non-recyclables (largely plastic). Then, several
intermediate proce551ng fac111t1es convert the recyclable
components into marketable commod1t1es. Food garbage (together
w1th yard waste) 1is converted into compost, a useful soil
additive; the paper/cardboard fraction is separated 1nto several
grades of marketable commodities; the bottle/can fractlon is
processed to’ yleld marketable aluminum and tin cans and crushed
glass. This inten51ve recycllng system is 111ustrated 1n Figure .
1. The present study is de51gned to assess the fea51b111ty of
applying.lt to the disposal of Buffalo s household and commercial
trash. | | | v
C. The Requirements for Intensive Recycling:
In order to serve its.purpose as a complete system of

trash disposal, an intensive recyclinglsystem must meet the
following requirements: ' | |

1) 1t must have a high level of household part1c1pat10n,
since, along with the physical eff1c1ency of the system, this
determines how much of the trash stream is actually recycled. In
order to achieve a high rate of participation,'household
separation procedures should be convenient and reedily understood.

2) Collection procedures should be compatible with the
organization, personnel and eguipﬁent of the City Department of
Street Sanitation. | | -

3) The processing facilities that are required to convert
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' FIGURE 1
BASIC SEPARATION SCHEME
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the household separated materials to marketable products should be
based on eguipment and procedures of proven capability.

4) The final products of the system muét be of a gquality
acceptable to users (i.e., they should be marketable) and the
demand for the products must be ongoing, so that these materials
do not accumulate unduly.

5) It must have a high 1evel of physlcal efficiency -- that
is, recover in usable and/or marketable form as much as possible
of the residential trash stream. The theoretical maximum recovery
is about 85%; the practical minimum is about 78%, which is the
amount of the trash stream by,weight that is disposed of by the
alternative to intensive recycling -- incinération.

6) The non-recyclable residue of tﬁe system should be kept

to a minimum and should pe acceptable for disposal in an ordinary

landfill.

7) The system's environmental impact should be equal to or .
less than the impact of the present system- of disposal.

8) The system should be cost-effectlve and its total net
cost should be competitive with the anticipated cost of the City's
present system of trash disposal.

The requireménts summar ized above translate into technical
requirements that are explained in Appendix D.

In order to assess thé feasibility of employing a system of
intensive recycling for trash disposal in Buffalo, we have
investigated how these requirements can be met as fully as
possible under local conditions. These investigations and their

results are described in the following section.
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III. DEVELOPMENT OF THE BUFFALO INTENSIVE RECYCLING SYSTEM

A. Household Separation:

Bousehold separation is the essential first step in intensive
recycling: unless the trash components are properly separated, it
is difficult to process them into high gquality, marketable
products; unlesé separation is efficient, the unrecycled residue
may be so large as to demand too much landfill space. In
addition, the pattern of separation must be compatible with the
requirements of the subsequent processing. As noted below,
effective mechanical facilities are available that process food
garbage and yard waste into compost; mixed paper and cardboard
into separate marketable products; and mixed metal cans and g}ass
bottles into a series of marketable metal and glass products*.
Hence, household separation should yield these three fractions of
recyclable components,.and a fourth group of non~recy¢lables. In
order to yield products of acceptable guality, all three
recyclable fractions must be kept free of toxic materials {(e.qg.,
batteries, pesticides) and the paper/cardboard and can/botﬁle

fractions must be free of food garbage. The household containers
for the separate components should be convenient with respect to
size and shape. Finally, the overall system should not be unduly
demanding of the householder, so that a high level of
participation can be attained.

1. Household separation scheme:

A four-container separation scheme has been devised and

"It is possible to combine the paper/cardboard and bottle/can
fractions in a single container and then separate and process them

at a facility. However, the two leading processing systems
designed in the United States (Resource Recovery Systems and NECR
Inc.) process them separately.
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tested in East Hampton, Long 1sland. Household trash is separatea'
as follows:

Container I: Food garbage and other putrescible material
together.with discarded tissue, food-soiled paper, and yard waste.
Container II: Newspaper and other forms of -clean paper and

cardboard, including food cartons free of contamination.

Container III: Metal cans, glass bottles and jars, and small
pieces of aluminum {such as aluminum foil), rinsed by the
householder before disposal. : . o

Container IV

dlscarded plastic, metal and ceramic kltchenware; textile, small |

All the rest of the regular trash, 1nclud1ng ‘

rubber items. Also included in this category are composite
packaging materials, such as: paper/wax (milk and juice cartons);
é;paper/plastic; and paper/plastic/foil. These'materials are not
readily recyclable.

It was found that the main problem involved in initiating
this procedure was nouseholders' uncertainty about where some
items are supposed to go. People sometimes forget which container
number is associated with which type of component. To overcome
these difficulties, colored logos were used to indicate the
different containers and householders were provided with a check
list to guide the separation process. .such a list, which also
_illustrates the logos, is shown in Figure 2.

2. Household containers:

While the 1mportance of container design in fac111tat1ng
household part1c1patxon has been recognized, the available’
'1iterature has not assessed the four contalner lnten31ve recycliog

_system."However, the East Hampton pilot pr03ect has generated
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* ‘considerable infcrmation and experience on this issue (see
Appendix B). Based on this information and discussions with
householders in Bcffalo, the follcwing containers are.recommended
for the City's intensive recycling systems '

) Qpn;ainex lAlfcod'and soiled paper): Brown paper bags, such
as those used in scpermarkets. These are to be used as liners
inside a plastic bucket with a 1id. When full, the bags are
transferred to an outside, closed trash can for collection.

(Paper bags rather than plastic ones should be used to line this
container, because paper is compostable whlle plastlc is not )

e Container II (clean paper): All items are collected in a
large {11 gallon) plastic box; alternatively, mixed paper is '
collected in paper bags and newspapers are tiedlinto bundles, The
box and/or bags and newspaper bundles are set out at the curb in
time for the weekly collection.

e Container III (bottles and cans): These are placed in a
sik—gallon plastic bucket, which is set out at the curb in time
for the weekly collection. N '

] antalnﬁx IV (non- recyclables) These:items-are'placed‘in a
conventional plastic trash bag that liines an existing kltchen‘
trash can. When full, the bag is tied and set out at the curb in
time for the weekly collection.

Thus, in additioﬁ to the conventional kitchen trash can and
plastic liner, the household—willquse'three plastic containers
(two buckets, one box), and paper -grocery bags. (Local stores
should be encouraged to use’ paper bags rather than plastlc bags )

' The buckets and box should-be.supplied;to householders_at the
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start of the intensive recycling program as part of a free
"recycling kit."
3. Outside containers:

The types of containers appropriate for curbside collection
depends on several considerations: the need to_énclose food
garbage in a rigid'containe: at curbside; ease of handling by
sanitation workers; security from animals. |

‘According to a local ordinance, food gafbage must be enclosed
in'arrigid outside container when it is left at the curb for‘ﬁ;_ﬂ
collection. Since collection is weekly; the. -container should:éeﬁ;
large enough to hold the food garbage-proauced'in éhat peripd of
‘time. '

The requirements for outside containers to hold paper/
cardboard, bottles/cans, and non-recyclables are less stringent.
Since they should not contain putrescible maﬁerial, they need not '
be tightly enclosed or protected from animals. Accordingly, the
simplest arrangement is to. bring the containers used in the
kitchen for paper/cardboard and bottlés/cané and the plastic bag
" used to line the container of non-recyclables to the curb for
collection. Their contents can be readily distinguished by‘tbe_,
sanitation workers, since the paper/cardboard and bottle/can
fractions will be in differently shaped containers and the non-
recyclables in plastic bagé. o B

- 4. Level of participation: S Ciiaiie

Although this crucial question can only-.be answered in :J-‘
practice, we have -investigated.one factor thatwisvpﬁten'belingéﬁ
to have a major effect on people's willingness-to participate in.

household separation of trash: socio-economic differences among
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FIGURE 3
CITIZEN ACTION/CBNS BUFFALO HOUSEHOLD RECYCLING TELEPHONE SURVEY

;Interview Form
Introduction:

Hello. I8 the head of the household home?

My name is . 1'm calling on behalf of Citizen Action.
puffalo. We've been asked by the Buffalo Comron Council to take a
" close look at a new way to deal with our city's garbage. At
present our garbage is burned in a Niagara palls incinerator, but
that creates pollutlon problems and will probably mean higher' - -
costs for the city. Rzght now we're doing a survey to get~ '
peoples' feelings about a new garbage system —- recycling -— that
could solve these problems and at the same time create new
industries and jobs in puffalo. ' ‘

Do you have & few minutes to answer some questions? (1f ‘they
say no, try to schedule a more convenient time to call pack and do
the interview. 1f they refuse to participate, move on to the ‘next
interview.) |

Right now you put all your garbage and trash into a gingle
plastic bag or container for collection by the city. In’orderlfor

a recycling systenm to work, each household would have to separate

?..
‘

the trash into several different bags or conta;ners -- for

example, one container only for food garbage- another for paper'

and boxes; & third for cans, and bottlesf f

lr; Do you think that most people in your- neighborhood would. be
willing to separate their trash in this way? S . ;%ffj' .
. YesB

__ No _ . , L ‘
— DOn' t know ' o . T - T Lumae
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. results are presented in Table II. - ﬂg i
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neighborhoods. Such differences_mlght be expected, forfexample;ﬁ
to influence public attitodesltoﬁard recycling or physical
constraints on separation (for example, due to differing sizes of
krtchens) A survey by EPA (U.S. EPA, 1979) made an attempt to
evaluate soc1o—econom1c factors (including average income and
level of education) on part1c1patron rate, but the results are
confused by disparate sources of data and, in any case, are
characterized as "not & strong relatlonsh1p.

In order to determxne the attltude of the generalspopulation

toward household separatlon as well as the relative ‘degree of

participation that mlght be expected from neighborhoods- that
differ in their socio-economic characteristics, a household
telephone survey on the sdbject of trash management and recycling
was conducted in three Buffalo neighborhoods. The survey was
designed by CBNS and Citizen Action*Buffalo and carried out by .the
latter organization. The three communities represented a total -of

47, 585 residents. Masten is a predominantly black neighborhood,

. .Fillmore is predomlnantly whlte and ethnic, and Delaware is

Frdescrlbed as przmarlly upwardly mobile and professional.

A random sample of households was telephoned in each
community between the hours ‘of 5:88 PM and 9:80 PM during December
1987. All 514 respondents were given the same brief introduction

descr1b1ng the trash problem and what a~ household separatlon

'procedure would . entail. - The seven questlons lxsted 1n the

interview form were then:asked., They allowed for several optlons

. ..; 7. o ! C e
“

as responses. The questlonnalre is shown in Fig. 3 and the
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. 2. Would you be willing to separate your trash in this way?

— Yes

— No

__ Don't know
3. ‘[If_the answer to (2) is “no" or *don't know"]:

You say that you are unwilling (or don't know if you are) to
separate the trash. FHere are gome reasons why some people might
feel this way. Which of these are yourl reasons?

Too little space in kitchen

Would take too much time : : _
Other people in the household (children) wouldn't cooperate

Other

L1

4. Which of these arrangements do'yoh think would help to
encourage people to separate their trash?

A City law that requires separation _ ,
A cash prize given weekly for well-separated trash
The City would refuse to pick up unseparated trash
The City would provide you with free trash bags '
Other ideas

TIRR

5. What do you think of the way in which the City now collects

the garbage?

__ Satisfactory
__ Not satisfactory
__Don't know

6. What should be done to improve the present system?

7. We would like to have the following information:

How many apartments are there iﬁ your building?
How many people live in your apartment?
How many of them are children?




Table II

CITIZEN ACTION/CBNS HOUSEHOLD RECYCLING TELEPHONE SURVEY OF BUFFALC, 12/87

Delaware Area Fillmore Area Masten Area . TOTAL PERCENT
: (HOUSEMOLDS: 15,224) (HOUSEHOLDS: 15,743) (HOUSEHOLDS: 16,618)

Number of Respondents: 162 - 165 187 514
1} Do you think that your neighbors yes a5 27.8% 0 18.2x 59 31.6% 134 26.2%
would separate their trash? © no 48 29.6% 55 33.% 54 28.9% 157 30.5%
don't know 68 42.0% 79 47.9% 74 39.6% 221 43.0%
no response 1 0.8% 1 0.6% 0 0.0x% . 2 0.4X
2) Would you be willing to yes 131 80.9% 122 739K | M8 79.1% 401  78.0%
separate your trash? no 26 16.0% 29 17.6% 27 14.4% 82 16.0%
: don®t know 4 2.5% 14 .8.5¢ 11 5.9% 29 5.7%
no response 1 0.6% 0 0.0% 1 0.5% 2 0.4%

3) If not yes, what inadequate space 13 .15 13 4}

Is your reason? insufficient w__ﬁm ? —w . 17 ww

uncooperative peopte 1 ) : 4

onﬂn_. 8 6 - 5 19
4) What would help encourage city law a8 an.2x 63 23.2x 56 20.5% 207 28.1X
people to separate? *. cash prize 34 11.7% 43 15.8% 58 . 135 °18.4%
pick up refused 64 22.0X 43 15.8% 37 13.6% 144 19.6x
fres trash bags 57 19.8% | 17 28,3% 92 3.7 226 30.8%
other 40 13.7% a7 13.6% 28 10.3% 105 14.3x
no response 8 2.7% 9 3.3 2 0.7% 19 2.6
5) Your opinion of city satisfactory 123 75.9% 130 78.8% 137 73.3X 190 75.9%
trash collection? not satisfactory 24 14.8% 29 17.6% 40 21.4%- 93 18.2%
don’t knew 11 6.8% 4 2.4% 6 3.2X 21 4.1%
no responie 4 2.5% 2 1.2% 4 2.1% 10 2.0%

6) What should be done to :
improve present system? - - # of responses 67 41.4% 69 41.8% 87 46.5% 223 43.4%
7a) Number of units . single unit 70 43.2% 15 46.1% 74 39.6% 220 42.8%
tn building? 2 to 4 units 60 37.0% as 52.1% 107 57.2X 253 9.2
5 to 50 units .18 11.1% 0 0.0% 6 ixn 24 4.7%
51 to 99 units 6 L 0 0.0% . 0 0.0% 6 1.2
100 or more 8 4.9% 3 1.8% ' 0 0.0x 11 2.2%
7b} Composition of household? one occupant 54 33.3X 40 24.2X 47 25.1% 141 27.4X
two occupants 62 38.3X 46 27.9% . 50 26.7% 158 30.7x
3 or more a1 19.1% 124 46.7% 90 48.1% 198 38.5%
no response 15 - 9.3% 2 1.2% 0 0.0X 17 3.3
Tc) Humber of children no children 122 75.3% 108 65.5% 120 64.2X ase 66.1%
in household? 1 child 13 B.0% 25 15.2% 20 10.7% 58 11.3%
two children 18 11.1% 15 9.1% 3 16.6X 64 12.5%
more than two 9 5.6% 17 10.3% 16 8.6% 2 8. 2%

R . * Respondents may have chosen more than one option from question #4. Therefore, total resposnes are greater
. . than ths number of respondenta. Percentages indicate thea frequency f a given opticn selscted by respondents.
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When asked the questien, "Do you think that most peopie in
your neighborhood would be willing to separate their trash in this
way (referring to the use of four.containers)?', an average of
only 26% of the total said "yes." Bowever, asked “would you be
willing to separate your trash in this way?", an average of 78% of
the respondents said’ "yes." The difference between these two
responses is not surprlslng gince recycling has not been widely
discussed, individual respondents had no way of knowing that most
of their neighbors wouldlrespond favorably. The other 22% of the
respondents who said "no" or "don't know" gave ;eaSons'that‘
included inadequate space, insufficient time,-and'tpe presence of
people in the household who wouldn't cooperate (such as ehildren).

The answers to questions on how people could be encouraged to
{-cooperate with a household separation program’ varied. The option:
~ that elicited the greatest number of favorable responses (38.8%)
 was the idea of offering free trash bags. Another freguent
response (28%), was the notion of a law requiring recycling. Some
respondents suggested that the media should be used
comprehensively to educate the public about the beneflts of
recycling. Some suggested tax breaks for recyclers and incentives
similar to the bottle bill.

As shown in Table II, the differences in the responses
obtained from respondents-ih the three neighborhoods are small.
in response to the crucial question, "Would you be wiiliné to
separate your trash?", the percentages answering "yes" were B6.9%
in Delaware, 73.9%.in Fillmore, and 79.1% in Masten,- These
differences are not statistically significant. ‘Cempared with data

of the U.S. Census Bureau, the surveyed population reflected an
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accurate composite of the Buffalo area. The number of units per
building, the number of occupants per household, and the number of
children per household are consistent with census figures.

In addition to the telephone survey of the three
neighborhoods, a face-to- face survey was conducted for one of them
(Masten), for comparlson with the results of the telephone survey.
This comparison can correct for a possible difference in the
responses from'househeids with and without telephones. A standard
statistical (Ch1 square) test indicates that there is mo
statlstlcally 51gn1f1cant difference between the two surveys at a-
95% confldence level. The comparatlve results are shown in Table
Iia.

Since these neighborhoods are representative of the city as a
whole, the survey indicates that’ it should be possible to obtain a
high level of parhicipation in a full-scale trash separation'
program in Buffalo. Even without an education program, the study
indicates that nearly 88% of the population is ready to
part1c1pate. This posztlve initial attitude toward recycllng
will, of course, ‘need to be fortified with educatlon and
incentives. Although no consistent or uniform measures of the
effectiveness of recycling education are available, the existing
literature on source separation programs consistently emphasizes
the importance of vigorous, continuing public education campaigns
to encourage participation. Such an educational program is
described in Section VII.

B. Collection System:

At present the City's trash collection system picks up




Table IIa

COMPARISON OF TELEPHONE SURVEY RESULTS AND FACE-TO-FACE SURVEY RESULTS FOR MASTEN

Telephone Survey
Masten Area

(HOUSEHOLUS:16,618)

Face-to-face Survey

HKasten Area

(HOUSEHOLDS: 16,618)

Chi Square Statistical Comparison**

Number of Respondents: 187 169
1) 0o you think that your neighbors yas 59 31.6% 48 28.4%
would separate their trash? no 54 28.9% iz 18.9%
don't know 74 39.6% 87 51.5%
Ao response 0 0.0 2 1.2%
2) Would you be willing to yas 148 79.1% 123 72.8%
separate your trash? no 27 14.4% a8 22.5%
* don"t know 11 5.9% 7 4.1%
. no response 1 0.5X 1- 0.6%
3) 1f not yes, what inadequate space 13 5 3.0%
is your reason? tnsufficient time 17 16 9.5%
uncooperative peonle 4 10 5.9%
other 5 11 6.5%
i) What would help encourage city law 5 20.5% 65 2.7
people to separate? * cash prize 58 21.2% 52 18.2%
: pick up refused 37 13.6% 3l 10.8%
free trash bags 92 337 104 36.4X
other 28 10.3% 30 10.5%
no response z 0.7% 4 1.4%
5) Your optnion of city satisfactory 137 73.3% 109 64.5%
trash collection? not satisfactory 40 21.4% | - 49 29.0%
don’t know 6 3.2 6 3.6%
no response 4 2.1% 5 3.0%4 -
§) What should be done to
improve present aystem? # of responses a7 46.5% 82 48,5%
7a) Humbar of units single unit 74 38.6% 58 34.3%
in building? Z to 4 units 107 57.2% 105 82.1%
5 to 50 units L 3.2 2 1.2%
51 to 93 units 0 0.0% 0 0.0%
100 or more 0 0.0 1] n.0x%
7b} Compasition of household? one occupant 47 25.1% 32 18.9X
‘ two occupants 50 26.7% 49 29.0%
. 3 or more 90 48.1X 86 50.9%
no response 0 0.0% Fd L
Total Occupants 517 464
Average Occupants per Household 2.78 2.78
7¢) Number of children no children 120 64.2% 87  5L.5%
. In household? 1 child 20 10.7% k1:} 22.5%
two chtldren 31 16.6% 25 14.8%
more than two 18 B.6% 19 11.2%

Expected
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containers of mixed trash at the curb and dlsposes of their
contents, with no further treatment, at the transfer stat1ons.
VIntensive recycling necessarily requires major changes in the
present collection system. . First, the new syétem must be designed
to pick up, separately, four different fractiops of the waste
stream. Second, instead of the trash being deiivered to a single
transfer station, the different fractions must be delivered to one
of several different facilities, where they are processed into
marketable products. In this section we consider the design and
operation of a collection system capable of carrying out these

functions.
1. Types of collection !ﬂhiﬂlﬁﬁ available:

The types of trucks used to collect trash containers have
major effects on collection time, route lengths, and working
conditions. The trucks represent a major part of the system cost,
so that an effort should be made to use existing Sanitation'
Department trucks insofar as possible. The following types of
trucks are now in use or are available through purchase.

a. Compactor trucks:

Urban residential collection of unsorted solid waste is
performed almost exclusively with compactor trucks. These trucks
are loaded either manually or by a hydraulic bin 1lift system. In
Buffalo, residential collection is performed with manually loaded
compactor trucks.. Such compactor trucks can be used to collect
separated trash fractions, providiné_that compaction does not
interfere with subsequéﬁt processing. They are available in a

range of sizes.
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b. Hon:comnactinn trucks:

Trucks that do not compact the trash and have one or more
separate compartments for receiving different waste fractions have
been introduced for the collection of ‘household-separated trash.
Some of thsse trucks are 1oaded with a hydraulic mechanism that
can access all compartments. Since the trash is not compacted,
such trucks have a relatively small capacity: they are available
in a range of sizes.

c. Trajlers:

Both non-compaction and compaction trailers are afailabls,
but the supply of the latter is limited. Compactor trailers with
a payload of more than about 5000 1lbs are rarely'offered,‘ Non-
compaction tra1lers range from small single- -compartment vehicles
;to 15 cubic yard trailers with several compartments.

All trailers need a source of hydraulic power for brakes, the
ldump mechanism, and, in the case of compactor trailers, the:
-compaction mechanism. Hydraulic power is provided‘either.by'a'
line from the trpck that'pulls the trailer or by a'ssparaté engine
on the trailer itself. 1In the first case, the power supply of the
truck must be matched to the requirements of the trailer. 1In
addition, the hitch on the truck and the trailer's tongue should
match. If a trailer is to be pulled by a rear-loading compactor
truck, special arrangements may be needed to match the truck hitch
and trailer tongue and to avoid impeding the loading of the truck.
Some rearloadrng trucks cannot pull a traller at all; while others
can only pull a relatlvely small load. |

Collection vehicles should require a minimum effort for

loading and should be suitably maneuverable. vehicle handling



-25-

performance in dense traffic, in narrow alleys, after heavy
snowfall, steep hills, or when backing’onﬁlof dead end streets
should be considered. | |

2. ¥Yehicle design considerations:

The choice of_the‘best truck-trailer combinatidn is affected
by the following considerations: collection fﬁéquencies and
schedules; relative sizes of each of the four.waste fractions;
which of the separafed fractions may be compacted without
interfering with subsequent processing; the extent to which
Buffalo's existing 25 cubiq yard compactor trucks could be used in
the intensive recycling system; maneuverability of truck—ttailer
combinations. o

a. Collection frequencies and schedules:

Availabie_evidence suggests that househoid participation in
recycling programs is enhanced if pickups always occur on the
same day of the week. According to a survey dcne by the National
Solid Waste Management Association (NSWMA), the average rate of
participation in recycling among 13 communities w1th recycling
ordinances was 76.5% with "same day pickups and 41% w1thout
(Pettit, 1986)..In contrast, according to the survey, the
' frequency of collection d4id not significantly affect participation
rate. - These results suggest that the City of Buffalo should
continue with a once-per-week pickup schedule and that in each
neighborhood all four fractions should be collected on the same
day of the week. | | |

b. Sizes and characteristics of the four trash
fractions: -

We can estimate the relative amounts of the four fractions of
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‘ the Buffalo resideﬁtial waste stream (bY weight) from data
obtained in the East Hampton test. ‘However, since the East
Hampton trash streamchad an uhusually high newspaper content, we
nave corrected this figure to bring it closer to the average
values reported at materials recovery facilities (McCauleyr 1988).
From reported data on the density of different trash components
(Peavy et al., 1985). it is then possible to estimate the relative
amounts of the four separated fractions. Table III summarizes
these calculations. (See Appendix A for details.)

In winter months when little or no yard waste is Being
generaﬁed, the paper/cardboard fraction represents ‘the largest
volume of material. puring the summerl., food garbage/yard waste
becomes the largest fraction. 'The bottle/can"fraction represents
‘the smallest.volume -- about half the volume of the non-
;ecyclables. '
c. Truck design:

The optimal truck design 1is based on the following
considerations: - | | ‘

e The food/yard waste, paper/car@board, and-non-recyclable
fractions can be compacted; the bottle/caﬁ fraction cannot . (the
resulting breakage interferes with subsequent'processing).

e The paper/cardboa:d and bottle/can fractions will usually
be delivered to adjacent processing facilities.

e Total collection mileage should be minimized.

'@ The truck and trailer capacity must be sized s© that: (i)
they can accommodate the maximum seaeonal waste generation rates;
and (11) the truck and accompanying. trailer f£ill up at about the_'

same rate.
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Table III

AMOUNTS OF SOURCE-SEPARATED REGULAR MATERIALS GENERATED
(At 90% Household participation Rate)

Cont. II ~ Cont. III Cont. IV
Cont. I  Paper/ Bottles/ Non- -
Food Cardboardg Cans Recycl.* Total
Winter (No Yard Wastef:
Weight (tons/day)’  169.3 169.1 44.5 77.9 340.8
(Percent of total)}  (32.1) (32.8) (13.1) (22.9) (18@)
Density: ton/yd3 €.169 8.863 B.122 2.855
Compaction ratio -2 3.5 1 4
Volume (yd3/day) : | '
uncompacted 648 1726 - 364 1194 3932
(percentage) {16.5) (43.9) (9.3} (38.4) (168)
compacted 1324 ' - 493 364 354 1535
(percentage) (21.1) (32.1) (23.7) (23.8) (1ee)
Summer Peak (With Yard Waste) .
Weight (tons/day) 238.8 169.1 44 .5 92.3 484 .7
(Percent of total) - (49.3) (22.5) (9.2) (19.8) (;GB}
Density: ton/yd®  £.129 ?.063 p.122 6.655
Compaction ratio 2.5 3.5 1 4
Volume (yd3/day): _
uncompacted 1858 1726 364 1328 5276
(percentage) (35.2) (32.7) (6.9) (25.2) (188)
compacted 743 - 493 364 408 20681
(percentage) {37.1) (24.6). (18.2) (206.8) (168)

1. Unseparated trash collected from non-participants is included in

the non-recyclable fraction. - ..
2. The ratio of uncompacted volume to compacted volume is equal to-

the compaction ratio.

* .
The computation of the density and compaction ratio of the non-
recyclable fraction' assumes that it is not contaminated by unseparated

trash -— i.e., that the household participation rate is 108%.
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Based on these considerations, we have reached the following
design decisions:

e The paper/ﬁhrdboard and bottle/can fractions should be
collected by & compactor truck/non—compactdr trailer unit.

e The food/yard waste and non-recyclable fractions should
be collected by 2 compactor truck/compactor trailer combination.

In order to compute the required truck and trailer
capacities, the following factors must be taken into account: the
expected relative volumes of the four trash fractions; their
assumed compéction ratios; and the degree of participation in
nhousehold separation. The last factor will influencerthe'amount
of trash that is set out at the curbside'without seﬁa;étion:(that
is, by non-participating households), and whiéh must therefore.
become part of the non-recyclable fraction.' The computation of
required truck and trailer capacities is described in Table IvV.
(See also Appendix C.) | |
In this table, the volumes of the three recyclable fractions

are assumed to_decreaée —- and the volume of the non—recyclabig
fraction to increasée =< in proporation to the degree of non=
participation. In order to incorporate a safety factor in the
vehicle capacities, we used a 168% participation rate for
calcuiating the volumes of recyclables.and an B8B% participétion
rate for calculating non-recyclable volumes. On this basis, the

capacity requirements can be met by the followihg equipment:

Unit 1: 28 cu yd side-loading compactor truck (food/yard waste)
14 cu yd side-loading compactor trailer (non—recyclables)

Unit 2: 14 cu yd side—loéding compactor truck (paper/cardboard)
186.5 cu yd non—;ompactor_trailer (bottles/cans)
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Table IV

, REQUIRED'CAPACITY OF TRUCKS AND TRAILERS

i

Household : Minimum Weight (tons} : Mipimpm Volume (yd3)
Participation Bottle/ Non- Bottle/ Non-
Rate Food Paper can Recvel, | Food Raper can Recycl,
100% 6.6 3.8 1.2 1.2 20.6 13.7 18.1 5.6
90% 6.8 2.7 1.1 2.3 18.6 12.3 9.1 1p.0
set 5.3 2.4 1.8 3.4 16.5 11.9 8.1 14.4
Assume:

- 28 vehlcles of each type,
- summer peak volumes;
- collect twice 2a day, flve days per week. S
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this section we gescribe existing. readily avaijlable facilities

that could convert the three fractlons of recyclable materials
generated by household geparation into marketable products.
1. Composting:

Ccomposting of municipal wastes has been & common waste
management practice since the 1928°'s in European and other
countries (Kughes, E. .G., l988). A major portion of the municipal
gsolid waste is presently composted in the Netherlanés and hustria
(Thome—Kozmiensky; 1985; Vieten, 1983). In the compostlng
process,'putrescible organic matter is acted on by aerobic
pacteria and molds. The process qulckly eliminates the typical
garbage odor and gradually changes the composition of the starting
material.  The flnal product is 2 stable (i.e.r not subject to
_further degradation) humus-like matetial. Slnce.coﬁpost is a

useful soil additive, it can be'vieﬁed as a way of recycling'plant

and animal organic matter. which in a.fundamental-sense,is'derived‘

from soil.

The aerobic compost process occurs in two overlapplng phases.
at first a great‘deal of oxygen is needed tO support the’ m1crob1a1
process; in this period, which lasts about 16-14 days: the system
must be well supplied with air. 1In the second maturatlon phase,
less aeration is needed; it lasts a mlnlmum of six to nlne weeks,
but may be longer. - .puring the first few weeks of the process, e

microbiel metabolism generates 2 good deal . of heat and for a tlme

temperetures are above ssoc. The elevated temperature tends to

free the compost of:dlsease organisms ° that may be 1ntroduced 1f ‘

sewage sludge is used 'in ;preparing it..
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All patural materials can be composted. This includes the
following components of trash: food garbage; yard waste such as
grass clippings andTleaves; and paper. Since paper is usually
more valuable if converted into recycled products, only soiled
paper (e.9-r food wrapping, used tissue) should be included in
compost. The composition of the compqstable fraction of trash
will vary with the season; in particular, yard waste will be
generated only in the spring, summer an@ fall months. In order to
support the mlcroblal compost processy the starting materials
should contain a certain proportion of carbon and nitrbgen. This
is readily achieved if a mixture of food garbage and yard waste is
composted.

If compost is to serve its. purpose in an intensive recycling
éystem, it must be readily usable and/or marketable. This depends
on its composition, which in turn is determined by the ingredients
of the compost mixture. The major deterrent to the use of compost
is the presence of toxic.materials such as 1ead, cadmium and
mercury (see Appendix D, Table D-I)« and toxic chemicals such as
pesticides. Federal and state regulations restrict the amounts of

such toxic materials that may be present in compost used on

~acreage on which crops are growne. These restrictions do not apply

to non-agricultural uses such as lawns, golf courses; and other
horticultural activities. State regdlations also restrict the use
of compost if sewage sludge is used as one of the ingredients.
Compost that contains fragments of non—compostable materials such
as plastic, glass or metal is also. undesirable and gifficult to

market.

Since Buffalo is served by 2 single sewage treatment plant,



.”3'3 -
we assume that its sludge.is probably contaminated by heavy
metals originating in industrial effluents, and hence not suitable
for compost productibnu |

These constraints dictate the separation of food garbage from
all other compouents of the trash stream. gince some contaminants
may occur in household—separated food garbage, & screening step is
included in the subsequent processing at the compost facility.

Since the proposed ‘intensive recycling system rnvolves
household separatlon of food garbage from the rest of the trash,
the resultant compost can be expected to contain acceptable levels
of toxic metals. Some toxic chemicals may enter the compost in
yard_waste.that has been treated with pesticides and herbicides,
but the exteht of this problem will depend a great deal on local
conditions and can only be determined in practice. Because the
proposed Buffalo system is baged on household—separated food
garbage, its compost product can be expected to be gquite free of
extraneous matter such as plastic, glass.or metal.

Facrlltles for compost production vary a great deal in
complexity. If the site is sufficiently isclated so that garbage
odor problems are not troublesome, compost can be prepared by a
forming a long mound ("windrow™) that is aerated by pbeing turned
over periodically by means of an ordinary front- —end loader. This
may also be accomplished by a specially designed machine.
Alternatively; au 1n—vessel" system can be used to produce
compost. In this case, the compost is enclosed, so that odors can
be readily controlled{ aeration is generally accomplished by
forcing air through thercompost. In-vessel systems also reguire

jess land area than windrow systems.
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In the Buffalo intensive recycling system, the compost
facility will probably be located w1th1n the c1ty limits. For
this reason, and algo to protect the process from the cxty S
gsevere winters, an in-vessel compost system should be used.
However, since it - will receive household-separated food garbage}
the facility should require only minimal equipmeﬁt to remove
extraneous material that may sometimes occur in the food garbage
fraction. The design of one such compost fac111ty is shown iﬂ
Figure 4. A 1ist of vendors of this typé of compost facility is
provided in Appendix E. - ' | |

2. WWWW

Intermediate processing of recyclable materlals is an
essenﬁial part of any system des;gned to_achleve a high rate of
recovery and reuse of materials. The kéy to successfully |
mérke:ing-recyclable'materials is to produce a stable supply of
products of a guality that is acceptable for use as a secondary

aterial in manufacturing-processes, In the intensive re;fcling
system, the recyclable fractions producgd by household separation
are not in a marketable form, and they must be procésséd. The MRF
receives the two non-food recyclable fractions — paper/cardboard
and bottles/cans -— and converts them into products that are
acceptéble to manufacturers of new products, such as glass
containers or recycled paper. . '

The design of a typical MRF sultable to the intensive
recycling system is shown .in Fig. 5. This plant receives
household -separated bottle/can and paper/cardboard fractions.
The bottles/cans are directed down 2 conveyor belt where they are

sorted by a combination of hand-picklng.and mechanlcal separation



. . 4

. o f (1) Office

110 m.

U YU "R SR N R .- .= n - - =

S .illlJ (2) Scale

(3) Waste reception & storage
Hi_ {4) Hand picking |

(5) mxwuomwozxﬁnoom room with mill

(13) (6) Magnetic mu.ﬁwnwﬁ.wo: :

- i (7) Storage
MACHANTTE

Fz 1600 m? (8) Repair shop e

— B {9} 5 tunnel reactors
\%l*llwi_lw . s (10) Trommel-sieve
_ {11) Over-sized

}
wULL MFLARE

LAGEA

(12) Raw compost

{(13) Compost maturation
(14) Possible sludge tank

.- - . |
TR HS {12} . . et
e \’vf . ¥, (15) Possible raw compost feed 1
1 :m—...,b.nwwawmm@ OLLICHE STHLAMN - ] . . (16) Containers
L] -l "k G ABE e
- e
| _ _ _ L L e m
an vy e : 4 n__
] NACHAROTTE o MULLKOMPOSTIEAUNGS- ANLAGE rrmeattVechry
F: 2400 m! FUR w BOOOO fola -
waAGE (2] ..
- b / S
g :m_mmm% amm | BETRIEES GEBAUDE | — P
T L (1) T .
Y — LAGE PLANSKIZTZE .
T
A b e s os " nutss ¢ ' %00 — ’
. : B e \ i
" - B " i v~ FEBRULR a8 ANV W -

cr-npE 4. Desiagn of Compost Tacility



Thru waoll
Biower - T

$U..n»m.. zaummh.m

FTP Residue —€) Atuminum mn..a_ul/./o,ﬂ_. a
FTP scrop _ e FE moav/o |

on . Paper
Sorting
ﬂ - Area

S —— / Malerial fow

wd swnveyer

. o ‘ P ~ : - y
.>3cn_. Cullet : L * ! _ O/l Alum. {oil /I.ouuoq =

N O

. - , _ Alum. cons o
" . . . Poper Roll--off
Flint Cullet C : Retaining Wall ||

Glosa

Crushing

Rejecls . . L :
—. i _ ) , \ Paper residue

Green Cullet H — * . : | \W

. Alum. foil

l\

Alym. cons

— | ==

Product storoge wolls Sorting L : o } g . Building wall \
. Conveyor , R . ¢
Residue

/mao Residue Roll—off
FIGURE 5: Design of Materials Recovery Facility

Groton Recycling Facilily
East Hompton Recyclable Processing Test

mmm. Collection points for seporoted recyclables identitie:
Aluminum ond glass separoted on second level




-37-

into separate streams (tin cans, aluminum cans, other types of

aluminum, amber glass, clear glass, green glass). Metal cans are

r flattened according to manufacturer specifications.

shredded ©
4 crushed into glass cullet for

Glass is separated by color an
Paper and cardboard are hand-sorted into various
MRFs suitable for processxng the

ced by the intensive

shipment.

grades. A list of vendors of

bottle/can and paper/cardboard fractions produ

recycling system is presented in Appendix E.

'Figure 6 is a diagram of the entire intensive recycling system.

rhe physical efficiency of intensive recycling:

3.
ble material can be

The efficiency with which the recycla

able form depends on the combined effectiveness

recovered in market
sequent processing of the

of household separation and the sub
ucted over

The East Hampton Pilot Test, cond

separated components.
r households, provides an

a 1P-week period with 188 voluntee

iency figqure for household separation of resid
parated their trash into four

effic ential waste.

Each participating household se
containers, according to the scheme outlined earlier. These were
weighed as they.weré delivered to the recycling center. A total

of about 18 tons of separated trash was collected

s the results of this test. The contents of

Table V summarize
potentially recyclable

Containers I, II and III, Whlch represent

material, accounted for 86.8% (by we1ght) of the total household

trash stream. The contents of Container IV, which represent

materials that are not currently recyclable,
(Yard waste was collected separately. and

amounted to 13.2% of

the total trash stream.
ts are not included in the above figures.)

the amoun
ers II and III have been processed by

The materials in Contain
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Table V

COMPOSITION OF MATERIAL COLLECTED IN THE
" EAST HAMPTON PILOT TEST .

Container Weight (1bs) Percent
I - food/soiled paper 11,900 32.9
11 - paper/cardboard 14,633 40.5
111 - bottles/cans 4,839 o 13.4
v - non-recyciables _4.786 | 13.2
36,158 100.8

Total
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. the MRF operated bY Resource RecOvVery Systems, Inc.. in Groton.,

¢T. A 9,432 pound sample of the Container II material and all of

the Container III material were processed and marketed. The

results are summarized in Table VI. Only 8.6% of the Container
IT material and 9.3% of the Container III material were rejected
as not recyclable at the processing plant. Compost produced at

East Hampton from the food garbage collected in the test

(Container I). together with yérd waste and digested cesspool

sludge, is still in the final maturation process. However, wWe

estimate that the extraneous material is about 5% of the”food

garbage input by weight.

The efficiency of the.overall process -~ that is, household

separation plus MRF processing -~ ;s computed in Table VvIiI. These

data indicate that only 16% of the total collected household trash
was not recyclable. Thus, the physical recycling efficiency fof
residential waste in the East Hampton pilot test is 84%. This
value would be higher if yard waste were included in the

computation or if plastics were recycled.
The contents of Container IV (non-recyclable) have been

analyzed in detail. As shown in Table VIII, this fraction of the

waste stream consists chiefly of plastics: composite containers

(i.e., composed of plastic, cardboard, and metallic £ilm), and

disposable diapers.

4. ﬂummmlmmﬂﬁmmmmy_alm
n:_o.s:.e.ﬁ_iln-gia_c_l.llll-ﬁﬁ

In connection with the East Hampton pilot Test, estimates

have been made of emissions from the processing facilities that

were used in the intensive recycling gystem, i.e.s composting,
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Table VI

RESULTS OF INTERMEDIATE-PROCESSING OF
' EAST HAMPTON RECYCLABLES

"Material " ‘ Amount :
Recovered {1bs} N Percent
Container 11"
newspaper 4,460 ' 47.3
corrugated ' 780 7.4
mixed paper 4,228 44.7
rejects ' —22 . B8
9,432 100.0
Container III**
clear glass . 1,831 39.5
amber glass 376 _ 8.1
green glass 1,168 . 25.1
tin cans . : 731 15.8
aluminum : _ 51 1.1
steel scrap ' 49 , 1.1
rejects ‘ __432 9.3
: 4,630 1¢0.0

*sample representing 64% of the contents of the total
amount of Container II material collected. :

**mhe 4% difference between the weight of Container III
given here and in Table V is due to loss of moisture and/
or scale inaccuracies.
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Table VII

EAST HAMPTON PILOT 'TEST RECYCLING EFFICIENCY

i

Percent of Percent of Percent of Total Percent of
Component Total Trash Component Rejected Material Rejected
{al ; {h) {(axb)"
Container I 32.9 5 (est.) 1.6
Container II . 48.5 6.6 CB.2
Container III. 13.4 9.3 - 1.2
Container IV 13.2 ig@ ' 13.2

Total | , 1162
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Table VIII

ANALYSIS OF EAST HAMPTON NON-RECYCLABLES
: v (CONTAINER IV)

‘ Ssample #1 Sample #2
Material percent percent
plastic 26.2 23.6
composites 13.9 12.6
disposable diapers ' ' 16.8 14.1
miscellaneous 8.4 19.7
mixed paper 7.6 13.2
textiles 7.1 6.3
compostable paper 5.8 4.7
potentially reusable 4.7 2.8
metals 3.4 3.1
leather & rubber 2.6 3.9
glass . l.8 4.1
potentially hazardous* 1.4 1.3
ceramics : : 1.1 .4
Total ' o ' : . 1¢0.9 10¢.0

*primarily batteries

Note: The percentages are of materials sorted. 18% of
Sample #1 and 14% of Sample #2Z were not classified.
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' and processing of the paper/cardboard and bottle/can fractions.
The data provided by these studles, together wlth evidence

available from the literature, are’ summarlzed in the following

assessments of the environmental impacts of these processing

facilities.
. Qﬂmpnﬂtihg:

Properly conducted, a composting process produces no liquid
emissions during primary ‘composting; the environmental impact is
due to possible odors and the emission of airborne materials. In
the proposed Buffalo intensive recycling system, the food garpaget,
fraction of the household -separated trash 1s to be brought to the
compost'facility in (closed) compactor trucks. Odors.w1ll'of
course occur when these truEks are unloaded at the facility} For
that reason, unloading should take place w1th1n the building,
which should be equipped to control air em1551ons, including odor.

The air forced through the compost durlng the initial - '
composting process will carry microorganisms and volatile
compounds out of it into the faéility building. A study of the
emissions from a cylindrical in-vessel Eweson digester at Big
Sandy. Texas, indicated that the facility (38-ton capacity)
emitted about 5 grams of volatile hydrocarbon compounds per hour
-~ a relatively low rate of emission (Guarino, 1985). More |
detailed analyses were carried out on the emissions from forced-
air outdoor compost piles prepared from household-separated food
garbage, yard waste and sewage sludge during the East Haﬂpton
study. Although these aﬁalyses are still incomplete, the data
obtained thus far indicate that the emitted eompounds are largely

hydrocarbons that are expected to occur in the breakdown of
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organic materials. No toxic compounds have been detected

The microorganlsms found in the a1r em1551ons from East
Hampton compost were not pathogenic, but were normal decomposition
organisms such as those that occur in 5011 Compost aeration may
carry these organisms into the surrounding air. While the
cpncehtrations of viable organisms per un1t volume of the air
emitted by the forced- air system used to aerate the East Hampton
compost piles were relatively high, they were all normal non-
pathogenic soil o:ganisms..‘There are reports in the 11terature
that Aspeugillus; a mold, may frequently occur in compost- this
appears'to be the only compost-related spec1es that may have an
effect'ou human health. A filter and sc:ubber on the air exhaust
should control both odors and Aspergillus emissions. Compost
serves as an excellent filtering material in emission control
systems.

As noted earlier} composting reculres a final maturatlon
period, usually as a windrow in an open area. Because the organic
mattef that could cause-odor and leachaﬁe problems has been
digested away., maturation poses only mlnor environmental problems.
Heavy rains,could over-moisten the compost and lead to some
anaerobic fermentation. . Leachate from an over-moistened windrow
would include”low concentrations of urganic acids; these would be
readily oxidized by.uofmal soil microbes. Such problems can be
readily controlled by a leachate collection system. |

b. §£ﬂiﬁ standards for composting fﬁ;ilitieﬁ:

The compost facility'must meet general waste disposal

facility standards for health and safety. New York State requires
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t+hat all waste disposal facilities, including composting
operations, have a permit to operate (NYS DEC, 1987¢). This_
permit requires that any 1eachate from the composting operation
not enter surface waters. Conditions must De maintained so that
1itter is not blown off site and odor is not an off-site problem.

The only State standard to address the question of compost

microbial populations is directed toward compost that contains

sewage sludge. This requires that the compost be subject to a
Process to Further Reduce Pathogens (pFRP), for example, by
remaining for at least three days at 550C or more.: Compost that
contains sewage sludge cannot be used on £fo0d .Crops acreage,
according to the draft State regulations'on compost of January 1,
1985, and is subject to limits on heavy metalsf(cadmium,lchromrum,
mercury, nickel, lead and zinc), and on PCBs. |

Current New York State requlrements for compost processing
are as follows (NYS DEC, 1887¢): |

(i) Splid waste shall be maintained in an aerobic environmemt
for sufficient time to ensure stabilization-and pathogen
redudtion. |

(ii) Adequate space for storage of the completed compost
shall be available.

(iii} Analysis of completed compost shall be performed on a
regular basis as determlned by the Department.

(iv) Market or use‘of completed compost may be limited
through permit conditions, subject to the quality of the compost.

(v) All noncemposted material and compost not of a guality

fit for land application as determined by the Department shall be

disposed in a facility approved py the Department.
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A composting facility for the puffalo intensive recycling
system designed as indicoted in Section 111.C.1. could readily
comply with the Sta%e's standords on aeration and adequate storage
space. The othe; three standards impose operational requirements
(compost analysis, market‘targeting, and proper disposal of
rejects) that are also readily satisfied. If no sewage sludge is
used in the compost, p0551b1e regulatory problems with toxic
metals and pesticides would be avoided, as well as possible market

1imitations by the State. The State standards, &S currently
drafted, would not pose a heavy burden on the proposed composting
program.

c. Wﬁwmmw

The possible environmental impacts of MRFs.are generally
limited to air emissions; The East Hampton study analyzed air
emissions from the RRS facility in Groton, cT, during routine
processing operations on pottles/cans and paper/cardboard. _Air
drawn from the plant was analyzed for dust particles, volatile
crganic compounds, and bacterla guring several cycles of operating
and non- operatlng perlods. The metal content of the dusts and |
toxic metal concentratlons in the facility air were lower than the
occupational limits. Organic chemicals in the air were also !
Sampled. Relatively high concentrations of jsobutane, freon
(trichlorofluorometbane), 1, l 1-trichloroethane, total xylenes,
and methylene chlorlde were found in some but not all samples.

Results of sampllng the RRS facility at Groton, CT, also
showed that apprec1ab1e concentrations of bacterla were found in

the air. They were not primary pathogens (that is. normally

disease agents), but types of organisms found commonly on old food
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and on ﬁaterials toucheo by human skin. The concentrations were
equal to or less than those found in seeage treatment plants.
Although neither the detected bacteria not emitted chemicals pose
a threat of diseasey, if desirable, em1531ons of both can be
controlled. Activated oharcoal filters or chemlcal scrubbers can
pe used on exiting air to remove organic compouhds. Ultraviolet
light, filters, ot a disinfectant in the chemical scrubber can be
used to reduce viable populatlons of mlcroorganlsms°

The occupational health program of 1ntermedzate processing
facilities should address both the mineral and microbial dusts and
the noise from the machinery. If the machinery is not engineered
to contain the dusts, resplratory protectlon should pbe provided to
the workers. Isolation of. the workers from the recycled cans and
bottlesAby a ventilation system with hoods above the conveyor
belts and machines could also greatly reduce exposure to dusts and
bacteria. If the noise exceeds the osHa limits for an eight-hour
day or for immediate ceilings, hearlng protection must be

provided. The machinery must Have the proper safety guards as

‘well. Gloves must be prov1ded to workers handling the materials

to preclude cuts from glass and metal and dermat1t15 from, for

example, newspaper ink.

D. Markets for Recvcled Products:

The intensive recycling system can succeed as a means of waste
disposal only if its products are nsgd and therefore do not
accumulate. Eence, in designing the system, it is necessary to
determine whether there is an ex1sting (or, if this is not
sufficient, 2 potential) demand for the system’s products:

compost, separated grades of paper and cardboard, color-sorted
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crushed glass;, alhminbm cans and foil, tin cans and scrap steel.
The demand should be lecated as close as possible to Buffalo in
order to avoid exceégive transportation costs.

The price at which each product can be sold will vary with \
marke; ¢ond1t10ns and transportatlon costs. Characteristically.
the market price fer Eecycled products‘(ﬂsecondary“ materials)
must compete with the price of virgin, primary materials and will
generally be significantly lower than the latter. For the
intensive recycling system, the crucial factor is not so much
price as demand, for variations in price will be abso;bed in the
net cost of the system as a whole. Simply stated, what is
1mportant is to dlspose of the system's products, fegardless of
price; naturally. lt will be advantageous to. obtain the best
possihle price; Whaﬁ is at issue, therefore, is to determine
whether the demand for the system's products are large enoqgh to i
absorb the amounts of the various prbducts that the system is
expected to yleld. 1In what follows we estimate demand and compare
it with the‘expected output of recycled products from a Buffalo
intensive recycling system. The estimates are based on inguiries
to firms that are now purchasing such products, or to agenc1es
that are familiar with such information. (See Appendix F for 115t
of these sources of information.)

| 1. Compost:

Compost is well established as a useful soil additive that
1mproves molsture—holdxng ‘capacity and porosity. and provides
plant nutrlents. Commerc1a1 soil additives are generally
avallable in the form of top soil, peat, peat moss and wood chips;

compost prepared from leaves and yard waste is also in general
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‘use. Projected annual production of compost from the Buffalo
intensive recycling program will be approximately QB,ﬁBB cubic
yards. It is expected to be equal in quality to commercial soil
additives and therefore capable of substituting.fof them. In what

follows we estimate the market for soil additives in the area
witbin aboﬁt 29 miles -of Buffalo in order to determine the degree
to which it could absorb the compost output.of théwproposed |
intensive recycling system. - o | |
a. Landscape services:
Commercial ljandscape operations have a continual need -for

organic soil supplements, which is, of course, seasdnal. There

are more than 188 landscape service firms in Erle County, at least

5 to 75 of them are major firms employing 18 to 15 people each.

Bverage annual consumption of top soil, sedge peat, peat mosS and

wood chi§ mixtures is estimated at 3,888 cubic yards per major
firm,:or a total of approximately 158,509—225,699 cubic yards.
© b. Eield nurseries: |

- There aré six major field nursery firms with about 1,892
acres of in-giound ornamentals in the Buffalo area. They h
generally apply about 5pf cubic yards of soil addltlve per acre’
every third year, OI 167 cubic yards annually. Thus, the '
potential annual demand is about BﬁB,EGB cubic yards.

C. cgnmmﬂhmmulmmnms

These firms grow ornamental plants and shrubs in contalners
for sale. There are four major container hortlculture firms in
the Buffalo-Erie County region, with a total working area of 38 to
35 acres, and an'average of 48,880 two-gallon containers per acre.

Total'potential for growing medium is thereforerapproximately
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12,0888 cubic yards.. Since about one-third of the,growing medium
generally consists of peat or a pearl1te/composted -leaf
equivalent, it can Se estimated that compost demand from these
operations may be about 4888 cubic yards per year.

, d. Greephouse operations:

There are BB-lﬁG greenhouses that produce floweré and potted
plants in Buffalo and -the surrounding area. They cover a total of
about 75 acres and require a total of approximately 6§88 cubic
yards of growing medium annually. About half of this, or 380
cubic yards, is tradltlonally peat products, which could be

replaced by Buffalo compost.

- & Fresh-market yegetable QLQH&LE

There aré about 1,296 to 1,560 acres under,cultivation in
Erie County for fresh-market vegetéblé production. Soil uséd in
 such production must be well supplied with nutrients and well
drained —— properties that require regular upgrading with soil
additives such as compost oI peat. State regulations gstablish
quality standards for such application; the compost produced by
the Buffalo intensive recycllng system is expected to meet these
sténdards. It is estimated that an application of about lSB cublc
yards of soil additives per acre -~ a layer about four inches deep
—— is most beneficial every three years. This would result in a
68,0868 cubic yard annual'demand,'basedﬂon an average loading rate
of 183, BBB cublc yards every three years.

f. Small fruit growers:

The requirements for_small fruit production (strawberries,

raspberries and biueberties) are similar to'those of vegetable |

production ~- about 158 cubic yards per acte of soil additive -
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- applied every three years. The estimated 1,080 acres regularly
under cultivation for small fruit production in Erie County

represents a potentiél demand of about 56,880 cubic yards

annually.
g. public parks and recreational AIeas:

‘public parks in Buffalo.and Erie County comprise more than
18,068 acres of jand. City parks make up nearly 1,188 acres;
county parklands, nearly 18, gge acres; and state park propertles,
7,595 acres. These areas include playgrounds, athletic fields,
golf courses, hiking trails, flower peds, ornamental shrub
arrangements, and a botanical garden. Municipals county and state
park managers report a need for soil amendment materlals such as
compost, though total consumption is modest —--— less than 1,680
cubic yards per Year.

h. QOther uses: |
Disturbed lands in Buffalo and Erie County such as landfill

closures and sites disturbed bY construction projects will féquire
some form of landscaping. and therefore some use of soil |
| addltlves. Soil additives are also used on the grounds of public
buildings. These operations are an addltlonal potentiailmarﬁet
for compost, of undetermined but_probably small size. | |
i. Total market: |

The total existing market for compost in the Erie County area
is summarized in Table IX; it is approximately 600,008 cubic yards
or about 246,680 tons per year. The anticipated annual production
of compost by the Buffalo intensive recycling system is 50,065
cubic yards, or 36,0688 tons. The largest potential markets are in

field nurseries and landscape services. Hence, the existing



-53-

Table IX

LOCAL COMPOST MARKETS
Estimated

Activity Demand
{(tons/yr)
Landscape services 75,088
Container horticulture firms 1,680
Field nurseries 120,600
Greenhouse operations 128
Fresh vegetable production _ 24,000
Small fruit production ' 20,088.
Public parks 408
Erie County Total 241,129
Niagara County™” 24,118
265,230

Total

*Computed from the number of firms multiplied by the average
- use per unit firm. Conversion ratio: 2.5 cubic yards per ton.

**Niagara County is conservatively estimated to have a market
equal to about 18% that of Erie County.

: Responses from Agriculture Extension Agent, Erie
County; Parks Commissioner, City of Buffalo; Niagara Frontier
State Park Commission; and the Erie County Commissioner of
Parks. See Appendix F for names and addresses.
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million in 1982 for similar operations in Erie County. It is

conservatively estimated that the Niagara County market is at

least 18% of that i&'Erie County, or nearly 24,800 tons per year.
2., Glass:

Glass container manufacturers have found that ‘the addltlon ot
substitution_of scrap glass to the v1rgln materlals such as sand
used in manufaccuring glass containers cuts energy requlrements
and furnace deterioration. Operating costs are thereby reduced.
However, SCILap glass must be "furnace- ~ready”: color-separated,
crushed and nearly free of contaminants. This means ‘that the
intensive.recycllng system materlals recovery facility must
separate glass_contalners accordlng to color- clear (or flxnt Yo
amber (or “brcwn"), and green. . {Glass mxxed by color can be used
in otﬁer less established markets, €.9.rs fiperglass or
glassphalt.) The crushed, color- seperated ncullet™ must be free
of refractory {high melting point) matetials that may occuc;in
trash, such as ceramics, brick: mortar, stoner and dirt. ahd non-
homogeneous glass products such as mirrors Orf light bulbs.
Container manufacturers‘ quality specifications are nearly
jdentical. Flint giess is in greatest demand at present.

The market for color-separated glass cullet within 150 miles
of Buffalo is summarized in Table X. It is pased on the amounts
of cullet that the indicated firms are willing to use in their
present facilities. The market for flint is about 209,068 tons

- per year; for amber, about 106,680 tons per year; and for greeny
about 606,080 tons per Year. Althougﬁ Consumers Glass states that
it is primarily interested in green cullet from.Oncario, their

market could probably be penetrated if the quallty and price are
: —
7

g



_54_

market appears to be sufficient to absorb the annual compost
ocutput of the system.

Demand will be a function of what price is charged for the
compost. The price will need to compete with the cost of
commercial so0il additives- peat currently sells for about $36-540
per ton ($12-$16 per cublc yd.) in the Buffalo area. Until a
steady market demand is established, it may be expedient to make
the compost available initially at no cost or a nominal one.
Compost prepared from food garbage and yard waste is currently
marketed in a number of Eufopean communities.

Promotional activities will help to develop the initial
market for compost. For example, the City could demonstrate the
usefulness of the productrby substituting it for present purchases
of soil additives, such as. peat. 1In addition, special projects |
aimed at demonstrating the value of the compost as a plant
cultivation medium could be sponsored by the City, local garden
clubs, and other civic organlzatlons.

These considerations suggest that the exlstlng market for
soil additives in Erie County would readily absorb the compost
output of the Buffalo intensive recycling_system. Additional
potential markets could be developed as well.- Potential markets
include private golf courses/country clubs, colleges and
universities, corporate industrial parks, shopping malls, and
local residential use. There are additional potential compost
markets in neighboring Niagara County. According to the Niagara
Co. Agriculture Extension Office, there are some 76 nursery and
greenhouse establishments io the county which in 1987 had almost

'$3 million in sales, as compared with total annual sales of $18
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Table X

LOCAL GLASS MARKETS

Maximum Demand” ‘Price Approximate
' (tona/year) : Range Trucking
Firm Flint Amber Green ($/ton} Distance
anchor Glass 25,886 25,0088 @ - 55-60 136 miles
Eimira, NY ‘ ' :
Central NY Bottle 39,0066 18,000 8 56-54 126 miles
Auburn, NY ' | '
Consumers Glass '8g,p08 30,0800 35,008 32-65 180 miles
Toronto, Ontario ‘ S ‘
bomglas . 54,800 15,0088 15,BBB - 32-40 58 miles
Hamilton, Ontario | ' . ‘
Owens-Illinois 20,068 26,000 10,080 15-58 150 miles
Fulton, NY ' : | _
Totals 205,000 168,829 68,000

* ) : . ,
Based on capacity of existing facilities and maximum use of cullet
‘in glass production. : :

Source: -Telephone interviews with company representatives, March-1938--
See Appendix F for names and addresses. ey
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competitive. The Buffalo intensive recycling system is expected
to produce about 6,418 tons per year,oﬁ_flint, 1,328 tons per year
of amber, and aboutﬁl,lﬁﬂ‘tons per year of green. The market
appears to be capable_of'absorbing this output.
3, Metals:

Metallic scréap recoverable from the Buffalo recyclxng program
includes £in cans, aluminum cans. foil and scrap, and steel scrap-

npin cans" are steel cans glectroplated with a thin coating
of tin. The tin coating can be chemically removed and reused; the
can is then regarded as high- grade steel scrap: which can be re-
smeltéd by the steel industry. The Steel Can Recycllng
' Association'(SCRA); made up of five major U.S. steel companies,
has recently been organlzed to facilitate recovery of detinned

cans. The Canadian Tinplate Recycling Council has a similar

purpose.

Three types of recoverable aluminum are antfcipated in the
output of the proposed_intensive recycling system: cans, foil and
other scrap. Despite the New York State law.requiring_a déposit
on beverage containers, 2 proportion of those containers are never
redeemed and some aluminum beverage cans can be expected in the
trash stream. The market for aluminum cans or "UBCs" (used
beverage containers} also indludes other aluminum food and
beverage containers which are non-deposit, 2as well as @iscarded -
atuminum foil scrap and pother scrap jtems such as discarded

cooking pots.
The market for metals is summarized in Table XI. Although
local aluminum firms did not provide capacity data, the industry

is now in the practice of accepting all offered aluminum cans, 80
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Table XI

LOCAL METALS MARKETS ™

: Approximate
Firm ' Capacity price Range Material Trucking
_— {tons/vyr} tdollars/ton) _ : Distance
Alcan . na 1,460-1,480 .~ UBCs 138 miles**
Cleveland, OH : : : o =
ALCOA o na 1,320-1,408  UBCs 46-60 miles*¥*
Edison, NJ T
BMG Resources 360,000 88-85 tin cans 215 miles
Pittsburgh, PA L :
Metal Recovery 35,808 40 tin cans 56 miles
Bamilton, Ontario ' o ,
Reynolds na : 2p6-1,408 = UBCs, foil 375 miles
Bartford, CT C o | alum. scrap '
steel industry 358,088 28-60 " scrap 188 miles
ST or less
Tin market 395,008 S |
Steel market 350,880
aluminum market unlimited
Notes:

na = not applicable; aluminum markets virtually unlimited.
UBCs = "used beverage containers,” or aluminum cans. ,

* purchasers of steel products are not listed. There are more than 188
scrap dealers in the 716 telephone area code. B

** aAlcan has a smelting plant in Oswego, NY. : S
**x*% ALCOA's local accounts (brokers) are in Jamestown and Dunkirk.

Source: Telephone interviews with company represehtatives, March 1988.
See Appendix,F for names_and addresses. :
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that the output of the Buffalc system can readily be absorbed.
The local market for tin cans, about 100,080 tons/year, is also
considerably larger*than the eﬁpected output of the Buffalo
syétem,‘about 2.650=tons/year. The same is true of scrap steel.
4. Eanﬁxz

Marketing of paper recovered from trash is greatly affected
by its quality. This depends on the type and uniformity of the
material and the absence of contaminants;, such as food, oil,
plastic or metal. The proposed Buffalo intensive recycling system

will yield three basic categories of material: newspapers;

cardboard and mixed paper. Mixed paper is presently regarded as a

1ow~value commodity. This is due to the uncertainty of
contaminating materials that it may confain, such as plastic
envelope windows, adhesive labels, fo0il inserts, metal staples and
fasteners. In contrast, certain grades of office and computer
paper are given much higher values because of the guality of their
fibers. The demand for old newspapers and corrugated containers
remains robust.

On the basis of a telephone 5urvey, we have identified a
séries of firms within 125 miles of Buffalo that will receive the
paper and cardboard products of the proposed intensive recycling
system. Their capacities and the materials they accept are
presented in Table XII. These markets are much larger than the
expected rate of generation by the 1nten51ve recycling of
newspapers (about 13,918 tons/year) or corrugated (3,649 tons/
year). Mixed papers generated at 21,940 tons per year, would
.nearly £i11 the current local market for this commédity. However,

this does not take into account the large export market for mixed
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TABLE XII
LOCAL PAPER MARKETS*

o Approximate

' Capacity : - Trucking
Firm (tons/yr) . Material Distance
Atlantic Packaging
scarborough Ontario 75,868 ocC 125 miles
Beaverwood Fibers 58,000 ocC o |
Thorold, Ontario- 50,000 ONP 25 miles
Cascades FPaper . _ |
Niagara Falls, NY 706,068 ONP _ 15 miles
Domtar 16,6068 ocC -
St. Catherines : 3,000 M : 25 miles

and . A _ _ _

Toronto, Ontario ‘ B,EBB M © 1686 miles
IRO Industries . 28,888 M R
Brampton, Ontario 12,680 - 0CC . o ‘

) o 6,600 ~ ONP | 108 miles
Niagara Fiberboard 26,088 occ 3
Lockport, NY 26,880 ONP . : 20 miles
Ontario Paper ' -

Thorold, Ontario 150,088 ONP 2% miles
Paperboard Industries . o M
Toronto, Ontario 4,500 ocCc. - - - :

_ 2,208 : ONP . 186 miles
U.S. Gypsum- 2,208  ONP -
Oakfield, NY . 22,588 - 0CcC _ - 38 miles

——-———————-———.——_——-—-———-————u——-——.—————-.——-———————-—-c———-'-——u———

TOTAL MARKET: , o
Newspapers (ONP) 200,408 tons/yr
Corrugated (OCC) 208,808 tons/yr '
Mixed (M) 34,966 tons/yr

ocC = old corrugated containers, ONP = 018 newspapers, M = mixed
* Listing includes only mills in the 416 and 116 area

which use secondary fiber. Mixed paper markets are handled
primarily by paper brokers of which there are moIe than 25 in the
same region. Prices are derived from brokers and range $5-%$18 for

mixed, $15-$45 for ONP, and $15-$55 for occC.

SOURCE: Telephone interviews with company representatives, March
1988. Please see Appendix F for names numbers and additional
contacts. L
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paper. particularly the Far East. ‘such shipments could readily be
made through Great Lakes and East Coast ports. This market,

utilized with suqceéé in Camden, NJ, and Groton, CT, should be

further explored.
5. Mﬁ;kﬁi'nﬁnﬁtlatinn:

The estimated local markets for the materials recoverable
from the Buffalo intensive recycling system are compared with the
system's expected output in Table XIII. Except for mixed paper,
green glass and compost, the system's output requires only a very
slight penetration into ‘the exlstlng local markets. Because the.
jocal, domestic market for mixed paper is currently limited, the
output from the Buffalo system would represent about 63% of thls
market. BHowever, ‘there is an essentially unllmlted market for
mixed paper overseas, whlch is accesszble to the Buffalo area via
the St. Lawrence Seaway OI fast Coast ports. This market could be
used to dispose of the mixed paper output as dictated by
prevailing market conditions. The Buffalo system s output of
green glass cullet repreéents about 7% of the existing local
market. Canadian demand, which represents the greétest market,
will be affected by increases in cullet output from Ontario~based
curbside collection programsS. Nevertheless, at least one U.S.
company Owens-Illinois, is committed. to purchasing all of the
glass its current accounts can supply.

In sum, the output of secondary.materials that the Buffalo
1nten51ve recycling system is expected to produce could be

" absorbed by the EXlStlng markets for secondary materlals with no

undue difficulty.




-D &=

Table XIII

U pelation Between Local Marksts and
Intensive Recycling System Product Qutput

Material Estimated Current Price Estimated % Market
Local Market Range Intensive Recy-| Penetration
Capacity cling. System Required
Product Output o
{tons/yr) {$/ton} E) {tons/yr) H) 1)
Paper
Kewsprint { A) 300,400 - 15-45 13,810 4 5%
Corrugeted 200,000 ’ 15-55 3,640 : 1.8%
_ Mixed | 34,900 5-10 21,940 J}  62.8X
Glass . )
Fint | B) 209,000 40-65 6,410 31X
Amber 100,000 - 40-60 1,320 1.3%
Green 60,000 F] 15 4,060 6.8X
Metals ‘ :
Aluminum: . . :
. veCs* | €) na 1320-1480 &0 na
Foll na 200-300 110 - .na
Scrap - na - 600-1000 10 na
Steel: i
Tin Cans 395,000 40-85 2,560 - 0.85%
Scrap 350,000 20-60 170 - 0.05%
Compost : ) ’
Compost | D} 265,230 6) 5 38,000 K 138X

"

B)

c)

b)

E)
Fi

6)

H)

1

J)

K}

™JBCs” = "used beverage containers,” or aluminum cans. "na" = “not applicable.”

Paper market capacity is based on the current annual waste paper consumption
reported to CBNS by axisting paper mitls in telephone area codes 716 [Western Hew
York) and 416 (Southeast Ontario}. Estimates tharefore do not include the expansive
per markets beyond this region and overseas. Of the five paper brokers contacted,.
total shipments of approximately 360,000 tons per year were reported. This repre-
sents a fraction of the total transactions of the more than 25 brokers in the area.

Slass manufacturing capacity is based on estimates for potential cullet use reported
by glass companies within 150 miles of Buffale. .

The market for aluminum scrap is vi rtually unlimited, Stes] scrap markets are limited
in this estimate to the U.S. and within 100 miles of Buffalo. Delivery to Pittsburgh,
Pennsylvanis or Hamilton, Ontario is assumed for tin-plated stee! cans. -

This potential market should aiso include a1l public lands and private properties with
in-house landscaping and lawn-care staff. They are omitted in this calculation because
potential compost use estimates are presently unavailable. A conversion factor of 2.5
cubic yards per ton is used. The estimate is for Erie and Niagars counties.

Prices are based on a survey of Buffalo area secondary paterials brokers and 1ndustr1=$.

Green cullet is purchased by Consumers Glass at $40 (Canadian) per ton. vhile Consumers’
purchasing is limited primarily to Canada, their price may indicate that US demand 1s

understated.

Current priges for peat range from $12 to $16 per cubic yard, or $3D to $40 per ton.

;..;: @ product of comparable quality, Buffalo compost ts expected to sell for & minimum of
ton. '

These tonnages are based on & projection of a 90% participation rate in a city-wide
municipal waste recycling program {See: TABLE XXVI11}. _

Market penetiration estimates are achieved here thrgugh-the division of the“"Estimted
Intensive Recycling System Product Dutput™ by the "Estimated tocal Market.” Therefore,
percentages indicate what proportion of the current local market must be acquired in

order to dispose of coliected materials,

Market penetration estimates for paper aSsum Jocal mills only. The five Buffslo ares
paper brokers contacted for this report aﬂ agreed thai markets could be found for all

paper recovered.

Nunerous additional uses of the compost are described in SECTION I11.D. and nof quantified
here. Actua] market penetration estimates for compost should therefore be appreciably less

than 13X.
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PROPOSED BUFFALO INTENSIVE RECYCLING SYSTEM: SPECIFICATIONS
A. -Household Separation:

1. Four ﬁﬁniaingxs:

Container I (food garbage/yard waste): paper bag inside bucket
Container II,(paper/cardboard): box or paper bags

Container III (bottles/cans): bucket o

Container IV (non—recyclables): plastic bag

2. Recycling kits:
two six-gallon plastic buckets with lids
one ll-gallon plastic box
one .set of container logos

one diagram of "where things go"
one recycling information flier

B. Collection System:

1. Yehicles:
Unit l: 20 cubic yard compactor truck (food garbage/yard
waste)

14 cubic yard compactor trailer (non—recyclables)

Unit 2: 14 cubic yard compactor_truck (paper/cardboard)
16.5 cubic yard non—compacting trailer (bottles/cans)

Number: 33 of each unit
2. Collection procedures:

— crew: 1 driver, 2 loaders

- crews per route: 2

- route length: 12.5 miles (average)

- time per shift: 6 hours, 15 minutes (1 hr overtime)
- total number of routes: 286 (56 per day)

- total number of crews: 112

c. . Facilities S £  ons :
1. Compost plant: '
' Operating time: 268 days/year
Input capacity (tons/day)
‘ - food garbage = 17¢

- yard waste (peak) = 2088

Anticipated compost output (96% participation; cu.yd./day):
- average = 346 S

- peak = 488
- winter = 220
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Approximate rejection rate = 8.3% of input

Procegs: _ ; - o :
1. Waste reception {(closed area with odor control)

2. Hand-picking (picking pelt) of rejects

3. Magnetic separation of ferrous rejects

4. Grinding o .

5. Primary composting; enclosed reactors; forced

aeration; odor control. Minimum process time = 7
days. Process temperature = 55-680C . '
Screening (18 mm screen) ' '
Maturation (piles): minimum process time = & weeks
Front-end loader for materials handling.

~J on
» -

Location: near East Transfer Station

" Site area ({storage not included): 3 acres

Compost storage area: 2 acres B
2-na:£mhsgmu¥£asili.tx=

Operatioh time: 260 days/year |

Input capacity (tons/day):
- paper/cardboard = 178
- bottles/cans = 78

Products:

- newsprint

- corrugated

- household mixed paper

- flint glass cullet

- amber glass cullet

- green glass cullet

- tin cans

' - bimetal cans

- aluminpum cans

- zluminum foil & scrap

~ steel scrap
approximate rejection rates: o _ :
- paper/cardboard,processing_= 1% of input
- bottle/can processing = 5 of input '

Process:

- paper/cardboard:
1. Waste reception S
2. HBand-sorting from belt
3. Baling ' T

Bottles/cans: . -
1. Waste reception R _ o ‘
2, Combination of hand-serting, magnetic, gravitational

and other types of mechanical- separation
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3. Crushing and refining of glass; cans flattened; and
other products bzaled. Refining means removal of
other materials such as labels and metal tops.
Appropriate building size: 26,888 sq. ft.

Appropriate area of site: 3 acres

v. COST ANALYSIS OF ALTERNATIVE BUFFALO SOLID WASTE MANAGEMENT
SYSTEMS :

As noted earlier, the cost of the City's present system of
trash management is certain to incfease significantly in the
jmmediate future, largely because of the environmental impact of
the ultimate disposal processes == incineration and landfilling.
The prbposed intensive‘recyciing system significantly reduces
these env1ronmenta1 hazards. The remaining question is.@hether
the proposed system. is also less costly than the City's present
trash management system. In order to answer this question, we
have compared the costs of the proposed intensive recycling system
- with the City's present system in the year 1891, when the new
-_syétem could be expected to be in full operation. All costs are
computed in constant 1987.dollars. |

a. MAsﬂmntmﬁpi:hﬁmﬂAnalﬁlﬁ

Throughout this economic analysis certain assumptlons are
made that are designed to facilitate optimum operation of the
intensive recjcling system (for example, that 98% of the Buffalo
households will actually participate in the necessary trash
separation). In computations reported in Appendix G we vary all
put one of these assumptions and perform a sensitivity analysis to

determine how these less than optimum conditions affect the

system's performance.




1. Amgun:nndmmmmeix_emfﬁ
The amount of refuse generated per person in the United
States has risen hxstorrcally. However, because puffaloc has been
losing population, we assume that the amount of trash generated
per year will be stable for the near future. We.also aseume rhat
its composition will remain roughly steble.

- For purposes of calculating the net costs of dealing with
Buffalo's municipaily collected trash, we assume that bulky waste
will continue to be picked up and'dealt‘with separately.r We do
not include these costs in this analysis, although recycling and
reuse can make 2 potentlally large reduction in. the amounr ofl

bulky waste that is dlsposed of we do not possess enough data

about the compositlon, collection or current dlsposal of bulky
waste to assume otherwise. The overall collection and processing
or disposal costs developed in this analysis thus apply to regular

household waste. :
Furthermore, W€ aseume that separate collection of household
hazardous waste will become & reality no matter what system is

adopted. These costs are also not included in the comparatlve

_analysis either.

2. participation rate:

We assume & participation rate of 90%. This means that 98%

of the households separate their trash with an efficiency equal to
that found in the Eaét Hampton pilot test. Although this value is
optimistic, we pelieve it is achievable. participation rates of
95% and higher have been achieved for other mandatory-recyciing

gystems (Pettit, 1986). In the survey of three neighborhoods

conducted by CBNS and Citizen Action, Wwe found that 80% of the
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réspondents were willing to recycle, even though an educational
campaign was not conducted; With a full-écale educational
program, mandatory féquirements, and positive incentives, a hig!
value should be attainable. Wé also conservatively assume that
non-participants do not separate at all; all of the wasté they
generaﬁe is considered non-recyclable.
3. Collection p.anamg_tﬁm

The key assumptions about the collection process are the
- amount of additional time required to collect materials using th
intensive recycling system (that is, abo%e the time required in
the present system) and £he amount of additional work time
required pef emplbyee. As was'shown earlier, these éssumptions
turn specify the humber of employéeé, as well as the number -and

size of vehicles.
4. Tipping fee:

The current tipping fee charged by BFI for municipally
collected refﬁée in ﬁuffalo is about $28 per ton. This covers
BFIfs costs of ultimate disposal of the trash to incineration or
landfilling, and of landfilling the incine;ator aéh. For reasons
given in Section I, this tipping fee is expected to rise to abou:
$6€ per ton by 1991. This figure is used for both systems in th:
cost comparison to account fpf the cost of landfilling of non-
recyclables and rejects from intensive recycling, as well as for
incineration/landfilling of the current system's trash, This ma:
overestimate the tipping fee for intehsive recycling because ther

will be no incinerator ash, which is likely to require more costl

disposal.




5. misesnimmlahlﬁmmmls:

The prices assumed here are based on a survey of current
markets in the Buffalo area. Since they are 1ocal'markets, a
nominal cost ef $5 per ton for transporting the products of the
materials recovery facility te the §urchasers'is'inC1uded in the
operating costs of the facility. If other ﬁarkets are actually

used, the transportation cost will rlse, decreasing the return.

We have not taken into account elasticity of demand or fluctuation

of prices with national and lnternatlonal econOmlc conditions.
These possibilities are dealt with by usxng low and hlgh recycling
prlces in the sensitivity analysis. | | o

B. Collection Costs:

Collection costs depend on the physiCai and:mechenical
features of the collection system: eqﬁipmeht‘sﬁecifications:
collection procedures; and labor reguirements. ;For‘the current
system, the necessary information about these factors is available
from the City budgetr augmented py additional material kindly
supplied by the Comm1551oner of Street Sanltatlon. " The analagous
data‘fot the proposed intensive recycling system were derived from
the specifications presehted in Section IV above, using the
computational methodology described in Appendix G.

1. Eguipment: -

Table XIV shows the equipment needed for collection in both
the present and proposed systems. The current capital stock of
trucks is of varying ages, the oldest belng nine years old. 1In
the proposed intensive recycling System'the current stock of

trucks will be gradually replaced by two truck- -trailer

combinations. The recycling kits specified in Table XIV for the
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Table XIV '
jCOLLECTION EQUIPMERT REQUIREMENTS

Present = Intensive Recycling

Description System Syvstem
Number of 25 cu.yd. compactor trucks ‘ 59 B
Number of i4 cu.yd. compactor trucks g 33
Number of 28 cu.yd. compactor truck/ ' : :
14 cu.yd. compactor trailers B 33
Number of 18 cubic yard trailers ) 33

Number of recycling kits provided 8 : 176,000

Notes:

The number of collection vehicles in both systems is 18% higher

than the minimum needed to cover refuse collection routes. The

extra trucks provide for routine maintenance of the fleet.
Recycling kits include educational materials and household/

curbside containers for recyclables. Enough are provided for 128%

of the households in the City of Buffalo.
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intensive recycling system (128% of the number of Buffalo
households) will initially be provided by the City, and are
included in the caldhlatioﬁ of one-time-only capital outlays.
After the initial stock of kits is depleted, the City would

continue to provide the educational naterials included in the kits

upon demand.
2. Collection procedures:

The current'cbllection procedures spécified-in Table XV are
based on data provided by the City Department of Street |
sanitation. Certain of.these daﬁa différ from information in the
City of Buffalo Budget, due largely to the differences between the-
official definitions of job function andfthe actual tasks that the
employees do. Séction‘IV'summa:izes the aséumptionéjused_to-
spécify the intensive recycling collection éyétém (éeé also-ﬁ”
Appendix G). Collection is modified so that‘two crews pick up
trash from each household. Since each crew picks up less
material, the route length can be extended. The key assumptions
are the amount of extra time needed for collection, and the amount
of overtime required (time per crew above current needs).

Labor specifications are based upon estimates of labor
required to operate the present collection system. Increases in
the amount of labor for the intensive :ecycling system were the
result of changes made in truck reguirements (presented in
Appendix C). Labor specifications are shown in Table XVI.

The per-unit costs of collection for thé present and proposed
systems are presented in Table XVII. Equipment costs are
estimated from price quotes obtained from manufacturers and

dealers of refuse collection equipment. Labor costs are based on
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~ Table XV
COLLECTION ROUTE SPECIFICATIONS

Present Intensive Recycling

pescription h | ' __System System

Number of routes lgg 56
Average length of routes in miles 7 S 12.5
Number of crews e 112
Number of staff per crew ' ‘ 3 3.
Number of crews per route 1 2
Time from garaée to route in minutes 28 2@
Driving time on routé in minutes  68 - 167.1
Pickup_timé on route in minutes ' 128 0 133.9
Driving time'from‘raﬁté to transfer

station to garage in minutes _ 75 75
Time spent unloading at transfer

station and doing other work ' 48 40
Average total time worked per route 376.

in minutes _ : 315

. These estimates are based on an increase in overall collection
time of one hour. See Appendix C for sources of specifications.
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Table XVI

LABOR SPECIFICATIONS FOR COLLECTION

3

Present Intensive Recycling

pescription System System
Number of truck drivers 180 o 112
Number of sanitatioen workers 180 112
Number of laborers : 189 112
Number of supervisory personnel | 11 11
Recycling coofdinator : B -1
Recycling educator _ . -8 : 1
office of Recycling support staff | | 86 2

—q-——“-——————n——-——-—o——-———--————-——-—_—————-—-———-—m————ﬁ——————_———— .

Note: Stated number of personnel in the City of Buffalo budget.

is lower than our estimates of the personnel‘needs.for refuse _
collection in the city. This discrepancy is due to uncertainties about
the actual tasks of some personnel 1isted in the Budgets and to lack .
of specific data on overtime by Dept. of Street Sanitation personnel.
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Table XVII

PER UNIT COSTS OF COLLECTION

Description Cost

25 cubic yard compactor truck | - s1e5,000
713 cubic yard compactor truck* S 40,0600
18 cubic yard £railer ' , . $ 6,000
20 cubic yard cohpactor truck with 14 cubic |

yard compacting trailer $ 95,000
Household recycling kit s 12~
rruck driver - annual salary*™ o § 19,443
‘Sanitation worker - anﬂual'salary** N s 19,4865
raborer - annual salary®* $ 18,522
SUpervisof - annual salaryf* S 22,760
Recycling Coordinator = aﬂnual

salary ' _ $ 208,528
Recycling office support staff - '

annual salary $ 16,376
Recycling Educator | ' . ' - § 19,500

* ' '

An 18 cubic yard compactor truck is available at less cost than
the 14 cubic yard compactor’ truck. which is the capacity required
for collecting paper for the intensive recycling system.

**pnnual salaries are calculated on the basis of the 1987 pay
scale for Buffalo city employees. It is assumed that new

employees start at the bottom of the scale for each
category. ‘ '

occupational




i

_7-4..
average pay scales, in constant 1987 dollars, from the City

Budget.

The annual capital outlays for the present and proposed

.systems are shown in Table XVIII. The present system costs are

based upon & proportional share of the Capital Outlays budget for
the Department of Street Sanitation. An average‘annual figure was
calculated from yearly appropriatiens for the purchaee of capital
equipment for refuse collection, inflated to constant 1987 dollare
and averaged for a six-year period (fiscal 1982/83 to 1987/88)
Capital outlays shown for the jntensive recycling system represent
equipment replacement after the system has been established.r The
cost of initial purchases of the new equlpment needed to establlsh
the intensive recycling system are considefed below.

The average annual operating outlays for the two systems are
cshown in Table XIX. For the present system, these were calculated
by multiplying the six-year average annual DOSS-operating and
administrative appropriations by the ratio of collection capital
costs to total capital costs. Operating collection.costs for. the
intensive recycling system were based on the foregoing figures,
adjusted to account for differences betﬁeen'the two systems that
affect equipment life, operating houre.per year, and price. This
calculation is presented ln detail in Appendlx G.

As shown in Table XIX, operational outlays for the intensive
recycling system are $1,846,580, a 34.4% increase in the |
operational costs over those of the present system. This increase
is due to larger costs for administration, radio contrel and

mechanical and repair services. The increase also includes
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Table XVIII

ANNUAL CAPITAL OUTLAYS FOR COLLECTION

Present System Intensive Recycling
NG . Cost No. Cost

Number of trucks purchased: '

25 cubic yard trucks ‘ 5 $545,008 g 8

18 cubic yard trucks 8 @ 4 $156,490
Number of trailers purchased: P 8 4 $ 23,458
Number of truck/compactor

trailers _ 2 g 4 $371,458
Number of trash cans (for 586§ 5,000 2000  § 20,000

city streets) : ‘ 7
Total | | TTTe549,950 $571,309
Cost per ton of trash collected - $3.68 : $3.82

. Annual capital outlays are pudgeted for the replacement of
the collection vehicle fleet. Under the current system of collection,
the trucks have an assumed lifetime of 11.37 years, and under the
intensive recycling system, trucks have a lifetime of 8.44 years.
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Table XIX

COLLECTION SYSTEM OPERATING COSTS

v

Present Intensive Recycling
System System
Administrative services S 90,608 $ 119,708
Radio control ' § 55,200 $ 61,8080
Mechanical services ' $ 48,408 $ 54,lﬁ9
Auto repair services $584,208 | $ 591,008
office of Recycling ' s 100,000
Advertising Budget R 8- s 120, ﬁﬁﬁ
ESEQI’B;SEQEIE;“ESEEE’“"“""555 saee T sless,ses
Cost per ton of trash collected §$5.20 - s7.00

. Note: Sengppendix G for details.
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outlays for two new intensive recycling system services: the

Office of Recycling and advertising Thege new activities are

essential for the educational program that must accompany

intensive recycling.

. Annual personnel outlays for both systems are presented in

rable XX. In the intensive recycling syetem, both the amount of

time worked and the number of employees increase. The cost of the

increased work time has been computed’as an increase in overtime,

with employees receiving time and a half for-the overtime hours.

The new employees are added because extra Crews are required by

the intensive recycling system. New employees are also reguired
to staff the Office of Recycling.
11 order to establish the new intensive recycling system, it

will be necessary to incur one~-time costs to purchase new

equipment and supplies. These costs have been computed as

follows.

One—time—ohly capital costs are calculated by estimating the

total costs of replac1ng the current fleet of: collection vehicles

with the vehicles specified for the inten51ve recycling system.

These costs cover the initial purchase of 33 compactor truck/

trailer units, 33 smaller compactor trucks, and 33 trailers. It

is assumed that up to 14 of the old trucks would be sold in order

to recoup some of this expense. This initial purchase also

the purchase of 176,988 recycling kits

specifications}. One-time-only costs include an extra expenditure

includes (see Section v,

for advertising and promotion of recycling. The total initial

expenditures for the implementation of intensive recycling is

estimated at $5,292,000.

Using an estimated equipment lifetime of
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Table XX

ANNUAL COLLECTION PERSONNEL COSTS

- (EXISTING EMPLOYEES)

Present System

Intensive Recycling

No, Cost No. Cost

Number of drivers 188 $1,944,308 188 $1,944,300
Number of sanitation workers 180 $1,949,586 109 51,940,580
Number of laborers ..+ 18 $1,852,208 188 $1,852,200
Number of supervisors 11 249,780 11 249,700
Benefits (@8 38.75%) $2,319,808 $2,319,808
Total 311 - $8,306,580 311  $8,3066,508
Increase in time worked g% 20% '
Increased personnel costs 8 $1,766,200*
Total costs - $8,386,5080 sl1p,p12,8060
Total cost per ton of | S

collected trash $66,$4 _

 $55.53

*2gs increase in time worked.:

Personnel paid at overtime rates (time
and a half). R

Table XXa

ANNUAL COLLECTION PERSONNEL COSTS
: (ADDED EMPLOYEES}: ‘ ‘

Present System Tntensive Recycling

No. Caost Bo. Cost
Number of new drivers - - - - 12 $ 211,388
New sanitation workers - ' - : 12 § 288,728
New laborers - - 12 s 196,176
" Recycling coordinator - - 1 $ 20,430
Recycling educator -- -— "1 $ 19,588
Recycling office support - - 2 s 32,752
Benefits (€ 38.75%) . - - - B S 266,946
Total B ) 40 $ 955,980
Total personnel costs - ,
(Existing & Added)" 311 $8,3E6,5ﬁﬁ 351 $10,968,7880
Total cost per ton of : N
collected trash $55.53 .$73.33
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eight years, and an interest-raie of 9%, annual capital costs for
the initial eight years of intensive reqycling ig estimated at
$1,;94,87ﬂ. An addftiona1_$342,ﬂﬁﬁ is spent each year in order to
allow for increased flexibility in setting up an annual truck
purcha51ng schedule. Thus, the anhual total capital costs for the
first eight years of operations are estimated at $1,536,871, or
$lﬁ 27 per ton of waste collected (see Table XXI) After the
first elght years, ongoing annual capxtal outlays will be as shown
in Table XVIII.

The total annual collection costs of the present -and pfoposea
systems are compared in Table XXI. ;:Eause of the initial oﬁe---
time capital costs, durlng the first eight years: the intensive
recycling system’s collection costs are about 41% hlgher than the
current systém'é célléction costs. After that time, the intensive
recycling system'é collection costs £al1l to a figure that is aﬁout
31% above the present system's cost of collection.

C. mgms;mc.o.si:i
| Once trash is collected -— whether unseparated or as
household-separated fractions —-- it is processed in ways that lead
to final disposal. In the case of the present City system, this
step begins with delivery of the collected, unseparated trash to
transfer stations. Thereafter it is handled by BFI; about 16% is
disposed of in 1andfills, and about 98% is téken to the Occidental
incinerator. There certain ferrous, non-combustible components
are removed and recycled; about 75% of the trash (by weight) is
consumed by combustion, and the remaining 25% (ash) is landfilled.

The proposed inténsive recycling system is designed to |

produce four trash streams of separated materials. One of these is
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Tabl

e XXI-

TOTAL ANNUAL COLLECTION COSTS

Intensive Recycling

Intensive
Present Recycling System (First
System System EFight Years)
Annualized capital costs $ 558,000 $ 571,388 $ 1,536,871
Annual personnel costs $8,306,5068  $16,968,708 s 9,721,647
Annual operating costs $ 778,400 s 1,046,500 S 1,049,008
Total annual costs $9,635,000 $12,586,688 $13,552,188

——.————————_n————.———.——-.——_———-————-———-—

Annual cost per ton 0

f trash collected:

—.—————-——_—-————-——-————_—_——-.——n-u—a-

Capital $ 3.68 '$ 3.82. |
Personnel $55.53 $73.33 7 $73.33:
Operating $ 5.20 s 7.886:- - $ 7.088
Total cost per ton ce

of trash collected: $64.42 ' 5$84.15 $98.60
Note: Capital costs for the first eight years of intensive
recycling include the higher costs of converting from the present

system to the intensive recycling sy

stem.
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composted; two fractions are processed into recyclable products;

the fourth fraction (ncn—recyclables) jg landfilled. 1In practice,

the fourth fractioniﬁill contain a small proportion of the total

that is brought to the curb in an unseparated form, by households

that fail to participate in the separation process. In computing

processing costs, we shall assume 10% as-’ a standard level of non-

participation (i.e., 2 household participation rate of 98%). In

addition,

the composting and materials recovery processes are rejected and

must also be landfilled.
The amounts of trash materials that are proceSSed in these

ways by both the present and the propcsed systems are cummarized

in Table XXII. with this information in hand, it is then possible

to estimate the cost of pIOCESSlng each. of these streams: and

hence from their sumy to compute the total processing cost for

each of the two systems. These estimates are presented below.

1. Compost facility:

The spec1fications ‘of a typical compost facility suitable for

the proposed intensive recycling system are described in Section.

Iv. Because the compostabley organic waste stream varies SO much

by season, the compost facility must be flexible in operating

capacity. It ig sized to accommodate the maximum capacity needed

in the summer.
Capital costs for the facility are shown in Table XXI1Il.

These are based on an estimate developed for CBNS by the

manufacturer of a typical.facility (BAV, Erlensee; West Germany)

While the costs were computed for the United States, certain local

costs had to be adjusted for the Buffalo area. siting of the

ag indicated earlier, small proportions of the inputs to -




