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To bring New York City to zero waste sent to landfills and to eliminate
public health problems and littering, creative policies must be designed
and implemented. This must be done while considering the varied na-
ture of New York’s demographics and urban landscape. We propose two
complementary programs to solve these problems.

The first program is the Dumpster and Compost Accessibility Pro-
gram. This program replaces the unsightly bags which are the necessary
result of current collection practices with dumpsters that keep waste out
of sight, out of mind, and out of rodents’ mouths. It also includes legal
changes and the provision of compost bins to single/two-family house-
holds, which together will increase composting rates to those of recycling.
This program is easily affordable.

The second program is the Pay-As-You-Throw Program. New York-
ers living in single/two-family households will be required to purchase
stickers at a fixed price for each refuse bag they wish to have collected by
the city, incentivizing them to sort out compostable waste and recyclables
for proper disposal in order to save money. In order to determine the
best price per sticker for such a program, we conduct a weighted multi-
objective optimization, the weights for which are determined by two sim-
ple questions designed to allow an explicit utility to be encoded based
on more subjective value considerations of a decision-maker. Roughly
in proportion to the price, this program will cause diversion rates to in-
crease, total costs to increase, and the New York City’s Department of
Sanitation net costs to decrease.

In conjunction, these two programs will improve NYC’s diversion
rates, eliminate garbage bags from the streets, and potentially save New
York City money.
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1 Introduction

Figure 1. Bags of trash left outside for curbside pickup near the present authors. Rats have been
observed in this area.

Among New York City (NYC) residents, trash is a common source of complaints about
the city [15]. Trash is a very visible problem, and many images, similar to Figure 1, circulate
of miscellaneous rubbish on the streets. NYC also spends about $500 per household for waste
management, which is more than other cities [1]. Clearly, there is a problem that must be
sorted out. Existing research on municipal solid waste management has focused on:

Modeling different final destinations for waste, their environmental externalities, and
the monetary value of these externalities.[18]

Improving upon the routing of collection trucks. This was notably studied in NYC in
2018 [23], and significant improvements have been made.

Using multicriteria decision analysis to help choose a solid waste management plan
[14].

The effects of incentive schemes, such as Pay-As-You-Throw (PAYT), on recycling
levels and costs [16].

2 Problem Statement

We propose several different solid waste management policies (organized into two programs
for analysis) for NYC and examine their effects (environmental, economic, aesthetic) and
costs. As there is limited data on the current destinations of NYC’s waste (landfills, incin-
erators, recycling, anaerobic digestion, etc.), we do not believe it is feasible to conduct a full
analysis of where NYC can or should send its waste. Due to recent advances in dumpster
truck routing in NYC [23], as well as our relative lack of data compared to new York City



Department of Sanitation (DSNY) route planners, we also do not believe it is feasible to sig-
nificantly improve upon vehicle routing. Instead, we propose simple interventions, including
a program to clean up NYC’s streets and improve composting rates, and a PAYT policy to
increase recycling and composting rates.

NYC is a tale of two cities in terms of how residents interact with their refuse and
recycling. Residents in apartment complexes place their waste in common bins, often on
every floor of a building [2]. In the case of one of the present authors, this waste is then
dealt with by the building management, which places it in bags on the street. This makes
a PAYT policy impossible. However, in single/two-family homes, common on Staten Island
and in Queens, residents deal much more directly with their waste, as they place it in bins
or bags on the street. Thus, our policies must take these differences into account. We do
this at a zoning district level instead of a community district or borough level, as many
community districts (e.g. Queens’ community district 12) have a mix of apartment buildings
and single/two-family homes. In our PAYT policy, we study it in the context of Queens, as
it has a mix.

We define “waste” and “trash” as everything that is disposed of by residents, and “refuse”
as anything that is not compostable or recyclable.

3 Models and Policies

3.1 Dumpster and Compost Accessibility Program

Problems One problem in NYC is the lack of designated street containers for residential
waste. NYC has few alleyways (where dumpsters are usually placed). This leads to residen-
tial waste being placed in bags on the street [5], as in Figure 1. There is little data on the
relationship between trash bags and rat populations, but the bags of trash left on the street
are still generally considered unsightly.

This leads to data like the fact that, in Manhattan in 2017, 0% of compostable waste was
properly disposed of while 50% of recycling was properly disposed of [6, 7]. This is a major
problem, as in NYC compostable waste is responsible for over a third of all waste [6]. For
commercial districts, there are already laws in NYC requiring them to separate compost and
hire private transport to dispose of it [29], so the main problem resides in residential units.
Compost bins (unlike recycling bins) are few and far between, and many buildings have no
composting service.

Assumptions

1. If composting were as accessible as recycling is now, the proportion of compost prop-
erly disposed of would approach that of recycling, without a long adjustment period.
This is supported by Figure 2, which shows how quickly recycling levels returned to
normal after an extended period of decreased service. Also, NYC pilot programs which
distributed bins reported high and rapidly increasing levels of composting[24].

2. Eliminating parking spaces is not a politically tenable proposal. While it is possi-
ble, the controversy over reductions in parking [3] would make any proposal involving

4



Monthly tons of curbside recycling collected in NYC
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Figure 2: Tons of curbside recycling collected in NYC since 1992 (full data not available before
about 1993). From July 2002 to April 2004, DSNY stopped collecting some types of recycling and
reduced collection frequencies. Note how, after recycling was fully resumed, the recycling quantity
rebounded almost immediately.

decreasing the number of parking spaces much more difficult to pass.

3. One cubic yard of mixed uncompacted Municipal Solid Waste weighs 2501lbs or more
[10]. Thus 12yd? can hold over 1.5 tons of MSW.

4. The zones that contain exclusively single/two family housing are R1, R2, R3-1, R3A,
R3X, R4A, and R5A [21].

5. 12yd® of dumpster can be purchased for around $4155 [4], and residential compost bins
can be purchased for $12 per unit [32].

6. Distribution and installation costs are no more than double item cost. Thus compost
bins are a total of $24 per unit and dumpsters are a total of $8;310 per 12yd?3.

7. Residential units produce approximately the same amount of waste. This assumption
is challenged when considering e.g. lawn waste, but generally two families will produce
the same amount of waste.

Solution We propose that 12yd® of commercially-available dumpsters be placed at fire
hydrants, which are already available by law no more than 250" from every residence in
the city [27]. Placing dumpsters on the streets would eliminate parking spaces, but 15’
to either side of a fire hydrant is already forbidden for parking [25]. 12yd® of dumpsters
would only take up about 21’ of curb space [4], which would fit in the hydrant-delimited
curb space with plenty of room to spare. Thus this proposal will maintain the number of
parking spaces. A similar proposal to use the unused space around fire hydrants (but for bike
racks) has been pursued by several partners in Philadelphia, including the Fire Department,
which has similar rules regarding fire hydrants [11]. Thus this proposal is legally feasible and
compatible with the fire code. The dumpster service area will be all areas not covered by
the PAYT program (i.e. all zones not exclusively single/two-family), as those areas are able



to use outdoor household bins. Dumpster service will not be provided in parks, as parks do
not contain high-density housing. Dumpster use will be enforced by legal changes to make
it a punishable o ence to dispose of waste in bags on the street if one lives in the dumpster
service area. Given the DSNY's current low total enforcement costs [30], we do not expect
the enforcement cost to be signi cant.

We also propose a legislation change to apartment buildings to require them to provide
easily-accessible composting locations within the buildings. This would be identical to the
existing law requiring buildings to provide access to recycling bins [2] and as such we do
not expect the cost of enforcement (which could be done in parallel with the enforcement
for recycling) to increase. Additionally, we propose distributing compost bins to single/two-
family residences in NYC. Together, these changes would make composting as accessible as
recycling for NYC residents.

Preliminary feasibility We must con rm that there are enough re hydrants to handle
the city's waste output. As NYC publishes waste tonnage data at the community district
level [6], we may verify for each community district that there are su cient re hydrants.
NYC also publishes the locations of all re hydrants in NYC [8]. Service area is determined
by shapes speci ed by the NYC Department of City Planning's provided shape les [19]. For
each districti, we estimate the monthly waste throughput needed for the dumpsters by:
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whereT; the monthly tons of waste that the dumpsters in districti must accommodatelJ, ,;

is the number of lots in districti with three or more residential units,U; is the number of
residential units in district i, and W, the maximum tons of curbside refuse collected in one
month in district i since 1991. The ratidJs ,,;=U captures the proportion of refuse generated
by residences not serviced by the PAYT plan under Assumption 7. We then compute a ratio:

N;’

where N; is the number of hydrants in districti that are in the dumpster service area. 12
yd® of dumpster (and thus one re hydrant) can accommodate over 1.5 of MSW. Thus,
the ratio (T;=N;)=1:5 represents how many times per month dumpsters would Il up in
district i if 12yd® of dumpsters were placed at every re hydrant. As evidenced in Figure
3, the highest ratio of monthly tons of waste to number of re hydrants is around 7.35.
Speci cally, community district 3 in Staten Island requires a capacity of 7.35 tons of waste
per re hydrant. So if 12yd® of dumpster (with a capacity of 15 tons) were placed at
every re hydrant in Staten Island's community district 3, they would Il up 4.9 times every
month. Given that curbside waste is currently collected two times a week (i.e. over 12 times
per month) in the district [22], these dumpsters would easily handle the district's waste
production.

Choosing the number of dumpsters As some districts have very lowT;=N; ratios,
indicating that hydrant dumpster capacity far exceeds waste output, clearly a smaller number
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