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Director’s Note

The New York City MSW Composting Report: Summary of Research Project and Conceptual Pilot
Facility Design follows a series of research reports, issued by the NYC Department of Sanitation’s
Bureau of Waste Prevention, Reuse and Recycling (BWPRR), whose collective goal is to enhance
and inform the public dialogue surrounding the management of New York City’s waste stream.  

Because of the varying and frequently disparate viewpoints concerning the best way for New
York City to manage its waste, it is important that all those involved in the debate—from policy
makers to concerned citizens—have access to well-researched and documented information on
the subject. Presenting such information represents one of the primary goals behind BWPRR’s
research efforts over the last few years (see Table 1). 

Outside of recycling and composting operations, New York City is now entirely reliant on
landfills and waste-to-energy facilities beyond its borders to dispose of solid waste. Because of
the high cost of export, the City needs to examine cost-effective, yet proven, alternative methods
for waste disposal. BWPRR’s latest report, New York City MSW Composting Report, builds upon
the Mixed Waste Processing report (see Table 1) by exploring how mixed-waste processing and
composting together—using technology specifically geared towards the recovery of recyclable
and degradable material—can potentially be incorporated into existing City waste-management
and recycling strategies. The report is based upon extensive research that explores the state of
municipal solid waste (MSW) composting technology, examines the quality of compost
produced from this technology, and presents a theoretical proposal for how such technology
can be further tested within New York City. 

As the following pages will describe, the technology presents some promising opportunities
because it can exist alongside existing recycling operations, take advantage of certain collection
efficiencies, and recover recyclables discarded with trash. But most importantly, this technology
can recover nearly all of the degradable material, which composes over 50 percent of the
residential waste stream, and turn it into a usable end product.

Of course, key questions remain regarding the feasibility of employing such technology within
the context of New York City. Will it be possible to site such an MSW-composting facility (even a
pilot test facility) within the City’s borders, given the public’s concerns about living near solid-
waste operations? If the facility is located outside of the City, will it still be possible to keep
transportation costs to and from such a facility low? What is the long-term marketability of the
final compost produced from this process, and most important of all, what will the actual real-
world costs per ton be to operate this waste-management system? 

While it does not provide all the answers, I hope that this report will further the public
discussion regarding waste-management alternatives for New York City by presenting BWPRR’s
latest research efforts.  

Robert Lange, Director
DSNY Bureau of Waste Prevention, Reuse and Recycling
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Table 1
Summary of Previously Issued Reports by the DSNY Bureau of Waste Prevention, 
Reuse and Recycling

All of BWPRR’s reports are available on the DSNY website at the following location:
http://www.nyc.gov/html/dos/html/recywprpts.html.

Backyard Composting in New York City: A Pilot Test Evaluation (issued in June 1999) presents the results
of a yearlong Backyard Composting Pilot Program. This program involved working extensively
with New York City’s Botanical Gardens to implement backyard composting in four test neigh-
borhoods and evaluating the resulting receptivity, participation rates, and waste-composition
impacts. The report showed that while backyard composting contributes to greater environmen-
tal and recycling awareness, it could not be counted on as a major waste-minimization strategy
for the City.

Mixed Waste Processing in New York City: A Pilot Test Evaluation (released in October 1999) describes
BWPRR’s pilot program to measure the effectiveness of mixed-waste processing in recovering
recyclables from collection districts with low recycling diversion rates. Using an economic
model with a range of scenarios, the report concludes that under certain co-collection scenarios
(recyclables collected with trash), mixed-waste processing can lead to cost savings because it
reduces the number of overall collections.

Collectively, Recycling: What Do New Yorkers Think? Five Years of Market Research and NYC Recycles: More
Than a Decade of Outreach Activities by the NYC Department of Sanitation (both issued in the fall of 1999)
summarize the extensive survey and focus group research conducted to measure New Yorkers
receptivity towards, and the effectiveness of, BWPRR’s public education efforts in the areas of
recycling, waste prevention, and composting.  

New York City Recycling in Context: A Comprehensive Analysis of Recycling in Major U.S. Cities (issued in
August 2001) explains how various cities calculate recycling diversion rates in order to better
understand and situate NYC’s achievement of a twenty percent residential recycling rate (in the
year 2000) within a national context.  

Composting in New York City: A Complete Program History (issued in August 2001) summarizes
BWPRR’s efforts through a number of pilot and ongoing programs to recover the degradable
fraction of the residential and institutional waste stream.

http://www.nyc.gov/html/dos/html/recywprpts.html
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Abbreviations and Definitions

active composting The intensive phase of managed, aerobic decomposition of organic
materials, where the addition of oxygen and moisture (if necessary)
are maximized.

aeration floor, Location in MSW-composting facility where material continues to 
air floor actively compost after it is discharged from the digester drum(s).

aerobic/ In the presence of oxygen/
anaerobic Without the presence of oxygen

air-classification, Process or machinery designed to separate particulate material 
air classifier according to its aerodynamic properties; typically used in the solid-

waste materials-recovery field to separate out plastic from other
heavier items.

ANOVA Acronym for ANalysis Of VAriance, a statistical method for testing the
significance of differences observed at one or more levels of
comparison, by segregating the variation according to explained and
unexplained factors.

biofilter A blended ratio of organic materials constructed over a series of
perforated pipes through which process air is pumped and distributed.
Biofilters retain air in this media for a specified time to ensure the
biological degradation (or “scrubbing”) of odorous compounds.

biosolids Treated sewage sludge that has been dewatered to increase solidity,
making for easier handling and transport.

bulking agent Coarse material (such as wood chips) added to compost piles to
provide porosity, and thereby air, which aids the aerobic
decomposition process.

capture rate The percent of material set out for recycling, out of the total quantity
of recyclable material believed to be present in the waste stream.

City New York City, also NYC

Class I compost Designation assigned by the DEC (prior to March 2003) to 
Class II compost differentiate grades of compost, based on its ability to meet regulated,

quality standards. Class I compost had less restricted end uses than
Class II compost.

CN ratio Carbon to Nitrogen ratio; a common indicator of compost maturity.
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composting drum, The large, rotary, kiln-shaped vessel in which the initial phase of MSW 
digester, bioreactor composting occurs.

Community District/ One of the 59 administrative districts of NYC whose Boards advise 
Sanitation District Borough Presidents and City agencies on planning and services.

Sanitation Districts, designated by the NYC Department of Sanitation
for operational/administrative purposes are coterminous with
community districts.

curing The process whereby compost is aged and matured to form a stable
end product.

DEC New York State Department of Environmental Conservation

DEP New York City Department of Environmental Protection

dewatered The processes used by waste-water treatment plants to reduce 
the amount of water in sewage sludge. These include centrifuge,
pressing, etc.

diversion rate The percentage of the total waste stream collected for recycling as
measured by dividing the weight of collected recyclables by the
weight of collected waste, plus recyclables.  

DSNY, the Department New York City Department of Sanitation

FEL Front-end loader

film plastic Any type of plastic in sheet form, generally used for containers and
packaging, such as shrink wrap and household garbage bags. 

fines Very small particles in a mixture of various sizes. 

front-end residue Items that are removed for disposal before entering the composting
phase of a MSW-composting facility.

HDPE High Density Polyethylene is plastic resin (#2) commonly used in
bottles and containers.

ICI waste Industrial, commercial, and institutional waste.

immature compost Partially degraded organic material, which has not fully undergone the
complex chemical and physical process of decomposition.

inerts Very small pieces of non-degradable material, such as glass and
plastic. 
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LDPE Low Density Polyethylene is the plastic resin (#4) used primarily to
make film for trash bags, food packaging, shrink films, and
construction/agricultural films.

materials recovery The process whereby recyclable materials are separated from non-
recyclable items in the waste stream. Recyclable items are generally
sorted into distinct categories to facilitate their input into subsequent
manufacturing processes.

mpn Most probable number in a laboratory sample; standard unit of
measurement for pathogen analysis.

MRC Materials-recovery and composting facility

MRF Materials-recovery facility

MSW Municipal solid waste

New York City waste In this report, refers to the waste stream collected by the New York
City Department of Sanitation. This stream is generated by residents
and institutions (public universities, City offices, etc.), but does not
include waste generated by businesses. The commercial waste stream
in NYC is handled by private carters.

overs Material greater in size than a given screen setting, thereby causing it
to pass over the screen.

PET Polyethylene terephthalate is a plastic resin (#1) commonly used in
bottles and containers.

ppm Parts per million

process air In MSW composting refers to all air from the composting process that
will require odor-control filtration before being released outside of the
facility.

recovery rate The percent of material actually recovered for beneficial, secondary
use by the systems in place to accomplish this.

sort line In a MRF, refers to the area(s) where materials are removed either
manually or mechanically as they pass by on a conveyor.

source-separated Term used to describe municipal, “curbside” recycling programs,
where the responsibility to segregate designated items in the waste
stream lies with the generator. 
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surge pile Stock pile

TCLP Toxicity Characteristic Leaching Procedure is a laboratory procedure
that simulates conditions in a landfill, whereby weak acids are washed
over a given material to determine if any heavy metals leach (or seep)
out.

tip fee The per-ton price charged by a solid-waste–management facility (MRF,
transfer station, landfill, incinerator, etc.) to receive and process
material. 

tip floor Receiving area of any solid-waste–management facility where
incoming trucks tip their loads.

tpd Tons per day

trommel screen Rotary, kiln-shaped screen that can be equipped with different sized
openings (or settings) to segregate material by size. 

tub grinder Heavy-duty piece of equipment used to shred bulk wood waste.

unders Material smaller in size than a given screen setting, thereby causing it
to pass under the screen.

VOA Volatile Organic Acids when present in compost indicate partial
anaerobic fermentation, and are largely responsible for odors, as well
as toxicity to plants. 

wet tons Standard unit of measure for biosolids that represents what the
material actually weighs inclusive of water, as opposed to dry tons,
which is what the material would weigh exclusive of water.

windrows A row heaped up by, or as if by the wind.  Refers to the elongated piles
of compost formed to facilitate turning and aeration. 

WPCP Water Pollution Control Plants treat municipal waste water before
discharge into the environment. 
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INTRODUCTION
GOAL AND SCOPE OF THE PROJECT

This report describes a project initiated by the Bureau of Waste Prevention, Reuse and Recycling
to determine whether or not municipal solid-waste (MSW) composting merits further, serious
investigation by the New York City Department of Sanitation (DSNY, or the Department) in its
search for increased recycling rates and decreased dependence on waste export. The simple
answer to this question is, yes, further investigation is warranted. 

To accomplish this goal, the project had the following objectives:

• Compost samples of municipal solid waste generated in New York City (the City).1

• Determine the quality of the compost produced from these samples, as well as the
recycling recovery rate achieved by the process.

• Assess the general performance of other, operational MSW-composting facilities in
terms of compost quality, odor control, process efficiency, and other factors that might
affect potential application of this technology to the City.

• Develop an estimated cost-per-ton with which to compare MSW composting to current
export and disposal options.

In order to meet these objectives, the project involved the following four tasks:

• Sending samples of New York City waste (50 tons per day for five days) to a commercial-
scale, MSW-composting facility, located in Marlborough, Massachusetts (Marlborough)
and conducting Composting Trials.

• Sorting and characterizing representative samples of the New York City waste used in
the Composting Trials into fractional components in order to determine an overall
process recovery rate.    

• Surveying other commercial-scale, MSW-composting facilities operating in North
America.

• Conducting extensive laboratory testing of the material throughout the entire MSW-
composting process to determine the quality of the resulting compost. This included
samples from both the New York City Composting Trials at Marlborough, as well as
from the surveyed MSW-composting facilities.

• Developing a scenario for a theoretical pilot facility in New York City, in order to conduct
a full-scale financial analysis, and calculate an estimated per-ton processing cost.

MSW Composting: The Basic Concept and a Brief History

The principal behind MSW composting is to direct the entire, mixed-solid-waste stream to a
centralized, enclosed, odor-controlled facility, in order to recover (compost) the degradable
fraction. The non-degradable fraction of the waste stream is directed for recycling, or disposal as
garbage, after being separated out via manual sort lines and/or mechanized screens and other
sorting processes. (It should be noted that MSW composting can, and often does, exist alongside
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traditional curbside recycling programs,
which require residents to separate out
designated recyclable materials from the
waste stream before setting materials at the
curb for collection.)

The MSW-composting technologies
commonly used in the United States were
developed in Europe more than 30 years
ago. In the past decade, several European
countries have shifted their focus from
mixed MSW to source-separated organics,
or “biowaste” composting, in order to meet
stringent quality requirements in
agricultural markets. More recently, there

has been another upsurge in mixed-waste composting in Europe due to pressure and
regulations to address “greenhouse” gas emissions resulting from the landfilling of
unprocessed organic waste.

There are currently 13 MSW-composting plants operating in North America (two in Canada and
11 in the U.S.). An additional seven plants are under development in the U.S. The facilities
range in capacity from eight tons per day to 825 tons per day of MSW. The oldest running
MSW-composting plant in North America is the Dennington County facility in Minnesota, in
operation since 1987. The newest (and largest) is the Edmonton facility in Alberta, Canada,
which began in 2000.

Despite the appeal of MSW composting (described below), the technology has experienced a
rocky start-up over the past 20 years in this country, including some notable failures. A number
of U.S. operations have closed primarily due to issues related to product quality and odor control.
While other facilities, like the Bedminster plant in Marrietta, GA, have made significant strides
(and investments) to improve in these areas. Built in 1995, the Marrietta plant underwent major
renovations in 1998, and has operated successfully at capacity for the past five years (300 tpd of
mixed waste).

Several plants built in the past three to four years, such as the Bedminster facility on Nantucket
Island, MA, have performed as anticipated. While there are no doubt improvements yet to come,
the industry appears to have arrived at a point where it can produce a known and consistent
compost product, while effectively managing odors through proper air-handling and biofiltration. 

The assessment made by BioCycle Magazine in its 2000 national survey of mixed-waste
composting in the U.S. still applies:

“…those (facilities) with the waste flow, cash flow, good process and odor management, viable
end users, a well-defined mission and purpose and political support are doing well.”2
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Photo 1: Aerial view of the Edmonton Facility
The newest and largest MSW-composting facility in North
America, located in Alberta, Canada, began operating in 2000. 



MSW Composting in the
Context of New York City

With the closure of the Fresh
Kills Landfill in 2001, New
York City has become entirely
reliant on facilities outside of
its borders to dispose of its
solid waste. The Department
has entered into short-term
contracts for export and
disposal that currently cost an
average of $70 per ton. Long-
term projections indicate that
the City’s export and disposal
costs will average $95 per ton.
As never before, the City has
incentives to develop
alternatives to disposal.

The first logical question to
ask when looking for
alternatives to disposal is,
“What’s in the garbage?” In
1990 (before the inception of
the citywide, curbside
recycling program), the
Department conducted a
comprehensive, multi-season,
waste-composition study to
answer that question. Figure 1
presents the average, annual,
citywide, residential-waste
components as a pie chart,
while Figure 2 summarizes the
composition of the institutional
waste that the Department
collects (from public schools,
City offices, etc.). From a
pragmatic, operational
perspective, the division
between institutional and
residential waste is illusionary,
as DSNY collects these two
streams together. 
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Figure 1
Annual, Average, Citywide, Residential-Waste Composition (1990)

Figure 2
Annual, Average, Citywide, Institutional-Waste Composition (1990)

Source: 1992 Solid Waste Management Plan, Appendix 1.2, Waste Stream Data

paper 31.3%

food waste 12.7%

yard waste & lumber 6.3%
miscellaneous degradables & fines 13.5%

textiles 4.7%

bulk items 9.9%

plastic film &
bags 4.8%

all other 
plastics 4.1%

glass 5%

ferrous metal 3.9%

aluminum 0.9%

miscellaneous non-degradables 2.9%

paper 52.9%

food waste 10.1%

miscellaneous
degradables & 
fines 7.1%

yard waste & 
lumber 4.4%

bulk items 1.3%

textiles 2.1%

plastic film 
& bags 4.9%

all other plastics 5.6%

glass 2.5%

total metal 2.6%

aluminum 1.4%

miscellaneous 
non-degradables 2.9%

Source: 1992 Solid Waste Management Plan, Appendix 1.2, Waste Stream Data



A useful way of thinking about these materials is to group them as either biodegradable
(“degradable”) or non-degradable. Everything organic (derived from once-living organisms)
eventually degrades over time. What is meant here, rather, is readily degradable (or
compostable) material that breaks down over a short period of time. For example, plastics and
certain textiles, while organic, are not classified as degradable. Therefore, the residential waste
stream is 63.8% degradable (shown in shades of green) and 36.2% non-degradable. The
institutional waste stream is 74.5% degradable and 35.5% non-degradable. 

While paper is readily degradable, recycling paper into new paper products represents a higher
end use for this material, and is therefore preferable to composting it. However, even with a
curbside, mixed-paper-recycling program, paper products still comprise roughly a third of the
post-recycling waste stream. Figure 3 presents the results of a waste characterization that the
Department performed in association with this Research Project on samples of “black-bag”
waste (or regular garbage). It should be noted that the waste samples for this study were not
representative of the City as a whole, nor did they take into account seasonal differences. For
more information on the limitations of this data, see Chapter 1.

As readily degradable materials comprise over half of the post-recycling, municipal solid-
waste stream, it is understandable that the Department would seek ways to divert these
items from disposal, and redirect them for composting. This has been a goal since the
inception of the recycling program in 1989. The initial focus was to test the feasibility of
asking waste generators serviced by the Department (NYC residents and institutions) to

source-separate degradable
material for collection.

The Department ran two pilot
projects testing the viability of
diverting degradable waste
through source-separated
collection. In the first pilot,
DSNY designated two areas of
Brooklyn (Park Slope and
Starrett City) as “Intensive
Recycling Zones,” where it
asked residents to separate out
three streams in addition to
regular garbage: paper and
textiles, recyclable containers,
and food scraps and soiled
paper (plus yard waste for Park
Slope). The second pilot
recruited institutions on Staten
Island, such as hospitals and
schools, and provided them
with separate dumpsters for
food waste. (For more detailed
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Figure 3
Post-Recycling Waste Composition (2001)

paper 33%

food waste 16%
yard waste 
& lumber 5%

miscellaneous 
degradables & fines 12%

textiles 5%

glass 5%

all metal 3%

Note: Results from representative residential- and institutional-waste samples
from Staten Island District 2. (See Chapter 1 for more information.)

bulk items 1%

all plastics 15%

miscellaneous 
non-degradables 5%



information on these two pilots, as well as efforts to promote on-site composting, see
“Composting in New York City: A Complete Program History,” on the Department’s website at the
following URL: www.nyc.gov/html/dos/html/recywprpts.html#2.)

The findings from these two pilots can be summarized as follows:

• The capture rate for the degradable fraction of the waste stream was only 41 percent in
the Park Slope pilot. This means that out of the total amount of these materials known to
be in the waste stream through waste characterization studies, 41 percent—less than 
half—was placed out for recycling collection (or conversely, 59 percent was still in the
garbage).

• The capture rate for degradable waste was so low in the Starrett City pilot as to essentially
be zero. Residents, especially those living in high-rise buildings, are reluctant to separate
and store wastes such as spoiled food and dirty diapers for any period of time.

• Trucks collecting only degradable waste were not efficient, averaging around four tons
per truck, per route (compared to the 10- to 12-tons-per-truck generally averaged during
regular garbage collection).

• Without continuous education, retraining, and supervision, source-separated food-waste
streams become contaminated. (This finding is reinforced by DSNY’s experience with its
curbside recycling program.)

• Since the Department collects institutional waste for free, institutions have few
incentives to invest the time and effort required to maintain food-waste–separation
programs.

• Many New York City institutions simply do not have the space for separate, food-waste
dumpsters.

The appeal of MSW composting is that the entire waste stream, after curbside recycling, can be
efficiently collected and delivered to a
central facility, where nearly 100 percent of
the degradable material is recovered and
turned into usable compost. Since the
degradable material is not set out separately,
and is instead collected with the regular
garbage, the Department can capitalize on
the collection efficiencies it already achieves
for refuse, without the monetary and
environmental burden of sending out more
collection vehicles. 

To say that the appeal of MSW composting
is clear, is not to say that MSW composting
is always the best approach for handling all
predominantly degradable waste streams in
the City. There are several locations, for
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Photo 2: Typical New York City garbage awaiting collection
The appeal of MSW composting is that the entire waste
stream, after curbside recycling, can be collected efficiently
and delivered to a centralized facility, where nearly 100
percent of the degradable material is recovered and turned
into compost.

www.nyc.gov/html/dos/html/recywprpts.html#2


example, that generate significant quantities of degradable waste in a concentrated area—such
as at the Hunts Point Terminal Produce Market in the Bronx, and the Rikers Island
Correctional Facility—where source-separated composting makes sense. Since these locations
offer the possibility of high capture rates, efficient collection routes, and manageable
contamination levels, a source-separated, rather than mixed-waste approach, may be more
appropriate.  

Another example where MSW composting may be inappropriate is for fall leaves. City residents
generate large volumes of fall leaves over a short time period, which allows for high collection
efficiencies. In addition, homeowners normally bag leaves separately from the rest of their waste,
making it relatively easy to obtain “clean” source-separated material. Finally, the innocuous
nature of leaf composting also means that it can be done outdoors with simple equipment and at
relatively low cost. For more information about the Department’s source-separated-based
composting programs, see “Composting in New York City: A Complete Program History,” on the
Department’s website at: www.nyc.gov/html/dos/html/recywprpts.html#2.

The opportunity to efficiently capture nearly 100 percent of the substantial, degradable fraction
of the municipal solid-waste stream is a strong reason to consider MSW composting. But is the
cost to process MSW into compost competitive with other waste-management options? And is
the compost produced from such a process of a sufficient quality to have beneficial end uses?
These, as well as other key questions, informed the Department’s MSW-composting research
project.

Report Structure

This report is divided into two main parts. The
first part of the report presents the results
from the New York City Composting Trials
(held at Marlborough) and the survey of other,
operating MSW-composting facilities. This
includes the summary data from the extensive,
compost-quality testing protocol for both the
compost produced during the New York City
Composting Trials, as well as compost
sampled from the other surveyed facilities.
The actual data are contained within Appendix
F (New York City Composting Trials) and
Appendix H (surveyed facilities) of this report,
attached in portable document format (PDF)
on the enclosed compact disk. 

The second part of the report builds upon the
learning of the first to describe a theoretical,
pilot MSW-composting facility in New York City.
The pilot facility design is in no way meant to be
read as a blueprint, but is presented rather to
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Photo 3: Composting in New York City report cover
Information about the Department’s experience with
source-separated and on-site composting can be found in
this report, on the Department’s website.

www.nyc.gov/html/dos/html/recywprpts.html#2


help the reader envision what such a facility might look like and how it might operate. More
importantly, in order to calculate an estimated cost-per-ton to process New York City waste through
MSW composting, it was necessary to assume specific throughput volumes, residue rates (and
conversely disposal costs), as well as equipment, buildings, personnel, and power requirements. 

Summary of Key Findings

Part One: Research Project

The first three chapters of the report begin with research questions. The key findings are
summarized here as answers to those questions.

What quality of compost might DSNY expect to produce by composting samples of New York City
residential and institutional waste?

The compost produced from samples of New York City waste met New York State
Department of Environmental Conservation (DEC) Class I compost standards in effect
during the time of the survey, as well as the current pollutant-limit and product-use criteria
(in effect as of March 10, 2003).

What is the quality of compost produced by existing MSW-composting facilities?

Each of the surveyed facilities producing a finished compost made a product that met DEC
Class I compost standards. The compost from each facility except one would meet the
DEC’s current pollutant-limit and product-use criteria. (The facility in question would need
to lower the percentage of small pieces of non-degradable material in its finished compost
from 3.9 to 2.0 percent.)

What is the potential recovery rate of New York City waste through MSW composting?

The Marlborough facility recovered 50 percent of the sample New York City waste during
the New York City Composting Trials. This recovery rate is in line with recovery rates
achieved by the other MSW-composting facilities surveyed for this report, and makes sense
given that the characterization of the New York City sample waste found 55.6 percent to be
degradable. (Inevitably, some percentage of degradable material becomes entwined with
non-degradable material and is discarded as residue.)

How well do other MSW-composting facilities perform, and what are the factors that affect the
potential application of this technology in New York City?

The four, MSW-composting facilities surveyed charge tipping fees between $45 and $85
per ton. These prices are competitive with other disposal options in the respective facility
locations. 

The surveyed facilities recover between 49 and 70 percent of the solid waste that they
process, with the balance disposed of as residue.
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The facilities have been designed and are operated in such a way that they have
successfully avoided odor problems with their residential and business neighbors.

Compared to MSW-composting facilities that employ a less mechanized approach, those
facilities that actively manage (turn and water) their compost using mechanized processes
for extended periods of time (50-plus days) produce a better finished compost, with regards
to all horticultural and agronomic properties.

MSW-composting facilities could improve their performance by placing more emphasis on
removing non-degradable items in the waste stream before they go through the initial MSW-
composting process. This additional step would accomplish three important objectives: 

• Increase recovery of recyclable items

• Decrease residue disposal costs

• Produce a cleaner final compost with wider application value

Part Two: Pilot Facility

The second part of the report builds upon both the results of the Composting Trials and the
facility surveys to envision a theoretical, 300-ton–per-day, pilot MSW-composting facility for New
York City. Through the Composting Trials and surveys the Department learned what makes a
successful MSW-composting facility from a process perspective. In very general terms, this can
be summarized as follows:

Successful facilities maximize recovery rates by increasing “desirable” outputs, which are quality
compost, marketable recyclables, and loss of water vapor (shed during the composting process), while
decreasing “undesirable” outputs, which are residual items requiring disposal.

Theoretical Pilot Facility Design
The theoretical pilot facility design incorporates two principal features (intensive, front-end
materials recovery and extended, active composting), which distinguish it from current MSW-
composting facilities, and would enable it to achieve success by the standard defined above.

• Front-End Materials Recovery. To maximize the recovery of the non-degradable,
marketable recyclables that inevitably remain in the municipal solid-waste stream (even
with curbside recycling programs), a pilot facility should employ front-end, materials-
recovery equipment and manual sort lines. Such equipment would remove recyclables
before waste went through the MSW-composting process. De-bagging and sorting all
incoming MSW would not only increase the recovery of non-degradable recyclables, but
would also decrease residue disposal costs and create a cleaner compost product. 

• Extended Composting. A pilot facility should provide for 51 days of active, on-site
composting of degradable materials. For perspective, this is more than twice the amount
of time that material is actively composted at the Marlborough facility, where the New
York City Composting Trials occurred. This extended composting time would allow for
greater loss of mass in the decomposing material, as well as produce a better final
compost product from a horticultural and agronomic perspective.
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Projected Recovery Rates
A pilot facility’s pre-composting, materials-recovery process should have three primary goals:

• Send as much paper and paper products (remaining in the MSW after curbside recycling
program) to the composting process as possible.

• Prevent as much non-degradable material, especially glass and film plastic, from going to
the composting process as possible.

• Recover as many non-degradable, recyclable items as possible.

Based on these goals and a detailed analysis of how each material fraction of the waste stream 
will move through a hypothetical pilot facility, the report concludes that the process could achieve a
70-percent recovery rate. 

Projected Facility Cost
As noted, one of the goals of this project was to develop an estimated cost-per-ton with which to
compare MSW composting to current and future export and disposal options. The Department
accomplished this by supplying as many assumptions as possible about a hypothetical pilot
facility to a financial analyst with experience in the economics of commercial-scale, MSW-
composting and other MSW-handling facilities. The analyst took these assumptions and then
calculated the per-ton costs for the projected life-cycle of the facility. Appendix J of this report
presents the full, 30-year, life-cycle financial analysis for the pilot facility. The costs include:

• Capital development (including permitting and design work)

• Facility financing (debt service, etc.)

• Annual operation and maintenance (such as residue disposal and electricity)

The financial analysis concludes that the cost to DSNY to process MSW in a hypothetical pilot
facility in the first year of operation would be approximately $75 per ton.

Conclusions

In 1992, the City’s first comprehensive Solid Waste Management Plan (SWMP) recommended
that the Department assess MSW composting more fully as a “major component of the waste
management system,” and encourage the City to build a facility so as to “extensively analyz[e]
and carefully evaluat[e]” its potential.3

This report constitutes the full assessment that the SWMP recommends, and like the SWMP,
also proposes that the City seriously consider building a pilot MSW-composting facility to learn
more about this promising technology. Again, the pilot facility described in this report is a
theoretical proposal. Should the City proceed with developing a facility, it would likely employ
other types of equipment and be configured entirely differently than the facility presented
herein. However, no matter what type of facility is built, it should have a number of discrete
learning objectives (which are summarized in Table 5-1 of this report), and should have a set
time period in which to answer some important questions.
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If the pilot facility is able to operate successfully in a cost-effective, nuisance-free manner, and
consistently produce a quality compost product with viable end markets, then the City might
consider scaling up to a permanent facility. If the pilot facility is unable to accomplish these
goals, then the facility should be dismantled, with the component equipment sold for reuse to
other solid-waste–handling enterprises.

In conclusion, this report describes a waste-management option that would allow the
Department to:

• Capture nearly 100 percent of the degradable fraction of the waste stream (as well as
most recyclable items remaining in the garbage after curbside collection).

• Build upon existing waste-collection efficiencies.

• Require no additional public education since residents would not have to handle their
waste any differently than they do currently.

• Potentially recover 70 percent of the waste stream for recycling (in addition to what is
recovered through the existing curbside recycling program).

• Pay an equivalent cost-per-ton compared to current disposal options.

Given these important incentives, it seems well worth while to invest the time and funds
necessary to build a pilot facility in order to extensively analyze and carefully evaluate 
these claims.
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CHAPTER 1
THE NEW YORK CITY COMPOSTING TRIALS

Summary

This chapter describes the 2001 New York City Composting Trials DSNY conducted at the
Bedminster Marlborough MSW-composting facility in Marlborough, Massachusetts. The
chapter begins by outlining the waste characterization that the Department performed on
representative samples of the New York City waste sent to Marlborough for the Composting
Trials. Tables summarize the weights of all inputs to, and outputs from the process, which in
turn determine the recovery rate achieved during the Composting Trials. A discussion of
Marlborough facility operations serves both to introduce the MSW-composting technology, as
well as to explain the sampling procedure used to determine the quality of the compost
produced in the Composting Trials.

Research Questions

As part of its research to determine if MSW composting merits further, serious study as a waste-
management strategy for New York City, the Department set out to answer the following
questions: 

• What quality of compost might DSNY expect to produce by composting samples of New
York City residential and institutional waste (referred to as New York City waste or City
waste throughout the report)? 

• What is the potential recovery rate of New York City waste through MSW composting?

In answer to the first question, the compost produced from samples of New York City waste
would meet New York State Department of Environmental Conservation (DEC) pollutant-limit
and product-use criteria. (Chapter 2 presents the actual compost-quality results.) 

Regarding the second question, the NYC Composting Trials achieved a 50 percent solid-waste–
recovery rate, which is in line with recovery rates achieved by the other MSW-composting
facilities surveyed for this report. (Chapter 3 contains the results of this survey.)

In addition to this research, the Department worked with a local, environmental consulting
group who received a grant from the Empire State Development Environmental Services Unit to
perform an economic and technical viability study for composting New York City’s commercial
waste through a similar MSW-composting process. Appendix D contains the final report to the
State summarizing the commercial-waste portion of the Composting Trials conducted at the
Marlborough facility.

New York City Composting Trials

To answer the research questions posed above, DSNY sent 50 tons a day, for five consecutive
days, of residential and institutional waste that it collected on Staten Island to the Bedminster
Marlborough (Marlborough) MSW-composting facility.1
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New York City Municipal Solid Waste

DSNY selected the Marlborough facility for its MSW Composting Trials for several reasons. As
Marlborough is only four hours away from New York City, the proximity of the plant facilitated
both shipping waste and providing direct project oversight, including continuous monitoring of
the entire process. Additionally, Marlborough facility management was willing to dedicate one of
its two composting drums (also referred to as digesters or digester drums in this report) for City
waste exclusively, as well as space on the aeration floor for the resulting compost. This dedicated

capacity was essential in order to
keep New York City material
separate from local material
throughout the Composting Trials.   

Obtaining representative samples of
the entire New York City waste
stream was not operationally feasible
for the limited scale of the
Composting Trials. Therefore, the
Department chose to take
representative samples of waste from
one Sanitation District—Staten Island
District 2 (SI 2)—that it felt were in
some way typical of City waste.
Comprising the middle section of
Staten Island, SI 2 (coterminous with
SI Community Board 2) had a
recycling diversion rate of 23 percent,
close to the citywide average of 20.1
percent at the time of the Trials.
Similar to other City Sanitation
Districts, SI 2 also contains a mix of
multi- and single-family residences,
as well as the types of educational
and religious institutions from which
the Department routinely collects
waste. In addition, SI 2  was also a
convenient District to work with, as it
is geographically proximate to the
Fresh Kills landfill, the location for
waste characterization and transfer to
long-haul vehicles during the
Composting Trials. 

The capacity dedicated to New York
City waste at the Marlborough 
MSW-composting facility was
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Photo 1-1: New York City waste used for the MSW Composting Trials

Photo 1-2: Removing samples for waste characterization
Under supervision of the sampling coordinator, a front-end loader
removed one to two samples from each pile.

Photo 1-3: Sorting and characterizing samples of New York City waste 
Workers sorted samples of waste into 13 categories.



approximately 50 tons per day for five days.2

This represents seven to eight DSNY
collection vehicles per day, for a total of 37
truck loads. In order to obtain representative
samples of the City waste from SI 2, DSNY
worked with a consultant specializing in waste-
characterization work, to select the seven or
eight trucks that would be used for each day of
the Trial. The following factors influenced the
selection process:

• The relative quantities of residential
and institutional waste generated in the
four subsections of SI 2 during the
previous year (2000) 

• The distribution of DSNY’s 105
collection truck routes in these four
subsections

• Analysis of census-block-group data for
the district 

The consultant’s final report to the
Department, attached as Appendix A,
describes the truck sampling methodology in
greater detail.

Once trucks from the targeted routes were full
and back at their garage, the Department
instructed a relay driver to divert the load for
the Composting Trials, rather than tip at their
assigned transfer station. This way the
collection drivers did not know that there was
anything special about the waste, and did not
bias its collection.

For the five days of the Trials, the drivers
tipped their loads directly onto an asphalt pad
(Photo 1-1) at the Fresh Kills landfill (Fresh
Kills). The drivers unloaded material to form
discrete piles, which were then recorded as to their origin (i.e., the section of SI 2 and the
collection route). Under direct supervision of the consultant’s sampling coordinator, a front-end
loader removed one to two samples from each pile (the average sample size was 313 pounds)
and placed them on a tarp (Photo 1-2). Workers pulled the tarp into an equipment maintenance
building at Fresh Kills, where they sorted materials into 13 primary categories (Photo 1-3).
Over the course of the five days, workers sorted a total of 70 samples, totaling 21,934 pounds.
Table 1-1 summarizes the waste-characterization results. The consultant’s final report
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Average Percentage 
Waste Category Composition by Weight

Paper 32.1%
Food Waste 15.9%
Yard Waste1 1.6%
Other Compostables2 6.0%
All Compostables 55.6%

Bulk Wood 3.4%
Plastic3 15.4%
Textiles 5.3%
Glass & Ceramics3 3.3%
Metal 3.1%
Large Composite Items 1.0%
Non-Compostable Fines 3.5%
Other Non-Compostables 5.1%
All Non-Compostables 40.1%

Unclassified Fines 4.3%
Total 100%

1. This characterization took place at the end of
February, so it is logical that there is little yard
waste. The annual citywide average for yard waste
is estimated to be 4.1%.

2. “Compostable” is interchangeable with the term
“degradable” in this report. This category includes
readily degradable materials that do not fit in the
paper, food-waste, or yard-waste categories, such
as disposable diapers, sanitary napkins, animal
feces, cut flowers, etc.

3. As this characterization took place before the
suspension of glass and plastic recycling in July
2002, these numbers would now be proportionally
higher.

Table 1-1
Composition of the New York City Waste Used
in the MSW Composting Trials



(Appendix A) presents the sorting procedures and the waste-characterization process in further
detail.

After representative samples of the waste had been removed and characterized, the remaining
waste was loaded into long-haul, 100-cubic-yard, tractor trailers and transported directly to the
MSW-composting facility in Marlborough, Massachusetts. The tractor trailers could haul
approximately 20 tons each, so the Department loaded and sent three trailers to Marlborough
for each day of the Trials to ensure that at least 50 tons would be available for composting.

The Bedminster Marlborough, LLC Facility

Bedminster Technology
The MSW-composting facility in Marlborough, Massachusetts (population approximately
37,000) was built in 1998/99, under contract with the City of Marlborough. At that time,
Marlborough was in need of a new processing facility for its sewage sludge (biosolids), as the
previous, unenclosed, biosolids-composting facility had been shut down under court order due
to persistent odor complaints. Marlborough sought an alternative to paying for transportation
and disposal of its biosolids. After evaluating MSW-composting plants employing the
Bedminster Bioconversion Corporation (Bedminster)3 technology in Tennessee and Georgia,
Marlborough officials proceeded to negotiate a contract to develop a Bedminster facility to
process all of Marlborough’s biosolids in combination with its MSW.4 At the time of the NYC
Composting Trials, the facility was also processing municipal biosolids from several other
towns, as well as solid waste from several commercial-waste haulers servicing college
cafeterias, supermarkets, and grocery stores.
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Location Opened Design Capacity

Big Sandy, Texas 1971 30 tpd (20 tpd MSW + 10 tpd biosolids)
Pinetop-Lakeside, Arizona 1991 15 tpd (10 tpd MSW + 5 tpd biosolids)
Sevierville, Tennessee 1992 340 tpd (240 tpd MSW + 100 tpd biosolids)
Cobb County, Georgia 1997 450 tpd (300 tpd MSW + 150 tpd biosolids)
Sumter County, Florida 1997 250 tpd (175 tpd MSW + 75 tpd biosolids)
Marlborough, Massachusetts 1999 150 tpd (100 tpd MSW + 50 tpd biosolids)
Nantucket, Massachusetts 1999 120 tpd (80 tpd MSW + 40 tpd biosolids)
Edmonton, Alberta, Canada 2000 1,043 tpd (715 tpd MSW + 328 tpd biosolids)

All biosolids data in this report are given in wet tons, which is standard nomenclature when discussing the weight of
biosolids in relation to composting. The wet weight represents what the material actually weighs inclusive of water. The
wastewater treatment industry will generally refer to the weight of biosolids using dry tons, which is what the material
would weigh exclusive of water.

Table 1-2
North American MSW-Composting Facilities Utilizing Bedminster Technology



In addition to the Marlborough plant, Bedminster technology is employed in seven operating
plants in North America, with two additional facilities under development. Table 1-2 lists all of
the North American facilities utilizing Bedminster drums, and provides information on their
respective design capacities.

Annual Capacity and Site Size
The Marlborough facility began receiving waste in August 1999. Table 1-3 shows Marlborough’s
annual processing capacity and rate. Designed originally to process a total of 54,000 tons per year
(tpy), at the time of the NYC Composting Trials the facility was handling approximately 51,000
tpy, comprised of 35,000 tpy of solid waste and 16,000 tpy of biosolids. Of the solid-waste
component, residential material accounted for 13,000 tpy; commercial sources generated the
other 22,000 tpy.

The facility is situated on a six-acre site, adjacent to the City of Marlborough’s Easterly
Wastewater Treatment Plant and a capped sludge landfill. Located in the vicinity of other
commercial operations such as a golf driving range, a restaurant, and a small shopping mall, the
facility is only a half-mile from a residential area, containing some of the most expensive homes
in Marlborough. 

The actual facility footprint is approximately 2.3 acres, which includes the following components: 

• Receiving building (including tip floor)

• Biosolids storage building

• Two composting drums

• Primary screening area and aeration floor

• Final screening area

• Biofilter building

• Other (scale, parking, office, vehicle maneuvering)

See Illustration 1-1 for a schematic drawing of the Marlborough facility. For more details on the
respective area of each of these components, see Chapter 3.
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Maximum Annual Processing Capacity Current Annual Processing Rate

36,000 tons solid waste 13,000 tons residential solid waste
18,000 wet tons biosolids 22,000 tons commercial solid waste

16,000 wet tons biosolids

= 54,000 tons total = 51,000 tons total

Table 1-3
Marlborough Facility Annual Processing Capacity and Rate
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Illustration 1-1
Marlborough Facility Layout

Photo 1-4: Long-haul trucks delivering NYC waste to the Marlborough facility 
After weighing in, trucks hauling solid waste enter a fully enclosed receiving building and dump their contents onto the tip
floor.



Marlborough Facility Operations and the 
New York City Composting Trials

Receiving Solid Waste
At Marlborough, trucks delivering solid waste
and biosolids cross the weigh scale, both upon
entering and exiting the facility. After weighing
in, trucks hauling solid waste enter a fully
enclosed receiving building and unload their
contents directly onto the tip floor (Photo 1-4 ).
At this stage, a front-end loader (FEL) and
three laborers remove bulky materials for
disposal, such as carpet, wood, furniture, and
other durable goods (Photo 1-5). After helping
to remove the large, bulky contaminants, the
FEL pushes the waste into a live floor hopper,
(Photo 1-6) from which waste is conveyed to a
manual sort line. The three laborers move
from the tip floor to the sort line, in order to
remove additional wood, metal, textiles, and
other non-degradable items for disposal. Once
the waste passes by this sort line, it continues
on the conveyor to a hopper, where a hydraulic
ram pushes it directly into one of the two
composting drums. 

All MSW-composting facilities incorporate varying levels of materials recovery prior to loading
waste into the composting drum. Marlborough’s FEL operator and manual sort line represent
typical pre-drum, materials-recovery efforts at MSW-composting plants currently operating in
North America. While some plants employ more sophisticated technology, such as magnets and
air classifiers, others do nothing beyond removing bulk items. For more information on
materials-recovery efforts at existing MSW-composting facilities, see Chapter 3. For the more
intensive materials-recovery system proposed for a New York City Research and Development
Pilot Facility, see Chapter 5. 

New York City waste was loaded into long-haul
vehicles at the Fresh Kills landfill during the
day for each of the five Trial days, and
delivered to the Marlborough facility (Photo 
1-4). New York City loads arrived at night
(after the Marlborough material had been
loaded into one of the two composting drums)
to avoid cross-contamination on the tipping
floor. Table 1-4 presents the weights of the
incoming New York City waste to the
Marlborough facility. (Appendix B contains
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Photo 1-5: Close-up of bulky items in the NYC waste stream
Workers at the Marlborough facility remove bulky items for
disposal, such as the mattress, bulk wood, and furniture
shown here.

Date Weight of NYC MSW (tons)

February 26, 2001 49.23
February 27, 2001 54.64
February 28, 2001 53.99
March 1, 2001 51.96
March 2, 2001 49.23
Total 259.05

Table 1-4
Weight of Incoming NYC MSW at Marlborough
MSW-Composting Facility

Photo 1-6: Tip floor at the Marlborough facility
From the tip floor, a front-end loader moves waste to a
conveyor, which feeds to a manual sort line.



copies of the scale receipts from the trucks hauling the New York City waste to the Marlborough
facility, as well as those of local trucks removing all process residue from the facility.)

As per standard operations, workers removed bulk items from the incoming loads on the tipping
floor and additional, non-degradable items on the sort line before the waste entered the
composting drum (Photo 1-7). Together, these two streams are referred to as “front-end
residue.” Table 1-5 shows the percentage of New York City’s waste that was removed for disposal
as front-end residue during the Composting Trials.

The Composting Trials did not allow for measurement of the percent of front-end residue that
could be recycled. However, Chapter 6 shows estimates of what could potentially be recovered
by the proposed Research and Development Pilot Facility. Those estimates come from the waste
characterization performed for the Composting Trials described above, combined with an
analysis of existing materials-recovery technologies and systems.

Receiving Biosolids and Liquid Waste
Biosolids refers to treated sewage sludge that has been dewatered to increase solidity, thereby
making it easier to handle and transport. Before dewatering (using presses or centrifuges), the

sewage sludge generally goes
through a process of microbial
digestion at the wastewater
treatment plant. Biosolids
make an excellent feedstock
for composting due to their
homogeneity and stability. In
fact, approximately 13 percent
of the biosolids produced in
New York City are currently
composted by a private
contractor based in
Pennsylvania. See the Biosolids
section of Chapter 2 for a brief
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Photo 1-7: Sort line at Marlborough facility
Following standard operations, workers at the Marlborough facility removed non-degradable items on the sort line before
the NYC waste entered the composting drum.

Weight of Front-End Percent of Total
Date Residue (tons) Incoming NYC MSW

February 26, 2001 7.21 14.6%
February 27, 2001 7.16 13.1%
February 28, 2001 6.86 12.7%
March 1, 2001 6.97 13.4%
March 2, 2001 5.98 12.1%
Average 6.84 13.2%

Total 34.18 13.2%

Table 1-5
Percentage of NYC MSW Disposed of as Front-End Residue



description of this operation, as well as laboratory results from the compost made with New York
City biosolids.

The high paper content of MSW typically makes it too dry and low in nitrogen for optimal
composting conditions. Most MSW-composting facilities therefore incorporate municipal
biosolids at the start of the composting process, to provide the moisture and nitrogen necessary
for optimal decomposition conditions. In the case of at least one facility surveyed for this report
(see Chapter 3), moisture and nitrogen are provided by other organic, industrial liquid wastes,
such as out-of-date juices, dairy waste, and wastewater from slaughterhouses and an organic 
glue factory. 

The amount of biosolids or other liquid waste that facilities use ranges from 10 to 50 percent of
the total input material. Liquid wastes are handled separately from solid waste, and are pumped
directly into the digester drums. Facility operators can also pump water, if necessary, into the
drums to achieve the optimal moisture range, which is generally between 50-55 percent. 

As noted, the Marlborough MSW-composting facility is located next to the town’s wastewater
treatment facility. From the biosolids storage building at the wastewater-treatment facility, a large
hydraulic ram pumps this material directly into the composting drums. In general, for every 60
tons of solid waste, Marlborough facility operators add approximately 30 tons of biosolids, which
have been previously dewatered by the wastewater-treatment facility to contain about 16 percent
solids (84 percent moisture).

The New York City Department of Environment Protection (DEP) currently creates 1,200-plus
tons of biosolids per day, dewatered on average to 26 percent solids. Private haulers remove this
material at a cost of $112 per wet ton. The City’s biosolids are either pelletized into a fertilizer
(42 percent), directly land applied to crops (37 percent), composted (13 percent), or alkaline
stabilized into an agricultural liming agent (8 percent). Due to logistical constraints, the New
York City Composting Trials did not use biosolids from New York City. Instead, the Trials
utilized Marlborough biosolids, samples of which were sent to a laboratory for analysis. Chapter
2 presents the results of Marlborough biosolids analysis and, for comparative purposes, also
includes the results of routine testing that the DEP performs on New York City biosolids.

Digester Drums
The rotary digester drum represents the central element of the MSW-composting process.
Fabricated from steel, the digesters (resembling elongated cement kilns) are divided into
chambers, separated by interior baffles, which aid in retaining material for the desired amount of
time. Facility operators feed and discharge material from the drum on a daily basis, with actual
retention times varying between facilities anywhere from 24 hours to four days. Digester size is
variable, depending on the technology, the amount of solid and liquid wastes processed per day,
and the desired retention time. Illustration 1-2 shows the basic conceptual workings of a 
digester drum.

The Marlborough facility employs two proprietary, Bedminster digesters, each measuring 12.5
feet in diameter and 185 feet long, which retain material for two to three days. In addition to
providing the ideal environment for the microbial populations that consume degradable waste,
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the tumbling action of the rotary drum serves to homogenize liquid and solid waste, and break
open garbage bags, exposing the degradable fraction within. At Marlborough, the digester
exterior is insulated, and only the ends are enclosed in a building; the loading end is located in
the receiving building, and the discharge end in the air floor building (Photos 1-8 and 1-9). At
other facilities, the drums might be entirely housed indoors. The Bedminster drums are
generally pitched slightly downward from loading end to discharge end, and gravity, combined
with a slow rotation (at 1 rpm), serves to move the waste along. Air feeds into the digester either
by blowers, or via a chimney effect when the discharge door opens. This air flow, along with the
tumbling action, creates the conditions necessary for aerobic decomposition. Thermometers
record the temperature of material in the drum, which routinely peak around 55°C (130°F). 
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New York City MSW Marlborough Biosolids Total Input to Digester
Date (tons) (tons) Drum (tons)

February 26, 2001 42.02 18.01 60.03
February 27, 2001 47.48 23.12 70.60
February 28, 2001 47.13 23.61 70.74
March 1, 2001 44.99 21.91 66.90
March 2, 2001 43.25 19.80 63.05
Average 44.97 21.29 66.26

Total 224.87 106.45 331.32

Table 1-6
Amounts of New York City MSW and Marlborough Biosolids Loaded into the 
Marlborough Digester Drum

Illustration 1-2
Basic Workings of a Digester Drum



During the Composting Trials, an empty,
dedicated composting drum at the
Marlborough facility received daily inputs of
the New York City municipal solid waste along
with the Marlborough biosolids. Table 1-6
shows the tonnage of each loaded into the
drum during the five days of the Composting
Trials. The material entering the drum was
discharged three days later. This means that
the majority of the material loaded into the
drum on Monday, February 26 was discharged
on Thursday, March 1; the material loaded on
Tuesday, February 27 was discharged on
Friday, March 2, and so on for the remaining
three days of the Trials. Facility operators took
daily thermometer readings in different
sections of the drum to ensure that the
material reached temperatures necessary to
achieve pathogen kill. Appendix C contains
these temperature record sheets.

Drum Discharge 
Most MSW-composting facilities perform a
primary screening of the material after
discharging it from the digester drum. Before
describing the results of the primary
screening of the New York City material, it is
helpful to understand how material actually
discharges from the drum and moves to this
first screen.

Each day, hydraulic rams push new material
into the drums. Each day’s worth of material
forms a discrete segment inside the drum
(although in actuality some mixing between days inevitably occurs). The action of the rams
loading new material displaces the previous day’s segment and forces it forward through the
drum (see Illustration 1-2). This daily displacement, combined with gravity’s pull (resulting from
the slight downward pitch of the drum), means that each segment takes about two to three days
to reach the discharge end of the drum. The more material operators load into the drum, the
fewer days each segment takes to reach the end of the drum. 

Facility operators do nothing to actively discharge material from the composting drums. To
discharge material, facility operators simply open the door located on the discharge end of the
drum. Material that has collected there falls through the door and onto a conveyor belt below, as
the drum continues to rotate (Photo 1-9). 
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Photo 1-8: Digester Drum at the Marlborough Facility
MSW loaded into the digester drum from the receiving
building is discharged two to three days later in the air
floor building.

Photo 1-9: Discharge end of the composting drums at the
Marlborough facility
After the two- to three-day retention time, operators
discharge material from the drums onto a conveyor belt.

door

door

conveyor belt

➚

➚

➚



After two to three days of tumbling through
the hot, moist, and tightly packed conditions
inside the composting drum, the degradable
portion of the waste stream no longer appears
recognizable as the paper towels, phone books,
leftovers, etc. that were loaded into the drum.
Due to the intensive physical and chemical
decomposition occurring inside the drum, the
degradable fraction of the waste stream
discharges from the drum as very immature
compost, resembling a rich topsoil.

However, despite appearances, these
degradable materials have actually only
partially undergone the complex
decomposition process. This immature
compost requires an extended period of active,
aerated composting and curing (stabilization)
in order to become a mature, usable, final
product. Before the immature compost moves
to this next stage, it must first pass through
the primary screen to separate out the larger,
non-degradable items.

Primary Two-Inch Screen
The conveyor belt running under the drum
discharge door moves the newly discharged
material to the primary trommel screen (Photo
1-10). The screen at Marlborough separates
out two fractions: material over two inches in
size (“overs”) and material under two inches in
size (“unders”). While most MSW-composting
facilities employ this primary screening step,
actual screen sizes vary between facilities. 

At Marlborough, the two-inch overs,
comprised of broken plastic bags and other
large, non-degradable items, fall into a
concrete bay, and are moved by a front-end
loader into containers for disposal as residue
(Photo 1-11). The two-inch unders consist
primarily of immature compost, as well as

smaller, non-degradable items from the waste stream, such as bottle caps, shreds of plastic bags,
and broken glass (Photo 1-12). Front-end loaders move this material to the aeration floor for
further composting. The smaller, non-degradable items will be removed with subsequent, finer
screens later in the process. 
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Photo 1-10: Conveyor belt leading to the two-inch, primary
trommel screen
After discharge from the drum, material moves via convey
belt to a two-inch trommel screen mounted above (not in
view).

Photo 1-11: Two-inch trommel screen “overs”
The two-inch overs, comprised of broken plastic bags and
other large, non-degradable items, fall into a concrete bay,
and are moved by front-end loaders into containers for
disposal as residue.

Photo 1-12: Two-inch trommel screen “unders”
The two-inch unders, consisting primarily of immature
compost, as well as smaller, non-degradable items, get
transported to the air floor for further composting.



Table 1-7 summarizes the results of the primary two-inch screening of the New York City
material after Marlborough facility operators discharged it from the drum. Again, the two-inch
overs are generally residue and the two-inch unders are immature compost. Appendix B contains
the daily facility scale tickets with the weight of the overs leaving the facility, as well as the
derivation of the weight of the unders as front-end loaders formed this material into windrows
(elongated piles) on the Marlborough air floor.

Three points should be noted about the data in Table 1-7. First, as the far right column indicates,
a quarter of the inputs to the drum are screened away at this point for disposal as residue. The
primary, post-drum screen, therefore, represents the point in the current MSW-composting
operations where the largest separation of degradable from non-degradable items occurs.
Chapter 4 of this report, which critiques MSW composting as a whole, will elaborate on the
significance of this point.

Second, it is interesting to note that on some days it appears that more material was discharged
from the drum than was initially loaded. For example, the total inputs to the drum on February
27 weighed 70.60 tons (Table 1-6). Three days later (March 2), when the bulk of this day’s
material should have moved through the drum, 73.30 tons discharged from the drum. This
illustrates that although material does generally move through the drum in the discrete
segments described earlier, some mixing does occur. Furthermore, heavier items tend to tumble
through the drum faster and therefore might discharge in less than three days.

Finally, while 331.32 tons of material went into the drum (Table 1-6), only 316.18 came out. Some
of this 4.5 percent loss occurred during material handling and weighing, but the majority is due
to moisture and carbon dioxide lost during the initial decomposition process, which has already
taken place inside the drum. 

Sampling
After the primary two-inch screen, the Department selected the first samples of New York City
material for laboratory analysis. Department personnel (and/or a consultant to the Department)
sampled the material directly to ensure accuracy and veracity of reporting. The laboratory
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Two-Inch Screen Two-Inch Screen Total Discharge: Overs as Percentage
Date of Discharge Unders (tons) Overs (tons) Unders and Overs (tons) of Total Discharge

March 1, 2001 45.36 14.14 59.50 24%

March 2, 2001 58.50 14.83 73.30 20%

March 3, 2001 36.56 15.63 52.19 30%

March 5, 2001 45.00 18.19 63.19 29%

March 7, 2001 52.80 15.17 67.97 22%
Average 47.24 15.59 63.23 25%

Total 236.22 77.96 316.18 25%

Table 1-7
NYC Material After Passing Through Marlborough’s Primary Two-Inch Screen



provided the sampling methodology, which consisted of taking shovels of material at various
locations and combining them to fill two, five-gallon containers, labeled A and B (Photo 1-13). For
each sample testing point, the lab performed analyses on both the A and B sample to form
paired data for each point.

The laboratory specified two-inch unders and overs sampling as follows:

• Collect two, composite, five-gallon samples (A and B) for the first, second, and third
day of two-inch unders, as generated by the primary screen. 

• Repeat the procedure for the two-inch overs. 

• On the fourth day, combine and mix all of the A sample unders (15 gallons) and send
five gallons of this mix to the laboratory. Repeat the procedure for the B sample unders.

• Repeat the process for the A sample overs and the B sample overs. 

• Repeat the entire process for the third, fourth, and fifth day of discharge. The third day
was sampled twice to account for the mixing in the drum.

Therefore, the laboratory received a total of
eight, composite, five-gallon samples at this
point in the process. On the laboratory data
sheets attached in the Facility Data section of
Appendix F, the samples are labeled as
follows: Day 1-3 Unders, Sample A; Day 1-3
Unders, Sample B; Day 3-5 Unders, Sample A;
Day 3-5 Unders, Sample B (and likewise for
overs).

Aeration Floor/Active Composting
Air flow is essential to the aerobic
decomposition process. As any gardener
knows, if a compost pile does not receive
enough air, the pile turns anaerobic and starts
to produce unpleasant, sulphurous odors. To
maximize decomposition rates, as well as to
minimize odors, all MSW-composting facilities
must ensure that material discharged from the
composting drum gets enough air. This stage
of managed decomposition, when the material
is still hot and needs oxygen, is referred to as
“active composting.” The material is still
actively breaking down. After this active stage
of composting, the material will require
additional time to “cure” or stabilize.

Aeration strategies generally fall into two
categories: windrows with forced aeration and
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Photo 1-14: Windrow pile at the Marlborough facility
Forming windrows on aerated floors represents one of 
the ways that MSW-composting facilities maximize
decomposition rates and minimize odors.

Photo 1-13: Samples taken from the NYC two-inch unders
(right) and overs (left) piles
For each of the five days of drum discharge, DSNY took
samples from the two-inch unders and overs piles.

overs unders



periodic turning (the strategy employed at Marlborough), or aerated agitated bays. In either
case, active composting occurs inside a building with a system in place to capture and treat
process air through a biofilter in order to minimize odors.

The windrow approach entails building large, elongated piles of the immature compost on an
aeration floor (Photo 1-14) with embedded PVC piping, which functions to circulate air through
the pile. Every few days facilities will use a front-end loader or windrow turner to move and mix
the piles. Illustration 1-3 shows how the system of windrows and aeration trenches works on the
Marlborough air floor.

The agitated bay approach5 relies on the same basic principles for aerating the material, except
rather than building piles, the facility operators place the material into aerated concrete
channels, or bays. An automated agitator then moves down the length of the bay (either on a
bridge crane, or rails set into the tops of the bays), and turns the composting material. This
serves to introduce oxygen, chop up any remaining large pieces, and move the material towards
the opposite end of the bay, where it is unloaded. Some facilities are also designed to allow the
addition of moisture during active composting, if needed.

Meeting pathogen-kill requirements represents another function of the aeration floor. Most
States mandate that compost made from MSW and/or biosolids exceed temperatures of 55°C
(130°F) for a minimum number of days to kill harmful pathogens, such as Salmonella and fecal
coliform. Therefore, MSW-composting facilities must monitor temperatures during this active-
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Illustration 1-3
Detail of Windrow and Aeration Trenches on Marlborough Air Floor



composting phase to document compliance with local pathogen-kill regulations. Appendix C
contains the temperature monitoring sheets documenting the temperatures achieved by the New
York City material both as it moved through the Marlborough facility digester and then onto the
air floor. Chapter 2 presents pathogen-level (Salmonella and fecal coliform) data.

At Marlborough, front-end loaders (FELs) form the immature compost into windrows 90 feet
long, 15 feet wide, and four- to eight-feet high. Each windrow sits on top of two lines of aeration
trenches built into the concrete floor. The Marlborough facility employs 80 separate aeration
trenches. Using computers, facility operators vary the air flow through each pair of trenches
based upon the state of decomposition and windrow temperature.

Operators use FELs to turn the windrows every five to seven days. As operators turn the
windrows, they transfer them from one aeration trench to the next, effectively moving the
material from one end of the aeration floor to the other over the course of about twenty-one days.
When a windrow is ready for final screening, it is moved off of the aeration floor (Illustration 1-1).

Per the terms of the Composting Trials, the management at Marlborough agreed to clear a
portion of the air floor exclusively for the New York City material. Space was reserved in front of
and behind the New York City material (both in the drum and on the air floor), so that there
would be no chance of accidental mixing with local material. Each day of the Trials, facility
operators discharged New York City material, ran it through the primary screen, and then
transferred the unders to the first set of aeration trenches on the air floor. 
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Illustration 1-4
Windrow Sampling Methodology



After all five days’ worth of New York City’s
material was discharged from the drum, the
unders covered one whole set of trenches and
the windrow was complete (Illustration 1-3). At
this point the Department took the next set of
samples, which are labeled “Day 1” (see
Illustration 1-4) on the laboratory data sheets
attached as Appendix F.6

The Marlborough facility retains material on
the air floor for approximately 21 days. The
first windrow is turned after one week, so
depending on how long it takes to form this
windrow, some material could be on the air
floor slightly more or less than 21 days. On
Day 1, 7, 14, and 21, the Department took two,
composite, five-gallon samples for laboratory
testing from the windrow of the New York City material as it moved along the Marlborough air
floor (Photo 1-15). For the analysis of these lab test results, as well as a discussion of air floor
performance in general, see the Analysis of Variance (ANOVA) section in Chapter 3.

Half-Inch Screen
After anywhere from 21 to 60 days in active composting, MSW-composting facilities will move
the material to a final processing stage that includes some combination of the following:

• Finer screening at either a half-inch, three-eighths-inch, or an even smaller setting

• De-stoning to remove heavy inert materials, such as pieces of glass or stones

• Air-classification to remove any remaining small plastic shreds 

See Chapter 3 for details on actual final-screening operations. Most facilities dispose of the
residue from the final processing stage and typically move the remaining compost off-site for
additional curing or end-use. Additional curing requirements depend upon end-use options, local
regulations, and the length of the active composting stage. Immature compost (generally less
than 50 to 60 days old) may be placed in outdoor windrows and turned periodically by an FEL, or
it may be blended with sand, clay, or other ingredients to create different topsoil products. 

Composting material remains on
the Marlborough aeration floor for
approximately 21 days, after which
an FEL moves it to a half-inch
trommel screen. Table 1-8 shows
the results of the half-inch
screening of the NYC material.
From this final, on-site screen, the
facility disposes of the overs
(material greater than a half-inch)
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Photo 1-15: Removing samples from the windrows for
laboratory analysis
The Department took laboratory samples at different points
during the 21 days that the NYC material spent on the
Marlborough aeration floor.

Half-Inch  Half-Inch  
Screen  Screen Total Half-Inch Overs as
Unders Overs Screen Unders Percentage
(tons) (tons) and Overs of Total

121.36 16.59 137.95 12%

Table 1-8
NYC Material After Passing Through Marlborough’s 
Half-Inch Screen



as residue, and moves the unders (material
smaller than a half-inch) into trailers for
transport to an outdoor curing facility (located
in another town) for additional curing,
screening through a three-eighths-inch screen,
and blending for topsoil manufacturing. 

Comparing Tables 7 and 8 shows that 98 tons
of material was “lost” during the three weeks
of active composting. (Operators originally
transferred 236 tons of the two-inch unders to
the curing floor, but only ran 138 tons through
the half-inch screen three weeks later.) While
some of this “loss” can be attributed to the
invariable displacement that occurs during
material handling, the bulk of the reduction
results from moisture and carbon dioxide loss

occurring during the active stage of composting. The percentage “lost” during the New York City
Trials matches the typical loss experienced during regular Marlborough facility operations. 

The Department sent a set of paired (A and B), five-gallon samples of both the half-inch unders
and overs for laboratory analysis. The Department also sent to the laboratory one cubic yard of
the half-inch unders for additional curing and testing. Lab staff removed the sample from the
aerated packing crate (Photo 1-16) and formed a pile outdoors at their facility in Maine. They
protected the pile with a specialized fabric designed for covering compost, which they removed
periodically in order to manually turn the pile and incorporate water as needed. They continued
to compost the NYC material in this fashion, and sampled the pile for all further compost-quality
testing on Day 59, 70, 80, 91, 105, 125, and 147.

Final Three-Eighths-Inch Screen
The Department’s initial Trials protocol did not call for a half-inch screening of the material as
described above. Instead, material was supposed to move directly off the air floor to a final
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Photo 1-16: Cubic-yard sample shipped to lab for
additional curing and testing
The sample cured at the lab for an additional 21 weeks. 
At different points during this period, lab staff removed
samples for analysis.

Photo 1-17: Marlborough final-screening equipment
While this equipment successfully removes small pieces of glass and plastic particles, Marlborough facility operators no
longer use it because too much usable compost was also passing over the screens and being discarded as residue.



facility screen, involving a
combination vibration screen, de-
stoner, and three-eighths-inch
screen (Photo 1-17). The
Department had to alter its protocol
in response to operational changes
at the Marlborough facility. Namely,
the decision by facility management
to no longer use the facility final
screen, and to run their material
instead through a half-inch screen and then move it off-site for additional curing, blending, and
screening (as described earlier).

This new arrangement was unacceptable to DSNY as it was not possible to provide direct
oversight of the New York City material at this satellite location. There was a risk that New York
City material might accidentally get mixed with local
material. Since the Department still needed a final three-
eighths-inch screen in order to produce a finished
compost that could meet DEC standards, the Department
requested that the facility operators screen the New York
City material through Marlborough’s on-site, final-
screening equipment. See Table 1-9 for the results of this
final screening.

The facility’s final three-eighths-inch screening
equipment was still functional, but Marlborough facility
management had chosen to no longer use it for several
reasons. First, due to space constraints at the
Marlborough facility, there was nowhere to stockpile
material before sending it through the final screen. The
screen would therefore have to operate continuously at a
fast pace in order to facilitate increased facility
throughput. The equipment was not up to this pressure
and frequently caused back-ups and delays. Second, while
the equipment did an excellent job of removing the small
pieces of glass and shreds of plastic (“inerts”), it also
removed a lot of compost. This was due to the fact that
the compost was immature after only 21 days (and
therefore still very wet) and would adhere to the inerts.
In essence, facility operators were throwing compost
away with the inerts in the final screen residue (bottom
Photo 1-18). While similar screening equipment works
smoothly in other MSW-composting facilities, the
combination of the equipment configuration and space
constraints caused facility management to forego using it
at Marlborough.
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Compost:  Residue:  Overs as 
3⁄8" Unders 3⁄8" Overs Total Percentage
(tons) (tons) (tons) of Total

95.25 26.11 121.36 22%

Table 1-9
NYC Material After Passing Through Marlborough’s 
Three-Eighths-Inch Screen

Photo 1-18: Samples of the NYC material
passing under (top) and over (bottom) the
three-eighths-inch screen
Laboratory analysis confirmed Marlborough
facility operators’ criticism of the final
screening equipment: 64.5% of the material
passing over the final screen was compost.

Final screen unders

Final screen overs



The Department sent two, five-gallon samples of both the three-eighths-inch unders and overs
for analysis. The laboratory performed a characterization of this material (Photo 1-18), which
verified Marlborough’s complaint of the final-screening equipment. Table 1-10 shows the results
of this characterization. (Table 1-10 incorporates the tonnage numbers from Table 1-9.) The final
screen left only .50 percent of inert material in the finished compost, which is an excellent result.
However, a large percentage of the material that passed over the screen as residue (64.5
percent) consisted of compost (including small pieces of organic material, such as wood and
stone, which are allowable in a finished compost product). For a more detailed discussion of
inerts levels, see Chapter 2. The Inerts Data section of Appendix F contains the laboratory
inerts-characterization data.

Table 1-11 presents a summary of the overall composting process at the Marlborough facility
and at what stage lab samples were taken for compost-quality analysis.

Air Handling
Preventing offensive odors from migrating off-site represents one of the most important factors
in the success of any composting facility. In order to do this, facilities must achieve the following:

• Maintain aerobic conditions in the decomposing material, since decomposition under
anaerobic conditions produces the most offensive odors

• Capture and treat all process air prior to its release outside 
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Amount of Material
Passing Through Material Sample of 3⁄8" Sample of 3⁄8"
3⁄8" Screen: Characterization Screen Unders Screen Overs

Glass ND 16.60%

Film Plastic .20% 1.90%

Hard Plastic .10% ND

Unders: 95.25 tons Metals ND .45%

Overs: 26.11 tons Textiles .20% 16.55%

Total Inerts1 .50% 35.50%

tonnage estimate .48 tons 9.27 tons

Compost2 99.50% 64.50%

tonnage estimate 94.77 tons 16.84 tons

total tonnage 95.25 26.11

ND means not detected. 
1. Inerts are very small pieces of non-degradable material, such as glass and plastic.
2. Compost includes very small fragments of remaining degradable items, such as paper, wood, stones, bone, and

shell, which the DEC does not count towards inerts levels.

Table 1-10
Characterization of NYC Material Passing Over and Under the Final Three-Eighths-Inch Screen



Maintaining aerobic conditions in the material is a function of supplying adequate oxygen
through mixing and turning, as well as moving air through the composting piles. Facilities
accomplish the second goal through the design and operation of an air-handling system.
Generally, such systems work by keeping buildings under negative air pressure to prevent
fugitive emissions, and directing all captured air to a biofilter—a living system that “scrubs”
odorous compounds from the air passing through it. Some facilities may also employ a scrubber
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Description Time/Period Duration Day Sample Taken Lab Sample Name1

NYC MSW loaded Material loaded each None None
into composting day for 5 days/
drum Remains in drum 

for 3 days

Biosolids loaded Material loaded each Every day and then NYC Trials 
into composting day for 5 days/ combined into Day Biosolids
drum Remains in drum 1-3 (A) and Day 3-5

for 3 days (B)

Material passes Directly upon Every day for unders NMS2 Primary
through primary discharge from and overs/Combined Screen Unders
2" screen composting drum into Day 1-3 (A&B) and NMS Primary 

and Day 3-5 (A&B) Screen Overs

Active composting 21 days Day 1, 7, 14, 21 NMS Day 1
of 2" unders (7, 14, 21) Facility

Material passes After 21 days of active Immediately after NMS Half-Inch
through 1⁄2" composting screening Unders and 
screen NMS Half-Inch

Overs

One cubic-yard Approximately Day 59, 70, 80, 91, NMS Day 59
sample of 1⁄2" 126 days 105, 125, 147 (70, 80,… etc.)
unders sent to lab WERL3 Cure
for curing

Material passes In the week following Immediately after NMS Facility
through the 1⁄2" screening and screening Final 3⁄8" Screen
Marlborough sampling Unders and
facility final NMS Facility
3⁄8" screen Final 3⁄8" Screen

Overs

1. Lab data is attached as Appendix F.
2. NMS is the code the laboratory assigned to the NYC MSW during the NYC Composting Trials.
3. WERL is an abbreviation for Woods End Research Laboratory, the site of the NMS compost curing.

Table 1-11
NYC Composting Trials Summary: Description of Composting Stages, Duration, and Lab Samples



prior to the biofilter to improve the biofilter’s performance or extend its life. Typically composed
of a blended ratio of compost and wood chips, biofilters may also include soil, limestone, or other
ingredients. The biofilter is constructed either above or below ground, over a series of
perforated pipes through which process air is pumped and distributed. Biofilters retain air in the
media for a specified time to ensure the degradation of odorous compounds.

Marlborough facility operators pay as much attention to not creating odors as they do to creating
compost. All buildings at Marlborough are kept under negative air pressure. This means that any
time workers open a door, fresh outside air is drawn in, rather than odorous facility air escaping out.
Additionally, vents draw air from the receiving building, biosolids storage building, composting
drums, and air floor building through scrubbers, and subsequently through an above-ground
biofilter. Illustration 1-5 represents a schematic of Marlborough’s air-handling system.
The scrubbers are two dome-like structures housed inside of the air floor building. The domes are
filled with small, hollow, plastic spheres (resembling wiffle balls), over which a small stream 
of water continuously trickles down. The scrubbers serve to humidify and cool the airflow in order
to prevent the biofilter from drying out or becoming too hot in the summer. Air stream
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Illustration 1-5
Marlborough’s Air-Handling System



temperatures above 103°F could potentially damage the mesophyllic bacteria and other organisms
at work in the biofilter. Vents draw air off of the top of the domes and pump it through a large pipe
to a separate 30,000-square-foot building, which houses the biofilter.  

The pipe from the bioscrubbers enters the biofilter building and connects to a network of smaller
perforated pipes that lie on an asphalt pad. The biofilter itself sits on top of these pipes and is
designed to retain the air for a specified period of time before releasing it. Again, the microbes in
the biofilter media serve to “eat” the odor-causing compounds as they rise through it.
Marlborough’s biofilter consists of five cells, which typically operate together, but are designed to
allow air to be directed to a set of three cells, while maintenance occurs on the other two.  

Recovery Rate

Definition
The recovery rate represents the percent of material actually recovered for beneficial
secondary use by the systems in place to accomplish this. For example, the three materials-
recovery facilities (MRFs) with which the City contracted to process municipally collected metal,
glass, and plastic recovered between 50-70 percent of the incoming material. This means that of
the material DSNY brought to the MRFs as part of its source-separated, curbside (blue bag)
recycling program, over half was recovered for use as input to manufacturing processes. 

The recovery rate should not be confused with the diversion rate, which in source-separated
recycling programs represents the percentage of the total waste stream collected for recycling. It
is measured by dividing the weight of collected recyclables by the weight of collected garbage
plus recyclables.  

The recovery rate is also distinct from the capture rate—the percent of material set out for
recycling, out of the total quantity of recyclable material estimated to be present in the waste
stream. The estimated amount of recyclables in the waste stream is based upon waste-
composition sampling. Understanding these distinctions allows for better analysis of any waste-
management strategy based on recycling.7

Recovery Rate Achieved During the New York City Composting Trials 
Table 1-12 summarizes all of the inputs and outputs from the NYC Composting Trials, which can
be used to determine an overall facility and solid-waste recovery rate. Similar tables can be found
for each of the surveyed MSW-composting facilities in Chapter 3, as well as for the proposed New
York City Pilot Research and Development Facility in Chapter 6. The loss-of-mass calculation
presented here, as well as in the other recovery rate tables, is derived by subtracting the compost
and residue outputs from the total inputs. In other words, the difference between the material
brought to the facility for composting (MSW and biosolids) and the material leaving the facility
(compost and residue) is attributed to loss of mass. Again, loss of mass is due to the loss of
moisture and carbon dioxide that occurs during decomposition. This is a rough calculation, but is
a standard way of deriving these types of “mass balance” numbers for MSW-composting facilities. 
As Table 1-12 shows, the overall facility recovery rate is 65 percent. This means that of all the
New York City MSW and Marlborough biosolids processed at the Marlborough facility during
the Composting Trials, the facility recovered 65 percent, either as compost or through loss of
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moisture and carbon dioxide.
The recovery rate for MSW
alone, exclusive of biosolids, is
50 percent. These numbers are
in line with recovery rates
achieved at the four surveyed
facilities. The actual rates are
summarized in Chapter 3, Table
3-1, Summary of the Four-Facility
Survey.

As discussed, residue refers to
all non-degradable material that a
facility must remove for disposal,
either before it enters the
digester drums (through
sorting), or after it has gone
through the composting process
(through screening). It is
interesting to note that the 
35 percent residue rate from the
NYC Composting Trials comes
close to the consultant’s
determination of what is “non-
compostable” in the samples of
New York City MSW sent to
Marlborough (Table 1-1). The
waste characterization
performed at the Fresh Kills
landfill (before long-haul trucks
transported the NYC MSW to
the Marlborough facility) found
that 40.1 percent of the material

was “non-compostable.” Conversely, the 50 percent recovery rate for the solid-waste fraction
makes sense given that the waste characterization indicated that 55.6 percent of the NYC waste
sampled was degradable.

To get detailed recovery rate information, it is necessary to have accurate waste-characterization
data, which is why the Department performed a waste characterization on representative
samples of the material it sent to the Marlborough facility. Such data enables DSNY to accurately
determine the recovery rate achieved by the facility during the NYC Composting Trials for the
degradable fraction of the MSW. As summarized in Table 1-13, the recovery rate for the
degradable fraction of the MSW was 90 percent.

Focusing on the recovery of the degradable portion of the solid-waste stream represents another
way to assess the performance of MSW-composting facilities. Most municipalities, however, do

48

New York City MSW Composting Report

Percent of Input
Material Tons Material

INPUTS:

MSW Input 2591 71
Biosolids Input 1062 29
Total Inputs 365 100

OUTPUTS:

Compost Output 1213 33
Loss of Mass4 115 32
Residue Output 1295 35

RECOVERY

Total Facility Recovery6 236 65

Recovery of Solid-Waste Fraction 1307 508

Calculations based on compost and residue rates achieved after the 1⁄2"
screen instead of the 3⁄8" due to the technical problems previously
described regarding the 3⁄8" screen. 

1. From Table 1-4.
2. From Table 1-6.
3. From Table 1-8.
4. Calculated by subtracting compost and residue output from total

inputs. Loss of mass is attributed to loss of moisture and CO
2
.

5. Sum of residue listed in Tables 2-5, 2-7, and 2-8.
6. Includes compost output and loss of mass.
7. Calculated by subtracting liquid input (biosolids) from “Total Facility

Recovery.”
8. Based upon solid-waste input.

Table 1-12
Recovery Rate Achieved During the New York City 
Composting Trials



not conduct regular, statistically valid, waste-composition studies owing to the relative time and
expense involved. Therefore, the summary of the four-facility survey presented in Chapter 3
compares MSW-composting facilities using “total facility recovery” and “recovery of the solid
waste fraction.”

Chapter 4 presents the conclusions to the NYC Composting Trials, and discusses the results in
the context of the findings from the four-facility survey.
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Recovery Rate:
NYC MSW Sent Amount of Degradable Solid-Waste Degradable Portion
to Marlborough1 Material Fraction3 of Solid-Waste Fraction4

Tons Tons % Tons % %

259.05 144 55.62 130 50 90

1. From Table 1-4.
2. From Table 1-1.
3. From Table 1-12.
4. Calculated by dividing the tons of solid waste recovered (130) by the estimated tons of degradable material in the

waste stream (144).

Table 1-13
Recovery Rate for Degradable Waste Achieved during the New York City Composting Trials



CHAPTER 2
COMPOST QUALITY

Summary

This section summarizes the data from the extensive, laboratory analyses the Department
undertook to determine the quality of compost produced during the New York City Composting
Trials. At minimum, the Department wanted to ensure that the compost made from New York
City waste at the MSW-composting facility in Marlborough, Massachusetts (described in
Chapter 1) met New York State Department of Environmental Conservation (DEC) standards—
which it did. The Department also tested the compost produced by the four surveyed facilities to
see how this compost fared against DEC regulations. Tables in this section present all of the
relevant standards, as well as the compost test results.

Research Questions

As part of its research to determine if MSW composting is worthy of further consideration as a
waste-management strategy for New York City, the Department set out to answer the following
questions: 

• What quality of compost might DSNY expect to produce by composting samples of New
York City residential and institutional waste? 

• What is the quality of compost produced by existing MSW-composting facilities? 

To answer the first question, the Department sent samples of compost made from New York City
waste at the Marlborough facility to a research laboratory for complete analysis. The compost
produced met DEC Class I compost standards (in effect during the time of the Trials), as well as
current DEC standards (effective March 2003).

To answer the second question, the Department took similar compost samples from four other
MSW-composting facilities currently operating in North America. Each of the surveyed facilities
producing a finished compost, made a product that met DEC Class I compost standards (in effect
during the time of the survey). For more information about these facilities, see Quality of Compost
from Surveyed Facilities below, and Chapter 3.

New York State Regulatory Issues

As the DEC regulates all solid-waste facilities and activities, both source-separated and non-
source-separated composting operations fall under DEC jurisdiction. Subpart 360.5 of DEC’s
Conservation Rules and Regulations (6NYCRR) describes the terms under which a municipality
or private company may compost solid waste and biosolids. The rules include a requirement that
any compost produced by a facility be tested by a certified laboratory and meet specific quality
criteria. Table 2-1 presents the DEC pollutant-limit and product-use criteria for compost made
with MSW and/or biosolids. The full text of Subpart 360.5 can be found at the DEC website
(www.dec.state.ny.us/website/regs/360l.htm).
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Table 2-1
DEC Pollutant-Limit and Product-Use Criteria for MSW Compost

Excerpt from Section 360-5.5 Organic waste processing facilities for biosolids, mixed solid waste,
septage, and other sludges:

(c) Pollutant limits and product use. 
(1) A product that does not meet the criteria in this section must be disposed in accordance with this Part.
(2) For facilities that accept biosolids, septage, or other sludges, each waste source must not exceed the

pollutant concentrations found in Table 4 of Section 360-5.10, unless the waste source is a minor (less
than 10% of the total dry weight of sludges accepted) component of the input to the facility and a program
is developed to identify and reduce the pollutant(s) that exceed the limits found in Table 4 of Section 360-
5.10 for that waste source. [See note 1 below.]
(i) If a waste input, other than a minor source, contains metals at concentrations greater than those set

forth in Table 4, the waste can not be accepted at the facility until the generator has implemented a
pollutant identification and abatement program and compliance with the requirements of this
paragraph has been demonstrated for a period of at least six continuous months. At least six analyses
for total solids and the parameter of concern must be provided to demonstrate compliance. 

(ii) Wastewater and partially treated biosolids or septage that are generated at one wastewater treatment
facility and are further treated at another wastewater treatment facility prior to beneficial use are not
considered waste sources subject to the criteria in this paragraph. The resultant biosolids or sludge
generated for beneficial use are subject to this paragraph. For the purposes of this paragraph,
dewatering is not considered treatment.

(3) The product must not contain pollutant levels greater than the values found in Table 7 of Section 360-5.10.
[See note 2 below.]
(i) The addition of sawdust, soil, or other materials to the process or product for dilution purposes is not

allowed. 
(4) Any material added to the process must not contain pollutants in concentrations that exceed the levels

found in Table 4 of Section 5.10. If kiln dust is used, the kiln dust must not emanate from a kiln that
accepts hazardous waste.

(5) The product must not contain more than two percent total gross contaminants by weight (dry weight
basis).

(6) The particle size of the product must not exceed 10 millimeters (0.39 inch) particle size, except for wood
particles derived from the use of wood chips as a bulking agent or amendment in composting.

(7) A compost product must be produced from a composting process with a minimum detention time
(including active composting and curing) of 50 days, unless an alternate means for achieving sufficient
maturity is approved by the department. 

(8) The product must be mature. The department may require process operating conditions including, but
not limited to, longer aeration time and/or product use restrictions.

(9) An information label must be affixed to the product bag or, for bulk distribution, an information sheet or
brochure must be provided to the user. The label or information sheet must contain, at a minimum, the
following information:
(i) the name and address of the generator of the product;
(ii) the type of waste the product was derived from; 
(iii) the average metal content of the product and the allowable metal levels (or a mailing address, e-mail

address, or phone number where this information can be obtained); and
(iv) recommended safe uses, restrictions on use, application rates and storage practices intended to

minimize the potential for nuisance conditions and negative surface and groundwater impacts
emanating from the storage or use of the product. 

(10) The product may be distributed for use on all crops except food crops. This restriction no longer applies
38 months or later after the pathogen reduction criteria have been met. If the product is stored for 38
months or longer, it can be distributed for use on food crops. If the product has been applied to the soil,
food crops could be grown on the soil 38 months or more after product application.

(11) If the product will be marketed as a fertilizer or agricultural liming material in New York State, a license
must be obtained from the New York State Department of Agriculture and Markets, if required. 

1. The pollutant levels from Table 4 of Section 360-5.10 are presented in Table 2-10 of this report.
2. The pollutant levels from Table 7 of Section 360-5.10 are presented in Table 2-2 of this report.



DEC Regulations in Effect During the New York City Composting Trials

The DEC updates its regulations periodically to reflect both changes in federal guidelines and
State policy. The current Part 360 regulations went into effect on March 10, 2003. However, as
the NYC Composting Trials took place during 2001, this report presents both the former as well
as the current standards (see Table 2-2 for a comparison).  

Perhaps the most significant change with regard to MSW-compost quality is that the current
Part 360 regulations eradicate the previous distinction between a Class I and Class II compost
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Current Standards1

(effective March 2003)
Prior Standards Monthly Maximum 

(in effect during 2001) Average Average 
Class I Class II Concentration Concentration

Pollutant Parameter (ppm)

Arsenic NS NS 41 75
Cadmium 10 25 10 85
Chromium 100 1000 1000 1000
Copper 1000 1000 1500 4300
Lead 250 1000 300 840
Mercury 10 10 10 57
Molybdenum NS NS 54 75
Nickel 200 200 200 420
Selenium NS NS 28 100
Zinc 2500 2500 2500 7500
Total PCBs2 1 10 NS NS

Pathogen Parameter (MPN)  

Fecal Coliform NS NS <10003 <10003

Salmonella (per 44 dry grams) NS NS <33 <33

Physical Parameter

Particle Size (mm) <10 <25 <104 <104

Percent Inerts .50 NS 2.05 2.05

ppm = parts per million
MPN = most probable number per dry gram
NS = No Standard
< means not detected at the level noted. 
1. Except where indicated, these parameters are from DEC regulations (6NYCRR) Section 360-5.10, Table 7.
2. There is no specific PCB limit in the new regulations since it is not found in Part 503 (Standards for the Use and

Disposal of Sewage Sludge) of the Code of Federal Regulations. Should PCBs be a concern, a representative for the
DEC indicated that the prior Class I standard would hold. 

3. These parameters are from DEC regulations (6NYCRR) Section 360-5.5(b)(1).
4. These parameters are from DEC regulations (6NYCRR) Section 360-5.5(c)(4).
5. These parameters are from DEC regulations (6NYCRR) Section 360-5.5(c)(5).

Table 2-2
Summary of Prior and Current DEC Part 360 Pollutant, Pathogen, and Physical Standards
for MSW Compost



product, and establish one set of criteria that all compost derived from solid waste and
biosolids must meet. In addition, the new regulations introduce monthly average concentration
levels, as well as maximum acceptable concentration levels. Other important revisions include
additional testing (for arsenic, selenium, molybdenum, fecal coliform and Salmonella), changes
to certain pollutant limits, and restricting levels of total gross contaminants to no more than
two percent. (Contaminants in this case means the small pieces of glass, plastic, and other non-
degradable items, which are referred to as “inerts” in this report.)

Quality of New York City MSW Compost

Section 360-5.5(c)(7) of the DEC regulations (see Table 2-1) states that an MSW-compost
product must be “produced from a composting process with a minimum detention time
(including active composting and curing) of 50 days, unless an alternate means for achieving
sufficient maturity is approved by the department.” 

As the last chapter described, the Marlborough facility (located in Massachusetts where there is
currently no minimum detention time requirement) composts its material on the air floor for 21
days, passes it through a half-inch screen, and then sends the material off-site for additional
curing. Since it was not possible at an off-site location to safeguard the New York City compost
against contamination or mixing with local material, the Department sent a cubic yard sample of
the half-inch unders (immature compost that passed under the half-inch screen) for supervised
curing at the research laboratory that performed the compost-quality analysis. 

Again, the New York City material spent 21 days on the air floor at Marlborough. Therefore, in
order to test what would be considered a finished (mature) product by DEC standards (i.e., a
product composted and/or cured for at least 50 days), the laboratory continued to cure the
compost another 38 days before taking samples. The results listed in Table 2-3 are from these
Day 59 samples (21 days on the Marlborough air floor plus 38 days under supervised curing at
the laboratory), except where noted. Appendix F contains the actual laboratory data sheets. 

As discussed in Chapter 1, in order to produce a compost with the required particle size, the
Department ran its material through the final screening equipment at Marlborough, even though
this equipment was no longer in use. Therefore, the physical standard test results, listed in Table
2-3, are from samples of the New York City compost passing under the Marlborough facility final,
three-eighths-inch screen. 

As Table 2-3 demonstrates, the compost produced during the NYC Composting Trials met DEC
Class I compost standards (in effect during the time of the Trials), as well as current DEC
standards (effective March 2003).

Quality of Compost from the Surveyed Facilities

The Department sampled material throughout the composting process at the four surveyed,
MSW-composting facilities in order to make meaningful comparisons. In addition, samples of the
primary screen unders (post-drum discharge) were removed from each facility and sent to the
laboratory where they underwent further composting under controlled conditions. (See the
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ANOVA section of Chapter 3 for more detail on this procedure.) Appendix H contains the
laboratory data sheets for the four surveyed facilities.

The samples for pollutant testing were taken from the material that the lab composted under
controlled, optimized conditions. Relative pollutant-concentration levels tend to increase with
more complete degradation of organic materials. Therefore, sampling the lab-composted material
enabled the Department to take the most conservative look at pollutant-concentration levels, and
put all the facilities on an equal footing with regard to pollutant levels (i.e., facilities that more
completely composted their material were not put at a disadvantage and vice versa). The
laboratory took samples for these tests between 50 and 52 days after drum discharge, in order to
simulate the DEC’s 50-day, material-detention-time requirement.  
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Table 2-3
Comparing NYC Composting Trials Results with DEC Regulations

Current DEC Limits
Monthly Maximum

Trials Results Concentration Limits Average Average
NYC Composting Prior DEC Class I Concentration Concentration

Pollutant Parameter (ppm)1

Arsenic 4.9 NS 41 75
Cadmium 4.0 10 10 85
Chromium 40.8 100 1000 1000
Copper 150.8 1000 1500 4300
Lead 239.6 250 300 840
Mercury 1.0 10 10 57
Molybdenum 5.5 NS 54 75
Nickel 57.6 200 200 420
Selenium 1.4 NS 28 100
Zinc 568.0 2500 2500 7500
Total PCBs <12 1 NS NS

Pathogen Parameter (MPN)

Fecal Coliform 503 NS NS <1000
Salmonella (per 44 dry grams) <23 NS NS <3

Physical Parameter4

Particle Size (mm) <10 <25 <10 <10
Percent Inerts .50 NS 2.0 2.0

See Table 2-2 for abbreviations and DEC regulations citations.
1. Except where noted, the results are from Day 59 samples (21 days on the Marlborough air floor plus 38 days under

supervised curing at the laboratory).
2. Results reported as an average from two samples taken from Day 147 material (the next available sample point for

these parameters).
3. Results reported from sample taken on Day 80 material (the next available sample point for these parameters). 
4. Results are from the laboratory characterization performed on the NYC material passing under the Marlborough

facility final screen during the Composting Trials. 



The samples for pathogen testing, as well as all tests that assessed agronomic and horticultural
properties, were taken from what each facility considered its final compost product. The
Department’s consultant sent samples of this material directly from the respective facility to the
laboratory for testing. These tests essentially measure how well a facility makes compost. If the
Department had sampled the laboratory-composted material for these properties, it would in
essence be looking at the optimized version of each facility’s respective process. Again, the
Department wanted to take the most conservative look at the MSW-composting process.

Table 2-4 presents the results of the tests for pollutants, pathogens, and physical parameters on
finished compost from the surveyed facilities, and provides a comparison with the results from
the New York City Composting Trials. The actual facility names are coded to provide anonymity.
As Facility NRC does not currently produce a finished compost, tests were conducted on NRC
Day 1 drum discharge. Because this is essentially a very raw, immature compost, fecal coliform
levels are still high. The NRC data is not intended to represent a final compost product and is
included here for comparison only.

The table also shows the previous DEC standards for a Class I compost, as well as the current
standards. In general, New York City’s Trials compost compares favorably with compost made at
other MSW-composting facilities, with some pollutants at higher levels and others at lower ones.
More importantly, each of the surveyed facilities producing a finished compost, made a product that
met DEC Class I compost standards (in effect during the time of the four-facility survey). With the
exception of one facility, the compost produced by these facilities would also meet current DEC
standards. (Facility NAL would have to reduce the percentage of inert material in its finished
compost from 3.9 to 2.0.)

Other Test Parameters

Horticultural Properties

While the DEC does not provide specific standards for the horticultural quality of finished
compost, it does require that facilities producing more than 50 cubic yards of compost per day
analyze the following parameters and provide data on a monthly basis:

• total Kjeldahl nitrogen (TKN)

• ammonia (NH
3
)

• nitrate (NO
3
)

• total phosphorous (P)

• total potassium (K)

• pH

• total solids 

• total volatile solids

The Department analyzed the compost produced in the New York City Composting Trials, as
well as in the four surveyed facilities, for these parameters and several others considered
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relevant to product quality from a marketing or end-user perspective (such as moisture, density,
and carbon-to-nitrogen ratio).

As noted, the agronomic/horticultural data (presented in Table 2-5) come from samples of what
each facility considered its final compost. This varied significantly from facility to facility (see
notes to Table 2-5). Chapter 3 provides a detailed discussion of operations at each of the
surveyed facilities, however, it is important to note two points here. 

First, as explained previously, Facility NRC did not produce a finished compost at the time of the
survey, as the air-floor component of the facility was not yet built. Therefore, the testing for this
facility was performed on drum discharge, which is essentially very raw (immature) compost.

57

Research Project • Chapter 2: Compost Quality

Table 2-4
Comparing Compost from the NYC Trials and the Surveyed Facilities with DEC Regulations

Pollutant Prior DEC Current DEC 
Parameter NYC Facility Facility Facility Facility Class I Maximum
(ppm)1 Trials NQB NRC NAL NML Limits (ppm) Limits (ppm)

Arsenic 4.9 9.5 <4.0 6.41 3.05 NS 75
Cadmium 4.0 4.0 4.6 4.0 4.4 10 85
Chromium 40.8 42.0 26.2 73.2 45.3 100 1000
Copper 150.8 88.8 72.2 87.8 127.7 1000 4300
Lead 239.6 104.8 120.0 94.6 116.5 250 840
Mercury 1.0 0.5 1.7 1.8 0.6 10 57
Molybdenum 5.5 12.0 <9.1 5.17 4.75 NS 75
Nickel 57.6 35.4 40.4 36.3 57.7 200 420
Selenium 1.4 <5.5 <8.3 2.76 1.70 NS 100
Zinc 568.0 456.0 350.0 378.6 351.2 2500 7500
Total PCBs <1 <1 <1 <1 <1 1 NS

Pathogen Parameter
(MPN)2

Fecal Coliform 50 209 8,529,0003 <2.7 <4.4 NS <1000
Salmonella <2 <1.1 <1.5 <1.3 <1.8 NS <3
(per 44 dry grams)

Physical Parameter2

Particle size (mm) <10 <5 NA3 <8 <10 <10 <10
Percent inerts .50 .25 NA3 3.9 .504 NS 2.0

See Table 2-2 for abbreviations and DEC regulations citations.
< signifies less than the minimum detection level for the particular parameter tested. 
1. Testing performed on samples of lab-composted material, between 50 and 52 days after drum discharge from each

facility. See notes to Table 2-3 for NYC sample-day information.
2. Testing performed on samples of finished compost shipped directly from each respective facility to the laboratory.
3. As Facility NRC does not currently produce a finished compost, tests were conducted on NRC Day 1 drum

discharge. Since the material at this stage represents raw, immature compost, fecal coliform levels were still high.
The NRC data is not intended to represent a final compost product and is included here for comparison only.

4. NML currently blends their final compost product with sand, a practice that would not be acceptable to the New
York State DEC for inerts-measurement purposes.



58

New York City MSW Composting Report

Table 2-5
Evaluating Compost Quality from the NYC Trials and the Surveyed Facilities 
Based on Agronomic/Horticultural Properties

Mulch
Parameter NYC Trials NQB NRC1 NAL NML2 Standard3

Total Kjeldahl 
Nitrogen4 (% of total solids) 1.3 1.1 .83 2.2 .85 .15 - 1.0
Ammonia Nitrogen5 (ppm) 2,243.0 198 248.5 1,407.5 2,233.5 <50
Nitrate6 (ppm) <2 <2 <2 <2 <2 10 - 100
Total Phosphorous (% of total solids) .42 .20 .12 .23 .42 0.02 - 0.2
Total Potassium (% of total solids) .30 .40 .26 .42 .21 0.1 - 0.5
pH 7.5 8.0 7.1 8.4 6.1 5.0 - 7.0
Total Solids (%) 76.5 78.3 52.1 73.5 44.4 NS
Total Volatile Solids7 (% of total solids) 72 70.1 75.3 57.2 77.5 30 - 85
Nitrite (ppm) <2 <2 <2 <2 <2 NS
Salinity8 (mmhos/cm) 7.8 6.1 3.0 10.0 10.0 0.2 - 1.0
Density (lbs. per cubic yard) 775 716 783.5 884.5 1162.5 400 - 1200
Moisture (% of saturation) 23.5 21.8 47.9 53.2 55.6 35 - 85
Carbon-to-Nitrogen Ratio 25.9 33.45 48 13.4 38.9 35 - 150
Free Carbonates CO

3
(rating) 1 1.5 1 2 1 1 - 2

Solvita CO
2
9 (rating) 2 3 1.5 5 7 2 - 8

Solvita NH
3
9 (rating) 4 5 5 4 5 4 - 5

Calcium (% of total solids) 2.6 3.5 2.0 3.9 2.0 0.2 - 2.0
Magnesium (% of total solids) 0.38 0.22 0.16 0.35 0.18 0.04 - 0.4
Sodium (%) 0.56 0.30 0.39 0.63 0.38 <Potassium
Copper (ppm) 150.8 87.4 38.4 242 99.0 <1500
Manganese (ppm) 428 284 86.8 426 430 <1,000
Iron (ppm) 12,120 8,160 6,880 7,160 9,220 <12,000
Zinc (ppm) 568 482 218 660 400 <2,800

The unit of measurement follows most parameters in parentheses. Parameters in italics indicate those for which regular
reporting is currently required. The lab data for the NYC Trials is found in Appendix F. Appendix H contains the lab
data for the four-facility survey.
Final Product Sample Days: NYC (Day 59); NQB (Day 45); NRC (Day 1); NAL (Day 90); NML (Day 21).
< means not detected at the level noted.
1. Facility NRC did not produce a finished compost at the time of the survey, as the air-floor component of the facility

was not yet built. Therefore, the testing for this facility was performed on drum discharge, which is essentially very
raw (immature) compost. 

2. NML facility finishes composting its material off site, where it blends material with sand before performing the final
screen. Since the DEC would not allow such a dilution before testing, the lab performed the tests for the agronomic
and horticultural parameters on samples of NML compost taken before it left the facility (Day 21). This product is
therefore immature and these results do not represent the quality of NML’s final product.

3. The Mulch Standard is not proscribed by any regulation, but is a part of the Rodale Quality Seal-of-Approval program
for evaluating compost products, offered by the laboratory. 

4. The Total Kjeldahl Nitrogen parameter is called “Organic-Nitrogen” in the lab data. 
5. The lab reports Ammonia as Ammonia Nitrogen, labeled “Ammonium-N” in the data.
6. The Nitrate parameter is called “Nitrate-N” in the lab data.
7. The Total Volatile Solids parameter is called “Organic Matter” in the lab data.
8. The Salinity parameter is called “Conductivity” in the lab data.
9. Solvita is a registered trademark of the Woods End Research Laboratory, Inc.



Second, the NML facility finishes composting its material off site, where it blends material with
sand before performing the final screen. Since the DEC does not allow such a dilution before
testing, the Department chose to perform the tests for the agronomic and horticultural
parameters of the NML compost as it left the facility (the last sample point before the material
moved off site). This product is therefore immature and these results do not represent the
quality of NML’s final product, but are provided for comparison purposes.

Interpreting Agronomic/Horticultural Properties Data
Interpreting the agronomic and horticultural properties data is not as simple as interpreting the
pollutants and pathogen data. In the case of pollutants and pathogens, there is an allowable limit,
and a compost either meets the standard or it does not. With agronomic and horticultural
properties, there is no absolute standard, but compost is evaluated depending on the intended
end use. For example, what would be considered a good pH for mulch, might not necessarily be
a good pH for potting soil. For a general guide to interpreting these results, see Interpretation of
Waste and Compost Tests, attached as Appendix G.

The standard for “Mulch” provided in the far right column in Table 2-5 comes from the research
laboratory that performed all of the tests associated with the New York City Composting Trials.
Mulch represents one of the six recognized types of compost under the Rodale Quality Seal-of-
Approval program—an independent quality-assurance program offered by the laboratory for
evaluating and approving compost and soil amendment products.1

The intended uses of a mulch product are described as being for “surface application only, under
shrubs or for non-growth purposes; 1"– 8" thick surface application for weed control, gradual
nutrient release, and surface organic matter improvement.” For a description of the other five
recognized types of compost under the Rodale Quality Seal-of-Approval program, see page 5 of the
lab’s Interpretation of Waste and Compost Tests (Appendix G). The Department chose to analyze the
compost produced in the New York City Trials and the four surveyed facilities against this standard,
as this is the end use that best describes the types of projects that might utilize MSW compost.

Another important point to keep in mind when analyzing the agronomic and horticultural
properties of a compost is that if an individual result falls out of the stated range for the standard,
this is not necessarily a bad thing. For example, the fact that the nitrate levels for all of the
composts fall below the range accepted for a mulch would not be considered a problem.
However, if they deviated from the standard on the high end of the spectrum (i.e., >100 ppm),
then this would be problematic. Likewise, for the composts listed in Table 2-5 that have higher
amounts of phosphorous and calcium, this means that they contain more of these minerals than
what is typical for a material being used as mulch. These levels are normally seen in compost
used for topsoil blends, or other growth-oriented applications, where a user would want more
minerals. Finally, the high iron level found in the NYC Trials’ compost would not have negative
implications and might actually be appreciated by a turf grower.

The standards are best read then as a guide. If most of the agronomic and horticultural
parameters fall within the accepted range for a mulch, then a facility might want to adjust its
operations to bring the few parameters that do not into conformance so that it could better
promote its product for a specified end use. If the product can consistently meet the standards,
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then it can receive a seal of approval from the laboratory as a recognized “type” of compost. This
makes marketing easier for the producer, and purchasing easier for the consumer, since the
latter will know what they are getting without having to analyze the compost for themselves. For
example, based on the data in Table 2-5, if operators at the four surveyed facilities wanted to
receive a seal of approval for their respective products as a mulch-type compost, they would have
to address the following three parameters: ammonia nitrogen, pH, and salinity. 

Very high ammonia nitrogen levels in the NYC Trials compost, as well as those produced at
facilities NAL and NML respectively, indicate that the nitrogen present in the material is not
being stabilized by the available carbon. In fact, the carbon-to-nitrogen ratios for two of these
three composts are on the low side, especially NAL. It is interesting to note that these three
composts were made with biosolids (a direct source of nitrogen), while those at NQB and NRC
were not. These results mean that either the facilities are using too much biosolids in relation to
MSW, or that the material is not yet mature and requires further composting. These are both
“corrections” that facilities can make.

The pH of compost should generally be neutral to slightly acidic (6.0-7.5), and efforts should be
made to control it if it exceeds 8.5. However, if a facility was interested in making a mulch,
operators would want to lower the pH to fall in line with the standard stated in Table 2-5 (pH 5.0-
7.0). This can be accomplished by adding ammonium sulfate ((NH

4
)

2
SO

4
—a chemical compound

used for fertilizer that also occurs in nature as the mineral mascagnite). Research at Washington
State University has shown that adding ammonium sulfate effectively lowers the pH of compost
(as well as levels of ammonia nitrogen).2

Salinity represents the final parameter that facility operators would want to address in order to
create a product that could earn a seal of approval for mulch. Soluble salt concentration is the
concentration of soluble ions in solution and is usually expressed as the electrical conductivity
(dS/m or millimhos per centimeter) of a saturated extract of compost. Soluble salt levels in
compost can vary considerably, depending on the nature of the feedstocks and processing.
Compost may therefore contribute to or dilute the accumulative soluble salt content in the
amended soil. In general, knowledge of soil salinity, compost salinity, and plant tolerance to
salinity is necessary for the successful establishment of plant material. For example, the final
salinity of the amended soil for most turf and landscape plantings should be less than 4.0 dS/m,
and for mulch it should be lower still (0.2-1.0). Most feedstocks generally produce compost with
salinity levels greater than 4.0 dS/m, and most compost made with municipal feedstocks have a
soluble salt concentration of 10 dS/m or below. The results for the NYC Trials compost and the
four surveyed facilities are therefore typical given the nature of the feedstocks.

However, if they were to be used as a mulch, facility operators would want to lower the salinity
level. This can be achieved by mixing the compost with other low-salinity materials (including
other types of composts, such as tree bark) or by leaching with water. Compost with high-salts
levels might also be applied well ahead of planting (fall or midwinter) to allow for natural
leaching with rainwater. 

When it comes to compost quality, facility operators need to work with end users in order to
produce a compost that fits the intended application. Compost labeling and other programs that
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attempt to create recognizable standards (such as the Rodale Quality Seal-of-Approval) are
relatively new in this country. While extra effort is involved to meet such standards, the appeal
for a facility operator is that once they meet the standards, their product gains status as a
recognized type of compost, which allows them to better target their product to end users. It also
assures the end user of the quality of the product, which is particularly important for MSW
composts. 

Toxicity Characteristic Leaching Procedure

Since the non-degradable items removed by each of the various screening processes (after
material has been discharged from the digester drum) would presumably have to be landfilled as
residue, the Department wanted to determine if anything about the MSW-composting process
(including mixing solid waste with biosolids) would in any way make this material hazardous for
disposal (thereby necessitating different disposal practices than those used for regular garbage).
Therefore, the laboratory performed a Toxicity Characteristic Leaching Procedure (TCLP) on
samples of post-drum residue (material passing over the various screens), as well as on samples
of immature compost discharged from the drum (labeled “2" Unders” in Table 2-6). 

The TCLP simulates conditions in a landfill, whereby weak acids (replicating the effect of
rainwater percolating through organic waste in the absence of oxygen) are washed over the
material to determine if any heavy metals leach out. While this test is not commonly required in
MSW-composting regulations, the Department wanted to take the most critical look possible at
the results of the MSW-composting process. 

The results of the TCLP test (Table 2-6) show that neither the residue nor the compost would pose a
threat in a landfill. Five of the eight metals controlled by the U.S. Environmental Protection Agency
did not register at all, while the remaining three were detected at levels far below the control limit.
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Table 2-6
TCLP Results for the Post-Drum Residue of the New York City Composting Trials

EPA
Parameter 2" Overs 2" Overs 2" Unders  2" Unders  1⁄2" Overs 3⁄8" Overs 3⁄8" Overs Control
(ppm) Day 1-3 Day 3-5 Day 1-3 Day 3-5 Facility Lab Limit1

Arsenic — — — — — — — 5.0
Barium 0.36 0.26 0.43 0.45 .60 0.58 .48 100
Cadmium — — — — — — — 1.0
Chromium .05 — 0.1 0.06 — .06 — 5.0
Lead — — — — — — — 0.2
Mercury .13 — 0.09 — .07 — — 5.0
Selenium — — — — — — — 0.05
Silver — — — — — — — 5.0

A dash signifies that there was no detection of the parameter in question at a minimum detection limit of 0.05 ppm.
1. Toxicity Characteristic Leaching Procedure is an EPA SW-846 analytical method (Method 1311). Control limits are

set forth in 40CFR (Code of Federal Regulations) 261.4.



Inerts Levels and Characterization

DSNY carefully investigated the relative content of inert material (“inerts”) in the compost made
from New York City MSW, as well as that made at the four surveyed facilities. For the purposes
of this report, inert material refers to small pieces (between 4-10mm or .152 - .39 inches) of
plastic (such as shreds of plastic bags) or minute pieces of metal, glass, and textiles that fall
under final screens and end up in the finished compost. To give an idea of the relative size of
these inerts, four millimeters (4mm) is slightly larger than an eighth of an inch (1⁄8"), or the
height of two, stacked nickels.

The laboratory conducting the analysis for the Composting Trials encountered two obstacles in
measuring inerts levels: 

1. There is no method describing how a lab is to determine inerts levels in any State or
federal guidelines.

2. Each facility surveyed uses a different type and level of final screening, so the lab was
faced with “comparing apples and oranges.” 

To address the first obstacle, the lab turned to internationally accepted standards to develop a
measurement methodology. The methodology the lab used required that the compost first pass
through a 10mm (3⁄8") hand screen before it was manually sorted down to a resolution of 4mm
into the following five categories: glass, hard plastic, film plastic, metals, and textiles. While the
DEC regulations do not list textiles as an inert material, DSNY chose to include it in order to be
conservative in its evaluation of MSW composting. The lab chose the five categories of inert
materials based upon prior compost-analysis experience.3

The differences in screen sizes between facilities was more difficult to overcome. Therefore,
Table 2-7 lists next to the facility code the final screen size through which the material passed
before it went to the lab. The results of the inerts characterization and percent composition come
from an average of two composite samples. As stated earlier (Table 2-2), the updated DEC
regulations limit the percent of inerts in finished compost to two percent. As Table 2-7 shows, all
the finished composts, with the exception of facility NAL, fall below this limit. 

It is not possible to speculate why the samples of NAL compost contained higher levels of inert
material than samples of compost from the other surveyed facilities. However, factors that
generally contribute to inerts levels include: 

• The degree to which source-separated, curbside recycling programs remove 
non-degradable items before they reach the facility

• Whether or not collection trucks compact and break materials during transportation

• The efficacy of pre-drum sorting and post-drum screening of the resulting compost

For a point of comparison, the Department had the lab analyze compost produced at one of
DSNY’s leaf-and-yard-waste–composting sites. For anyone who has seen this compost, it is
remarkably free of any visual contamination, and will serve to contextualize the inerts levels
reported above. The results shown in Table 2-8 are an average of an A/B sample pair. Given that
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the input to the Department’s leaf and yard-waste compost is source-separated leaves, brush, and
grass from residents and landscapers, and the input to the NYC MSW-Composting Trials was
mixed, residential garbage, the inerts levels achieved in the NYC Trials are fairly impressive. 

Since the DEC has adopted the rigorous two-percent inerts level for MSW compost, it is
imperative that the presence of this material be minimized, if not eliminated, in a final compost
product. Beyond regulatory compliance, the outlets for finished compost are greatly enhanced
when the product is visually free of contamination. 

Biosolids

As explained in the Receiving Biosolids and Liquid Waste section of Chapter 1, the New York City
Department of Environment Protection (DEP) currently produces 1,200-plus tons of biosolids
per day, dewatered to 25-26 percent solids. Private contractors take these biosolids and pelletize
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Table 2-7
Inerts Characterization and Percent Composition of the <10mm Finished Compost

Current DEC
Inert Material NYC Trials NQB NRC1 NAL NML2 Total Inerts Limit
(%) (10mm) (5mm) (8mm) (8mm) (%) 

Glass — 0.1 NA 1.8 .4
Hard Plastic 0.2 0.1 NA 1.2 .1
Film Plastic 0.1 .05 NA .4 —
Metals — — NA .1 —
Textiles 0.2 — NA .4 —
Total 0.50 0.25 NA 3.9 .50 2.0

Results are an average of composite samples (A/B), except for facility NML data. For inerts-characterization data for the
NYC Trials, see Appendix F. For the inerts data for the surveyed facilities, see Appendix H.
A dash signifies that there was no detection of the material in question.
1. NRC does not currently produce a finished compost product, so this analysis was not applicable.
2. NML blends its compost with sand before screening. This practice would not be allowed by the DEC. The results are

provided for comparative purposes.

Table 2-8
Percent Composition of Inert Material: NYC MSW-Composting Trials vs. NYC Leaf-and-
Yard-Waste Compost

NYC MSW- NYC Leaf and Current DEC 
Inert Material (%) Composting Trials Compost Yard-Waste Compost Total Inerts Limit (%)

Glass — 0.2
Hard Plastic 0.2 0.1
Film Plastic 0.1 —
Metals — —
Textiles 0.2 —
Total 0.5 0.3 2.0



them into a fertilizer (42 percent), directly land apply them to crops (37 percent), compost them
(13 percent), or alkaline stabilize them into an agricultural liming agent (8 percent).

The DEP produces dewatered biosolids at its eight Water Pollution Control Plants (WPCP) that
possess dewatering capabilities. The other six WPCPs without dewatering capabilities either
barge or pump sewage sludge via pipeline to the closest one that does. Figure 2-1 shows the
locations of all 14 WPCPs. 

The State DEC regulates the production and use of biosolids, and requires routine testing of
incoming biosolids when used as a feedstock to MSW-composting facilities operating in New
York State. Table 2-9 presents the parameters for which incoming biosolids must be analyzed.
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Figure 2-1
Map of Water Pollution Control Plants in New York City



For facilities accepting more than 1,000 dry tons of biosolids per year, the DEC requires monthly
testing of the parameters listed under Group A and Group B, and annual testing for the
extended list of 116 parameters listed under Group C. Appendix E of this report contains this
extended list of parameters, including volatile organic compounds, acid-base-neutral compounds,
pesticides, and PCBs.4 While the DEC has not currently established limits for these 116
parameters, test results must be provided to the DEC for their discretionary review.

Table 2-10 presents the Group B parameters for which specific pollutant limits apply, along with
the average results reported by the DEP for New York City’s biosolids in 2001, and the data on
the Marlborough biosolids used in the New York City Composting Trials. (As discussed in
Chapter 1, due to logistical constraints, the New York City Composting Trials did not use New
York City biosolids, but instead, made use of Marlborough biosolids.) For the laboratory results
for the Marlborough biosolids used in the New York City Composting Trials, see Appendix F.
For the actual DEP biosolids data, see Appendix E. 

As Table 2-10 shows, some parameters in the DEP biosolids were at lower levels than those used
in the New York City Composting Trials, while others were higher. Overall, the results for both
biosolids fall well within DEC concentration limits. However, it would be prudent to monitor
chromium, copper, lead, and zinc levels in the New York City biosolids since these were present
at significantly higher levels than in the Marlborough biosolids used for the NYC Composting
Trials. 

Before generalizing about the quality of NYC biosolids, it is important to understand how the DEP
results were derived. As noted, the DEP produces biosolids at eight of its fourteen WPCPs. Each
of these plants produces different amounts of biosolids per day, and each plant’s biosolids
generally contain different levels of the parameters listed in Table 2-10. The DEP does not report
these results on a citywide basis, both because of the relative complexity involved with weighting
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Table 2-9
Parameters for Analysis Required by the DEC for Biosolids as an Input to MSW Compost1

Group A Group B Group C

Total Kjeldahl Nitrogen Arsenic Extended Parameters
Ammonia Cadmium (see Appendix E)
Nitrate Chromium (total)
Total Phosphorous Copper
Total Potassium Lead
pH Mercury
Total Solids Molybdenum
Total Volatile Solids Nickel

Selenium
Zinc

1. These parameters are from DEC (6NYCRR) Section 360-5.10, Table 1.



the results based on the actual amounts of biosolids each facility produces, and the fact that it
does not make operational sense for the DEP to analyze biosolids generically. In order to generate
the DEP data presented in Table 2-10, DSNY averaged the monthly biosolids data from each
WPCP with dewatering capabilities for one year and then took a non-weighted annual average of all
facilities together. This was the simplest way to derive one number for the purposes of
comparison. For more information on how much biosolids each DEP facility actually produces,
and the test data for each facilities’ biosolids respectively, it is important to see Appendix E.

Table 2-11 presents the average results for the Group A parameters (listed in Table 2-9) reported
by the DEP for New York City’s biosolids in 2001, and the data on the Marlborough biosolids
used in the New York City Composting Trials. These parameters are not pollutants, but pertain
generally to the horticultural quality of the incoming biosolids and as such, the DEC does not set
specific limits. 

As Table 2-11 shows, the NYC biosolids and the Marlborough biosolids used in the NYC
Composting Trials possess similar agronomic/horticultural qualities. However, a few differences
are worth noting. 

66

New York City MSW Composting Report

Table 2-10 
Comparing NYC and Marlborough Biosolids Data Against DEC Regulations: 
Pollutant Parameters

NYC Trials: NYC Trials: Current DEC
Marlborough Marlborough Limits3

Parameter DEP: NYC Biosolids2  Biosolids2 Prior DEC Monthly Maximum
(ppm) Biosolids Data1 Sample A Sample B Limits Average Average

Arsenic 4.1 15.0 <12 NS 41 75
Cadmium 5.1 0.2 2.0 25 21 85
Chromium 55.6 3.5 27.2 100 1000 1000
Copper 721 28.2 276.0 1000 1500 4300
Lead 191.9 24.8 32.0 250 300 840
Mercury 2.5 0.57 4.9 10 10 57
Molybdenum 12.3 <5 <31 NS 40 75
Nickel 34.6 59.6 47.6 200 200 420
Selenium 5.2 <5 <26 NS 100 100
Zinc 1002.6 328.0 372.0 2500 2500 7500
PCBs4 <1 <1 <1 10 NS NS

NS = No Standard
< means not detected at the level noted. 
1. The New York City biosolids data were derived by summing the annual averages of DEP data from January 2001-

February 2002 for the City’s eight dewatering facilities (Appendix E), and then averaging the sum of those eight. It is
important to note that these averages were not weighted to account for the considerably different-sized output of
each facility. 

2. Appendix F contains the lab data for the Marlborough biosolids used for the NYC Trials.
3. These pollutant limits are from DEC (6NYCRR) Section 360-5.10, Table 4.
4. See note in Table 2-2 regarding PCB limits.



First, the NYC biosolids (containing 25.1 percent solids and 74.9 percent liquid) are significantly
drier than the Marlborough biosolids (containing 15.6 percent solids and 84.4 percent liquid).
This is most likely due to the fact that Marlborough treats its biosolids on-site (by pumping them
directly to the MSW-composting facility), whereas NYC has to pay to export its biosolids. To
reduce transportation costs, it is in the DEP’s interest to remove as much water (and therefore
weight) as possible from its biosolids. How the moisture level of New York City’s biosolids would
affect an MSW-compost “recipe” would be one of the learning objectives of any proposed pilot
MSW-composting facility (see Chapter 5 for more information).

Second, the parameter Total Volatile Solids describes how much organic matter is present. In
general, biosolids have an organic matter content of 70-80 percent. The organic matter content
for New York City’s biosolids (62.0 percent ) is lower than Marlborough’s (78.8 percent), and is
on the low side in general. This may be due to the types of material coming into the New York
City sewer system, the treatment process, or the way that the DEP handles fines or grit.
Typically, if a fraction of the non-organic grit (such as sand, small pieces of gravel, etc.) finds its
way into the biosolids, then proportionately the percent organic-matter content will be lower.
While the actual reason that New York City’s biosolids have a lower organic-matter content than
Marlborough’s is not known, it would be important to monitor the impact of this on compost
quality, again, should the City go forward with a pilot MSW-composting facility.

Finally, the nitrate levels in the two biosolids appear to be different. However, due to the scale of
measurement in this instance, the magnitude of difference is not important as both biosolids
essentially have zero nitrates. For example, the 21.15 parts per million of nitrate in the NYC
biosolids have to be read in relation to the total Kjeldahl nitrogen (TKN) level of 6.3 percent.
This means that of the 6.3 percent of the biosolids that are nitrogen, .0003 percent (21.15 divided
by 63,000) is present as nitrate.
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Table 2-11
Comparing NYC and Marlborough Biosolids Against DEC Regulations: 
Agronomic/Horticultural Parameters

Parameter DEP: NYC Biosolids Data NYC Trials: Marlborough Biosolids

Total Kjeldahl Nitrogen (TKN) 6.3 .76
(% of total solids)

Ammonia (NH
3
)1 (% of total solids) 1.5 .84

Nitrate (NO
3
) (ppm) 21.15 3.0

Phosphorous (P) (% of total solids) 2.52 2.0
Potassium (K) (% of total solids) .29 .20
pH 7.9 5.932

Total Solids (%) 25.05 15.62

Total Volatile Solids (% of total solids) 62.0 78.82

For sources of lab data, see notes to Table 2-10. For nomenclature used in the lab data, see notes to Table 2-5.
1. Since the DEP reports ammonia levels as a percent (instead of ppm), the NYC Trials’ value for ammonia was

converted here for comparative purposes. The DEP data labels ammonia as NH
3
, whereas the NYC Trials’ data labels

ammonia as Ammonium-N(NH
4
-N). They are equivalent parameters.

2. These results are the average of two samples (A/B).



Compost Made from New York City Biosolids

As noted earlier, about 13 percent of the 1,200-plus tons of biosolids that New York City produces
each day are collected and composted by a private contractor based in Pennsylvania. As the
Department was unable to utilize New York City biosolids in its MSW-Composting Trials, it is
important to know about the compost quality that these biosolids make.

The contractor collects biosolids from a number of WPCPs around New York City, including
Oakwood Beach on Staten Island, the 26th Ward in Brooklyn, and occasionally, Tallman Island in
Queens. The contractor owns two outdoor-composting facilities, approximately five acres each, in
West Virginia. The one located in Wetzel County, West Virginia employs the aerated static-pile
method to compost New York City biosolids exclusively. Facility operators lay down perforated
PVC pipes and layer over them a blend of wood chips and biosolids. This material is then
covered with finished compost to act as an in-place biofilter. 

When the compost is finished and screened, the operator tests it against West Virginia,
Pennsylvania, Ohio, Maryland, New York (all of the States where the compost is sold), and
federal EPA standards to verify that the product is a Class A compost. The finished compost is
called “Landscapers’ Advantage Class A Compost,” and is marketed as a soil conditioner for
landscaping, tree farms, nurseries, sod farms, topsoil blending, land reclamation projects, parks,
athletic fields, lawns, cemeteries, golf courses, and other horticultural applications. (See
Appendix E for a copy of the promotional brochure.)

Tables 2-12 and 2-13 show the laboratory analyses for samples taken from the Wetzel County
compost facility. Appendix E contains the lab results themselves. Table 2-12 presents the
pollutants testing results (Group B parameters, for which specific limits apply), while Table 2-13
presents the data for the agronomic/horticultural properties (Group A, for which the DEC
requires routine testing, but does not provide limits). The “Mulch Standard” in the right-hand
column of Table 2-13 is not proscribed by law, but is provided for comparative purposes. See
Interpreting Agronomic/Horticultural Properties Data earlier in this chapter for more information
on this standard.

It is difficult to draw direct comparisons between the Wetzel County data (presented in Tables 
2-12 and 2-13) and the data for either the compost made with Marlborough biosolids in the NYC
Composting Trials, or for the uncomposted New York City biosolids themselves (Table 2-10).
While the Wetzel County compost was made with New York City biosolids, the biosolids came
from select WPCPs. The data for New York City biosolids in Table 2-10 presents an unweighted
average of biosolids from all eight WPCPs. It is difficult to compare the Wetzel County data with
the compost made in the New York City Composting Trials because the Wetzel County facility
mixes New York City biosolids with wood waste, not municipal solid waste (MSW).

That being said, several things are interesting to note. Compost experts generally agree that the
heavy metals in compost made with biosolids and MSW originate with the biosolids, not the
MSW. While the Wetzel County compost was not made with MSW, it effectively demonstrates
how heavy metals from biosolids “carry through” to the compost (assuming that the wood waste
with which it was made has relatively low levels of metals). 
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Focusing on the four heavy metals that were potentially of concern—chromium, copper, lead,
and zinc—the data shows similar levels in the Wetzel County compost as in the unweighted
average of all New York City biosolids (Tables 2-12 and 2-13). The Wetzel County compost shows
levels of 40 ppm for chromium, 569 ppm for copper, 140 ppm for lead, and 637 ppm for zinc. The
respective levels of these heavy metals in the unweighted average of New York City biosolids are
55.6 ppm, 721 ppm, 191.9 ppm, and 1002.6 ppm. 

That these four metals appear in higher concentrations relative to other metals, both in the
Wetzel County compost and in New York City biosolids as a whole, demonstrates the principle of
heavy metals carrying through from the biosolids to the compost. While relative levels of these
metals are elevated, the actual levels will naturally be slightly lower due to dilution through
mixing the biosolids with wood waste. To keep this discussion in perspective, it should also be
noted that levels of chromium, copper, lead, and zinc were well within the more stringent DEC
concentration limits in effect during the time of the NYC Composting Trials. Furthermore, in the
recent changes to these regulations, the DEC raised the concentration limits for these four
metals in particular.

With regard to the agronomic and horticultural properties of the compost made with New York
City biosolids (Table 2-13), the results do not generally fall in line with the “Mulch” standard.
Total phosphorous and pH are both higher than the standard. This would generally not be a
problem for phosphorous, but depending on the specific intended end use, the pH might be a bit
high. More importantly, the ammonia nitrogen level is very high and the total Kjeldahl nitrogen
is also high. Elevated ammonia nitrogen levels could potentially be a concern if this compost was
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Table 2-12
Quality of Compost Made with NYC Biosolids: Pollutant Parameters

Compost Made with Current DEC Limits 
Parameter (ppm) NYC Biosolids1 Prior DEC Class I Limits Monthly Average Maximum Average

Arsenic 5.4 NS 41 75
Cadmium 2.9 10 21 85
Chromium 40.0 100 1000 1000
Copper 569 1000 1500 4300
Lead 140 250 300 840
Mercury 1.0 10 10 57
Molybdenum 10 NS 40 75
Nickel 33.8 200 200 420
Selenium 0.5 NS 100 100
Zinc 637 2500 2500 7500
Total PCBs <1 1 NS NS

See Table 2-10 for abbreviations and sources for DEC regulations.
1. Based on test results provided by Wetzel County, West Virginia compost facility, which uses NYC biosolids

exclusively in its operations.



used straight as a mulch, rather than blended, for example, with topsoil. This is due to the fact
that mulch is generally applied in fairly deep layers (six-plus inches) to kill weeds, and so much
ammonia nitrogen could burn the plants that the mulch is intended to protect. 

The company that makes and markets the Wetzel County compost recommends that users apply
it when establishing new lawns and flower beds, when maintaining existing lawns, on nursery and
house plants, and when mulching trees and shrubs. The promotional sheet that describes the
Wetzel County compost product accompanies the biosolids data in Appendix E.

70

New York City MSW Composting Report

Table 2-13
Quality of Compost Made with NYC Biosolids: Agronomic/Horticultural Properties

Property1 Compost Made with NYC Biosolids Mulch Standard2

Total Kjeldahl Nitrogen (% of total solids) 3.02 .15-1.0
Ammonia3 (ppm) 35,000 <50
Nitrate (ppm) ND 10-100
Total Phosphorous (% of total solids) 2.17 .02-0.2
Total Potassium (% of total solids) 0.18 0.1-0.5
pH 7.8 5.0-7.0
Total Solids (%) 54.8 NS
Total Volatile Solids (% of total solids) 57.6 30-85

ND = None Detected
NS = No Standard
< means not detected at the level noted.
1. The DEC requires regular reporting of these parameters, but does not provide specific limits or standards that a

compost product must meet.  
2. This standard is not proscribed by law, but is a part of the Rodale Quality Seal-of-Approval program for evaluating

compost products. “Mulch” represents one of the six recognized types of compost under this program.
3. The data for the Wetzel County compost, attached in Appendix E, reports ammonia (listed as “ammonia nitrogen”)

on a percent dry-weight basis. This table converts the result to parts per million in order to compare it to the 
Mulch Standard.



CHAPTER 3
FOUR-FACILITY SURVEY

Summary

This section summarizes DSNY’s survey of four, operating, MSW-composting facilities. The
Department chose the four facilities because each employs a different variation on the drum-
based composting approach, and operates successfully at throughput volumes relevant to
New York City. The survey (carried out by a consultant to the Department in 2001) included
three components: site visits, compost sampling and laboratory analyses, and written
questionnaires. 

Chapter 2 contains the results from the laboratory analyses. The Facility Surveys section below
presents the following findings from the site visits and questionnaires for each facility: 

• Facility Size and Throughput Capacity 

• Facility Operations 

• Facility Recovery Rate  

• Compost Quality and End Use

• Facility Economics 

The Facility Surveys section also presents the results of an Analysis of Variance (ANOVA)
conducted by the research laboratory to detect statistically significant differences among facility
processes and resulting compost quality. Chapter 4 draws conclusions from the data and
extrapolates lessons for New York City.

Research Questions

As part of its research to determine whether MSW composting merits further study as a 
waste-management strategy for New York City, the Department set out to answer the following
questions: 

• How well do other MSW-composting facilities perform, and what are the factors that
affect the potential application of this technology in New York City? 

To answer these questions, the Department conducted a survey of the following 
MSW-composting facilities operating in North America: 

• Groupe Conporec Inc. Sorel-Tracy facility in Quebec, Canada (Conporec)

• TransAlta Corporation Edmonton facility in Alberta, Canada (Edmonton)

• Bedminster Marlborough, LLC facility in Marlborough, Massachusetts (Marlborough)

• Rapid City Regional Recovery and Landfill Facility in Rapid City, South Dakota (Rapid City)

Table 3-1 summarizes the survey results, including the estimated capital development costs for
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each facility, as well as the per-ton processing cost (when the facility is publicly owned) or tip fee
(when it is privately owned). The capital costs are not adjusted to reflect current year dollars, but
are the costs associated with developing the respective facility in the year each was built. 

When reviewing Table 3-1, it is important to keep in mind the difficulty of comparing waste-
management costs across municipalities, let alone countries. The cost of local labor, insurance,
real estate, taxes, utilities, and disposal alternatives represent just a few of the factors that make
an “apple” in one place, an “orange” somewhere else. Given these difficulties, the information
presented in Table 3-1 should be used for making rough comparisons only. Similarly, it is not
possible to use the facility development and per-ton processing costs in Table 3-1 to accurately
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Parameter Conporec1 Edmonton1 Marlborough Rapid City2

Population Served 50,000 920,000 37,000 85,000

Design Capacity 120 solid waste 825 solid waste 100 solid waste 213 solid waste
(tons per day) 12 liquid waste 380 biosolids 50 biosolids 100 biosolids

Actual Throughput 96 solid waste 750 solid waste 100 solid waste 213 solid waste
(tons per day)3 11 liquid waste 200 biosolids 50 biosolids 37,875 gallons 

of water4

Site Size 9 acres 60 acres 6 acres NA

Facility Size 2 acres 10 acres 2.3 acres 5+ acres

Facility Recovery Rate5 75% 61% 64% 64%

Recovery Rate of 72% 50% 48% 60%
Solid-Waste Fraction5

Percent Loss of Mass5 28% 32% 16% 29%

Percent Residue5 25% 39% 36% 36%

Facility Capital Costs $14.1 million $100 million $15 million6 $22.6 million7

Per-Ton Processing $80 est. MSW $69 MSW & $92 MSW $27 MSW &
Cost/Tip Fee $45 commercial biosolids $70-$85 commercial biosolids8

$40 liquid waste $72 biosolids $45 commercial

1. Dollar figures are Canadian; the average current exchange rate is $1.00 American to $.65 Canadian. 
2. All aspects of the Rapid City facility are not yet complete; figures are projected estimates. The Department chose to

include this plant in its survey because it employs a different type of digester drum and material-recovery process. 
3. Based on the number of operating days per year at the respective facilities.
4. At the time of the survey, the facility was not accepting biosolids because the plant was not yet complete; to achieve

the desired moisture level in the drums, the facility pumped in water. 
5. Based upon 2001 annual inputs and outputs. See notes in Tables 3-3, 3-5, 3-7, and 3-9 for how figures were calculated.
6. Facility incorporated already existing structures from biosolids-composting operation.
7. Includes construction of Materials Recovery Facility (MRF).
8. The per-ton figure is derived from the operation of the MSW-composting facility and adjacent MRF, which share

overall costs. The figure also includes the offset of sold recyclables from the MRF.

Table 3-1
Summary of the Four-Facility Survey



estimate the cost to develop and operate an MSW-composting facility in New York City. This was
not the intended objective for conducting the survey. Rather, the goal of the survey was to
present the range of costs and to show that MSW composting falls in line with other recycling
and disposal options. See Chapter 7 for a projection of the costs associated with a hypothetical
pilot facility in New York City.

Facility Surveys 

Groupe Conporec Inc. Sorel-Tracy Facility, 
Quebec, Canada

Introduction
Groupe Conporec Inc., a Canadian-owned company, operates an MSW-composting facility in the
City of Sorel-Tracy (40 miles northeast of Montreal), in the Province of Quebec.1 Built in 1992
under contract with Bas-Richellieu County, the facility serves a population of approximately
50,000 in 11 municipalities. The impetus for constructing the facility resulted from the closure of
the County’s last landfill and pending new Canadian regulations that would substantially increase
the cost for landfill construction and operation. After evaluating a number of alternative
technologies, including waste-to-energy facilities and composting plants, the County entered into
an agreement with Conporec. The County’s contract with Conporec is a 20-year agreement,
under which participating municipalities commit to utilizing Conporec’s services for the
residential waste they generate, while Conporec guarantees to recover a minimum of 70 percent
of the incoming waste stream. The Conporec facility began operation in 1993, and has not had to
turn away any collection vehicles since then. 

Facility Size and Throughput Capacity
The Conporec facility (Photo 3-1) is designed to process 38,500 tons per year of solid waste, and
currently handles approximately 29,000 tons per year, not including curbside recyclables or drop-
off materials. Located in the Tracy Industrial Park on a nine-acre site, the actual facility footprint
is approximately two acres and includes the following components: receiving building, waste pit,

digester drum, primary refining,
maturation, secondary refining, biofilter,
and scale (Photo 3-2). Table 3-2 lists the
area of principal facility components.

Nearby industries include an oil-storage
and distribution facility, and shops
devoted to fabrication, machining, and
reconditioning. A golf course is located
directly across the street; the nearest
residential area is approximately a
quarter of a mile away. 

Facility Operations
The facility operates seven days a week, 12
hours (two shifts) per day. Upon entering
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Photo 3-1: Front of the Conporec Tracy MSW-composting facility
The facility is located in the City of Sorel-Tracy, 40 miles northeast
of Montreal, in the Province of Quebec.



and leaving, trucks cross a weigh scale where,
utilizing a magnetic swipe card, a computer
records all weights. Trucks carrying solid waste
then proceed to a fully enclosed tipping building,
where they empty their loads directly into a
large waste pit (Photo 3-3) with a 650-ton
capacity (one week’s worth of waste). Although
the pit can handle four trucks at once, facility
operators only open one door to the receiving
building at a time. This ensures the maintenance
of negative air pressure in the building and
minimizes odors. (For more information on odor
reduction, see the Air Handling and Odor
Control section in Chapter 5.)

An operator, sitting within an enclosed, central control room overlooking the waste pit, uses a
single grapple crane to move the solid waste from the pit to the in-feed chute of the digester
drum (Photo 3-4). (From the control room, the operator can also open and close the doors to the
receiving building.) In addition, the grapple picks out large, bulky contaminants, such as
mattresses and water heaters, and sets them to one side of the receiving building for removal. As
the County offers a monthly, dedicated, bulk-waste-collection service, the presence of these
items at the facility is minimized. 

The receiving building is also equipped with a 20,000-gallon tank which can receive liquid wastes,
such as biosolids, out-of-date juices, dairy waste, wastewater from slaughterhouses and an organic
glue factory, or any other organic-based liquid waste. Ideal moisture levels for the digester-output
material range between 52 percent and 54 percent; incoming solid waste typically has a moisture

content of 40 percent to 43
percent. Therefore, to optimize
conditions for decomposition in
the digester drum, facility
operators must add liquid to
the solid-waste feedstock. For
every 100 tons of solid waste
that operators load into the
digester drum, they pump in
approximately 10 to 12 tons of
liquid. Where possible,
Conporec seeks to meet these
moisture requirements with
wastewater rather than potable
water. The 20,000-gallon tank
holds approximately a week’s
supply of the liquid required by
the bioreactor (digester) drum. 
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Photo 3-2: Aerial view of Conporec Tracy 
MSW-composting facility
Located on a nine-acre site in the Tracy Industrial Park, the
actual facility footprint is approximately two acres.

Component Dimensions Square Feet

Receiving Building 65 x 75 4,875

Waste Pit 25 x 75 1,875

Bioreactor Building 160 x 25 4,000

Primary Refining Area 100 x 40 4,000

Maturation & Secondary 105 x 350 36,750
Refining

Biofilter 200 x 80 16,000

Estimated Other 15,000
(scale, parking, etc.)
Total 82,500

Table 3-2
Conporec Facility Footprint (in feet)



The Conporec digester, housed within the bioreactor
building, consists of a 14-foot diameter drum, 157 feet
long, which rotates at one rpm (Photo 3-5). The rotation
helps to level the waste and move it toward the discharge
end of the drum when new waste is loaded into the in-feed
end. To maintain aerobic conditions, air circulates
through the digester by either a chimney effect (when the
in-feed or discharge doors are open), or by activated
blowers (when drum doors are closed). 

Channels running the length of the drum’s interior
become packed with decomposing organic matter, which
serves to “kick-start” the decomposition of incoming
waste. Material remains in the drum for three days and
reaches temperatures of 55°C (130°F), thereby killing
any weed seeds and pathogens. As with most MSW-
composting facilities, operators achieve pathogen-kill
mandates during the post-digester, active-composting
stage, where decomposing materials typically reach
temperatures of 71°C to 82°C (160°F to 180°F).

Material discharged from the drum travels via conveyor
belt to a trommel screen, which separates out two
fractions—“overs” and “unders”(Photo 3-6). A conveyor
transports the “overs”(particles greater than one inch in
size) to a recycling area where two laborers pick off
non-ferrous metals, wood waste, and stones (Photo 3-7),
while a magnet recovers ferrous metals. Overs that are
not recovered for recycling at this stage are compacted
and removed for landfilling. 

“Unders” (particles less than one inch in size) from the
primary trommel screen travel up a fast incline
conveyor (which serves to remove dense, inert
materials, such as glass, ceramics, and hard plastic) and
past an air classifier (which removes film plastic
particles). The inerts and film plastics are added to the
one-inch overs fraction, which travels by conveyor to the
recycling area described above for recovery or disposal.
A separate conveyor moves the unders material—which
at this point primarily consists of immature compost
(with most plastics and other inert contaminants
removed)—to the maturation building.

The maturation building contains five concrete bays for maturing compost. An overhead conveyor
deposits the one-inch unders (immature compost) into one of the bays, forming windrows 213 feet
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Photo 3-3: Inside the Conporec tipping building
After crossing the weigh scale, trucks empty
solid waste into a large waste pit.

Photo 3-5: Bioreactor drum at the Conporec
MSW-composting facility
The drum is 14 feet in diameter, 157 feet long,
and is housed entirely indoors.

Photo 3-4: Conporec grapple crane operator 
From the control room, an operator uses a
grapple to move waste from the pit to the
bioreactor (composting) drum.



long, 18 feet wide, and four- to eight-feet high (Photo 3-8). Piping embedded in the floor forces air
through each windrow. With three aeration zones in every bay, facility operators can control air
supply depending on the state of decomposition and the corresponding oxygen requirement
(oxygen levels in the windrows are maintained at levels between 5 and 15 percent). 

The composting material remains in the bays for a minimum of 42 days. Every three to five days
an automated windrow turner turns the material and slowly
moves it from the front to the end of the bay (Photo 3-9). This
equipment is also fitted to provide moisture in the initial weeks of
composting to help speed the decomposition process. Then, to
optimize screening of the finished product, facility operators allow
the moisture content of material in the bays to decline so that it
exits the maturation bays with a moisture content of 37 percent. 

After maturation, a front-end loader (FEL) moves the compost to
a secondary refining area, where operators feed it into a trommel
with a 5mm (0.2 inch) screen (Photo 3-10). Approximately 70
percent of the material falls under the 5mm screen, and moves
for further processing to a pulverizer that reduces particle size to
1.5mm. The approximately 30 percent of the material that passes
over the 5mm screen collects in a roll-off container until
operators redirect it to the waste-receiving pit for reintroduction
into the digester drum. 

To reduce odors, all process air from the receiving building,
digester drum, and maturation building is filtered through a 200-
by-80 foot biofilter (Photo 3-11). The number of air changes (how
often air is removed and replaced with clean air) ranges from five
per hour in the receiving building, to eight changes per hour in the
maturation building. Designed to allow for 55 seconds of retention
time in the filtration media, the biofilter is 48 inches thick, and sits
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Photo 3-6: Conveyor belt (left) moving material to the Conporec
primary trommel screen (right)
Material discharged from the composting drum moves via
conveyor to a primary trommel screen, which separates particles
greater than one inch (“overs”) from those under one inch in size
(“unders”).

Photo 3-8: Inside Conporec
maturation building
The maturation building contains
five concrete bays for maturing
compost (primary screen unders).

Photo 3-9: Automated windrow
turner at the Conporec facility
Composting material remains in the
bays for a minimum of 42 days.
Every three to five days an
automated windrow turner (shown
above) turns the material and slowly
moves it toward the end of the bay.

Photo 3-7: Removing recyclables from one-inch
overs
A conveyor transports one-inch overs to a recycling
area where recyclable material is recovered and the
rest is compacted and removed for landfilling.

Trommel Screen➚



on top of rounded stones and air-distribution piping. The biofilter consists of three, separate cells
that typically operate together, but are designed to allow facility operators to direct air to one or two
cells while maintenance occurs on the other(s). 

Facility Recovery Rate
Before presenting the recovery rate for Conporec’s MSW-composting facility, it is helpful to
understand how MSW composting fits in with other solid-waste–recovery operations. Here is a
brief description of the tonnages and materials collected through Bas-Richellieu County’s various
materials-recovery programs.  

• MSW Composting: The 11 participating municipalities generate 23,100 tons of solid waste per
year and divert 91 percent or 21,000 tons per year to the Conporec MSW-composting facility,
which also accepts an additional 8,000 tons per year of solid waste from commercial sources.
Composting and the post-drum, sorting procedures described above recover 72 percent of the
incoming solid waste (Table 3-3). Non-degradable recyclables recovered at this stage include
ferrous and non-ferrous metals, wood, and stones. Metals are sold to local scrap dealers. Wood
wastes are stockpiled (along with wood from bulk-waste–sorting operations) and periodically a
grinder is rented. Ground wood is mixed with unders from the digester at the beginning of the
maturation process. Stones, rocks, concrete, and bricks are stockpiled and sold as clean fill.

• Curbside Recycling Collection: In addition to running the County’s MSW-composting plant, the
Conporec company also provides weekly MSW collection, and biweekly collection for the
following source-separated recyclables: newspaper, magazines, corrugated cardboard, as well as
plastic, metal, and glass containers. Conporec collects these items commingled and transports
them to a regional processing center. Source-separated, curbside collection diverts 2,000 tons per
year, or approximately nine percent of the residential waste stream (actual recovery rates at the
processing center are unknown). 

• Bulk-Waste Collection: Conporec provides a monthly collection of bulk waste, which is sorted at
the Conporec facility. Scrap steel is recycled. Wood waste is ground with other wood residue
from the digester and composted. Other bulk materials are landfilled. 
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Photo 3-10: Secondary screen at Conporec facility
After maturation, the compost moves to a final, five-
millimeter screen.

Photo 3-11: Conporec biofilter
All process air from the receiving building, digester drum, and
maturation building is filtered through a 200-by-80 foot biofilter.

Biofilter



• Residential Drop-off: Conporec
allows for direct, residential
drop-off at its facility. Drop-off
materials include bulk waste,
brush, construction debris,
tires, car batteries, and paint
cans. Drop-off materials are
either recycled, directed into
the facility’s composting
system, or landfilled. The
percent diversion from 
Bulk-Waste Collection and
Residential Drop-off
combined is 1,000 tons per
year, or four percent of the
total residential waste stream.

• Fall Leaf Collection: Conporec
provides separate collection
in the fall for leaves.
Collected leaves are
stockpiled at the Conporec
facility, and gradually fed into
the digester with solid waste. 

Compost Quality and End Use
The Conporec facility
produces approximately
15,000 tons of compost a year.

Material that leaves the facility is considered finished, although it is not fully mature. Conporec
sells this material directly from its facility to landscapers (approximately 70 percent of total sales)
and farmers (approximately 30 percent of total sales) for an average price of $8 (Canadian) per
ton. These end-users undertake an additional curing of the material of at least 45 days. Some of
them also provide storage capacity for Conporec’s product in the winter months.

Facility Economics
Groupe Conporec financed the Tracy facility. The original capital cost for the facility, including
land, was $12.6 million (Canadian) in 1992. In 1994, Conporec expended an additional $1.5
million in capital improvements, primarily to the air-handling and filtration systems.

The Conporec facility employs a total of 15 people, including two shifts of four operating staff,
plus seven additional staff members serving in administrative or advisory capacities. In addition
to labor, the principal operating cost is electricity, which amounts to approximately $200,000
(Canadian) per year. Municipalities within Bas-Richellieu County are committed to use Conporec
for solid-waste services for a period of 20 years (for a fixed fee with built-in escalators), but are
not required to produce a given tonnage (this is not a put-or-pay contract). Each municipality
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Percent of 
Material Tons Input Material

INPUTS:

MSW Input 21,000 65
Commercial-Waste Input 8,000 25
Liquid-Waste Input 3,500 11
Total Inputs 32,500 100

OUTPUTS:

Compost Output 14,500 45
Recyclables1 1,000 3
Loss of Mass2 9,000 28
Residue Output 8,000 25

RECOVERY:

Total Facility Recovery3 24,500 75

Recovery of Solid-Waste Fraction 21,0004 725

1. Includes metal, wood waste, and stones recovered after processing
through the digester drum.

2. Calculated by subtracting compost output, recyclables, and residue from
total inputs. Loss of mass is attributed to loss of moisture and CO

2
. 

3. Includes compost output, recyclables, and loss of mass.
4. Calculated by subtracting liquid input from “Total Facility Recovery.”
5. Based upon solid-waste input.

Table 3-3
Conporec Facility Annual Inputs and Outputs (for 2001)



pays Conporec approximately $155 (Canadian) per household per year, which covers all aspects
of collection, recycling, composting, and disposal. The $155 fee breaks down approximately as
follows: $40-45 for collection, $80 for processing at the Conporec facility, and $35 for transport
and landfill disposal of residue. 

Liquid wastes are accepted at the facility for $40 (Canadian) per ton. As noted above, such
wastes include biosolids, out-of-date juices, wash water from slaughterhouses, and the waste
water from an organic glue factory. Conporec receives and processes approximately 3,500 tons of
liquid wastes per year. 

Conporec also receives and processes industrial, commercial, and institutional (ICI) solid waste.
This material is accepted for a $45 (Canadian) per ton tipping fee. Conporec processes
approximately 8,000 tons per year of ICI waste, including 5,000 to 6,000 tons of waste from a
supermarket chain, and waste from schools and restaurants. The facility charges these
generators less money to process their waste because the higher concentration of organic
(degradable) materials means there is less residue to transport for disposal.

Edmonton Facility, Alberta, Canada

Introduction
The TransAlta Corporation built the Edmonton MSW-composting facility in 1999, under contract
with the City of Edmonton, Alberta. Serving a population of approximately 920,000, the facility
accepts only municipal solid waste and municipal biosolids. 

Prior to contracting with TransAlta, Edmonton spent several years unsuccessfully searching for
an appropriate site for a new landfill. The City also wanted to meet the 50 percent landfill
diversion goal set by the Canadian government in 1989, and needed a long-term outlet for its
MSW that did not require construction of a new landfill, or long-distance hauling. TransAlta—a
large, private, electric utility and coal mining concern—wanted to diversify its business and
produce a product suitable for mine reclamation. The company approached the City of
Edmonton with a proposal to privately finance and construct an MSW-composting facility if the
City in return would guarantee the waste stream. The Edmonton facility began receiving waste
in March 2000. During the course of the facility survey in 2001, the City of Edmonton purchased
the composting facility from TransAlta for $96 million (Canadian). 

Facility Size and Throughput Capacity
The Edmonton facility currently handles approximately 198,000 tons per year of MSW and
52,800 tons per year of biosolids (dewatered to 25 percent solids). Located on a 60-acre site, the
facility is part of the Clover Bar Waste Management Centre (operated by the City of Edmonton),
which includes the Clover Bar Landfill, a fully automated, materials-recovery facility (MRF), as
well as landfill-gas recovery and leachate-treatment plants. The actual facility footprint, not
including outdoor curing and storage, is approximately 10 acres (Photo 3-12). This includes:
receiving building, tip floor, five drums, primary screening area, aeration hall, refining area,
biofilters, an office building, and parking. Within the Waste Management Centre, there is an
additional 40 acres for curing and storage for up to 110,000 tons of compost. Table 3-4 lists the
area of principal facility components.
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The site is located in the vicinity of a
power generation plant, an oil refinery,
several chemical plants, and other heavy
industrial uses. The nearest residential
area is approximately one mile away.

Facility Operations
Though staff is present 24 hours a day,
seven days a week, the facility only
receives waste 10 hours a day, five days a
week. The facility employs a staff of 42,
including equipment operators,
engineers, laborers, and management. A
laboratory staff of three analyze compost
material and provide input on process
control and feedstock ratios. Trucks
delivering solid waste weigh in at a scale

that the City of Edmonton operates in conjunction with its landfill. After weighing in, trucks back
up to the receiving building (which is designed to accommodate eight trucks tipping at once)
and unload directly onto the tipping floor. The floor is about 10 feet below the level of the
driveway, so that trucks do not actually enter the building. 

On the opposite side of the building from the tipping area, five openings are cut into the floor for
each digester drum. Front-end loaders spread waste materials in front of these openings and a
picking crew goes through the material and pulls out inappropriate and oversized items, such as
carpets, lumber, branches, large auto parts, and other durable goods. Facility operators bring

these discards to the
Clover Bar Landfill or to
the MRF. FELs push the
remaining material into
one of the openings,
where it falls into a 15-
cubic-yard hopper. A
hydraulic ram then loads
the material into one of
the digester drums.  

To optimize conditions for
decomposition, operators
pump biosolids into the
drums. For every 750
tons of solid waste loaded
into the digester 
drums, operators add
approximately 200 wet
tons of biosolids. Since
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Photo 3-12: Aerial view of Edmonton facility
The actual facility footprint is approximately 10 acres, which
includes: receiving building, tip floor, five drums, primary
screening area, aeration hall, refining area, biofilters, an office
building, and parking.

Component Dimensions Square Feet

Receiving Building 360 x 120 43,200
(includes tip floor and biosolids
processing and storage)

Five Drums 242 x 150 36,300
(includes spacing between
drums)

Primary Screening, Aeration 707 x 350 247,450
Building, and Refining Area

Three Biofilters 79 x 280 each 75,348
(plus spacing)

Curing and Storage Area 1,640,000

Office and Parking 12,000
Total 2,054,298

Table 3-4
Edmonton Facility Footprint (in feet)

Aeration Hall

Drums

Receiving 
Building

Tip Floor



the Edmonton facility has dewatering
equipment on-site, they can take sewage
sludge directly from a city-owned,
wastewater treatment plant and dewater it
to approximately 25 to 30 percent solids.
In addition, the system can pump liquid
“centrate” (the liquid separated from the
biosolids in the dewatering process)
directly into the drums to achieve the
desired moisture content, which is 48
percent.

Edmonton employs five digester drums,
each measuring 16 feet in diameter and
242 feet in length. Fabricated in sections
and connected at the site, the drums are
situated such that only the loading and
discharge ends are inside a building (Photo 3-13). The drums are pitched slightly downward
from the loading end (in the receiving building) to the discharge end (in the aeration building).
Rotation (at one rpm) of the drums, combined with gravity, helps to move the waste from the
loading end to the discharge end. 

Waste materials remain in the drums for approximately 24 hours (as opposed to two to three
days in other facilities). This short time period means that the digesters function more to mix
and homogenize wastes, and break open plastic bags, rather than to initiate any significant
composting. Even for this short cycle time, it is still important that conditions in the drum
remain aerobic. Therefore, operators pump air at high pressure into the drums from the
discharge end.  Due to the short retention time, temperatures in the drums typically do not
exceed 23.5°C (74°F). The facility achieves pathogen kill, as well as more complete
decomposition, in the aeration bays, where compost typically maintains temperatures of 40°C to
70°C (104°F to 158°F) during the 21-day detention period. 

Material discharged from the drum travels via conveyor to one of two, three-inch trommel
screens, where it is separated into two fractions, “overs” and “unders.” The “overs”(particles
greater than three inches) move directly into trailers that haul the material to the Clover Bar
Landfill for disposal as residue. 

The “unders” (particles less than three inches) move by conveyor under a magnet that removes
ferrous metals, and then on to the aeration bays (Photo 3-14). Table 3-5, which summarizes the
Edmonton facility annual inputs and outputs for 2001, shows that the ferrous recovery at this
stage of the process is minimal. According to facility management, the low recyclable recovery
can be attributed to the design of the post-digester magnet conveyor belt. The material
discharged from the trommel screens piles up to a significant depth in the center of this belt.
The cross-belt magnet lacks sufficient strength to pull the ferrous material out of the pile, and
thus only recovers about half of the passing ferrous. Facility management plans to rectify the
situation by installing a second magnet at this stage to increase ferrous recovery.

81

Research Project • Chapter 3: Four-Facility Survey

Photo 3-13: Digester drums at Edmonton facility
Edmonton employs five digester drums, each measuring 16 feet
in diameter and 242 feet in length.



The aeration hall contains three, concrete aeration bays. Each bay is 587 feet long and 65 feet
wide and holds piles of composting material approximately 7.5 feet high. Compared to other
facilities, Edmonton employs a more mechanized approach to the aeration process. Conveyors
and sidecars automatically load the bays with immature compost, rather than an operator with a
front-end loader. Three separate bridge cranes, mounted on rails, straddle each bay and move up
and down its length (Photo 3-15). The cranes support a series of augers. The augers, mounted at
an angle, mix the material and simultaneously draw it forward towards the unloading side of the
bay (Photo 3-16). A series of pipes embedded in the bay floor serves to draw additional air down
through the composting material.

After each pass of the crane down the bay, augers automatically move (approximately four feet)
toward the unloading side; this process ensures that the material is in the bays for 21 days. As
the augers draw material away from the loading side of the bay, they create space for new
material. The bay wall at the unloading side has a broad shelf onto which material is deposited as
the augers make their closest pass along this side. A paddle device pushes discharged material
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Photo 3-14: Conveyor to primary trommel screens (left) in the Edmonton facility and recovery of ferrous metals (right)
Material discharged from the drum travels via conveyor to one of two three-inch trommel screens, which separates two
fractions—”overs” and “unders.” Before the three-inch unders move to the aeration bays, a magnet removes ferrous
metals for recycling.

Photo 3-15: Edmonton aeration hall (before facility operation) and closeup of the conveyor and sidecar system
Edmonton employs a mechanized approach to the air-floor composting process. Conveyors and sidecars (above right)
automatically load the bays with immature compost. Three separate bridge cranes (like the one shown above left) straddle
each bay and move up and down its length.

Trommel Screens➚➚

Bridge
Crane

➚



off the shelf and onto a conveyor. The crane and auger assembly make approximately 16 passes
in the 19 hours it takes to mix and move all of the material in the bay; material in the bays is
mixed five days a week. At any time during the mixing process, facility operators can add
moisture to the material at the point where the augers are turning (Photo 3-17).

Upon discharge from the bays, material travels via conveyor to a 25mm (0.985 inch) trommel
screen in the refining area. The “overs” (particles greater than 25mm) move to trailers for
ultimate disposal in the landfill as residue. The “unders” (particles less than 25mm) travel via
another conveyor for further processing. An air classifier separates the material into heavy and
light fractions. The heavier materials are processed through a de-stoner, which separates
compost from contaminants such as glass and stones (Photo 3-18). The light fraction, containing
primarily compost fines and plastic, moves to a finer, final, 8mm (0.315 inch) trommel screen.
Overs from this screen (>8mm), along with
residues from the de-stoning process, travel on
a conveyor to the trailer holding overs from
the 25mm screen, and likewise are disposed as
residue. Unders from the 8mm screen are
combined with de-stoned compost and move
on a conveyor to a loading shed. Here, a
sprayer nozzle automatically adds moisture as
compost travels via conveyor into trailers. 

Trucks transport the compost to a 40-acre,
outdoor curing site adjacent to the compost
facility, with a capacity for approximately
110,000 tons of material. At the curing site,
FEL operators form the compost into
windrows. Facility operators were not actively
managing these outdoor windrows at the time
of the survey. However, they were considering
plans for employing a windrow turner, as well
as additional screening at the curing site, to
improve ultimate product quality.

The facility pumps all process air from the
receiving building, drums, and aeration hall to
a cooling chamber for volume reduction, then
to an acid scrubber to remove ammonia, and
finally to a biofilter system. There are three
biofilters, each 79 feet wide, 280 feet long, and
4 feet high. Constructed above ground, the
biofilters are comprised of softwood bark and
compost and are designed to allow 45 seconds
of retention time (Photo 3-19). Two biofilters
are required to process the exhaust from the
facility. 
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Photo 3-16: Close-up view of an auger mounted on a bridge
crane in the Edmonton facility
Each bridge crane supports a pair of augers, which mix the
material and simultaneously move it toward the unloading
side of the bay. 

Photo 3-17: A system to add moisture to the composting
material on the Edmonton facility air floor
At any time during the air-floor–composting process,
facility operators can add moisture to the material.



Facility Recovery Rate
Before presenting the recovery rate for
Edmonton’s MSW-composting facility,
it is helpful to understand how MSW
composting fits in with other solid-
waste–recovery operations. 

The City of Edmonton generates
231,000 tons of MSW (this figure does
not include commercial waste or
construction and demolition debris)
and diverts nearly all of this material to
the MSW-composting facility and to a
city-run, materials-recovery facility
(MRF). Here is a brief description of
the tonnages and materials collected
through Edmonton’s various materials-
recovery programs.

• MSW Composting: Edmonton diverts
approximately 194,000 tons per year,
or 84 percent of its MSW to the MSW-
composting facility. Table 3-5 shows a
breakdown of the inputs and outputs
from the Edmonton facility. The
facility achieves a 50-percent recovery
rate, in terms of solid waste alone
(exclusive of biosolids), producing
70,568 tons of compost annually (and
releasing over 79,000 tons as moisture
and carbon dioxide). It is not
surprising that this recovery rate is
relatively low, as other than a post-

drum magnet recovering a negligible amount of ferrous metal, facility operators do nothing else
to remove and recover non-degradable, recyclable material. Essentially all non-degradable
materials, both recyclable and non-recyclable, are landfilled as residue.

• Curbside Recycling: The City of Edmonton contracts for a curbside, source-separated collection
program for commingled metal, glass, plastic, newsprint, and mixed paper. The City operates a
MRF for its source-separated, non-degradable recyclables, to which it diverts approximately
33,000 tons per year, or 14 percent of its total annual MSW stream. The MRF reports a 
90 percent recovery rate, reclaiming 29,700 tons for recycling.

• Household Hazardous Waste: The City of Edmonton operates several “Eco-Centres,” which are
drop-off locations for recyclable and non-recyclable household hazardous wastes. Diversion and
recovery rates for this operation are unknown, but presumably minor in terms of tonnage.
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Photo 3-18: De-stoning equipment at the Edmonton facility
Upon discharge from the bays, material travels via conveyor to a 
25mm (0.985 inch) trommel screen with unders moving to an air
classifier. Heavier materials from the air classifier are processed
through a de-stoner, which separates compost from contaminants,
such as glass and stones (shown above).

Photo 3-19: Biofilter at Edmonton facility
Edmonton has three, above-ground, outdoor biofilters, which are
composed of softwood bark and compost.



Compost Quality and End Use
At the time of the survey,
compost produced at the
Edmonton facility received a
Category B rating from
Alberta regulatory authorities.2

An environmental services
company uses Edmonton’s
Category B product to
decontaminate hydrocarbon-
contaminated soils, and
TransAlta uses it for mine
reclamation. TransAlta
marketed its compost product
as “Nutri-Plus Compost,” which
is available to Edmonton
residents at the Clover Bar
Waste Management Centre.
Before the City of Edmonton
purchased the facility,
TransAlta had planned to make
the product available through
retail outlets.

Facility Economics
TransAlta privately financed
the Edmonton composting
facility. The original capital
cost for the facility, excluding land, was approximately $100 million (Canadian dollars) in 1999.
During the course of the facility survey in 2001, the City of Edmonton purchased the
composting facility from TransAlta for $96 million. The City reports that operation,
maintenance, and debts service costs total approximately $17 million per year (for the MSW-
composting and biosolids-dewatering operations), which translates into about $69 per ton of
waste processed.

Employees at the Edmonton facility include: one director of plant operations, one plant manager,
two assistant managers, one engineer, two mechanics, eight waste pickers, four front-end loader
operators, 20 general laborers, and two administrative assistants. In addition to labor, the
principal operating costs consist of electricity (which amounts to approximately $3 million per
year) and polymers used in the biosolids dewatering process (at a cost of approximately $600,000
per year). The high cost of electricity probably relates to the intensive use of blowers at the
Edmonton facility. As the plant operators hired by the City are relatively new to MSW-
composting operations, they err on the side of caution and blow large amounts of air into the
digesters. More experienced operators, like those at Marlborough who are closely familiar with
recipe formulation and digester mechanics, will rely more on the tumbling of the drum and the
chimney effect for aeration inside the drum. 
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Percent of 
Material Tons Input Material

INPUTS:

MSW Input 193,680 79
Biosolids Input (@ 25% solids) 52,910 21
Total Inputs 246,590 100

OUTPUTS:

Compost Output 70,568 29
Recyclables1 974 0
Loss of Mass2 78,493 32
Residue Output 96,555 39

RECOVERY:

Total Facility Recovery3 150,035 61

Recovery of Solid-Waste Fraction 97,1254 505

1. Includes ferrous materials recovered by the post-digester magnet
(based on estimate for 2002).

2. Calculated by subtracting compost output, recyclables, and residue
from total inputs. Loss of mass is attributed to loss of moisture and CO

2
. 

3. Includes compost output, recyclables, and loss of mass.
4. Calculated by subtracting liquid input (biosolids) from “Total Facility

Recovery.”
5. Based upon solid-waste input.

Table 3-5
Edmonton Facility Annual Inputs and Outputs (for 2001)



Bedminster Marlborough, LLC
Marlborough Facility,
Marlborough, Massachusetts 

Introduction
As the Bedminster
Marlborough, LLC
(Marlborough) facility was the
site for the New York City
Composting Trials, see Chapter
1 for a description of the
Marlborough facility and its
operations. The section below
discusses aspects not already
reported in Chapter 1, and
presents data for Marlborough’s
operations in relation to its own
local waste stream.

Facility Recovery Rate
Before presenting the recovery
rate for Marlborough’s MSW-
composting facility, it is helpful
to understand how MSW
composting fits in with other
solid-waste–recovery operations.

The City of Marlborough’s
37,000 residents generate
15,000 tons of MSW per year
(this figure does not include
commercial waste or
construction and demolition
debris). Of this total, they
divert 100 percent through
their MSW-composting and
recycling operations. 

• MSW Composting:
Marlborough diverts
approximately 13,000 tons per
year, or 87 percent of its MSW
to the MSW-composting
facility. The facility also
receives 22,000 tons per year
of commercial waste (Photo 3-
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Component Dimensions Square Feet

Receiving Building 80 x 120 9,600
(including tip floor)

Biosolids Storage Building 42.5 x 40 1,700

Two Composting Drums 210 x 42 8,820

Primary Screening Area 39,072
and Aeration Floor

Final Screening Area 48 x 120 5,760

Biofilter Building 110.8 x 272.2 30,160

Other (scale, parking,  4,700
office, vehicle maneuvering)
Total 99,812

Table 3-6
Marlborough Facility Footprint (in feet)

Percent of 
Material Tons Input Material

INPUTS:

MSW Input 13,000 25
Commercial-Waste Input 22,000 43
Biosolids Input 16,000 31
Total Inputs 51,000 100

OUTPUTS:

Compost Output 24,300 48
Loss of Mass1 8,400 16
Residue Output 18,300 36

RECOVERY:

Total Facility Recovery2 32,700 64

Recovery of Solid-Waste Fraction 16,7003 484

1. Calculated by subtracting compost and residue output from total inputs.
Loss of mass is attributed to loss of moisture and CO

2
.

2.  Includes compost output and loss of mass.
3. Calculated by subtracting liquid input (biosolids) from “Total Facility

Recovery.”
4. Based upon solid-waste input.

Table 3-7
Marlborough Facility Annual Inputs and Outputs (for 2001)



20). Table 3-7 shows a breakdown
of the inputs and outputs from the
Marlborough facility. 

• Curbside Recycling: The national,
waste-management company,
Browning Ferris Industries (BFI),
under contract with the City of
Marlborough, provides residential,
curbside-collection service for
source-separated, non-degradable
recyclables. These include
separate collections for paper
(newsprint, corrugated cardboard,
and mixed paper) and commingled
metal, glass, and plastic.
Marlborough diverts
approximately 2,000 tons, or 13
percent of its total annual MSW
stream, to a BFI materials-recovery
facility (MRF); the recovery rate achieved at the MRF is not known. 

• Drop-off: Located adjacent to the composting facility is the city’s drop-off center. City residents
can drop off solid waste, bulk waste, large appliances, yard waste, brush, construction debris,
tires, car batteries, paint cans, textiles, electronics, used motor oil, and recyclables (metal, glass,
and plastic). Drop-off materials are recycled, directed to the composting facility, or landfilled.
Additionally, the City offers two, household-hazardous-waste drop-off events each year.

• Leaf & Yard-Waste Collection: The City of Marlborough co-collects leaves and yard waste with
solid waste on a year-round basis. This material is brought to the compost facility and fed into
the digesters with solid waste.

Compost Quality and End Use
Compost produced at the Marlborough plant is utilized primarily in soil-blending operations
(Photo 3-21). The facility produces approximately 24,300 tons of compost a year and disposes of
waste residues in landfills. 

The compost is tested against Massachusetts Department of Environmental Protection
regulations and so far has maintained Type I designation, which allows for unrestricted
distribution of the compost. All of the compost produced to date has gone to beneficial use,
primarily as intermediate or final landfill cover, or in a gravel-pit–reclamation project. 

Facility Economics
Bedminster Marlborough, LLC privately financed the Bedminster-Marlborough facility. The
capital cost of the facility, excluding land, came to $15 million in 1999. It should be noted that the
facility’s design incorporated some of the infrastructure of the prior sludge-composting operation,
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Photo 3-20: Tipping floor at the Marlborough MSW-composting facility
In addition to residential waste, the Marlborough facility also accepts
commercial waste. Residential waste accounts for less than half of the
total waste that the facility processes.



including the aeration floor and
maturation building, as well as
the biosolids storage building.

Employees at the Bedminster-
Marlborough facility include: one
plant manager, one assistant
manager, two mechanics, three
waste pickers, two front-end
loader operators, four general
laborers, and one administrative
assistant. In addition to labor,
electricity represents the
principal operating cost,
amounting to approximately
$300,000 per year. The transport
and disposal of residue costs
about $67 per ton. 

Under their agreement with the
City of Marlborough, Bedminster
Marlborough, LLC is paid $92
per ton of MSW (an amount in
line with the high cost of waste

disposal in Massachusetts), and $72 per wet ton of biosolids received. The City is contractually
committed to utilize the Bedminster-Marlborough plant for solid-waste and biosolids processing
for a period of 20 years (with built-in CPI escalators). In addition, the facility has capacity for
22,000 tons per year of commercial waste, which it provides to private carters for a tip fee of $70
to $85 per ton. 

City of Rapid City, Regional Recovery and Landfill Facility, 
Rapid City, South Dakota

Introduction
In 1990, a Mayor’s Committee and a City Council Committee adopted a Solid Waste Management
Plan for Rapid City, South Dakota, consisting of three main components: a yard-waste collection
and composting program; a materials-recovery facility (MRF) to process and ship traditional
recyclables; and an MSW-composting facility (Photo 3-22). The yard-waste program was
implemented in 1994, along with a ban on such waste from the landfill. In 1997, the MRF and the
front end of the MSW-composting facility began operating, serving the entire Rapid City
metropolitan area (population 85,000). 

The post-digester portions of the Rapid City facility are not yet complete, so the plant produces a
very raw, unscreened product that the City currently landfills. Plans call for the aeration
building—which will facilitate compost maturation and final screening—to be completed by the
end of 2003. When fully operational, the plant anticipates recovering 67 percent of the MSW it
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Photo 3-21: Final compost product load-out at the Marlborough facility
Compost produced at the Marlborough plant is utilized primarily in 
soil-blending operations, as well as mine-reclamation projects. 



accepts, extending the
life of the City’s landfill
by 30 years. 

The Department chose
to include this plant in
its survey—despite 
the fact that it is
incomplete—because
Rapid City currently
employs two digester
drums made by the
European company,
Dano. One objective of
the survey was to look
at facilities using different types of digester drums. More importantly, as the Rapid City facility
employs some materials-recovery technologies in conjunction with MSW composting (such as
bag breakers and sort-line pickers), it most closely approximates the type of facility that this
report recommends for a New
York City pilot plant. While it
is useful to learn more about
this equipment, it is
unfortunate that the facility
data (especially with regard to
recovery rates) is necessarily
incomplete.

Facility Size and 
Throughput Capacity
The Rapid City facility
processes approximately 213
tons per day of solid waste,
which matches its design
capacity. The facility is part of a
larger, waste-management
complex that includes the
City’s 365-acre landfill and
yard-waste–composting facility.
The existing facility footprint is
approximately three acres,
which includes: receiving
building, tip floor, MRF and
compost-sorting lines, two
Dano digester drums,
discharge and primary
screening area, biofilter, and an
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Photo 3-22: MSW-composting facility in Rapid City, South Dakota

Component Dimensions Square Feet

Receiving Building 100 x 400 40,000
(includes tip floor)

MRF & Compost-Sorting Lines 100 x 400 40,000

Two Digester Drums 14 dia. x 80 long 3,000

Discharge Building and 75 x 30 2,250
Primary Screening Area

Biofilter 20 x 40 800

Offices 7,500

Parking and Truck Staging Areas 40,000
Total (existing facility footprint) 133,550

Planned Post-Drum Active 69,070
Curing (bay system)

Planned Additional Biofilter 24,000

Planned Additional Final Screening 3,000
Total Planned Components 96,070

Total (with planned expansions) 229,620

Table 3-8
Rapid City Facility Footprint (in feet)



office building. The planned back-end of the composting plant (including curing and final
product screening, along with additional biofiltration capacity) is expected to occupy an
additional two-plus acres. Table 3-8 lists the area of existing and planned facility components.
The site is located on the outskirts of Rapid City in a rural area. A particleboard manufacturing
plant is within a half-mile, and the nearest residential area is just over a half-mile away.

Facility Operations
The MRF and MSW-composting facility operate five days a week, nine hours per day. A staff of
ten operates the composting portion of the facility, including: six pickers on a sorting line, a
maintenance supervisor, a process engineer, and a plant manager. Maintenance, management,
and engineering are shared between the MRF and the composting operation. 

Trucks delivering solid waste enter a fully enclosed tipping building through one of four bays
and tip waste directly onto the floor (Photo 3-23). The tipping floor can accommodate four trucks
tipping simultaneously. In one corner of the receiving building there is a pit, into which an FEL
feeds either commingled recyclables (to be processed through the MRF portion of the facility)
or MSW (which is directed to the composting portion of the facility). Conveyors transport waste
from the pit to one of two sort lines (for recycling or composting). FEL operators also push aside
bulky items on the tip floor for disposal. 

The recycling sort line handles materials collected through a residential, source-separated,
curbside recycling program, run by Rapid City. The line has two, separate, enclosed sorting
stations (Photo 3-24), each one with space for six or more pickers, an air classifier (for plastic), a
magnet (for ferrous), and an eddy current separator (for aluminum). Materials sorted include:
plastics (PET, LDPE, and HDPE), ferrous metal, aluminum, and corrugated cardboard. All
sorted materials are collected in custom-designed bins, which are sized according to material to
be the equivalent of one bale. Recyclables are baled on-site and marketed by Rapid City. 
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Photo 3-23: Tipping floor at the Rapid City MRF and 
MSW-composting facility 
Trucks delivering solid waste enter a fully enclosed building
and tip waste directly onto the floor. The tipping floor can
accommodate four trucks tipping simultaneously.

Photo 3-24: Sorting system at the Rapid City MRF
The recycling-sorting system consists of two, enclosed
sorting stations with space for six or more pickers, an air
classifier (for plastic), a magnet (for ferrous), and an eddy
current separator (for aluminum). 

Enclosed 
MRF sorting
stations➚Primary 

MRF trommel➚



The compost sort line (Photo
3-25) includes a trommel 
de-bagger and a sorting station
that accommodates six pickers.
Material is sorted for both
misplaced recyclables, as well
as large, non-degradable items,
such as five-gallon buckets,
plumbing supplies, etc. The
compost sort line recovers
three to six tons per day of
recyclables. After material
passes through the sorting
station, it travels via conveyor
to a hopper, where a hydraulic
ram pushes it into one of the
two digester drums. Currently,
facility operators pump water
into the drums to achieve the
desired 50 to 55 percent
moisture level. In the future,
the facility will use municipal biosolids, instead of water, to provide the needed moisture and
additional nitrogen. 

Rapid City employs two Dano digester drums, each 14 feet in diameter and 79 feet long, with
loading and discharge ends enclosed in two separate buildings, and the middle sections exposed
to the outside (Photo 3-26). The drums are level and can rotate at speeds between one and four
rotations per minute (rpm). After the loading cycle is complete (typically at the end of the
workday around 5:30 p.m.), the drums rotate for up to five hours and then stop. The following
morning (typically at 7:30 a.m.), the drums rotate again for a few hours before facility operators
discharge the material. Waste materials usually remain in the drums for less than 24 hours. 

Material is discharged through a large hatch on the flat end of the drum, with the sides of the
drum extending beyond the unloading hatch and forming a two-layer trommel screen. The top
layer of the screen is six inches and the bottom layer, one and three-quarter inches (13⁄4").
Discharge material falls directly onto these screens and separates into two fractions, “unders”
(material smaller than 13⁄4") and “overs” (a combination of “overs” from both screens). 

During the time period of the survey, Rapid City landfilled both fractions. When the composting
system is complete, unders from the two-layer trommel screen will be further processed through
an agitated bay composting system to make a finished compost product. Materials in the drum
reach temperatures approaching 37°C (99°F), which do not meet regulatory requirements for
pathogen kill. (South Dakota has adopted U.S. EPA Part 503 compost regulations; there are no
other local or State regulations governing composting facilities.) Plant managers anticipate that
the needed temperatures for pathogen kill will be achieved in the post-drum processing stage,
which, when complete, will include an estimated 60 days of composting and curing.
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Photo 3-25: Compost sort line at the Rapid City MSW-composting facility
The compost-sorting station accommodates six pickers who pick out 
misplaced recyclables, as well as large, non-degradable items, such as 
five-gallon buckets, plumbing supplies, etc. 



Air is drawn out from each end of the drums and directed to an in-ground biofilter, which is
covered by an open-sided tent structure for moisture control. The biofilter is 40 feet by 20 feet and
approximately three and a half feet deep. Air from the discharge building is processed through a
separate biofilter that consists of a 30-cubic-yard, roll-off container. The media for both biofilters is
a unique mix of locally available materials, such as river rocks (limestone), coal, and wood chips.
All process air from the receiving building and MRF is filtered through a cyclone dust-collection
system, which relies on centrifugal force to remove particulates from the air stream. 

Facility Recovery Rate
The Rapid City metropolitan area generates approximately 99,000 tons of waste per year (this
figure includes residential, commercial, and yard waste, but excludes construction and
demolition debris). Of this total, they divert 69 percent for MSW composting, yard-waste
composting, and recycling: 

• MSW Composting: Rapid City diverts approximately 51,400 tons per year, or 52 percent of its
solid-waste stream to the MSW-composting facility. While it is premature to speak of a recovery
rate for the facility since it is not yet complete, Table 3-9 shows a projection of the facility’s inputs
and outputs for the year 2004. 

• Curbside Recycling: Rapid City diverts 2,500 tons, or three percent of its total annual MSW
stream to its MRF.

• Drop-off Center: Located adjacent to the MRF/compost facility is a city-run, drop-off center.
Eligible drop-off materials include: residential waste, bulk waste, construction debris, tires, car
batteries, household hazardous waste, and recyclables (metal, glass, plastic, and paper). Drop-off
materials are recycled, directed into the facility’s composting system, or landfilled. 

• Yard-Waste Composting:
The State’s Second Century
Act bans the landfilling of
leaves. Rapid City provides
a separate fall collection for
leaves and yard waste,
which are taken to a yard-
waste–composting facility
the city developed within its
landfill site. Horse manure
(6,000 tons per year) is also
accepted at this facility.
Yard waste and manure are
composted in open-air
windrows. Rapid City
diverts 14,000 tons, or 14
percent of its total annual
waste stream, through this
program.
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Photo 3-26: Digester drum at the Rapid City MSW-composting facility
The facility uses two digester drums, each 14 feet in diameter and 79 feet long. The
loading and discharge ends are enclosed inside two different buildings.



Compost Quality and End Use
As noted, Rapid City does not
currently produce finished
compost from MSW because 
its facility is still under
construction. The plant is
expected to be fully operational
sometime before the end of
2003, at which point biosolids
will be added to the solid waste
fed into the drums. Based on
the quality of drum discharge to
date, Rapid City anticipates
producing a Class A compost,
which will be sold for
agriculture and mine-
reclamation uses. 

Facility Economics and
Ownership 
The City of Rapid City financed
the MRF and the composting
facility. At the time of the
survey, capital costs for the
MRF, receiving building,
composting drums, and site
development totaled
$13,763,903 (not including
land). Costs for completing the
composting facility, including
curing, screening, and
biofiltration, are expected to be $8.9 million.

When the composting plant is fully operational, it and the MRF together will have the following
employees: one division manager, one MRF supervisor, one administrative secretary, two
mechanics, one plant engineer, one load inspector, and five general laborers. (The division
manager and secretary costs are split 50 percent with the landfill operation.) In addition to labor,
the principal operating costs include natural gas and electricity, totaling approximately $130,000
per year. 

Because it is a municipally owned facility, there is no tipping fee for residential waste. When the
facility is fully operational, Rapid City officials estimate that the per-ton cost for operating the
MRF and compost plant, after the sale of recyclables, to be approximately $27. The facility
currently accepts commercial waste for a tip fee of $45 per ton. It is anticipated that under full
operation, approximately 60 percent of the feedstock managed by the facility will come from
commercial sources. 
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Percent of 
Material Tons Input Material

INPUTS:

MSW Input1 51,400 72
Biosolids Input 20,000 28
(@ 8-10% solids)
Total Inputs 71,400 100

OUTPUTS:

Compost Output 23,800 33
Loss of Mass2 20,700 29
Recyclables3 1,000 1
Residue Output 25,900 36

RECOVERY:

Total Facility Recovery4 45,500 64

Recovery of Solid-Waste Fraction 25,5005 606

1. Includes municipal solid waste (MSW) and commercial waste.
2. Calculated by subtracting compost output, recyclables, and residue

output from total inputs. Loss of mass is attributed to loss of moisture
and CO

2
.

3. Recyclables remaining in the refuse, recovered at the facility.
4. Includes compost output, loss of mass, and recyclables.
5. Calculated by subtracting liquid input (biosolids) from “Total Facility

Recovery.”
6. Based upon solid-waste input.

Table 3-9
Rapid City MSW-Composting Facility Annual Inputs and Outputs
(projected for 2004)



Analysis of Variance (ANOVA) 

The Department sought to compare the performance of the four surveyed facilities, both to each
other, and to the performance achieved in the New York City Composting Trials. One means of
doing this was to conduct laboratory tests on the compost produced by each facility for
parameters specified by the DEC. DSNY used these compost-quality analyses to determine if
operational MSW-composting facilities produce compost that meets DEC standards. Chapter 2
summarizes the results of these tests.

Another way to compare facility performance is through statistical analysis. The sampling
protocol that DSNY used in the New York City Composting Trials and the four-facility survey
was designed to facilitate ANOVA—ANalysis Of VAriance. This procedure tests the significance
of differences observed at one or more levels of comparison by segregating the variation
according to explained and unexplained factors. If the variation is so large that the probability
that it occurred by chance is very low (for example, p ≤ 0.05), one can conclude that the source
of that variation had a significant effect. For complex trials, this procedure prevents making
unwarranted judgments about observed effects. 

The research laboratory that conducted all the compost-quality analyses also designed the
sampling protocol, and provided the assumptions necessary to perform the ANOVA. Through
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Sample Location Sample Description Lab Sample Name1

On-site at each of the  Two composite 5-gallon NAL Day 1 (7, 14, 21) Sample A/B
four surveyed facilities2 samples (A/B) taken from NML Day 1 (7, 14, 21) Sample A/B

each facility’s air floor NQB Day 1 (7, 14, 21) Sample A/B

On-site at the  Two composite 5-gallon NCI Day 1 (7, 14, 21) Facility A/B
Marlborough facility samples (A/B) taken NMS Day 1 (7, 14, 21) Facility A/B
during the NYC from the facility’s air floor
Composting Trials

Lab bench-scale Two composite samples NAL Day 7 (14, 21) Bench-Scale A/B
reactors3 (A/B) taken from the lab’s NCI Day 7 (14, 21) Bench-Scale A/B

4-liter, bench-scale reactors NML Day 7 (14, 21) Bench-Scale A/B
NMS Day 7 (14, 21) Bench-Scale A/B
NQB Day 7 (14, 21) Bench-Scale A/B
NRC Day 7 (14, 21) Bench-Scale A/B

1. Facility names have been coded for anonymity. NMS is the code the laboratory assigned to the New York City
residential/institutional waste during the Composting Trials. NCI is the code the laboratory assigned to the New
York City commercial waste during the Composting Trials. Actual lab data is attached in Appendix D (NCI),
Appendix F (NMS), and Appendix H (NQB, NRC, NAL, NMS).

2. As NRC does not yet have an air floor, there were no on-site, air-floor samples from this facility. NRC digester
discharge (Day 1) samples were sent to the lab and composted in the bench-scale reactors. 

3. Closely monitored containers, which allow the lab to simulate ideal composting conditions (See Photo 3-27.)

Table 3-10
Description of ANOVA Samples



the ANOVA, the lab sought to answer the following question: Are there (statistically) significant
performance differences between different MSW-composting facilities? Or, to state the question
negatively, are there differences between the facilities that are not attributable to chance? 

To test facility performance, the lab established a uniform sampling methodology for the New
York City Composting Trials and the four-facility survey. Material was sampled at each facility on
Day 1 (the first day of discharge from the drum when the material is formed into windrows),
Day 7, Day 14, and Day 21.3 Two composite, five-gallon samples of composting material were
taken on each of these days to create an A/B pair. These samples provided the basis for looking
at performance differences among facilities over time. 

In addition to analyzing samples sent directly from the facility on each sample day, the lab took a
four-liter portion of the Day 1 windrow samples from each facility and continued to compost this
material in laboratory bench-scale reactors (Illustration 3-1, Photo 3-27). The lab’s bench-scale
reactors simulate ideal compost conditions by controlling air supply, heat, and moisture. The
bench-scale–reactor compost was also sampled on Day 7, 14, and 21 to provide a basis for
looking at ideal facility performance over time. By using bench-scale reactors and Day 1
samples, the lab was able to identify differences between the compost produced by each facility,
controlling for the different post-digester, air-floor technologies, described in Chapter 2.

The ANOVA results presented below include data from both the residential/institutional, as well
as the commercial-waste portion of the New York City Composting Trials (held at the Bedminster
Marlborough, LLC facility in Marlborough, Massachusetts). Table 3-10 provides a summary of
the various sample points used in the ANOVA. 

Chapter 1 of this report discusses the
residential/institutional-waste portion of the NYC
Composting Trials, while Appendix D contains
information on the results from the commercial-waste
portion of the Trials. The actual lab results for each
facility and sample day can be found in the appendices
to this report. See Appendix D (Attachment D) for the
actual lab data from the commercial-waste portion of the
NYC Trials. See Appendix F (Facility Data and Bench-
Scale Data sections) for the residential/institutional lab
data from the NYC Composting Trials. See Appendix H
(Facility Data and Bench-Scale Data sections) for the lab
data from the four surveyed facilities. 

Using the compost samples described in Table 3-10, the
lab assessed facility performance based upon data from
the following parameters: 

• CN ratio 

• Organic matter loss

• Volatile organic acid content
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Photo 3-27: Bench-scale reactor 
The laboratory’s bench-scale reactors simulate
ideal compost performance by controlling air
supply, heat, and moisture. Each bench-scale
sample contains approximately four liters of
compost.
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Illustration 3-1
Procedure for Composting Day 1 Facility Windrow Samples in Lab Bench-Scale Reactors



• Moisture level

• pH

• Ammonia nitrogen

To compare facility performance based on data from these parameters, the lab used ANOVA to
analyze the following three levels of effects and their interactions to see if the differences
observed were statistically significant: 

• Facility (i.e., Edmonton vs. Bedminster Marlborough)

• Day of compost sample at the Facility (Day 7, 14, 21, etc.)

• Type of sample (on-site facility sample vs. lab bench-scale sample) 

The remaining sections of this Chapter summarize the salient results of the ANOVA. 

CN Ratios 

The carbon-to-nitrogen ratio (CN) ratio is one of the most common indicators of compost
maturity. Generally, a CN ratio of 17 (meaning 17 parts carbon to 1 part nitrogen) indicates that a
compost is mature, or that the decomposition process has stabilized. The actual desired CN ratio
will depend on the intended end use of the compost. For example, the desired CN ratio range for
the Mulch Standard listed in Table 2-5 is acceptable anywhere from 35 to 150.

Figure 3-1 depicts the average carbon-to-nitrogen ratios from all the on-site facility samples
against those of the lab bench-scale samples. Since a portion of the on-site, Day 1 samples were
placed in the lab bench-scale reactors, the average CN ratios from the facility and the bench-
scale samples start at the same place. The greater overall decline in the bench-scale CN ratios
compared to the facility CN
ratios indicates that on the
whole, the facilities are not
optimizing the post-drum
decomposition process.

Figure 3-2 extracts data from the
material used for the New York
City Composting Trials. Again,
“NMS” represents compost
made from NYC residential/
institutional waste and “NCI”
represents compost made from
NYC commercial waste. 

Both the New York City NMS
and NCI composts show the
expected decline in CN ratio in
the optimized conditions
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Figure 3-1
CN Changes During Composting: 
Facility vs. Bench-Scale Reactor Samples



provided by the bench-scale
reactors. This suggests that
under proper conditions, it is
possible to make mature,
stable compost using these two
New York City waste streams.
The fact that the CN ratios
remain constant for the on-site
samples of the New York City
material composted at the
Marlborough facility implies
that Marlborough’s air-floor
technology does not provide
for the desired rate of
decomposition. 

Facility operators at
Marlborough are aware of the
shortcomings of their post-
drum operations and would
like to move to a more
regulated, mechanized process
on the air floor, such as a
windrow turner or agitated bay
system employed at other
MSW-composting facilities.
Figure 3-3 compares
Marlborough’s (NML) CN
ratios to those of another
surveyed facility (NAL) that
uses such a mechanized, post-
drum process.

Figure 3-3 demonstrates the
advantages of using a
regulated, mechanized process
on the air floor, as opposed to
just forming large windrows
and occasionally turning the
material with a front-end loader
as Marlborough did at the time

of the survey. The NAL CN ratios demonstrate optimal decline, indicating near complete
decomposition. In fact, performance at the NAL facility almost exactly mirrors the ideal lab
conditions of the bench-scale reactor. The CN ratio of Marlborough’s on-site compost, on the
other hand, not only fails to decline, but actually increases over time, meaning the air floor is
actually not helping to decompose the material at all.  
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Figure 3-2
CN Changes During Composting of NYC Waste Streams: 
Facility vs. Bench-Scale Reactor Samples

Figure 3-3
CN Changes with Different Post-Drum Composting Processes:
NAL vs. NML



Further examination of Figure 3-3 indicates that this effect reflects a shortcoming of
Marlborough’s air floor, rather than of its digester performance or composting recipe. Day 1
samples of Marlborough’s material start with a CN ratio of 33—an ideal ratio to ensure rapid
decomposition according to all compost literature. The results from Marlborough’s bench-scale
samples indicate that given the proper air, moisture, and heat levels (the optimized conditions
afforded by the bench-scale reactors), Marlborough’s material can achieve “text book”
decomposition, declining to a CN ratio of just under 17. In fact, its finishing CN ratio falls right in
line with both NAL’s facility and bench-scale results. This demonstrates that there is nothing
inherently “uncompostable” about Marlborough’s material, but rather that the facility’s air floor
does not optimize the decomposition process. 

Why did Marlborough’s own material demonstrate an increase in CN ratio (Figure 3-3), while
that of New York City’s material going through the same facility (Figure 3-2) remain constant?
The fact that Marlborough facility management instructed FEL operators to turn the NYC
Composting Trials material more frequently than they would typically turn their own might
explain the discrepancy in CN ratios. Aware of the shortcomings of their air floor, the
management at Marlborough was trying to demonstrate that with more regular turning they
could optimize composting. Therefore, New York City’s material did perform slightly better than
Marlborough’s own material, but it is simply not possible to replicate a mechanized, air-floor
process with a front-end loader.

Organic Matter Loss 

Similar to CN ratio, organic matter (OM) content normally declines during composting, as it is
“lost” or converted by microorganisms into carbon dioxide and moisture. Therefore, the percent
decline in OM in compost over time represents another indicator of the decomposition rate, or
the efficacy of the respective composting process that produced it. 

The lab’s overall statistical analyses of the data indicate a very significant difference in OM
content among all the facilities (at any date) and a significant relation to time, which is
interpreted to mean that statistically significant changes occurred over time.

Figures 3-4 and 3-5 show the percent of organic matter loss over time for all the on-site facility
samples and for the bench-scale samples, respectively. The percent of OM loss is derived from
the difference between OM content at each date versus the total OM content on Day 1.
Therefore, 1.00 relative organic matter on the Y-Axis represents 100 percent OM, meaning (Day
1) no decomposition. A measure of  .40 equals 40 percent OM content or 60 percent
decomposition (1.0 minus .40). In other words, a high percentage loss of organic matter signifies
an effective decomposition process. 

All facility operators calculate the loss of organic matter (also referred to as loss of mass) when
they account for their annual facility inputs and outputs. The tables in the previous sections of
this Chapter show the 2001 loss of mass figures for each facility surveyed, which ranged from 
16 percent to 32 percent. This percent decline is also reflected in the laboratory test results
presented in Figure 3-4, which show a 20 to 47 percent decomposition rate for the on-site facility
samples. 
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The largest decline occurs in facility NAL, which, as noted in the previous section, employs the
greatest degree of mechanization and sophistication in its post-drum, air-floor process. The
samples from NMS and NML show the smallest decline, which further demonstrates how
Marlborough’s method of using front-end loaders to turn windrows on the air floor fails to
achieve optimal decomposition. It follows then that NQB’s results for OM fall somewhere in
between, since NQB’s air-floor technology is not as automated or mechanized as NAL’s, but

more so than Marlborough’s.

Figure 3-5 depicts the results
from the bench-scale reactors.
With regard to percent OM
loss, the Day 1 material
composted under ideal
conditions in the bench-scale
reactors shows almost the
opposite results from the
compost produced at the
facilities themselves. In this
case, NML performs the best
with 40 percent OM content
(or 60 percent decomposition)
on Day 21. NAL presents the
least impressive results with
just over 70 percent OM
content (or 30 percent
decomposition) on Day 21. 

Since the bench-scale reactors
control for differences in
facility post-drum procedures,
the results presented in Figure
3-5 speak to the efficacy of the
input “recipe” (the ratio of
liquid to solid waste, CN ratios,
etc.) and the use of the
digester drum (including such
factors as maintaining optimal
temperature, throughput
times, moisture, and oxygen
levels). 

The bench-scale results
suggest that operators at NML
have the best input recipe and
command of the digester
drum (Figure 3-5), but are
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Figure 3-4
Organic Matter Loss: Facility Samples

Figure 3-5
Organic Matter Loss: Bench-Scale Reactor Samples



hampered by their air floor (Figure 3-4), while operators at NAL have the worst input recipe
and command of the digesters (Figure 3-5), but are helped tremendously by their air floor
(Figure 3-4). As Marlborough facility operators had very little time to adjust the recipe during
the New York City Composting Trials (five days for each waste stream), it makes sense that
samples of this material (both NMS and NCI) would not perform as optimally as NML’s in the
bench-scale reactors.

Volatile Organic Acids

Measuring the presence of volatile organic acids (VOA) in compost represents another way to
assess decomposition efficiency. Volatile organic acids are the episodic by-products of incomplete
or anaerobic digestion. High VOA levels indicate that the decomposing material (immature
compost) lacks oxygen. Mature, stable compost generally exhibits a VOA level of 1,500 parts per
million (ppm) on a dry-weight basis.

When facility operators discharge immature compost from the drum, the material has a
tremendous oxygen demand. That is why VOA levels are seen to rise in Figure 3-6 during the
first week on the respective facility air floors. (The initial decrease in VOA levels at NML could
be the result of a severe slowing down of decomposition during the first week on the air floor. In
essence, the composting process “freezes” for a week before starting up again, albeit with large
amounts of anaerobic activity, as indicated by increasing VOA levels.)  

Figure 3-6 also reveals that only NAL and NQB compost reach the desired range of VOA content
in 21 days. However, it is likely that even this compost will require further curing before it is
completely mature. VOA levels for material from NML actually rise over the 21 days, exhibiting a
similar performance as observed with CN ratios. Again, this most likely points to under-
optimized, air-floor conditions at that facility. 

The New York City Trials
composts (NMS and NCI)
follow similar paths at the
Marlborough facility. Neither
reaches stability from the point
of view of VOA content during
the 21 days on the facility air
floor. This is not surprising,
given the less-than-optimal
conditions on the Marlborough
air floor. That the New York
City material exhibited
eventual decreases in VOA
level, while VOAs in
Marlborough’s own material
continued to rise, could, like
CN ratios, be explained by the
“extra attention” the City’s
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Figure 3-6
Volatile Organic Acids Content: Facility Samples



material received on the air
floor (see CN Ratios, earlier in
this chapter).

Figure 3-7 compares VOA
content of the NYC material
composted on the
Marlborough air floor versus
the lab bench-scale reactors.
The compost from the bench-
scale reactors exhibits the
typical decline in VOA levels
that one would anticipate (and
expect) from ideal conditions.
As a representative from the
research laboratory explained,
these bench-scale results
indicate the potential for the
NYC-compost source materials
to attain satisfactory quality,
provided that basic, proper
composting conditions exist.

Moisture Level

Moisture levels in MSW compost depend on three factors:

• input “recipe”

• air-floor efficiency

• water added to promote decomposition

The input “recipe,” in terms of both the ratio of liquid to solid waste that a facility operator
decides to use, as well as how “wet” the solid-waste feedstocks are to start, greatly influences the
moisture level of the resulting compost. For example, the supermarket waste that MSW-
composting facilities routinely accept has inherently greater moisture levels than typical,
residential solid waste, due to the high organic content. 

The efficiency of a facility’s air floor also impacts moisture levels. As explained in the Organic
Matter Loss section earlier in this chapter, during decomposition, microorganisms convert
organic matter into carbon dioxide and moisture. The more effectively a facility’s air floor can
provide the ideal conditions for microorganisms to do this conversion work, the more moisture
will be lost from the decomposing material. Ideally, no matter what the input recipe is, a facility
will want to see a large decline in compost moisture levels (also referred to as loss of mass) from
the beginning to the end of air-floor process.

Finally, most facility operators have the capability to add water at any point during the air-floor–
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Figure 3-7
Volatile Organic Acids Content for NCI & NMS: 
Facility vs. Bench



composting process. (See
Photo 3-17 for an example.)
Many facilities find this useful,
especially during the first week
that material is on the air floor,
as additional moisture and
frequent turning can help to
“kick-start” the decomposition
of degradable materials.

Moisture levels in an MSW
compost therefore result from
a somewhat complex
interaction of controllable and
less-controllable conditions,
such as the economics of
accepting different types of
waste, the quality of facility
equipment, and the skill of
operators in managing the
process. 

Figure 3-8 presents the
moisture levels in samples of compost from the air floors at the surveyed facilities, starting at
Day 1 (drum discharge) through Day 21. Assuming digester-drum performance is constant
across facilities (and that differences in material-retention time in the drums are small enough to
not significantly affect loss of mass), the Day 1 moisture levels indicate the “wetness” of the
starting compost recipe.

The Marlborough facility (NML) composts a mix of residential and commercial waste, adding
biosolids to this material in the digester drum at a ratio of two-parts liquid to one-part solid
waste. The presence of commercial waste and a lot of biosolids makes the Marlborough compost
the wettest. The fact that the NCI (NYC commercial waste composted at the Marlborough
facility) material also exhibits high-moisture levels makes sense given that the incoming waste
originated from collection routes servicing many restaurants and supermarkets. (See Appendix
D for more information.) It is significant to note, however, that the Marlborough facility
operators added no biosolids to the NCI material during initial composting in the digester drum.

NMS (NYC residential and institutional waste composted at the Marlborough facility) material is
slightly drier than NCI, since residential waste contains more paper and less food waste than
commercial waste from supermarkets and restaurants. It is still relatively wet though, due to the
high ratio of liquid-to-solid waste employed at Marlborough.

NAL also composts biosolids with residential waste, but was mixing a drier recipe at the time of
the survey, only adding one part biosolids to every 2.8 parts solid waste. As facility operators at
NAL were less experienced at drum composting and air-flow management than those at
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Figure 3-8
Changes in Moisture During Composting: 
Facility Samples



Marlborough, they tended to err on the side of underusing biosolids in order to avoid wet,
odorous conditions. Marlborough, on the other hand, had financial incentives to use as much
biosolids as possible, as they received more money to process this municipal stream. They also
had the experience to handle this wet recipe confidently without generating facility odors.

NQB starts out with a much drier recipe on the air floor at Day 1 than the other facilities, and
then over the course of 21 days, continues to drop moisture levels even further. It is significant
that NQB does not use biosolids, but meets moisture needs with other liquids, only adding one
part liquid to every ten parts solid waste. 

Again, air-floor performance also affects compost moisture levels, since increased rates of
decomposition mean more moisture lost. Due to the performance of the NAL air floor, this
facility is able to almost “catch up” with NQB’s moisture levels in 21 days, despite a much
“wetter” start recipe employing biosolids. NAL’s moisture levels can be seen to rise with the
addition of water to the material during the first week on the air floor, and then sharply drop over
the next three weeks, as the facility is able to “kick-start” the decomposition process. 

The three streams of material moving through the Marlborough facility do not experience
similar rates of moisture loss, due to the facility’s less-than-optimal air floor, as discussed earlier.
NCI and NML composts are still very wet at the end of 21 days. NMS is slightly drier due to the
drier feedstock, but also to the increased turning of the material, again, as discussed earlier. 

The high moisture levels of the composts moving through the Marlborough facility underscores
the difficulty that the facility had with running material through a fine screen after 21 days on
the air floor. Their compost is still so wet at this point in the process that it jams small screens
and “gums up” de-stoning equipment, rendering it ineffective. Marlborough facility
management’s decision, therefore, to switch to a more coarse, half-inch screen at this point, and
transport the material off-site for further composting (with the attendant moisture loss) before
attempting a finer screen, makes sense.

The next chapter synthesizes the findings of the lab’s ANOVA work and translates this 
technical information into practical terms, when describing the components of a successful
MSW-composting facility.
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CHAPTER 4
CONCLUSIONS

Over the course of 2000-2001, the Department conducted a Research Project to determine 
if MSW composting merits further serious study as a waste-management strategy for 
New York City. 

The Research Project consisted of sending samples of New York City waste, for five days, to a
municipal-solid-waste (MSW) composting facility and closely analyzing the process, as well as
the resulting compost. Before sending the samples to the MSW-composting facility, the
Department conducted a waste-characterization study, which enabled the Department to
calculate both the overall facility recovery rate, as well as the specific recovery rate for the
degradable fraction of the waste stream. 

In addition, the Department commissioned a survey of four, successfully operating MSW-
composting facilities in North America, which involved site visits and reports, management
questionnaires, and compost sampling. The laboratory that conducted the compost-quality tests
structured the sampling protocol so that the results could be analyzed to infer if the differences
observed among facilities were statistically significant. This chapter synthesizes the findings of
the Research Project and extrapolates lessons for New York City.

Summary of Key Findings

The most important findings of the Research Project relate to the following:

Compost Quality: The Research Project demonstrated that the Department, like other
municipalities utilizing MSW composting, produced a compost that met New York State
Department of Environmental Conservation (DEC) Class I compost standards (in effect during
the time of the Trials), as well as current DEC standards (effective March 2003). For a summary
of results, see Chapter 2. 

Odor Control: The Department determined that it is possible to operate an MSW-composting
facility without generating nuisance odors. Each of the facilities surveyed employs sophisticated
and effective air-handling systems that safeguard against odor emissions. As the facilities are
generally located well within a mile of their neighbors, they could not continue operations if this
were not the case.

Management of Non-Degradable Items: While the above findings speak to the successes of MSW
composting, the Department learned that improvements could be gained by placing more
emphasis on removing non-degradable materials before they go through the composting digester
drums. Beyond the bulk items that facilities routinely remove (such as hoses and cords that
cause “hairballs” in the drums), facilities should focus especially on removing problematic
materials, such as: 

• Film plastics (primarily plastic bags), which accumulate moisture in the drums, bind
screening equipment, and break up into tiny, hard-to-remove pieces
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• Glass, which tends to break into small pieces during materials handling and tumbling
through the drum, making it difficult to screen away

• Textiles, which soak up a lot of moisture in the drums, becoming heavy and more
expensive to discard

• Metal cans, which can become packed with immature compost in the drums, leading to
lost compost and more expensive residue

Air-Floor Quality: It is on the air floor, not in the digester drums, where the significant
decomposition of degradable items in the waste stream occurs. A quality air floor—with regular
and automated turning, good air flow, and the ability to add moisture—allows a facility to attain
the following important goals:

• High loss of mass, which is the most cost-effective means of achieving a high, facility
recovery rate 

• More complete degradation, which leads to a better overall compost product  

• Moisture control, which allows a facility to achieve the optimal moisture range for
effective final screening

• Odor reduction, which is achieved through maintaining aerobic conditions and
minimizing volatile organic acid production

Air-Floor Capacity: By all measures of compost quality, a product is not mature after only 21 days,
even on a well-designed air floor. Compost needs at least 50 days of turning and some additional
type of aeration in order to lose mass and moisture, as well as attain maturity.

Based on the above findings, the Research Project concludes that MSW composting warrants further
serious consideration as a waste-management strategy for New York City. However, in order to
determine what it would cost per ton to process City waste through MSW composting, it is
necessary to outline a theoretical New York City facility. The remainder of this chapter describes
the components of a successful MSW-composting facility, based upon the Department’s findings
from its MSW-Composting Research Project. These in turn inform the conceptual design of the
pilot facility presented in Chapter 5.

Components of a Successful MSW-Composting Facility

In addition to the important compost-quality data, the Research Project provided the Department
with a greater understanding of the MSW-composting process itself, and insight into where
possible improvements could be achieved. 

In very general terms, successful MSW-composting facilities maximize recovery rates by
increasing “desirable” outputs (quality compost, marketable recyclables, loss of mass) and
decreasing “undesirable” outputs (residue requiring disposal). Table 4-1 summarizes how the
four facilities surveyed for the Department’s MSW-Composting Research Project, as well the
facility used for the NYC Composting Trials, fared according to these measures. (For a
description of the NYC Composting Trials, see Chapter 1.)
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The following sections review the outputs (compost, recyclables, loss of mass, and residue) from
each facility surveyed and how these contribute to the overall success of facility operations. 

Quality Compost Output

Compost is obviously one of the primary output streams of an MSW-composting facility. The
most import aspect of compost output is that it meet certain quality standards. As explained in
Chapter 2, the compost produced through the NYC Composting Trials, as well as at the four
surveyed facilities, met New York State Department of Environmental Conservation compost
standards in place during the time of the Research Project. These standards regulate compost
quality with regard to:

• Pollutant and pathogen levels, such as heavy metals, PCBs, fecal coliform, and
Salmonella

• Physical properties, such as particle size and inert levels (i.e., small pieces of glass and
plastic in the final compost product)

• Horticultural/agronomic properties, such as ammonia, pH, and nitrate levels

In order for an MSW compost to be used within New York State, the product must meet pollutant,
pathogen, and certain physical-property limits set by the DEC. For the horticultural/agronomic
properties of an MSW compost, the DEC requires that a facility regularly report levels for
designated parameters, but does not provide set limits for a product to meet.

A successful MSW-composting facility will aim to produce a consistent-quality compost with
regard to pollutant, pathogen, and physical contamination limits, as well as agronomic
properties. The pollutant levels of the compost from all of the surveyed facilities, as well the
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Table 4-1
Summary of Annual Facility Data: Four Surveyed Facilities and NYC Composting Trials

Parameter
(% of total facility input) Conporec Edmonton Marlborough Rapid City1 NYC Trials2

Recovery Total Facility3 75 61 64 64 65
Recovery Solid Waste4 72 50 48 60 50
Compost Output 45 29 48 33 37
Recyclables 3 06 06 1 0
Loss of Mass5 28 32 16 29 24
Residue 25 39 36 36 39

1. All aspects of the Rapid City facility are not yet complete; figures are projected estimates.
2. The NYC Composting Trials were conducted at the Marlborough facility. See Chapter 1 for more information.
3. Based on solid and liquid inputs. Recovery rate includes loss of mass during composting. 
4. Based on solid-waste inputs only.
5. Calculated by subtracting compost output, recyclables, and residue output from total inputs. Loss of mass is

attributed to loss of moisture and CO
2

during composting.
6. This facility does recover some scrap metal, but the quantities are negligible as a percentage of the total facility input. 



compost produced in the New York City Composting Trials, were well within the current DEC
limits. (See Appendix H and F, respectively, for data.) However, removing non-degradable
materials before they go through the composting process not only improves overall compost
quality, but also lessens the chance that certain pollutants will find their way into the final
compost product.

Pathogen-kill requirements are standard in many State and federal requirements pertaining to
the composting of biosolids. For example, the DEC mandates that for the composting of MSW
and biosolids, the material must exceed 55°C (131°F) for three consecutive days to make sure
pathogens are eliminated. The New York City Composting Trials demonstrated that this is
possible and that pathogen limits were met. (See Appendix C for temperature data sheets and
Appendix F for pathogen data.)

Physical contamination levels refer to the non-degradable materials (generally small pieces of
plastic and glass) in a final compost product. As explained in Chapter 2, the DEC has set a limit
of two percent (by weight on a dry-weight basis) for these materials in a compost. Measuring
these small, non-degradable items (referred to as “inerts” throughout this report) is a new lab
procedure, for which there is no standard methodology. With regard to inert levels, the New
York City Composting Trials demonstrated that it was possible to meet the two-percent limit, but
the Marlborough facility final screen removed a lot of compost in the process as well.

However, one of the surveyed facilities (Conporec) was able to overcome the problem of losing
too much compost through the final facility screen by adopting the following procedures:

• Reducing moisture levels in the compost before sending it to the final screen. Drier compost
screens more easily, facilitating the separation of compost from inerts. A facility can
achieve this both by adjusting the ratio of liquid to solid-waste inputs, as well as
aggressively composting material on the air floor to make sure that as much moisture as
possible is lost (as vapor).

• Sending final screen overs back through the composting process. In order to meet the DEC
particle size requirements (less than 10mm), the final facility screen must be very small.
At this setting, even with drier material, compost will inevitably pass over the screen, as
well as under. Sending final screen overs back through the composting process, rather
than disposing of them as residue, leads to less overall residue. 

• Pulverizing final screen unders. Pulverizing final screen unders serves to crush any
remaining tiny pieces of glass in the compost into sand, as well as reduce the size of
small pieces of wood, stone, and other inert materials that do not count towards physical
contamination levels.  

For further discussion of compost-moisture levels and final screening in general, see the Residue
Reduction section later in this chapter. (For the inerts characterization data for the New York City
Composting Trials and the four surveyed facilities, see Appendix F and H, respectively.)  

Finally, with regard to agronomic/horticultural properties, a successful facility will consistently
produce a compost product with certain useful properties, which can be labeled appropriately and
marketed to end users. Even if limits for these parameters are not set by the DEC as law, a facility
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must pay utmost attention to producing a consistent, quality product and working with a laboratory,
or other certification agency, to arrive at a recognizable soil-amendment product designation. This
reduces the “guess-work” for compost users, increasing user confidence in the product, and
making it possible for the facility to target specific end-use markets. An MSW-composting facility
must be in the business of creating quality compost, not just handling a municipality’s waste.

In addition to compost quality, there are other factors relating to compost that are important to
take into account. Table 4-1 shows the amount of compost produced (as a percent of total facility
input) at each of the surveyed facilities, and during the NYC Composting Trials. These numbers
should be viewed cautiously, however, since in terms of compost, quality is as important as
quantity. 

High-compost output is desirable only when it accompanies high loss of mass and low residue. The
Conporec facility, with its 45-percent compost output, 28-percent loss of mass and only 25-
percent residue, represents the ideal in this case. Marlborough, on the other hand, has high-
compost output (48 percent), but low loss of mass (16 percent), indicating that the compost
might not be fully mature and still retains a lot of water weight from the biosolids. Edmonton’s
low compost-output number (29 percent) is positive in the light of its high loss of mass (32
percent), but negative in terms of its high residue rate (39 percent). For more information on
loss of mass during composting, see the High Loss of Mass section on the next page.

Recovery of Recyclables

Recyclable or reusable, non-degradable materials represent another potential output stream from
an MSW-composting facility. In order to increase recovery rates and keep residue rates low,
MSW-composting facilities should ideally recover non-degradable recyclable items, in addition to
the degradable materials that they recover as compost. However, as Table 4-1 reveals, the four
surveyed MSW-composting facilities recover very little (0 to 3 percent) non-degradable,
recyclable material.

All four of the municipalities that send their refuse to the MSW-composting facilities surveyed
for this report offer curbside collection of source-separated recyclables such as paper, metal,
glass, and plastic. (See Chapter 3 for more information.) Designers of MSW-composting
facilities assume that most non-degradable recyclables will be handled through this separate
curbside collection, or that the cost associated with recovery outweighs the cost associated with
disposal.1

MSW-composting-facility operators, however, often have a different perspective than facility
designers. Operations managers from both the Marlborough and Edmonton facilities expressed
the desire to have greater ability to remove recyclables before they enter the digester drums.
They both reported that even with a separate curbside collection in place, there are still
significant quantities of recyclables in the incoming MSW. These recyclables become soiled and
entrained with compost in the digesters and lose much or all value as commodities. Facility
operators, therefore, not only lose this potential revenue stream, but must pay to dispose of the
recyclable items after they are discharged from the digesters.
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Furthermore, some of these recyclable items, such as tin cans, become solidly packed with
immature compost in the digesters to form what one facility manager called “hockey pucks.” To
his annoyance, he noted that by not removing these cans before they went to the digesters, he
was losing the recycling value of the can, losing the compost, and having to pay more to dispose
of the residue, as the can was much heavier now that it was filled with compost. A consultant
analyzing Marlborough’s primary screen overs determined that 16.7 percent of this material,
destined for disposal, consisted of metal and plastic containers that were designated as
recyclable, per Marlborough’s recycling law.

The characterization work associated with the NYC Composting Trials, both for the NYC MSW
sent to the Marlborough facility, as well as for the material passing under and over various post-
digester screens, did not specifically identify what non-degradable material was recyclable. For
instance, the waste-characterization consultant and the research laboratory both used the
category “hard plastic.” This included readily recyclable plastics, such as polyethylene
terephthalate (PET), as well as those without well-established recycling markets, such as
acrylonitrile butadiene styrene (ABS). 

Without hard numbers, one way to calculate how much recyclable material is in the New York
City municipal-solid-waste stream is to consider the capture rate achieved by the City’s
recycling program (before the suspension of plastic and glass recycling in July 2002). The
Department estimated that of the total amount of designated recyclable material in the waste
stream, New York City residents captured (set out for separate collection) about 40 percent.
This means that 60 percent of the items that the City designated as recyclable were still in the
waste stream. As it is unlikely that residents will ever set out 100 percent of the materials
designated for recycling, it makes operational sense for MSW-composting facilities to be
equipped to recover this material. This is the case whether curbside recycling programs are in
operation or not.

High Loss of Mass

One of the most cost-effective ways of maximizing recovery rates is through loss of mass. By
aggressively composting the degradable fraction of the waste stream the material loses mass,
primarily in the form of water, discharged as vapor. The water in organic (degradable) materials
is what makes municipal solid waste heavy, and therefore expensive to transport. Composting
the degradable fraction of the waste stream not only recovers this material for recycling, but also
significantly reduces the weight of the remaining items requiring disposal.

With respect to every measurement of composting efficiency, the statistical analysis performed
by the laboratory in association with the Research Project demonstrated that those facilities with
mechanized, highly regulated air floors outperformed those without. This was true regardless of
the “compostability” of the input recipe. In essence, a good air floor can compensate for the
shortcomings of facility operator negligence, or inexperience, when formulating a recipe to load
into the composting drums. Conversely, failure to maintain optimum conditions after drum
discharge not only results in the decomposition rate slowing down, but can actually prevent the
process from happening at all. 
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The initial emphasis in MSW-composting facility design (at least in North America) focused on
the digester drums. The drums were considered the heart of the process, where the “real”
composting occurred, and the air floor was deemed secondary, as the place where the material
cured and stabilized (some facilities referred to the post-digester space as a “cure floor”). This
may have resulted from the fact that drum designers originally envisioned longer material-
retention times than what was practicably possible, given the value of high facility throughput.1

The Research Project firmly concluded that while the digester-drum stage is important, it is the post-
digester, composting process that is essential to producing a quality product. After three days, for
example, in the digester drum, the material requires additional time to both compost and cure.
While the exact number of days that a facility should actively manage decomposing material on
the air floor is unknown, an extended, mechanized, post-drum process remains crucial. The
DEC’s requirement that MSW compost be produced from a process with a minimum detention
time of 50 days (including composting and curing) seems very reasonable in light of the findings
of the Research Project.

Looking at the loss-of-mass data in Table 4-1, it is interesting to compare the Edmonton and
Marlborough facilities. Both facilities compost MSW and biosolids, employ a similar pre-drum,
non-degradables removal strategy, as well as utilize similar digester drums. Both facilities also
detain their material on the air floor for 21 days. However, during those 21 days, Edmonton
employs a mechanized system that turns the material daily and adds water as needed.
Marlborough, on the other hand, forms its compost into piles and turns them weekly, flipping
the piles with a front- end loader. It is not surprising then that Edmonton’s material loses twice as
much mass as Marlborough’s. As Chapter 3 noted, the reason that the NYC Trials material lost
more mass on the Marlborough air floor than Marlborough’s own material is possibly due to the
fact that Marlborough facility operators turned the NYC Trials’ material more frequently than
they would typically turn their own.

Residue Reduction

The initial thinking of MSW-composting facility planners and operators was that everything
could go into the composting digester drums, with all non-degradable items (residue) removed
by a series of subsequent screens, post drum-discharge. This is true for the most part. However,
two problems arise from this approach: 

• Non-degradable items saturate with moisture and immature compost in the digester,
making the resulting residue much heavier and therefore more expensive to dispose.

• Small pieces of non-degradable items (such as tiny shreds of glass and plastic) are very
difficult to screen away and remove completely without losing substantial compost to
residue in the process. 

Avoiding Heavy Residue
As part of the NYC Composting Trials (described in Chapter 1), the Department had the
laboratory characterize samples of the New York City material that passed over the various
Marlborough facility screens, and list the respective weights of each fraction. The composition of
the material that passed over the first screen after discharge from the digester drum (meaning
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material larger than two
inches) is presented as a pie
chart in Figure 4-1. Again, this
represents residual material
that will require disposal.

By far the two heaviest
categories of material, as a
percent of the total, are film
plastic (primarily plastic
garbage bags) and textiles
(such as discarded clothing
and bedding). These items
soak up moisture and become
entrained with immature
compost in the digester drum,
making them much heavier
than they would be otherwise. 

This same process occurs in
the laundry—a pair of jeans is
obviously much heavier after it
comes out of the washing
machine than before it went in.
In fact, a consultant for one
MSW-composting facility

weighed a dry pair of pants and found them to be 1.52 pounds. Two similar pairs of pants after
they had traveled through the composting digester drum weighed 3.74 and 5.10 pounds,
respectively. A dry, plastic, kitchen garbage bag weighed .84 ounce before, and 3.5 ounces after
going through the digester (although this bag had not captured any immature compost as many
others do). 

Since facilities process hundreds of tons of material and pay per ton to dispose of residue, these
accretions of weight add up quickly. Therefore facilities can reduce residue disposal costs by
removing such non-degradable items before loading material into the digester drums. How much
can a facility save by doing this? Using the weight gains the consultant derived for textiles and
film plastic, the Marlborough facility, for example, could have reduced disposal costs during the
NYC Composting Trials by as much as 41% if they had been able to remove textiles and film
plastic from the material entering the digester drums.2

Avoiding Screening Out Compost with Residue
The current approach to MSW composting, which removes non-degradable items through a
succession of smaller post-drum screens, means that the final screen is designed to remove the
smallest inerts. This step is particularly important, both for regulatory compliance (in certain
States), as well as for visual appearance of the compost from a marketing perspective. 
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Figure 4-1
Composition and Percent by Weight of Material Passing Over
Primary Post-Drum Screen During NYC Composting Trials

glass .35%

hard plastic 14.20%

film plastic 35.15%metal 4.45%

textile/fibers 27.65%

paper .50%

wood 4.60%

stones .10% food, bone, shell .45%

Note: Results are an average of two samples (A/B). Data can be found in
Appendix F, labeled NMS Primary Screen Overs (>2").



In New York State, even if a facility were to remove non-degradable items before they went
through the composting process, as this report proposes, the final screen would still have to be
set at three-eighths inch (3⁄8" or 10mm) in order to meet the DEC regulation that no compost
contain any particles larger than this size. As noted above, the current DEC regulations also
stipulate that inerts must make up no more than two percent of a final, MSW-compost product. In
order to get these tiny inert materials out of the compost, the final screen setting at most MSW-
composting facilities is very small (generally ten millimeters, or .4 inch, and under). However,
with settings this small, the final screens also tend to remove a lot of compost along with inerts.

As presented in the Quality Compost Output section above, the Department learned through its
Research Project that MSW-composting facilities can overcome this problem by:

• Sending final screen overs back through the composting process

• Reducing moisture levels in the compost before sending it to the final screen

In general, successful facilities will actively compost their material for at least 50 days and drop
moisture levels in the compost to about 25-30 percent before sending it to the final screen.

As part of its MSW-composting facility survey, the Department looked at the amount of compost
being lost to final screen overs. Table 4-2 presents the percent of compost and other degradable
material in the final screen overs (on a dry-weight basis) for the two surveyed facilities that
produced a (non-blended) final compost product. These results are more “meaningful” than the
New York City Composting Trials results since these facilities run the same compost recipes
year-round, as opposed to the limited duration of the Trials.

In the case of both Conporec and Edmonton, about a third of the material passing over the final
screens is compost. Given that nearly 80 percent of Conporec’s final screen overs is degradable,
it makes sense that the facility runs this material back through the composting process rather
than disposing of it. Edmonton, on the other hand, disposes of its final screen overs, despite the
fact that nearly 40 percent of this material is degradable. This difference contributes to
Edmonton’s higher residue rate (39 percent), shown in Table 4-1. 

Again, sending the overs back through the composting process (i.e., Conporec’s approach)
ensures that any wood or paper that has not yet degraded, is given a “second chance” to do so.
This means that very little degradable
material (including compost) is lost to
residue.  

As noted above, another means to
prevent degradable material from
ending up in the residue is to control
compost moisture levels. Drier
materials are generally easier for 
final-screening equipment to handle,
allowing for a more effective separation
of compost from small, inert materials. 
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Table 4-2
Percent of Compost and Other Degradable Material 
in Final Screen Overs (on a dry-weight basis)

Material Conporec Edmonton

Compost 33.13 32.79 
Paper 38.16 2.09
Wood 6.33 2.40
Total 77.62 37.28



Table 4-3 shows the
moisture levels of the
compost passing under
the final facility screens
from each of the
surveyed facilities
producing a finished
compost, as well as the
New York City
Composting Trials.

Even with moisture levels
as low as 35 and even 22
percent (from Table 4-3),

about a third of the material passing over the Edmonton and Conporec final screens is compost
(from Table 4-2). However, Conporec remedies this situation by running these organic-rich overs
back through the composting process. 

What is significant to note here is that after 21 days of composting, the material from the
Marlborough facility (both Marlborough’s own compost and New York City Trials’ compost) is
extremely wet. The moisture level in Marlborough’s compost (56 percent) is more appropriate for
the beginning of the compost process, not the end. This means that Marlborough cannot run its
material through a final screen at this stage of the process, let alone worry about losing compost to
overs. The facility’s decision to stop attempting to run its material through the final facility de-
stoning equipment and fine screen (ten millimeters, or .4 inch), at this stage makes sense.

As explained in Chapter 1, the Department decided to run New York City Composting Trials’
material through the Marlborough final-screen equipment, in spite of the fact that the facility was
no longer using it. As Chapter 1 described, the Department verified the facility’s complaint that
the equipment was screening out too much compost along with the inert material that it was
designed to remove. In addition, the final-screen equipment would jam up, break down, and
generally struggle to operate at all. This makes sense given how wet the material from the New
York City Trials was at this point.

While the exact moisture levels for ideal de-stoning and final screening are not known, facility
operators generally agree that compost should contain less than 40-45 percent moisture in order
to screen well. Based on the findings of the Department’s Research Project, it is perhaps the
case that MSW compost should be even drier when going to the final screen (around 25-30
percent moisture). 

Given that Conporec detained its material for 42 days and the other facilities only 21, it is
interesting to note how long it took for these other composts to exhibit the “ideal” moisture
levels for final screening. 

Both Edmonton and Marlborough send their material off-site after 21 days to outdoor areas for
additional composting and curing. The Department took samples of the material that each facility
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Table 4-3
Moisture Levels in Final Screen Unders: 
Surveyed Facilities and NYC Composting Trials

Age of Material Percent Moisture 
Facility (Days) (as-is basis)

Conporec1 42 21.75
Edmonton1 21 34.55
Marlborough 21 55.60
New York City Composting Trials 21 43.40

1. Results are the average of an A/B sample pair.



considered finished. As
explained in Chapter 1,
the Department sent the
lab a cubic-yard sample of
the material from the
New York City
Composting Trials after it
spent 21 days on the
Marlborough air floor and
was screened through the
facility’s half-inch screen.
The lab sampled this New
York City material at Day
59 and performed a full analysis, as this was the material that the Department considered the
final product from the Trials. Sampling occurred at this point in order to meet the DEC’s 50-day-
minimum detention-time requirement, outlined in Chapter 2. Table 4-4 presents the moisture
levels in the finished compost products from Edmonton, Marlborough, and the New York City
Composting Trials.

At the time of the survey, the Edmonton facility was not actively managing the compost at their
off-site curing location. They were not turning the material at all, but rather just leaving it in
large piles. Marlborough facility operators provided for regular turning at their off-site curing
location with a front-end loader. Staff at the laboratory also regularly turned the cubic-yard
sample of the New York City Trials compost. It is interesting that with more active management,
the Marlborough and the New York City Composting Trials materials lose more moisture in less
time than Edmonton’s. At 59 days, the New York City material has attained the “ideal” moisture
range for final screening.

The next chapter discusses how a facility can systematically incorporate materials recovery with
MSW composting, and presents the preliminary layout and proposed components of a
theoretical pilot facility. The conceptual design of the pilot facility builds upon the findings from
the Department’s MSW-Composting Research Project, discussed earlier.
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Table 4-4
Moisture Levels in Finished Compost: 
Surveyed Facilities and NYC Composting Trials

Age of Material Percent Moisture 
Facility (Days) (as-is basis)

Edmonton1 90+ 26.55
Marlborough 60+ 20.8
New York City Composting Trials 59 23.5

1. Results are the average of an A/B sample pair.



CHAPTER 5
LEARNING OBJECTIVES AND CONCEPTUAL DESIGN

Summary

This section presents the conceptual design for a theoretical, New York City Research and
Development Pilot Materials-Recovery and Composting Facility (“MRC,” pronounced merc). 
The chapter presents the basic design considerations and learning objectives of such a facility,
and follows with a general description of the theoretical facility configuration and components.

The description of the pilot-facility layout and its components included herein should not 
be read as an actual design plan, but rather as a general guide to help conceptualize what a 
pilot MRC might look like and how such a facility might operate, should one be built in 
New York City.1

Materials Recovery and Composting

What is a MRC? A materials-recovery and composting facility is designed to recover as much
recyclable and degradable material as possible from the waste stream. Simply stated, a MRC is
an MSW-composting facility combined with a mixed-waste materials-recovery facility (MRF). 

Recognizing that over half of the municipal solid-waste stream is degradable (even with a
curbside, mixed-paper recycling program), a MRC’s broad goals are to:

• De-bag and “clean” incoming MSW by removing as many non-degradable materials as
possible before composting the larger, degradable fraction of the waste stream

• Focus especially on removing non-degradable items that are perennially problematic for
MSW composting, such as plastic bags and glass

• Recover for recycling as many of the non-degradable items as is practically possible

• Produce a quality compost product

As described in Chapter 1, most MSW-composting facilities rely on the tumbling action of the
rotating composting drum to break open garbage bags and thereby expose the degradable
fraction of the waste stream to the agents of decomposition. The advantage of this approach is
that 100 percent of the degradable material entering the facility goes to the composting drum.
The disadvantage is that 100 percent of everything (with the exception of certain bulk items) in
the waste stream goes to the composting drum as well.

For MSW composting to work, non-degradable material has to be separated from degradable
material at some point in the process. As explained in Chapter 4, the current approach to MSW
composting—where facilities attempt to screen out non-degradable material after it has gone
through the composting process—leads to increased residue disposal costs, decreased recovery
of non-degradable recyclable items, and increased contamination levels (small pieces of glass
and plastic remaining) in the final compost product.
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The pilot facility, described in this chapter, would attempt to avoid these problems by
segregating and (where possible) recovering non-degradable materials before they go through
the composting process. Again, this pilot facility can be thought of as a traditional MSW-
composting facility with a mixed-waste materials-recovery facility (MRF) on the front end.
Mixed-waste MRFs (sometimes referred to as “dirty MRFs”) accept mixed waste, rather than
source-separated recyclable items. These MRFs debag the incoming mixed waste and
accomplish separation and recovery through various screens and sort lines. Much of the design
for the pre-composting, materials-recovery process for a pilot Materials-Recovery and
Composting Facility comes from these types of MRFs. 

Design Considerations

Based upon the results of the MSW-Composting Research Project, this report recommends that,
were a pilot Materials-Recovery Composting Facility to be built in New York City, it should
include the following design features:

• Removal of non-degradable items before MSW enters the composting digester drums. Rather than rely
upon a successive series of screens after drum discharge to remove non-degradable items, such
materials should be removed before they go through the composting process. This would
increase facility recovery rates, decrease residue disposal costs, and create a cleaner, final
compost product.

• Recovery of recyclable materials from the waste stream before MSW enters the composting digester
drums. Materials-Recovery Facilities (MRFs) employ technology and systems designed to remove
targeted items from the waste stream. MRFs generally separate and bale these items for
transport to manufacturers, who will use them as feedstock for production. An NYC Pilot
Materials-Recovery and Composting Facility should test the configuration of these recovery
technologies in order to remove and recover as many recyclables as possible from the waste
stream, before material gets sent to the composting digester drums.

• Flexible and largely modular design so that different components can be moved, reconfigured, or removed
in order to meet learning objectives. All sort lines should be skid-mounted, and all equipment should
rest on a concrete floor, so that facility components could literally be rearranged. Most of the
push walls could be recyclable steel, rather than concrete, and could fit into slots in the floor,
rather than being permanently cast. The design elements should be reusable and recyclable to
the extent possible. 

• Operational redundancy and flexibility. Each piece of equipment should be paired, so that if one
breaks down and requires repairs, the other could take up the slack. Additionally, the different
component processes (materials recovery, composting drum loading and discharge, and
compost curing) should be operated separately so, for example, material could be received and
sorted on one shift and then loaded into the digester drum on another shift. 

• Adequately sized air floor. One of the primary lessons of DSNY’s MSW-composting research
project was the need for extended, actively managed, post-digester composting to produce a
quality compost product.
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• Sensitivity to neighbors. Given New York City’s dense, urban environment, neighbors will never
be far from a potential facility, even in industrial zones. Therefore, the facility should be designed
from the very beginning with the goal of being a good neighbor. Such design considerations
include: preventing and minimizing odors, minimizing truck queuing, facilitating easy and
routine cleaning, and keeping materials moving (not stockpiling them for long periods).

• Adequate throughput to ensure economies of scale. The facility should be designed not only to
demonstrate the technical viability of the processes involved, but to handle sufficient volumes of
waste, such that it is economically sensible to operate. 

Learning Objectives

An NYC Research and Development Pilot Materials-Recovery and Composting Facility (from here
on referred to as “pilot MRC facility” or “pilot facility”) should have a discreet number of learning
objectives (summarized in Table 5-1), and a set time period in which to answer some important
questions. Another key function of the pilot facility would be to introduce legislators, interested
parties, concerned communities, and local regulatory agencies to the process, such that all potential
environmental concerns (including odor-control performance) are addressed. If a pilot facility is able
to operate successfully in a cost-effective, nuisance-free manner, and produces a quality compost
product with viable end markets, then New York City might consider scaling up to a permanent
facility. If a pilot facility is unable to accomplish these goals, then the facility should be dismantled,
with the component equipment sold for reuse to other solid-waste–handling enterprises. 

Facility Layout and Description of Components

In preparing an initial plan and cost estimates for a pilot MRC facility in New York City, the
Department worked with a consultant who has long-standing experience both with MSW-
composting systems and facility design. This consultant in turn sought assistance from an
engineer specializing in MRF design in order to identify successful and proven materials-
recovery equipment. The goal was to identify equipment that would both maximize the recovery
of non-degradable materials for conventional recycling markets, as well as target items (such as
film plastic and small pieces of glass) that regularly cause problems for MSW-composting
systems. For projected recovery rates for the various material fractions of the waste stream
moving through a pilot facility, see Chapter 6.

Appendix I contains the engineer’s recommended equipment list for the materials-recovery
component of the theoretical pilot MRC facility, described herein. This list represents the
engineer’s recommendations only, and is provided primarily as a break-out of equipment costs.
This list in no way constitutes equipment that New York City has chosen, or might chose to
employ in the future, should it decide to pursue the development of a pilot facility. The engineer’s
drawings for the materials-recovery component of the pilot MRC facility have been reproduced
from the original blueprints and resized for convenience of viewing. These drawings
(Illustrations 5-2 through 5-8) accompany the narrative description which follows. 

Illustration 5-1 shows a preliminary conceptual layout of a pilot MRC facility, designed to fit in
the smallest footprint possible. Building numbers discussed in the text and in subsequent
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illustrations reference this drawing. The text that follows describes the hypothetical movement of
materials from Building 1 (Facility Tipping Floor) through Building 14 (Final Screening and
Compost Load-Out). Table 5-2 provides an overview of how a pilot MRC facility might function,
and lists the various illustrations and photos associated with each section.

Receiving and Sorting Waste

After weighing in on facility scales, trucks pull up to the doors of the pilot facility and tip their
loads onto a depressed, concrete tip floor, several feet below the entrance (Building #1 in
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Table 5-1
Summary of Learning Objectives for an NYC Pilot Materials-Recovery and Composting Facility

Facility Size and Cost • Test the pilot facility over the course of a year to determine its ability to handle the
peaks and valleys in New York City’s degradable waste stream (such as the influx
of yard waste during the spring).

• Test flow-through times in order to properly size a full-scale facility that would be
able to handle the allocated fraction of the waste stream, as managed by the NYC
Departments of Sanitation and Environmental Protection (in the case of biosolids).

• Closely track recovery rates (including weights of all facility inputs and outputs) and
operating and maintenance costs to develop an accurate basis with which to
compare materials recovery and composting to other waste-management strategies.

Materials Recovery • Test and configure different materials-recovery components (including conveying
and baling equipment) to determine which are best suited for maximizing the
recovery of non-degradable materials for conventional recycling markets, and
diverting non-degradable materials that are especially problematic for composting
(such as film plastic and glass).

• Determine the optimum sorting-station length, number of sorting stations, and
speed of the sorting belts for a given amount of material across the pre-processing
sort lines, so as to maximize the removal of non-degradables.

• Assess potential markets and their capacity to absorb both the compost and other
products produced by the pilot facility (such as recovered textiles and standard,
baled recyclable commodities). 

Compost Quality • Test input “recipe” formulations and material-retention times, both in the
composting digester drum and post-digester composting systems, to optimize
decomposition and final compost quality.

• Determine the ability of the solid waste to absorb biosolids at different levels of
dewatering.

• Conduct intensive, independent laboratory analyses to make certain that the
compost consistently meets or exceeds New York State and federal quality
standards.

Facility Operations • Assess ability of trucks to weigh in and tip quickly in order to minimize queuing.
• Test different operating schedules to provide for adequate material throughput and

regular facility cleaning.
• Measure odor dilution at the perimeter of the facility to establish a consistent,

objective record of odor-control performance through different weather
conditions/wind patterns.
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Table 5-2
Summary of the Basic Components of a Theoretical, NYC Pilot Materials-Recovery 
and Composting Facility

Facility Tipping Floor
Illustration 5-1

Materials-Recovery Building
Illustrations 5-1 through 5-8; 
Photos 5-1 and 5-2

Materials-Recovery Staging Area
Illustrations 5-1 and 5-9

Digester Drum Tipping Floor
Illustrations 5-1 and 5-10

Biosolids Storage Bunker and Pumps
Illustration 5-1

Three Digester Drums
Illustrations 5-1, 5-10, and 5-11

Primary Screening Building
Illustrations 5-1 and 5-11

First-Phase Composting
Illustration 5-1, Photo 5-3

Second-Phase Composting & Curing 
Illustrations 5-1 and 5-12

Final Screening & Compost Load-Out 
Illustration 5-1, Photo 5-2

De-Stoning Building
Illustration 5-1

Biofilter and Emissions-Control Equipment
Illustrations 5-1, 5-13, and 5-14

• Contains tip floor, where incoming MSW is unloaded, and grapple crane,
which removes bulk items (recyclable and non-recyclable).

• Contains primary and secondary sort lines and bag-opening equipment.
These lines serve to remove large items not in bags (recyclable and non-
recyclable), empty contents of opened bags, and remove film plastics. 

• Material then passes through a primary screen, a final sort line, and a
final screen. 

• The screens and final sort line remove small, non-degradable items and
recover recyclables from the waste stream.

• Baling and storage area for the recyclables removed from the waste
stream.

• Staging area for any reusable, salvageable materials removed from the
waste stream.

• Staging area for the disposal of the non-degradable residue removed
from the waste stream.

• Potential location for the processing of the glass-and-organics–laden
unders from the primary pre-drum screen.

• Loading area for the sorted and screened MSW to be composted in the
digester drums.

• Stores biosolids and pumps them directly into the digester drums where
they will be mixed with sorted MSW.

• Mix biosolids and sorted MSW to begin intensive decomposition
process. 

• Two main drums handle the “overs” from the Materials-Recovery
Building (largely comprised of paper and other degradable materials not
picked out or screened away).

• The third drum handles only the glass-and-organics–laden “unders” from
the primary screen in the Materials-Recovery Building. 

• Screens the immature compost discharged from the drums to remove
large, non-degradable items missed by the materials-recovery process.

• “Unders” from the first two drums go to the First-Phase Composting
building. “Overs” are disposed as residue.

• “Overs” from the third drum are also disposed, and the “unders” are sent
to the De-Stoning Building.

• Composts the “unders” from the two main digester drums for
approximately 20 days. 

• Continues to compost materials from the First-Phase Composting
building for an additional 30 days. 

• Screens the compost from the Second-Phase Composting & Curing
building. 

• Staging area for loading final-screen “unders” (finished compost) into
transport vehicles for additional curing or end use.

• Separates the inerts from the immature compost discharged from the
third digester drum.

• Small, non-degradable material is disposed.
• Remaining degradable material is sent back though one of the two main

digester drums.

• Filters and treats process air from the facility to remove odors before
release outdoors.



Illustration 5-1). With a depressed tip floor, trucks do not actually enter the facility, which
reduces the amount of diesel fumes (and chances for accidents) inside the building. Since
collection trucks often tip their loads in convoys, a pilot facility should be designed to
accommodate many trucks tipping at once, in order to avoid queuing and delays. Installing 
high-speed doors would minimize the chance of odors escaping the building during unloading.

An operator in a electrically driven, fixed-mount grapple crane (#1A in Illustration 5-2) on the
facility tipping floor removes bulky items (such as couches and plumbing fixtures) and places
them into containers, and loads all other waste into the infeed hopper of a large conveyor belt
(Conveyor #2). Electrically driven cranes are proposed for a pilot facility, instead of front-end
loaders, again, to reduce diesel fumes inside the building. When the bulk-item containers are
full, a truck transports them to the Materials-Recovery Staging Area (Building #3 in
Illustration 5-1) for either recovery or disposal.

Conveyor #2 rises on a slight incline and moves past the elevated, primary pre-drum sort line
(Conveyor #3 in Illustration 5-2) in the Materials-Recovery Building (Building #2 in Illustration 
5-1), where workers in environmentally controlled housing perform the following tasks: 

• Sort materials that arrive in plastic bags

• Sort bulky items that do not arrive in plastic bags 

The first set of workers on the primary sort line picks all garbage bags, big or small, off the belt
and drops them through a chute to a separate conveyor (Conveyor #5), running below the first
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Illustration 5-1
Conceptual Layout of an NYC Pilot Materials-Recovery and Composting Facility 



large conveyor (Conveyor #3). Conveyor #5 feeds into two conveyor lines (Conveyor #6A & 6B in
Illustrations 5-2 and 5-3), which lead to bag openers (#7A & 7B) that slash open all of the
garbage bags. Slashed bags then move by a
discharge conveyor (Conveyor #8A & 8B) to a
reversing transfer conveyor (Conveyor #4),
and are deposited into two surge piles, which
are ready to be loaded onto the secondary
pre-drum sort lines (Illustration 5-5). 

The second set of workers on the primary
pre-drum sort line removes bulky, potentially
reusable or recyclable items that do not arrive
in garbage bags. This would include materials
such as lumber, large sheets of corrugated
cardboard, bulk metal, and electronics.
Workers pick such materials off of the
conveyor (Conveyor #3 in Illustration 5-2 and 
5-4), and drop them into separate, designated
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Illustration 5-2
Overhead View of Primary Pre-Drum Sort Line and Bag-Opening Process

See Illustration 5-3 for side view of bag-opening process, and Illustration 5-4 for side view of primary pre-drum sort line.

Photo 5-1: Example of an enclosed, climate-controlled 
sorting station 
Photo taken at the materials-recovery facility, located
adjacent to the MSW-composting facility in Rapid City,
South Dakota—one of the facilities surveyed by DSNY for
this report.
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Illustration 5-3
Side View of Bag-Opening Process

Illustration 5-4
Side View of Primary Pre-Drum Sort Line



cages or containers below. The last workers on this line pick any large miscellaneous, non-
recyclable items that did not arrive in bags and drop them into a container below for disposal. All
other materials continue onto the reversing transfer conveyor (Conveyor #4), joining with the
opened bags of MSW to be loaded onto the secondary pre-drum sort lines (Illustration 5-5).

Operators in a second set of electrically driven, fixed-mount grapple cranes pick up the slashed
bags and other material from the surge piles formed by Conveyor #4 (Illustration 5-2) and load
them into one of two hoppers. 

The hoppers (Conveyor #9A & 9B in Illustration 5-5) feed into the elevated, secondary pre-
drum sort lines (Conveyor #10A & 10B), where workers separate the materials into the
following categories:

• Film plastic from the slashed garbage bags

• Unopened smaller bags, or unopened bags missed by the bag opener 

• Clean, dry textiles
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Illustration 5-5
Overhead View of Secondary Pre-Drum Sort Lines

See Illustration 5-6 for side view of Secondary Pre-Drum Sort Line, and Illustration 5-7 for movement of pre-drum,
primary screen unders.



The first set of workers on the secondary sort lines picks up the slashed garbage bags, empties
the contents onto the conveyor belt, and drops the film plastic into a cage below for baling
(Illustration 5-5 and 5-6). 

The second set of workers on the secondary sort lines picks unopened, smaller bags that were
inside larger bags, and any bags missed by the bag opener (#7A & 7B in Illustration 5-2 and 5-3),
and drops them into separate containers below (Illustration 5-5 and 5-6). When full, a forklift or
front-end loader transports the containers with the unopened bags and deposits the bags onto the
ground-level infeed conveyors, which lead to the bag openers previously described (Illustration 5-
3). This step in the process is designed to address the way waste is generally set out for collection
in multiple-unit apartment buildings (for instance, many smaller bags within larger bags).

A final set of workers, located in between these two stations, would assist in both tasks, but
would also pick out all clean, dry textiles and drop them into separate containers below, before
they became contaminated with other fractions of the waste stream.

Pre-Drum Screening 

The material that remains on the secondary sort line continues over pre-drum vibrating finger
screens (#11A & 11B in Illustration 5-5 and 5-6). These screens remove as much broken glass
as possible from the material and can be equipped with different decks, which feature various
sized openings. The pilot facility might start with a two-and-a-half-inch (2.5") screen setting, but
could experiment with both a three-inch and four-inch setting. Testing different screen settings
would help determine the optimal size to capture the maximum amount of broken glass, while
minimizing the amount of degradable material also removed in the process.
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Illustration 5-6
Side View of Secondary Pre-Drum Sort Line



The material that passes under the vibrating finger screens—material smaller than 2.5 inches
(or depending on the screen size, smaller than three or four inches)—drops onto a conveyor
(Conveyor 12A) and moves under an overhead magnet (#12B in Illustrations 5-5 and 5-7),
which removes small ferrous items for recovery. 

The Edmonton Facility employs a similar technology to remove ferrous materials from their post-
digester, primary screen unders. (See Chapter 3, Photo 3-14.) At a pilot MRC facility, the unders
stream would be fairly light and spread out on the conveyor at this stage of the process. Therefore,
a magnet should be more effective located here than post-digester discharge, as it is currently (and
problematically) employed in Edmonton. (See the Edmonton section of Chapter 3 for details.)

After passing under the magnet, the unders from the finger screen continue on a conveyor 
(#12C) through the wall and are deposited in a surge pile (Illustration 5-9) on the floor of the
Materials-Recovery Staging Area (Building #3 in Illustration 5-1).

To get an idea of the size and composition of the unders stream from the vibrating finger
screens, DSNY’s consultant visited a 1,900-ton-per-day, mixed-waste MRF in City of Industry,
Los Angeles. This MRF processes non-source-separated, residential garbage from a substantial
part of L.A., and runs the debagged material directly over a three-inch, vibrating finger screen.
The facility reports that about ten percent by weight of the total incoming material passes under
the three-inch screen and is largely comprised of broken glass, small pieces of yard and food
waste, plastic, and other small, degradable and non-degradable fines. 
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Illustration 5-7
Side View of Movement of Pre-Drum Primary Screen Unders



Since one of the goals of a pilot facility is to keep as much glass as possible out of the
composting drums, it would be better to segregate and dispose of this approximately ten percent
as residue. However, as a large fraction of the unders stream would also be degradable, it is
important to experiment with ways to separate the degradable from the non-degradable fraction.
While existing de-stoning equipment could be used at this stage for such a purpose, it would be
better to see what this stream actually look likes in New York City (including important seasonal
variations) before designating any specific piece of equipment. Space in the Materials-Recovery
Staging Area is allocated in the theoretical pilot facility for such pre-processing of these unders. 

Another option that a pilot facility could test would be to compost these unders from the
vibrating finger screens in a separate designated digester drum, and then screen and/or 
de-stone the resulting compost separately upon discharge. Depending on how glass-free the
resulting screened, post-drum compost was, the material could either proceed to the First
Phase Composting building, or be sent back through one of the general digester drums.
(See Composting Digester Drums and Post-Drum Composting, which follows).

The material that passes over the vibrating finger screens—material larger than 2.5 inches—
continues via conveyor (Conveyor #13A & 13B in Illustration 5-8) to the elevated, final pre-
drum sort lines (Conveyor #14A & 14B). In addition to dropping out fines, the vibrating finger
screens also serve to spread material out evenly on the conveyor belt, so that the sorters have a
good visual presentation of the material. 

On the final pre-drum sort lines, sets of workers would pick out small, potentially reusable or
recyclable, non-degradable items such as: 

• Certain hard plastics

• Certain plastic food and beverage containers

• Metal items

• Large pieces of glass

• Intact glass bottles and containers (sorted by color)

• Clean, intact toys

• Electronics

Workers drop these items into separate cages below the sort lines (Illustration 5-8). When the
cages are full, a forklift transports them to the attached Materials-Recovery Staging Area
(Illustrations 5-1 and 5-9). The last workers on the sort lines pick out any miscellaneous, non-
reusable, non-recyclable items and drop them into containers below for disposal. 

Material remaining on the sort lines then passes over final pre-drum debris roll screens
(#15A & 15B, Illustration 5-8, and Photo 5-2), which are designed to drop out any small pieces of
glass or plastic missed by the first screen. The overs from these screens move via conveyor
(Conveyor #16A & 16B) to another conveyor (Conveyor #18), which deposits the material into a
surge pile on the digester tipping floor (Illustrations 5-1 and 5-10). 
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Depending on the amount and composition, the final debris roll screen unders (Conveyor #17A
& 17B, Illustration 5-8) would either be disposed as residue or sent to the Materials-Recovery
Staging Area for processing with the unders from the first set of primary pre-drum vibrating
finger screens (Illustration 5-9).
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Illustration 5-9
Overhead View Inside Materials-Recovery Staging Building



Pre-Drum Materials Recovery

A Materials-Recovery Staging Area (Building #3 in Illustration 5-1), accessible through a
large, interior door from the Materials-Recovery Building (Building #2), would serve several
purposes:

• Storing and baling designated recyclables removed from the waste stream

• Storing any reusable, salvageable materials removed from the waste stream

• Staging area for the disposal of the non-degradable residue removed from the waste
stream

• Potential location for equipment to process unders from the primary vibrating finger
screens

Cages full of designated recyclable materials picked off any of the materials-recovery sort
lines—such as scrap metal, aluminum, and certain plastics—enter this building via a forklift and
are stacked against a wall (Illustration 5-9). From here, workers bale the material (using the
balers inside the building) and then stockpile the bales for shipment. When tractor trailer trucks
arrive to take the baled material to processors, forklifts move the material to an outdoor loading
ramp and deposit the bales into the awaiting vehicles.

A Materials-Recovery Staging Area also would serve as storage for any reusable, salvageable
items (such as clean, intact furniture, toys, bicycles, and appliances) removed from the waste
stream during the sorting procedures described earlier.

While known markets do exist for scrap metal, clean textiles, color-separated glass, dirty film
plastic, and plastic bottles, it is less clear if outlets could be found for certain, recovered electronics,
clean toys, and furniture. Part of the research associated with a pilot facility would be to investigate
outlets for such materials, and to work with those entities to arrange for regular collection. In order
to be conservative, however, the cost estimates for the pilot facility in Chapter 7 assume that all of
recovered materials without
established, secondary-use outlets
would require disposal. Furthermore,
the cost estimates conservatively
assume that materials with established
secondary-use markets would generate
no revenue, but processors would pick
up these baled items at no cost (freight-
on-board at the facility). 

A ramp within the Materials-Recovery
Staging Area would be used for
loading non-degradable, non-
recyclable, non-reusable items
(residue from the materials-recovery
process) onto trucks for disposal.
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Photo 5-2: Debris Roll Screen at a Mixed-Waste MRF in Oakland, CA.
Debris roll screens could be used in a pilot NYC facility to remove any
small pieces of glass or plastic that were missed by the first screen.



Composting Digester Drums

The material that passes over the final pre-drum debris roll screens (#15A & 15B,
Illustration 5-8) in the Materials-Recovery Building moves via conveyor to form a surge pile
on the digester tipping floor (Illustration 5-10). This material consists primarily of various types
of paper and cardboard, diapers, and the larger pieces of yard and food waste that passed over
the material-recovery screens.2 There would also presumably be a very small amount of non-
degradable material missed by the pre-drum sort lines and screens.

The digester tipping floor (Building #7 in Illustration 5-1) would be accessible by separate
facility doors, so that clean, degradable material—such as landscaper waste—could bypass the
materials-recovery process, and go directly to the digesters.
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Illustration 5-10
Overhead View Inside Digester Tipping Floor Building



The theoretical pilot facility would employ three, 14-foot-wide by 200-foot-long digester drums
(Building #8 in Illustration 5-1). Two of the drums (general materials digester drums) would
be for loading overs from the materials-recovery process (such as degradable material that was
not picked out or screened away). The third drum (designated digester drum) would be
reserved for composting the glass-and-organics–laden unders from the primary vibrating finger
screens in order to further segregate this problematic stream.

Digester Drum Sizing and Flowthrough Rates
The theoretical pilot facility would operate six days a week, processing 150 tons of MSW per
eight-hour shift, for two shifts a day (300 tpd total). Facility operators would fill the two, general
materials digesters on alternative shifts, so that one drum would be loaded on the day shift (8 am
to 4 pm) and the other drum would be loaded on the night shift (4 pm to 12 midnight), Monday
through Saturday.  

The pilot facility would be closed to deliveries from some period between 12 midnight to 8 am,
during which time a night crew would clean the entire plant. At this loading rate, material loaded
on Monday, Tuesday, and Wednesday would have a three-day retention time in the digester
drums, and material loaded on Thursday, Friday, and Saturday would have a four-day retention
time.3 For a description of how material moves through an MSW-composting drum, including
retention times, and the continuous nature of the loading and discharge process, see the Drum
Discharge section of Chapter 1.

In order to accommodate this facility flowthrough time, the digesters must be sized
appropriately. Table 5-3 presents the estimate of the amount of material that would go to the two
main digester drums per shift, after the incoming MSW had already passed through various
materials-recovery processes.
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Table 5-3
Estimate of the Amount of Material Going to the Two Main Digester Drums

Tons per Shift Tons Percent of
Processing Stage (two 8-hour shifts) per day Incoming Total

MSW Across the Facility Scale 150 300 100
Removed on Tipping Floor & Primary Pre-Drum Sort Line 15 30 101

Material Available for Additional Pre-Drum Sorting and Screening 135 270 90
Material Removed by Vibrating Finger Screen on 
Secondary Pre-Drum Sort Line 16.22 32.4 11
Material Available for Additional Pre-Drum Sorting and Screening 118.8 237.6 79
Material Removed by Final Pre-Drum Sorting and Screening 35.643 71.28 24
Material Available for Two Main Digester Drums 83.16 166.32 55

1. Based on the percent of bulk material recovered during the NYC Composting Trials.
2. It is assumed that this screen will drop out 12 percent of the material, based on the California mixed-waste MRF

experience, but adjusting for greater rainfall and wetter yard waste in New York City.
3. Assuming, based on the experience of other surveyed MRFs, that these sort lines and screens will recover 

30 percent of the total material.



The approximately 83 tons of sorted MSW and 100 tons of dewatered biosolids would fill 
one of the 14-foot-wide by 200-foot-long digesters. Facility operators would pump dewatered
biosolids directly to the drums from an adjacent Biosolids Storage Bunker (Building #15 
in Illustration 5-1) at an initial ratio of 1.2 parts biosolids to one part sorted MSW. As noted, one
of the learning objectives of a pilot facility would be to determine the optimal “recipe” for
composting biosolids with sorted MSW (primarily paper and other degradable waste).4

Pilot facility operators would initially add no biosolids to the Designated Digester. This is
because the unders stream from the primary materials-recovery screens should contain
adequate moisture due to the presence of food and yard waste (especially when grass clippings
are present). Also, facility operators would want to keep this stream on the drier side to facilitate
separation of the degradable from the non-degradable as the material moves through the post-
digester screening and de-stoning equipment.

Post-Drum Screening

All three digester drums discharge into a separate, post-drum Primary Screening Building
(Illustrations 5-1 and 5-11). Material discharged from the digester drums drops onto a conveyor,
which feeds material onto one of two incline conveyors that lead to a post-drum primary
trommel screen (Illustration 5-11).

To review, this material is comprised of the largely degradable items (such as soiled 
paper, food and yard waste, and diapers, etc.) that were present in the incoming MSW. It 
was composted in one of the two general materials digester drums with biosolids and has
begun the initial decomposition process. This immature compost should be relatively free 
of non-degradable materials, including small pieces of glass and plastic, as these would 
have been removed in the materials-recovery stage. However, it will require extended
composting on an air floor to complete the decomposition process and create a stable, 
useful end product.

Facility operators discharge material from the third, designated digester drum separately,
once the discharge from the other two drums is complete. Again to review, this material is
comprised of the organics-and-glass–laden fines that passed under the first screen (the vibrating
finger screen) in the materials-recovery process. Based on the experience of other MRFs
processing mixed waste, this stream consists of small pieces of yard and food waste, dirt, gravel,
and unclassifiable fines, but also contains a lot of broken glass, small pieces of plastic, bottle
caps, and other small, miscellaneous, non-degradable items. 

The goal would be to segregate this inert material from the other “cleaner” stream of degradable
material moving through the facility. However, a pilot MRC facility would want to experiment
with different ways to recover the considerable organic fraction from this “dirty” stream. As
described earlier, one of the ways a pilot MRC facility could attempt to separate the degradable
from the non-degradable would be to compost this “dirty” stream separately in its own
designated digester. Through the composting process organics would become more uniform and
easier to remove through subsequent screening and/or de-stoning. 
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This immature (inert-laden) compost from the designated drum would pass through the post-
drum, primary trommel screens, with the unders falling onto a conveyor that then drops the
material into a separate surge pile on the floor (Illustration 5-11). This material would then be
loaded onto trucks and taken to the De-Stoning Building (Building #14 in Illustration 5-1) to
further segregate the degradable from the non-degradable. Depending on the composition of the
immature compost from the designated digester, facility operators may decide to forego
screening these unders and send this material directly to the De-Stoning Building.
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Illustration 5-11
Overhead View Inside Post-Drum Primary Screening Building



De-stoning equipment is used in a number of industries for the continuous separation of
stones and other dense objects from a stream of granular material. De-stoners stratify material
according to its specific gravity by the oscillating motion of a screen and by air flowing through
the material from the bottom to the top. The light particles (“lights”), in this case the immature
compost, collect at the top, and the heavy ones (“heavies”), including pieces of glass, stones,
metal, and other small inert materials collect at the bottom. The lower layer with the “heavies”
flows upward and is fed to the final separation zone of the bottom de-stoning screen. Final
separation is accomplished by a countercurrent flow of air.

The “lights” (immature compost) from the de-stoner would either be sent back through one of
the general materials digester drums, or be placed directly onto the conveyor feeding the First-
Phase Composting building. A front-end loader scoops up the “heavies” (inert materials) and
places them onto a truck for disposal.

Facility operators at Marlborough (the location of the New York City Composting Trials,
described in Chapter 1) found that the de-stoning equipment did an excellent job of removing
heavy inerts from a stream of compost. However, they faced two problems that forced them to
abandon de-stoning, which a pilot facility design should attempt to resolve. Marlborough facility
operators reported that the de-stoner worked best when the compost was relatively dry and
operators passed it through the equipment slowly. The compost coming off of the Marlborough
air floor to the de-stoner (and final screen) after only 21 days was very wet and therefore jammed
the equipment (see Table 4-3 for moisture-level data). In addition, as Marlborough operators
were attempting to run all of their compost through the de-stoner (before it went to the final
screen and was loaded out of the facility in trucks), it was important to move material quickly or
potentially back up the whole facility.

The de-stoner at a pilot MRC facility should be used exclusively to process unders from the
primary screening of the designated digester drum discharge. As this is a relatively small
fraction of the total MSW processed by the facility, it would be possible to run material in small
batches, slowly through the de-stoner. The processing of this separate stream should take place
apart from the main movement of material through the facility and would therefore not cause
delays to the larger facility operations. Additionally, pilot facility operators would be able to
control the moisture level of the material that they send to the de-stoner by experimenting with
input “recipes”and retention times in the designated digester drum.

The overs from the post-drum primary screening of all three digester drums (the two
general materials drums and the designated drum) drop into a separate surge pile on the floor
(Illustration 5-11). This material, consisting of non-degradable items missed by the materials-
recovery process, is then loaded onto trucks and disposed as residue. 

Post-Drum Composting

The importance of post-drum composting to produce efficiently a quality end product represents
one of the key findings of the Department’s research on mixed-waste composting. As discussed
in Chapters 3 and 4, facilities with automated, highly regulated air floors produced a better, final
compost in terms of important compost-quality and process parameters, such as carbon-to-
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nitrogen ratio, volatile-organic-acid production, and organic matter loss. In short, these air floors
optimized the decomposition process. 

Another important consideration when designing post-drum composting capacity is the DEC’s
requirement that compost in New York State be produced from a process with a minimum detention
time of 50 days (including active composting and curing). This means that unlike the Marlborough
facility, for example, which composts the material on-site for 21 days and then cures the material
elsewhere, an NYC pilot facility design would require a post-drum composting system with the
throughput capacity to actively manage the material on-site for 50 days. As Chapter 4 summarized,
the Department’s MSW Research Project determined that at least 50 days of active composting is
necessary to achieve high loss of moisture and mass, as well as a reasonable degree of maturity in
the material. Moisture loss is especially important as drier material screens more effectively. 

One of the overarching objectives of any pilot facility should be to experiment with different
types of equipment to determine the best system for sorting and composting New York City’s
waste stream. The hypothetical pilot MRC facility would therefore employ a two-phase, post-
drum composting and curing process, in order to both meet the detention time
requirements, as well as to compare the efficacy of different, automated air-floor approaches. 

Both phases would be fully automated, with material moving through the first and second phases
in approximately 27 and 31 days, respectively. Combined with the three-day retention time in the
digesters, the total detention time would meet and exceed the DEC’s 50-day detention requirement.

If 83 tons of sorted MSW plus 100 tons of dewatered biosolids were loaded into each of the two
general materials digester drums (Table 5-3), then after composting and post-drum, primary
screening, an estimated 272 tons of immature compost would go to the First-Phase Composting
building per day (Table 5-4).
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Table 5-4
Estimate of the Amount of Material Going to the First-Phase Composting Building

Tons Total tons Percent of 
Processing Stage per drum for both drums Incoming Total

General Materials Digester Drums
Sorted and Screened MSW1 83 166 45
Dewatered Biosolids2 100 200 55
Total 183 366 100

Immature Compost Discharged from 
General Materials Digester Drums3 146 292 80
Material Removed by Post-Drum, 
Primary Trommel Screen (“overs”) 10 20 7
Material Available for First-Phase Composting (“unders”) 136 272 73

1. From Table 5-3. One drum would be loaded during the first 8-hour shift and the other drum would be loaded during
the next 8-hour shift.

2. Biosolids added at a ratio of 1.2 parts biosolids to one part sorted MSW.
3. The 37-ton-per-drum difference is due to the inevitable loss of mass that takes place during composting inside the drums.



First-Phase, Post-Drum Composting
First-phase composting in the proposed
pilot facility would resemble the air floor at
the Edmonton facility: a fully automated,
agitated-bay curing module. (See
Edmonton section in Chapter 3 for more
information.) The conveyor carrying the
post-drum, primary trommel screen
unders from the post-drum, Primary
Screening Building (Illustration 5-11)
would feed a tripper trolley in the First-
Phase Composting building (Building
#12 in Illustration 5-1). The tripper trolley
rides along tracks above each of the bays
and spreads the immature compost along
the length of the loading side of the bay.
An augur, attached to overhead bridge
cranes, then mixes the compost and
moves it forward over the course of 27
days. Sprays attached to the bridge crane
provide moisture to the composting
material (Photo 5-3). As discussed in
Chapter 4, additional water is especially
effective in the beginning of the air-floor
process to “kick-start” decomposition.

Air, a critical component of post-digester
composting, is drawn down through the
piles of composting material to the floor
through perforated pipes. Different air-
floor technologies handle this critical step
in varying ways. The air floor at Edmonton
uses this negative aeration technique
(sucking air down), while others use
positive aeration (blowing air up). The air
floor is generally divided into zones, each
with an automated, adjustable air-flow rate,
so that facility operators can set a general
temperature goal, and then the sections
self-regulate based on the ambient
temperature of the composting material.

The attractiveness of automated air floors
is that once facility operators determine a
good composting recipe (determining the
ratio of solid to liquid waste, bulking-agent
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Photo 5-3: Pictures of the proposed first-phase composting
technology
The proposed first-phase composting technology would
resemble that employed by Edmonton, with its automated 
bridge cranes and augurs that mix, add moisture, and move 
the immature compost over the course of 27 days.



requirements, etc.) and the aeration needs of that recipe, then they can set the general
parameters for the air floor and “walk away.” Compost facility operators currently employing this
type of equipment report that once things are up and running, the air floor “takes care of itself.”
This is important because it means that other than monitoring and making minor adjustments,
operators do not need to spend all of their time on the actual composting process and are free to
attend to other needs in the facility.

After 27 days, the augurs turn and push the composting material onto an unloading shelf, where
it is automatically discharged onto a conveyor. The conveyor moves the material through the
wall of the First-Phase Composting building and deposits it onto the floor of the Second-Phase
Composting and Curing building (Building #13 in Illustration 5-1).

Second-Phase, Post-Drum Composting and Curing
The Second-Phase Composting and Curing technology is a similar concept to the first, but
with a few key differences. Where the first phase employs active aeration (in this case using
motorized fans to draw air down through the compost), the second phase will use passive
aeration. Passive aeration relies on the principles of convection, or the transfer of heat by
movement of a substance such as air or water. When compost gets hot, warm air rises naturally
and the resulting convective currents cause a slow but steady movement of heated air upward
through the composting material and out the top of the pile. 

In the Second-Phase Composting and Curing building, the floor is traversed by a series of pipes
with many air holes drilled around all sides. The in-feed conveyor (the discharge conveyor of the
First-Phase Composting building) deposits material onto the floor of the Second-Phase
Composting and Curing building and forms a stack of compost (approximately six feet deep)
over the perforated pipes. The ends of the pipes, however, are not covered by compost.
Convection again serves to draw the cooler ambient air in through the pipes up through the
composting material. 

This composting process (with a 31-day detention time) would employ passive aeration, as well
as an automated, bucket-wheel mixer to continue to provide air to the decomposing material.

This kind of passive aeration is less electricity-intensive, and therefore less expensive, than the
active aeration proposed for the First-Phase Composting building. It is anticipated that this
“lower tech” solution will provide adequate aeration and extend the number of days that the
material is composted, without adding undue cost.

In addition to passive aeration, the second-phase composting process also provides the essential
air and moisture to the decomposing material through a mixer that passes over on a bridge
crane. The mixer in this case is not an auger, like in the first-phase process, but a rotating wheel,
made of a series of small buckets. The bucket-wheel passes over the stack of compost (to a
depth of approximately six inches above the pipes) and lifts it up into the air, while
simultaneously moving it toward the discharge end of the building. This motion “fluffs” the
material and breaks up any clumps, while introducing oxygen. As in the first-phase process, the
bridge crane, to which the bucket-wheel is attached, is also fitted with nozzles to provide water to
the piles of compost as needed.5
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However, it is during this stage of the process that facility operators would want to let moisture
levels drop in the compost. As discussed in Chapter 4, the “ideal” compost moisture levels that
facilitate effective final screening seem to be somewhere between 25 and 30 percent. Therefore,
water would be used in the second-phase composting process, especially in the last 15 to 20
days, to suppress dust, rather than to aid decomposition.

Post-Drum Final Screening

After 31 days, a discharge conveyor moves the compost through the wall of the Second-Phase
Composting and Curing building and deposits it in a large surge pile on the floor of the post-drum,
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Illustration 5-12
Second-Phase Composting Process



Final Screening and Load-Out building
(Building #15 in Illustration 5-1). A front-end
loader scoops up the compost from this pile
and loads it into an infeed hopper connected
to a conveyor. The conveyor moves the
material up to the final facility screen,
sized at ten millimeters (10mm or .4 inch) to
meet DEC requirements that particles in a
finished compost be no larger than this size.

The overs, particles larger than ten
millimeters, are deposited in a bunker
within the Final Screening and Load-Out
building. If this material proves to contain a
lot of compost and other degradable material (such as small piece of paper and wood), facility
operators would load it into a truck and deposit it directly on the digester tipping floor for
reintroduction into the digester drum. If the material is primarily comprised of small, non-
degradable material, it will be loaded onto trucks destined for disposal. As described in Chapter
4, reintroducing final screen overs into the composting process is an effective way of lowering
facility residue rates. However, in order to be conservative, the theoretical pilot facility cost
estimates presented in Chapter 7 assume that all of this material would require disposal.

The unders from the final screen are the finished compost product (Photo 5-4). Based on the
experience of other successfully operating MSW-composting facilities, after 50-plus days of active,
aerated composting, the material does not have any odor associated with it, other than the pleasant,
earthy smell of topsoil. At this point, therefore, the material can safely be loaded onto vehicles, and
leave the facility without the risk of generating odors. Table 5-5 shows a breakdown of the
estimated amount of compost the pilot facility would produce, based on loss-of-mass projections for
both phases of post-drum composting, and estimates for final screening overs and unders.
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Photo 5-4: Finished compost after final facility screen

Table 5-5
Estimate of the Amount of Finished Compost Produced by the Pilot Facility

Tons per day Percent of 
Processing Stage (two 8-hour shifts) Incoming Total

Material Sent to First-Phase Composting1 272 100
Loss of Mass During This Process2 108 40
Material Going to Second-Phase Composting 164 60
Loss of Mass During This Process2 25 9
Material Going to Post-Drum Final Screening 139 51
Material Removed by Post-Drum, Final Screen (“Overs”) 12 4
Final Compost (“Unders” from Final Screen) 127 47

1. From Table 5-4.
2. Due to the release of moisture and carbon dioxide during composting on the air floor.



The New York City Composting Trials (held at the Bedminster, Marlborough MSW-composting
facility in Marlborough, Massachusetts) demonstrated through extensive testing that it is
possible to make a compost with waste generated in New York City that meets New York State
Department of Environmental Conservation (DEC) standards. One of the primary goals of a
pilot MRC facility in New York City would be to establish a record of that quality over an
extended period of time. A testing protocol would be developed according to DEC guidelines.
Once the DEC made a designation as to the quality of the compost produced by the pilot facility
and acceptable end uses, the City might begin to use the material in such projects as final landfill
cover, roadside erosion control, and construction projects. Once the pilot facility consistently
produced a quality compost, outside markets could be sought for the material, such as large-
scale, regional soil-blending and landscaping operations. 

Although compost in the region usually commands between $10 to $15 per ton, to be
conservative, the cost estimates in Chapter 7 for the hypothetical pilot facility assume zero
revenue for the final compost product. Furthermore, additional funding is allocated for extensive
laboratory testing, and the transportation costs that would initially be incurred when shipping
compost off-site to various test locations.

Air Handling and Odor Control 

Without question, the most important task of any pilot facility should be air handling and odor
control. Many of the early set-backs in the MSW-composting industry (as well as in the waste-
water-treatment industry) were due to lack of attention to this critical facility component. The
current generation of MSW-composting facilities have zero tolerance for odor emissions and
thus, operate in a nuisance-free manner in close proximity to neighbors. If this were not the case,
namely if the problem of odor control had not essentially been solved, then the Department
would not even be evaluating this technology.

The air-handling system at the pilot MRC facility would be designed to treat process air from all
the buildings where odors pose a potential concern. Air would enter these buildings through a
centrifugal fan (as well as doors when they are opened) and then be dispersed through air
distribution outlets running along the respective roofs. Air would then be extracted from the
buildings by a general ventilation system. In the First- and Second-Phase Composting buildings,
air would also be extracted through various aeration systems that draw air through the
composting material (described earlier). In general, air-handling systems at these types of
facilities are designed to provide a specific number of interior “air changes” in a given amount of
time, both to ensure odor control and worker safety. 

Air would enter and exit each building at slightly different pressures, which would serve to
create a negative overall pressure condition in the building. This essentially means that when
any doors are opened, air is drawn in from the outside, rather than escaping to the outside, as
happens under normal pressure conditions. Maintaining buildings under negative air pressure is
another, standard safeguard against odors emissions. (See Illustration 5-13.)

Actual air-handling processes are proprietary of the companies who design them, and a detailed
description of their functioning would be out of place in this preliminary design discussion.

142

New York City MSW Composting Report



However, it is important to understand the basic concept behind scrubbers and biofilters.
Scrubbers do not actually serve to reduce odors, which are known to be produced by a large
number of organic and inorganic volatile compounds. The scrubbers instead use water to “wash”
the air of ammonia and ammonia-derived volatile compounds and humidify the airstream before
it reaches the biofilter, as high concentrations of these compounds and/or excessive dryness can
reduce the biofilter’s efficiency. In essence, the scrubbers are used to prolong the life and
effectiveness of the biofilter, as well as safeguard against peaks in ammonia concentration.

Biofilters are standard equipment at all enclosed composting facilities. Recently, other solid-
waste-management facilities, such as transfer stations, have also installed biofilters as they have
proven to be an effective means to combat odors. A biofilter is a living system that microbially
consumes odorous compounds from the air as it passes through. The biofilter is typically
composed of compost and wood chips that have been blended in a prescribed ratio. It may also
include soil, limestone, or other ingredients. The biofilter is constructed, above or below ground,
over a series of perforated pipes through which process air is pumped and distributed. Biofilters
are engineered to retain air in the media for a specified time in order to ensure odorous
compounds in the air are degraded. (See Illustration 5-14.)

In addition to the formal systems and technologies designed to capture and treat all process air
from the facility before releasing it outside, there are other means to prevent odors before they
occur. The first is to keep aerobic conditions in the composting material at all times. The
microbes that flourish during the anaerobic decomposition of organic material produce
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Illustration 5-13
General Air-Handling Schematic
A ventilation system removes process air from buildings and sends it to a biofilter for odor-suppression treatment.



undesirable odors as by-products, including the rotten-egg smell of hydrogen sulfide gas. An
adequate flow of air through the digesters, as well as during the first- and second-phase, post-
drum composting processes, helps ensure that the recycling of the organic fraction of the waste
stream will not generate undesirable odors within a pilot facility.

Other means of preventing odors can be built right into the facility design. High-speed, roll-up
doors mean that when incoming trucks tip their loads, the doors to the facility are open for the
shortest amount of time possible. Also, large doors can be fitted with blowers to create “air
curtains” to prevent odors from escaping when the doors are open. Simple design
considerations, like minimizing the use of interior columns, small corner spaces, and other
areas where debris can accumulate can facilitate easy clean-up. A pilot facility should have
heavy-duty concrete floors and be equipped with a system to hose down all equipment on a
regular basis. Facilities should employ non-corroding fiberglass duct work, rather than metal, to
better withstand the corrosive conditions produced by composting material. Corroded duct
work provides a means for odors to escape. Sizing a facility correctly so waste never backs up in
any place, and keeps moving through the facility, is another way to prevent odors from
occurring.
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Illustration 5-14
Cross-Section of a Biofilter



The updates to New York State DEC regulations, which oversee composting facilities, include a
new requirement for an odor-management plan. Such a plan formalizes and “institutionalizes”
odor-prevention steps, making them an essential part of a facility’s daily operation and
maintenance procedures. The Department and the facility design team should take all necessary
steps to make sure such a plan is crafted to the satisfaction of the DEC, as well as concerned
members of the community. A facility’s ability to prove itself as a good neighbor, especially in the
field of odor prevention and control, will be critical to its success as a waste-management
strategy for New York City.

The next chapter presents the estimated facility recovery rate, based on the projected recovery
rate for each material fraction of the waste steam as it moves through the hypothetical pilot
facility. Chapter 7 presents cost estimates for the theoretical, pilot MRC facility described in 
this report.
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CHAPTER 6
PROJECTED RECOVERY RATES 

Summary 

This section begins by presenting materials-recovery projections for a theoretical, New York City
Research and Development Pilot Materials-Recovery and Composting Facility (“pilot MRC
facility” or “pilot facility”), as described in Chapter 5. A discussion follows providing the various
assumptions that inform these projections, including NYC waste-composition data and interviews
with managers of mixed-waste materials-recovery facilities (MRFs). The recovery-rate
projections are then combined with the throughput data provided in Chapter 5 to arrive at an
estimated, total annual recovery rate for such a pilot facility.

Annual recovery-rate projections for a theoretical, pilot MRC facility allow for a comparison with
the recovery rates achieved by the four surveyed MSW-composting facilities (described in
Chapter 3), as well as those achieved during the NYC Composting Trials (described in Chapter
1). Such information is useful in understanding how a pilot MRC facility would attempt to meet
the dual goals of lower residue and higher recovery rates, presented in Chapter 4. What is not
recovered by a pilot facility, conversely, would have to be discarded as residue. Recovery-rate
estimates are important therefore in determining residue rates, which in turn are a key
component of the estimated, pilot-facility operating costs, presented in Chapter 7.

Projected Materials-Recovery Rates

A pilot MRC facility, as conceptually outlined in Chapter 5, essentially consists of an MSW-
composting facility with a mixed-waste MRF on the front end. To estimate how much material
such a facility might recover for recycling, and how much material would still require disposal as
residue, the Department relied on the following sources:

• NYC waste-characterization data

• Consultants with design experience in either MSW-composting and/or materials-
recovery facilities (MRFs)

• Interviews with facility managers at mixed-waste MRFs 

• The Department’s own experience conducting the MSW-Composting Research Project

Waste Composition

Before estimating what a pilot facility might recover, the Department needed to know what might be
in the waste stream arriving at such a facility. The Department turned to the waste characterization
that was performed in conjunction with the NYC Composting Trials. It should be noted that there
are some shortcomings associated with using this data, namely that it is not citywide, nor seasonal,
nor does it take into account the suspension of glass and plastic recycling that went into effect in
July 2002. Therefore, the percentage of yard waste might be low (since the characterization took
place in February), as might be the respective percentages of glass and plastic.
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That being said, the data itself is representative of the Sanitation District (Staten Island 2) from
which it was collected, and is much more recent than the last citywide, multi-season, waste-
characterization effort, undertaken in 1989/1990. (For more information about the waste
characterization conducted as part of the NYC Composting Trials, see Chapter 1. Appendix A
contains the consultant’s final report and the actual waste-characterization data.) 

The average composition by weight of the various components of the waste stream (the second
column listed in Table 6-1 on the next page) comes from the summary of the NYC Composting
Trials waste characterization presented in Table 1-1 of this report. However, while Table 1-1 groups
materials as “Compostable” and “Non-Compostable,” Table 6-1 adds the category, “Recyclable.”

Recovery Goals

A pilot MRC facility’s pre-composting, materials-recovery process should have three primary goals:

• Send as much paper and paper products to the composting drums as possible

• Prevent as much non-degradable material (especially glass and film plastic) from going
to the composting drums as possible

• Recover as many non-degradable recyclable items as possible

Recovery Rates

The projected recovery rate column in Table 6-1 presents the estimated percentage of each
material that a pilot MRC facility could potentially recover, and conversely, what percent would
require disposal as residue.

To better understand the assumptions underlying these recovery-rate projections, the following
sections review how different material fractions of the waste stream will move through a pilot
MRC facility, and where and how they will be recovered for recycling. For each material, the
section provides the projected recovery rate and the rationale that supports that projection.

Compostable Material

The broad goal for recovering compostable material is to send as much of the paper and other
larger-sized, degradable items as possible to the composting drums, as this stream will produce
a relatively clean, contaminant-free compost. The majority of the food and yard waste will be
dropped out by the first set of screens in the pre-composting, materials-recovery process, along
with the rest of the undersized fraction of the incoming waste stream (such as broken glass,
bottle caps, etc). The aim is to isolate these small, non-degradable items and handle them
separately, so that they do not contaminate the cleaner, mostly paper stream.

Paper
In some senses the entire, pre-drum, materials-recovery component of a pilot MRC facility
(described in Chapter 5) can be seen as a positive sort for paper. This means that the various
facility sort lines and screens are designed to pick out everything that is not paper. Therefore, all
types of paper will be left on the conveyors to move to the digester tipping floor for composting.
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This includes incorrectly placed, designated paper items from NYC’s curbside recycling program
(newspapers, magazines, cardboard boxes, office paper, envelopes, etc.), as well as non-
designated paper items (such as paper towels and napkins). Given that paper is the largest
component of the waste stream, even post-recycling (32.1 percent by weight; see Table 6-1), this
overall facility approach makes sense.  

However, large sheets of corrugated cardboard would be removed on the first sort line, as these
items tend to “blind” materials-recovery screens. “Blinding” in this instance refers to the
phenomenon whereby small items ride on top of larger items, such as sheets of cardboard, and
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Table 6-1
Projected Solid-Waste–Recovery Rate for a Theoretical, NYC Pilot Materials-Recovery 
and Composting Facility

Average %   Projected Projected  Projected 
Composition Recovery Rate2 Solid-Waste Recovery3 Residue Rate

Material Category by Weight1 % % %

Compostable Material
Paper 32.1 100 32.1 0
Food Waste 15.9 90 14.3 1.6
Yard Waste 1.6 90 1.4 .2
Fines4 5.9 85 5.0 .9
Other Compostables 6.0 90 5.4 .6
Total Compostables 58.2 3.3

Recyclable Material
Bulk Wood 3.4 95 3.2 .2
Plastic 15.4 25 3.9 11.5
Textiles 5.3 50 2.7 2.6
Glass & Ceramics4 5.2 0 0 5.2
Metal 3.1 95 2.9 .2
Total Recyclables 12.1 19.5

Other
Large Composite Items 1.0 0 0 1.0
Other Non-Compostables 5.1 0 0 5.1
Total Other 0 6.1

TOTAL 100.0 70.9 29.1

1. Based on the waste-composition study performed in conjunction with the NYC Composting Trials; see Appendix A
for the waste-composition data and final report.

2. Based on the findings of the Department’s MSW-Composting Research Project and interviews with mixed-waste
MRF managers.

3. Derived by multiplying “Average % Composition by Weight” with “Projected Recovery Rate %.”
4. In the waste-characterization final report, fines were divided into non-degradable (3.5%) and unclassifiable (4.3%).

According to the report, the non-degradable fines will become part of the compost (see Appendix A, Waste
Characterization for Composting Pilot Study, p. 15) and therefore are listed under “Compostable material.” However,
as a portion of the unclassifiable fines was broken glass beverage containers, 45% (conservatively) of the
unclassifiable fines have been assigned to the glass and ceramics category.



therefore fail to pass under the screens designed to remove them. Depending on what proved to
be operationally and economically sensible, the facility would either bale this cardboard for
recycling or send it through the composting drums.

The Department gained some understanding of the issues involved with composting the paper
fraction of the waste stream from its survey of MSW-composting facilities (see Chapter 4 for
more information). The Marlborough facility manager reported that without an automated
compost-turning system, it was difficult to completely degrade the lignin in paper products
(especially corrugated cardboard) in the 21 days that material resides on their air floor. Lignin
(the large polymers that cement cellulose fibers together in wood) decomposes slowly because
its complex structure makes it highly resistant to enzyme attack.  

Even with an automated turning system on its air floor, and material-retention time of 42 days,
38.16 percent of the material passing over the Conporec facility’s final screen consisted of paper.
On the other hand, after 21 days on its automated air floor, only 2.09 percent of the material
passing over the Edmonton final, facility screen was paper (see Table 4-2 for the percent of
compost and other degradable material in Edmonton and Conporec final screen overs). It is
difficult to know whether Edmonton successfully composts the paper fraction of the waste
stream because of its effective air floor, its use of highly nitrogenous biosolids, or because there
is less paper coming into the facility. Compared to Marlborough and Conporec, Edmonton may
be receiving less paper because it does not process commercial solid waste from supermarkets,
which often contains a lot of corrugated cardboard.

Building on this learning, the design for the hypothetical pilot facility allows for retaining
composting material on an automated air floor for over 50 days, in order to fully degrade the
paper fraction of the waste stream. If paper is still in the final screen overs, then these overs will
be sent back through the composting process (as explained in Chapter 5). This, combined with
the fact that the entire facility will be geared toward capturing paper, leads to the assumption
presented in Table 6-1 that the facility will recover 100 percent, or all paper, available.

Food and Yard Waste
The projected recovery rate for these items is more difficult to predict than paper. This is
because few mixed-waste facilities attempt to segregate food and yard waste up-front. 
MSW-composting facilities do not segregate this material, but leave it in garbage bags, mixed
with other fractions of the solid-waste stream. Mixed-waste MRFs, on the other hand, do not
generally attempt to recover food and yard waste for recycling. Rather, they leave these
materials for disposal, as sort line workers can concentrate on recovering conventional
recyclables, such as metal, plastic, and paper. The experience of both types of facilities informs
the projected recovery rate for food and yard waste at the pilot MRC facility.

The pilot MRC facility is designed to separate out the majority of food and yard waste at the first
set of screens in the materials-recovery building (see Illustrations 5-5 and 5-6 in Chapter 5).
Material arrives at these screens after going through the bag openers and moving past sort line
workers, who will tip the contents of these bags onto the conveyor belt (and remove the film-
plastic bags). 
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The screens are vibrating finger screens, which are commonly used in mixed-waste MRFs to
remove the small-sized fraction of the waste stream. Depending on the size setting, these MRFs
will employ such screens to generate, for example, a “four-inch-under” (<4") stream or a “three-
inch-under” (<3") stream. Based on the experience of other MRFs that accept mixed waste, the
vibrating finger screens remove the majority of the food and yard waste, along with broken glass
and other small, non-degradable items. Pilot facility operators would remove incoming brush and
other large, woody waste off of the tip floor, or the elevated, primary, pre-drum sort line (see
Bulk Wood, which follows). Some fraction of the food and yard-waste stream that is larger than
the vibrating finger screen setting, such as bones, twigs, and smaller pieces of brush, would pass
over this screen, but the majority would pass under.

As noted in Chapter 5, the City of Industry mixed-waste MRF in Los Angeles sends its incoming
material to a bag breaker and then to a vibrating finger screen with a three-inch setting. They
report that 10 percent of the incoming material passes under these screens, with the unders
largely comprised of food and yard waste and broken glass. The City of Industry’s facility
disposes of these unders. However, a mixed-waste MRF in Medina County, Ohio (population
50,000), currently processing 550 tons of mixed waste a day, composts these unders. After
sending incoming MSW through a bag-breaking trommel, this MRF takes the unders and
composts them in outdoor windrows. While the actual screen-size setting is proprietary, the
owner reports that similar to the L.A. MRF, unders comprise approximately 10 percent of the
incoming material.

Again, the pilot MRC facility (as described in Chapter 5) is designed to drop out the majority of
food and yard waste at the first set of materials-recovery (vibrating finger) screens, which would
be located after the secondary sort line (film plastic picking station). This glass-laden organics
stream would move under a magnet to remove any small ferrous items, and then continue to a
designated digester drum, separate from the the clean paper stream. Upon discharge, facility
operators would screen this material and/or de-stone it to separate the glass and other small
non-degradable items (such as bottle caps, etc.) from the immature compost. The compost could
be sent back through one of the two general materials digester drums, or moved directly to the
First-Phase Composting building (see Illustration 5-1 for location).

What is known from MRFs handling mixed waste is that debagging incoming waste and sending
it to a vibrating screen will drop out most of the food and yard waste (along with most broken
glass, bottle caps, and other small, non-degradable items). What is also known is that due to the
presence of food and yard waste, this unders stream is compostable. What is known from MSW-
composting facilities is that it is possible to separate compost from small pieces of glass and
other non-degradable items through de-stoning. This is especially true when the material is dry
and run through the de-stoner slowly, in relatively small batches. However, as no facility to the
Department’s knowledge has documented experience with this procedure as a whole, this would
be a research component of any pilot facility.

The assumption is that a pilot MRC facility would recover a significant fraction of food and yard
waste (90 percent), but that a portion (10 percent) would still be lost to overs during the post-
drum screening and de-stoning process. It should be noted that the facility could also process
loose (unbagged) yard waste from commercial landscapers. Based on the Department’s
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experience, this material is generally free of non-degradable contaminants and could therefore
by-pass the materials-recovery and digester-drum components of the pilot facility, moving instead
directly to the First-Phase Composting building. However, the facility recovery rate projections
and cost estimates do not take this type of material, or potential revenue stream, into account.

Fines and Other Compostables
Fines are very small pieces of material, such as sand, dirt, ashes, cat litter, etc. Some fines are so
small that they cannot be categorized. The consultant conducting the waste characterization
divided fines into “non-degradable fines” (3.5 percent) and “unclassifiable fines” (4.3 percent).
(See Table 1-1.) In the final report (attached as Appendix A), the consultant notes that (despite
the “non-degradable” designation) most of the non-degradable fines will become part of the
compost. Therefore, Table 6-1 combines these two types of fines into one and places them under
the compostable material category. However, as explained in the Glass section later, broken glass
was categorized with “unclassifiable fines.” Assuming that just under half of the fines (45
percent) consisted of broken glass, 45 percent of the “unclassifiable fines” category in Table 1-1
was added back to the “glass and ceramics” category in Table 6-1. (In other words, glass and
ceramics increase from 3.3 percent in Table 1-1 to 5.2 percent in Table 6-1.)

These fines would drop out with the food and yard waste (along with most broken glass, bottle
caps, and other small, non-degradable items), passing under the first set of materials-recovery
screens. These are the vibrating finger screens described in the Food and Yard Waste section
above. The fines would travel with these unders to the designated digester drum and through
the post-drum trommel screen and/or de-stoning equipment. The recovery-rate projection for
fines is based on the assumption that the majority of what the waste characterization classified as 
non-degradable fines would become part of the compost, as would a portion of the unclassifiable
fines (that are not broken glass). However, some fraction of the unclassifiable fines would be 
non-degradable. Given the New York State Department of Conservation (DEC) requirement that
a final compost contain particles no larger than ten millimeters (three-eighths of an inch), these
non-degradable items will pass over the final screen for disposal as residue. Therefore, the
projected recovery rate is lower for fines (85 percent) than for food and yard waste (90 percent).

The waste-characterization final report describes the category “Other Degradables” (labeled
“other compostables ” in Table 6-1) as including all small, readily degradable items that did not
fit the definition of paper, food waste, or yard waste. This included such things as disposable
diapers and their contents, sanitary napkins, animal feces, cut flowers, and dryer lint. At six
percent, these items do not comprise an insignificant amount of the total waste stream.

Given the small size of most of these items, they would generally pass under the first set of
vibrating finger screens (along with food waste, yard waste, fines, and small, non-degradable
items), and move to the designated digester for composting. The exception to this would be
disposable diapers. The vibrating nature of the screens might shake out the contents of the
diapers, while the diapers themselves passed over the screens to be removed on the next set of
sort lines. Due to the “compostability” of this material, the recovery-rate assumption for the
items within the “other compostables” category is the same as that for food and yard waste 
(85 percent).
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Recyclable Material

A pilot facility’s broad goals for recovering potentially recyclable items in the waste stream are
to remove textiles early in the process, before they become wet and soiled, and to capture as
much wood, metal, and designated plastics as possible. If it proved possible to separate clean,
dry textiles, these would be diverted for disposal to avoid the heavy residue problem
described in Chapter 4. Metal and certain plastics have known value as recyclables, while
wood will be easy for a facility to grind and incorporate into the composting process. With
regard to glass and other plastics (that a facility did not designate for recovery), the recovery
goals are aimed first at diverting these problematic materials from the composting process,
and then second, determining if it is worth recovering them for recycling. Film-plastic bags
and broken glass are especially pernicious in the composting process and the materials-
recovery component of the pilot facility will make every effort to divert these items before
they go to the composting drums.

Bulk Wood
Bulk wood items (such as plywood, lumber, uprooted shrubs, and tree branches) are easy to
identify and remove. As is currently the case at MSW-composting facilities and mixed-material
MRFs, the grapple crane operators at the proposed pilot facility can pick this material out and
move it into containers on the facility tipping floor. Workers on the elevated, primary, pre-drum
sort line would intercept any bulk wood that the crane operators miss (see Illustration 5-2). A tub
grinder at the facility would shred this material along with brush into chips, which facility
operators could load directly into either the first- or second-phase composting process. Wood
chips are an ideal bulking agent for compost, as their structure provides porosity and therefore
air space in dense, decomposing material.

Wood chips that do not break down by the end of the second-phase composting process would
pass over the final facility screen. Facility operators could run these woody overs back through
the composting drums, or through either the first- or second-phase composting process.
Therefore, it is assumed that the pilot MRC facility would recover 95 percent of woody materials.

Plastic
Plastic is a more complicated material category for which to project a recovery rate for two
reasons. First, it is difficult to predict to what degree sorters will be able to pick out different
types of plastics, and to what degree it will be worth the effort. Second, the waste
characterization associated with the NYC Composting Trials grouped all plastics together and
did not distinguish recyclable from non-recyclable items. For example, the 15.4 percent of the
waste stream characterized as plastic in Table 6-1 includes both plastic garbage bags (non-
recyclable) as well as PET and HDPE bottles (recyclable plastics). “Recyclable” in this instance
means plastics with well-established, secondary-use markets. 

The pilot MRC facility is designed to recover large plastic items that arrive at the facility loose
(not in bags), on the primary, pre-drum sort line (see Illustration 5-2). Sort line workers will
remove both large, recyclable, plastic items, such as five-gallon plastic buckets, as well as large,
non-recyclable, plastic items, such as plastic furniture and laundry baskets.  
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After the material that arrives at the pilot facility in bags has gone through the bag openers and
workers on the secondary sort line have emptied the bags (and separated the film plastic for
disposal), the material passes over the first set of vibrating finger screens (see Illustrations 5-5
and 5-6). Very small pieces of plastic, such as bottle caps, broken toys, etc. would pass under
these screens and move with the other undersized items (such as food waste, yard waste, and
broken glass) to the designated digester for composting as described in the Food and Yard
Waste section above. After composting, these small, hard plastic items would ultimately be
separated from the immature compost through screening and de-stoning, and would be
disposed of as residue.

Small, plastic items that are larger than the vibrating screen setting (greater than 2.5 inches),
both recyclable (such as bottles and jugs) and non-recyclable (such as plastic deli containers)
would pass over this screen and on to the final sort line (see Illustration 5-8). Workers would sort
the recyclable from the non-recyclable, removing as much plastic as possible. A mixed-waste
MRF manager in Oakland, California, interviewed by the Department’s consultant, reports that
the vibrating finger screens not only serve to drop out the undersized fraction of the waste
stream, but also spread the remaining materials out on the conveyor belts so that sorters have a
good visual presentation of what is moving past them.

Given the emphasis on removing both film plastic (primarily in the form of plastic garbage bags),
as well as other types of plastic (both recyclable and non-recyclable), a pilot MRC facility would
most likely divert the majority of plastic items before they reach the composting process.
However, how much of this material would be recyclable is harder to predict.

The projected recovery rate for plastic assumes that film plastics, and other non-recyclable
plastics that would require disposal as residue, would comprise 50 percent of the total incoming
plastics stream. Of the remaining 50 percent, it is assumed that sort line workers would capture
only half for recycling, with the other half also requiring disposal. Therefore, the projected
recovery rate for the plastic materials category is 25 percent.

Textiles
Textiles comprised 5.3 percent of the waste stream that the Department sent to Marlborough for
the New York City Composting Trials. This is the second-largest, non-degradable category of
material after plastics. As a waste category, textiles includes such items as rugs, carpeting,
towels, cloth napkins and place mats, curtains, pillows, bedding, and all types of clothing,
including coats.

Visual inspection of the New York City MSW arriving at the Marlborough facility revealed that
these textiles primarily took the form of carpets, as well as whole bags full of clean, discarded
clothes, blankets, and curtains. That generators tend to separate these items from other parts of
the waste stream makes sense, as people will set bags of old clothing or bedding aside when
cleaning out their closets, basements, or attics. The Marlborough facility was not designed to
sort for textiles before they went to the digester drums for composting. However, it seemed
that if workers were sorting for these items, it might be possible to segregate these materials
from others in the waste stream.
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The pilot MRC facility design seeks to recover textiles as soon as material is de-bagged. To
review, incoming, bagged MSW would pass over the bag breakers, which serve to slash bags
(see Illustration 5-3 and 5-4). A conveyor leading from the bag breakers deposits the slashed
bags into a surge pile, from where they are loaded by a grapple crane onto another conveyor,
leading to the second elevated sort line (see Illustration 5-5). Workers on this sort line pick up
the slashed bags, empty their contents onto the conveyor, and throw the film plastic bag into a
cage below for baling and disposal. Another set of workers picks out garbage bags that the bag
breaker missed, as well as any smaller, sealed bags that were inside the larger garbage bags, and
drops these into containers below for re-processing through the bag breakers. A final set of
workers positioned in between these two stations would assist in both tasks, but would also pick
out all clean, dry textiles and drop them into separate containers below, before they became
contaminated with other fractions of the waste stream.

Of all of the projected materials-recovery rates, the estimate for textiles is the most speculative.
It is unclear to what extent the bags of clothing, curtains, bedding, and other items will remain
relatively uncontaminated with other material fractions of the waste stream as they pass over
the bag openers and move to the surge piles. None of the mixed-waste MRFs interviewed by
the Department’s consultant attempt to recover textiles through their respective processes, so
there is no precedent to confirm the recovery-rate estimate, as there are for other projections
presented here.

The post-consumer textile industry generally accepts any used clothing item and household textile
article such as pants, dresses, hats, shirts, drapes, curtains, blankets, towels, sheets, handbags,
belts, and paired shoes. However, they must be dry and in clean condition (meaning free from any
contamination by water, chemicals, etc.). Textile recycling companies will then sort the material
and sell it, depending on its quality, as usable clothing (for export or wholesale markets), or as
wiping products, or to the fiber market. (Many products made from recycled fiber are used in the
automotive industry, such as soundproofing for auto engines and carpet padding.)

Again, it is unclear if workers will be able to pull textiles off the passing conveyor belt before
they become wet, soiled or otherwise unacceptable to the post-consumer textile industry. The
facility recovery estimates assume that 50 percent of the incoming textiles will be unrecoverable.
Conversely, the facility recovery-rate projection for textiles is 50 percent, which given textiles
susceptibility to contamination may be optimistic.

Glass
Capturing glass would be as important an objective for a pilot MRC facility as capturing paper.
However, whereas all paper would be directed to the composting drums, as much glass as
possible would be diverted before it reached this stage. 

Glass in the municipal waste stream is primarily found in various food and beverage containers.
The waste characterization placed glass mirrors and ceramic items in the glass category, but did
not include light bulbs, placing these in “Other Non-Compostables” instead. Two things are
important to note about this data. First, as with plastic containers, the waste characterization was
performed before the suspension of glass and plastic recycling in July 2002. Therefore, the
amount of glass in the waste stream will be higher after this date (until such a time that source-
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separated glass recycling is restored). Second, because broken glass beverage containers were
too dangerous for the waste-characterization workers to handle, the consultant notes that the
broken glass tended to end up in the “unclassified fines” category. As explained in the Fines and
Other Compostables section earlier, 45 percent of the “unclassified fines” total was therefore
subtracted from this category and added back to “glass and ceramics.” Glass then represents a
total of 5.2 percent of the waste stream.

Glass would arrive at the pilot facility in two forms: intact (or largely intact) and broken. As
described previously, the first screen in the materials-recovery process is a vibrating finger
screen, which is designed to drop out the small fraction of the waste stream. By testing different
screen sizes at this point, facility operators would attempt to drop out as much of the smaller
broken pieces of glass as possible. Many mixed-waste (as well as single-stream) MRFs attempt
to screen out all of the broken glass early in the process, as broken glass is extremely abrasive
and can damage conveyor belts and other equipment.

As explained in the Food and Yard Waste section earlier, a significant portion of the food and yard
waste would also drop out at this stage. Therefore, this glass-laden–organics stream would be
sent to a separate, designated composting drum and composted separately from the clean paper
stream. Post-drum, pilot-facility screens and de-stoning equipment would separate and remove
pieces of glass from this resulting compost.

The Ohio mixed-waste MRF (described in the Food and Yard Waste section earlier), which currently
composts their primary screen unders, reports that this compost is obviously full of glass.
Therefore, they now use this material as landfill cover. They are experimenting, however, with
drying these composted unders and sending the material through a de-stoner in order to remove
the glass and produce a more useful compost. At the time of this writing, trials with 
de-stoning at the Ohio MRF had yielded positive results, but a full-scale operation had not yet begun. 

The whole bottles and containers and larger pieces of glass would move over the vibrating finger
screen and on to the secondary, pre-drum elevated sort lines where workers would manually
pick them out. In order for recycled glass to be valuable as an input for container manufacturers,
it generally needs to be separated by color. The materials-recovery facilities (MRFs) that
processed the City’s metal, glass, and plastic routinely complained that crushed, mixed-color
glass had very little value and no market outlets (other than as fill material in road and
construction projects, or alternative daily landfill cover). These MRFs were able to market the
larger pieces of intact glass containers that workers would manually segregate by color, although
this accounted for very little of the total glass stream that they received. 

In order to be conservative, the assumption behind the facility cost estimates and the recovery
rates is that the facility would capture all glass, however, none of it would be recovered for
recycling, and would therefore require disposal as residue. Recycling outlets would actively be
sought for this material, but realistically it would not be prudent to assign any value to this
material in advance. Another option besides traditional recycling of glass would be to use
pulverizing equipment to crush all of the glass into sand. The sand could be used in the
composting process. The preliminary pilot facility design and budget does not specify this
procedure, but it is an interesting option that could be explored. 
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Metal
The waste characterization associated with the NYC Composting Trials revealed that 3.1
percent of the post-recycling waste stream was metal. Since DSNY wanted to know what if
any metal items in the waste stream might contribute to the heavy metals content in the
ultimate compost, the consultant performed a sub-sort to further characterize metals as
aluminum, brass, copper, lead, pot metal, and ferrous metal. Of the 3.1 percent of the waste
stream that was metal, ferrous items were present at the highest levels (1.4 percent),
followed by aluminum (.75 percent). From a compost-quality perspective, the compost made
in the NYC Composting Trials met all the DEC limits for heavy metals. From the perspective
of recycling, almost all metal, especially ferrous and aluminum, have established, secondary-
use markets.

A grapple crane would remove bulk metal items from the tip floor of the pilot MRC facility and
place them into containers, which would move via truck to the Materials-Recovery Staging Area
and ultimately to scrap metal processors. Workers on the first sort line would remove large metal
items not in bags and missed by the grapple crane and drop them into containers below for
recycling. An overhead magnet would pull out very small ferrous items that fall under the
primary set of vibrating finger screens (see Illustration 5-7). After the incoming, bagged MSW
moves through the bag openers and the secondary sort lines, it moves to a final set of sort lines,
where workers would remove any small, metal items that passed over the vibrating finger
screens, such as metal cans. Finally, as the material moves to the last set of (debris roll) screens
before the composting process, a set of magnets would remove any ferrous metal items, missed
by the sort line workers.  

Given the many opportunities to remove metal, including two sets of overhead magnets, the
theoretical pilot facility recovery-rate projection assumes that 95 percent of the incoming metal
items in the waste stream would be recovered for recycling.

Other Material

Large, Composite Items
Large, composite items include such things as mattresses, furniture, large cushions, home
renovation debris, and other items consisting of material from more than one waste category.
The pilot facility is designed to remove these items on the tip floor via grapple crane, as well as
on the first elevated sort line. While some of these items might be reusable by the goodwill
industry, the projected recovery rate assumes that none of these items will be recovered for
recycling or reuse, and that all of them would require disposal.

Other Non-Compostables
Non-compostable items (referred to as “non-degradables” in the waste-characterization final
report) include all items that are not readily biodegradable and do not fit in any other waste
category. These include, among other things, wood that does not fit the definition of bulk wood,
concrete, asphalt, stones, medium-sized composite items, all footwear, lightbulbs, electronics,
wiring, and cables. In the conceptual pilot facility design, the final sets of workers on both the
first and final elevated sort lines remove these medium-sized, miscellaneous, non-compostable,
non-recyclable items and drop them into containers below for disposal. Inevitably, workers will
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miss some of these items and
they will pass over the materials-
recovery screens and be loaded
into the composting drums with
the clean paper stream. As is the
case at other MSW-composting
facilities, these items will be
screened out in the post-drum
trommel screens for disposal.

Projected Annual Facility
Recovery Rate

Table 6-2 contains the projected
annual inputs and outputs for the
theoretical, New York City
Research and Development Pilot
Materials-Recovery and
Composting Facility described in
Chapter 5. The pilot MRC facility
would recover 83 percent of the
total incoming material (MSW
and biosolids), or 71 percent of
the incoming MSW (exclusive of
biosolids). The information in
this table integrates the
projected facility throughput
rates presented in Chapter 5 with
the materials-recovery and
residue-rate information
summarized in Table 6-1, and
discussed above. 

The data in Table 6-3 allows for a
direct comparison of the

proposed pilot facility with both the four, surveyed MSW-composting facilities, as well as the
performance of the New York City material during the Composting Trials at Marlborough. While
the actual number of annual operating days will vary slightly between facilities (and, of course,
the NYC Trials was a limited pilot project), Table 6-3 compares the annual summary data from
the proposed NYC pilot facility and the MSW-Composting Research Project.

The proposed pilot MRC facility is designed with the goal of achieving low-residue and high-
recovery rates. As explained in Chapter 4, these attributes are the hallmarks of a successful
facility. The following section briefly reviews the “desirable” and the “undesirable” outputs
presented in Chapter 4 and summarized in Table 6-3, and describes how the pilot facility will
meet its goal.
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Percent of Input
Material Tons Material

INPUTS:

MSW Input1 90,600 60
Biosolids Input2 60,400 40
Total Inputs 151,000 100

OUTPUTS:

Compost Output3 38,354 25
Loss of Mass4 73,506 49
Recyclables5 12,775 8
Residue Output6 26,365 17

RECOVERY

Total Facility Recovery7 124,635 83

Recovery of Solid-Waste Fraction 64,2358 719

Note: Assumes 302 operating days per year.
1. From Table 5-3 in Chapter 5. 
2. From Table 5-4 in Chapter 5.
3. From Table 5-5 in Chapter 5.
4. Calculated by subtracting compost output, recyclables, and residue

from total inputs. Loss of mass is attributed to loss of moisture and
CO

2
.

5. Using recyclable-material–recovery projections from Table 6-1 (14.1%
of total MSW input). 

6. Using residue-rate projections from Table 6-1 (29.1% of total MSW
input).

7. Includes compost output, loss of mass, and recyclables.
8. Calculated by subtracting liquid input (biosolids) from “Total Facility

Recovery.”
9. Based upon solid-waste input.

Table 6-2
Projected Annual Inputs and Outputs for a Theoretical, 
NYC Pilot Materials-Recovery and Composting Facility



Quality Compost Output and High Loss of Mass

As explained in Chapter 4, a successful facility will focus on making a quality compost product
both from a regulatory and end-use perspective. A successful facility does not strive to make as
much compost as possible, but rather seeks to actively manage the decomposing material in
order to shed as much moisture and mass as possible.  

The pilot facility will actively manage the composting material for over 50 days using highly
automated air-floor processes, with the goal of maximizing loss of mass and creating a mature
compost product. The pilot facility will actively manage the compost for longer than any of the
surveyed facilities currently creating a finished product. This extended material-detention time
will also allow facility operators to drop moisture levels towards the end of the composting
process, in order to facilitate better screening and inerts removal. Conporec currently employs
such practices and achieves positive results.

Recyclables

In order to maximize recovery rates, facilities need to capture non-degradable, recyclable
materials, as well as degradable materials for composting. Recyclable material, such as certain
plastic and metal containers, lose value as commodities after they go through the composting
process, as is currently the case at most MSW-composting facilities. A pilot MRC facility should
be equipped to systematically remove non-degradable materials before they go to the
composting drum. The facility should attempt to recover as many of these non-degradable items
as is economically practical and technically possible.
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Table 6-3
Summary Data: Theoretical, NYC Pilot Materials-Recovery and Composting Facility 
and MSW-Composting Research Project

Parameter 
(% of total NYC Pilot
facility input) MRC Facility Conporec Edmonton Marlborough Rapid City NYC Trials

Recovery 
Total Facility  83 75 61 64 64 65
Recovery 
Solid Waste 71 72 50 48 60 50
Compost Output 25 45 29 48 33 37
Recyclables 8 3 0 0 1 0
Loss of Mass 49 28 32 16 29 24
Residue 17 25 39 36 36 39

For source information, see the following tables: Table 6-2 (Proposed NYC Pilot Facility), Table 3-3 (Conporec), 
Table 3-5 (Edmonton), Table 3-7 (Marlborough), Table 3-9 (Rapid City), and Table 1-12 (NYC Trials).



Residue

Residue is an “undesirable” facility output. As facilities must pay to dispose of all residue, keeping
residue rates low represents an important way to reduce operating costs. A pilot MRC facility
should reduce residue by recovering designated, non-degradable items for recycling, as well as
running final screen overs back through the composting process. A pilot facility should also
minimize the compost lost to overs, as well as the weight of those overs, by removing non-
degradable items before they go to the composting drum. As explained in Chapter 4, immature
compost becomes entrained in the non-degradable material while tumbling through the drum at
MSW-composting facilities. For example, compost packs empty containers, sticks to plastic bags,
and fills pockets in clothing, and is then disposed of with these items as residue. The compost and
moisture also adds weight to these non-degradable items, making them more expensive to
dispose.

The next chapter presents cost estimates for building and operating a theoretical, New York City
Research and Development Pilot Materials-Recovery and Composting Facility (MRC), using the
equipment and labor requirements outlined in Chapter 5, and the recovery, residue, and
throughput estimates summarized here.
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CHAPTER 7
COST ESTIMATES

Summary

This section presents preliminary cost estimates for the theoretical, 300-ton-per-day, New
York City Research and Development Pilot Materials-Recovery and Composting Facility
(“pilot MRC facility” or “pilot facility”), described in Chapter 5. The costs presented below
include capital development and facility financing costs, as well as annual operation and
maintenance costs, which are summarized into projected per-ton processing costs. All of the
costs assume that the facility would be publicly owned and developed, but privately
constructed and run (i.e., run by a private contractor). Appendix J to this report presents the
full 30-year, life cycle financial analysis for the pilot facility.

These costs estimates are included here to help inform the overall discussion as to what it
would cost to build and operate such a facility in New York City. Actual costs for the
construction and operation of a pilot facility would be determined through a competitive
procurement process. 

Cost per Ton

The goal of the financial analysis was to determine estimates of the approximate per-ton cost
for processing waste at the type of pilot MRC facility described in Chapter 5. The
Department accomplished this by supplying assumptions about the theoretical facility to a
financial analyst with long-standing experience in the waste-management industry, especially
in the field of facility financing. The analyst took these assumptions (such as equipment
costs, building costs, electricity requirements, etc.), added others pertaining to facility
financing, and then calculated the per-ton costs for the projected life cycle of the facility (30
years). Appendix J contains this full life-cycle analysis for the facility.

Table 7-1 provides the estimated costs per ton to process MSW and biosolids at the
theoretical pilot facility for the first year of operations.

The biosolids processing cost is an important number to understand as it is intimately tied
to the ultimate MSW-processing cost. For this initial presentation, the objective was to
derive a fee structure that would provide a disposal alternative to the Department of

Sanitation that was
competitive with export
cost projections, while still
offering a savings for
biosolids management to
the Department of
Environmental Protection.
(The DEP currently pays
$112 per wet ton to export
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Table 7-1
Cost per Ton of Material Processed at Theoretical Pilot MRC Facility 

Material Tons per Year Cost per Ton

Municipal Solid Waste 90,600 $75
Biosolids 60,400 $100

Chapter 7
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biosolids, whereas DSNY pays $70 per ton on average to export solid waste.) If both DSNY
and DEP shared evenly the cost of developing, operating, and maintaining a pilot facility,
then the cost per ton of material processed (regardless of whether it was solid waste or
biosolids) would be approximately $85 per ton. However, under the scenario presented here,
DSNY would be financially responsible for developing and operating the facility and would
“charge” the DEP a competitive tip fee for biosolids. Another way of looking at these figures
is that for every dollar “less” the DEP would pay for processing biosolids at the pilot MRC
facility, DSNY would pay 67 cents “more” for processing solid waste.

Financial Analysis

Table 7-2 is a reproduction of the summary page from the life-cycle financial analysis
(attached as Appendix J). The following sections break out and review the various
assumptions contained in each of the subsections of the financial analysis:

• Capital costs

• Operating costs

• Fees per ton

Capital Costs

The capital costs associated with developing a pilot facility generally include the cost of
design, engineering, permitting, materials-recovery and composting equipment, facility
financing costs, as well as building costs. The following section explains the rationale and
background for the capital-cost estimates, cited in Table 7-2.

Engineering and Permitting
The engineering and permitting costs associated with designing and developing a facility of
this size (and relative complexity) are as a rule between eight and 12 percent of the total
capital costs. However, the assumption behind the financial analysis shown in Table 7-2 is
that while the majority of the permitting costs would be borne by the City, part of the total
engineering costs would be borne by the private company/companies who would be
providing the composting and other equipment. Therefore, the total engineering and
permitting costs in this case come to a little more than five percent (three million) of the
total capital costs (58 million).

Equipment
Table 7-3 shows a breakdown of the equipment costs, which includes all of the machinery to
run the pilot MRC facility, described in Chapter 5. The cost estimates come from the
respective manufacturers, including the composting digester drums and the technologies
envisioned for the first- and second-phase composting processes. The category for materials-
recovery equipment includes all of the cranes, conveyor belts, magnets, screens, cages,
containers, and sort-line housing, described in Chapter 5. The engineering consultant who
developed the preliminary design for the materials-recovery component of the pilot facility
provided these cost estimates. Appendix I contains the consultant’s cost estimates, including
a breakout of all the proposed equipment, and a description of the individual components.
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Table 7-2
Summary Data: Life-Cycle Financial Analysis for a Theoretical NYC Pilot MRC 

Development Equity:
Project Upon Project Depreciation

Capital Costs: Development (000) Finish (000) Per (Years)
Design & Engineering Cost $1,000 28
Permitting & Project Development $2,000 28
Equipment (Including Digester Drums) $20,000 10
Biofilter $1,000 10
249,200 Square Feet of Buildings @ $115 per Square Foot $28,658 28
15-Acre Site @ $250,000 per Acre NA
Performance Guarantee NA 28
Interest During Construction NA 28
Borrower’s Counsel NA 28
Contingency & Spare Parts @ 10% $4,966 28
Debt Reserve Fund NA

Financing:1

Underwriting Fee @ 1% Assumes General Obligation Debt $586 28
Underwriter’s Counsel $50 28
Issuer’s Fee @ 1%, if required NA 28
Bond Counsel $50 28
Feasibility Opinion NA 28
Trustee $25 28
Cusip, Printing & Other $25 28
Financial Advisor $25 28

Miscellaneous $250 28
SUBTOTAL $3,000 $55,635 
TOTAL $58,635 

Cost Annual Per Ton 
Operating Costs: (000) Escalation Rate of MSW
Salaries & Benefits $3,799 2.00% $41.93 
OTPS $825 2.00% $9.11 
Repair & Replace $1,000 2.00% $11.04 
Electricity (8,000,000 kwh/yr @ $0.08) $640 2.00% $7.06 
Residue Disposal (29.1% of MSW @ $75/ton) $1,977 2.00% $21.83 
TOTAL $8,241 $912

Fees per Ton: CPI
MSW Tip Fee (w/Residue Disposal) $03 2.00%
Biosolids Tip Fee (per Wet Ton) $100 2.00%
Aluminum Revenue (.75% MSW) $0 2.00%
Ferrous Metal Revenue (2.3% MSW) $0 2.00%
Sold Compost Revenue (Freight On Board at Facility) $0 2.00%
Unsold Compost Cost (Freight On Board at Facility) $0 2.00%
FINANCIAL RESULTS: Cost per MSW Ton
YEAR 1 ..........................................................................................................................................$75.00 

NA = Not Applicable to a publicly financed facility, but would be relevant if the facility were privately financed.
1. The assumptions that inform the analysis are that the total capital cost of the facility ($58,635,000) will be publicly

financed through a 20-year General Obligation Bond at the current debt rate of 4.72%.
2. This figure is derived by dividing the annual operating costs by the annual tons of MSW processed. It differs from

the Year 1 cost ($75) in that it does not take into account revenues (from biosolids) or debt service.
3. The proposed pilot facility would not charge DSNY a tip fee for processing MSW. The cost for processing MSW is

derived by dividing the total annual facility costs (including debt service) by the annual tons of material processed.
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The Miscellaneous Equipment
category represents the cost of
all the required equipment not
specified in another category,
such as front-end loaders, forklift
and dump trucks, baling
equipment, and tub grinders for
shredding wood.

Buildings
Building costs greatly influence
the total capital cost of any
facility and, through the debt
service that a municipality must
pay over time, bear directly on
the per-ton processing cost. For
example, for every five-dollar
increase in per-square-foot

building costs, the cost per ton to process MSW in Year 1 increases $1.19.

Building costs are difficult to estimate, especially as there are a number of local and site-
related conditions that are impossible to predict in a generic model. These include: 

• Site condition and the degree of site preparation required

• Need for pilings to provide structural support

• Amount of concrete needed for foundations

Therefore, the approach presented here uses estimated dimensions (square feet) for each of
the various buildings envisioned for a pilot MRC facility and then, for clarity and consistency,

Table 7-4
Estimated Building Costs

Buildings Square Feet

Materials Recovery (including tipping floor) 80,000
Materials-Recovery Staging Area (including loading ramps and docks) 20,000
Digester Tipping Floor 12,800
Post-Drum, Primary Screening 19,200
First-Phase Composting (includes air-handling–equipment housing) 48,000
Second-Phase Composting & Curing 38,400
De-Stoning 10,800
Management Office 4,000
Final Screening & Compost Load-Out 16,000
TOTAL SQUARE FEET 249,200

SUBTOTAL (@ $115 per square foot) $28,658,000

Table 7-3
Estimated Equipment Costs

Equipment Cost

Three digester drums (14' x 200') $7,000,000
Materials-Recovery Equipment $4,200,000
First-Phase Composting1 $4,500,000
Second-Phase Composting and Curing $1,300,000
Biofilter $1,000,000
Post-Drum Screens and De-stoner $500,000
Biosolids storage and pumping  $500,000
Miscellaneous Equipment2 $2,000,000
SUBTOTAL $21,000,000

1. Includes air-handling equipment.
2. All other equipment not specified in other categories, such as front-

end loaders, balers, forklift and dump trucks, tub grinder, etc.



applies a constant square foot price for construction (including electrical work, fire systems,
etc.). Table 7-4 presents the building dimensions and the total cost by square footage.

Financing
The cost associated with financing any project is the cost of borrowing the money to develop
and build it. Again, the assumption guiding the financial analysis is that the pilot facility
would be publicly developed, with the City retaining a private contractor to operate it.
Therefore, the analysis assumes public financing, through a 20-year, General Obligation
bond. This is the typical mechanism through which the City finances large-scale capital
projects. The costs to the City associated with this type of financing are listed in Table 7-2 in
the Capital Costs category under Financing. 

These costs (such as the services of a financial advisor, the bond underwriter’s fee and
counsel, etc.) are important to include as they are borne by the City as a whole, and
excluding them from the analysis would not accurately reflect the true cost of such a project.

Operating Costs

Operation costs, generally referred to as operation and maintenance costs, represent what is
involved with the daily running of a facility. These costs are summarized in Table 7-2 as
follows:

• Salaries and benefits

• Other than personnel services (OTPS)

• Repair and replacement

• Electricity

• Residue disposal

Unlike the capital costs, these costs are recurring over time, so an annual escalation rate
(two percent) is built into the financial analysis to reflect rising costs over time.1

Salaries and Benefits
The workers’ locations and positions listed in Table 7-5 are described in more detail in
Chapter 5. Again, the assumption is that while the facility would be publicly owned and
developed, operations would be contracted with a private company. The theoretical pilot
facility would operate six days a week, with Saturday overtime costs broken out as a
separate item below.

Table 7-6 provides a breakdown of anticipated management expenses. The total Salary &
Benefits figure cited in Table 7-2 equals the sum of the totals listed in Tables 7-5 and 7-6.

Other Than Personnel Services
The OTPS figure in the financial summary is comprised of the items listed in Table 7-7.
Compost-testing costs are for the laboratory analysis required by the State, as well as for
additional testing to ensure that the compost meets the consistent quality standards outlined
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Table 7-5
Estimated Annual Labor Expenses, Including the Estimated Cost of Fringe Benefits

First Shift Second Shift Third Shift
Location within Facility and Position (8am - 4pm) (4pm - 12am) (12am - 8pm)

Tipping Floor
1 Grapple Crane Operator $50,000 $50,000 -
1 Loader Operator $50,000 $50,000 -

Primary, Pre-Drum Sort Line
1 Supervisor $50,000 $50,000 -
2 Sort Line Workers (Bag Handlers) @ $40,000 $80,000 $80,000 -
4 Sort Line Workers @ $35,000 $140,000 $140,000 -

Secondary, Pre-Drum Sort Lines
2 Sort Line Workers (Bag Handlers) @ $40,000 $80,000 $80,000 -
4 Sort Line Workers @ $35,000 $140,000 $140,000 -

De-bagged Surge Piles 
2 Grapple Crane Operators @ $50,000 $100,000 $100,000 -

Final, Pre-Drum Sort Lines
1 Sort Line Supervisor $50,000 $50,000 -
6 Sort Line Workers @ $35,000 $210,000 $210,000 -

General
1 Equipment Operator $50,000 $50,000 -

Materials-Recovery Staging Area
1 Supervisor $50,000 - -
3 Workers @ $40,000 $120,000 - -
1 Equipment Operator $50,000 - -

Digester Drum Tipping Floor
1 Equipment Operator $50,000 - -

Post-Drum Primary Screening1

2 Equipment Operators @ $50,000 $100,000 - -

First-Phase Composting
2 Equipment Operators @ $50,000 $100,000 - -

Second-Phase Composting
1 Equipment Operator $50,000 - -

Night Clean-Up Crew
1 Supervisor - - $50,000
4 Workers @ $40,000 - - $160,000

SUBTOTAL LABOR $1,520,000 $1,000,000 $210,000
Saturday Overtime2 $456,000 $300,000 $63,000

TOTAL LABOR $1,976,000 $1,300,000 $273,000

1. One of the operators from the post-drum primary screening process will swing to also de-stone the unders from the
designated digester (see Chapter 5 for a description of this operation).

2. The Saturday rate is derived by dividing the subtotal labor cost by five to arrive at a daily rate and then multiplying
that by one-and-a-half to arrive at overtime costs. It should be noted that fewer people might actually be required as
waste collection is generally light on Saturdays.



in Chapter 4. Once a facility establishes a record of quality, then free, off-site deliveries of
material could be made annually to new, potential end-users so they can sample the material.

Repair and Replacement 
An important part of the daily operations of any facility is keeping all of the machinery and
equipment in good working order. This category in the financial analysis provides the
estimated annual expense the facility will incur through maintaining, repairing, and
replacing broken equipment ($1,000,000 per year). As with any endeavor, purchasing quality
equipment from reputable vendors, combined with a system of routine maintenance, helps
to keep replacement costs down. Almost all of the equipment recommended for the
theoretical pilot facility also comes with an extended service warranty.                        

Electricity
The electricity (kilowatt)
requirements of the pilot MRC
facility are fairly straightforward
and are based on the usage of the
actual equipment specified. The $.08
per kilowatt is a discounted rate
provided to the Department as a
bulk consumer of electricity. The
assumption that served as an input
to the life-cycle financial analysis is
that the Department (and ultimately
the City) as the owner of the facility
would receive this rate. The
electricity requirements for each
facility component are listed in
Table 7-8. In each case, the estimate
came from the manufacturer and
was then rounded up, to be
conservative.

Residue Disposal 
Incoming material that the pilot
MRC facility does not recover for
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Table 7-6
Estimated Annual Management Expenses, Including the Estimated Cost of Fringe Benefits

Position First Shift (8am - 4pm) Second Shift (4pm - 12am)

Plant Manager $75,000 -
Assistant Plant Manager/Maintenance Supervisor $65,000 $75,000
Clerk $35,000 -
TOTAL MANAGEMENT $175,000 $75,000

Table 7-7
Estimated Annual Operating Expenses: 
Other Than Personnel Services (OTPS)

Category Cost ($)

Heating $225,000
Diesel Fuel $100,000
Compost Testing & Off-Site Deliveries $500,000
TOTAL $825,000

Table 7-8
Estimated Annual Operating Expenses: Electricity

Electricity 
Facility Component Requirement (kwH)

Composting Digester Drums 3,500,000
First-Phase Composting1 2,300,000
Materials Recovery 1,200,000
Second-Phase Composting 300,000
Other (screens, lighting, fans, etc.) 700,000
TOTAL 8,000,000

1. Includes air-handling equipment.
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recycling or composting will
require disposal. As Chapter 6
described, the pilot MRC facility
would recover an estimated 71
percent of the incoming solid
waste, meaning that approximately
29 percent would require disposal
(see Table 6-1). The assumption is
that residue disposal will cost $75
per ton in the first year of facility

operation. Again, the financial analysis applies a two-percent annual escalation factor to
residue disposal costs. 

Fees per Ton

In order to determine a per-ton processing cost for a pilot MRC facility, it was necessary to
apply all of the above costs to the number of tons that the theoretical facility would process.
Table 7-9 presents the number of operating days and the amount of MSW and biosolids that
the facility would receive. As described in Chapter 5, the facility would receive and process
material on two, eight-hour shifts, six days a week. Using the DSNY operational calendar,
this translates into 302 operating days (including Saturdays). 

The Fees per Ton section of the financial analysis summary page (Table 7-2) describes the
revenue that the facility would derive from its operation. The financial analysis assumes that
DSNY would bear the costs of developing, operating, and maintaining the pilot facility, and
would then “charge” the DEP a competitive tip fee of $100 per wet ton for biosolids. (As
stated earlier, the DEP currently pays $112 per wet ton to export this material.) 

The per-ton cost for MSW ($75, shown for Year 1 in Table 7-2) is the total cost of the
theoretical pilot MRC facility operation (including debt service) divided by the total number
of tons that the facility would process. 

The financial analyst provided lines in the model for revenue from aluminum and ferrous
metal recovered from the waste stream, as these two commodities have established and
known value. However, as Chapter 6 explained, DSNY has chosen to set this revenue to
zero, in order to conservatively assess the costs of a pilot facility. 

The analyst also provided the ability in the model to assume revenue from selling compost.
As noted, the assumption is that the compost would generate no revenue. If the facility is
able, like many currently operating MSW-composting facilities (see Chapter 3 for more
information), to generate a consistent, quality product, then this assumption is extremely
conservative. 

To balance these conservative assumptions, the cost for unsold compost is also zero. This is
unlikely to be true, but without knowing the location of the facility and the proximity to
outlets and modes of transportation, it is very difficult to assign a cost to unsold compost.

Table 7-9
Estimated Annual Tonnage: Waste Received & Processed

Tons per Days per Tons per 
Throughput Day Year Year

MSW 300 302 90,600 
Biosolids 200 302 60,400 
Total 500 151,000 



For example, if a pilot facility were located near a closed landfill, then a major distribution
outlet would be readily available. 

As described in the Other Than Personnel Services section above, money is allocated in the
annual operating expense of the facility to provide free distribution of the material to
potential end users, once the New York State Department of Environmental Conservation
has approved its use. Ensuring that the compost is an asset and not a liability for a pilot
facility will be critical to its success. The market demand and viable end uses of the compost
is one of the important learning objectives of any pilot facility, as outlined in Chapter 5. 

The findings of this report demonstrate that it is possible to make a compost that meets
DEC pollutant-limit and product-use standards from samples of New York City MSW. Given
the possibility of potentially recycling 70 percent of the municipal solid-waste stream at a
price that is competitive with waste export costs, it would seem well worth the effort to
build a pilot MRC facility to see if these goals can be met.
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ENDNOTES

Introduction

1. The term “New York City” waste throughout this report refers to the waste stream collected by
DSNY. This stream is generated by New York City residents and public institutions, and does
not include commercial waste. The Department, while not responsible for collecting
commercial waste, did work with a local, environmental consulting group, who performed an
economic and technical viability study for composting commercial waste in New York City. The
study includes the results of the commercial-waste component of the New York City
Composting Trials conducted at the Marlborough facility. Appendix D contains the final report
to the Empire State Development Environmental Services Unit, which helped to fund the study.

2. “Solid Waste Composting Trends in the U.S.,” BioCycle, November 2000.

3. “Solid Waste Management Plan,” Chapter 19, p. 19-3, section 19.1.1.

Chapter 1 

1. Since the writing of this report, Bedminster Marlborough, LLC sold the Marlborough facility
to WeCare Environmental, LLC, which now owns and operates it.

2. After the five days dedicated to composting New York City MSW (residential and
institutional waste as collected by DSNY), the Marlborough drum was loaded for five days
with New York City commercial waste. Therefore, the total drum capacity Marlborough
dedicated to NYC waste as a whole was 10 consecutive days.

3. In 2000, the Swedish firm Rondeco acquired the assets of Bedminster Bioconversion
Corporation and changed its name to Bedminster AB. Bedminster AB is the licensor of the
patented Eweson Digester (the drum-based portion of the MSW-composting process). For
more information on the company’s history, see www.bedminster.se/index.html.

4. The contract is a 20-year, put-or-pay agreement, with CPI escalators, under which
Marlborough has made an annual tonnage commitment of 15,000 tons of MSW, and 7,500
wet tons of biosolids.

5. DSNY employs agitated-bay technology at its Rikers Island food-waste–composting facility.
For more information on this facility, see Composting in New York City: A Complete Program
History, at the Department’s website (www.nyc.gov/html/dos/html/recywprpts.html).

6. It should be noted that the Day 1 windrow sample consisted of sub-samples taken from the
length of the completed windrow. Therefore, while it is called “Day 1,” it actually represents
the end of the first week on the aeration floor, and should not be confused with the Day 1
discharge (unders and overs) samples. 

7. The following theoretical example illustrates the relationship between these different
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measurements. Assume, for example, that paper were to comprise 30 percent (or 4,200 tons)
of New York City’s approximately 14,000-tons-per-day, municipal solid-waste stream, and
DSNY recycling trucks were to bring an average of 4,000 tons per day of paper to its
processors, out of which 3,600 tons were used to make new paper products. Based on these
hypothetical figures, the paper recycling program would have achieved a capture rate of 95
percent (4,000/4,200), a diversion rate of 29 percent (4,000/14,000), and a recovery rate of 90
percent (3,600/4000).

Chapter 2

1. For more information on the Rodale Quality Seal-of-Approval program, see
www.woodsend.org. 

2. This research is summarized in an October 1997 article entitled, “Improving the Nutrient
Status of WSU Compost.” The article can be found in the Washington State University
Cooperative Extension journal, The Compost Connection for Washington Agriculture available
online at: www.csanr.wsu.edu/programs/compost/Cc5.pdf.

3. The inerts-characterization data from the laboratory is attached in Appendix F for the
residential and institutional waste portion of the NYC Composting Trials. The inerts-
characterization data for the commercial-waste portion of the Trials is attached in Appendix
D, and the data for the four-facility survey is in Appendix F. These data sheets present inerts
levels for the five categories listed in Table 3-8 and Table 3-9, plus the categories paper,
wood, stones, food, and bone/shell/seeds. These latter five categories are comprised of
degradable materials and do not count toward the two-percent (2%) inerts level proscribed by
the DEC in the updates to the regulations.

4. This extended list of parameters required for biosolids testing was not outlined in the draft
revisions to the DEC regulations circulating while DSNY was conducting the laboratory tests
associated with the NYC Composting Trials. They are outlined in the DEC’s November 2001
draft revisions. DSNY was therefore unaware of these requirements and did not test the
incoming biosolids against this extended list of parameters. It should be noted that if a
facility can consistently meet the DEC’s quality standards, the testing frequency for Group A,
B, or C may be reduced.

Chapter 3

1. In addition to the Tracy facility, Conporec has contracted with Delaware County, NY for
development of a 110-ton-per-day facility (38,000 tpy of MSW and 6,000 tpy of liquid waste),
and with the City of Toronto for a facility that would be built in capacity increments of 125
tons per day.

2. The Canadian Council of Ministers of the Environment’s Guidelines for Compost Quality
(CCME-106E) specify two categories for compost, A and B. Category A compost has lower
levels of trace metals and inerts and is granted unrestricted application. Category B compost
has restricted uses, which may be controlled under Provincial or Territorial regulations.
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3. The term material, as it is used throughout this section, should be understood as immature
compost, or material in the process of decomposing. The word compost implies a finished
compost, or a stable product that has largely completed the decomposition process. All
material was sampled beyond Day 21, and New York City material was sampled even further.
However, to keep the data symmetrical, the ANOVA was used only on these first four sample
points (Day 1, 7, 14, and 21). As one of the survey facilities did not produce a finished
compost, only the three facilities that did were included in the ANOVA evaluation.

Chapter 4

1. MSW-composting technology was developed during the 1930s and ’40s in Europe and wasn’t
introduced to the United States until twenty years later. Another reason that MSW-
composting systems are not designed with much emphasis on recovering non-degradable
materials might be that their original designers were faced with processing a very different
type of municipal waste stream. It is only in the past 30 years that such a diversity of non-
degradable and potentially recyclable products (particularly plastics) has entered the MSW
stream in the United States. 

2. There were 34.18 tons of primary screen residue. (See Appendix B for the scale receipts
verifying all residue, labeled Overs, that left the facility for disposal during the Trials.) Using
the characterization data from these overs, film plastic comprised an average of 35.2 percent,
or 27.44 tons, and textiles comprised an average 27.7 percent, or 21.59 tons of this material.
Using the consultant’s weight-gain numbers, plastic bags gain 24 percent and textiles gain 34
percent “wet weight” in the digester drums. Removing this wet weight (by not running film
plastics and textiles through the digesters) would remove 13.93 tons ([.24 x 27.44] + [.34 x
21.59]), or 41 percent of the total primary screen residue.

Chapter 5

1. If such a facility were to be built, the final design and technology choices would be procured
through a competitive bidding or “RFP” (request for proposals) process.

2. The waste characterization performed in association with DSNY’s mixed-waste–composting
research project, revealed that by far the largest component of the waste stream is paper.
Even after recycling, paper comprised 32 percent of the total waste stream. The results of
this waste characterization are summarized in Chapter 2. Appendix A contains the full report
on the waste-characterization study.

3. The DEC requires that compost facilities employing enclosed-vessel methods (such as
digester drums) must maintain and document temperatures of 55°C for at least three
consecutive days throughout the mixture. Based on the experience of other operational
MSW-composting facilities, the pilot facility would therefore meet this requirement in the
digester drums. 

4. As noted in Chapter 2, optimal moisture levels for digester output is between 52 and 54
percent. Typical MSW has a moisture content of 40 percent. However, after the extensive

173

Endnotes



sorting process, the remaining MSW will largely be comprised of paper and should have a
moisture content more like 30 percent. New York City biosolids are dewatered to 26 percent
solids and therefore contain 74 percent water. Loading 166.32 tons of sorted MSW and 200
tons of biosolids into the digester drums will yield an output recipe with 54 percent moisture 
([166.32 x .3]+[200 x .74])/366.32).

5. The technology proposed for the Second-Phase Composting and Curing Building is the same
technology that one of the two engineer and design teams favored for the Edmonton MSW-
composting facility. The other team favored the air-floor system described in the First-Phase,
Post-Drum Composting section, and in the end this was the system installed. Everyone
involved with the design, construction, and operation of the Edmonton facility is pleased with
the performance of the air floor that was ultimately selected, but report that there are
elements of the one that was not chosen that are appealing. 

Chapter 7

1. The rate is based on the Consumer Price Index (Total All Urban), average percent change
from August 2001 through March 2003, as published in the New York City, Office of
Management and Budget’s Monthly Report on Current Economic Conditions (May 2, 2003).
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Data from the New York City Composting Trials

NYC Trials Biosolids Data ..............................................................................................F2

Facility Data
Primary Screen ......................................................................................................F7 
Day 1 Air Floor......................................................................................................F19
Day 7 Air Floor......................................................................................................F25
Day 14 Air Floor....................................................................................................F31
Day 21 Air Floor....................................................................................................F37
Half-Inch Unders..................................................................................................F43

Bench-Scale Data
Day 7.......................................................................................................................F46
Day 14.....................................................................................................................F52
Day 21.....................................................................................................................F58

WERL Cure Data..............................................................................................................F64

Pathogen Data.................................................................................................................F85

PCB Data ..........................................................................................................................F87

TCLP Data.........................................................................................................................F90

Inerts Data .......................................................................................................................F96

NMS is the code name that the laboratory assigned to the New York City MSW (residential
and institutional waste collected by the Department of Sanitation) as it moved through the
Marlborough facility during the NYC Composting Trials. 

WERL stands for the Woods End Research Lab, the location of all compost testing, as well as
the extended, monitored curing of the compost produced during the NYC Composting Trials. 
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Data from the Four-Facility Survey

NAL Facility Data.............................................................................................................H2

NAL Bench-Scale Data ................................................................................................H26

NAL PCB Data.................................................................................................................H37

NAL Inerts .......................................................................................................................H41

NML Facility Data..........................................................................................................H45

NML Bench-Scale Data ...............................................................................................H62

NML PCB Data................................................................................................................H74

NML Inerts ......................................................................................................................H75

NQB Facility Data ..........................................................................................................H77

NQB Bench-Scale Data................................................................................................H95

NQB PCB Data..............................................................................................................H107

NQB Inerts.....................................................................................................................H109

NRC Facility Data.........................................................................................................H113

NRC Bench-Scale Data ..............................................................................................H119

NRC PCB Data ..............................................................................................................H131

Facility names have been coded for anonymity. Fecal coliform and Salmonella test results can be 
found on the respective, final Facility “Metals Analysis” lab data sheets, with the exception of 
Facility NRC, where these results appear on the Facility primary screen unders “Metals Analysis” 
lab data sheets. There is no inerts analysis for facility NRC since this facility did not produce a 
finished compost product at the time of the survey.

"The Inerts Characterization data, summarized in Table 3-7 of the body of the report can be found 
in the “Inerts” section for each of the facilities. Specifically, the data is derived from the respective 
facility final screen unders, the “Under 10mm” fraction found in the lower right-hand column,
titled “percent of under-10mm dry basis.” The relevant data is highlighted.
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Appendix I
Revised Preliminary Design and Cost Estimate for Material
Recovery Facility Front End for Co-Composting1 Pilot Facility

Proposal by Hertlein Industries, Inc.2

Equipment List and Cost Summary3 ...............................................................................I2

Roll Off Boxes and Expanded Metal Cages Schedule ..............................................I4

Revised Energy Use Calculations..................................................................................I5

Environmental Housings for Sort Lines ........................................................................I6

Equipment Description.....................................................................................................I7

1. “Co-Composting” is another term for the composting of municipal solid waste and
biosolids.

2. The Reference Drawings (blue prints) that were orignially attached with this proposal
have been redrawn for viewing convenience and are presented in Chapter 5.

3. The equipment listed here is based on a preliminary design and is provided to support
the cost estimates in this report.  The list in no way constitutes an endorsement or a
commitment on the part of the City to purchase any of this equipment.
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Appendix J
Life Cycle Financial Analysis for New York City 
MSW Composting Facility

Report by R.S. Lynch and Company, Inc.

Summary Page..................................................................................................................J2

Projected Revenues.........................................................................................................J3

Debt Service......................................................................................................................J6

Depreciation and Operating Costs ...............................................................................J8

Financial Results—Cost per MSW Ton .......................................................................J9

NA = Not Applicable to a publicly financed facility.
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