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The recent upsurge of interest in
composting the organic fractions of
municipal solid waste (MSW) builds
on largely successful efforts with
composting yard trimmings, agri-
cultural wastes, and sewage slud-
ges. While experience with these
other materials is helpful in consid-
ering an MSW composting pro-
gram, there are a number of chal-
lenges unique to MSW which need
to be addressed. MSW contains
materials which vary widely in size,
moisture, and nutrient content, and
the organic fractions can be mixed
with varying degrees of non-com-
postable wastes and possibly haz-
ardous constituents. Manufactur-
ing a marketable compost product
from this material requires a range
of physical processing technolo-
gies in addition to the biological
process management common to
other types of composting.

Four tasks are central to the
design of amodern MSW compost-
ing system: collection, contami-
nant separation, sizing and mix-
ing, and biological decomposi-
tion. This fact sheet reviews the
various technologies and options
currently available for preprocess-
ing MSW and accomplishing the
first three tasks. Fact Sheet 2 dis-
cusses biological processing and
overall system evaluation.

The first of the preprocessing
tasks, collection, largely determines
the processing requirements of the
remaining tasks because they must
be tailored to the characteristics of

the incoming waste. Separation
processes at the composting facil-
ity generate recyclable and reject
streams, usually at several places
in the process. Size reduction in-
creases the surface area of the
organic wastes, enhancing oppor-
tunities for biological activity, while
mixing ensures that nutrients, mois-
ture and oxygen are adequate
throughout the material. Options
for accomplishing these first three
tasks are described below.

Collection

If we take the perspective that com-
posting is a manufacturing process,
the ideal input material for a com-
post product is a consistent and
clean organic waste. This ideal is
rarely reached, and even leaf com-

posting facilities receive tennis
balls, plastic bags, and street
sweepings which can contain a
variety of contaminants such as
motor oil and asbestos. Moving
acrossthe collection spectrum from
leaves and grass to “biowaste”
(such as food scraps, yard trim-
mings, and selected other organics
like soiled paper) to totally mixed
MSW, the types and volumes of
non-compostable contaminantsin-
crease. These include visible ma-
terials such as plastic and glass,
and chemical contaminants, such
as Household Hazardous Wastes
(HHW). Both physical and chemi-
cal contaminants can have a hega-
tive impact on the marketability of
the finished product, and their re-
moval forms a large part of the
expense of modern MSW compost-
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ing facilities.

Some composting programs
require source separation of or-
ganic compostables by participat-
ing residents and businesses, while
others accept a mixed stream and
separate non-compostables at a
centralized facility. Separate col-
lection of compostable materials
programs can include everything
from yard and food waste to soiled
paper products, and in some cases
have recovered 45 to 50 percent of
the entire solid waste stream for
composting. However, even when
organic compostables are sepa-
rately collected, a small fraction of
non-compostable wastes will need
to be removed at the composting
facility. Educational programs are
a critical aspect of source sepa-
rated composting systems, since
such programs depend onresidents
to accomplish much of the separa-
tion.

Composting programs which
accept a mixed waste stream ac-
cept material more or less as it is
currently collected, relying on the
facility separation techniques de-
scribed below. Oneimportant modi-
ficationto traditional collectiontech-
nigues is the establishment of a
HHW collection program. To be
effective at reducing the contami-
nants of concernin MSW compost,
such programs must emphasize
heavy metal sources such as bat-
teries and consumer electronics.
The remaining mixed waste (less
any separately collected recy-
clables and HHW) then serves as
feedstock for the composting facil-
ity, where centralized separation of
non-compostable materials will
occur. With this approach, 60to 70
percent of the solid waste stream is
typically processed into compost.
The remaining 30 to 40 percent
includes recyclables as well as re-
jects destined for the landfill or an
incinerator and landfill.

There are several trade-offs
between source separation and

centralized separation of com-
postables. It is clear that source
separation can produce a higher
guality, less contaminated compost,
as well as maximize the recycling
of glass and paper. And while
source separation is generally less
convenient for the waste genera-
tor, pilot programs are finding that
many generators like todoit. How-
ever, two other important factors,
the overall system cost and the
guantities of materials recovered
for recycling and composting, have
notyetbeenadequately researched
or evaluated. For further discus-
sion of the trade-offs between these
two collection approaches, and a
detailed analysis of their effect on
compost quality, see Fact Sheet 3
in this series.

Centralized Separation

In composting systems there are
three objectives for materials sepa-
ration: 1) recoverrecyclable orcom-
bustible materials as marketable
by-products, 2) reduce the levels of

visible inert materials (e.g., plastics
and glass), and 3) reduce the lev-
els of chemical contaminants (e.g.,
heavy metals and HHW). Many of
the separation technologies now
applied to MSW composting were
originally developed to recover re-
cyclable or combustible materials
from solid waste. While some of
these technologies have been
adapted for reduction of inerts, they
have rarely been optimized for re-
ducing chemical contaminant lev-
els. Reduction of inerts and chemi-
cal contaminationwill be highlighted
in the discussion below.

A wide range of technologies
are available (see Table 1), and
many facilities use a sequence of
steps employing different pro-
cesses. While this discussion at-
tempts to cover these technologies
in alogical sequence of processing
steps, individual facilities may omit
some options or may choose to
arrange them in a different order.
Facility designers can selectamong
them based on expected feedstock
characteristics, finished product

Table 1. MSW Composting - Centralized Separation Technologies

TECHNOLOGY

Screening

Hand Picking

Magnetic Separation
metal

Eddy Current
Separation
Air Classification

Wet Separation

Ballistic Separation

MATERIALS TARGETED

Large: film plastics, large paper, cardboard, misc.
Mid-sized: recyclables, organics, misc.

Fines: organics, metal fragments, misc.

Recyclables, inerts and chemical contaminants

Ferrous plus contaminants associated with ferrous
Non-ferrous metals
Lights: paper, plastic

Heavies: metals, glass, organics

Floats: organics, misc.
Sinks: metals, glass, gravel, misc.

Light: plastic, undecomposed paper
Medium: compost
Heavy: metals, glass, gravel, misc.
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quality specifications, and the op-
tions for marketing separated by-
products. For recovered recy-
clables, as with the compost prod-
uctitself, a knowledge of local mar-
ket conditions and specifications
should be central to facility design.

Many ofthesetechnologies are
mechanically sophisticated, but for
the reduction of chemical contami-
nants the most effective systems
use human beings. While machines
can do a reasonably good job of
separating by size, density, or elec-
tromagnetic characteristics, we
have yet to invent a pattern recog-
nition device as good as the human
brain. Manual separation can oc-
cur atseveral points in the process,
starting at the tipping floor where
large bulky items such as mat-
tresses, carpets, appliances and
hazardous materials such as pro-
pane cannisters are removed.

Screening: Most MSW com-
posting facilities first convey the
waste into abag-openerand screen
or trommel to separate different
sizes of waste (Figure 1). Fine
materials, including soil, grit, and
much of the organic wastes, fall
through the screen as “unders”.
Plastic films and large paper prod-
ucts are retained on the screen as
“overs” and may possibly be re-
cycled or marketed as a refuse
derived fuel (RDF), whichisburned
for energy recovery. But the main
purpose of size segregation in a
composting plant is to facilitate fur-
ther separation. It is much easier
for either people or machines to
further separate materials of a simi-
lar size, as small items are not
buried under large ones. Size frac-
tionation also takes advantage of
the size distribution properties of
different waste components, gen-
erating streams in which certain
recyclables or contaminants are
concentrated.

Manual Separation: With ma-
terials segregated to a relatively
uniformsize, itbecomes muchmore
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practical to hand separate recy-
clables and contaminants as they
move along conveyor lines. As
manual separation of MSW can be
an unpleasant task, worker com-
fort and safety are very important.
Ergonomic design can help work-
ers function at their best, and is-
sues such as conveyor speed,
reach, placement of containers,
flooring material, lighting, ventila-
tion and dust control should all be
considered. Here, as throughout
the plant, it is recommended that
workers wear safety glasses, gloves
and adequate clothing to protect
against injury from sharp objects,
and hearing and respiratory pro-
tection wherever appropriate (see
Fact Sheet 5).

Conveyors and other materials
handling machinery are critical to

Figure 1. Trommel

separation efficiency is sensitive to
the depth of waste, as small ferrous
items will not stick to the magnet if
they are buried in non-ferrous ma-
terials, while larger ferrous items
can drag non-ferrous items like pa-
per and plastic along. Air classifi-
cation to remove the light paper
and plastic fractions prior to mag-
netic separation minimizesthe con-
taminantsinthe scrap ferrous. Pre-
shredding and screening can also
enhance ferrous recovery. Be-
cause magnetic separation is rela-
tively inexpensive, itcan sometimes
be found at several locations in the
composting facility. A minimum of
two stages of magnetic separation
are usually needed to achieve effi-
cient ferrous recovery. Magnetic
separation is effective with iron and
most steel, but does not separate

Undersize

the operation of a plant. While this
equipment may seem mundane,
proper materials handling can mini-
mize downtime and cleanup, and
contribute to the overall efficiency
of the facility. Steady materials
flow willimprove the efficiency of all
the separation devices described
below.

Magnetic Separation: Asma-
terials are conveyed fromone sepa-
ration system to another, the con-
veyors can utilize magnetic belts,
rollers or overhead magnets to
separate the ferrous metals from
the rest of the stream. Magnetic

aluminum, copper, and other non-
ferrous metals. Consumer elec-
tronics can be difficult to separate
magnetically, depending on the
ratio of ferrous to non-ferrous ma-
terials.

Eddy currentseparation sys-
tems have been developedto sepa-
rate non-ferrous metals. Thistech-
nology works by exerting repulsive
forces on electrically conductive
materials. These systems should
be located after magnetic separa-
tion to minimize contamination by
ferrous materials. Aluminumisthe
primary metal recovered from



Cornell Waste Management Institute

Physical Processing

Figure 2. Eddy Current Separator
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MSW, although some copper and
brass will also be separated. Cans
literally jump off the conveyorinto a
waiting bin (Figure 2). Eddy sepa-
rators, while they do not achieve
perfect removal of aluminum, do
produce arelatively marketable alu-
minum by-product.

Air classification is an addi-
tional separation technology used
in some MSW composting facili-
ties, and is commonly used to gen-
erate amarketable RDF. Thistech-
nology has been used in the com-
bustion industry for many years.
The heart of an air classification
system is an air column or “throat”,
into which the waste stream is fed
atagradual rate. The air columnis
usually oriented vertically. A large
blower sucks air up through the
throat, carrying light materials such
as paper and plastic, which then
enter a cyclone separator where
they loose velocity and drop out of
the air stream. Heavier materials,
such as metal, glass, and food
waste, fall directly out of the throat
(Figure 3). These two streams
tend to be different sizes as well as
densities, facilitating further sepa-
ration. Glass and metal can be
sorted out of the heavy fraction by
systems such as the wet separator
described below. The light fraction

can be marketed directly as an
RDF, or sorted for recyclable paper
or plastic prior to composting.
Wet separation technologies,
while taking advantage of the same
sorts of density differences as air
classifiers, use water rather than
air as the floating medium. These
units are usually used to separate
particles of glass, sand, and other
heavy particles from organic mate-
rials prior to composting. A
hammermill or other size reduceris
needed prior to wet separation to
minimize the potential for air pock-
ets in the heavy fraction. After
entrainment in a circulating water

Figure 3. Air Classification

stream, the heavy fraction drops
into a sloped (and sometimes vi-
brating) tank where it moves to a
removal zone. This heavy fraction
may be marketable as an aggre-
gate substitute in construction ap-
plications. The less dense organic
matter floats and is removed from
the recirculating water using screen-
ing systems similar to those em-
ployed by wastewater treatment fa-
cilities. Wet separation is particu-
larly effective at removing glass
fragments and other sharp objects,
which tend to be heavier than or-
ganic materials.

Ballistic separation takes ad-
vantage of both density and elas-
ticity differences to separate inert
and organic constituents. This
method can be used in either initial
processing or in the refinement of
the final compost product. Com-
post is dropped on a rotating drum
or spinning cone, and the resulting
trajectory differences bounce glass,
metal and stones away from the
compost.

Compost refining refers to
separation processes which occur
afterbiological processing (see Fact
Sheet 2). These can include
screening, ballistic, and/or magnetic
separation, and are important in
preparing avisually attractive prod-
uct. Contaminant separation at
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this late stage has a limited effect of
chemical contaminants (see Fact
Sheet 3), but can significantly re-
duce inert materials like plastics,
glass, and stones.

Size Reduction and
Homogenization

Even after the removal of much of
the non-compostable material, mu-
nicipal solid waste needs further
processing before composting.
Large pieces of paper, cardboard,
food and yard waste will break down
slowly if not reduced to a smaller
size. Reducing particle size in-
creases surface area, enhancing
composting rates because the op-
timum conditions for decomposi-
tion occur on the surfaces of or-
ganic materials. However, reduc-
ing particle size also reduces the
pore size, limiting the movement of
oxygen required for composting.
Thus for any composting system
and material there is an optimum
range of particle sizes, and for MSW
this is usually between 0.5 and two
inch diameters (1.2 - 5 cm).

Size reduction and mixing pro-
cesses usually occur after initial
separation and removal of non-
compostables. However, some
separation processes, including wet
separation, air classification and
magnetic separation can achieve
greater levels of removal after size
reduction. Proper sequencing of
these materials preparation pro-
cesses can have a significant im-
pact on system performance.

There are three major types of
size reducing devices available for
municipal waste processing:
hammermills, shear shredders, and
rotating drums. Hammermills con-
sist of rotating sets of swinging
steel hammers through which the
waste is fed (Figure 4). Tub grind-
ers use a rotating tub to feed a
horizontal hammermill, and are a
common item at large yard waste
composting facilities. Hammermills
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are energy and mainte-

Figure 4. Hammermill

nance intensive, with ham-
mers requiring frequent re-
surfacing orreplacement. In
MSW processing applica-
tions they must be housed
in specially designed cham-
bers as propane tanks and
other flammable materials
can cause serious explo-
sions. And once batteries
or other contaminants pass
through a hammermill, they
are pulverized and much
more difficult to separate.
Shear shredders usu-
ally consist of a pair of
counter-rotating knives or
hooks (each of whichis sev-

Grate

Feedstock

— Free Swinging
Hammer

Rotating Hammermill

eral centimeters thick),
which rotate at a slow speed with
high torque. The shearing action
tears or cuts most materials, al-
though thin flexible items like film
plastic may slip through the gaps
between the knives. This tearing
may help openuptheinternal struc-
ture of the particles, enhancing op-
portunities for decomposition.
Shear shredders consume less
energy and are less destructive
than hammermills, but still can
break apart contaminants and make
subsequent recovery difficult.
Rotatingdrums mix materials
by tumbling them in arotating cylin-
der (Figure 5). Internal flights or
vanes lift material up the sides of
the rotating drum where they fall to
the base by gravity. Drums may be
set on a slight incline from horizon-

Figure 5. Rotating Drum

tal, although this is not always nec-
essaryto carry the material through
the drum from the feed end to the
outlet. While some of these drums
can also function as biological re-
actors, typical residence times of
less than 36 hours allow only the
beginnings of microbial decompo-
sition. Tothe extentthatdecompo-
sition does occurinarotating drum,
it is important that aeration is ad-
equate. Excessive anaerobic ac-
tivity can lead to low pH (<5.0),
which may resultin ammonia vola-
tilization, corrosion of the drum,
and leaching of metal contaminants.

Drumstake advantage of grav-
ity to tumble, mix, and homogenize
the wastes. Dense, abrasive items
such as glass or metal will pulp the
softer materials, resulting in con-
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siderable size reduction of paper
and other cellulosic materials.
Rotating drums are the least de-
structive size reductiontechnology,
and many solid contaminants can
more readily be separated after
passing through the drum. While it
is not known how much abrasion
and leaching in the drum will affect
the effectiveness of subsequent
contaminant removal, even in this
relatively gentle size reduction tech-
nology some cross contamination
of compostable materials is likely
to occur.

The last stage of processing
before the active composting stage
is usually the incorporation of wa-
ter. |If it includes a large paper
fraction (with a high carbon to nitro-
gen ratio), MSW also benefits from
mixing with nitrogen-rich materials
such as sewage sludge or septage
(see Fact Sheet 2). Size reduction
and blending homogenizes the
compostable materials, achieving
greater uniformity of moisture and
nutrients. Thorough mixing is im-
portantfor rapid decomposition, and
a variety of devices are available.
The drum-type wet pulverizers de-
scribed above commonly serve as
a mixing and blending device.
Some mixers have been adapted
from agricultural feed mixer de-
signs, and may contain counter-
rotating augers or areel. Pug mills
can also be used, which blend by
means of slowly counter-rotating
hammers.

Summary

Separation, size reduction and mix-
ing/homogenization are all prereg-
uisites to the biological process of
composting. The individual physi-
cal processes described above
must be selected and linked to-
gether with biological processing
technology to formacomplete com-
posting system. In evaluating a
system design, several criteria
stand out as particularly important

tothese physical processing steps,
including cost (capital, operations
and maintenance), market speci-

fications for compost and recy-
clable by-products, and the flex-
ibility ofthe systemtorespondtoa
changing MSW feedstock.

Cost is clearly an important
criterion for any solid waste man-
agement option. While complex
systems that separate many recy-
clable by-products and reduce con-
taminants may appear attractive,
their overall costs may not be com-
petitive. The economic analysis of
a composting facility must not only
evaluate other competitive options
such as landfilling or incineration,
but must also examine different
ways of achieving the same goal
with a composting program. The
economic trade-offs between
source separation and centralized
separation for recyclable recovery
and contaminant removal are not
well defined, but need to be exam-
ined on a case by case basis to
develop the best system for a par-
ticular community.

Part of that economic analysis
must include a market assess-
ment, both for recyclable by-prod-
uct streams as well as the compost
productitself. Acomposting facility
must function as a manufacturing
facility, where quality control and
product specifications determine
the facility operation and design. If
markets require a higher grade re-
cyclable product than a particular
technology will produce, then the
facility will be in serious trouble.
Designing for product quality is dif-
ficult, in part because information
on the effects of combining tech-

nologies are scarce. But this criti-
cal challenge must be met if an
MSW composting facility is to suc-
ceed.

Finally, MSW composting fa-
cilities must be designed for flex-
ibility . Changes in the regulatory
environment, in market specifica-
tions, and in the waste stream itself
are likely to be significant in the
coming years. As with any new
technology, “state ofthe art”is likely
to have ephemeral meaning for
MSW composting facilities. This is
particularly true with the physical
processing steps, where changes
in the amount and type of waste
collected and the product quality
required are likely to significantly
impact optimal facility design. An
MSW composting facility must be
able to adapt if it is to play a long
termrole inresponsible waste man-
agement.
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