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anagement of solid wastes is a problem of increasing
concern throughout the world. The biodegradable frac
. tion in wastes that cannot be recycled or converted into
new products, increasingly is treated through composting. It is the
lowest cost alternative to landfilling for many wastes. The number
of composting plants operated in the U.S. by industries and mu-
nicipalities has tripled since 1990. Over 3000 sites are registered
today. Backyard composting also is starting to play an important
role in the U.S. Industries use composting as a process for the de-
struction of toxic by-products through a process known as
“bioremediation”. Finally, the composting process is starting to
replace more costly treatment procedures for the destruction and
control of human, animal and plant pathogens. Composting, there-
fore, is becoming a commonly used process.

Various forms of composting have existed since life on earth
began. Nature provides an extensive, native population of micro-
organisms that are generally attached to all organic wastes. When
conditions are right, these microbes grow, and multiply by decom-
posing the material to which they are attached (an example is de-
cay of crop residue in soil). From a scientific viewpoint, the
composting process is started and managed under controlled envi-
ronmental conditions rather than accepting the resulfs of natural,
uncontrolled, decomposition. :
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Composting is associated with concepté of reclamation, re-
cycling, treatment and disposal. Reclamation and recycling are parts
of the stewardship of saving and reusing natural resources. Treat-
ment and disposal have been a more typical way to cope with wastes

‘for many decades, particularly as a part of the “industrial revolu-
tion.” Because of concerns for our environment, “disposal” has
become a less desirable option.

When are conditions right for composting?

The composting process is essentially a biological one that com-
pares to the raising of plants or animals. The rate of composting, like the
rate of plant or animal growth, can be affected by many factors.

- Four key ones are:
(1) nutrient balance,
(2) moisture content,
(3) temperature, and

(4) aeration.

Nutrient balance is determined primarily by the ratio of car-
bon to nitrogen in the compost mix (C/N ratio). It is like balancing
carbohydrates and protein in a diet. Bacteria, actinomycetes, and
fungi also require carbon and nitrogen for growth. These microbes
use 30 parts of carbon to 1 part of nitrogen. Composting is usually
successful when the mixture of organic materials consists of 20 to
40 parts of carbon to 1 part of nitrogen. However, as the ratio ex-
ceeds 30, the rate of composting decreases. As the ratio decreases
below 25, excess nitrogen is converted to ammonia. This is wasted
into the atmosphere and results in undesirable odors.

Phosphorus is another principal element required by com-
post microbes. Trace elements are needed in very small quantities.
Normally, these elements are available in satisfactory amounts in
compost when the C/N ratio is properly established.

The moisture content of compost should ideally be 60 per-
cent after organic wastes have been mixed. Depending on the com-
ponents of the mixture, initial moisture content can range from 55
to 70 percent. However, as the moisture content exceeds 60 per-
cent, the structural strength of the compost deteriorates, oxygen
movement is inhibited, and the process tends to become anaero-
bic. Low C/N ratio materials (e.g. meat wastes) putrefy when anaero-
bic. High ratio materials ferment. Both processes produce odors
and must be avoided. As the moisture content decreases below 50
percent, the rate of decomposition décreases rapidly. As a rule of
thumb, a mixture of organic wastes that contains 50 percent mois-
ture feels damp to the touch but is not soggy.

The temperature increase that occurs during composting re-
sults from the breakdown of organic material by bacteria, actino-
mycetes, fungi and protozoa. The temperature can range from near
freezing to 160°F. Starting at ambient temperature when the com-
ponents are mixed, the compost can reach 150°F in less than two
days. Applying heat to compost from an external source serves no
purpose unless ambient temperatures are far below freezing. Heat
is generated from within the compost medium.

The hundreds of types of microorganisms involved with
composting are generally classified into three categories accord-
ing to temperatures most favorable to their metabolism and growth:

Psychrophilic less than 40°F
Mesophilic 40-100°F
Thermophilic 100-150°F




. As the. microorganisms decompose (oxidize) organic mat-
ter, heat is generated and the temperature of the compost is raised
a few degrees as a result. In composting, as in the decomposition
of any complex substance, the breakdown is a dynamic process
accomplished by a succession of microorganisms with each group
reaching its peak population when conditions have become opti-
mum for its activity. One group of microorganisms dies and an-
other group thrives until the next incremental change in nutrition
and temperature occurs, etc. Composting rate is generally mea-
sured by rate of carbon dioxide production. The maximum rate
occurs when compost temperatures range from 110—150°F. As the
temperature exceeds 150°F, the composting rate drops rapidly and
becomes negligible at temperatures higher than 160°F.

Under ideal conditions, a single
microorganism can multiply into millions.
The typical life span for a microorganism is
only 20 to 30 minutes.

Most composting should include temperatures in the ther- »

mophilic range (100-150°F). At these temperatures the rate of or-
ganic matter decomposition is maximum, and weed seeds and most
microbes of pathogenic significance cannot survive. It takes three
days at 131°F (55°C) to kill parasites, fecal and plant pathogens. It
is important that piles are turned frequently to ensure that all parts
are exposed to high temperatures.

Aeration is a key element in composting. Proper aeration is
needed to control the environment required for biological precesses
to thrive with optimum efficiency..A number of controllable fac-
tors are involved. :

1. Temperature should be controlled to a 140-150°F upper -

limit. Above these temperatures even thermophilic mi-
crobes either self-destruct or become less effective.

2. Moisture is removed naturally from the compost medium.
Over two-thirds of the original water content of compost
may be lost during decomposition. Often water must be
added during the process to maintain activity.

3. Carbon dioxide is a product of the biochemical reactions
that are part of composting. This gas must be removed
from the compost microenvironment to avoid toxic con-
centrations that inhibit the process.

. 4. Oxygen must be available to microbes in sufficient quan-
tities to ensure vitality of the aerobic types and to mini-
mize odors. The amount and type. of bulking agent added

~during preparation of the compost determines the free air
space in the pile. Pore space should range from 35-50%
to maintain adequate aeration. Air may be forced through
the pile to speed up the process. However, forced aera-
tion adds complexity to the process.
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Is generation of ammonia a potential problem
during composting? :

Because of the nature of the process, predominately aerobic
composting usually leads to the loss of at least some nitrogen. The
loss is associated with high témperatures, low moisture content
and eventual alkaline conditions that are attained during the pro-
cess. The presence of excess nitrogen in the form of ammonium
carbonate or ammonia can be traced to the microbial metabolism
of protein or other sources of nitrogen. If the C/N ratio is too low,
the energy source (carbon or carbohydrates) may be less than that
required for converting available nitrogen into microbial cells. In
such an event the organisms make full use of available carbon and
the excess nitrogen is eliminated as ammonia. If excess nitrogen
in a decomposing mass is too great, ammonia may be formed in
amounts sufficient to be toxic to the microbial population and cause
air pollution as well.

Ammonia losses can be minimized when compost ingredi-
ents are adequately mixed in proper proportions and all other fac-
tors discussed above are taken into account. Wastes which are high
in nitrogen such as poultry manure generally cannot be sufficiently
and economically amended with carbon (bulking agents) to avoid
ammonia losses. The exhaust air from such compost piles must be
scrubbed with water to prevent a serious air pollution problem.

Guidelines fdr Composting -

IDEAL RANGE

Carbon/N itrogen Ratio 30 2040
Initial Moisture Content (%) 60 50-70
Temperature (°F) : 120 90-140
Porosity (%) 40 35-50




Is control of pH and moisture important during
composting? o

In a practical operation, very little evidence exists that pH
should be artificially adjusted. Generally, the pH begins to drop
during initial stages of composting. This results from the activity
of acid-forming bacteria which break down complex carbohydrate
material (polysaccharides and cellulose) to organic acid fermenta-
tion intermediates under anaerobic conditions. These matérials give
off strong odors! The microorganisms that produce the acids also
can utilize them as food after higher oxygen concentrations are
established. This typically occurs within a few days after the most
readily biodegradable substances have been destroyed. The net
effect is that the pH begins to rise after a few days. The rise contin-
ues until a level of 7.5 to 9.0 is reached, and the mass becomes
alkaline. Attempts to control pH with sulfur compounds are often
difficult to justify because of the cost involved. It is more impor-
tant to manage aeration so that fermentation and odor formation
is reduced. - :

Bacteria and fungi in compost can decompose nearly everything. They can usually produce

the enzymes needed to digest whatever material they find themselves on. People working in
composting plants tend to be as healthy as the average person in society. However, individuals with
an impaired lung capacity should not be employed in dusty environments such as composting plants.

Water management critically affects composting. When ex-
cess water is allowed to accumulate at the base of compost piles,
anaerobic conditions are the result followed by odors and leachate

formation. Inadequate water retards the process. Grass in dry -

yardwaste mixtures, for example, is preserved as musty (moldy)
-hay. This factor is most often overlooked by operators of
composting systems.

- Static piles

e Compost ingredients are mixed and piled outdoors or under a
roof in a windrow. .

e The size and shape of the windrow is designed to optimize the
effects of natural ventilation.

* Aeration can be enhanced with fans blowing through plastic
tile or by piling compost on a wood chip base.
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What structures and equipment are required for
composting? :

Investment in structures and/or equipment for the composting
process can range from practically none to completely enclosed
buildings with automated handling, computerized process control
and monitoring systems. :

The Com-Til Facility in Columbus, Ohio, composts biosolids.
Wood chips, recycled compost and sawdust are added as

* bulking agents. The facility handles 50,000 wet tons of
biosolids each year—25 dry tons per day. One eighth of the
volume produced is sold as bagged compost and the
remainder as bulk compost. The facility features an open
concrete pad. Compost is piled 10- to 12-feet high on
perforated plastic tile to achieve updraft aeration.
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Windrow

» Windrows can be remixed or turned with a frbnt-end loader or
a mechanical device designed for that purpose.

e Aeration can be provided either by natural ventilation or a fan
system.

e Piling on hardened surfaces facilitates handling and is
essential in wet climates. : ey

The Greater Lake County Composting Plant in Mentor, Ohio,

_ composts anaerobically digested biosolids. Sawdust and
woodchips are used as bulking agents. The plant handles 33 wet
tons of biosolids per day (8-9 dry tons). The composting facility
is a three-acre enclosed building with a concrete floor. A turning
machine is used to stir windrows daily. The windrows are 4 to
4 feet high by 12 feet wide. Downdraft aeration is used and air
exits through a biofilter consisting of compost, bark, and
woodchips in which microorganisms destroy compounds
responsible for odors. :

Reactor vessels

o The vessels consist of concrete bins with false floors or air
plenums installed in the bottom. '

* Height is limited to about ten feet. Excess height leads to
excessive settling. Compost that is too dense cannot be
properly aerated.

e. The width is determined by design requirements for turning
and loading equipment. A 20-foot width has worked well in
many units but some are 100 feet wide.

e The length of the vessel can be based on anticipated c};\pacity,
available space, and turning and loading requirements.

e Automated mixing and conveying equipment are normally a
part of the system. :

* Reactor vessels operate well in open buildings (roof only) or
* in enclosed buildings. :

 Temperature, oxygen level and moisture are often reglilated

under feedback control. :
> : The Paygro Company, Inc., in South Charleston,

Ohio, composts beef cattle manure with sawdust,
bark, and other wastes. Some sawdust is added for
T T T Feed System bulking in addmor.l to that already mtx‘ed with the
- s manure before delivery to the plant. Fifty dry tons

are handled daily and are packaged for retail sale
in 8-, 25- and 40-pound polybags. The plant
consists of two 10’ x 20’ x 400’ reactor bins under a
100’ x 500’ roof with partiality enclosed sides.

Bulking Agent



Other techniques

e There are many variations of the above methods described in
composting literature. The ultimate design for a system depends
on needs and financial resources.

What can be done with the end product?

The uses for compost as a soil amendment can be evaluated
on the basis of characteristics: (1) fertilizer value, (2) value as a
soil conditioner, (3) value for land reclamation, (4) value as live-
stock bedding, and (5) value as nursery container media .

Fertilizer value

The fertilizer value of compost is low. The. nitrogen, phos-
phorus, and potassium (NPK) contents are approximately 1'/2%
‘N, 2% P and 1% K. (1'2% N, 4.6% P,0,, 1.8% K,O)

Compost has advantages over standard, inorganic fertiliz-
ers. The fertilizer elements will not leach unless compost is exces-
.sively applied. Compost possesses a full complement of trace ele-
ments while inorganic fertilizers on the market generally are lack-
ing in these elements. It is important to know the amount of each
nutrient released per year from the composts.

Value as a soil conditioner

A superior value of compost is its potential as a soil condi-
tioner. Compost eventually becomes humus and improves soil tilth.
Compost provides soil aggregation or a tendency to “crumb” which
in turn enhances the air-water relationships of the soil. Soil water-
holding capacity and water infiltration are increased, erosion and
soluble nitrogen leaching are reduced, cation exchange capacity is
increased. The landscaping and nursery industries utilize most of
the composts produced today.

Value for land reclamation
The value of compost for land reclamation is clear. The main

concern is environmental effects of phosphorous, trace elements, *

or certain heavy metals if compost is applied excessively. How-
ever, loadings up to 40 to 50 tons per acre have been found accept-
able, particularly when applied early in the spring.

Livestock bedding

An important value for properly cured compost in livestock
operations is its use as bedding. It is dry enough to be moisture
absorbent. However, its main advantage over other types of bed-

~ ding is its tendency to resist propagation of flies.

Nursery container media i
Another successful application for compost has been its use

. as an amendment in container media for nurseries and florists. In-

corporation of disease suppressive composts in media with appro-

. priate chemical and physical properties has successfully solved

soilborne disease problems in nursery and greenhouse crops. Some
of the container media not only suppress the diseases, but they
eradicate pathogens as well. Again, proper use requires experi-
ence. For example, incorporation of excessively high levels of com-

* post into container media increases fungus gnat problems. -

What alternative composting methods are being
evaluated? : :

Research on composting alternatives continues. These re-
search efforts address odor control, toxic contamination, disease
suppression, aeration requirements, moisture control, materials
handling and ways to measure compost maturity.

Research and demonstration results of new compost han-
dling methods are reported in trade magazines, scientific journals-
and conferencé proceedings. When considering these new ap-
proaches, do your homework:

* Look for controlled studies that compare statistically
evaluated results. -

* Avoid reports based on testimonials.

» Contact and/or visit operations using a new technology to
" evaluate the system firsthand.

° When adopting a new approach, start small. Establish a
pilot-scale treatment System or rent new equipment before
making a major investment.

» Work with registered professionals and consultants.



