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INTRODUCTION

Major manure disposal problems
have usually accompanied the inten
sification of livestock and poultry
production. Even when sufficient land
is available for manure disposal there
still remains the question of manure
storage during those periods when land
application is impractical or inad
visable. As urbanization encroaches
upon agricultural areas the manure
storage regulations are becoming
stricter and social pressures have
caused them to be more often enforced.

3roiler manure is perhaps the
least offensive poultry waste. How
ever, even this material when wetted
becomes a source of foul odours and

a locus for fly proliferation. To remain
acceptable broiler manure must be
either kept dry or converted into a
stable form which will not degenerate
during storage. The end product of
the aerobic, thermophilic, decomposi
tion process known as composting
exhibits those properties necessary
for prolonged nuisance free storage.
With this object in mind a composting
unit was constructed in which to con

vert broiler manure into a stable

compost.

THE HIGH RATE COMPOSTING UNIT

The high rate unit (Figure 1)
consisted essentially of a horizontal
concrete silo with an air distribution

system incorporated into the floor and
an inclined mixing conveyor mounted
on a gantry vehicle running on rails
set into the top of the side walls.

Figure 1 The high rate composting unit,
(photograph by Ontario Depart
ment of Agriculture and Food)
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The Composting Chamber.

The 30 ft (914 cm) long compos
ting chamber, which was inclined 1 in
30 from the discharge to the input end,
was made of steel reinforced 3000 psi
(212.5 kg/cm2) concrete vibrated to
an air entrainment of less than 4%
The side walls, 6 in. (15.2 cm) thick
and 6 ft. (183 cm) high, were reinforced
vertically with No 4 (0.5 in diameter)
reinforcing rod 16 in. (40.6 cm) on
centers throughout the length of the
walls. To facilitate the eventual dis
mantling of the installation the walls
were each poured in six sections with
No. 2 (0.25 cm diameter) reinforcing
rod 24 in. (61 cm) on centers running
horizontally for only the length of
each section. The sections were
separated by B.F. Goodrich Koroseal
waterstop #375 expansion joints. The
floor, reinforced with 6 in. (15.2 cm X
15.2 cm) 0.25 in diameter wire mesh,
was poured in place leaving 5 open
topped (3.8 cm) 1.5 in square channels
running the length of the silo and
through the end sections of a 5 in.
(12.7 cm) high perimetercurb(Figure2).

Figure 2 The high rate composting unit
showing the 2" diameter header
and the 0.75" valve controlled
laterals set intothe floor, (pho-
graph by Ontario Department of
Agriculture and Food)

The Aeration System.

Air was supplied by a positive
displacement rotary blower (Roots
Whispair Max, Dresser Industries,
Franklin Park, Illinois) operating at
60 cfm (0.17 m'/m) and 10 psi (0.70254
kg/cm2) pressure. The blower at this
rating required 4.8 hp but was driven
by a 7.5 hp electric motor to provide a

step up capacity should more air be
required. Air from the blower was dis
tributed via a 2 in. (5.1 cm) diameter
header to 5-0.75 in. (1.9 cm) valve-
controlled lateral pipes running the
length of the unit in the channels in
the concrete floor (Figure 2). Holes
0.0625 in. (0.16 cm) in diameter were
drilled 3 in. (7.6 cm) on centers in the
upperside of the center 24 ft. (731 cm)
of each 0.75 in. (1.9 cm) lateral. Con
tained within the 5 in. (12.6 cm) peri
meter curb was a 5 in. (12.7 cm) layer
of 0.5 in. (1.3 cm) graded stone spread
evenly over the lateral air lines to
act as a diffuser and to prevent manure
from sealing the air holes. A time-
clock magnetic-starter combination
was used to control the operation of
the aeration system.

The Mixing Conveyor System.

The gantry, which carries both
the inclined conveyor and its motor
powertrain assembly, was constructed
from 6 in. - 8 lb/ft (15.2 cm - 11.85
kg/m) steel channel and 2.5 in. x 2.5
in. (6.4 cm x 6.4 cm) steel tubing. The
entire unit propelled by gravity, tra
velled down the 1 in 30 incline towards

the input end of the composter on 4
—8 in. (20.3 cm) single flanged wheels
riding on 6 lb/ft (8.98 kg/m) railroad
rails set into the top of the concrete
side walls.

The conveyor consisted essen
tially of 2 - 22 in. (55 cm) wide con
ventional manure spreader type chain
and flight conveyors mounted on a
plywood faceo metal frame. The con
veyor assembly was pivoted at one
end to the gantry and was supported
at the lower end by 2 - 0.375 in. (0.95
cm) steel cables attached to a hand
winch on the gantry to permit height
adjustment. A 1 hp totally enclosed
fan cooled, 850 rpm electric motor
acting through a 20:1 gear reduction
and a 2:1 No. 40 chain and sprocket
system drove the conveyor chain at a
speed of 20 ft (610 cm) per minute.
Angle iron flight extensions (Figure
3) were added to flights to clear com
post from in front of the structural
members of the conveyor frame and
10 in. x 3 in. (25.4 cm x 7.6 cm) plates
(Figure 3) were staggered (1 in. (2.5
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cm steps) across the flights to in
crease the amount of material carried
by the conveyor. The horizontal dis
placement of the material discharged
from the conveyor in the operating
position was 5 ft. (152 cm); thereby
providing a retention in the composter
of six passes of the conveyor.

Figure 3 The gantry mounted mixing con
veyor showing the modified
manure spreader main chain and
flights, (photograph by Ontario
Department of Agriculture and
Food)

OPERATION

Commercial broiler manure (Table
I) was loaded into the composter to a
depth of 5.5 ft. (163 cm) using a trac
tor mounted front end loader. At this
depth the mixing conveyor system
failed to operate satisfactorily because
the angle of repose of the manure was
such that the 5 ft. (152 cm) horizontal
displacement was inadequate to pre
vent the manure from pressing onto
the back of the conveyor. When such
contact was made the conveyor pro
pelled itself backwards towards the
discharge end of the composter To
avoid this problem the depth of the
manure was decreased to approxima
tely 3.5 ft. (102 cm). After each com
pleted passage of the conveyor down
the composter the mixing unit was
returned to the discharge end by
pushing the conveyor backwards into
the compost face and then allowing
the conveyor to propel itself.

The whole mixing unit developed
a tendency to rock backwards and for
wards, as the flight extensions dug
into the compost, instead of progress-
down the incline. This condition was
only slightly improved by the addition
of 750 lb. (340 kg) of concrete ballast
to the gantry . However, the movement
was almost eliminated by the installa
tion of a non-reversing brake on the
front wheels of the gantry. The brake
was simply a 7.5 ft . (224 cm) long
piece of 2 in. x 4 in. (4 cm x 9 cm)

TABLE I. ANALYSIS OF INPUT BROILER MANURE

Date Moisture

Content %

28/10/70 27.90

4/11/70 20.50

9AV70 32.65

16/11/70 29.60

23/11/70 23.50

30/11/70 23.10

7/12/70 27.50

12/ 1/71 29.80

20/ 1/11 25.00

3/ 3/71 46.93

Mean 28.97

*N
Dry weight basis

% C* % P

1.43 48.36 2.58

1.11 48.12 2.28

0.94 47.38 2.43

2.24 44.18 2.50

0.93 47.66 2.25

3-73 47.68 2.18

6.36 40.94 2.36

5.33 48.64 1.84

5.87 49.61 1.74

5.00 49.61 2.16

3.29 47.22 2.23

♦calculated % C = 100 - %ash (5).
1.8

lumber chained to the front axle. The

front edge was tapered to fit closely
into the angle between the wheel and
the rail and strips of rubber from a
discarded tire were nailed to the un

derside to increase the friction bet

ween the brake and the rail. After

these modifications were made the

conveyor took less than 2 hours to
cover the length of the composter. It
was, however, necessary to remove
the brake to return the mixing con
veyor unit to the discharge end.

With the attainment of satisfactory
operation of the mixing conveyor unit
a routine operation procedure was
adopted Approximately 120 cu. ft.
(3 4 m") of broiler manure were loaded
into the composter each week day
morning and a similar quantity dis
charged by the mixing conveyor at
the start of its passage down the
length of the composter. When the
mixing unit reached the input end of
the composter the brake was removed
and the unit was allowed to return to

the discharge end. Water, when required
to moisten the broiler manure, was
introduced by means of a perforated
hose suspended from the rear cross
member of the gantry. The blower
was initially set to operate for 5 min
utes out of 10. This aeration rate was

only about 60% of that found pre
viously to be optimum for poultry
manure ground corncob mixtures (2).
A lower rate was selected because
the commercial broiler manure was

less dense than the specially pre
pared manure corncob composting
mixture.

The composting process was
monitored by both temperature obser
vations and chemical analyses of the
input broiler manure and the discharg
ed compost. A 12 channel Y.S.I.
(Yellow Springs Inst. Co., Yellow
Springs, Ohio) telethermometer fitted
with 5 - 4.5 in. (11.4 cm) and 5-36in.
(91cm) stainless steel thermistor
probes was used for the temperature
observations. Temperatures were
taken each week day morning before
operation of the mixing conveyor at
4 depths below the compost surface
(4.5, 12, 24 and 36 in.) (11.4, 30.5, 61
and 91.4 cm), at 5 stations measured
from the input end (5, 10, 15, 20 and
25 ft.)(152, 305,457,610 and762 cm),
and at 3 interal positions located 6
in (15.2 cm) from each side wall and
in the centre. Sixty observations per
day were made.

RESULTS AND DISCUSSION
A summary of temperatures for

the entire period of winter operation
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Figure 4 Summary of the operation of the high rate composting unit. (1) forced aeration
system turned off. (2) aeration system reactivated. (3) period of heavy rain.
(4) gas treatment to eliminate rodents. (5) composter emptied and gravel bed
raised. (6) repairs made to mixing conveyor.

is shown in Figure 4. The activity
within the composter is represented
as the mean of the positional readings
taken 15 ft (457 cm) from the input
end at 4.5 in (11.4 cm) and 24 ft (61
cm) below the compost surface. The
overall impression of the composter
temperature curves is a series of
maxima and minima. This feature
corresponds closely to the 5 day oper
ation of the unit; Monday readings
tend to be the lowest because the
composting mixture has not been
turned (1) nor received fresh substrate
since the preceding Friday. Super
imposed on this periodicity are major
changes caused by other factors.
Ambient temperatures appears to have
little influence while efficiency of
aeration, as will be shown later,
appears to be the major parameter
controlling the operation of the com
poster.

Figure 5 shows the distribution
of the mean positional temperatures
with respect to depth and station as
observed on a mild fall day, 30/11/70.
The high temperatures observed 5ft
(152 cm) from the input end of the unit
shows the rapid establishment of
thermophillic decomposition within
the composting mixture. The overall
decline in temperature with progress
ion towards the discharge end of the
unit indicates that the stability of the
compost increases with passage
through the unit. This type of temper
ature distribution is considered to be
an indication of near ideal operation
of the high rate composting unit
effecting rapid stabilization of the
input broiler manure. Deviations from
this distribution must, therefore, be
considered as indicative of composter
failure.

so-

10

okpth below surface orCOMPOST

o *r

a 24T

* 36'

-* i? -*F
J,

ts

PISTANCE F*OM INPUT END

Figure5 Near ideal temperature d istri -
bution within the high rate
composting unit with respect
to depth and station on 30/11/70
(mean ambient temp. 3.9rC).

To assess the importance of the
forced aeration system in the high
rate composting of broiler manure the
blower was turned off (Figure 4, Point
1) for 5 days. The result of 5 days
without forced aeration can be seen

by comparing figures 5 and 6. Not
only had the entire unit cooled but

the temperature distribution with res
pect to distance from the input end
had reversed. The material within the
composter developed an unpleasant
odour and became sticky and difficult
to handle.

centsriowsiXFAcsoecoMrosT
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Figure 6 Temperature distribution within
the high rate composting unit
with respect to depth and station
on 16/12/70, 5 days without
forced aeration (mean ambient
femp.-3.3°C).

The temperature range observed
prior to the elimination of the air
supply was not reestablished until 5
days (figure 7) after the blower was
reactivated. However, even 14 days
after the return to forced aeration
(figure 8), the near ideal temperature
distribution (figure 5) had not l>een
re-established, and minima observed
at all depths had developed 20 ft
(610 cm) from the input end of the
composter. Twenty-two days after

anrAMcs moM mttur cmo

Figure 7 Temperature distribution with
the high rate composting unit
with respect to depth and sta
tion on 21/12/70, 5 days after
reactivation of the aeration
system (mean ambient temp.
-4.7°C).
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TABLE II, ANALYSIS OF COMPOST AS DISCHARGED

FROM HIGH RATE COMPOSTER.

Figure 8 Temperature distribution within
the high rate composting unit
with respect to depth and sta
tion on 30/12/70, 14 days after
reactivation of aeration system
(mean ambient temp. -16.4°C).

reactivation the temperature dis
tribution pattern (figure 9) had become
very similar to that when the aeration
system was turned off (figure 6).
This was probably a result of inade
quate aeration because the compost
was very wet after 3 days of rain
(Table 11, 12/1/71). In addition to
this cause of reduced aeration,
although not appreciated at the time,
the efficiency of the entire aeration
system was rapidly decreasing during
this period.

Date

28/10/70

4/11/70

9AV70

10/11/70

23/11/70

30AV70

7/12/10

12/ 1/71

20/ 1/71

3/ 3/71

Mean

Moisture

Content %

51.40

54.95

53.55

54.33

47.22

49.99

43.23

63.71

46,17

47.38

51.19

*N
Dry weight basis

% C* *P

1.55 46.10 2.78

0.93 44.94 3.31

2.37 44.88 2.89

2.73 41.46 2.76

2.54 44.22 2.89

3.57 45.a 2.68

6.48 35.90 2.52

3.89 46.05 1.91

5.06 47.34 2.01

4.93 47.34 2.06

3.41 44.64 2.58

oerru setotvsu*faccorcompost ♦calculated % C = 100 - % ash (5).
1.8

r
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Figure 9 Temperature distribution within
the high rate composting unit
with respect to depth and sta
tion on 7/1/71 after 3 days of
heavy rain (mean ambient temp.
-11 .4°C).

The first external sign of trouble
in the aeration system was the appear
ances of burrows in the gravel bed.
Traps baited with peanut butter were
set and specimens of the Norway rat
(Rattus norvegicus) and the House
Mouse (Mus musculus) were caught.
The rodents were eliminated from the
composter by the use of poison gas
cartridges. The cartridges were ignited
and placed into the burrows which
were then immediately sealed with
wet compost. To prevent the intro
duction of fresh air into the burrows
the aeration system was turned off
for 3 hours during the gas treatment.

After the gas treatment no further
evidence of rodents was observed
but the composter still failed to re
cover. On close examination it was
noticed that although the burrows
were in the gravel they were just
below a layer of compressed compost
This layer of compressed material
lay between the gravel bed and the
level disturbed by the activity of
the mixing conveyor. The composter
was emptied and the 3 in (7.6 cm)
deep layer of wet compressed compost
was removed. To prevent a recurrence
of this problem the gravel bed was
raised until its surface was in contact
with the lowest part of the mixing
conveyor, the space where a compacted
layer could develop was eliminated.
This treatment proved successful but
the recovery was interrupted by a
mechanical breakdown in the mixing
system. A temperature distribution
pattern approaching the near ideal si
tuation was eventually re-established
as shown in Figures 5 and 10.

Serious problems were observed
in the operation of the mixing conveyor
throughout the period of unsatisfac
tory aeration. During extended periods
of temperatures below 0°F frozen
compost adhering to the side walls
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prevented the conveyor from advancing
down the length of the composter.
Operation could only be continued
after the frozen compost had been
removed by the use of brick chisel and
crowbar. Also freezing rain caused
icing on the rails, making the non-
reversing brake ineffective. Before
satisfactory operation could be achie
ved all the ice had to be removed from

!-
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Figure 10 Temperature distribution within
the high rate composting unit
with respect to depth and sta
tion on 18/3/71 after raising
gravel bed (mean ambient temp.
-3.8°C).
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the rails and the lower surface of the
brake bar. Freezing did not become a
problem in the watering system be
cause the hose was removed and

drained immediately after use.

High winds caused heavy drifting
in the vicinity of the composter. The
presence of two to five feet (710 cm
to 152 cm) of snow made problems in
the handling of both the manure and
the compost as the loading and dis
charge elevators could not be readily
moved. The depth of snow also pre
vented recourse to the use of a wheel

barrow as a means of moving the mate
rial. The problems associated with
drifting snow could probably be effec
tively reduced by the use of well
positioned snow fences.

Notwithstanding the operating
problems, the high rate composting
unit can be considered to have opera
ted unsuccessfully. A compost of
reasonably consistent analysis (Table
II), was produced throughout the winter
without the use of supplementary heat.
However, several modifications and
adjustments are indicated prior to a
further period of winter operation.

Heavy rain between the 4th and
7th of January caused the composter
contents to become too wet (Table
II, 12/1/71) and this resulted in a
rapid loss of heat (Figure 4, Point 3)
as the efficiency of the aeration sys
tem was markedly reduced. The intro
duction of moisture in excess of that
deliberately added could be prevented
if the composter were roofed. A roof
could also eliminate problems with
freezing rain. If the composter were
enclosed within a building warm air
passing up through the compost would
be temporarily contained and the com
poster might be able to maintain its
own enclosed surroundings above the
outside ambient temperature. Such an
effect was noticed with a pilot scale
composting unit (3). Temperatures
might well be maintained high enough
to prevent ice buildup on the side
walls of the composter.

Although compost is generally
considered to be unattractive to rodents
an infestation occurred. It is the opi
nion of the authors that the rats and
mice were probably using the lower
reaches of the composter as a "cen
trally heated" home and seeking food
elsewhere. After the gravel bed was
raised no area suitable for the main
tenance of burrows remained within
the composter and the unit was not
recolonizeH,
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A comparison between Tables I
and II shows that the compost and
the broiler manure had very similar
compositions. The higher moisture
content of the compost resulted frorr
the deliberate addition of water to the

manure to promote microbial activity.
The lower carbon content may reflect
the loss of carbon, as C02, to the
atmosphere during the composting pro
cess. The observation that in each
set of samples, the nitrogen content
of the compost and input manure,
parallel each other is surprising and
is probably an artifact caused by the
sampling procedure. High nitrogen
content of input material would be
expected to produce a nitrogen rich
compost the following week.

The analysis of the manure (Table
I) shows that the mean carbon to nitro
gen ratio was 14.1:1. The usually
accepted optimum for composting is
near 30:1 (4). This suggests that the
composting process would benefit from
the addition of extra carbon. Such a
carbon source and one generally defi
cient in nitrogen is ground municipal
garbage. In areas where intensive
livestock production is in close proxi
mity to urban development combined
composting of municipal and agricul
tural wastes may be an attractive
waste disposal system.

CONCLUSIONS

1. Broiler manure can be corn-

composted outside throughout
the winter without the use of
supplementary heating equip
ment.

2. A forced aeration system is
essential for high rate com
posting of broiler manure.

3. Ideally the unit should be
operated and loaded daily to
prevent the cooling which
occurred over the weekends.

4. The composter should be roofed
to prevent the contents from
becoming excessively wet
during prolonged periods of
rain.

5. The carbon to nitrogen ratio
of broiler manure (14.3:1) is
too narrow for an ideal com
posting mixture, therefore,
blending the manure with other
wastes especially ground gar
bage could prove advantageous,

SUMMARY

A 30 ft. x 6 ft. (914 cm x 183 cm
x 183 cm) aerated horizontal silo type
high rate composting unit was cons
tructed to treat commercial broiler

manure. Operation of the unit was ham
pered by large accumulations of snow
and by very low ambient temperatures.
Nevertheless, a compost of reasonably
consistent analysis was produced
throughout the winter without the use
of supplementary heating equipment.
A forced aeration system was essen
tial to maintain aerobic conditions.
Ideally the unit should be operated
daily to maintain high temperatures
throughout the composting mass. The
carbon to nitrogen ratio of broiler
manure (14.4:1) was too narrow for an
ideal composting mixture. Blending of
the manure with other wastes such as

ground garbage could prove advan
tageous.
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