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Composting pre-dried manure from poultry
A laboratory-scale composting
plant was used for the description
of composting processes using pre-
dried poultry manure. This compri-
sed a total of six heat-insulated
batch reactors with forced ventila-
tion. The very uneven quality sub-
strate indicated an extremely low
C/N ratio. This led to very high and
almost constant  ammonia emissi-
on over the whole three week trial
period. A ventilation rate of around
7 to 8 l/kg dry matter and hour
should not be exceeded for a good
composting  process and, where
possible, an additional C-source
should be mixed with the substrate.
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The aim of the presented research work
emerged from an EU research program-

me on the application of catalytic exhaust air
cleaning reactors in agriculture [1]. The pa-
per can be divided into four parts: descripti-
on of the composting process using pre-dried
poultry manure; calculation of ammonia
emissions in association with different ven-
tilation rates; C/N ratios and dry matter con-
tents; calculation of the minimum ventilati-
on rate.

Material and methods

A tested batch composting plant was used
for conducting trials under constant and re-
producible conditions [2]. The computer-
controlled compost plant enabled different
treatments to be tested in trial series at a la-
boratory scale.The plant comprised six heat-
insulated and force-ventilated batch reactors
(fig. 1). The air intake temperature was de-
termined in the common supply pipeline for
the six reactors before it was distributed bet-
ween the reactors. A floating-body flowme-
ter was incorporated with each reactor for
controlling the ventilation rate. The reactors
had a total volume of around 60 l. The sub-
strate was piled to a height of around 0.3 m
onto the stainless steel sieve flooring, repre-
senting a usable volume of around 36 l. The
compost substance was ventilated through
the air inlets in the underside of the reactor.
The air space below the sieve floor represen-
ted a pressure chamber which ensured a con-
sistent airflow through the rotting material
(fig. 1). In the centre of every reactor was an
air exhaust opening where the exhaust tem-
perature was also measured. A PVC pipe
running through the lid also had a sensor
built into its end to determine substrate tem-
perature. The exhaust air from the reactors
was channelled via a measurement point
switch through two consecutive gas analy-
sers: one for determination of the ammonia
concentration, the other for determination of
oxygen and carbon dioxide concentration
(fig. 1). The successive determinations of the
three different gas concentrations requires
30 minutes per reactor. Thus, the gas con-
centrations of all six gas reactors were deter-
mined every three hours. So that ammonia
concentrations were also able to be measured
when above measuring instrument range
(5,000 ppm), a dilution of the exhaust air
flow with a defined amount of pure air was
possible.

Results

The following report covers the results from
three consecutive  trials B, C and D. The ven-
tilation rate was held constant within the in-
dividual trials for two or three of the reactors
in each case. Because minimum ventilation
rates of from 7 to 10 l/kg dry matter content
and hour are given in the literature for pig
and cattle manure [1, 2, 3], these were varied
within a range of from around 2 to around 
12 l/kg dry matter and hour. This was done
Fig. 1: Sketch of one
section of laboratory
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especially to determine the minimum venti-
lation rate. In total, pre-dried poultry manu-
re was characterised by  a very marked non-
homogeneity. Because of this, it proved very
difficult to achieve an even as possible dis-
tribution on the reactors as well as obtain a
representative sampling of the substrates for
analysis of the contents. The dry matter con-
tent of the substrates varied between 35 and
75%, the C/N ratio ranged from 2:1 to 5:1
and was, therefore, at a very low level. In all
trial series the inlet air temperature lay at a
similar level and was able to be kept very
constant over the total investigation period
(two to three weeks) (fig. 2). Immediately af-
ter the start of the investigation the tempera-
ture of the substrate in all reactors rose
quickly and reached a first maximum bet-
ween 24 and 48 hours (fig. 2). As expected,
the substrate temperature rose in all reactors
of the trial series B up to at least 85 °C. In tri-
al series C and D, on the other hand,  the tem-
peratures rose as high as 100 and 116 °C. In
all reactors in trial series B and D, a second
maximum of the substrate temperature was
recorded after around 10 to 12 days (fig. 2,
treatment B4 and D5). In order to reproduce
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tent of the influence of the substrate tempe-
rature on the amount of ammonia emission,
the progress of ammonia emission from re-
actors with the same ventilation rate, but dif-
fering temperature levels (fig. 2), was obser-
ved. At the beginning of the composting pro-
cess the progress of the ammonia emissions
followed that of the substrate temperature
and reached a maximum after 
around 48 to 72 trial hours (fig. 3). Substra-
te temperature which were over the average
(≥100 °C) led to a slowing down of ammo-
nia emission to a comparatively low level
(fig. 3, treatment C5). A second maximum of
the substrate temperature led to a similar am-
monia emission maximum (fig. 3, treatment
B4). The extent of the ammonia emission de-
pended very strongly upon the respective
ventilation rate, the ammonia emissions ri-
sing, i.e., when higher ventilation rates were
applied (fig. 4), or lay at a similar level when
the same ventilation rates were applied (fig.
3). Only through higher ventilation rates
(around 11 to 12 l/kg dry matter and hour)
was it possible to determine a clear maxi-
mum of ammonia emissions (fig. 4, treat-
ments C3 and C4). In total, even after three
weeks of composting, no decrease in the am-
monia emissions was able to be observed,
and instead the ammonia emissions continu-
ed as constantly as before.

Conclusions

The very low C/N ratio of the investigated
substrate resulted in very high and almost
constant ammonia emissions which continu-
ed over the total three week trial period. For
a good progress of the composting process
the ventilation rate should not fall below 
around 7 to 8 l/kg dry matter and hour, and
where possible a supplemental C-source
should be mixed with the substrate. Through
the results of the trials, the effect of indivi-
dual factors influencing the composting pro-
cess could be described. Further investigati-
ons are necessary for a more detailed de-
scription of the interactions between the
different influencing factors.
Literature
Books are identified by • 
[1] Monteny, G.J., M. Verhaak and E. Hartung: Technical

and economical feasibility of integration of a
catalytic reactor system for the removal of aerial
pollutants from livestock operations. IMAG-DLO,
confidential report, 1998

[2] • Käck, M. : Ammoniakfreisetzung bei der Kom-
postierung separierter Feststoffe aus Flüssigmist
in belüfteten Reaktoren. Dissertation, Hohen-
heim, VDI-MEG Schrift 285, 1996

[3] Burton, C.H., J. Beck, P.F. Bloxham, P.J.L. Derikx and J.
Martinez: Manure Management „Treatment
Strategies for Sustainable Agriculture“. Silsoe
Research Institute, Bedford, UK, , 1997, ISBN
0953128202
Fig. 2: Course of temperature of inlet air and substrate during composting
of pre-dried layer hen droppings, compared with similar aeration rates 
(* in [L kg-1dry matter-1 h-1]) during composting
Fig. 3: Course of the ammonia emission released from pre-dried layer hen
manure treated with similar aeration rates (* in [L kg-1dry matter-1 h-1])
during composting
Fig. 4: Course of the
ammonia emission
released from pre-dried
layer hen manure treated
with different aeration
rates (*in [L kg-1dry
matter-1 h-1]) during
composting
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