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Absiract: Using data obtained with a full-scale sewage sludge composting facility, this paper studied the effects of ambient air temperature
on the composting temperature with varying volume ratios of sewage sludge and recycled compost to bulking agent. Two volume ratios
were examined experimentally, 1:0:1 and 3:1:2. The results show that composting temperature was influenced by ambient air
temperature and the influence was more significant when composting was in the temperature rising process: composting temperature
changed 2.4—6.5°C when ambient air temperature changed 13°C . On the other hand, the influence was not significant when composting
was in the high-temperature and/or temperature falling process: composting temperature changed 0.75—1.3°C when ambient air
temperature changed 8—15%C . Hysteresis effect was observed in composting temperature’ s responses to ambient air temperature. When
the ventilation capability of pile was excellent{at a volume ratio of 1:0:1), the hysteresis time was short and ranging 1.1—1.2 h. On the
contrary, when the proportion of added bulking agent was low, therefore less porosity in the substrate(at a volume ratio of 3:1:2), the

hysteresis time was long and ranging 1.9—3.1 h.
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Introduction

Temperature is the most important ecological factor
within composting material ( Finstein, 1975; Atas, 1981).
Many studies have been undertaken on composting systems
focusing on the effects to temperature such as its increase and
maxima during processing, limits on resident microbes, heat
losses from the mass, process control and the ecological
nature of the process, including microbial succession( Regan,
1971; Poincelot, 1974; Suler, 1977; Sikora, 1985; Miller,
1988; Campbell, 1990a; 1990L) .

The temperature between the center and the surface of
the composting mass differs greatly in static piles because of
ambient aifflow({ Poincelot, 1974; Finstein, 1986a; 1986b) .
Turning of stacks or forced aeration, as in environmentally
controlled composting, can control temperature effectively
( Miller, 1990; 1992 ). Termination of such
practices results in the temperature soon returning to the
range of 70°C to 80°C (Poincelot, 1974) .

There are three mechanisms in the heat-exchanging
process composting pile and swroundings:
conduction, convection, and radiation ( Haug, 1993). Small
quantity of heat in the composting pile is dispersed through
radiation and conduction, and large quantity of heat is lost
1999 ),
temperature relates to these mechanisms{Lomax, 1984; Das,
1997} . The composting substrate temperature depends largely
on ambient airflow( Finstein, 1986a), so the heat-exchanging
process is important for composting temperature. Ambient air
temperature near the freezing point can significantly influence
the composting temperature ( Liao, 1995). Microorganisms
need sufficient oxygen to decompose substrate during initial
stage ( Tiquia, 1996}, but when supplying oxygen through
forced aeration and the ambient air temperature is too low,

Harper,

between

due to convection ( Fogiel, and ambient air

composting substrate temperature probably can not reach the
lowest point that is necessary to start composting process
(Seki, 1999). Composting process has been significantly
slowed down or even stopped when composting substrate

temperature is below 20°C ( Mosher, 1977; Haug, 1993).

These studies show that ambient air temperature is an
overriding factor for accomplishing the composting process.

The goal of this siudy was to investigate the effects of
ambient air temperature and find ocut how it impacts the
composting temperaiure of aerated static pile systems, and the
magnitude of the impact.

1 Materials and methods

An outline of one of these piles along with the associated
controlling systems is shown schematically in Fig.1.

Insulating layer

Fig.1 Schematic sketch of the composting system

Two aerated static piles were prepared in a building
with two 1.6 m (length) x 1.0 m{width) bays, with cement
floors and walls, and aeration hoards were laid on the bottom
of the bays. The piles contained sewage sludge{ dry matter =
15.0%, VOC = 51%), recycled compost ( dry matter =
60.9%, VOC = 38.3%) and inorganic bulking agent
( moisture content = 2.7% , saturation moisture content =
65.7% ) with two proportions: 3:1:2(Treatment 1) and 1:0
:1(Treatment 2} by volume. A 10-cm-depth bulking agent
layer on the aeration boards dispersed ambient air through the
1.5 m high mix layer. Both piles were covered with a 20 ¢m
insulating layer of recycled compost.

Each bay had a 0.25 kW blower to supply and control
ambient air. The aeration capacity of blower is 6.5 m’/min
and the wind pressure is 680 Pa. Sensors were inserted into
the geometrical center of piles to detect the pile temperature,
and the readings are gathered by the computerized control
system. Three sensors were used in ambient air to detect the
ambient air temperature. A three-stage control algorithm
controlled the damper duty cycle of blowers (Leton, 1990) .
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Control software logged temperatures every 15 min and
generated reports .

Experiments were carried out during the autumn
(Treatment 1) and spring ( Treatment 2 ). The primary
composting processes took 16 d.

2 Results and discussion

2,1 Simulation influence model of ambient air
temperature on composting temperature

A complete composting process was composed of four
pars: lemperature increasing period, high-temperature
period, temperature decreasing period and maturing period
(Gray, 1971) . Composting process was divided according to
the temperature variation.

There is no heat exchange between composting pile and
ambient air when there is no temperature difference. But
usually the temperature difference exists because ambient air

Changes of composting temperature
influenced by air temperature

temperature frequently varies and this variation influences the
heat exchanging process: (1) When air temperature is higher
than the composting temperature, larger quantities of heat
would be transferred to the composting pile through the heat
exchanging process as ambient air temperature rises; (2)
when air temperature is lower than the composting
temperature, smaller quantity of heat would be lost from
composling pile when ambient air temperature rises. Under
both conditions, the composing temperature increases, but
this increase is so small that it is overwhelmed by the macro
trend of composting temperature and not noticeable. For the
same reason, composting temperature would decrease when
ambient air temperature declines. Ambient air temperature
affects composting temperature within a 24 h period because
its varying eycle is 24 h. Fig.2 is a hypothesis model of this
influence .

Temperature varying curve if there
were 1o air temperature influence

R J‘

Varying of air temperature
e

Composting time

Fig.2 Hypothesis model of ambient air temperature influence

The varying curve of ambient air temperature is never an
ideal sinusoidal er cosine curve because there are always
other variations during the day and night time. However, the
temperature daily fluctuation trend always exists and under its
influence, the composting temperature also appears to have
small eyelic fluctuations.

2.2 Effect of ambient air temperature on composting
temperature
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Fig.3 Temperature curve and partition of periods

Fig.3 is the composting temperature variation curve,

and the composting process could be divided into several
periods according to temperature developing trend. Every
period was regression analyzed using linear model and the
results are shown in Table 1. T and t were the
representatives of pile temperature and composting time,
respectively .

The results of significance test show that it fits the
temperature simulation performed with a linear model. A
regressed value was obtained when parameter of time was
introduced into the regression equations of Table 1. Detected
value subtracts the regressed value, and the residual value
was the response of composting temperature to ambient air
temperature( Fig.4) .

Tahle 1 ° Results of regression analysis

Volume ralio Periods of composting ~ Regression equations R*" F
. Phase 1 T=0.43t+13.64 0.97 11820™
32 Phase 1 T=-0.211 +80.91 0.99 33851™
Phase | 7=0.22:-5.11 0.95 51429™
1:0:1 Phase 1 T=0.04:+39.92 0.88  14439™
Phase Il T=-0.07:+83.66 0.82 3243

Notes: " Correlation coefficient ;" p < 0.01

The ascending or descending trend of composting
temperature variation curve was homologous with ambient air
temperature variation in rough as shown in Fig. 4. The
phenomenon proved that ambient air temperature clearly
impacts the pile temperature.

Fig. 3a shows that ambient air temperature changed
greatly when composting process was in the temperature
increasing process. Not only was there periodical variation
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Fig.4 Influence of ambient air temperature on composting temperature

between day and night, but also the big daily change due to a
climate temperature falling period, the influence of ambient
air temperature on pile temperature is very significant ( Fig.
4a). According to the variation degree of ambient air
temperature in phase 1, the period could be divided into 2
periods: ambient air temperature changed 13°C  during
0—72 h when pile temperature would change 6.5%C ; during
72—103.5 h{Fig.3a), pile change
1.2C  responding to 8T of ambient air
temperature .

lemperature  would
variation

The influence was more obvious during initial stage of
composting process, which may be induced by influencing
mechanism of ambient air temperature and microorganism
aclivities .

The insulation characteristics { preserving heat) of the
but the
composting pile was not completely enclosed. There was
temperature difference between pile and ambient, and pile
would exchange heat with ambient air with three modes:
conduction, convection, and radiation. On the other hand,
oxygen needed during composting was applied by ambient air,
and ambient air temperature would influence pile temperature

experimental aerobic static pile are excellent,

when applying oxygen.

Many studies showed that, the best temperature range is
30—40%C for mesophilic microorganism to proliferate, and
thermophilic microorganism proliferated rapidly in 50—60%C .

Microorganism was cultivated and domesticated in the
initial stage of composting process, so heat is mnot yet
produced in large amount. Ambient air temperature not only
influences pile temperature with 3 physical modes directly, it
also impacts the microorganism activity evidently. And with
pile temperature increasing from 20C to 40°C during 0—72
h(Fig.3a), it falls in the best temperature range for the
proliferation of mesophilic microorganisms. These two factors
appear to explain the significant impact from the ambient air
temperature fluctuation .

Pile temperature changed from 40 to 60°C during

70—103.5 h (Fig. 3a), which was comfortable to
thermophilic microorganism. Pile temperature would change
about 1.2°C when ambient air temperature varied 8°C. The
result indicated that the influence of ambient air temperature
was not significant when pile is in higher temperature. The
influence of ambient air temperature on microorganism activity
appears to be muffled by the pile’s self-generated heat when
pile temperature is high.

As shown in Fig.3a, when composting process goes into
the temperature decreasing period(103.5—195 h), and the
daily fluctuation of ambient air temperature is for about 14°C
between day and night, the pile temperature varies about
0.75¢C.

The maximum point of producing heat had passed and
mesophilic microorganism activities started to dominate again
when pile temperature decreased gradually; however, since
easily degradable organic material has almost been exhausted
at this point, main part of the microorganisms during this
period are those capable of decomposing complicated organic
materials. Pile temperature kept above 40°C at the moment
(Fig.3a), and the influence of ambient air temperature on
microorganism is small. Actually, the influence of ambient
air temperature on pile lemperature is decided mainly by the
insulation property of pile(Finstein, 1986a; 1986b) .

Pile temperature changes only after ambient air
temperature varied for some time, indicating that there was a
hysteresis in pile temperature’s response to ambient air
temperature ( Fig. 3a) . The hysteresis lime were 1.9, 3.1
and 2,9 h respectively during 3 period: 0—72h,
72—103.5 h and 103.5—195 h. The hysteresis time was
the shortest during initial stage of composting, which shows
that the “cushion” capacity of pile temperature was the
weakest during initial stages. As explained above, the
interactions between the ambient air temperature and the
microorganism activities appear to be the reason for this.

For the treatment 2, there is noticeable influence of
ambient air temperature on the pile temperature during the
first period (0—165 h): pile temperature changed 2.4C
when ambient air temperature changed 13°C (Fig.4b}.

Although pile temperature continues to rise during the
second period(165—340 h) , the speed was slow(k =0.04,
Table 1). Pile temperature would change 1.3°C when
ambient air temperature changed 15°C .

The influence of ambient air temperature was the
smallest during the third period ( 340—407 h) when pile
temperature descended, which would change 12°C and pile
temperature changed 1.0°C.

Ambient  air would
temperature notably during initial stage, but the influence is

temperature influence pile

very small during high-temperature period and the
temperature decreasing period, which was similar to the
phenomenon of treatment 1. Compared with the influence of
treatment 1, the influence to treatment 2 is even smaller.
Substrate moisture content of ireatment 2 was higher than that
of treatment 1, so the “buffering” effect is greater because
the specific heat of water was large. On the other hand, the
daily difference of ambient air temperature was small during
initial stage ( Fig. 3b), so the influence of ambient air
temperature is not easily noticeable as that of treatment 1.
The hysteresis times were 1.2, 1.1 and 1.2h
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respectively during 3 period, which were shorter than that of
treatment 1. The ventilation characteristic of pile is better
because the porosity of substrate was more when more bulking
agent was added, which maybe the main reason for the higher
sensitivity of the response of pile temperature .

3 Conclusions

This paper experimentally studied and explained the
interactions among ambient air temperature, microorganism
activities and pile material as dominant factors in a
composting process. It has been found that the ambient air
temperature impacts the composting temperature but the
magnitude of such impact varies at different stages of
composting. The impact is significant when the composting
process is in the temperature increasing stage. Our
experiment showed a composting temperature change of 2.4-—
6.5%C for an ambient air temperature variation of 13°C . The
magnitude of impact is smaller when composting process is in
the high-temperature or temperature descending stage. Tt is
observed that the composting temperature changes for only
0.75—1.3°C while the ambient air temperature changes for
8—15%C.

There is a hysteresis in composting temperature’ s
responses to ambient air temperature. When the volume ratio
is 1:0:1 and the ventilation is excellent, the hysteresis time
is shorter and about 1.1—1.2 h. While when the proportion
of added bulking agent is low for a pile of volume ratio 3:1:
2, the hysteresis time is longer and about 1.9—2.1 h.
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