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ABSTRACT
Heat is produced during composting process by aerobic degradation of solid cattle manure. Our target was to
quantify the kinetic of heat partition between the heap itself, and losses in the air as water vapour or sensible
heat. One ton of cattle manure was disposed during six weeks in two small cells with controlled air
temperature. One heap has been turned over twice and the other not. We measured the sensible heat, water
vapour and carbon dioxide lost by each cell, and the temperature distribution in each heap. Most of the heat
dissipation occurs when water evaporates. After heap turning, around one half of the heat production is stored
in the heap until the maximum temperature is reached. Then, the sensible heat represents around another half
of the heat production, and the heat storage becomes negligible. Our results suggest that extensive heat
retrieval is possible on the farm with water pipes disposed near the top or the bottom of the heap. More
intensive heat retrieval should include the condensation of the water vapour emitted.

INTRODUCTION
Heat is produced during composting process of solid manure. It originates in the aerobic
biodegradation of organic matter. It allows temperature elevation of the manure, and
evaporation of the water contained in the porosity or released during respiration.
Optimisation of heat retrieval requires some knowledge on the kinetic of heat partition
between storage in the heap, and losses in the air either as water evaporation or as sensible
heat losses.
The basics of heat production and dissipation are given in Haug (1993). Most of the
literature deduce the heat production from the initial and final composition of the
compost, i.e. the heat of combustion of various organic molecules, and not from direct
measurements of the energy fluxes in realistic conditions. Energy recovery from livestock
manure was studied in the seventies but most of the studies focused on methane
production (Ifeadi and Brown, 1975) and not on composting process. Then, there are few
data on the heat partition during the composting of livestock manure.
The composting process begins soon after the solid manure is put into a heap outside the
livestock building. Turning the heap accelerates the biodegradation and the heat
production but it also increases the risk of higher nitrous oxide emission. Therefore, our
objective was to quantify the heat fluxes in the case of cattle manure turned or not turned.
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MATERIAL AND METHODS
Heat emissions and heap temperatures were measured during six weeks in controlled
conditions (fig. 1). The cattle manure was taken in a commercial dairy cow building. It
was made with 6-8 kg straw/day.milk cow during winter 2000. Around one ton was
collected in the centre of the building, homogenised, transported in plastic bags, and
disposed in two small cells. One heap was turned twice and the other not. Both cells were
isolated and naturally ventilated. They were equipped to allow continuous heat
measurements. We measured the sensible heat, water vapour and carbon dioxide lost by
the cell ventilation. Air velocity was measured at the air outlet with hot-wire
anemometers. Dry and wet-bulb temperatures were also measured by K thermocouples
connected to a SA70 AOIP datalogger. The temperature distribution of the heap was
characterised by five K thermocouples for the unturned cell. In the second cell we
installed twenty-eight K thermocouples after the first turning. These thermocouples were
sealed in plastic pipes to avoid corrosion, and connected to a 21X Campbell Scientific
datalogger. The compost heat capacity was estimated from the literature (Mears et al,
1975), linear interpolation of the heap mass, and assuming a mean humidity of 75%. The
stored heat was then estimated from the mean of all temperature measurements except the
bottom ones that were too heterogeneous. The conductive heat losses of the cells were
estimated prior to the experiment as a function of the temperature difference between
inside and outside air. The heat inputs to the cell (lightening and air warming) were
measured with electricity meter and deduced from the emitted heat. H2O concentrations
were deduced from the dry and wet bulb temperatures. CO2 concentrations were measured
with an infrared gas analyser, periodically controlled by Dräger tubes. The heat
measurement consistency was checked with carbon dioxide emissions and a conversion
ratio taken from the literature (CIGR, 1984).
Figure 1 : experimental design
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RESULTS AND DISCUSSION
The mass reduction is strongly increased by the turnings (table 1) as already described in
the literature on composting. The heat production is also increased by the turnings (figures
2 and 3). Most of the heat production is emitted as water evaporation. This part decreases
after each turning, and with the compost moisture. After heap turning, around one half of
the heat production is stored in the heap until the maximum temperature is reached. Then,
the sensible heat represents around another half of the heat production. It ranges between
100 and 500 W per ton cattle manure even in the case of not turned heap. Therefore,
frequent turning should not be recommended because it increases the risk of higher
nitrous oxide emissions. The temperature measurements show that both heaps remained
warm whatever the turning (figure 4). The temperature distribution shows that both the
top and the bottom of the heap were warm. Temperatures ranged between 24 and 77°C
while air temperature varied between 17 and 23°C. Bottom temperatures were more
heterogeneous. Higher temperatures occur when the heat production is higher or when the
heat losses are lower. Therefore, the moisture heterogeneity in the bottom can explain the
temperature heterogeneity. When more water fills the porosity, the conductive heat losses
are increased and local reduction in gas exchanges can induce a lower heat production.

Table 1: mass and volume of the turned or not turned heap

Figure 2: heat fluxes of the not turned heap
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Figure 3: heat fluxes of the turned heap

Figure 4: temperatures measured in the centre of the "turned" and "not turned" heaps.

These results suggest that cattle manure can supply significant heat on a farm even with
extensive heat retrieval and without turning. Water pipes could be disposed near the top
of the heap or on the ground. In the first case, a heap cover should limit the drying of the
heap and the sensible heat losses that increase with the wind. In the second case, the
accumulation of the condensed water should be avoided. More intensive heat retrieval
should include the condensation of the water vapour emitted by the heap.
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