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Structure of Energy Conversion in Composting Process
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Mass, energy and exergy balance equations for a batch reactor of composting were derived
with several assumptions, using various information on composting which had been obtained
from previous investigations. In the batch reactor, temperature, moisture content and chemical
composition were regarded to be homogeneous. According to the numerically calculated results
under the practical operating conditions, a structure of energy conversion in composting process
was quantitatively discussed. A ratio of the amount of heat accumulated within the reactor to
the total amount of heat generated in the reactor, Hyeo/Hygen, decreased with time, while a ratio
of the amount of heat lossed from the reactor to the total amount of heat generated in the
reactor, Hjye/Hgen , increased with time. On the other hand, about 90% of the total amount of
exergy generated in the reactor was occupied by the dissipated exergy because of irreversibility
of the process. It was found out that there would be a remarkable qualitative degradation of
energy in the energy conversion process of composting from chemical to thermal energy, and
that an exergy efficiency of heat recovery would be at most 10% even by an ideal heat recovery

system.
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Fig. 1. Relation between chemical exergy and
standard heat of combution of organic
materials.
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Fig. 2. Reversible process of two steps for estimating the exergy of moist air of which
temperature is 7, mixing ratio H, and pressure p,,.
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Table 1 Components of compost materials (dry-

Table 2 Physical properties of compost bed and

based wt%) operating conditions used for calculation
Chicken Rice bran Sawdust symbol dimension value
manure o, (kg/m®) 1500
132 26.3 60.5 o, (kg/m®) 1000
Py (kg/m®) 119
0, - 0.16
0,‘,,‘ [_] 0.36
Cps (kcal/(kgT)) 0.308
|~ solid Cp (kcal/(kgT)) 1.0
R (kcal/(kmolK)) 1.987
air 4H, (keal/kg-0,) 3300
/ RQ (=) 1
| — water 8 =) 04
T, (K] 290.1
H, (kg-H,0/kg-dry air) 0.0058
iy (kcal/kg-dry air) 76
v (m-dry air/(m®hr)) 12
U (kcal/(m*hrC)) 2.5
a (m?/m?®) 20
Cy; (kg/m®) 97.34
Coq (kg/m®) 62.69
oy (kg/m®) 3465
3
Fig. 3. Sketch of solid-water-air geometry in a K, (kg/m®) 20 .
small element of compost container. ! [kg/(mz hr)) 7'142X10_3,
a, [kg/l(m hr)) 3'632X103
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Fig. 4. Relation between G;/(4H(32/12){ C*/ (K;+CH 1)
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Fig. 6. Assumed configulation of compost bed for
simulating the energy conversion process
with composting.
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Fig. 5. Comparison of the calculated results of C;, T, 6, and G, with those of the

experimental results.
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Table 3 Operating conditions used for calculation

symbol dimension value
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U (kcal/(m?hrC)) 0.175
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Fig. 7. Changes of carbon content C;, temperature T, volumetric moisture content 6,,
and the rate of heat generation G, in compost bed with time.
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Fig. 8. Changes of the ratio of thermal energy ac-
cumulated in compost bed to total energy
generated in compost bed (Hyeo/Hgen) and
the ratio of energy lossed from compost
bed to atmosphere to total energy gener-

ated in compost bed (Hjoss/Hgen) with time.
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