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Effects of Aeration on Biological Activities During Composting of Dairy Manure in Enclosed Bench-
Scale Reactor
Hang-Won Kang, and Ruihong Zhang”, and Hyang-Mee Park, Jee-Yeon Ko, and In-Koo Rhee?, and Kyeong-Bae
Park(National Yeongnam Agricultural Experiment Station, RDA, Milyang, 627-130 . “Dept. of Biological and
Agricultural Eng, University of California, Davis ; Dept, of Agricultural Chemistry, Kyungpook National University,
Taegu, 702-701)

Abstract : This experiment used the enclosed bench-scale reactors of 242 liters was conducted to obtain basic
data on temporal and spatial variations in temperature, oxygen and moisture content, which were important
factors of biological activities, during composting of mixture of dairy manure and rice straw. The reactors with
thermocouples, oxygen sensor and datalogger were aerated at four different rates of 0.09, 0.18, 0.90 and 1.79 { min™
kg dry solids™

The higher aeration rates were, the faster the rates of increase and decrease in composting temperature were in
both of initial and turnover stage, and the smaller the temperature difference between exhaust air and composting
materials. Composting temperature of initial stage increased suddenly in all aeration rates, then stationary phase of
temperature in materials and exhaust air showed at 50~53*C for 5 hours and at 45C between 5 and 15 hours,
respectively. In initial stage the maximum temperature was decreased with increasing aeration rates but in the
stage after turnover it was the opposite except for 1.79 I min"'kg”. Time arrived at the maximum temperature of
composting materials was later in low-aeration rates than high-aeration rates at both stages. Time maintained
high-temperature more than 45C was rapidly decreased with increasing aeration rates. In initial stage of
composting maintaining time of 65°C or more was the longest in the treatments of 0.09 and 0.18 ! min'kg®, while
those of 55~65C and 45~55°C was in 090 and 1.79 I min"kg”, respectively. The minimum oxygen content and
the maximum oxygen consumnption rate in exhaust air through composting materials showed the increased trends
with increasing aeration rates. In initial stage the minimum oxygen content was ranged from 0.9% to 74% for 32
to 59.5 hours and the maximum oxygen consumption rate was 1.89~6.48 gh'kgVS™. In the stage after turnover
their levels were 2.1~199% and 1.76~3.49 g/h-kg VS, respectively, for 16 to 49.5 hours.
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Table 1. Physico-chemical properties of raw and mixture

materials experimented

Area Moisture Total Total CN pH EC Volatile
(%) cabonl®%) nirogen(%) ratio (1:10) (dsm) solids(%)

Dairy manure 722 416 30 139 811 221 763

Grindedrice- 5.0 382 06 637 - - 799
SUBW e
Mixed 650 412 27 153 938 194 759
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Fig 1. Schematic diagram of the enclosed bench-scale system
where 1;pressure regulator, 2;flow meter, 3;humidifier,
4;insulated inlet air line, 5;HDPE bench-scale reactor,
6;perforated plate screen, 7;stainless steel tubes
containing thermocouple wires, 8;thermocouple joint for
connecting with datalogger, 9;insulation, 10;0xygen
sensor, 11;sampling port, 12;exhaust line, 13;datalogger,
14;gas waste trap, 15;0xygen monitor.

Air pump — Flow meter — Humidifier — Reactor —
Thermocouples & Oxygen sensor — Datalogger—
Computer
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Roz, = m(fozi-1 - fozi)/pVS(4V)

o714 Roz; = rate of oxygen consumption between
position i-1 and position 1 (g O,/h/kg-VS)

m = mass flow rate of dry air (g dry air/h)

foz;-t = mass fraction of O, in air at position i-1 (g
0,/g dry air)

foz; = mass fraction of O, in air at position i(g O,/g

dry air)
PVS = bulk density of volatile solids (kg-VSm™®) o]t}
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Moisture(%) = (g wet sample-g dry sample) X100/g
wet sample

Total solids(%) = (100-((g wet sample-g dry sample)
Xx100)/g wet sample)

Volatile solids(%) = (g dry solids- g ash) x100/g dry
solid
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Fig 2. Temperature profiles of initial stage obtained in composting materials and exhaust air by aeration rates. a; exhaust air, m;

materials
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Fig 3. Temperature profiles of second stage after turnover obtained in composting materials and exhaust air by aeration rates. a;

exhaust air, m; materials
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Fig 4. Moisture content obtained from composting materials by
aeration rates
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Table 2. Maximum temperature and time of maximum temperature of initial and second stage after tumover observed during composting

Aeration rate Initial stage Second stage after tumover
1 min“'kg dry solids’ Tmax.(C) Time of Tmax.(h) Tmax. ('C) Time of Tmax. (h)
Material air Material air Material air Material air

0.09 72.0 58.0 385 205 487 338 53.0 60.5

0.18 726 58.4 36.5 39.5 498 415 36.0 39.0

0.90 67.3 62.6 135 40.0 577 490 17.0 18.5

1.79 625 58.4 135. 145, 345 313 125 16.5

Table 3. Duration periods of thermophilic temperature by aeration rates (unit : hours)
Aeration rates Initial stage Second stage after tumover total
i1 e el
(1minkgdysolds’) ™5 65 g5-65  e5C<  toml | 45~55 5565  65C<  towl

0.09 56.5(5.0) 28.0(10.5) 835(125) 167.0  51.0(26.5) - - 51.0 218.0
0.18 47.0(45 215(100) 755(12.0) 144.0 21.0(28.5) - - 21.0 165.0
0.90 345(4.0) 455(10.0) 2.0(12.0) 82.0 34.0(10.0) 20.0(14.0) - 54.0 136.0
1.79 21.5@3.5) 25(11.5) - 240 - - - - 240

() : Starting times of thermophilic temperature, - : No detection
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Table 4. Minimum oxygen concentration and oxygen
consumption rate of initial stage and second stage after
turnover observed during composting

Aeration rate Initial stage Second stage after tumover
(i minkg O,min. AO,max. Time O,,min. AD,max. Time
drysolids”) conc.(%) (gh'kgVS") (h)  conc.(%)(gh'kgVS") (h)

0.09 09 183 580 21 176 495
0.18 40 3.18 320 91 221 315
0.90 144 606 365 171 349 16.0
1.79 17.4 6.48 535 199 176 16.0
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solids’)e]l W& AETHH A WSE YAFHol: T
A e TYHFH e O 2ot
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