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SUMMARY
( )

Composting has gained rapid acceptance as a method of recycling relatively
dry organic materials such as leaves and brush and, when alternative disposal
costs are high, even moist materials such as grass clippings and dewatered
sewage dudges. However, as moisture contents rise above 60%, the need for a
dry bulking amendment increases the costs of composting, both by direct
purchases of amendment and though increased reactor capacity and materials
handling requirements. High moisture materials also present increased risks of
anaerobic odor formation through reduced oxygen transport. These costs and
operational challenges often constrain the opportunities to compost high moisture

materials such as agricultural manures.

During the last several decades economies of scale in livestock production
have been increasing livestock densities and creating manure management
challenges throughout the world. This issue is particularly pressing in Korea,
where livestock farms typically manage little or no cropland, and the nutrients
and biochemical oxygen demand in manure pose a serious threat to water quality.
Composting has recently become popular as a means of recycling manure into
products for sale off the farm, but bulking amendments (usually sawdust) are
expensive and availability is limited. This research project pursues to develop a
pilot scale system designed to minimize bulking agent requirements by using the
energy liberated by decomposition and the therma energy with convective air
flow. In this context the composting reactor as a biological dryer under
developmnt alows the repeated use of bulking amendment with several batches

of manure.



Drying has been long recognized as part of the composting process,but it is
usually viewed as a secondary effect where the primary focus is waste
stabilization. Among those who have developed systems to use the energy of
aerobic oxidation specifically for high rate drying of wet organic wastes are
Badder et al.(1975) and Jewell et al.(1984). Recycling pelletized product through
their bioreactor and achieving autoheated temperatures of over 74¢C, Badder et a.
dried times of 5 and 12 hours respectively. Jewell et al. examined a range of
operational parameters for drying dairy manure, finding maximum degradation
rates at 60aC and 40% moisture, and maximum moisture removal rates at 46aC
and 14 liters air per gram water added. Jewell et al. called their process

"Biodrying", which is the term we utilize this report.

An enclosed bioreactor with two vertical, cylindrical chambers was designed,
manufactured, and experimented to implement a new concept of the pig Slurry
treatment system for small-scale or part-time livestock producers. The bioreactor
of 3.0m3 was modified several times to remove functional problems of its
composite elements from the software and software standpoints. Two cylindrical
chambers, the upper of inner diameter of 1,140 mm and height of 1400 mm and
the lower, 1,350 mm, 1,200 mm, respectively., were vertically placed in one
above the other, connected with a recycle bucket. Each chamber includes a
type stirrers rotating a 8 rpm, which provides materials mixing. Aeration and
heating were made through perforated holes in the cylindrical pipes placed
underneath  -type stirrer, which was connected to main shaft. The biodryer was
enclosed with a steel sheet housing with insulation materia of 50 mm. The
bioreactor was operated with 3 4 different operational strategies to determine the

best opeartional practice.

Treatment of 5 levels of initiad moisture contents of the mixture of sawdust

and pig Slurry (Test 1 5) on mass bass were implemented to evauate the



drying effectiveness (reduction rate of water content of the mixture materials) of
a biological dryer allowing the repeated use of bulking amendament with several
batches of manure. In addition to the moisture content, the variation of spatial
temperature, C/N ratio, T-P, T-K were observed with the lapse of composting
days to explore the impact of the treatment of manure on these factors and test

the stability of the end-product as a fertilizer.

The major results obtained are summarized as follows:

1) Initial water content of mixture clearly showed its influence to the water
reduction rate significantly throughout experiments so that the optimizing initial
moisture should be carefully studied. Initial water content 70% of the mixture is
analyzed to be optimum for the maximum biodrying rate, condisdering each

experimant's water content variation in relation to energy input

2) Best operational practice (BOP) for the bioreactor should be determined on the
integration of feeding frequency and duration of slurry, energy input for that

period, and initial moisture content of the mixture.

3) Aerdtion is pointed to be a single most important factor for moisture removal,
which decelerate the temperature of the mixture to reach thermopilic condition
due to convective heat loss. Mesopilic microbes seemed to play a major role

for biogradation of the mixture.



CONTENT
( )

. The Significance of the Research Project

1. Background of the Study ... 0.
2. PUIPOSE ..ottt s s e 12
. Literature Review
1. Histrory of COMPOSLING ...cccviierieiiriiieinr e 13
2. Classification of Composting SyStem ......ccceeeveveneineenennnn. 14.
3. Control Parameters of COMPOSLING ....ccovvreereninieniniireee e 16
. Material and Methods
1. Manufacture of Experimental Reactor ...........covinnen. 22
2. Experimental DEeSIgN .....ccccoiirienieiineierieresie s 27
3. Analysis Methods of EXPeriments ..., 29
. Results and Discussion
1. Overview of Experimental Reactor ...........ciinnnnnne. 31
2. Functional Evaluation of Experimental Reactor ................. 32
3. Field Test of Experimental Reactor ........cccocvevviereveieerennns 46
o CONCIUSION ettt e 56

References






98%,

66%,

1997

2%

7

1



sun-dry

- 10 -



- 11 -

10

50



full-scale

) full-scale



1.
(composting)

(humus)

(pile)
1925 Albert Howard

Indore Method

Howard(1935) ) )
1.5m (layered pile)

.

- 13 -



(pile)
(windrow)
(open bin composting) ,
(box bin composting), (open elongated bin composting),
(open elliptical bin composting), (open circular bin composting)

(enclosed vertical

reactor system) . )

- 14 -



(paddle)

(bin
type) 2 7

(rotating drum composing system)

- 15 -



(compost matrix), ,

40
(mesopilic) )
(pile) 40
, (thermopilic) pile
(60°C 70 ) 2 3
40
Golueke(1972)9 35
35 55
; 55 ;
, 70 . 65 ,
65 70 40 ,

- 16 -



, Arrhenius eguation
(enzyme-mediated reaction)
' (thermal

denaturation)

: 1g 142 285 KJ
: 1g  14KJ

, 0.189 /sec :
2.56x 105 /sec , 10,000

(apparent gas diffusion coefficient)

FAS(free air space)

- 17 -



(water potential system)
(WPS)
activity)
-70kPa

50  60%( )
60% :

(water content amendments)

50% , pile

(Aeration Rate)

(aeration)

. Shoda and Phae8
(50 ~60 ) ;

- 18 -

(water

(bulking agent)

50~200 I/minf/m3



1 kg (dry matter)

. CIN
CIN
CIN 30 ,
C/IN
, C/IN
CIN
C/IN :
CIN 10 20
(1994)9 , bulking agent

- 19 -

200-1200 mil/min

26 35

C/N
(ripened)



CIN

C/N
N, P, K
(Germination Test) . (stability)
, (maturity)
, C/N ( , 1993)10 ,
CcOo2 , -02 ( Paletski et al, 1995)1),
Germination Test ( , 1995)19
(pre-treatment)
, (drying) (dehydration)

- 20 -



- 21 -



(full-scale)

2

Screw Conveyor

< 31> <

3.2>

, nhutrients

D.C. Motor

- 22 -

(<

3.1>

).



3.1>

(SPEC)

C D12m@® x 1.4

( ) 140D x 1.2n(H)

C , ) 5HP

MOTOR 2HP

1P

heat pump (heating, )] 3HP compressor

air compressor 5HP

Compacted Polystryrofoam(50mm)
(R=10.L m/W)

IRON

3.43m3

bucket belt type, bucket : plastic

- 23 -



3.1>







<19 33> 28k

_26_



(feeding condition)

3.4m3 ,
3 m3
75% , 50%
, 50%
0.377mZton , 95%,
50%
80% 2.26ton . 50%
Wm X+ Sm Y = 0.8
Vs X + Ss Y =02
Wm+ Sm =10
Ws+ S =10
. Wm
Ws
Sm
Ss
X
Y
(1) ,
1 batch

- 27 -

50%
1.131 ton

1)



, 1 batch

1 batch :
batch
VS
10 (R.H.) 60% , Psychrometrics
< 32>
< 32 HZzO
Exhaust Temp. A HZ2O Total Quantity of Air
(cC) (kg HZO/kg dry air) (m?)
35 0.0320 34638.806
40 0.0443 25902.946
45 0.0605 19750.313
50 0.0818 15298.819
55 0.1100 12009.329
60 0.1479 9536.335
65 0.1996 7650.142
70 0.2721 6193.538

- 28 -



VS

Fresh(wet) basis

- 29 -

, System
, Psychrometrics
< 33
3.3> Enthalpy
) (KJ/ kg dry air) KD
30 129.002 3711902.52
35 166.032 3722467.08
40 213.234 3742849.78
45 274.007 3786074.46
50 353.213 3862493.57
55 458.085 3983214.53
60 599.911 4163074.03
65 797.419 4424650.01
70 1084.218 4805456.39
2 3 kg
500g , 60 Drying oven
1 2 , , VS test



1) (moaisture content) : 105

80 24
2) VS (volitile solid) : 550°C

3) temperature : (

(feebeck effect)

(thermocouple ; T-type) Hybrid Recorder (Sanei
8H , JAPAN)
(Solomat 510e. UK) (Pt 100)
1) Total-Carbon : elementary analyzer(PE 2400 Series CHNS/O

Analyzer, PERKIN ELMER, USA)
2) Total-Nitrogen : elementary analyzer(PE 2400 Series
Analyzer, PERKIN ELMER, USA)
3) Total-Phosphate : T-P
. T-P

4) COD (Chemical Oxygen Demand) : COD

- 30 -

CHNS/O



3.43 300
500

Compacted Polystryrofoam(R=10 /W)  50mm

screw pitch ,

belt type bucket

- 29 -



1996

SEM

10

145kg

bucket ,

20

(

Hardware , software

24
31.8%
76%
41>, < 4.1>

, CIN

1996 10

64kg
209kg

COo2 ,

95%



1

hardware

software ,

6 : , 20
41> 1

19 20 10:20 | 11:45 | 13:35| 15:00|18:00| 21:00

(20:00) | (7:00) ' ' ' ' ' '
() 10.7 14 19.8 | 21.3 | 22.7 22 17.3 | 13.5
() 23.4 37 42 57 34.8 28 21.9 20
( 13 28 37 43.7 42 41 | 40.5 | 40.2

13
15 20
40

- 32 -




A0 A0 10D 1146 133H 150

1800 2100

< 41> 1

1 76% 6%
42kg
30%

FAS(Free Air Space)

- 33 -




/

L BBINRIS

—— g
o2l 2049000 11:45 14:C0 21.00
(20:C0)
< 4.2>
2
2 78%
1996 10 21 1996 10 22 30
31.8% 64kg 95%
150kg 78% 211kg
, 2 5 on/10 off 24
. < 42> 4.3>
< 42> 2
21 22
(00:00) | 7:00 12:00 17:00 (00:00) 8:00
11.7 11.2 20.5 18.8 11.3 11.1
21.2 37 34 33 33 30.1
22.7 30.2 32.7 37 33.6 34.7

- 34 -



40

30 Z

3[}_{/

25./

20

15)

~— [+~

10

Rl g

8]

0
(0000

7:00

i

17:00  0:00:00  8:00

37

4.3>

15

10

- 35 -




19

78 T
77 e

76 S

75 —
74

73 .

Zal 2o
(00:00) (D0:00)

< 4.4> 2

- 36 -

2

3%/




software

- 37 -

3
3
1996 11 26 1996 11 28
2 97.1%
217.6kg 31.8% 86kg 78%
303.6kg 10 on/5 off 26 20 27 8
27 20 28 8
< 43> < 4.5>
< 43> 3
26 27 28
(20:00) (0:00) | 4:00 | 8:00 |12:00/16:30{20:30/ (0:30) | 4:30 | 8:30 | 10:30
() 76 31|02 )08 |145| 16 | 57| 34 | 32 | 63 | 165
117 | 237 | 28 | 28.8|241|226| 34 | 47.2 | 482 | 351 | 26.8
148 | 26.7 | 345|351 |293|269| 30 | 33.7 | 355| 329 | 19.2
3 1, 2
1, 2 ,
30
, 24
3




2T

coo o XBEBRRESE

x v 7
- Vi 7 B
- =
. / S e m_éi-
-'\l-‘-\—t —i’! L i 1 1
AL00 Q00 400 500 1200 1630 2030 O30 430 830 1030
< 45> 3
3
< 4.6> 3
79 i
78
77 \\
;
75
74
» | —~— 38
20:00 9:00 18:30 7:30
< 4.6> 3

- 38 -




18

4.4>

78%

12,3

24

4.4>

98%

6%/
6%

50%
, 2
/
1 3
165.5kg 25%
73%
3
4.7>

- 390 -

96

86kg

10

60%

software

251.5kg
28



28 29
(18:10) | 22:10 (2:10) | 6:10 10:10 14:10 18:10
() 13.2 12.5 11.3 111 175 21.2 17.3
() 28.8 41.8 43.8 43.8 47.3 49.5 48.6
( ) 283 41.6 43.4 43.6 443 45.2 452
b{] [= d____._____—"-l-—-—___-
P
4y 30 g
HJ
20 " //,4—"’"\,‘. ——2[7]
10 '{_'._ * i T i ] ; ; i +LH$
LiZ=|
0 : ; e
28 2210 29 6:10 1010 1410 18110
(18:10) (2:10)
< 4.7> 4
4
, 3
12
3
4
4 40
FAS

- 40 -




1, 2 3

4.8>
75
70
65
60 [
55 s
o8¢l 292 18:00
(18:00] (8:00)
< 48 4
4 10.5%/ ,
24
12

12

- 4] -




4
3
5
5
95%
221.5kg 25% 70kg 74.2%
308.8kg 135% CFD 8.75kg,
13.6% wood chip 8.75kg
1:8 3, 4
% 11 1 1 48
< 45> < 4.9>
< 45> 5 ()
11 1 11 2 11 3
A 1:30/5:30(9:30|13:30{17:30|21:30(1:30|5:30/9:30{13:30|17:30| 21:30|1:30|5:30|9:30
11.1/11.111.6| 12.3 | 12.4 | 11.8|9.1| 7.9 |10.6) 11.1| 85 | 45 |2.9| 2 7
17.2|36.3| 45 | 45.6 | 46.3 | 47.1 |47.2\/43.7|/45.6| 52.2 | 49.8 | 47.2 |21.4| 12 |16.3
17.6|37.2|46.1| 44.8 | 44.4 | 44.2 |43.5/43.4\/43.7| 46 44 | 41.430.9/20.8|18.8
5 4 40

- 42 -




wood chip

40

CFD, wood chip )

cencuosssNEEEEasE2Y

181 &30 OE 130 1T T NERR A O30 1330 1TA &0 118EEl 5 R0
(1300 (1:30 {100

< 49> 5

FAS

- 43 -



< 4.10>

RRE-RE- T Bl 1330 118 ZEH01:30) 13730 1713 3201300

< 410> 5
5 9%/
4
15%
FAS
5
1 5



, aeration ,

, (Nutrient)
3.
15
, Hardware
batch
1996 11 17 29 13
1 2 9 , , CIN
93.5% 468Kkg,
20% 80kg, 105% CFD 13kg 14%
wood chip 46kg 76% ,
2 2
93% 473.7Kg,

- 45 -



29.5% 80.3kg,
wood chip 39.6kg

2
93%

68.5% 264.3kg

74% 494.8kg

93%
74%
344.6kg

27% 40kg
< 46>

10.5%

192kg,

CFD 13.5kg
77%

17%
3
24

67%

140kg 4

520kg

71

- 46 -

93%

5%

12.5%
2
38.5kg
24
380kg
24
64.5%
195kg,

579.6kg



- 47 -

CFD woad chip
k| D k| O kDl O k| D )| D k| 0O
17 10 468 | 93.5| 80 | 20 | 13 |10.5| 46 | 14 607 | 76
zo 0 473.7| 93 |80.3|29.5|13.5|10.5| 39.6 | 12.5 607 | 77.5
722 0 192 | 93 |38.5| 17 264.3| 68.5 |494.8) 74
7‘213 0 140 | 93 380 | 67 | 520 | 74
24 o1 195 | 93 | 40 | 27 344.6| 64.5 |579.6 71.5
25 03 200 | 93 | 80 | 27 250 | 56.5| 530 | 67.5
;6 14 200 | 93 | 80 | 27 250 | 61.5| 530 | 71.3
27 - 200 | 93 380 | 61.5| 580 | 71.5
729 19 200 | 93 500 | 61.5| 700 | 71.5
24
56.5% 250kg
27% 80kg 93% 200kg
67.5% 530kg
) 35
' 71.5%
530kg 32
61.5% 380kg
93% 200kg 8 71.5% 580kg
40
61.5% 500kg



<

93%

411>

200kg 9

4.6>

50%

- 48 -

12 16

40 50

20 30

batch



3 " - o e b
. 5—"—-4?I —I—hiﬁ‘[g} l 45@%{3}}| B ek
1

< 411>
0 15
30 50

- 49 -



5%/

<

40

4.12>

, 70%

<

70% 10%/ , 75%
5-10%/
70%
76%
74% 43 | 71% 455

70%

4 20%/

- B0 -

24



40

5-10%/

. CIN

. 51 -




CIN

CIN , N

, CIN ,
CIN 35

CIN 20 40

C/N
< 413> CIN
32.29%, 263% CIN
14.25 , 60%, 0.0455%
C/N 1318 . CFD 52% 0.889%
, CIN 58 , wood chip 64%
, 0.098% CIN 654

, , CFD, wood chip
CIN 47 : :

, (bio-degradable) ,

- 52 -



G0

ol

40

C/N ratio

"
> -9

o = | . L o
}E‘J '|_]1.]1 _:.': -{'

=] I = B 4
Sl HA--g- =

CIN

, wood chip

CIN

CIN

wood chip

time(day)

4.13> C/N ratio

20

CIN

- 53 -



CIN

CIN

VS

VS 73.63%
VS

VS

< 4.14>

VS

T-C, C/N

. <

- 54 -

4.14>

VS

CIN

CIN

VS

98.77%

VS

VS

99%



a4

o3

vs(%a)

B

(bulking agent)

VS
5
T-P- TK
P K
N 3

- 55 -

(matrix)

5 10%



P, K < 4, 15>,

4.16>
I~
H‘-\-"-\.
- : [ -
._.___,.-"fa. J‘M —
| ‘L'\-\. -#,..’# g
= T r i
i:: | ._:. /"‘ p HH\\:‘
H_I_ e = 2
——= -
< 4.15> T-P
T-P  125%, T-K 0.23%
T-P, T-K
1
< 4.16> T-K
2

- 56 -




Ty

N 1.2%

, P 0.5%

- 57 -

, K 0.3%




70%

, CIN
ratio, VS . ,

- B8 -



1) Merkel. J. A., 1981. Managing Livestock Wastes. AVI Publishing Company.

2) Harada Y., 1995. Practical Aspect of Animal Waste Composting. Int'l Training
Course on Microbial Fertilizer & Composting. May 23-30,1995, Suwon.

3) Haug, R. T. 1993. The Practical Handbook of Compost engineering. Lewis
Publishers

4) Golueke, C.G., 1972. Composting: a study of the process and its principles.
Rodale Press, Emmaus, Pa.

5) Shuler M. L. and F. Kargi. 1992. Bioprocess engineering - Basic Concept.
Prentice-Hall Inc.

6) Finstein, M. S, F. C. Miller and P. F. Strom. 1985 Waste treatment
composting as a controlled system. pp. 363-398. In: Biotechnology: a
comprehensive treaties in 8 vol. (H.-J. Rehm and G. Reed, Eds., Val. 8.
Microbial degradations, W. Schonborn, vol. Ed.). VCH, Weinheim.

7) Miller, F. C. 1991. Biodegradation of solid wastes by composting. In:
Biological Degradation of Wastes. A. M. Martin (ed.) Elsevier Applied
Science, London. pp. 1-30.

8) Shoda M. & C. G. Phae., 1988. Composting of Sewage Sludges: Its Trend
and Controlling  Factors.
11(2):327-333.

9) , , . 1994, bulking agent

.2 1 , 75-86, 1994.
10) , , . 1993.
: 2 1
11) Paletski W. T. and Young J. C. Stability measurement of biosolids compost
by aerobic respirometry. J of Compost science & utilization val 3, No 2.
12) . 1995, ,

- 59 -



	소규모 또는 겸업양축농가를 위한 재택형 간이축산폐수처리 시스템 개발

	요약문

	목차

	제1장 서론

	1. 연구의 필요성 
	2. 연구의 목적 

	제2장 문헌연구

	1. 퇴비화의 역사 
	2. 퇴비화 시스템 
	3. 퇴비화 제어변수 

	제3장 재료 및 방법

	1. 실험장치의 설계 및 제원 
	2. 실험설계 
	3. 실험분석방법 

	제4장 결과 및 고찰

	1. 실험장치의 개요 
	2. 실험장치의 기능시험 
	3. 실험장치의 현장적용 실험 

	제5장 결론

	인용문헌





