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SUMMARY

This research was intended to develop composting system of animal
waste which can make compost while cultivating vegetable in a
greenhouse in winter. Composting greenhouse requires its own design
parameters, operating methods and equipment to provide the optimum
environment for biological degradation of agricultural wastes and vegetable
cultivation.

Composting greenhouse is also a well researched, well understood
process by scientists and engineers. It is not, however, well understood in
the point of the operational level of composting process. In the past, many
operations have failed due to the inappropriate application of the
composting process, poor design, improper equipment, or other reasons.

It has been the aim of this research project to investigate composting
operation requirements in greenhouse and to provide a basic new
techniques for environmental improvement. Research project was performed
in the following fields: 1) generic parameters of composting greenhouse, 2)
biothermal energy and underground heating 3) carbon dioxide concentration
and ammonia emission, 4) vegetable production and fuel and electric energy
consumption. Important topics were selected in each field.

The main research results were as follows.

1. Generic parameters of composting greenhouse
Aerobic composting is a biological decomposition process which changes

organic wastes into more stable chemical compounds with the release of



heat, carbon dioxide, ammonia and water vapour. The released heat can
inactivate pathogens and weed seeds but also increase the underground
temperature of soil.

The C/N ratio is a decisive factor in providing a good or bad course of
decomposition in the composting. We know from numerous experiments
that C/N ratio should be obtained in the range from 25 to 30 for avoidance
of nuisance conditions and the time lag of decomposition. The composting
process generates large quantities of carbon dioxide useful for vegetable
growth inside the greenhouse.

The temperature in the high rate stage of composting maintained in the
optimal range from 55 to 60dC to provide for pathogen inactivation. T he
mean temperatures of each 2 days was 48-57dC during the 21 days of
thermophilic stabilization period and 44-25aC during the next 21 days of
curing period.

The major requirements for successful composting of cattle manure
mixture with rice hulls by the composting system with continuous and
intermittent forced aeration are proper condition of composting materials
and operation. Composting materials should have moisture content below
70%(wb), proper C/N ratio, and aeration should be supplied in the range
from 0.05 to 0.1m3min. per 1m3 of compost material to maintain the
favorable biological process.

Changes in the constituents also reflect the maturing process. An
decrease in the content of pH, moisture content, volatile solids, total carbon
and C/N ratio, and a increase in total nitrogen over time, may serve as

indicators for maturation of cattle manure and rice hulls combinations in an



aerobic composting system.

2. Biothermal energy and underground heating

The continuous and intermittent aeration composting in a static pile
system for underground heating of the greenhouse is a practical
proposition. According to the measured results, the wunderground
temperature reached a peak value from 33 to 20dC during composting.

The mean of underground temperature of the composting greenhouse
was 28.5aC for the 21 days of active stage and then decreased to 24.4C at
the end of curing period. After 50 days of composting, the underground
temperature of composting greenhouse maintained almost constantly at
about 23dC, showing 8.2 higher value than that of the traditional
greenhouse.

A mixtures of cattle manure and rice hulls generated 397 MJ of energy
per m3 of compost material during 70 days of composting. However, an

available heat for underground heating was estimated as 265 MJ/m3.

3. Carbon dioxide concentration and ammonia emission

The average carbon dioxide concentration of each two weeks during
composting was in the range from 782 to 1154 ppm in the composting
greenhouse, whereas 440 -462 ppm in the traditional greenhouse . The
carbon dioxide level of composting greenhouse was about 2 times greater
than that of traditional greenhouse.

The emission of ammonia during composting is undesirable because it

represents loss of nitrogen from the final product and ammonia is a major



component of odor generated. The ammonia level during intermittently
aerated composting increased rapidly from the 2nd day of active
composting, and the levels ranged from 79 to 117 ppm for a period from
4th to 6th day. When the compost temperature exceeded 65dC, the
ammonia emission started to decline and could hardly be detected at 15th
day of composting. However, in the high rapid composting, the excessive
composting odour generation occurred at the 2nd day ranging from 720 to

1000 ppm according to the aeration rate and C/N ratio levels.

4. Cultivation effects and fuel and electric energy consumption

The enhancement of quality and yield of the cultivated tomato indicated
that growing condition of composting greenhouse was improved by the
biothermal energy and carbon dioxide, and that this composting system
could be used at the farmhouse.

Composting greenhouse could reduce around 2 percent of fuel and
electrical energy for 6 weeks of composting process compared with the

traditional greenhouse.



CONTENTS

CHAPTER 1. INTRODUCTION

1-1 Research Needs -------------“““““-“---ee - 23
1- 2 Objectives of Study ------------“-“““-“-“““““““- - 24
1- 3 Scopes and Contents of Research ------------------------- 25
1. Scopes of Research - -------------oooom 25
2. Contents of Research ---------------------- - 25
1- 4 Methodologies of Research ------------------------------ 26

CHAPTER 2. CHARACTERIZATION OF CATTLE MANURE AND RICE
HULLS MIXTURES [IN STATIC WINDROW AND

AERATED STATIC PILE COMPOSTING

2-1 Introduction  ------- - --m e 28
2-2 Materials and Methods ------------------“--~-~-~-~--------- 29
1. Experimental  ----------mi i 29
2. AnalysSiS - - - - s e e e 35
2-3 Results and Discussion  --------------------oo oo 36
1. Changes in composting temperature ---------------------- 36
2. Changes in components during composting ----------------- 42

2-4 ConcClusioNS = ----- - - - s s oo e e e e 45



CHAPTER 3. EFFECTS ON THE UNDERGROUND TEMPERATURE

31

32

AND CARBON DIOXIDE CONCENTRATION DURING

COMPOSTING PROCESS

Introduction - ------------ o 46
Materials and Methods --------------"--"--"---"------------ 47
Test apparatus layout -----------------"-"-----------~-~---- 47
Composting materials and experimental procedures ---------- 48

Construction of instrumental system and measurement of

environmental factors ---------------oo oo 49
Results and Discussion  ----------------“------~---------- 51
Effect of rising underground temperature ------------------ 51
Increase of carbon dioxide concentration ------------------- 56
Conclusions - ---- - - s e 61

CHAPTER 4. THERMAL PROPERTIES AND AVAILABLE ENERGY

FOR UNDERGROUND HEATING OF PLASTIC

GREENHOUSE BY COMPOSTING HEAT

Introduction - ------------ o 62
Materials and Methods ----------------------------- 63
Experimental materials and composting method ------------- 63
Equipment -------------cccccccceee e e s 63
Experimental --------------micccccc e 64
Measurement  -------------m oo 64
Calculation --------c---mcmmcme e e 65



Results and Discussion  --------------c-mmomomooaaa oo 67
Variations of temperature in compost pile, inside and outside of
COMPOSLEr - --------mmmmmmmmm oo 67

Difference of underground temperature between composting and

traditional greenhouse  -------------"-"-"-"---------------- 73
Changes in thermal conductivity ------------------------- 73
Available underground heating capacity ------------------- 73
Conclusions == == - - s e e 75

CHAPTER 5. AERATED STATIC PILE COMPOSTING USING TIME

5-1

5 4

BASED CONTROL SYSTEM

Introduction  ----------- oo 77
Materials and Methods ------------------"--"-"------------ 78
Test materials ------------cmmcccccceme e 78
Experimental  ----------om i 78
Measurement  -------------m oo 81
Results and Discussion  ---------------"“-“---------------- 81
Variation of composting temperature in primary aeration period -- 81
Variation of composting temperature in curing period -------- 82
Average temperature classified by composting period --------- 92
Variation of chemical components for composting materials ---- 92
Conclusions - ----- - - s e e 94



CHAPTER 6. VARIATION OF CHEMICAL COMPONENTS DURING
STATIC WINDROW AND AERATED STATIC PILE

COMPOSTING METHOD

6-1 Introduction  ------- - 96
6-2 Materials and Methods --------------------~-~-~-~-~--------- 98
1. Test materials -----------cmmmccccccmm i ceeea s 98
2. Experimental - --------mi e 98
3. Survey items and analysSiS ------------------ooooooooo-- 99
6- 3 Results and Discussion  ------------------------------ - 99
1. Changes in moisture content --------------------~-~-~-~-~---- 99
2. Hydrogen ion level(pH) --------------cmie e 102
3. T-C, T-N and C/N ratio ----------------------~------~--- 102
4. Ash and residual rate of organic matter ------------------- 104
5. PD5 NH3N and NO3N  ----ocommia oo 104
6. Changes in inorganic components ------------------------ 105
6-4 ConClusioNS - ----- - - oo oo 106

CHAPTER 7. ANALYSIS OF FUEL AND ELECTRICAL ENERGY

CONSUMPTION IN COMPOSTING GREENHOUSE

7-1 Introduction  ----------- oo 108
7-2 Materials and Methods --------------------------------- 109
1. Greenhouse layout -------------“---“-““--“-“----------- 109
2. Test materials and experimental -------------------~------ 110

3. Construction of instrumental system and measurement for

environmental factors ------------------“--------------- 110



7- 3 Results and Discussion --------------------aa oo 111

7-4 CoNnClUSIONS - - - ----- - oo 115

CHAPTER 8. EFFECTS ON THE GROWTH AND DEVELOPMENT OF

TOMATO IN COMPOSTING GREENHOUSE

8-1 Introduction - ------- oo oo 117
8-2 Materials and Methods ---------------“----------------- 118
1. Greenhouse and composting facility -----------=------------ 118
2. Instrumentation for greenhouse environment --------------- 119
3. Raising seedlings and transplantation --------------------- 119
4. Investigation of growth -------------m 120
8- 3 Results and Discussion --------------------------o-o 121
1. Environmental changes in composting greenhouse ----------- 121
2. Effects on the growth promotion in composting greenhouse ---- 124
3. Yield and quality of fruit ------------------------------- 128
8-4 ConcClusions  ----- - oo 131

CHAPTER 9. AMMONIA EMISSION DURING INTERMITTENT

AERATION COMPOSTING OF DAIRY MANURE AND

RICE HULLS MIXTURES

9-1 Introduction  ------- oo e e 133
9-2 Materials and Methods ---------------“----------------- 134
9- 3 Results and Discussion --------------------------o---o 136

9-4 ConClusSioNS - ---- - oo oo m oo 143



CHAPTER 10. INFLUENCE OF AERATION RATE ON THE AMMONIA
EMISSION IN HIGH RAPID COMPOSTING OF DAIRY

MANURE AND RICE HULLS MIXTURES

10- 1 IntroducCtion == - - - - - o m oo oo e 144
10- 2 Materials and Methods ------------“--““-““-“-“------------ 145
10- 3 Results and DisSCUSSION == -=--=---=--“-c--ccm oo 147
10-4 ConcCluSiONS === === - - s e s e e e e 152

CHAPTER 11. SUMMARY AND CONCLUSIONS

11-1 Summary of research project --------------------------- 153
11- 2 Expected effects as a result of research project ------------ 160
11- 3 Applicable plans as a result of research project ------------ 161
11- 4 Futures problems of research project --------------------- 162
REFERENCES - -----mmmmmm e o i o i m e m e o 163

APPENDIX : Nomenclature of Measuring Variables ------------- 171



24

25

25

25

26

28

29

29

35

36

36

42

45

46



62

63

63

63

64

64

65

67

67

73

73

73

75

77






e 109
e 109
2. e 110
c Y e 110
c T e 111
B e 115
e 117
e 118
e 118
e 119
c Y 119
e 120
c T e 121
e 121
5 124
c Y e 128



10

11



1
1970
, 1,126 23,633
6,490 89,247
44
412 1992

1

Introduction

, , 1,310
1995 3,139 ,

24-58 1995

1980 179 ha

50.1 ha 1435









1995. 12. 20 1996. 5. 20

54.6m2

( ) ( )

(3.15m3 (12L) 1996. 6. 7 1996. 9. 4



A/D

3-8

32

15- 40L

16

15- 21cC



Characterization of Cattle Manure and Rice Hulls Mixtures

in Static Windrow and Aerated Static Pile Composting

. 1995
343 , 264 , 315

475 222 , 264

60- 70%



45- 60aC

(54.6m2

) 8.1m33.2t)  6.5mI2.6t) 10a



( ) 70

2-2 2-3 2-4

2-1

2- 1
Table 2-1. Summary of composting test conditions.

Type Static windrow Aerated static pile
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Thermal Properties and Available Energy for Underground

Heating of Plastic Greenhouse by Composting Heat
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4- 1.

Table 4-1. Temperature changes in compost mass, side wall of digester and
underground during composting.
Time (days) T emperature ( C )

TM5 TM4 TBU1 TBU2 TPU

1-2 42,6 34.4 28.3 23.2 14.0

3-4 50.1 42.4 38.1 29.5 14.0

5-6 55.9 42,6 36.0 30.7 14.0

7-8 37.8 39.1 35.8 31.9 14.1

9-10 28.8 32.7 31.6 30.0 13.6

11-12 28.9 28.6 28.1 27.4 14.2

13- 14 46.3 30.0 275 25.3 14.1

15- 16 60.4 37.6 320 25.8 13.9

17-18 54.1 39.3 344 27.6 13.7

19- 20 48.4 35.9 323 27.6 13.6

21- 22 40.2 32.9 303 27.7 14.0

Ave_rage du_”ng 44.9 36.0 32.2 27.9 13.9
main aeration

23- 24 28.4 29.0 28.9 28.1 14.3

25- 26 333 28.2 27.0 26.2 14.4

27-28 32.7 27.2 26.3 25.4 14.0

29- 30 30.9 25.8 25.1 245 13.9

31-32 31.2 26.0 26.0 25.6 14.8

33-34 29.7 25.7 25.6 25.8 15.6

35-36 28.1 24.7 243 24.6 15.7

37-38 26.6 23.6 232 23.6 154

39- 40 25.9 23.0 22.9 235 15.1

41- 42 25.1 22.4 22.8 235 1.9

Aver_age du_”ng 29.1 25.6 25.2 25.1 14.8
curing period

43- 44 25.4 22.8 233 24.0 15.3

45- 46 25.5 23.0 23.0 235 15.6

47- 48 25.6 22.7 2.4 23.0 15.7

49- 50 25.3 22.6 25 23.0 15.9

51- 52 25.6 22.7 26 23.3 16.3

53- 54 25.5 225 25 23.0 16.1

55- 56 25.4 22.7 2.8 23.3 16.2

57-58 25.2 22.6 25 23.0 16.4

59- 60 25.0 224 22.2 22.8 16.6

61- 62 24.6 22.2 23 22.9 16.3

63- 64 245 224 25 22.9 16.3

65- 66 235 22.0 223 22.8 16.3

67- 68 23.4 21.9 222 22.8 16.8

69- 70 23.2 21.8 23 23.0 16.8

Average from 43th 24.7 225 25 23.1 16.2

to 70th day
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4- 2.

Table 4-2. Temperature difference,

composting materials.

thermal

properties and available heat of

Thermal conductivity Heat flux Heat
Temperature difference (dC) transfer
Time (days) (W/m.K) q(W/m32 QAM/J)
dT1 dT2 dT3 k1(Compost) k3 Sail)
1-2 8.1 6.2 51 1.7 2.7 45.9 66.7
314 7.6 4.3 8.6 13 11 324 47.0
56 133 6.6 53 11 28 49.3 71.6
7-8 -13 33 39 5.7 19 244 -3534
9-10 -39 11 16 0.6 15 8.1 -119
11-12 0.3 0.56 0.7 5.0 18 42 6.1
13-14 16.3 2.4 2.2 0.3 25 18.2 204
15- 16 22.8 5.6 6.1 0.6 21 41.2 60.8
17-18 14.8 4.8 6.8 0.7 1.6 36.2 525
19- 20 125 3.6 4.7 0.7 17 271 394
21-22 7.3 2.6 2.6 0.8 2.2 19.1 27.7
Average for
. . 8.9 37 4.3 1.7 20 279 * 350.8
main aeration
23-24 -0.7 0.1 0.8 0.5 04 11 -15
25- 26 5.2 11 0.8 0.5 31 85 124
27-28 55 0.9 0.9 04 2.2 6.7 9.8
29- 30 51 0.7 0.6 0.3 28 5.4 7.8
31-32 51 0.0 04 0.0 0.1 0.2 0.2
33-34 40 0.1 -0.2 0.1 1.2 0.7 1.0
35- 36 34 04 -04 0.3 25 31 4.4
37-38 3.0 04 -04 0.3 2.6 31 4.4
39- 40 3.0 0.1 -0.6 0.1 0.4 0.8 1.2
41- 42 2.7 -04 -0.7 0.3 1.2 28 40
Average for
. . 3.6 0.3 0.1 0.3 17 32 * 437
curing period
43- 44 2.6 -05 -0.7 0.5 1.6 40 58
45- 46 25 0.0 -05 0.0 0.0 0.1 0.1
47- 48 29 0.3 -0.6 0.2 1.0 21 3.0
49- 50 2.7 0.0 -05 0.1 0.5 0.8 11
51- 52 29 0.1 -0.7 0.1 04 0.8 1.2
53- 54 3.0 0.1 -0.6 0.0 0.2 05 0.6
55- 56 2.8 -01 -05 0.1 05 0.8 1.2
57- 58 2.6 0.1 -05 0.1 04 0.8 11
59- 60 2.6 0.2 -05 0.2 0.7 13 18
61- 62 24 -0.2 -05 0.2 0.8 1.2 1.7
63- 64 21 -01 -05 0.5 2.2 35 51
65- 66 15 -03 -05 04 11 19 28
67- 68 15 -0.3 -0.7 04 0.9 20 29
69- 70 1.4 -05 -0.7 0.8 17 39 5.6
Average from
20 -0.1 -0.6 04 11 1.7 * 34

43th to 70th day

* These values represent total heat transfer for each period.
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TM2
2.
45aC 22 42
5-2, 5-3 54
42
25aC D1 TM1



30

40
3.
A, B, C 2 )
5-1
5-1 3-4
49C , 5-6 57aC ,
13 28 45- 65aC 17

20 48- 49C

21 42 44C 25aC
4.

67.8%
, 3 61%
54%
8.67, 8.53,
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5-1

Table 5- 1. Average composting temperatures for each 2 days at various points.

2

Time T otal
(days)  tym1 TM2  Avg. TM3  TM5  TM6 Avg. TM7 TM8 Avg 2verage
1-2 39.0 372 381 415 426 472 438 370 410 390 403
3-4 497 424 460 517 50.1 548 522 457 540 498 493
5-6 61.5 474 545 626 559  57.9 588 572 581 576 570
7-8 36.1 324 342 380 378 398 386 323 412 368 365
9- 10 234 249 241 262 283 204 281 @ 222 341 282 26.8
11-12 219 270 245 248 28.9 217 271 223 391 307 274
13-14 241 371 306 285 463 353 367 274 649 461 378
15-16 237 503 370 309 604 552 488 304 629 467 442
17-18 241 519 380 485 541 614 547 464 537 501 476
19-20 286 512 399 645 484 549 559 574 469 521 493
21-22 449 442 446 523 402 481 469 418 383 400 438
23-24 339 339 339 311 284 320 305 246 292 269 304
25-26 550 328 439 331 333 321 329 293 343 318 362
27-28 532 302 417 331 327 301 319 300 34 328 355
29-30 430 265 347 335 309 274 306 306 329 318 324
31-32 356 257 307 339 312 276 309 326 295 310 309
33-30 324 259 202 321 29.7 285 301 332 298 315 303
35-36 298 249 2713 305 28.1 272 286 318 282 300 286
37-38 275 231 253 289 26.6 253 269 208 263 280 26.8
39-40 270 23 246 283 259 243 262 286 254 270 25.9
41-42 265 215 240 276 25.1 235 254 276 244 260 25.1




5-2.

T able 5- 2. Changes in chemical properties during aerated static pile

composting.
Time Moisture content pH C/N ratio Volatile solids

(weeks) (% wh) (1:5H20) (-) (%, TS)

0 67.8 8.67 25.3 81.1

1 68.6 8.99 28.2 76.6

2 64.6 8.80 26.5 75.3

3 61.0 8.53 25.9 744

4 61.6 7.88 22.6 72.1

5 34.8 7.81 22.2 71.2

6 53.6 7.33 19.2 66.3

25.3 25.9
19.2 20
81.1% 74.4%

66.3%

4

6 45- 60aC



42

48- 49C

44C

26aC

3-6

17-20

49- 57C

21



Variation of Chemical Components during Static Windrow

and Aerated Static Pile Composting Method

95 44,409

61%

(In- vessel) (Aerated static pile)



21

(55-60 )



6-1 67.8%

pH 8.7, 25.3

6- 1.

Table 6- 1. Chemical properties of raw materials for composting.

Moisture Inorganic N(ppm)

content pH T-N* TOC* C/N P25 KZD CaO MgO Nax Ash
(%) (L5HD) (%) (%) NH4+ NO3 (%)
67.8 8.68 178 4506 253 181 294 885 112 070 2,223 7 18.9

*T-N : Total nitrogen, ®*TOC : Total organic carbon

2-2

4cm 1m3



87L

50 (5
/55 , 1 /59 )
3.
1
6-1
1 pH 1 ]
(T-C) (T-N) CHN ,
vanadate :
semi- micro kjeldahal
3
1 6' 2
L] (pH)i L] L] L]
6-1
1
2
65% 3

10



57.7%

46%
2. (pH)
pH
proton sink
pH 9.0
3
pH 7.3
3. ,
1
39%
6 38%

52.5%
, 5
8.7
. pH
pH
pH 1
3
2
pH 8.19 9
, 5
6 pH 7.3
45% 10 39%
42% , 3
7
, 3

1.78%



2.3% 10 2.27% ,
1 1.51%

7 1.8%

17

1-3 28.2, 265

25-30

pH

1-2

25.9



6-1 18.9%
10

90.9%, 10 85.7%

81.8%, 10 76.2% 10%

5
55%
5. ,
1.81%
1 2.0%

2.32% : 4

1.7%

1.74%

28- 30%

10
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10

10%

2,000ppm
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0.5%

6-2

392ppm

30ppm

7ppm
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40%

38%

1-2

8.9

2.3%

1.8%

17 21
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Analysis of Fuel and Electrical Energy Consumption

in  Composting Greenhouse

WTO

90%



12.5m,

cm

2-1

0.75kW

4.37m,

8m

54.6m2 )

10cm

2
60 x 60cm2
2:1

83,740k J/hr,

50



1995 11 20
1996 1 26
4

06:00 - 09:00 18aC, 09:00 - 15:00 21aC, 1500 -

23:00 18cC, 23:00 - 06:00 15cC :
1 15 - 40L ( 3-8)
3.
1
6
4- 20mA

A/D



7-1 (a)-(c) (TM5),
(TB3), (TP2), (TO2), 1
(FB), 1 (FP)
, 42
652.2L, 665.4L 1 15.5L,
15.8L
2%
7cm
42
, 74.9kWh, 83.4kWh
47.2MJ/L, 12.0M J/ kWh
(42 ) (ha)
7-1
5,802,600M J/ ha, 5,935,300M J/ ha

2.2%



7-1

Table 7-1. Electrical and fuel energy inputs for heating in composting and

traditional greenhouse.

Energy inputs (MJ/ha)
Item
Composting house Traditional house
Electricity 164,600 183,300
Fuel 5,638,000 5,752,000
Total 5,802,600 5,935,300
4
54.6 m2
( )
( )
1 42 652.2L,



665.4L 1 155 ,
15.8L

2%

42
, 74.9kW h, 83.4kWh

1%

(42 ) (ha)
5,802,600

MJ/ha, 5,935,300M J/ ha 2.2%



Effect on the Growth and Development of Tomato

in Composting Greenhouse

30%



8 40ppm

4.37m, 54.6m2 2
83,740k J/ hr
(T.G: traditional greenhouse)
composting greenhouse)
60x 60cm2 U
3 ( 2-2).

63cm

8m

12.5m,

(C.G:



25ppm

30cm

1.5m

(No.3L)

1995 11 20

1996 1

10cm
( 2-3).
2:1
15
( ) (PT 100),
35cm, 150cm
10cm 35cm
1 100
9-1
1.4m
(GASTEC, N0800)
2
(perlite)
26 25cm 33

(NDIR

1.5x 1.5x



20

30cm

360kg/10a
4
, 15
1
20
5

70

21

16 , 21 6 14

25

10

10 5 5 27

10 5 27 ,



(1)

8-1 35cm 150cm
25
(2)
8-2 10cm
8 13 ,
10 , 30cm
10 15
(1)
1.5mx 1.5mx 1.5m 1.4m
1 3 9-3
2, 3, 4, 5, 6 54, 13.3,

114, 1147  117.3ppm

7, 8,9, 10, 11, 12, 13

14



(2)

79.3, 41, 41, 54.7 10.7, 20, 82

8
8ppm
3
1 13
1 27
450ppm
2500ppm
500ppm
2 8
1500ppm 2500ppm
2
700 1000ppm
’ ’ ’ 8_4

1cm

27 ppm
16 15.7 ppm
8-3
2 1 2
11

1000 1500ppm

5 27 (

130

14
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81 2 15 3
6
8-2
5 6
8-3
851 924
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8-5

25

7.0 8.98

648 7.5



8- 1

Table 8- 1. The difference of flower setting number, fruit setting number,

harvesting fruit number, fruit fresh weight and fruit dry weight in the
traditional and the composting greenhouse.

Investiga- Variety Flower Fruit Harvest Fruit Fruit
ting of setting  setting fruit fresh dry
date Tomato Treatment number number number weight weight

(ea/plant) (eal/plant) (ea/plant) (g/plant) (g/plant)

Feb. 15 Minitomato T.G 15.3 3 0 0 0
CG 14.3 25 0 0 0

T omato T.G 0.3 0 0 0 0

CG 0 0 0 0 0

Feb. 25 Minitomato T.G 9.3 9.3 0 51 6.9
CG 9.5 10.8 0 24 3.0

T omato T.G 3.3 0 0 0 0

CG 3.8 0 0 0 0

Mar. 6 Minitomato T.G 16.8 12 0 9.7 2.2
CG 16.8 13.3 0 27.3 13.8

T omato T.G 35 0 0 0 0

CG 10 0 0 0 0

Mar. 16 Minitomato T.G 20.5 19.5 0 28.2 13.2
CG 27.3 18.5 0 29.7 11.2

Tomato T.G 4.3 18 0 15 0.04

CG 9 2.8 0 3.2 0.2

Mar. 26 Minitomato T.G 36 40.8 23 130.1 86.7
CG 47.3 53.5 0 117.0 64.5

T omato T.G 6.8 3 0 84 34

C.G 15 11.8 0 26.4 6.6

The number is average of five plants



8- 2.

Table 8 2. The yields of tomato for the composting and traditional
greenhouse.
Investigating Variety of Treatment Total harvest Total fruit Average fruit

date tomato fruit number weight weight
(ea/plant) (g/plant) (g/ea)

Apr. 5 Minitomato T.G 154 132.7 8.62
C.G 6.2 56.3 9.08

T omato T.G 0 0 0

C.G 0 0 0

Apr. 15 Minitomato T.G 20.8 2139 10.3
C.G 10 95.2 9.52

T omato T.G 0 0 0
C.G 0.4 15.6 38.95

Apr. 25 Minitomato T.G 19.2 250.7 13.06
C.G 234 300.3 13.69

T omato T.G 0 0 0
C.G 0.2 20.5 102.5

May 6 Minitomato T.G 22.4 205.8 9.19
C.G 39.6 447.3 11.3

T omato T.G 0 0 0
C.G 4.4 501.2 113.91

May 15 Minitomato T.G 28.2 259.5 9.2
C.G 724 735.8 10.16
T omato T.G 0.6 95.6 159.27
C.G 7 839.5 119.92

May 27 Minitomato T.G 44 424.1 9.64
C.G 80.6 746.4 9.26
T omato T.G 5.4 1094.7 202.73
C.G 14.2 1707.4 120.24

The number is average of five plants



8-3

Table 83 The average sugar content of tomato in composting and
traditional greenhouse.

Variety of tomato Treatment Apr. 15 Apr.25 May 6 May 15 May 27

Minitomato T.G 8.98 8.96 841 7.77 7
C. G 9.24 9.08 9.22 9.08 8.51

T omato T.G - - - 5.93 5.88
C. G 6.75 75 7.13 6.48 7.2

The number is average of sugar content which are measured at every cluster
with five plants.

4
1 8 13
7, 10 , 30cm
10 15
2. 2, 3, 4,5 6 54, 13.3,
114, 114.7 117.3ppm . 7, 8,9, 10, 11, 12, 13
14 79.3, 41, 41, 54.7 10.7, 20, 82 27 ppm 7
8 . 16 15.7
ppm 8ppm



450ppm

1 2500ppm
2 1000 1500ppm
4 700 1000ppm

1

2 Ilcm

851 924

70 8.98
648 75

588 5.93 1



Ammonia Emission during Intermittent Aerated

Composting of Cattle Manure and Rice Hulls Mixtures

25ppm ,

20ppm 34%



65%

42

9-1

1.5m

10cm 50cm

50aC

1996. 6. 7

2:1

3
0.75kwW
1m3 0.1m3 min.

3.15m31.3 )

1996. 7.
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(GASTEC No.3L)

9-3

50cm
700gr
, Pt 100
20cm
1 1
9-2 (a)-(c) . 22dC 42aC
20aC 38cC . )
50- 70% . ,
33cC 67aC
45aC , 6 65aC
11 67aC 9 65aC
6
66aC 117ppm



65aC ,

14 25ppm . 22
60aC .4 6
79- 117ppm
6 117ppm ,
15 : ;
25ppm . 9-3
15 60aC 25ppm
50ppm
110ppm . ,
2-3
9-3 ,
6 117ppm
66aC
55- 60cC 3 13ppm 4 114ppm
, 3-4
9-3
3-4 , 4-6



6 200k J/kg.DA

4-6 , 165k J/kg.DA 198kJ/kg.DA

114ppm 117ppm

o-1

Table 9-1. Results of components analysis of compost materials

Composting times(weeks)

0 1 2 3 4 5

Moisture content, %(wb) 67.3 65.5 64.6 63.0 62.4 62.8

pH(-) 8.3 8.9 8.8 8.3 8.1 7.7
T-C, %(db) 472 471 467 465 463 462
T-N, %(db) 134 130 136 138 140 144
CIN(-) 352 362 343 337 331 321
VS, %(TS) 850 848 841 838 834 832

9-1 5

35.2

. 25-30



30

117ppm

25 ,

8.3

35.2

30

35.2

65aC

65aC

79ppm

15
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Influence of Aeration Rate on the Ammonia Emission in
High Rapid Composting of Dairy Manure and Rice Hulls

Mixtures

50ppm( ) :
100ppm . 100ppm

, 1000- 1500ppm



25ppm ,

, 10- 17ppm 25.9% , 20ppm
34%
2
, 10-1
3 12.3L ( 250mm)
12.5kg 9
(2): (1)
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100L/m3min) 57, 73, 90L/m3min.

Pt

12

, 57, 73 90L/m3min.

62.5¢C, 65.60C 60.6aC

90L/m3min.

3

90L/m3min.
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(HR180N)
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T
10 -2
8
48
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57,



10-3

48
96 55  65aC 150- 1000ppm ,
60- 65aC 21

55cC , 56 54  62cC
48

57, 73 90L/m3min. 1000, 720 820ppm

150
73L/m3min 45ppm
10- 1.

Table 10- 1. Loss in weight and condensed water evaporated during composting.

Aeration rate(L/m3min.)

[tems 57 73 90
Initial weight(kg) 12.6 12.7 125
Final weight(kg) 11.3 114 10.9
Loss weight(kg) 13 13 16
Percent loss(%) 10.3 10.2 12.8
Condensed water(gr) 109.2 213.8 144.8

3

10- 1
1.3- 1.6kg



10.0- 12.8%
57, 73 93L/m3min.

216 109.2, 213.8 144.8gr

73L/m3min.

10- 2.
T able 10- 2. Relationships between aeration rates and chemical compositions.

MC VS T-C T-N NH3 N NO3 N

. H CIN
Aeration rate P %(wb) %(TS)  (mg/l) (mg/1) (mg/1) (mg/1)

(L/m3 min)

In* Ef* In Ef In Ef In Ef In Ef In Ef In Ef In Ef

57 728 815 739 702 837 826 465 459 142 133 327 345 98 945 0 35
73 728 805 739 742 837 820 465 456 142 159 327 286 98 595 0 105
90 728 825 739 719 837 815 465 453 142 165 327 274 98 102 O 7

* In: Influent, Ef: Effluent.

10-2 9 3
9 73L/m3min. 57
L/m3min. 90L/m3min. . 73L/m3min.
2

90L/m3min. . 73L/m3min.



59.5mg/|

73L/m3min.

4
12.3L (
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57L/m3min. OL/m3min. 3
1
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73L/m3min
45ppm
2.
57, 73 93L/m3min.
109.2, 213.8

73L/m3min.

250mm)
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150
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216
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Appendix : Nomenclature of Measuring Variables

1. First letter
Carbon Dioxide Concentration:
T emperature:
Relative Humidity:
Fuel Level of Tank:

1T o0

2. Second letter
Biothermal Composting House:
Traditional Plastic House:
Outside of Plastic House:
Composting Material:

S0 uvw

3. Third letter
Soil Surface: S
Underground: U

CB: Carbon Dioxide Concentration in Bio- composting House
CP: Carbon Dioxide Concentration in Traditional Plastic House

TB1 - TB5: Temperature in Bio- composting House

TBS: Temperature of Soil Surface in Bio- composting House

TBUL1l - TBUS3: Temperature of Underground in Bio- composting House
TP1 - TP2: Temperature in Traditional Plastic House

TPS: Temperature of Soil Surface in Traditional Plastic House

TPU: Temperature of Underground in Traditional Plastic House

TO1l - TO2: Temperature, Outside of Plastic House

TOU: Temperature of Underground, Outside of Plastic House

TM1 - TM9: Temperature inside Composting M aterial

HB: Relative Humidity in Bio- composting House
HP: Relative Humidity in Traditional Plastic House
HO: Relative Humidity, Outside of Plastic House

FB: Fuel Level of Tank in Bio- composting House
FP: Fuel Level of Tank in Traditional Plastic House






