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Appendix A
Production activity

The factory working week is Monday to Saturday, Sunday is a
holiday and no killing
to 5.00 pm. all procedures
below. :

Time

8500 - 8:20 a 1ling, meat processing

8:30 - 8:50

9:00 - 9:30 1 processing

10:00 - 10:15 2

12:00 ing and hog killing if
i

12:00 - 1:00 p.m. | ch B _

1:00 - 2:00 -  Finish Bogikilling if number of hogs about

2:30 - 3:00 L7

3:00 - 3:15 m

3:15 - Washi in hog line

4:00

e E@W’JWW NI
AAIBIASAUINA TN o

conti%ue until finish around 9.00 p.m.

After killing, 5-10% of meat productivity was used for
processing. Hogs were regularly killed, epproximately 300 in the day
time and 50 at night but only around 40 cattle were killed weekly
so 1500-3000 kg. pork was daily processed while 500-700 kg. beef was
weekly processed.
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Appendix B

COD Raw Data

COD of Anaerobic Fixed-Bed Reactor

DATE DAY-NR INF.COD ( ) EFF.COD (mg/1) %EFF.(T) %EFF.(F)

Total Filter

FLOWRATE = 0.3 m3/hv.

16-AUG. 1 . I & 108 45 44
17-AUG. 2 F 121 67 64 59
19-AUG. 4 - 38 76 79
22-AUG. ! % V4 78 80
24-AUG. 64 71 84
26-AUG. 74 55 39
29-AUG. 120 77 58
31-AUG. 59 63 53
02-SEP. 105 61 77
05-SEP. 28 87 48
07-SEP. 23 58 81
09-SEP. 25 34 63 71
12-SEP. 28 20 52 38
Avg. / 59 64 83
FLOWRATE = 0.5 m3/
14-SEP. 30 80 39 18
16-SEP. 56 48 21
19-SEP. : 78 58 52
20-SEP. 35 = 103 72 72
21-SEP. o3 F 3C 87 61 62
23-SEP. — 27 68 72
26-SEP. 268 145 123 69 54 52
27-SEP. 568 250/ 154 73 64
= ﬁuﬁ’mﬂmwmﬂ 3.8 3
29-SEP. 85 72
30-SEP. 487 193 172 147 85 24
2 51 26
wf%m S0k JH gl e DI
67 43
Avg. 316 152 115 80 49
FLOWRATE = 0.7 m3/h
07-0CT. 54 176 66 109 8 38 88
09-0CT. 56 447 204 290 161 35 21
11-0CT. 58 256 89 145 60 43 33
13-0CT. 60 287 128 175 63 38 51
16-0CT. 63 152 71 105 - 48 31 35
18-0CT. 65 360 104 225 53 38 49
20-0CT. 67 237 125 131 79 45 37
23-0CT. 70 249 162 79 27 68 83
25-0CT. 72 306 151 123 69 60 54
27-0CT. 74 348 127 181 92 48 28
30-0CT. 77 360 104 97 45 73 57

Avg. 288 121 151 64 47 49




COD of Anaerobic Fixed-Bed Reacto
(Continued) :
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DATE DAY-NR INF.COD (mg/1) EFF.COD (mg/l) %EFF.(T) %EFF.(F)

Total Filter Total Filter

FLOWRATE = 1.0 m3/h

01-NOV. 78 137 105 88 61
02-NOV. 79 365 108 390 79
04-NOV. 81 326 94
07-NOV. 84 204 83
O8-NOV. - 88 78 98

11-NOV. 88
14-NOV. 91
15-NOV. 92

16-NOV. 93
Avg.

- FLOWRATE = 2.0 m
0B-JAN. 94
07-JAN. 95
09-JAN. o7
11-JAN. 99
13-JAN. 101
16-JAN. 104

18-JAN. 108

20-JAN. 108

Avg. 144
FLOWRATE = 4.0 m3/h

21-JAN. 108 48
23-JAN. 111 33
24-JAN. 112

Avg. .

AULININTNYINS

AN TUNNINGAY




COD of Anaerobic Upflow System Reactors

124

DATE

DAY-NR INF.COD(mg/1) EFF.COD (mg/1l) ZEFF.(T) ZEFF.(F)

TOTAL  FILTER TOTAL  FILTER

FLOWRATE = 0.3 m3/h

29-SEP. 1t 111 20 94 15
02-0CT. 4 107 62 101 28
04-0CT. 8 385 157 225 104
06-0CT. 8 302 . 201 96
08-0CT. 447 106
11-0CT. s 61
13-0CT. 43
16-0CT. 26
18-0CT. 68
20-0CT. 63
23-0CT. 28
25-0CT. a0
27-0CT, 54
30-0CT. 63
02-NOV. 82
04-NOV 438
07-NOV. 31
08-NOV. 163
11-NOV. 63
12-NOV 62
Avg. 65
FLOWRATE =

13-NOV. 74
15-NOV. 98
16-NOV. 40
18-NOV 186
21-NOV. - 38
23-NOV. 48
25-NOV. 113
28-NOV. 272 149 138

30-NOV.

S f) ‘LEEJ éﬂﬂﬁ‘ﬁ W ﬂ%
04-DEC.

06—DEC 174

| 'waaﬂfi?%m%mﬁw?m




COD of Anaerobic Upflow System Reactors

(Continued)
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DATE  DAY-NR INF.COD(mg/1) EFF.COD (mg/1)

ZEFF .(T) XEFF.(F)

TOTAL FILTER  TOTAL FILTER
FLOWRATE = 0.7 m3/h ,

12-DEC. 74 185 118 109 96 41 19
14-DEC. 76 471 174 104 63 48
16-DEC. 78 204 104 39 49 48
18-DEC. - 80 184 64 61 38
20-DEC. 62 30 57
22-DEC. 88 69 48
25-DEC. 76 57 49
27-DEC. 73 79 35
29-DEC. 89 55 57
30-DEC. 59 59 49
02-JAN. 61 51 41
03-JAN. 87 54 39
Avg. 75 56 44

FLOWRATE = 1.0 :
06-JAN. 10 49 34 0
07-JAN. 49 55 87
09-JAN. 248 9 0
11-JAN. 44 77 80
13-JAN. 150 0 0
16-JAN. 208 65 0
18-JAN. 117 33 0
20-JAN. 56 31 33
22-JAN. 45 49 44
24-JAN. 26 48 13
26-JAN 29 51 3
Avg. : 93 40 24
FLOWRATE = 2.0 H /h - .
27-JAN. 121" 196 205 0 7
28-JAN. 122 ¢ 23 137 245 125 0 9
29-JAN. 0 0
AR EeEhENg <
OZ—FEB 21 4 0
. 129- 278 ¢ 89 0
o | ’E?ﬂ £l s Tk
W T8N Ta T 3EA ? t) 3




Suspended Solids and Settleable Solids of Fixed-bed Reactor

Suspended Solids and Settleable Solids

/

Appendix C

DATE

DAY-NR

INF.

SUSPENDED SOLIDS

EFF.

SETTLEABLE SOLIDS
%EFF . EFFLUENT

FLOWRATE =
16-AUG.
17-AUG.
18-AUG.
22-AUG.
24-AUG.
26-AUG.
28-AUG.
31-AUG.
02-SEP.
05-SEP.
07-SEP.
09-SEP.
12-SEP.
Avg.

FLOWRATE = 0.5 m

14-SEP.
16-SEP.
19-SEP.
20-SEP.
21-SEP.
23-SEP.
26-SEP.
27-SEP.
28-SEP.
29-SEP.
30-SEP.
02-0CT.

04-0CT.

13
16—OCT.
18-0CT.
20-0CT.
23-0CT.
25-0CT.
27-0CT.
30-0CT.
Avg.

0.3 m3/h

1
2
4
Y
9
1
4

oot ﬂu?ﬁ'mﬂmwmm

FLOHRATE 0.7 m3/h

mm asaﬂagm 3 %17 1&&1’1

65
87
70
12
74
77

168
86
218
80
79
108
171
186
136

140
73
130
66
52
46
68
55
82

15
41
18
34
58
60
72
36

HHHOOORKHORNKOD HRNRHNHNRRRRNRD

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.
0
0
0
0
0
0
0
0
0
0
0
0
0
0

?ﬁ
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Suspended Solids and Settleable Solids of Fixed-bed Reactor
(Cont1nued)

s et o s e e e e e
=== SmImT DR E=

DATE DAY-NR SUSPENDED SOLIDS SETTLEABLE SOLIDS
INF. EFF. #EFF.  EFFLUENT

FLOWRATE = 1.0 m3/h

01-NOV. 78 26 64
02-NOV. 79 209 283
04-NOV. 81 311 |
07-NOV. . -
03-NOV.
11-NOV.
14-NOV.
15-NOV.
18-NOV.
Avg.
FLOWRATE
0B8-JAN.
07-JAN.
09-JAN.
11-JAN.
13-JAN.
16-JAN.
18-JAN.
20-JAN.
Avg.
FLOWRATE
21-JAN.
23-JAN.
24-JAN. 142 217 i
Avg. IO T

OO OO
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N
o

]
-
o
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Suspended Solids and Settleable Solids of RAUS Reactor

DATE DAY-NR SUSPENDED SOLIDS SETTLEABLE SOLIDS
INF. EFF. %EFF. EFFLUENT

FLOWRATE = 0.3 m3/h

29-SEP. 1 52 48 7.69 B0
02-0CT. 4 59 45 23.73 0.0
04-0CT. 6 201 69 85.87 0.1
06-0CT. 8 217 70.05 0.1
09-0CT. 11 185 71.52 0.1
11-0OCT. 73.43 0.0
13-0CT. 61.90 0.1
16-0CT. " 2.33 0.0
18-0CT. 26 0.1
20-0CT. & 0.0
23-0CT. 0.0
25-0CT . 0.0
27-0CT. 0.0
30-0CT. 0.0
02-NOV. 0.0
04-NOV. 0.1
07-NOV. 0.0
09-NOV. 0.2
11-NOV. 0.0
12-NOV. 0.0
Avg. 0.04
FLOWRATE = O.

13-NOV. 0.2
15-NOV. 0.2
16-NOV. 0.2
18-NOV. 0.3
21-Nov. . 0.2
23-NOV . 55 368 3.1
25-NOV. o 0.2
28-NOV. 0.3
30-NOV. 0.4
01-DEC. 39 0.3
04-DEC. sst 55.38 0.2
06-DEC. 0.2
= LU 1) ﬂmwﬂwm
11-DEC. 208 0.3
Avg. 137 & 57 CATE)
ammmmmmmmaﬂ




Suspended Solids and Settleable Solids of RAUS Reactor
(Continued)

DATE  DAY-NR SUSPENDED SOLIDS SETTLEABLE SOLIDS
INF. EFE, %EFF .. EFFLUENT

FLOWRATE = 0.7 m3/h

12-DEC. 74 174 80 65.52
- 14-DEC. 76 484 2 1 7 76.86
16-DEC. 78 109 164 0.00
18-DEC. 80 152 49 67.76
20-DEC. 82 108 B4.15
22-DEC. 84 .

25-DEC. 86
27-DEC. 89
29-DEC. g1
30-DEC. 93
02-JAN.
03-JAN.
Avg.
FLOWRATE =
0B6-JAN.
07-JAN.
039-JAN.
11-JAN.
13-JAN.
16-JAN.
18-JAN.
20-JAN.
22-JAN.
24-JAN.
26-JAN.

e

O.Q.O_DOOD :—‘OOHONDO’IOOOO WOOONNWHBNWHNW
O)HNHCOHHN.OUINNCDOCOUIHNWN OWONNOHNOWWHN

1.8

29-JAN. 33 808
3 .. 598 204 .
02-FEB. 127 ¢ =665 328 51.73

os.mﬂﬁﬂmﬂ%ﬁ%ﬂﬂ‘i

Avg. 561 270 51 93

O
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pH and Temperature of Fixed-bed Reactor
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DATE DAY-NR TEMPERATURE
INF. EFF. INF. EFF.
* FLOWRATE = 0.3 m3/h
16-AUG. 1 7.82 6.98 29.8 30.0
17-AUG . 2 7.64 7.08 29.8 29.9
19-AUG. 7.80 ; 30.2
22-AUG. 7.54 30.8
24-AUG. 7.63% 30.8
26-AUG. A 30.5
29-AUG . 30.86
31-AUG. 30.2
02-SEP. i 29.9
05-SEP. . 30.2
07-SEP. / 30.0
09-SEP. 6 29.9
12-SEP. < 30.0
Avg. .8 30.2
FLOWRATE = |
14-SEP. N 30.2
16-SEP. 8 29.7
19-SEP. 4 30.0
20-SEP. .0 29.4
21-SEP. .8 30.0
23-SEP. .3 29.4
26-SEP . .4 29.8
27-SEP. .2 29.4
28-SEP. .8m, 29.1
29-SEP. 45 7.66 ‘ 29:1
30-SEP. = 29.86
02-0CT. - 30.1
04-0CT. 5.9 3.U: 30.2
OB—OCT. 7.15 30 ; 29.3
7.0 29.7
Wmmwﬂmwmm
07-0CT 7483 0 3 29.4
7.0 32 8 3.5
11-OCT 58 7 58 7.1 9.8
ﬁqmmmm mnnma%ﬂ
7.59 7.09 30.7 29.3
20—0CT. 7.61 6.98 31.3 29.7
23-0CT. 70 7.74 7.14 32.4 30
25-0CT. 72 7.53 7.18 32.1 29.7
27-0CT. 74 7.58 7.1 31.8 29.6
30-0CT. 77 7.66 7.08 30.7 29.6
Avg. 7.69 7.08 31.7 29.6
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pH and Temperature of Fixed-bed Reactor
(Continued)
DATE DAY-NR pH TEMPERATURE
INF. EFF. INF. EFF.
FLOWRATE = 1.0 m3/h
01-NOV. 78 7.49 7.05 29.9 29.3
02-NOV. 79 7.86 7.07 30:7 298.6
04-NOV. T g L 7.09 31.2 28.7
07-NOV. 84 5 .0 31.9 29.8
08-NOV. 86 B 31.3 29.0
11-NOV. 88 1 331
14-NOV. 29.4
15-NOV. 29.8
16-NOV. 29.8
Avg. 29.6
FLOWRATE = 2.
06-JAN. 1.1 30.2
07-JAN. 0.6 29.9
09-JAN. Q0.7 30.4
11-JAN. .7 i
13-JAN. 0.5 30.2
16-JAN. 30 29.8
18-JAN. 30.6 30.5
20-JAN. 30.8 30.3
Avg. 30.8 30.3
FLOWRATE =
21-JAN. 31..3 30.8
23-JAN. 30.7 30.4
24-JAN. 3.9 30.6
i X 30.6

."(‘- .

i e e s e . e e e e 4
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pH and Temperature of RAUS Reactors
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DATE DAY-NR pH - TEMPERATURE
INF. EFF. INF. EFF.
FLOWRATE = 0.3 m3/h
29-SEP. % 29.1
02-0CT. 2 29.4
04-0CT. .3 29.9
06-0CT. .6 29.2
09-0CT. .5 29.86
11-0CT. 2 29.4
13-0CT. 7 29.9
16-0CT . .6 29.8
18-0CT. .9 29.5
20-0CT. .6 29.8
23-0CT. .4 29.9
25-0CT. .9 29.8
27-0CT. .7 29.7
30-0CT. .8 29.1
02-NOV. .6 29.2
04-NOV. 7 29.0
07-NOV. .9 29.3
09-NOV. .0 29.0
11-NOV. 1 29.4
12-NOV. 4 29.0
Avg. .9 29.5
FLOWRATE = O.
13-NOV. : .7 . R s
15-NOV. .4 29.4
16-NOV. .8 29.6
18-NOV. ; - .3 29.8
21-NOV. 7 14 2 29.6
23-NOV. 55¢€ o 7.59 29.1
ﬂ Wa I 760 m
28-NOV . ﬁ EI r] ﬁﬁ 28.2
30-NOV. 29.3
01-DEC. 7 93#’ 7 18n. 32 1 0.0
9.5
fammsamm uwmwma El e
oa— 70 7 ao 6.96 30.8 9.9
11—DEC 73 7.01 31.4 29.8
Avg. 7 70 7.06 30.9 29.6




pH and Temperature of RAUS Reactors
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(Continued)
DATE DAY-NR pH TEMPERATURE
INF. EFF. INF. EFF.

FLOWRATE = 0.7 m3/h
12-DEC. 74 7.49 7.04 30.9 29.8
14--DEC. 76 7.8 .18 321 28.9
16-DEC. 78 7.69 7.08 315 29.8
18-DEC. 80 7.55 7.06 D 28.3
20-DEC .- E 13 A 29.8
22-DEC. g .9 28.4
25-DEC. -3 29.8
27-DEC. .8 29.9
29-DEC. a1 29
30-DEC. .8 28.9
02-JAN. B 28.8
03-JAN. a7 29
Avg. 2 29.4
FLOWRATE = 1. :
0B6-JAN. 30.5 28.9
07-JAN. 30 291
09-JAN. 30.6 2893
11-JAN. .8 28.5
13-JAN. =3 29.4
16-JAN. T 29
18-JAN. .9 29.3
20-JAN. .8 29.1
22-JAN. 6 28.2
24-JAN. 7 29
26-JAN. D 23.4
Avg. o 29.2
FLOWRATE = 2.
27-JAN. 30.3 29.1
28-JAN. ’ 30 2 28.9
29-JAN. ; 5 29
31-JAN. ] 28.5
oz-xie. ] ug’g ‘yjﬁﬂ ﬁ}ﬂf@ﬁ 29,4
04-FEB. q 9 : 28.2
05-FEB. 130 7.68 7.8 30.3gs  29.4
A ~ oY £ En T Zg:¥l a 29.2
=m'%::;:a£~f §: _ %J: : ﬁg;. :g
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Appendix D

Characteristics of Methanogenic Bacteria

Summury of charscienistics of methanogenic srchaebacieria. order Methanobacieriales®

Sk Temp
Archeebectoris ‘Morphotogy  Sweurmes S0 C ortimun B0 SR L o "‘”l‘:;”""'m"*"“' Relsronceis)

Pamely H:’I:‘dan:ﬂ‘l"h(rll

Metha clerium :

v;'rm’;rlrun Rod H,. formate 4.1 M 1.0 Prysudomursin Cu+Ca 12

M. Myenili Red H, na n 1.0 Pyeudomursin Cw+Ca n

M. thermoautotrephicum Rod H, 9.7 63-70 1.2-7.6 Pweudomursin Cr + Co 4

M. wilfel Rod H, 6l 3 7.0-7.% thdomqnln ND* N

M. thermoagaregans Rod H, 1.0-7.3 ND ND n

M. iheemoglcallphlium  © - Rod H; il 1}’ 1.4-8.3 ND ND )

Mrthanahrevibacter Rod Hy. formats : \QQQ y i Puudomursin = Cyp + Cy ol .

rxminenilum i #
M. amlAil Rod Hy. fo - weudomursin = Cp + Cu )8
M. urborlphilus Red H, h - véomursin  Cy ¢ Cy 344

domurein Nv 1), 334

; Methanosphaere Cessus™ H M
2 | . sudimaniae . 3

Family Methanothermaceae

Methunatheemus Rod Cw “e
Jervidua
Summary of characleristics o ccales. family Methanococcacear”
Archachagteria Momhology G Ch dptimuln 63 ";:l',‘:,’: “m’,‘:m"‘ Referenceds)
e J }
Methunocoecuy vannlelii Coceus : ) : 1:""‘ Cow 11 Cu i
MLovidiae Coccus 4 1 F y t¢in Can 303
M. muripatigly Coccut 1 Mg ‘. i " Protein ND* 304
deliue Coccus : 350 : - ND ND 3
\. theemalithatrophicus Coceus o : , .37 Proteln Cr n
V. kinaaachil Coscut . ~ Protsln Cyclk dicther,  $5, 307
. M - Cu + Cu'
oot
Summury of churucterniicy ¢ vtmmms Bl sbucterii, arder Alethumamic rohfuley
¢ ".-I_,J‘..*,‘:-’a"' - i ol v e i wemhrdi
Atchacbastens Mmg::;lu,, Ns'w'a'adcw-f.ig (‘,‘(i&:.“f:,“'&‘ ““’_".'m",‘:m ™ Reforgme
. Family Methunamicendiucene i‘-"‘:,
Methunamiceabium ; A}
maebile /| S te bk
M. puynteri - 4 ND NS
Methanagenium cariaci Cnccl\i H;. formate . ) K1) Cn* Cui I
M. marigniyri Cag Hy furmate h1.2 2-h, C:: :. )lg
M. olentuarvi Cuceun N- u A R ND s
) tatii Cocw\ ormm 7 0 (Aycopromu ND 0
M. limicola |i Cm <+ Ca 3N
<, M. thermophilicum Cwn+Ca 174
M. [rivonli H, o: -1.8 ND [}
Methanaspirillum Cumu H,. formm )0-)7 6 6=7.4  Proiein, sheath Cm +Ca n
Aunguiel
Family Meihunos
Mmmum.q 'W "] a m ‘i E I I 3 | w profe P T™
M. magei Cw et
MtNH,. Ac e a5
. M. thermophila Coceus  H,. Me. 0 6.0-7.0 HPS ND 339, M0
McNH Ac
M. acetivorans Coccus  Me, McNH,. Ac @ 40 6.5-7.0 Protein ND 4))
Nnhuocorform methyluteny  Coccus  Me. MeNH, 2 ) 7.0-1.5 Proitin Co [31)
:l{:;:anolobw lindarivg gocw» Me¢, MeNH, 40 b3 6.8 Clycoprotein Cu+Cun 289
ethanococcuy oscus Mg, MeNH ND 26-36 $=1.4
Aelophilug i . ‘- N-D i o
H:I'::luhu«o«w Coccur  Ms, MsNH, s ) 7.3 ND ND )54
Methgnetheiz muuul Rod At Yy n 1.4.7.8  Protain;
Methanotheis 4p. Rod H,. A¢ ND (%] ND ND i Shanth SS g:;
”:.x;:{'ca;::.val;.uun 13404, 304, 409 114 400 cORIVIIEIL ARBIEvIRIAAL: ND, Not§0I§mIne. M¢. methanal: MINH), meiRylamingy; Ag, bectsta: K
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