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Title Study on Biogas Production from Food Waste using Composting and

Biogas Digester

Student Aphiphon Rojanaviphat
Orakan Kodkeaw
Degree Bachelor of Science
Major Program Environmental Chemistry
Academic Year 2013
Advisor Asst. Prof. Dr. Suwannee Junyapoon
Abstract

This special project studied digestion conditions and biogas production from food waste
using 3,500 liter compost and biogas reactor. The experiment was divided into 4 periods
depending on the amount of feedstock : I (foodwaste 20 kg : tap water 20 kg) , II (foodwaste 20
kg : slurry 20 kg), III (foodwaste 40 kg : tap water 40 kg), IV (foodwaste 50 kg : tap water 50 kg).
Foodwaste and slurry of the reactor were also investigated physical and chemical properties
(including pH, moisture, Alkalinity, TS, VS, VFA) using APHA standard method. The effluent
from the reactor after filtering though the sand filter was also analyzed using APHA standard
method (including pH, SS, COD). Biogas production rate was measured hourly. As calculation,
hydraulic retention time (HRT) of period I, II, IIT and IV was 88, 88, 44, 35 day, respectively.
Organic loading rate (OLR) was 0.36-5.49, 0.04-0.82, 0.85-2.97, 0.3-3.09 g/L/day, respectively.
The results showed that pH of slurry in the reactor was 6.87-7.25, 7.13-7.19, 7.22-7.31, 7.19-7.33,
respectively and alkalinity was 1,252-5,947, 1,185-2,885, 2,244-3,318, 3,285-6,633 mg/L as
CaCO,, respectively. Biogas production was 2.23, 2.65, 7.23, 7.15 m'/d, respectively. The biogas
production rate depended on feed rate of substrate, It was found that pH value of the effluent was
7.3-8.14, which is within the effluent standard of municipal wastewater. However SS, COD of the
effluent exceeded the standard value.

Keywords : feedstock, slurry, biogas, effluent, compost and biogas reactor, anaerobic digestion
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M15190 2.1 AuAvRveIMETINMW
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Aanudoutszanm @ CH, 60%) 21 MJ/m’
5.96 kWh/m’
anuFalad v 25 cm/s
8931 A/F Tumangui) 6.19 m,'/m_
gasngiien ngdluens 650 o
gungiyada Iues CH, 600 Lo
ANNINW30U (Cp) 1.6 kJ/m’ °C
ANUNULLUY 1,08 kg/m’

i : yailFwdanuiedanden (2553)
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MaYIAN (LPG) 0.46 kg
v A i
TR 0.67 Liter
g @ i
RIS 0.60 Liter
Wa'laT 1.50 ke
9

RPN 0.55 Liter
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tﬂﬂ‘il“ﬂuﬂ ﬂﬂ??ﬂﬂﬂﬁ?‘i@uﬂiﬂ'ﬂ?ﬂuﬂiﬂ 'lJJ"Iiﬂi‘]ﬂ‘lJULLT‘iﬂWJT!’T'\Shlﬂ (M1519N 2.3)

M15197 2.3 AUANHUZVOUAYOINS

WNHnes YRS | WWIe | eermis(Wedand) YU
Total Solid 15.9 % 170,168-454,788 mg/l
Volatile Solid 15.2 % 364.6-1,947.12 mg/l
Total COD 158.4 g/l 141,200 mg/1
Total carbohydrate 84.9 g COD/I -
Total protein 37.1 g COD/1 =
Total Kjeldalh nitrogen 4.4 g N/l 2
pH 4.6 a 1.2-5.9
Alkalinity 0.4 g CaCO,/1 132-1,507 g CaCOy/1

A1 : Kim et dl. (2004)
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A15190 2.4 ANIAINATHEAMYTININIINUHNAIAE

¥ =) o = 7]
Jogay MABBININ (AV.1./61)
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9
dou 550
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111914 169.5
VYLYNYY 420
yain 307
yauny 200
yaun 350
)
Aua17 Ina 430
9 g 1 d
AUNIVUAE 460

3/
Ty 480
ARELIR) 400

=) Y
nlasnnaae 950
1 aeniurT 900

TIRE Maghanaki et al. (2013)
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2.3.1 nszIuMsdesameluan1Iz 13414017 (Anaerobic Digestion)
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#198un¢ (Organic matter)
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Monosaccharides, Fatty acids, Amino acids
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TUADUN 2 Acidogenesis
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Acetic acids, Propionic acids, Butyric acids, Ethanol ,CO,, H,

Acetogenic bacteria

Acetate, CO,, H;
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Acetophilic methanogen
CH,COOH _— CH,+CO, (2.1)

Hydrogenophilic methanogen

CO, + 4H, il CH, + 2H,0 (2.2)
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A5190%-1 ALY pH VoAEDIHIT (Feed)
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Al Aunde

v 4 e Y Y 4

U AsIN1 AsIn2 A5IN3 AVG SD
1 5.19 527 522 523 0.04
2 5.49 5.45 5.48 5.23 0.02
3 52 4.99 4.93 5.04 0.14
4 5.94 5.99 5.95 5.96 0.03
5 5.37 5.37 5.38 5.37 0.01
6 5.22 5.23 5.23 523 0.01
7 4.87 4.87 4.86 4,87 0.01
8 5.45 5.43 5.42 543 0.02
9 5.66 5.53 5.62 5.60 0.07
10 473 4.69 4.67 4.70 0.03
11 4.95 4.86 4.84 4.88 0.06




M519N1%-2 ALY pH VYBINAN (Slurry)
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o Sl Aundy
afafil nfafi adeiia AVG SD
1 7.18 7.29 7.29 7.25 0.06
2 6.93 6.84 6.94 6.90 0.06
3 6.86 6.88 6.87 6.87 0.01
4 7.13 7.2 7.23 7.19 0.05
5 7.14 7.12 7.14 7.13 0.01
6 712 7.16 7.14 7.14 0.02
7 7.34 7.33 7.27 7.31 0.04
8 7.23 7.24 78 7.22 0.02
9 7.12 7.23 7.23 7.19 0.06
10 7.32 7.39 7.28 7.33 0.06
1 7.13 7.22 7.23 7.19 0.06




A1919719-3 Aamua U uUa 19T INLAYe UAHDINT
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Feed
(mg/L as CaCO,) ey

v o Y d Y a4 £ d

HN n3dN1 NTIN2 ATIN3 AVG SD

1 3,042.00 2,368.00 2,705.00 476.59
2 625.80 537.60 651.00 604.80 59.55
3 1,800.00 2,112.00 2,820.00 2,244.00 522.65
4 668.00 576.00 356.00 533.33 160.32
5 1,675.80 1,222.20 1,373.40 1,423.80 230.96
6 168.00 196.00 280.00 214.67 58.29
i 612.00 740.00 472.00 608.00 134.04
8 564.00 812.00 560.00 645.33 144.35
9 1,213.80 704.00 524.00 813.93 357.80
10 1,412.00 1,452.00 2,176.00 1,680.00 430.01
11 2,568.00 1,432.00 2,768.00 2,256.00 720.58




Y 1 < 1 g
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Slurry .
o (mg/L as CaCO,) ULLE SD
» ¢ d » AVG
nTIN1 NIIN2 fATIN3
1 & & & - =
2 5,880.00 6,090.00 5,871.60 5,947.20 123.74
3 1,248.00 1,272.00 1,236.00 1,252.00 18.33
4 1,160.00 1,172.00 1,224.00 1,185.33 34.02
5 2,948.40 2,885.40 2,822.40 2,885.40 63.00
6 2,560.00 2,584.00 2,755.20 2,633.07 106.45
¥ 3,408.00 3,332.00 3,216.00 3318.67 96.69
8 3,216.00 3,272.00 - 3,244.00 39.60
9 3,512.00 3,320.00 3,024.00 3,285.33 245.84
10 3,744.00 3,912.00 3,824.00 3,826.67 84.03
11 6,472.00 6,752.00 6,676.00 6,633.33 144.79




4 ! a ¥
ﬂ'ﬁﬁﬁ’ﬂ—s AUDILVINIHUA (Total Solid, TS) UDUAEDIH1T (Feed)
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o 4 Feed (mg/L) f’hméﬂ

Ll g d P 7 4

ATINI ATIN2 ATIN3 AVG SD

1 475,200.00 364,600.00 419,900 78,206
2 129,800.00 168,600.00 157.200.00 151,867 19,942
3 302,400.00 391,200.00 352,400.00 348,667 44,518
-} 267,400.00 201,800.00 229,400.00 232,867 32,937
5 222,200.00 234,000.00 220,000.00 225,400 7.529
6 372,600.00 344,000.00 332,520.00 349,707 20,640
7 211,600.00 346,200.00 228,000.00 261,933 73,436
8 228,800.00 184,400.00 207,800.00 207,000 22,211
9 286,600.00 241,000.00 227,000.00 251,533 31,165
10 195,000.00 148,000.00 164,600.00 169,200 23,835
11 197,400.00 236,000.00 221,600.00 218,333 19,506
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¥
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MINNA (Total Solid, TS) UDIUDINTY (Slurry)
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, TS (mg/L)
il Aundy
¥ 4 ¥ 4 ¥ d
ATl AsaN2 AyaNn3 AVG SD
1 21,600.00 21,200.00 23,000.00 21,933.33 945.16
2 27,000.00 25,500.00 25,800.00 26,100.00 793.73
3 22,200.00 21,200.00 21,200.00 21,533.33 577.35
4 ; ] ] ) )
5 26,400.00 27,400.00 26,000.00 26,600.00 721.11
6 31,600.00 29,600.00 29,600.00 30,266.67 1,154.70
7 26,800.00 30,200.00 27,000.00 28,000.00 1,907.88
8 29,600.00 30,600.00 29,800.00 30,000.00 529.15
9 28,000.00 28,600.00 29,800.00 28,800.00 916.51
10 30,000.00 30,000.00 30,800.00 30,266.67 461.88
11 44,200.00 63,800.00 26,400.00 44,800.00 18,707.22




MI1NU=7 AUVDULTIT LBV UAYDINT
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o Feed (mg/L) ﬂluﬂéﬂ
un Y 1 = T SD
ATINl | ATIN2 A3IN3 AVG
1 ; ) . _ .
2 122,600 149,800 126,400 132,933.33 14,730.01
3 298,200 | 384,000 344,200 342,133.33 42,937.32
4 254,800 | 188,000 217,600 220,133.33 33,471.98
5 215,400 | 227,000 154,000 198,800.00 39,229.07
6 351,600 | 337,000 319,800 336,133.33 1591771
7 206,600 | 339,200 219,200 255,000.00 73,190.98
8 209,800 | 176,400 200,400 195,533.33 17,223.63
9 282,800 | 235,400 223,400 247,200.00 31,408.92
10 187,000 | 139,600 156,000 160,866.67 24,071.84
11 191,000 228,800 212,800 210,866.67 18,974.02
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o Slurry (mg/L) AUy
Tuh . — SD
ATIN1 AseN2 AVG

1 = - - . -
2 12,000.00 *1,600.00 10,200.00 11,100.00 1,272.80
3 10,600.00 10,200.00 10,400.00 10,400.00 200.00
4 34,400.00 27,600.00 31,620.00 31,207.00 3418.80
5 15,400.00 16,000.00 14,800.00 15,400.00 600.00
6 18,600.00 18,200.00 20,200.00 19,000.00 1,058.30
7 14,800.00 22,600.00 15,000.00 17,467.00 4446.70
8 16,000.00 16,800.00 16,000.00 16,267.00 461.90
9 18,600.00 17,400.00 19,400.00 18,467.00 1,006.60
10 16,200.00 16,000.00 17,000.00 16,400.00 529.20
11 32,400.00 51,600.00 15,800.00 33,267.00 17,915.70

Fll
*eme (A1 lidbhnaa)
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. Feed (mg/L) Aunde
U SD
Y o 3 4 Y o AVG
AN AFIN2 A39N3
1 2,800.00 2,900.00 2,800.00 2,833.33 57.74
2 1,400.00 800.00 600.00 933.33 416.33
3 666.70 417.00 334.00 472.57 173.17
4 - , ; . -
9 200.00 400.00 400.00 333.33 115.47
6 200.00 200.00 500.00 300.00 173.21
7 100.00 100.00 200.00 133.33 57.74
8 200.00 200.00 300.00 233.33 57.74
9 700.00 700.00 700.00 700.00 =
10 1,300.00 300.00 500.00 700.00 529.15
11 600.00 500.00 600.00 566.67 57.74
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o Slurry (mg/L) ﬂruﬂﬁ d
HUN SD
ﬂ%ﬂ‘ﬁl ﬂ?ﬂ‘f’;ﬁ ﬂ%ﬂ‘ﬁ:ﬁ A

1 1,100.00 1,900.00 1,000.00 1,333.33 493.29
2 4,500.00 4,000.00 4,100.00 4,200.00 264.58
3 1,584.00 1,084.00 1,500.00 1,389.33 267.74
4 - - . - -

5 2,000.00 2,200.00 1,600.00 1,933.33 305.51
6 3,100.00 2,100.00 2,300.00 2,500.00 529.15
7 2,200.00 2,100.00 2,100.00 2,133.33 57.74
8 2,200.00 2,300.00 2,500.00 2,333.33 152.75
9 1,900.00 2,200.00 2,300.00 2,133:33 208.17
10 2,000.00 2,500.00 2,400.00 2,300.00 264.58
11 3,300.00 3,200.00 2,800.00 3,100.00 264.58




1 i
A13197U-11 AIANNFUVOUABOINS

&
% ANWAU .
. 3 = Aundy
HN ﬂ%’qﬁ SD
AVG
1 2 3
1 52.48 63.54 34.22 50.08 14.81
2 87.02 83.14 84.28 84.81 1.99
3 69.80 60.89 64.79 65.16 4.47
4 1327 79.83 77.08 76.73 3.29
5 77.78 76.60 78.00 77.46 0.75
6 62.74 65.60 66.76 65.03 2.07
7 78.84 65.38 77.20 73.81 7.34
8 2 81.56 79.22 79.30 222
9 - - s - =
10 71.34 75.90 77.30 74.85 3.2
11 80.50 85.20 83.54 83.08 2.38
12 80.20 76.40 77.84 78.15 1.92
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M151991v-12 U5 amMaaInmnugungil

v A

IUN 7 UNTIAY 2557

Yiinamadanim QUNYN°C
0.2 315
0.23 30.7
0.27 30.9
0.35 31.1
0.3 30.3
0.25 29.5
0.19 28.7
0.33 293
0.15 28.6
0.22 28.3
0.01 28

21
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c;. i [ =) o =
fM1319NVU-12(A9) ﬂ?mmmwamwnuqmwgu

o/

A 14 UNIIAY 2557

"
Yuamaianm gunQieC
0.2 27
0.2 26.5
0.1 27
0.08 26
0.02 26.5
0.1 25
0.05 25
0.1 24
0.05 23
0.05 22
0.08 21:$
0.1 21
0.12 20.5
0.05 20
0.05 19.5
0.15 19
0.17 19.5
0.03 18.5
0.08 19
0.02 20
0.2 21.5
0.1 23
0.15 24.5
0.1 26
0.1 25.5
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U 15 uNIIAY 2557

Vuumadinm guInni°C
0.06 25.3
0.21 25
0.23 25
0.15 25.5
0.2 26
0.1 25.5
0.2 25
0.15 245
0.15 24
0.12 23
0.15 225
0.15 22
0.14 215
0.21 205
0.16 20
0.16 19.5
0.03 18
0.06 205

- 21
: 22
: 235
. 24
; 255

26
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M1319NU-12(A19) UTNUNMBBINNAVYUN Y

.

21 UNTIAY 2557

U
YSnamadaniw guvQN °C

0.13 255
0.14 26
0.23 26
0.14 25
0.11 26

0.2 24

0.1 23.5
0.1 20.5
0.12 21
0.18 20.5
0.1 20
0.12 19.8
0.03 19.5
0.13 19
0.12 18.7
0.05 18.5
0.05 18
0.15 18.5
0.07 18.7
0.08 19
0.12 19.5
0.03 20

. 21

. 23

- 235

7
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JUR 28 UATIAY 2557

Pinamadinm gaungil °C
0.2 29.5
0.27 29
0.26 29
0.22 28
0.15 28.5
0.19 27
0.16 25.5
0.2 24.5
0.1 26
0.2 24
0.15 24
0.19 23.6
0.21 23.1
0.12 23
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M 319Nv-12(s8) VSuamadinniugungil

U 29 WATIAN 2557

Viunamadinim ganqil °C
0.15 30.4
0.3 30.1
0.3 304
0.25 30.2
0.2 30.5
0.15 28
0.23 27
0.17 26.7
0.15 25.8
0.27 25.2
0.08 24.4
0.21 24.1
0.24 23.8
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ms1eiv-12(se) LSamadinmsugungil

v A v d
Uuﬁ 1 QNNTWUT 2557

Wummadanin gauvgil °C
0.3 31
0.5 30.5
0.25 30.5
0.54 30.2
0.21 28.6
0.5 27.8
0.4 27
0.25 26.6
0.35 26.2
0.39 26
0.59 25.5
0.25 25
0.3 25
0.25 24.8
0.2 24.5
0.15 25.8
0.15 26
0.15 27.5
0.2 28
0.25 28.8
0.35 29.5
0.3 309
0.3 31
0.3 314
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mMefiv-12(0) USuamadinniuguvg i
v

U 12 NUATWUT 2557

Ll

Wnamadanin QAUNYI]
0.1 31.3
0.39 31.4
0.58 30.9
0.28 29.9
0.35 28.6
0.37 27.8
0.3 27.4
0.23 b
0.2 26.8
0.5 26.3
0.22 26.2
0.2 26
0.11 25.8
0.1 25.5
0.19 24.7
0.11 25
0.22 26.7
0.21 27
0.2 28.8
0.15 29.5
0.05 S5

- 32.8
. 314
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[

= o
N 21 ﬂ]iJﬂ']"W‘L!‘ﬁ 2557

H
PSiamadnm gl °C
i25 30
0.4 29
0.5 28
0.48 26.9
0.44 26.3
0.33 26.2
0.05 25.7
0.3 249
0.4 25
0.37 24.4
0.57 24
0.26 236
0.45 23
0.35 22.8
0.22 22.5
0.38 a3
0.4 25.8
0.25 26.3
0.2 28
0.15 29.8
0.15 30

30.9
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a4

JUN 10 YUY 2557
Wmamadnim gaungil °C
0.35 32
0.49 314
0.23 30.8
0.32 30
0.33 28.7
0.33 27.9
0.49 27.8
0.1 27.6
0.32 27.4
0.25 271
0.47 274
0.38 26.8
0.3 26.5
0.5 263
0.45 26.5
0.34 26.8
0.36 27.5
0.35 28.9
0.22 30.1
0.27 314
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YSannududuy
= ARaY
AMwFININ SD
7 3 T 5 7 &y
A9 ATIN 2 A59N 3
" 2,
CH, (%) 51.2 52 55.2 52.8 -
CO, (%) 42.2 44.4 44.7 43.8 -
0
0, (%) 0.2 0 0 0.1 -
H,S (ppm) 95 100 105 100 2




a e y 2
AT NNNVY-14 ATWLIBDTUBIUTNIN

o v Aunde
UN 7 = T SD
AsIN1 As9N2 A5IN3 AVG
1 .53 7.58 7.6 7.57 0.04
2 7.79 7.77 7.78 1.8 0.01
3 7.3 7.2 7.4 7.3 0.10
4 . " - . g
5 7.78 7.84 7.85 0,82 0.04
6 7.83 103 7.87 R 0.06
7 7.63 7.62 7.6 7.62 0.02
8 8.06 8.07 8.14 8.09 0.04
9 7.57 7.6 7.64 7.60 0.04
10 7.93 7.91 7.94 7.93 0.02
11 8.11 8.14 8.17 8.14 0.03
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Y 1 < ¥ qy
ﬂ131ﬂﬁ‘u-15 ATUDILUILUVIUADYUBIUTINN

o o SS (mg/L) funag
U i T 2 SD
Asan1 n39N2 A59N3 AVG

1 400 200 200 266.6667 115.4701
2 200 0 200 133.3333 115.4701
3 200 200 0 133.3333 115.4701
4 0 0 0 0 0
5 0 0 0 0 0
6 0 100 0 33.33333 57.73503
7 ) N : : :
g 5 " . -
9 - - . " E

10

11
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i vhita Aundy
Un AP ¥ 4 T2 SD
AT9N1 AFIN2 A5993 AVG
1 720.00 752.00 576.00 682.67 93.75
2 320.00 640.00 640.00 533.33 184.75
3 - - - - =
4 - = < s .
5 368.00 208.00 208.00 261.33 92.38
6 160.00 160.00 160.00 =
7 160.00 160.00 160.00 160.00 -
8 208.00 368.00 288.00 113.14
9 1,376.00 416.00 256.00 682.67 605.75
10 1,168.00 1,008.00 848.00 1,008.00 160.00
11 313.60 345.60 345.60 334.93 15.08




