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Abstract

Two experiments were conducted succeedingly to investigate food waste
potential and feeding rates on biogas production. Anaerobic digestions of food waste
and glucose were carried out in the first experiment to evaluate their biochemical
methane production potential. Results indicated that the high biogas production yield
was obtained with the presented microbial inoculum (seed) and the used food waste.
The accumulated biogas yields produced from the food waste and glucose were 0.98
and 5.82 mS/kgCOD with 55.4 and 49.2% methane contents, respectively. Effects of
food waste feeding rates (0.25, 0.50, 1.0, 2.0, and 3.0 kgCOD/m3.day) using a two-stage
anaerobic digestion with effluent recirculation on biogas production were investigated
in the second experiment. Results revealed that the 1.0 kgCOD/m3.day feeding rate
with effluent recirculation increased biogas and methane yields approximately 31.3%
higher as compared to that without recirculation. The increased rates from 0.25 to 0.50,
1.0, and 2.0 kgCOD/mB.day, though slightly decreased the biogas production rate (per
COD unit), the accumulation of biogas yields were increased from 0.065 to 0.123, 0.221,
and 0.408 m3, accordingly. However, the highest feeding rate of 3.0 kgCOD/mB.day with
effluent recirculation dropped the accumulation biogas yield sharply to 0.019 m’. This
high feeding rate would hinder the processes of acidogenic digestion and resulted in
high concentration of VFA in the tested effluent. A low pH (5.2) and high ratio (1.35) of

VFA/alkalinity as noted in the effluent would inhibit methanogens for methane production.

Keywords: Food waste, Feeding rates, Two-stage anaerobic digestion, Recirculation, biogas
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(American Public Health Association, 1995) Namﬁmeﬁlﬁa?ﬂiﬂumﬁwﬁ 1 (Table 1)
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Table 1 Important properties of the food waste used in the experiment (averaged from 3

replications)

Properties Food waste
YMoisture (% w/w) 77.05
“Total Solid, TS (% w/w) 22.95
“Nolatile Solid, VS (% w/w as TS) 92.60
“nsh (% w/w) 7.40
*Carbon (% w/w as VS) 50.85
“oH 3.50
*'coD (g/L) 87.03

Remark " Oven dried at 105 °C * Heated at 550 °C ' Heated at 900 °C a/pH meter
*cop (Chemical Oxygen demand): Standard Methods: 5220C : COD by Closed Reflux, Titration
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7Tp309nTITTARUU thermal conductivity detector (TCD)
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Figure 1 Composition of the two-stage anaerobic digestions and experimental diagram
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Table 2 Composition of the sample used in the BMP study

Sample Composition
1 Nutrient 40 mL + seed 10 mL
2 Nutrient 40 mL + seed 10 mL + Glucose
3 Nutrient 40 mL + seed 10 mL + Food waste

Table 3 Important chemical properties of the microbial inoculum (seed) and food

waste in the BMP study (averaged from 3 replications)

Sample TS (%) VS (%) COD (g/L)
Seed 1.73 65.56 51.30
Glucose 99.73 95.37 12.72
Food waste 22.95 92.60 87.03

MIANAaaAazYInlalaNIAIgNene Ladtdeiniaeeniaeldfinglulasiau Ui
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(Treatment; T1-T6) & ynn1snmaataz 3 91 lnsyanaans T1 \uganaassauau Selaifinng
musuiminlfidudeys Inefimstoumyonmsludng 1 keCOD/m’day druganaans
T2-T6 ﬁmimuﬁ&Juﬁmﬁmmx{]aumwmmﬂué’mﬂ 0.25, 0.50, 1.00, 2.00 wae 3.00 keCOD/m’.day
AUy A COD Budiu (initia) waztiailunisinuiu (hydraulic retention time, HRT) Tuus
azgansnaaesliazulilunssi 4 (Table 4) mstoumvemslinszyhedseiilemnuily
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1a1 30 Ju Yuiindayauaziuiieg 1A 19Rn WiietlU3esneimesw Usenaunawd s uminay
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v
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Table 4 Food waste feeding rates, initial COD and hydraulic retention time in each

treatment utilized in the study (averaged from 3 replications)

Treatment Food waste feeding rate Initial COD Hydraulic retention time

(keCOD/m’.day ) (/L) (day)

T1 1.00 (no recirculation) 83.32 25.00

T2 0.25 (recirculation) 104.51 125.41

T3 0.50 (recirculation) 98.97 59.38

T4 1.00 (recirculation) 82.23 24.67

T5 2.00 (recirculation) 74.48 11.17

T6 3.00 (recirculation) 62.45 6.25

nan1s3IvBuazafusIena
wansmaaasdl 1 Anenwlunisuanineiimuveaavaivisuaznglag
nnmsAnwdneanlumsndnfeiinuvesavemnsuaznglaaildlunsmaasady
van 67 Tu wudiluseey 30 Juusnvasmisndn dnsimswaniedininseiuveave ey
Tut4 0.00-0.08 m /kgCOD day Turmziinglaadslfiiusmaasuanuioshweadedsdundn
BT mlé 000040 m’/keCOD.day n§wniudnsmskanfedimuemia 2 faegas i
Unaifitfenannuaraoutisnsiisouniuil 49 Svduaansruiuniandn esntaghuildlu

nszviunsudngniduniddesaangliaulndvun dasinsudniedinmuazingdinusiety

vosiegruavasiarnglaalanansllunnd 2 (Fisure 2)

Daily biogas yield (m®/kgCOD.day)
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0.45
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04 e Methane of glucose
0.35 ﬁ Methane of food waste
03 | | s %
0.25 \ /
0.2 \ -
0.15

0.1
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(m>/kgCOD)
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Figure 2 Daily biogas yield of the digested food waste and glucose
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Figure 3 Daily biogas compositions of the digested food waste and glucose
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Widuiszuunsndndianududvinesgumnsauiunsasayiulavesgdunss (Angelidaki
& Sanders, 2004; Mccarty, 1964) Faiulaldinsvuvasligndudanisgesaaieduiiiosain pH

viseanuduivduilaminnsasauuad VFA

Food waste accumulated biogas yield (m?/kgCOD)

1.10
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Day
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Figure 4 Accumulated biogas yield of the digested food waste

Table 5 Biogas and methane production potential of the food waste and glucose

(mean + S.D.)

Sample Accumulated yield (m3/kgCOD) Digestion efficiency
Methane Biogas (% as COD feed)
Seed 1.7x10°5x10 " 2.7x10"'+1.2x10” -
Glucose 2.86+0.34 5.82+0.12 98.3+0.60
Food waste 0.545+0.47 0.984+0.05 97.1+0.55

Table 6 Biogas compositions of the digested samples and conductivity/ alkalinity of

the effluents at the end of the experiment (mean + S.D.)

Sample % CH4 % CO, % Air pH Alkalinity (gCaCO4/L)
Seed 12.2+0.40 4.1+0.18 83.7+0.55  8.0+0.11 5.31+0.42
Glucose 49.2+0.47 21.0+0.17 29.8+0.40  7.4+0.20 5.26+0.35
Food waste 55.4+0.34 19.6+0.12 25.0£0.45  7.3x0.27 5.78+0.39
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Table 7 Effects of food waste feeding rate on biogas production in each treatment (mean + S.D.)

Treatment  Biogas yield Methane Methane yield Accumulated Digestion efficiency

(mz/kgCOD) content (%) (ms/kgCOD) biogas yield (m (% as COD feed)

T1 0.56+0.02 57+0.06 0.32+0.01 0.168+0.003 84.2+0.35
T2 0.87+0.05 58+0.05 0.51+0.01 0.065+0.005 96.7+0.42
T3 0.82+0.05 58+0.07 0.48+0.008 0.123+0.004 94.8+0.48
T4 0.74+0.06 57+0.04 0.42+0.006 0.221+0.006 86.6+0.65
T5 0.68+0.05 57+0.06 0.39+0.01 0.408+0.005 83.4+0.72
T6 0.07+0.006 0.27+0.01 - 0.019+0.003 42.5+0.36

Daily biogas yield (m*/kgCOD.day)

0.012
|—@— T1 (non recirculated)
—m— 72 (0.25 keCOD/m3.day)
0.01
|e—@— T3 (0.5 kgCOD/m3.day)
|—— T4 (1 kgCOD/m3.day)
0.008
[
S
% 0.006
-
E
0.004
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e P D U U -

1 357 91113151719212325272931333537394143454749 5153555759
Day

Figure 5 Daily biogas yield of the digested food waste in each treatment

Accumulated biogas yield (m?)
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Figure 6 Accumulated biogas yield of the digested food waste in each treatment
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Table 8 Acidity and alkalinity of the effluents in each treatment at the end of the

experiment (mean+S.D.)

Alkalinity VFA COD
Treatment pH VFA/Alkalinity

(gCaCO4/L) (g/L) (g/L)

T1 7.72+0.04 7.64+0.07 2.13+0.07 13.16+0.08 0.28

T2 7.74+0.06 8.17+0.09 1.54+0.04 3.45+0.07 0.19

T3 7.74+0.03 8.35+0.07 1.60+0.06 5.15+0.05 0.19

T4 7.72+0.05 7.83+0.06 1.62+0.05 11.02+0.06 0.21

T5 7.46+0.05 5.36+0.06 1.67+0.04 12.36+0.08 0.31

T6 5.2+0.03 2.89+0.04 3.89+0.06 35.91+0.34 1.35
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