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The Mass and Energy Balance Research on the Anaerobic Digestion of Duck Droppings
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Abstract : To investigate the fermentation features of duck droppings at different loading rates, a lab scale fermentation process for the anaer—
obic treatment of duck droppings was carried out with an integrated bio—reacor. The experiment set up three step—wisely increased loading
rates. The effects of volatile fatty acid ,total alkalinity, ammonia nitrogen, retention time and loading rates on fermentation process were
studied. With the mass balance equations, a theoretical yield of biogas(0.44 m*-kg™ TS) was achieved. At steady state, the yields of biogas
were found to be 0.29 d™', 0.17 d™, 0.06 d™', values for first order kinetics were obtained as 0.29 d™'.0.17 d™',0.06 d™" when loading rates
were set at 4.17 kg TS:m=-d"'(TS=5% ), 8.33 kg TS-m=-d'(TS=10% ), 12.5 kg TS-m=-d"'(TS=15% ), respectively. According to the
energy value analysis, 45.36% heat value from duck droppings were converted to methane, 47.05% to residues and 7.6% were lost as waste
heat when loading rate was set at 8.33 kg TS-m™-d™". The research shows that the optimal loading rate and retention time can be obtained
when biogas yield is equivalent to 60%~70% of the theoretical biogas yield. The present research achievements can apply for dimensioning
completely stirred tank reactors digestion organic wastes from food processing industries, animal waste slurries or biogas crops.
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Table 1 Physico—chemical properties of duck manure

WA c/ H/ N/ S/ o/
T, % TH,% TH,% TH,% TH,% T %

4312 2796 1873 302 2.00 1.05 0.37
T TTR T I EE AU LU TR (T FEEA TR Pt

1.1.2 259

Sk FH RN R DAAUBRL TS U, S SR A
PORLR , R ARG, 15 IR 1~3 mm, {5 U8 HLH]
Je TR N % B, BT UK (4 O 5T
TRHTP A, 76 RS ARAE & PR T5 TR FIJE 5 728 1Rk S8
FURGHAG AR %5, BT 35 ClE AR
Ytk —JH .
12 XWEE

SCIAE N E LK 1. DR N A A SR
24 L (AN ANTENR 480 K o 3R 490 R DR AU e /K 3
i ARG R T B 2 A R R AT 2
HEARL, RO R HE . BRSNS A7 H 44
22, R WER A, )P IR A2 St 47 T E 1A IR B A
(35+0.5)C. R R AL E T il 55 25,
i PLC SERHE R4 i i AR, 1 A 8 it

/%

WA, WEAEIE

L L~

B 1 KRR

Figure 1 Schematic diagram of the experiment reactor
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Table 2 Experiment parameters

AHLTTT R */ H B/ HERNARE/ {5l

kg TS-m>-d”! kg-d™ TS, % d
4.17 2 5 12.5
8.33 2 10 12.5
12.5 2 15 12.5

T AL =0 H RS A R+ (AR 0.024 m?),
4.17 kg TS+ m>+d™" =0.1 kg-d™"+0.024 m’,
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Figure 2 Profiles of biogas production rate, OLR and methane

volume percentage
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Table 3 Biogas production at different operation parameters

BERHART R kg TS m+d™ GyRHATT /g d™ (RN HERDEER TS #EE/%  BL TS j7* L m’ kg™ TS

BRPERR M em=d? AT /mg - L

4.17 100 12.5 5
8.33 200 12.5 10
12.5 300 12.5 15

0.34+0.02 1.36+0.07 434.64+78.29
0.26+0.04 2.07+0.30 621.36+33.54
0.19+0.03 2.30+0.31 807.70+£61.04
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Figure 3 Profiles of OLR, TS concentration and TS removal rate
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Figure 4 VFA in the effluent of methane fermentation reactor
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Table 4 Variation of VFA concentration and total alkalinity

FHLG TR/ VFA 4 B Ho i fmg - L
kg TS-m™-d™ 7 iR ST ETH SR SR SRR JBREE TVFA/ALK
4.17 162.39+12.69 80.12+10.04 222.23+3.81 N/A 211.64+22.01 N/A 669.72+118.64 2 406.13+319.46 0.31

8.33 118.89+51.65  74.60+9.78

216.15+2.31 144.51+13.61 255.04+£3.79 172.03+ 6.28 981.22+87.43 3 542.38+393.96  0.32

12.5 450.07+8.70  171.38+85.08 301.55+44.48 218.98+20.41 358.77+£72.75 281.45+ 84.86 17 82.2+316.29 5 631.93+381.94 0.30
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Figure 7 Linear correlation between OLR and biogas yield
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