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Effect of Fermentation Temperature and Total Solid Concentration on
Anaerobic Biogas Production Efficiency of Cattle Manure
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Abstract: Anaerobic fermentation of cattle manure is a key route for pollution control and resource—energy utilization
processing in the livestock sector. To clarify the techno—economics of cattle manure concentration and anaerobic treatments
under different breeding technology, in this study, four total-solid(TS) concentrations of 2%, 5%, 7.5%, and 10% and four
fermentation temperature of 25 °C, 30 ‘C, 38 °C, and 45 °C were set, anaerobic fermentation tests with different total-solid(TS)
concentrations and fermentation temperature were conducted, fermentation parameters were optimized combined with the
modified Gompertz model and two-way ANOVA. The results showed that the cumulative biogas production of 7.5% and 10%
of TS concentrations at 45 “C was significantly increased. Biogas yield of 7.5% of TS concentration at 45 °C was higher by
24.13% than that at 38 °C. Owing to substrate competition inhibition at 2% of TS concentration, the fermentation temperature
showed no significant effect on biogas production efficiency. The modified Gompertz model indicated that time to 90% of
ultimate production(T90) at 45 °C was 5-19 day shorter than that at 25 °C, but it was extended to 16 day when TS=10%
because of mass—transfer resistance. In conclusion, medium or high temperature fermentation of 40-45 °C was recommend for
high TS concentrations(7.5-10%) with hydraulic retention time of 14-16 day, combined with intensive mixing and digestate

recycle. Operation of 35-38 ‘C was recommend for medium or low TS concentrations(2-5%) to optimize energy efficiency.
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Aiming at the technology differences between dry cleaning of manure(TS concentration™20%) and water flushing of manure

(TS concentration<_3%) in large-scale engineering, a suitable solution was proposed: for dry cleaning of manure, a technology

of anaerobic fermentation first then separation of manure was adopted to accomplish the resource utilization of biogas residue,

and for water flushing of manure, a pre-separation technology of manure was adopted to accomplish the digestion of biogas

slurry in farmland.

Keywords: cattle manure; resource and energy utilization; anaerobic fermentation; Gompertz model; fermentation tem-

perature; total solid concentration; biogas production efficiency
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Tab.1 Physicochemical properties of cattle manure and inoculums

pYR S e 15 /0 e 10

Mt?[jjial TSchoﬁc};rit/rﬁion VSvcboﬁcEt/réfion pH NH; N/(mg/L)  TP/(mg/L) VFA/(mg/L)
R Vaccination solution 2.74 1.46 7.4 734 215 335
428K Cattle manure liquid 1.96 1.36 7.8 873 658 542
42 Cattle manure residue 26.96 24.61 7.5

1.2 REFH*E

e R R SN S s RS T
N RHEK R e T, b, R
P (o A 500 mL )™ HJR, AR AU R A KO 3
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1.Constant temperature water bath; 2. Fermentation bottle; 3.Gas collecting pipe;

4. Gas collecting bottle; 5. Water drain pipe; 6.Water collecting bottle
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Fig.1 Test device
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Tab.2 Test design parameter

omenionten- | TSRIECC K G SRR
perature TS concentration Cattle manure residue Cattle manure liquid Vaccination solution tity Sample number
25 2 16.32 183.68 200 400 3
5 64.32 135.68 200 400 3
7.5 104.32 95.68 200 400 3
10 144.32 55.68 200 400 3
30 2 16.32 183.68 200 400 3
5 64.32 135.68 200 400 3
7.5 104.32 95.68 200 400 3
10 144.32 55.68 200 400 3
38 2 16.32 183.68 200 400 3
5 64.32 135.68 200 400 3
7.5 104.32 95.68 200 400 3
10 144.32 55.68 200 400 3
45 2 16.32 183.68 200 400 3
5 64.32 135.68 200 400 3
7.5 104.32 95.68 200 400 3
10 144.32 55.68 200 400 3
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Fig.2 Daily gas production of cattle manure of different TS concentrations at different temperature
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Fig.4 Modified Gompertz simulation fitting curve
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Tab.3 Simulation fitting parameter of fermentation time T,, of different treatment groups and modified Gompertz

TS/ % Tl /C

TS concentration Fermentation temperature Po/ml R,/ml. A K Too/d
2 45 465.2+3.4 71.1£4.3 3.6+0.2 0.986 6 11
38 424.8+0.7 74.3+1.2 1.14+0.1 0.998 6 8
30 227.34+1.7 22.241.0 1.940.3 0.987 8 16
25 90.1+£0.7 9.6+0.5 5.7+£0.2 0.9915 16
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Tab.3(Continued) Simulation fitting parameter of fermentation time T,, of different

treatment groups and modified Gompertz

e i /0 S B RE /2O
'I‘STj)ﬁixm/ra/:ion Fermeizf(i?irilr(;erature Po/mlL Ry/ml. A R’ Too/d

5 45 2720.04+4.0 349.8+3.8 4.0+0.1 0.999 5 14
38 2118.24+7.1 267.2+£6.7 2.9£0.1 0.997 2 13
30 1433.3£5.7 119.64+2.5 3.240.1 0.997 7 17
25 373.2£9.9 19.44+1.3 6.8£0.6 0.977 2 25
7.5 45 4225.2+6.1 548.3+5.9 3.9+0.1 0.999 5 14
38 3391.448.6 332.0£5.1 3.2+0.1 0.998 9 17
30 1987.3£13.2 154.04+4.9 3.7+£0.2 0.994 7 18
25 1424.9+30.1 42.9+0.7 7.0+0.2 0.997 6 33
10 45 5540.6411.9 606.3£8.5 3.9+0.1 0.999 2 16
38 5273.949.2 473.9+4.6 3.540.1 0.999 5 18
30 2841.7423.3 189.746.4 3.3+£0.3 0.993 5 19
25 1803.6+£58.2 42.5£0.6 5.4+0.2 0.997 1 35

T Too AR 77 A K S 5 900 FT il 1y I [a]

Note: Ty, was time required for the accumulated gas production of materials to reach 90% of the total production.
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