202344 A &k LAk 2= i 554 % 5 4 W

doi:10.6041/j. issn. 1000-1298.2023. 04. 039

TEREAXEREFR T TR X BERMES N HZHR

xR RIK HERT 5 OR xEpEt Ted'?
(L. o A B2 B R4 15 54 22 R S7, L3 1000814
2. A AR Al 5 T 59805 , L3 100081
3. A AR B AL 5 B A R R 3R BBFSET , E50 100125 4. AT A — 7R B A% T BB, KUK 163319)

FEE : TR IREUR B 32 5 ROl R A I 70 b R K BRI = G R I B R 2 — o SEni B Sz B AR ™ H be ik
%1[&44:&1@%%&@%&% BT M AR W T R R AR R T Rk R T MM 88, =
e R A5 31 k3 — A5 4 v IR e A 1) S R g R B i, R O Ik T B G R B R IE BR AR O A G
PR AL B SR L %ﬁfﬁTFﬁn&% it K S B g b O S T TR B B R AL R R T R AE S N O R,
T T SCBRIBATR0R . 45 53R B 0] S AR 0 1k 1 AL B 3 B T 26 4 38 47 R I, LA S TR) 25 T TR Y B e AR R R
4 10 L/min, 8 BUEREF 1. 20 m*/(m’ -d) . YPRLAESS 40 /NI THE T 42°C 445 2 YRR S B R i< A
B HE 5 45.54% \32.46% 1 52.06% o [R5 WTHRALHE T YRS IR T e RO P 2 S R B R | T IRAL RO A
ML I VAR B 3 T4 735 59. 83% ,50. 69% F1 20. 85% , Wkl r= S0 J1 485 34. 9% o M T UMM LR UK S K
TR PR 5% R A8 Ak 1 A DG, & AU 480 T3 9 B LA W TR) A Y 1 ) B AR ) SBR1031 , Synergistales #1 Gaiellales
F R 57.67% 15.88% F1 68.59% .,

KR RAWRMETY; THRIRERR; MIFE; KB &; MUEDRE
hESEE: XT6 ZERARIRED . A X E S 1000-1298 (2023 )04-0376-10 osID. &

Synchronous Heating Fermentation and Micro-ecological
Network of Dry Anaerobic Fermentation Equipment

YI Rui' ZHAO Lixin"®>  YAO Zonglu'? FENG Jing® LIU Xinxin® YU Jiadong'’

(1. Institute of Agricultural Environment and Sustainable Development, Chinese Academy of Agricultural Sciences, Beijing 100081, China
2. Key Laboratory of Low-carbon Green Agriculture in North China, Ministry of Agriculture and Rural Affairs, Beijing 100081, China
3. Institute of Rural Energy and Environmental Protection, Ministry of Agriculture and Rural Affairs, Betjing 100125, China
4. College of Engineering, Heilongjiang Bayi Agricultural University, Daqging 163319, China)

Abstract; Dry anaerobic fermentation is one of the important technologies to improve the efficiency of
agricultural and rural waste treatment and resource recycling. Previously, due to the problems of low
methane production efficiency and uneven mass and heat transfer of this technology, the micro-aerobic
synchronous pre-heating dry fermentation technology was proposed, supporting equipment was designed,
and pilot and pilot tests were carried out, and the methane production efficiency was improved. In order
to further improve the practical application quality of amplification equipment, based on the optimization
of key components such as sealing, feed inlet and outlet, and spray circulation system of fermentation
equipment, the optimal aeration rate and the material transformation characteristics of micro-aerobic pre-
heating stage in practical application were further explored, the relationship between microbial ecological
network was revealed, and the actual operation effect was evaluated. The results showed that the
optimization of key components significantly improved the operational stability of the equipment. The
optimal aeration rate was 10 L/min and the volume gas production rate reached 1.20 m’/(m’-d) in the
micro-aerobic synchronous pre-heating stage. At the 40th hour, the material temperature of each layer in
the aerated group was increased by 45.54% , 32.46% and 52.06% compared with that in the non-
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aerated group. The simultaneous pre-heating promoted the degradation of cellulose and hemicellulose in

each layer of the material, improved the acidification efficiency, and increased the concentration of
organic acids by 59.83% , 50.69% and 20.85% , respectively. The gas production potential of the

material was increased by 34.9% . The relationship between microbial network and changes in

fermentation environmental factors was investigated.

It was found that the abundance of SBR1031,

Synergistales and Gaiellales, which had synergistic effects in micro-aerobic pre-heating stage, were
increased by 57.67% , 15.88% and 68.59% , respectively.

Key words: agricultural and rural waste; dry anaerobic fermentation; micro aerobic; fermentation

equipment; microbiome
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pre-heating stage
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B " SBR1031
- - SN2 W Synergistales

W Cloacimonadales

Dethiobacterales
W Gaiellales
W Gracilibacieraceae
W Syntrophales

W Caldisericales
W Candidatus_Pacebacteria
M Kosmotogales
W Bergeyella
B Candiatus_Falkowbacteria
W Aminicenantales
W Babeliales
W Candidatus_Moranbacteria
Syntrophobacterales
B Candidatus_Peregrinibacteria
W Candidarus_Collverbacteria
W Candidatus_Shapirobacteria
W DTU014
W Desulfuribacillis
W PeM15
W RBG-13-54-9
B Nannocystales
W Fonticella
Thauera
Endomicrobiales
Pseudohongiella
W Subgroup_71
Sumerlaeales
B Pedosphaerales
M Paenochrabactrum
B Coxiellales

L%

8 Porapedobacier
Aeriscardovia

A4 A5 A6 AT amaricoccus
%HT??

K9 RHE AU Z AT BT

Fig.9  Analysis of key microbial diversity

AW E W] BAK T AL R AS ~ A7, 43 0 B I
19.05% Fi1 46.88% , A2 ~ A4 [ SBR1031,
Synergistales I Gaiellales - JE 5 I B, 38 A5 ~ A7
o B OE 57.67% . 15.88% 1 68.59% ;

0



5% 4 1)

ARE AF TR S WS 5 (R 20 T IR A e B A 25 248 B 5 383

Cloacimonadales Fl1 Dethiobacterales & B %% A5 ~ A7
G 0 B A% 64.93% FI 26.18% , SCHk [ 36 4 H,
SBR1031 ELAT W] gt R 4r T A LWl by T 1 W) e fi
1 /NGy T A I B T BE, Xt i 47 4 R — & 10
PR FEAE ] 5 Synergistales Sy H 3% 16 H , w] 3l o 15 74 &
FiR T K% fi 42 ik 77 e ' H SBR1031 5 Synergistales
I Gaiellales 73 547 AE 3. IEAH % (P <0.05,R >
0.8), BAUFEIL AN . Bl A BT By Bol —
R CEE T A W 2 B AL B, Wl T Cloacimonadales
1 Dethiobacterales K VK TARER M2 E T
BA 0y [6) VB9 &% O Bl A W 21 4 R B T
SBR1031 .J= R & Synergistales #1 Gaiellales [f) 3 J& ,
AW WL (LT 4 R & i 02 AL Wik B, Tl s 46 1
THER WY B AE i T 21 4E 3R 27 28 3R 1 ek, sk 1A
BLIR A= 1, Ry 7= B Be S B B8 22 8 v (8] 7 4, 4 sy R
By A AR, A — SO, IR T G R
o [¥) Candidatus _ Shapirobacteria . Syntrophales Fl
Candidatus_Collierbacteria %5 , W] §& J& T I S 1 T+ IR
W B SR A, {EL 1 A B HC AR IR SRR AR R N
TN RE , i 5 B — L 5E
2.8.4  FREEDHF 5 OCH R W REVE TUAR A BT
P10 Ry BRIE A - 55 O B8 00 2 0 A AR B A
REGHE L, Hh a~c H—ZWRHiEr H )5 3
MM, COD VFA BY T AN 435l 75 W] ¥ P A7
PLY) ot e B AT ML o b e 32 L R e 7 o T EE VR
RUTUR W o BB US I g R PR AL A e
JE VR AR A LR ik R e R 2 A
1518 35 A G (P <0.05) o [l 3 B < Be il 2 19
Thim AR HERUA W A A B R T ORI AR R R AL
W2 Y e A R0, 0 e B A 28 PN T 3 PR AT BIL ) o
W R TR R A PILIR o vk R A B B R
Th, TS T T YRk 7 . Horb R R
N 2% # SBR1031 | Synergistales . Gaiellales 1 ¥ f¢ 7=
2 ) B AR 3 R AH G HE (P <0.05) 51 R BE X
SR g T e PR B 5 Synergistales | Gaiellales 22 [8]
FETENL 2 IEAHE (P <0.05) , 5 SBR1031 £ i H
1, 3 H SBR1031 . Synergistales . Gaiellales 7T W=,
SR g v A B 1 e T R BB AR BE  , HE  A AR
T it 20 DGk Bk A A v 2L, 8 o O B AR
Py 1) oy [ 3 2, J2 el o e A 280 5 R0 4 v 1 e
PR I KB R

3 #ig

(1) X 2 B aa A7 10 % 5 L 2E HURE TR 88 A 21

bbb
® Ala
Gaiellales b cter ® A2h
SBR1031 BY =+ i ® A
7+ " K  Gracilibacteraceae ® A3a
Candidatus A Pacebacteria N A3b
Synergistales e Syntrophales . T A3c
Caldfsericales ® Ada
A4b
L Ade

RDA2(3.37%)
=

-5 VFA |
s(‘,%)])
=T 5 0 5
RDA1(95.76%)
(a) BES RN
| oT

kS
® ASa
® ASb
® ASc
Gracilibacteraceae ® Aba
SBR1O3L -+ A6b
G ! Det]ziabactem?ss Abe
isericales ® A7a
A7b
Ade

RDA2(25.60% )

RDA1(71.46%)
(b) RIS R #%

K10 FEEH S5 HUZEY RDA 2547 &
Fig. 10 RDA analysis of environmental factors

and microorganisms

RGHATOAL , AT I35 4 v R B A 1 as AT AR E

(2) Wy S T il e 0 g <R 10 L/min,
PR AOREE) 1,20 m*/ (m’ - d) 5 B R TRUTHR
OrBC# 40 /i 45 2 R 8 T Ok I BT A I R
420, HAJZ IR 2), 257/ 1°C,

(3) Tl S 10 T L B Be 072 1 W Rk 0 34 R
PE, AT A ALY SR O o i B 30.9%
47.99% F 34.17% 5 A1 B BR ot 42 #e J&E 73 %) $2 &5
59.83% .50. 69% F1 20. 85% ; fi¢ ik 1 T 4t % A1 £F
YR BB AR 5 bR T DR AR T8 Y K A TR AL AR kL
R AR 34.9% .

(4) Tk S TUTH i B ROk 72 T A P R e T LA
KA AL 2 o 5 ) 4% 5C 2R 1 472 4l 1R Gl S 730 T
e B B oy W AE M 8 &A= ¥ SBR1031
Synergistales 1 Gaiellales, F & £ 5 57.67% .
15. 88% A1l 68. 59% , Jhy Jai £ 7 B e 48 {3t L i

(5) Pl A BT B oA 1 oA Wi Vs, 1R R
i SBR1031 . Synergistales | Gaiellales 1} [F] YE FH T , 2
T YRR R AL IR T A DR B B AL R BT T
Prbm < 1



384

PSS A1 M | = O 14 2023 4

[6]

[7]

[11]

[12]

[14]

[15]

& % x Wt

ABDELSALAM E M, SAMER M, AMER M A, et al. Biogas production using dry fermentation technology through co-digestion
of manure and agricultural wastes[ J]. Environment, Development and Sustainability, 2021,23.8746 - 8757.
CAO Y, PAWLOWSKI A. Sewage sludge-to-energy approaches based on anaero-bic digestion and pyrolysis: brief overview and
energy efficiency assessment[ J]. Renew. Sustain Energy. Rev. ,2012,16(3) :1657 - 1665.
BOLZONELLA D, INNOCENTI L, PAVAN P, et al. Semi-dry thermo-philic anaerobic digestion of the organic fraction of
municipal solid waste : focusing on the start-up phase[ J]. Bioresour. Technol. , 2003,86(2) :123 - 129.
WANG L, CAO Z, ZOU J, et al. Urea-pretreated corn stover: physicochemical characteristics, delignification kinetics, and
methane production[ J]. Bioresour. Technol. , 2020,306(3) :123097.
TS, Bk, WAL FHRABHFERSGRAT KBS REY A LB ERELT] R TR, 2019,
35(20) :228 - 234.
YU Jiadong, ZHAO Lixin, FENG Jing, et al. Physicochemical and percolating characteristics of sequencing batch dry anaerobic
digestion of straw-cow manure mixture[ J|. Transactions of the CSAE, 2019, 35(20) :228 —234. (in Chinese)
XU X, SUN Y, SUN Y, et al. Bioaugmentation improves batch psychrophilic anaerobic co-digestion of cattle manure and corn
straw[ J |. Bioresour. Technol. , 2022, 343.126118.
GAO B, WANG Y, HUANG L, et al. Study on the performance of HNO,-modified biochar for enhanced medium temperature
anaerobic digestion of food waste[ J|. Waste Management, 2021, 135 338 —346.
KAINTHOLA J, KALAMDHAD A S, GOUD V V. A review on enhanced biogas production from anaerobic digestion of
lignocellulosic biomass by different enhancement techniques[ J]. Process Biochemistry, 2019, 84:81 -90.
AR T AL RS AL B A R e (] B A AR, 2022(2) :30.
HUANG Weizhao. Pilot study on the treatment of kitchen waste by dry semi-continuous anaerobic digestion[ J]. Environmental
Health Engineering, 2022(2) : 30. (in Chinese)
SS A, CFMA B, DD A. Anaerobic fermentation for the production of short chain organic acids; product concentration, yield
and productivity in batch experiments at high feed concentration[ J]. Journal of Environmental Chemical Engineering, 2021,
9(5):106311.
AR T R K T S i P IR 3 7 A A S AL FRF S [ D] 3 1 3 g K% ,2018.
GONG Fei. Research on the change law and simulation of temperature field in dry anaerobic fermentation reactor[ D]. Haikou:
Hainan University, 2018. (in Chinese)
TAEDD, X LR, TR R TR A P A UR A T R BERAE LT ] Aol TR2444H% ,2020,36(10) 213 -219.
YU Jiadong, LIU Xinxin, ZHAO Lixin, et al. Characteristics of sequencing batch anaerobic dry fermentation based on micro
aerobic simultaneous warming[ J]. Transactions of the CSAE, 2020,36(10) : 213 —219. (in Chinese)
SRR, A BT R S U TR IR A I T R W B B S N T[T ] Al BLA A ,2021,52(9) 1346 - 354.
GUO Zhanbin, YI Rui, ZHAO Lixin, et al. Design and application of micro aerobic pre-heating sequencing batch dry
fermentation device[ J |. Transactions of the Chinese Society for Agricultural Machinery, 2021,52 (9):346 — 354. (in
Chinese)
TROCAE B LA, Mk, A M Y 3 8 JE DR AR R ) W Be T ) i SR LT ] R0l TR 24,2021 ,37 (14) 2228 - 234,
XU Wengian, DONG Hongmin, SHANG Bin, et al. Experiment and calculation of methane production potential by anaerobic
fermentation of typical livestock and poultry manure[ J]. Transactions of the CSAE, 2021,37(14) . 228 —234. (in Chinese)
YU J, ZHAO L, FENG ], et al. Sequencing batch dry anaerobic digestion of mixed feedstock regulating strategies for methane
production ; multi-factor interactions among biotic and abiotic characteristics[ J]. Bioresour. Technol. , 2019, 284(5) :276 - 285.
STRAZZERA G, BATTISTA F, ANDREOLLI M, et al. Influence of different household food wastes fractions on volatile fatty
acids production by anaerobic fermentation[ J]. Bioresour. Technolo. , 2021, 335(4) :125289.
YIN D M, MAHBOUBI A, WAINAINA S, et al. The effect of mono- and multiple fermentation parameters on volatile fatty
acids (VFAs) production from chicken manure via anaerobic digestion[ J]. Bioresour. Technol. , 2021, 330(5) :124992.
GUO H, ZHANG M, CHEN Z, et al. The metabolic process of methane production by combined fermentation of coal and corn
straw[ J|. Bioresour. Technol. , 2021,337(7) :125437.
ZHOU X, LU Y, HUANG L, et al. Effect of pH on volatile fatty acid production and the microbial community during
anaerobic digestion of Chinese cabbage waste[ J]. Bioresour. Technol. , 2021, 336(6) :125338.
ZITOMER D H, SHROUT J D. Feasibility and benefits of methanogenesis under oxygen-limited conditions [ J]. Waste
Management, 1998, 18(2) :107 - 116.
PENG X, ZHANG S, LI L, et al. Long-term high-solids anaerobic digestion of food waste: effects ofammonia on process
performance and microbial community[ J]. Bioresour. Technol. , 2018, 262(2) . 148 —158.
WANG C, ZHANG ], HU F, et al. Bio-pretreatment promote hydrolysis and acidification of oilseed rape straw: roles of
fermentation broth and micro-oxygen[ J]. Bioresour. Technol. , 2020, 308(20) :123272.
TIZAZU B Z, MOHOLKAR V S. Kinetic and thermodynamic analysis of dilute acid hydrolysis of sugarcane bagasse[]J].
Bioresour. Technol. , 2018,250(1) :197 -203.
NGUYEN D, WU Z, SHRESTHA S, et al. Intermittent micro-aeration: new strategy to control volatile fatty acid accumulation



5% 4 1)

B AF . TR IR S W A [R) 25 T IR A e B A 25 2% B 5 385

[30]

[31]

[32]

[33]

[34]

[35]

[36]

in high organic loading anaerobic digestion[ J]. Water Research, 2019, 166:115080.

RUAN D, ZHOU Z, PANG H, et al. Enhancing methane production of anaerobic sludge digestion by microaeration: enzyme
activity stimulation, semi-continuous reactor validation and microbial community analysis[J]. Bioresour. Technol. , 2019,
289(2) :121643.

ZHU M, LUE F, HAO L P, et al. Regulating the hydrolysis of organic wastes by micro-aeration and effluent recirculation[ J].
Waste Management, 2009, 29(7) :2042 - 2050.

LAY JJ, LIY Y, NOIKE T, et al. Analysis of environmental factors affecting methane production from high-solids organic
waste[ J]. Water Science and Technology, 1997, 36(6 —7) :493 - 500.

LANZILLI M, N ESERCIZIO, VASTANO M, et al. Effect of cultivation parameters on fermentation and hydrogen production
in the phylum thermotogae[ J]. International Journal of Molecular Sciences, 2020,22(1) :341.

KANNAN A D, EVANS P, PARAMESWARAN P. Long-term microbial community dynamics in a pilot-scale gas sparged
anaerobic membrane bioreactor treating municipal wastewater under seasonal variations [ J]. Bioresour. Technol. , 2020,
310(8) :123425.

ZHANG D,YANG H,LAN S, et al. Evolution of urban black and odorous water: the characteristics of microbial community and
driving-factors[ J]. Journal of Environmental Sciences, 2022, 112:94 —105.

HE P, LIU W, QIU J, et al. Improvement criteria for different advanced technologies towards bio-stabilized leachate based on
molecular subcategories of DOM[J]. Journal of Hazardous Materials, 2021, 414.125463.

FIRYE R, R A AN 2R AR A0 SR SRR K AR T R VE AR AR T ] AR ROR 41 ,2020,36(2) 1126 - 133.
WANG Yongyan, ZHAO Binghe, LIANG Guangyu, et al. Community characteristics of cultured marine bacteria after using
probiotics in different seasons[ J]. Biotechnology Bulletin, 2020,36(2) : 126 —133. (in Chinese)

EL-FADEL M, SLEEM F, HASHISHO J, et al. Impact of SRT on the performance of MBRs for the treatment of high strength
landfill leachate[ J]. Waste Management, 2017, 73(2) :165 - 180.

HOU Fen, DU Junjie, YUAN Ye, et al. Analysis of microbial communities in aged refuse based on 16s sequencing[]J].
Sustainability, 2021, 13(8) . 4111.

QIAO L,YUAN Y,MEI C, et al. Reinforced nitrite supplement by cathode nitrate reduction with a bio-electrochemical system
coupled anammox reactor[ J]. Environmental Research, 2022, 204 .112051.

HUA D, FAN Q, ZHAO Y, et al. Comparison of methanogenic potential of wood vinegar with gradient loads in batch and

continuous anaerobic digestion and microbial community analysis[ J]. Science of the Total Environment, 2020, 739 139943.

(L#EE 346 1)

[20]

[21]
[22]

(23]
[24]

[25]

VOB A L, FISCHER-TENHAGEN C, BARTEL A, et al. Sensitivity and specificity of a tail-activity measuring device for
calving prediction in dairy cattle[ J]. Journal of Dairy Science, 2021, 104(3) : 3353 - 3363.

2R LoRa #yIk  f5 £ AR [ M. 85 3 48 s AL, 2021.

KRIEGER S, SATTLECKER G, KICKINGER F, et al. Prediction of calving in dairy cows using a tail-mounted tri-axial
accelerometer: a pilot study[ J]. Biosystems Engineering, 2018, 173(1): 79 - 84.

VAPNIK V N. The nature of statistical learning theory[ M]. New York: Springer, 1995.

I AR A, XM , REAT . W3 A TR AR AR s 5SS e R g i i+ 50 [T ] fOl HLBR A4 2018 ,49(12) 195 - 202.

HE Dongjian, LIU Chang, XIONG Hongting. Design and experiment of implantable sensor and real-time detection system for
temperature monitoring of cow[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49 (12): 195 -
202. (in Chinese)

AR, T, AW AL R T IR N EOR AR pH AR B M RGBS [T]. RO HL A= 4R ,2022,53(2)
291 -298,308.

ZHAO Jizheng, ZHUANG Puning, SHI Fulei, et al. Design and experiment of rumen pH value and temperature monitoring
system for dairy cows based on Internet of things[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022,
53(2):291 —298,308. (in Chinese)

RVRWE 2T, B IS, 55 JE T 3043 SR R i A7 2 05 20 B AR IO AL [T ] Rk HLAR % 41 ,2020,51(8) :203 - 213.
SONG Huaibo, LI Zhenyu, LU Shuaichao, et al. Skeleton extraction model of walking dairy cows based on partial affinity field
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2020,51(8) :203 —213. (in Chinese)

LI Zhenyu, SONG Lei, DUAN Yuanchao, et al. Basic motion behaviour recognition of dairy cows based on skeleton and hybrid
convolution algorithms[ J]. Computers and Electronics in Agriculture, 2022, 196 106889.

GIARETTA E, MARLIANI G, POSTIGLIONE G, et al. Calving time identified by the automatic detection of tail movements

and rumination time, and observation of cow behavioural changes[ J]. Animal, 2021, 15(1) . 100071.



