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1. Feeding port 2. Dehydrator 3. Crusher 4. Observation and sampling port
5. Fermentation tank 6. Guide roller 7. Gas flow meter 8. Blower 9. Digital
display screen 10. Deodorizer tank 11. Exhaust port 12. Induced draft fan
13. Condensing heat exchanger 14. Leachate collection tank 15. Reduction motor
16. Transmission chain 17. Discharge port 18. Aeration pipe
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Fig.1 Structural drawing of equipment
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Table 1 Main technical parameters of aerobic fermentation
equipment
24 Parameter H{H Value
LbFHRE /7 Processing capacity /(kg-d ') 0~7
5 K TH# Maximum power /kW 5.8
PPk Rotational speed /(r-min ") 5
i FEm) (] Stirring time/min IE#: 4 % 6 15 1E 240

HE/S & Aeration rate / (L-min ") 10
g S K [A] Aeration time /min Bi7 141 10
W B AR IZ AT IN 8]

N : . KRBT
Operation time of condensing heat exchanger /min sty

B REBEAA (T1): 50~55
B OREE (T2): 45~55
EEREEA (T3): 30~50
KRB (T4): 30~50

JNFAGRE Heating temperature /°C

J% % 53 Fermentation days /d 20
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Fig.2 Schematic diagram of the working process for kitchen waste
aerobic fermentation equipment
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a. Diagram of a single fermenter tank
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1. Second fermentation tank 2. Agitator shaft 3. Third fermentation tank
4. Impeller blades 5. Aeration pipe 6. Fourth fermentation tank 7. First
fermentation tank 8. Gear shaft (left) 9. Main shaft 10. Bearing housing
11. Gear shaft (right) 12. Packing flange 13. Packing material 14. Stuffing box
I HRREGEE, m: RKFECHE, m; LARBECKE, m.
Note: H is the height of the fermentation tank, m; R is the radius of the
fermentation tank, m; L is the length of the fermentation tank, m.
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Fig.3 Structure schematic diagram of fermentation tank
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Fig.4 Structure diagram of aeration system
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b. Equipment data monitoring interface
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a. Equipment parameter setting interface
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Fig.5 Equipment control system interface
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Table 2 Material Attribute Parameters

FiR AL woge B e

Materials Poisson’s ratio  Shear modulus/MPa ,}3/ Source
(kg'm )

B AR B —

Kitchen waste 0.33 5.5 800 RE

FNES .

Saw dust 0.5 0.55 400 FRiE
A 03 7.9 7800  SCHRPY

Stainless steel

®"3I EMSH

Table 3 Contact Parameters

BRI wemrn msmRn

fHE AR . Collision Static friction Coefficient of
Intercontact material recovery . . - .. Source
. coefficient rolling friction
coefficient
o A B 4 - T A b
Kitchen waste-kitchen 0.55 0.62 0.11 PR sE
waste
ENER N o
Saw dust-saw dust 04 0.6 02 brie
JEF AR BN
Kitchen waste-stainless 0.6 0.75 0.73 B sE
steel
- X —
KB AFHR 0.35 0.55 0.01 bRsE

Saw dust-stainless steel
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b. Simulation mixing completed
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a. Simulated feed completion
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Fig.6 Simulation mixing state before and after comparison
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Table 4 Physical and chemical properties of raw materials

P s
Jk pH & AL NT'MS ture Electrical
Materials pH value C/N ratio U conductivity/
content/% -1
(mS-cm ™)
5 R4
B R 43402 13.740.3 78+0.5 1.49+0.1
Kitchen waste
AKJE Sawdust 7.3+£0.2 68+2.0 7£0.1 3.65+0.3
VEL A |
A YR 5.740.2 2440.5 62+1.0 1.9+0.1

Mixed material
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B 7 AR BB EAA

Fig.7 Kitchen waste aerobic fermentation equipment prototype
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a. Mixing materials before fermentation b. Mixing materials after fermentation
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Fig.8 State comparison of materials before and after fermentation
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Fig.9 Variation trend of temperature and envrionment temperature
in different fermentation silos
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d. Change trend of NH; and
H,S concentration

c. Change trend of seed
germination index
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Fig.10 pH value, electrical conductivity, seed germination index,
NH? and H,S concentration change trend

H A B AR AR

AT S BT ARWAT W ARME CEFLIEREY (NY/T
525-2021), TEVEAS A HLUAE B4 S I, %o k5 A
APEFRAR 2 AN A S B T e . #E3E 5 AT, R
B HERE = 5 14 & DO TR AR I 75 & L AT WAzt CF
BUIERLY (NY/T 525-2021) HIESR, WFEEARTH A
FOMRES . FREERGTE. FRITE L
S s AT TR A

x5 HRBHRERS
Table 5 Other indexes of maturity

Wy

4.4.6

N - i |
&&"J *EA’}/T\ U\Jﬁvﬁ *T(E{H
L Test Standard
Detection index
value value
RSy i B 2 #1 Total nutrient mass fraction/% =6.08 =4.0
JAHi Total arsenic (As) / (mg-kg ) 0.3 <15
SR Total mercury (Hg) / (mg'kg™') 0.02 <2
S Total lead (Pb) / (mgkg ™) <2.0 <50
J447 Total cadmium (Cd) / (mg'kg ™) <0.5 <3
J% Total chromium (Cr) / (mgkg ") 146.6 <150
FEK G B 4L Number /o\f feilcal Escherichia coli 5 <100
groups/ (f~g )
i A G AE T E 100 >95
Number of roundworm egg deaths/%
TR R 208 _
Mass fraction of chloride ion/% §
AEM T . _

Weed seed activity/ (plant-kg ")

5 4

1) 1208 BOR We— RS 42 il —— IR tb SR e i [ g
BT T — T AR B2 Bt B R BRI SRR I A, (AR

B bR, PEmMEARE SRR, SEI TR A X B Ay
Bt AL FE L R R oK

2) ZWERBIN120L, WRALIRKEETIRN 7 kg/d
GEfiE), HEAEHN 10 L/min.

3) JREMERET E TS SRR WRNRE G S E
N 94%, PEFEEHIXTELEA R AT RS FIHEEEH .

4 HIFE KBRS, EFARE20d 5, H#
iR (55 °C) BPEIER] 5d, FhF K F a3 73%.
4R A DL RO R R RO T R B ORI E A
FVGIRA LR

(& & x W]
(11 #E e, BIRFR AR A LR Pk & 4 S HE RS B B A i 72
UM [D]. ERK: B, 2019.
YANG Chaoyuan. Effects of Additives on Humification
Process of Rural Organic Waste Combined Aerobic Compost [D].
Chongqing: Chongqing University, 2019. (in Chinese with
English abstract)

2] #i&, MRS, &, & REMHRRELEIVERY
A SEBUIR B TS [J]. BB R A3, 2017, 39(2): 453-9.
LI Kui, YANG Qizhi, LEI Chaoliang, et al. Current situation
and prospect of using insects to transform organic waste in
Chinal[J]. Chinese Journal of Environmental Entomology, 2017,
39(2): 453-9. (in Chinese with English abstract)

(3] RUHERE. “=REEE” WU R AR AT R a B R 85 K A4
HAEHTTE— LA T WA BN [D). Jot: 1TFIR%Y:, 2023.
LIU Yanping. The Dilemma of Rural Domestic Waste
Management From the Perspective of "Three Circles Theory"
and Study on the Optimization Path-take Huxi Town of
Zhejiang Province as an Example [D]. Wuxi: Jiangnan
University, 2023. (in Chinese with English abstract)

[4] SRALSE, MG, ME2E, % FREEREHEIIES

AR AR S [T]. BRSS9k, 2024, 26(6):
159-169.
QIANG Jingwen, WANG Wanging, TANG Manyu, et al.
Effects of anaerobic digestion of kitchen waste on biogas
microorganisms and environment[J]. Journal of Agricultural
Science and Technology, 2024, 26(6): 159-169. (in Chinese
with English abstract)

(5] %%, AR, (a6, 5. MANRE VIR i B i
HHEREA DAL KRN (1], sPEFR SR, 2024, 1-10.
HE Yingying, MIN Bolin, XIANG Yuankun, et al. Effect of
extracellular polymers on organic matter conversion during
electric  field-assisted China
Environmental Science, 2024, 1-10. (in Chinese with English
abstract)

(6] M, BRAS, TAis, S5 RME TV B A b HE AT T
FEAL S0 55 R ) SRS AL AI[D]. Aol TRE 2R, 2023,
39(13): 191-201.

SHI Tong, CHEN lJie, QI Chuanren, et al. Effects of

agricultural and forestry wastes on humification and its

aerobic composting [J].

microbiallydriven mechanisms in kitchen waste composting[J].

Transactions of the Chinese Society of Agricultural


https://doi.org/10.11975/j.issn.1002-6819.202304156
https://doi.org/10.11975/j.issn.1002-6819.202304156

226

Flk T2 (http://www.tcsae.org)

2024 4

(7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Engineering (Transactions of the CSAE), 2023, 39(13): 191-201.
(in Chinese with English abstract)

WROCHE, XK, o S8, A, A W TR JB A I M
JE R 2 AR IR R IR [D]. Al TR 244, 2022, 38(23):
181-187.

CHEN Wenxu, LIU Yifei, JIANG Sinan, et al. Mitigation
Effects of Microbial Agents on Greenhouse Gas Emissions
From Kitchen Waste Composting[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2022, 38(23): 181-187. (in Chinese with English
abstract)

AR 2 @R ENTIRCA VR COT#E— 2 ik
AR G by SR RS A B AR R B B R Y )] LAR R
prdELL, 2022, (6): 13,7.

TR R BN AR R R A0 SR AL B Y 2 (],
AR TAEET, 2021(24): 54.

TINBER A A2 35 457 3 WAL I A A 2R W B R M AR N
JEIEE— (RTINS A TE S RS b B AR R
VBRI A1) AL [EB/OL].2022-05-29. https://www.gov.
cn/zhengce/202212/content 6715635.htm.

MO J, XIN L, ZHAO C, et al. Reducing nitrogen loss during
kitchen waste composting using a bioaugmented mechanical
process with low pH and enhanced ammonia assimilation[J].
Bioresour Technol, 2023, 372: 200-207.

ARSLHE, R, BEEAK, SECRE 2 UE 5 JE BRI
Ak -5 A 1 AR RUBH O 5 HENE B AR B TRE[T]. #1581
A TRE, 2022, 30(2): 107-109.

REK, REH, R RN BK B e HEAE AR Y
WAH[I]. & S5HU, 2018, 34(9): 121-125.

YU Peibin, CHEN lJianxin, LI Yanwu. Design of a Domestic
Small Solar Composting Box[J]. Food and Machinery, 2018,
34(9): 121-125. (in Chinese with English abstract)

SAKARIKA M, SPILLER M , BAETENS R, et al. Proof of
concept of high-rate decentralized pre-composting of kitchen
waste: Optimizing design and operationof a novel drum reactor
[J]. Waste Management, 2019, 91: 20-32.

RUBEA, ZHiGE, FlEk, . ARG IR EFY
AR M T R OS2 (0], Ak TR 224, 2023,
39(15): 208-216.

LIU Yingjie, LI Wanting, WANG Haihou, et al. Effects of
sawdust addition on bio-drying efficiency and Dbacterial
community of food waste [J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the CSAE),
2019, 39(15): 208-216. (in Chinese with English abstract)
MR, X, wE, & R R MRS S A HEL R
NS IRIE[I]. AOAURAEIR, 2016, 47(12): 240-245.
SUN Xiaoxi, MA Shuangshuang, HAN Lujia, et al. Design and
test on lab-scale intelligent membrane-covered aerobic
composting reactor[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2016, 47(12): 240-245. (in Chinese
with English abstract)

MR&F. pE SRE R wtis T (M) dest: ke
A HipiAE, 2015: 78-131.

B, WER, EHEE, 5 AN NS HEAE R 8%

[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

[27]

WA SR [0]. Ak TR, 2020, 36(14): 237-242.
HOU Shance, SHEN Yujun, WANG Huihui, et al. Design and
experiment of composting reactor for household toilet waste in
rural areas[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2020,
36(14): 237-242. (in Chinese with English abstract)
LASHERMES G, BARRIUSO E, VILLIO-POITERNAUD M
L, et al. Composting in small laboratory pilots: Performance
and reproducibility[J]. Waste Management, 2011, 32(2):
271-2717.

KASINSKI, SLOTA M, MARKIWSKI M, et al. Municipal
waste stabilization in a reactor with an integrated active and
passive aeration system[J]. Waste Management, 2016, 50(31):
15-16.

UCGUL M, FIELKE J M, SAUNDERS C. Three-dimensional
discrete element modelling (DEM) of tillage: Accounting for
soil cohesion and adhesion[J]. Biosystems Engineering, 2015,
129(1): 298-306.

B, AV L TR TN (M]. Jbst: ATk
fitt, 2011: 67-90.

LR, BSLK, S, 55 P iUl SR B — Ak e B
ar BT 5 SR [T]. M TREAR, 2018, 12(8): 395-402.
FENG Kang, ZHAO Lixin, MENG Haibo, et al. Development
and verification of integrated reactor with sequencing batch
aerobic fermentation[J]. Chinese Journal of Environmental
Engineering, 2018, 12(8): 395-402. (in Chinese with English
abstract)

RO, TKPOT, BN, S AR R S S HE
NERCR B[], AL TR 4], 2008, 24(12): 173-177.
JIAO Hongchao, ZHANG Hongfang, LUAN Bingzhi, et al.
Effects of ventilation on aerobic composting of swine feces[J].
of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2008, 24(12): 173-177.
(in Chinese with English abstract)

X, hER, P, 5. 3R E AR B b R AR
JEE B R R S A i AR S ()], A0l TRE A4, 2022,
38(19): 190-201.

LIU Juan, SHEN Yujun, LUO Wenhai, et al. Effects of salt

content

Transactions

on the humification and microbial community
succession of food waste aerobic composting[J]. Transactions
of the Chinese Society of Agricultural
(Transactions of the CSAE), 2022, 38(19):
Chinese with English abstract)

BWEME, BT, R, S5 YRS FRC L HEAE
FEIIZE 53T []. AW BRI FE, 2016, 37(3): 587-593.
LU Yaoxiong, CUI Xinwei, LONG Shiping, et al. Analysis of
different composting processes of organic materials with

Engineering
190-201. (in

different  proportions[J]. = Research  of  Agricultural
Modernization, 2016, 37(3): 587-593. (in Chinese with English
abstract)

PG, AW, ATy, S RREEART RSP IER

e AR P EAR RS, 2003(6): 663-670.
LI Shiqing, LV Lihong, FU Huifang, et al. Changes of non-

exchange ammonium nitrogen during soil nitrogen


https://doi.org/10.11975/j.issn.1002-6819.202304156
https://doi.org/10.11975/j.issn.1002-6819.2022.23.019
https://doi.org/10.11975/j.issn.1002-6819.2022.23.019
https://doi.org/10.11975/j.issn.1002-6819.2022.23.019
https://doi.org/10.11975/j.issn.1002-6819.2022.23.019
https://doi.org/10.3969/j.issn.0546-9503.2021.24.018
https://doi.org/10.3969/j.issn.1005-8206.2022.02.017
https://doi.org/10.3969/j.issn.1005-8206.2022.02.017
https://doi.org/10.6041/j.issn.1000-1298.2016.12.029
https://doi.org/10.6041/j.issn.1000-1298.2016.12.029
https://doi.org/10.6041/j.issn.1000-1298.2016.12.029
https://doi.org/10.11975/j.issn.1002-6819.2020.14.029
https://doi.org/10.11975/j.issn.1002-6819.2020.14.029
https://doi.org/10.11975/j.issn.1002-6819.2020.14.029
https://doi.org/10.11975/j.issn.1002-6819.2022.19.021
https://doi.org/10.11975/j.issn.1002-6819.2022.19.021
https://doi.org/10.11975/j.issn.1002-6819.2022.19.021
https://doi.org/10.11975/j.issn.1002-6819.2022.19.021
https://doi.org/10.3321/j.issn:0578-1752.2003.06.011
http://www.tcsae.org

%18 3 T ORREE: AN RE R AR B IR SRR I A T R 227

mineralization[J]. Scientia Agricultura Sinica, 2003(6): 663- SHEN Weihang, SONG Yixin, CAO Jun, et al. Evaluating co-
670. (in Chinese with English abstract) composting of kitchens, greening wastes, and exhausted tea on

[28] XU Z, XU W, ZHANG L, et al. Bacterial dynamics and a pilot scale[J]. Transactions of the Chinese Society of
functions driven by bulking agents to mitigate gaseous Agricultural Engineering (Transactions of the CSAE), 2022,
emissions in kitchen waste composting[J]. Bioresource 38(10): 216-223. (in Chinese with English abstract)

Technology, 2021, 332(12): 17-65.

[29] K%, HEh, EdER, 5 RSO R AR B A
AFIIREIALT]. T E AR i8R, 2017, 33(16): 97-104.
ZHU Xinmeng, DONG Wingyi, WANG Hongyuan, et al.
Effects of composting methods on nitrogen loss and retention[J].

(311 M5, XU, T 5%, 5. KA EEM-FRI J7ikwt7c & ih
0T A S M T T 2 B A 4 R B s A D). ROl CRE 2R
2022, 38(1): 276-286.

ZHOU Haibin, LIU Juan, DING Jingtao, et al. Effects of

Chinese Agricultural Science Bulletin, 2017, 33(16): 97-104. aspergillus niger on maturation and cellulose degradation of
(in Chinese with English abstract) cow manure compost by em-fri method[J]. Transactions of the

[30] ILAEML, RIFC, &R, 2% FENIR. G4EFYME Chinese Society of Agricultural Engineering (Transactions of
At L I R 4 S R AT AL D], RO AR SR, 2022, the CSAE), 2022, 38(1): 276-286. (in Chinese with English
38(10): 216-223. abstract)

Aerobic fermentation equipment for kitchen wastes in rural courtyard

YU Miao , ZHOU Haibin , DING Jingtao , SHEN Yujun™ , CHENG Hongsheng , XU Pengxiang , WANG Jian ,
CHENG Qiongyi , ZHANG Dongli , ZHANG Pengyue , MA Shuangshuang , ZHANG Yun

(1. Institute of Energy and Environmental Protection, Chinese Academy of Agricultural Engineering Planning & Design, Beijing 100125,
China; 2. Key Laboratory of Technology and Model for Cyclic Utilization from Agricultural Resources, Ministry of
Agriculture and Rural Affairs, Beijing 100125, China)

Abstract: Aerobic composting is one of the primary steps for the resource utilization and harmless treatment of rural kitchen
waste. The treatment device of food waste is ever increasingly needed for single or multiple households, as the development of
separate waste collection and promotion of on-the-spot organic waste disposal and utilization. In this study, an aerobic
composting device was designed to consider segmented fermentation for composting material, precise aeration and turning
control, and multi-function integration. According to the four-stage aerobic composting, four chambers of sequential
fermentation were utilized to achieve the separate fermentation of materials in different stages for the harmless treatment of the
product. This integrated system also incorporated the agitation apparatus, aeration equipment, control devices, leachate
collection mechanisms, and odor control systems. Continuous feeding was employed to introduce the kitchen waste and
sawdust daily at a wet-to-weight 10:3. The aeration strategy was set at one minute of aeration every 10 min, and an aeration rate
of 10L/min. The stirring frequency was positive for 4 min, reverse for 6 min, and stop for 240 min. The mixing performance
simulation and composting experiment were conducted using kitchen waste and pine sawdust as the feedstock. In the
simulation test: a fermentation tank and material particle model were constructed and calibrated the simulation parameters of
kitchen waste and pine sawdust. The mixing state was simulated to explore the effect of kitchen waste and pine sawdust in four
fermentation tanks using the discrete element simulation software EDEM. The mixing degree was calculated for the two kinds
of materials in the fermentation tank using the coefficient of variation. The working performance of the equipment was verified
in the test. In the composting experiment, solid samples were collected on days 21, 23, and 25 of the composting process,
termed as the feeding port (P1), discharge port (P6), and the mid-sections of the first to fourth fermentation tanks (P2 to P5).
Physical and chemical properties were determined for the maturity indices of the fermented products. The gas samples were
analyzed using portable gas detectors to measure the concentrations of ammonia (NH;) and hydrogen sulfide (H,S) within the
first, second, third, and fourth fermentation chambers, as well as at the outlet of the deodorization unit (P7). The results show
that the mixing uniformity of materials in the fermentation bin was about 94%, which fully met the requirement that the mixing
degree of fermentation materials reached 90%. Furthermore, the color of the fermented material was gradually darkened, the
unpleasant odor gradually dissipated, and the fermented material was loose and granular after aerobic fermentation. The
compost experienced a high-temperature phase exceeding 55 °C reached 5 d, and following 20 d of continuous fermentation.
The number of fecal coliforms reached the hygienic safety standard. And egg mortality rate reached 100% for Ascaris
lumbricoides. The seed germination index was 73%, fully meeting the requirements of the National Standard for Organic
Fertilizer (NY/T 525-2021). In summary, continuous composting and independent fermentation control can be expected to
effectively enhance the quality of the fermentation product in different stages. This research can also provide technical
references for local resource utilization, fertilizer application, and harmless disposal of kitchen waste in rural regions.
Keywords: kitchen waste; equipment; acrobic fermentation; design and test
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