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R, ASCIEFE 3 M FIRLAR AT 3 Al AN (=] Bk
SEMNLZSH AT ERE . DI EPR AR AT S
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1.1 RIEHR

RGP HE R FY) (Food Waste, FW) B E b5
VI X LA K 2 AR DX T B 3 T — H U 1 R
W), I ATHET 8 BRI S TRAR T, AJE I L 4R
SIINBEAN A RN, TERNE R, B R IR K5
RLAR RN, S UROR R TIAL B A R AR, B AN [ 4l
BhRIAZR: HRAE (>15.0 mm) . 4BKIAE (<5.0 mm) FIIE
Hhife (5.0~15mm) o JEARHEEREERL MR WA 1,

R RYIRERELMR
Physical and chemical characteristics of raw materials
R
e pHE
ON Volatile pH value
solids/%

Table 1

pp K

. Moisture
Materials content/%

TOC/% TN/%

R
Kitchen 75.1£0.3  49.0+0.5
waste

ENE

Sawdust
H: FUKE, pH EFIREE: TOC. TN MHER M K& BHF 5T 5.
Note: The moisture content and pH were calculated on wet basis; the Total
Organic Carbon (TOC). Total Nitrogen (TN) and Volatile Solids (VS) were dry
basis content.

1.2 5t

AARIGAE 10 L % AED TR BT Gl 1
Frw) , RMN#HETERAY, R xS
PRSE R IR B AR . AR 2 AR N B 28
I NHES, IR ol S TR A B R TR R, ik
FIEEHIN DK AR EME K. EWTERA 85%
BB 15%ANE, HREELAFRE GBRE) HMINA
A FBRIRES & 1% TR WIEG pH A . 5875 SRk
R AR EME R, 29 E 3 KT HRAE>15 mm.
HRiFE<S mm. JBEHRIAE 5~15 mm; 0.4 (ARy4) /0.6
(ARyg) /0.8 (ARyg) L/(min-kg DM) (BI&:T 7 T-¥ &
BRS04, 0.6, 0.8L) , K E o MbF TR
5. I 16 d, BMEAZENT 2 R 1R, &b

3.6+£1.2  13.7£0.4 95.0£04 3.9+0.1

13.3+0.4 41.6£03 0.3+0.5 126.3£0.2 5.6+0.1

ZEINFE 2 iR
1.3 MEmMBSHEZE
1.3.1 B4

AT R 25T 04 2. 4. 64 8. 10, 12, 14,
16 d BEAT 7853 B 51 R G BME IR BURE, B UREURE 90 g5 43 2
o RAE, —3 3 fr: Hb—#arEmTEas 34
WF— B EIKEBEASE, Bl 0.5 mm 6, HT-0E
KBk (Total Carbon, TC) « &% (Total Nitrogen, TN) .
R VEFEA S8 (Volatile Solids, VS) ; B —#i/r ke
EAFELE 4 CUkFh, FATIES/KE, pH . BEX

(Electric Conductivity, EC) & % 41 ( Germination Index,
GD ZE4EHF.

O\

Or’:'mammn':r(

ek
7" Composting pile
R |
LRIRAT
Temperature 1" Insulation cotton

detector

~J

C N ——

| BuEREEN
=~ Leachate collect

13

i i = position
TR R AR AR SILER
Air T3 Humidity Flowmeter Perforated sieve plate

pump  Silica gel ~ sensor
desiccant

Bl MAEENEAHTHREEEFER
Fig.1 Schematic diagram of a small closed bioreactor

R2 NEHAEDT LR R T
Table 2 Experimental design of the thermally assisted bio-drying

treatment
MR Panicliﬁsﬁjig}gulking . U . o C/N
Treatment agent/mm Aeration rate/(L-(min-kg) ™)

Ti kAR (>15) ARy (fK) 24.7+0.48
T2 kAR (>15) ARy (FF) 25.1+0.28
T3 KA (>15) ARgs (i) 25.4+0.09
T4 Rz (<5 ARg4 (B 25.5+0.92
TS Rz (<5 ARy (H1) 24.2+0.03
T6 gkifE (<5) ARgz (FD) 24.7+1.12
T7 RERRE (5~15) ARg4 (I 25.3+1.14
TS RERAE (5~15) ARgs (HD 26.1+0.81
T9 BAERRZ (5~15) ARgg (FE) 25.2+0.38

RIG I A, A E [ e B 8] p i A R s I M A
R 3 ERE I B B a0
R R CEE R T KV IR . B AT AR
BB e &, (RIS R 5 ZEAT AR & kbR
AR,

1.3.2 &3Li547

MEF/KF, pH . EC Al GI RIEANAT bR
(NY525—2021 HHLAED A bR 5 1L 5 o

W5E VS EER, HXEFHELE, SEREHT
80 CHE2h, HEIFREL 1 g (my) FEFBNIIE (my) »
D34 (APHA, 1998) 1T 550 CHERJREMHE T, £F
T R E RN BT R (my) Hidat. MBI TFAR
VL
=T T L 00% (D

mo +Wl1

SR (TC) « B (TND KA LR M (vario
MACRO cube JTTE I, FEED WIE .

TEEIMEH] Excel 2018 S8, & P2 7 7 A )
SASS.1 SEi, FALFREFRAH M 458 FH SPSS20 56 e
1.3.3 g EAKPHHE

1) K5

SN BT R, KRN 7 5 K /NET B

VS
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RS HEAR K 73 BRI AR B DTHREE . B 8 DAL ZE N &
GribFt, A REK IR BN 53 D9 N S AR H . K ) e
Nt EEAFE: AR (Maaerin) ~ HIAKZER
(Maeration) ~ TAEVIERETZ 7K (Minetaboric) (SRR
Ko o AR R EAROK S (Mavaerow) ~ EUE
T M yater-oun) ~ IR ZE BT H (Miyap )~ BIHEBR 7K (Miyrmning )
FOSFRARGARR (Myoss) o ISR AP T FEH 1K
Gy VAT, AR OK AR BN TT A 5 RN, TR FEA [F] 2
L2 E AR K 2 8] A B AR RO . 7K 5P
R IE A
Myater-in ~ Miwater-out
= Meyap + Muurnning  Myater-out = Macration =~ Minetabotic (2

2) T

RGP AR (3) o HAEHHERTIE BT
PARK (Orurnning) A& B PIRE SH HH R 7K 733 2 1% 22 2 U
PR e, H O 2y a5 e MR YRR B # b
(Owater M Osoia) » FHIIHIAIAE O. H RS R =TT 28
THEAFE Ovio NTUAEMIEME T HE T 5 Oryair IR E 1)
IS Ocona NIV ARBEREEUINE ;. Qovap IR ZERTE A

Obio 0: = Quryair + Osolid + Owater + Qevap + Qeona (3D
2 HERESH

2.1 BE. VSHMIEKE

AT FE S, IR MK 4y 28 R AT RICR
(B SR AR YR G S A BER AL I 2a FIF
TNo B T4 ALFR, oA S AbFH R FE 1 7 A S 7R HE AR R
fiE, 2077 FHEH . SR (55 C) MFRE 3 AN B
VTR, SR RS, BRI S
R AL PR e e, TR0 N P 0 A SR R T A i
PEAE R, MR EREE 73.7 C (T2) . Rk 104 J5,
HACFE T RN RS, R T4 44N, HAdACHIR A
55 CLAEIJRE 5 d, AT K i e A B DA S 48As

MEHE H, AR HFHRE B, R4 2 Rk
AR, T2 5 TS WFERGEERE, HEES Tk
H, HXRAE 5N 68, 73.7 “C. 1M ARg4 Fl ARy g 413
RS 4 RiFENERW. TReh TR ERDN, XREY
BEEAREFE AR R HEAR S SR A X A 2D
VER, HEARIRFEEFAG. ARy, A7EAEY TR RIS, BT
dkife (T4) APEERR, FRARFRE GRS (T1 AT
Ab PP E IR R 9. 8 d. T4 ALBETTRE T AL F R AL
K, HHFLBIEAR, FRBSEDN, SA&SFEMEEFX
WRAE, AN R RCED M. ARy 4 PHE I
ANFERE, MR (T2) AT RIHAA R, &
PN BRIR I, ERERSE 6 d. 40k AR & kA% (TS
AT AbF R IRF SIS 18] 235500 8+ 9 d, MHECHLKIfZ
B (A1 K VR AR AR AR B rh s IR A R S T3, il
9 8.9+ 7d, ARy (T8) AbFEA B =il g AH 67.9 C.

AR RIS AR IR AR 2, RO %)
HEAIRLE S AN IR B I 2 5 SRR UE, W DASE I Hb s B
FAF Y IR ERZER (K 2b) , BAFREAAEYITL
IR P AEHEE A TS>TSST7>T1>T9>T3>T6>T2>T4, ki

12H ARgs (T5) ACFEFRIESFH 209.0 °C o AR ZHA R
T EET AR A, B AR, At 26.2%; IRERIAA
RN m T AR, BarkiR A 26.4%. UL
RYTIESEN0.6 L/ (minkg) ANEE KRS R Ti
HEVESFIE #

YIELE 7K 22 VR AR W) T 0 B 7K R B B I F
Fro A HEEHER S KRB 2¢ i, FKEREAR
FFEE N EHR, m&EKEMNA T2 (24.0%) « T3
(23.2%) F1T6 (17.0%) AFALT 30%, Hd T6 4b#
MBI B B b, B A B KRR 17.0%, 7K 2B
N 95.8% . FHRLAR LR GHRL A% 40 F5 7K 27 35 B i TG
EMER, BIRGHNAEMR 57.6%; ARy, A& KEF
YRR IK 7.4%, AR ZH/2H 5.8 fi%, ARgg 412
8.4 f5. ULHIREEMEA RGN, HACKREILBIL, H’E
FLAE A0 B 20 E /K S PR IR A, v BE BT 30 B A FLBR S
FF B WS sh A& 4, 8 2 B R AR B R AN R 7K 4y
T PRl R 28 K CRI R AR 2SS AR LY B 21 R
Bl (1 23 < R B

HREY TS, FAAFRHK S LBREE 2P
% “ AR BT AR (B 2d) , 1EEY
TESE 4 8012 R, /Ko Z Bl #AE 143~45.7 ¢/ (kg'd)
Z ). SEHERE, AT R i A A B R A
EACF Ky LR, HAETAb 5 KSR AT LR e
MIBR KRR . S A FRIG 45 ) Rt K LR &N 0.27.
0.49. 0.49. 0.25. 0.42. 0.54. 0.30. 0.40. 0.48 kg/kg.
3 MR AR S35 Rtk B E T R EEZE R, ARgs
A ERAH T3 Rt oKy R E R, B ARg4 i1 84.1%,
T6 b B Rtk EbrE S, N T4 B 22 5. 5&
IKET B REEAR AL .

FERVERIMR (VS) &2 ] LU R AL 2 /b
FIBERFEFRE2, K Aab B VS EEnE 2e¢ Fis. BEEL
VAL AT, 25 A B R [ A FE 38 AN R RRFE
P08, 75 2.7%~12.6%2 8. %8k EFH (K 20) , &b
PRAE ER I VS B R LRI, S TR
TR, B JE TR R R R P R R RN 0. 7EF
RHTH, 75 0~2 d, MR AN ARy (T2 5 T5)
RAEE, 5N 23.64 17.7 g/(kg-d), A HLHGE B
KEME, REPUE LT, 72 2~4d, k&R (T1 5 T3)
Ab T A R A N 10,7 11.2 g/(kg-d), TS AbHEFE
R R B N 26.0 g/(kg-d), A T1 AbHRf 2.4 £, S AbFE
VS JR BB ERAE 23%~52%2 18], 73 5N 44.5%- 52.2%
44.2%. 23.4%-. 42.8%. 39.8%. 43.9%. 43.3%. 46.0%.
RS2 T35 B R R MG, MR A i  32.9%, TG R
ZEH 25.6%. AR 23RS fRZ i, 1 AR I E
23.7%, BESEN 0.6 LA(min-kg) N SR TN AR, 14
KBS EAR T AR
2.2 pH{E. EC FIEZFIEH

B EAEY) TGRS, R ETR R E 3 TR,
AL pH (el TG /NME EAREETRER 8
K7 ARg4 Fl AR g A ERZH I TE 2 4 RIFZ pH B ARAH.,
AR KEERAILE SR 2 KIFZE pH B ARAH . XA i T 8 1%
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IO AR AR B PR 32 R 5 B A P I P e K B LR,

AR ¢ AL TR AT AR 4 A0 FH 2H 56 38 B 4302 0 0] FH R P i
HHLY, 5 Sundberg S50 7T A MIALLEE T, 8 g R
S = I pH E AN AR E IHEAL P2 & B T4 4b#E pH
HTMBE—BHRFERE 6, K43 pH EY LT HfaE

&8I, WAV RESR . K AR KFIN4IRAZ
AbEE, RUAEETT WA S, WREH TRIBEAET, 5
i MR B A R X, FRE A LRR, o B
WA K. At BT A FRAE R R N A WL AN
RAARMIN, i pH (e,

——T1 -T2

T3 ——T4—>-T5

70 -

T6 ——T7 ——T8 ——T9 —*— ¥ Siambient

——T1 —=a-T2 T3 —>-T4 —-T5

& 10 T6 ——T7 —T8 —T9
75F 2 e
£ 8
5 175 =
O 60} é 5551
D 3 g
2 2140 g
g5y Xz 240l
2 = 5105 2
= z z
E230 Rl 5 20 2
t*g bt t 25
i
215 E 15 s
z 10
0 1 1 1 1 1 1 1 1 a: 0 1 1 1 1 1 1 1 1 J
0 2 4 6 8 10 12 14 16 = " TI T2T3T4 TS T6 T7 T8 T9 0 2 4 6 8 10 12 14 16
It [ Time/d 138 20 Treatment groups I [ Time/d
a b. AR o EKE
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Of rnoeR osR s STRERIRT e i
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B & 5 Mo
o Z 80F B E 18f
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. 2
0 L L L L L L ) 68 1 1 1 1 1 1 1 1 ) [ L L L L L 2
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 1 2 3 4 5 6 7 8 9
W 1 Time/d Iif 10 Time/d tF 1 Time/d
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F: BbHARNGTREERERREE. TH.

Note:Different lowercase letters in Figure b indicate significant differences. The same below.

B2 Ay TR P REARIAFR A

e. VS content

f. VS decomposition rate

Fig.2 Changes in representative indices during auxiliary heating biodrying
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Fig.3 Changes in maturity index during auxiliary heating biodrying

FA & EC BRI &, R TR B GhR dE
EC<4 mS/cm. RIFFEEL (GD MRl HE L= i G
FAT EEREY IR, 2 GUE KT 70%H, i
JE NY525-2021 A HUIEJE ZAKRIE b PR 4 R SF 4R 5
T4 LbFR, BAbFR A GI ¥9>70%, IR S8 ARyq A3
H Gl &, IRERAFEA GI 8. TR A
HNAEYEYERE R, N T AR S R,
WA R T 2%

2.3 KOFEFEMTIIER
F AR K o PR A AE Y TR B 3 3 fis. 16 d

I TA AR, 2 Ab B A AL B AR = K S AE 0.18~
0.36 kg ZIH], AFRBRETKEEZFAEE., BERKRE
IR B BAE K oy 2B R &7 ELAE 40%~80% 2 [/], 78 K [
IKTEAK Sy LB b tbk R, AR A B K SR T
B 5 38 R 2R 3G 0, 28R E K A B 1) BT
@, fEARRAZ AR —ENERE, ARz ALFHA
. BIHERUKELE 0.32~0.78 kg 28], FE/K5
FBrET L 13.4%~37.2%2 1. BEE RS 2R A
BRMERR KR IR, H 2 BRSO B8 47 (9 A B AN ME R K
FLRAR (T2, T6) , BR/K KR B 22 1) b R0 ME BR /K & Eb
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B, ROBIHERR K SHERIR M &S KRG K. B
TEIR K (5 EES IR, T1 AR BEP= A B 2B I8N 0.33 kg,
K> RERER 17.8%, B USRAEIRIE RN AR
K, [FIRHURAZREKRE T EZ B IR AR Z . 774K
BIE TR — 5 5, AP ARSI B E A 4L
HIRFMTF K.

YT UAREGER R, RITAED TR R . SR EEAE
WITALIRE BN 227 2.96. 3.31. 3.25. 3.03. 4.02.
2.50. 3.00. 3.31, HAHRAAIEA S ARs AHA (T2,
T3. T6 M T [MAEYTHIaEE =, HKT 35 Te A
EYITSEEURE 4.02. LA AT R B0
F L FREC I T AT, B RS RS T

O AEER K LR E S AR U, LI EE I TS BUR T A&, HoR 2.54,
*3 BHLERKSFEMEYTFILIERK
Table 3 Water balance and biodrying index of each treatment
Fekr KbFE Treatment
Index T1 T2 T3 T4 TS T6 T7 T8 T9
Watermasspmflfffzfg n?z degradation/kg 0.26£0.01 0.23+0.00 0.25+£0.01 0.18+0.00 0.36+0.01 0.32+0.01 0.30£0.01 0.30+0.00 0.310.01
F# K FR7K Output water vapor mass/kg 0.86+£0.02 1.54+0.01 2.09+0.05 0.85+0.02 2.37+0.04 3.18+0.08 1.24+0.04 1.88+0.02 2.46+0.10
HHEFRZK Output water the turning mass /kg 0.67£0.02 0.32+0.01 0.47+0.01 0.78£0.00 0.59+0.02 0.54+0.02 0.72+0.00 0.53+0.00 0.52:0.01
BIE K Leachate mass/kg 0.33+£0.01 0.00+0.00 0.02+0.00 0.08+0.00 0.00+0.00 0.00£0.00 0.124+0.00 0.03+0.00 0.05+0.00
HAth7K 434515k Other water loss mass/kg 0.01£0.00 0.37+0.02 0.15£0.00 0.38+0.01 0.26£0.01 0.31£0.01 0.18+0.01 0.37+£0.00 0.16+0.00
7K 53 2B & Moisture removal mass/kg 1.87+0.01 2.23£0.10 2.73£0.10 2.09+0.09 3.22£0.01 4.03£0.09 2.26+0.07 2.81+£0.04 3.19+0.02
AT HE 5L Biodrying index 2.27+0.08 2.96+0.00 3.31£0.05 3.25+0.15 3.03+£0.10 4.02+0.05 2.50+0.07 3.00+£0.12 3.31+0.02

FA IR AT AT AR, AR E AT
ME, ZAPNRI N B RGN, R 4 N Te AR FE
HIK RN fe 32 B K A B N A2 TR GG 0 Hh K
&N 93.0%, AR K B AEFE RN 7%, B
BEAE— 8 26 NN IR, AR Y B 7 7K ] 2
e FE BRSO 2R R KT & 70.4%, FOUREIHE
BR/K A 12.6%, IEFEIAMARERIK 5 7.3%, HERDE
KAYd 5.7%, HUAERIWT RS R R g — b, &
RIS FR Ko BRI 27 e

Ma\vmcr—oul 57% L

Miaterin 92.6%
M,,, 74.4%

Mo 12.6% l

M..7.3% .
® M,

. Mmemhnlic 7 4%

O Mo OMoiic O Moo O M, @M,

E: Moaierin NEINIEIK G« Mineavotic HEEEVIFRERR ™K Mogarer-ow J9Hi
AR Mevap K ZESIEKI . Muurnning IBIHERRIK . Mioss I FEK
IRk

Note: Mwater-in 1S the input reactor water, Miewbolic is the water produced by
microbial degradation, Myyaer-ou OUt is the output reactor water, Meyqp is the water

vapor carrying output, Miumning 1S the reactor turnover water removal, Mjqis the
process water loss.

B4 T6 AHK N ishFIER
Fig4 Sankey diagram of T6 treated water flow
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£ 5218~9 987 kI JE [l N, ¥ A\ REE [ 24.0%~36.8%:;
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63.0%~76.0%, 5 HLITT B fiff 5 A2 5 Ml AR P B e = T 3
PR E . Hrh Te B ANRER B =N 30 616 ko Qgryair
NI RGP, 2005 S RGETEFEN 1.0%~1.8%, 5
2RI FIRE RS SRR, Horh AR FUIE MR T, 8K
e IR LRI, BEE B KR N, S, 8
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A v 3 R R 7 VR R R A R o Owater B Osoria JIHEM
THEEFERAE, £ 3290~8 653 kI Ul N, HRHAE
THFE 14.3%~38.1%0 HH Ouarer HFEI R E R S 1E
2798~7 474 kJ Jul N, HEMEHEFEMN 12.1%~
32.8% 0 Qeona NI N2 BEBH, HEREHREM
28.3%~49.4%, Hrh T4 kbFEHEHIL S HRIK, BT
S 7 B AR RS2 HE AR B S PR IR R A S e, HEAAR
B BAR AR REAC e Qevap WK BRI, &
MMEMNFEL RS, 4N 26.0%~46.5%, 1%E05 Sk
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R AR, HPEERSEE K, Qe 5 #H
BHAELLE, T6 AHL . Rk, RERACREE
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PEAM s Quumning ABIHERR A, 7E 1 505~4 240 kJ i [
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LI RE B H KT TE R (Qevap) 1 48.0%- [V HF
AR (g W 22.3% 5 HEMOKTHEFER (Hapouou)
17.5%, 7K RIS 4 55 HE AR K THIR FE R 7K 70 28 R FE

o AZE R T AT R R R AR, &
BBl ey, 1l W RE R R R . 2 R GURE B R I
FEAR, $Rm T REE A IRCR

x4 BAERETE

Table 4 Energy balance of each treatment (kI
Febr K3 Treatment

Index Tl T T3 T4 T5 T6 T7 T8 T9
T 165156582.1 14 5825594 1299313747 2462653414 20 629%651.5 1877745175  19517£149.1  19611£275.1
X0 (760%)  (632%) 10 1P2EI93T01%) T 50 (73.2%) (67.4%) (74.8%) (69.0%) (70.7%)
521822419 848143842 L. 692842747  90324385.01  9987+1589  6335:12.4  8755:68 8 141+192.1

X0 T o40%)  (36.8%)  O09F202129.9%) T 5y gur) (26.8%) (32.6%) (25.2%) (1.0%) (29.3%)
 209:64 2984115 , 237£0.4 441219 535419.1 2474109 377174 4704144
XOuair (1 0%) (1.3%) 403£10.3(1.8%) (1.2%) (1.3%) (1.7%) (1.0%) (1.3%) (1.7%)
8124137 492466 , 10412490 11794336  1092+16.7 925:42.4 956£26.8 876£10.3
XOuia (375, (2.1%) 754+8.7(3.4%) (5.2%) (3.5%) (3.6%) (3.7%) (3.4%) (3.2%)
51594533 2798+103.6 L. 654312435 7474:102  SS33=1714 6387852 573742625 51271028

YOwier "~ (33700 (121%)  ° S19EISIAT0%) 3 gopy (22.2%) (18.1%) (25.4%) (20.3%) (18.5%)
664243208 8093+212.0 o 64674566  10573260.1 1422744241 653342760  8889+350.4 10 489+200.4

XOow (306%)  (35.1%) O [1043384(306%) 7 55 50 (31.4%) (46.5%) (26.0%) (31.4%) (37.8%)
8912111.8 11 382+560.1 L. 563542104  13990:265.0 922041693 1101944627 12313£183.1 10 788+183.7

XOwn (410%)  (494%)  O329#2392B72%) T 953, (41.6%) (30.1%) (43.9%) (43.6%) (38.9%)
21733519 23 063+48.3 L. 19922+440.8 33 657+306.1 30 616+1490.4 25 1124468.8 28 273+647.7 27 752+609.8

Ot~ (100.0%)  (100.0%) 22 413£349:4(100.0%) 164 g0 (100.0%) (100.0%) (100.0%) (100.0%) (100.0%)
S Ony, 27055563 1505449 2 142952 351651409 424041940 3 184+34.5  3355£129.8 3007468 2793833
Tuming(12.4%) (6.5%) (9.6%) (17.6%) (12.6%) (10.4%) (13.4%) (10.6%) (10.1%)

E: X Quio WM A E; L OAMNEMBIARE: L Quryair BRI EMIRE; L Quona HEETYIFTHEIHFERN AR L Quater FAIK D THEIFEIHE;

2 chmp 7K§3\$7ii§7}(&‘, 2 Qcond &ﬂggﬁfﬁﬁﬂlﬂi,

Y Orumning ISR, ¥ Orow ARE AT, BABA KT, &5 DA SH,

Note: Y Ovio biologically generated heat; Y Q. the heating device; Y Qqryair Output energies of the dry air; Y Osiig output energies of the dry materials; Y Oyaeer lossing
energies of the water materials temperature rises; ). Oevap the latent heat of water evaporation; Y Ocona the total heat loss throughout the process; Y Orumning OUtput energies

of turning the pile, Y Ororl is the total energy, it’s all in kJ, percentage is in brackets.

o) —
Hirypirour 2% mmm

Ourming 10% [

Onio 65% Hron 17% [
q-22%
q,33%
O 48%
— Haaisin 1%
= Hgerin 1%
©® Ovo ® Qumning Oevap H gryairout Hout H,apourout
®4d, ©4: O Hyyin Hay H. H

swiaerin swaterout

Ee qn NINEIMPEINGER: Haryairin AT 2N GER . Hovaterin AYIEIK
IHEINBE R Hyn APVRLTYITMINGE R Hoouw APVETY0 00 a1t 5
Hayateron YRR BE R s Haryairow AT 2 BB Huapourow L
Ko THERFEN g, AR IR

Note: g, is input energy of external heating; Hiryair is input energies of the dry air;
Hgyaerin 1s input energies of the water materials; H, is input energies of the dry
materials; Hyoy is output energies of the dry materials; Hywaterout IS OUtpuUt energies
of the water materials; Hyryairout is input energies of the dry air; Hyapourout is lossing
energies of the water materials temperature rises; g, is the total heat loss
throughout the process.

A5 TRt EizsFLA
Fig.5 Sankey diagram of T6 treated energy flow
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Effects of aeration rate and particle size of bulking agents on the thermally
assisted bio-drying of kitchen waste

Zhang Liping'?, Feng Ziwei', Xu Shaoqi', Wang Zhigang®, Sun Baoru®, Zhang Kui'?, Li Ji?, Wei Yuquan'**
(1. College of Resources and Environment, China Agricultural University, Beijing 100193, China; 2. Institute of Organic Recycling, China
Agricultural University, Suzhou 215100, China; 3. Beijing Dabeinong Technology Group Co.,Ltd, DBN Pig Academy, Beijing 102629, China)

Abstract: Much more Kitchen Wastes (KW) have been generated and collected separately, as the proposals for the practice of
waste separation in China. Among them, bio drying is an emerging technique to remove water from biodegradable wastes.
However, the KW bio drying is also confined to the application in practice, due to the long treatment cycle, low temperature
and dehydration efficiency. In this study, a thermally assisted bio-drying system was established and developed to fully meet
the market demand for better performance and high efficiency of water removal. The air-flow rate and bulking agent were the
most important factor for the traditional bio drying process. But there were few reports about the sole and synergetic effect on
the thermally assisted bio-drying process. Therefore, a comparison was then made to clarify the influence of aeration volume
and particle size on the auxiliary heat biological drying, particularly for the low consumption of energy efficiency and high bio
drying efficiency. Three aerations (0.4, 0.6, and 0.8 L/(min-kg)) and different particle sizes of auxiliary material (coarse
particle size > 15.0 mm, fine particle size < 5.0 mm, and mixed particle size 5.0-15.0 mm) were set for the factorial
experiments, in order to explore the biological drying efficiency for the kitchen wastes. Some bio drying parameters were
determined to assess the bio drying performance. The flow balance of energy and water in the system was calculated to further
assess the water removal and energy utilization rate. The results show that the aeration rate posed a greater effect on the bio
drying temperature and water removal, compared with the particle size. A better performance was achieved, particularly for the
higher heating rate and the longer duration at the high-temperature stage, and the higher effective accumulated temperature
under the 0.6 L/(min-kg) aeration. The high-temperature stage of auxiliary heat bio drying was more than seven days, except
for the treatment with the 0.4 L/(min-kg) and fine particle size. The treatment of 0.8 L/(min-kg) and fine particle size
performed the best for the water removal. Specifically, the highest bio drying index was 4.0, the final water content was 17.0%,
and the water removal rate was 95.8%. The energy and water balance show that evaporation was the main way of water
removal in the bio-drying process, accounting for 40%-80% of the total water removal. The main input energy was the heat
production of biomass (63.0%-73.0%), whereas, the main output energy was the latent heat of evaporation (26.0%-46.5%) and
reactor heat loss (28.3%-49.4%). The highest energy utilization efficiency was achieved in the treatment with the
0.8 L/(min-kg) and fine particle size, up to 65.1%. The latent heat of evaporation accounted for 48% of the output energy in the
treatment with the 0.8 L/(min-kg) and fine particle size. However, the pH value and germination index in the treatment with
the 0.4 L/(min-kg) and fine particle size failed to meet the compost safety and maturity standards after 16 days of bio drying by
auxiliary heat. Therefore, the fine particle size of bulking agents with a higher aeration rate (=0.6 L/(min-kg)) can be expected
for the bio drying process with the auxiliary heat for KW for better bio drying and energy utilization efficiency.

Keywords: wastes; aeration rate; the thermally assisted bio-drying; particle size of bulking agents; efficiency of water removal,
energy utilization efficiency
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