#oT R AR K F 5 4R, 2026, 43(X): 1-11 https://zIxb.zafu.edu.cn
Journal of Zhejiang A&F University DOI: 10.11833/j.issn.2095-0756.20250592

SIS T, Fhm B, 24, 55, UK 55T R ARSR AL I S W MR SUACHR T S5 PR B T R 0], WL AR AR 72
#2, 2026, 43(X): 1-11. WANG Hui, SUN Xiangyang, LI Suyan, et al. Advances in greenhouse gas emissions mitigation and
control during green waste composting under “Dural Carbon” context[J]. Journal of Zhejiang A&F University, 2026, 43(X): 1-11.

“Win” B TERFULEFMERSEHRS HERRHRE

T %, hmb, FE¥E, FREHN, £ M
(ALsoholl A FerBt WAL R AL 745 AR5, L3 100083)

HE: BHRENEFMIED—FERAERE. SR (C/N) AR AR, HIIEAA TR AT R AA A 69 A 3k

®R, R, EREGAE P AR T AR [ AN (COyY). T (CHy) fo— AR (N,0)] R A (NH;) RMLA 5 3

AR, BARRERAEARE, BRA “WBE” BT REMEGER, AL RGRLEE T BARGNE F P3N0 For

m& FALHM, WA T IR AE T CO,. CH,. N,O #= NH; # 7% A duhl 5 H04%E, K3 TRA ., pH. C/N, XK
EXEREAYw, FLREET RARARE, RERMHAE., R ERMRFMA LR F EZMAERRKGE A

H5ERAR, RRE#E—FHRABHELEN . BAEDERIE . FABAN . BEERF NH; HE00NAER, FHL

% AW FURARH AR, DR EARGALE F e e R R e TR R, £ 1 4 84

EHEIR: BMEAEFY; R, BEAK; AA; HEAUE; FaRE; RHERAK

FESES: S142 SRR : A XERE: 2095-0756(2026)00-0001-11

Advances in greenhouse gas emissions mitigation and control during green
waste composting under “Dural Carbon” context
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(Key Laboratory of Comprehensive Utilization of Green Waste in Hebei Province, College of Forestry, Beijing Forestry

University, Beijing 100083, China)

Abstract: Green waste, characterized by its high lignocellulose content and elevated C/N ratio, represents a
significant biomass resource, and composting is an effective approach for its utilization. However, the
greenhouse gases (CO,, CH,, and N,0O) and NH; emitted during composting contribute to ecological pollution
and nutrient loss, posing a challenge to China’s “Dual Carbon” goals. This review systematically examines
the composition and physicochemical properties of green waste, analyzes the formation mechanisms and
emission patterns of CO,, CH,, N,O, and NH; during composting, and explores the influence of key factors
such as temperature, pH, C/N ratio, and moisture content. It also summarizes mitigation strategies—including
raw material pretreatment, feedstock mixing, process optimization, and additive application—detailing their
mechanisms and effectiveness. Future research should focus on precise gas monitoring, elucidating microbial
mechanisms, developing specialized microbial agents, constructing emission prediction models, and advancing
integrated multi-gas mitigation technologies.[Ch, 1 tab. 84 ref.]
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Table 1 Differential comparison of different composting materials

JEkH C/N TP E =N
FElpRERAL IR 7240 >60 RIARTAFAER | SRR, FREERBAL ., TR W ) [15]
BB 15~20 R . mAEE . KAEEE . SR [15-17]
BB 9-26 BEKEST . BREREY . iAERMESE [15, 18]
15K 5 YR 6~8 TOKRE . GEEBAREER. BT ER [15,19]
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HEAE JER R L CH, TR R 2k 0B 5 B LR 0.19%~12.6%P", CH, BY7= 2k FHEA T 3 B ALY
TERE D AVE T K A# R/ INr T B s X SE/ Ny AR S A R A s ffe, AR B ARER LR 54
B P FLBR AT LR S HE A X, (L AR P 30 U A SR AN Wl A bt ™= A DRARC KB, 7 FF o P gl 7 K A IR 4
IR FH RS = CHYP 22, BT LA, 428 il SR BB DR S DX R 4. CHL, HERICAY S5 i
2.3 N,O Hi4FE S5 RIE

N,O 977 A S HERE G A W 9 UG A A B DDA OGRS, B FRd Ak AR AR AL E ™). il AerE
SRS E AL B VR R S AL AR SR, W AN BRAR 2 776 A5 R AL TR IO/ T T S Ak A Al
W, iz B DR NO B, REVE I RIER A& T RS LA i R R £h , R4 EAR
(Ny) . NyO SEW BTl fe . —MAEOL T, RAHAVE R NL,O ) E 2 AR iR, (HAE b7 2 1 2414
T, WA RS A A NLO I E S ALY, MR R, DL NOTE B R B A R A LA
0.1%~4.2%P",
2.4 NH; HiR IS REIE

HERE A DL NH; B R I ZUR MR s A R R B 2B fFR R DL NH; B B 2 A s
RE RN 9.6%~46.0%", AWHELZE T DLW A S 8= 90% DL P NH; B & ML 7 Az ) S <k
1) F i N 2 — B0 MERE S A L E I A ) SO S B VR R R AR NHY R NH;, 3 7EHENE
TRFESh VM. Bl MUE e R AR, L AR KR A NHS, AR {F NH R NH; 22 (8] ) - 1]
NH; A7 P, i Al NH; KBt
3 EAARGAE 3+ 4 B AR H B m B &
31 RE

T S5 T HE AR o R SR HE O A N 22— HERE AR, ALY S RO R,
FEHERTHR, R Z AR THE S 2 A Y RS, GRS AR R IR, IR
2 SR NH; (R, BRI FRBEIREE TS 2 #F CO, A1 NH; AHERCRY ., 52 o & i 2 4
Fh it B W36 R IR HE G BLY R A, EmTAEOE CO, HERLRT; mbAh, s T IR E A WL AR E A L
NH; , TEMENEAL TFoPESAE T, NHy o it — DAk NH, JF45 &P, BT LA NH; (9 HEg (88 & 9
FERRIACY S 5 —Jr T, R I R 22 B A R A A AR T BT PER, T RL NLO IR KR A
T A R A P R B B B 20 SR A SN Dy, e AR AR B s A v TR o B 0 AR AR N R AR
N,OPY,  Jir ATE i it i B SR A — o 1Y NL,O R,
3.2 pH

pH 2 W FEHENE AE A 5 SRR ) B2 A 28, 38 o 52 A W 35 M A A R A A A
P&, HEMISZ MR 2= SR NH; (9HER . MR R, 7 FGe iR HENE pH (H AL BUSS, CH, HERbE
2R 4 pH N 6.6~7.6 B, CH, HEBCE &, 10 2 38 N0 o R ik ks, D) CH HEJBCRH 8 o P71,
WA, pH 238 ik 5% e i £k ok 2 0 S A Ak ik R 04 S0 0 T R I NLO HEC, i Ak R Y Bl pH R
7.0~8.0, i S A Ak i B A Bl pH R 6.0~8.0°7, F 5T R B . pH 5 NH; HECE IEAH G, 45 9224




4 RN/ NI NI e 14 2026 4F X A 20 H

pH>7.5 i}, NHy/NH; V-7 NH; /73, SFEOLAREBHS S, —BIEN T, BRI pH W%
HI7E 6.0~8.0, I FEIES, AT 0 A RRYE SR BT TR Y, DASE BRME AL g e KA
33 C/N

C/N J& B2 ¢ R UE A A 5 R SARHE R E M EZE S48 RS, R s shng
REHERUE, AR A A BTEREEY, i H R TR RS TR, FECON 2 S, #F—
AL AARHEC S BE YRR 1 Y ERZEEAE 30 10k, FTLL C/N R 25~35 e Al T HERB HEF 710
4 C/N IR, B AT R fife e o 1 P AR G e 8, 5 3 i NH 488 & 3G KM 1 NH, 23X i Ak i 2E 9
FEAEMEIER, DOTTREAR NLO HERL™ s teAh, AR C/N o 2s S 350™ HH e 1/ 1Y £ 2 AR (NH)) 3 2,
e AR E CH, HERCP . A, 4 C/N BT, WS R NH; HERLC s A Ak 82k 3 1 o 55 25 5 350
N,O HERCTRERS 2, S A5 RM], TSR =Y HEAL T, /N FHE & RI2EH I CO, HEl=™.
34 k%

IK G325 M HER D BREE Y | A TSR B E SR RS A O R R, B AR (0,) TiiE . TR
A AR RN AR BT 27 4 3R 3 o K e S i AR 2 R NH; A NLO A8 SR HER, RIS 30k
YooK, PHASGCE D ARITE 3, FEARHEACIR BED> 2% 230 CO, HEBORME FRERT, 10> & 7K 8 i
AT DL s i 2 AR TR INHG R ARA NH; HEk ™7 (A HENE Sk /T 70% B, S BWRE S,
RELAG B 42 S WG AMENE N, S8R AEIAEE , S U A W T Pk O 2 o IR AU A= i i, R n
Jil NLO Fl CH, HEFC, JFREARHEAL 7 BT P27 — ARy, B K R HI7E 609%~65% e fi Rl T 5281
NH; il N,O J#HE=,

4 TE MRS AL R 3 40 3 AR AR HE R 5 AL

4.1 ERGENLEFYHEEFERIH AL 2

HERE 0T SR A T TRA SR A R 27 4 R 250 . BRI AMRER AL 5 v MR A o 7 oL A g
HERE TERRCS R AT SARHE R ) BT . AN B R AR AL B | fh A R P P AL B
Ko PFRFAL PR A RS YR FEPE SR GOULZE#E) , 5 UL A P BT P A PR AR AL G iR AL R 2R
W A PRI S . TR T R AR AL G b AT SR b R SR Y, AT AT PR HE AT JFORE R A R 4T 4k
RO, BESRILAY TR Y, NI HE A R A . AR HEAC R, AR AR ST AR B R R
HUANG 45 WF 5% & B, 8 1= 10 9 Ach 380 34 S 3 o 000 o) 6 1 /K e o N B PO TG 1, S IR T 429% 1
NH; HEi, IR THEZAER, e THENEARHBOR, & —Fa 20 HE AR mg . 887 P Ao
Ab PR ARS8 o = A R IR R AT e R a5, BETH TR, (0 H AU ARk Ab 28 340 HE AL D HE 40
B JC T R IRRSE, AERUBLAEHE L N A RERSOTAL |« DHERCR R T AT W R AR ST . A TiAL
PRI B . AN SR s s, STHERE AT WUAE AR, DABEIR LA 2224 . im0 5 SR b AR
X A ST AR, AR A P o A R R R U A R AR, S EHE 42.7%~61.1%, FFH
RERS W AL CO, HE M &, HRII 4R & T CO, HEE oAb 1A B AR W8 1 51 A k249 ek
A ISR E REIA, DE I SO HERE R A2 R I . PSR R0, S TRAL BRI AT SR NLO JaHE
NP, WEEENE, T E AN BRI R, SRR R AR, DA B R TS et
4.2 EMEFNLEFHERFEEEE

M TR ARSRIL IR 70 5 O/N R AR R AT 2 25 & ek, L S Aacidlk . B & 2E . 1SIREN,
DAIA S5 HE R SR AR T, P #e R, R ORI i B Y. B Ak N E & 5 A L
55 e MRk AL I 374 LA D RIS R VE F I 2 7 32 2 0678 . XU B8, FEARSRAL IR 7740 5 6T A b e L M
JIE B 3E 2ok Ak O/N il e 2 U Ak, i NH HEBORUD 82.19% LA I, [a) B DR SR IX 9 SR fil CHL Wl HE
75.0% LA b, 0] LR AR R i A i F B S AL AL AR B A, 8 NLO HERC W b T 23.89%0~38.6%. Uit
Gh, WS EN, YPE ARSI R F 8 IR A B AR BRI =40% BF, NHy HERCRT R 2 S5 B (0.005%0)
LR 5 iR 40%~50% Jif 43 b7 30 5 B AMRER AL SR -G I, P85 /N RIFLBRZ5 4 AN e S 90 s 280
WHE, AT [EAA BRI, AR THEIESCR S REIR B /10 AR UESE, P L A



55 43 B4 X ) EOMAE XU WERT FEARERAL R FE M HENE AR S P A T 5

AIREHENE AR, {210 CO, WlifE 22.35%5,

EEIMER SRS, ME MG E YA VLR SRR, PR IR TR A T LU S HE AR
C/N b, [FIBS 7 & 20 n LA e AE b () 3 A g ™, (BRI R 2, R IRIZEAI & & 2 X<k
HE Ve FAEAE 22 5 . CHEN 509 S35l a3 | 1638 L SREMGE ST YHERL, LKl S5pg et
FIE NLO I HERL N e K, mIak 19.87%, HEMJE: R T NO3 -N &AMk, AR R LrE TRk 19283t
HERER Z (13.22%), “FEAEHENE W R — & RIS HERLN (4.72%); 5 N,O AN, CH, 7EITA 258
FEHEAE i SR G HERON, , L S AR R HE 2 o T LA A B, R R T R AE TE R A i A
1R 17 HE B B IS mT R

TGRS IR EE SR . Bkt R, EARGRALIE 54 5 2 JEHE AL nT DA cE HE A A EEET, mFR R,
15 e A ARERAL I Ze Py S HE N R v, NH, 8RR AR I E 2R, i N,O HEBR AP, ki, Hl
BN T EHEAR AR R R = SR S E A HE R G AT B, M OCEE S LA AT i AN T, R
e — RS
43 ERFELEFYHEE T Z X

PR A HENE T 2507 AR i el MRER AL IR 55 HE BB K 43 XE R e S Ak, ] Bt tho AT DA 313 49 i = S0
HNH; HEBCGE S, YRTHEAL T2 BB FE AR . B, AW ib Mg Bh % =,

P v MR UUR B IO HE AR DY BB IR AT, DR = AUARHE, (R A BT 22 X S5 AH 3G I NH; 1)
Hes >, A TG IR A, )2 i a3 XUnT LA i ft A S0 Ry AL RE 43 A (i NH i NLO HETiK
AR 30.6% F1 27.7%, & AT ISR THA ML AR, 15 74.49%5 . {H 538 S0 380 15 B A] 6 fin sk A 4 4
FUKZESM G, SECEAEE T BEAIBK,

B N e — P B HE T B, AT LD HEAE B CH, A1 NL,O AYHERC, Herbxt CH, JsHESCR B
PR, i R T8 A AR R Y B E R PR B AR AT S0 . R FH K BRI A 5 e A g 3 B 5
Jiik, fHiEESN CO,. CHy. N,O Fi NH; (1 BFRHER A N 43 IR T 73% . 96% . 80% Fil 65%, [F]Ht
7 T A HE AT 7= 0 R B S B T i AR B, (R R R A R, [ A R N ) K 2R
T UK BB AR, B2 S23 NH; J8HE 589!, Mz s i F e 1

Az WA 2 I T BEl MRS Ak P2 7 P S a8 DK 43— 0 o o e AR SR HE B 5 FE SRS o e A 4 S
FEITAER 12 R AR A YR AR T 25, Mcisi vl LGl i [ S35 sh B sh iRl , I ad A A B 1 3
i) 490 ot A A el R 13O0 RS UESE, ke W51 3 A R ] DA aof A AL R 9 Tk A 9 R A A B SRR A e 2D
25%~36% I1) NyO HERUFN 229%~26% 1) CH, HERL T, 35 BH i 5]k A HL AT [R] 25 4 T 40 I e g 2k o3 5 <Ak
WCHERITE 7, R AR AL TR s S R MR B . R, VR RUHERE T A A A
Kt W & ek, LA R R L HHAG BRI & 1 %) J2 F 3 3 RN O R A R I . TANG 5511 4%
2V BB H R I FAE ey EHEE, (el i E A A, mm TESAHRE, HREFARESR
TRHERI D T 70%, 4055 T HERE T o SRR AR R R AS [R5 B0 ) el el Mk gt A 132 7 4 S 7 A 78
FAR, WTUAR A AL REAR, [FET WANG 48 & HERR 320~380 nm % B i 5t fE 0] LIS s G E R
[ 2 AN EOR R OR AT 4E 2R B A, 0 I NH; F N,O HEBCEEREAIL 31% F1 21%. ST S, SM7 5 B
SRR T 2000 AL T 0 BT L, 7 S MR BRI HE AUt 0] i — K
4.4 [EIRGAEF YRR A

PRG3R Ao R R 2 AR S NH, HER R S ms, AR A B R D RE T 4 S JEHLER Il
AU SR I A IR k2

TEHLERINFN AT o ARG 0 ) . JCHLER ISR & @28, = Zhm a0 fh e RO B Ak 22 S 4 R D HE T, H
WG R WSS IR N T B R )Yz, A T S e 2 o A L B R BRSO f CHY, AT NLO HECE:
G302 16.8% Fl 29.4%7, TCAHLER SR I AR R AIRHERN , i XU 4520 & B v] LU E AR
AL T R A SRR O 5, PR HE AR CHE, 1T L 10% A1 15% B98It v] DLy 5 B4R CO, 4 & 11
68.9% F 88.6%. 4 JEIIFINFI LA A A AF, v LK HEE o i 36 4 2 & 1.38 4%, BE WA T
45.12% M= SARHECT

A HLE IR AT A3 3 9k DR AR IX b 25 W RE VR P 804 M AT 30 I~ A5 AR il D R AR 1, 45



6 RN/ NI NI e 14 2026 4F X A 20 H

m, FEse TR AT DLt BEAK pH (AL B B AR 400 i [l Ao A PR -0 BE e N HERT
Wt 051 3% DA R 0 FL B R RN BH B AR e BE Ty, BRARHEAR &%, 187> NHy. CH, F N,O HERCHEE 43 ) 3k
61%. 48% F1 94% 7, A=Wy AE HERLWCHE P N o )z, BRsRE o se gy, A BRSEER WO
9% AL ST A I il LAXT CO,. CHyy N,O Al NHy 7= AR R AR JE 0 HEE T, i — 2 EDE T A HLIA
JO ) Y A A R 4 4K 1 FE AN

TAE A I E R P AR AR () BB, W LA N BA— MR A R E B R R, g
— A HERE YR T B 19%~3% . SR — TR RRAVE BT X PR TR, P e SR AR R AT DA i e Sk
fig, MRS CHy VE AR, FEMME] CH, HEBC 0 A WE PR vT LA A R R A Rt = A
FIVER, sEALBRHEROR, WANG PRI, W 0.01% 1952 Atk 9 B 370 ml L ok 98 57 ik 0K
W, BEAS A AR A P A KRR G E i P, AEMERE P ) CH, . NLOL NH; 20 58 HE 11.39% . 90.29% .
20.59%. ATFER, WEDERI T RERG SR R, SECER AT, R CH, HEC, Soksent
T % R HE RO R 2R IR BT VA IS F I, PR SCs BaE e ) D BE P 771

AT TTHLE IR AL 50 sl G AR P s inea A [l iy el L 2 e, R T
HERE [ — 2850 o SXFPASINF AT AZES 2Rl e, SCIThae i Ah, M ZE38 FHsHERCR i [H]
B ARHMENE AR . LN 25% MRS AEFT 15% BRI 8 I 21 el bRk AL P2 s MERE b, ST DL e KR B
FAA NH; HEC, 3807 DAE o 38 s HE AR S & i L 0 SO AR 72 o NLO VR B, 151 A 2L IR CH,
N,O MyHERL, I HILZEAIHERSCR L T2 — 2143, an, B i U RV F T DA AR 47 4 R
s, WERRRE SR MASHL, BT AL = 5 ST, 4 e AR 10

5 EARER AR I A SR HE R B P 5 AR T

B0 Bl bk £ 152 0 HENE UL 28 AR NH HEBOMERS, B AT AR C AR IR R R &
ERARERAT AR SR HE R i AR B S NS 25 A AR fR i = AR B R E SR o SIRIRER T 577
s OFIT A BEAL ARG E WA, SEBU SRR 24 hORSHENE I, RO PR PR DA R R A
DA R BN A R i 22 o () P ARk AL Y RC IS HED LB B SE AT SR B, it — B TR AR
R A MR ERAL P S ENL IR HR B AR AL, Fas HOsHE R B0 A= oA kil . O F AT L A SR Wi
FIRZIEAT X 7 & P AEHEAL ORI Y, /DR Pel AR R AL B 57 M3 I e T 700l RO SR AR T iAW) o e Al it
B, RICREIHIGHRE ST, NI T3 IF K el ARER AL B 57 D AL Al e TR, SR THBHERCR ™,
@R FITT Al 2 SRS NH; G BN, JFRaHLE7 T BoR . T8l i 2468, Sk
ROR PR HERN 5 T2 ettt , A MiEsh HENL A B B ael . WAy m & e . QIS4 ISR K 55
Py HERC R HERE 5% 25 32 B AL, (0 B RT38LZ %t CO,. CH,. N,O Fl NH; R HER R GG . 24K
LRI IEAE I CH, . N,O il NHy BRI BT T CO, B, WEECH T % 2R U R I HERE A
SRR AR W R

6 5% ik

[1] SHI Yan, GE Ying, CHANG lJie, et al. Garden waste biomass for renewable and sustainable energy production in China:
potential, challenges and development[J]. Renewable and Sustainable Energy Reviews, 2013, 22: 432-437. DOL: 10.1016/j.
rser.2013.02.003.

[2] MACFARLANE D W. Potential availability of urban wood biomass in Michigan: implications for energy production, carbon
sequestration and sustainable forest management in the U. S. A.[J]. Biomass and Bioenergy, 2009, 33(4): 628—634. DOL: 10.
1016/j.biombioe.2008.10.004.

(3] X=pdd, (B2 58, ARBEOL, 45, WUy 5 N ARSI FE M B IR I T 2 e 0] ZRefll B2, 2024, 52(9): 1-4, 24,
LIU Xuelei, REN Xueyong, SONG Shuguang, et al. Research progress on resource utilization of garden waste under the
background of dual carbon[J]. Journal of Anhui Agricultural Sciences, 2024, 52(9): 1-4, 24. DOI:10.3969 /j.issn.0517-
6611.2024.09.001. DOI: 10.3969/j.issn.0517-6611.2024.09.001.

(4] FhimBH, 2554, AR5 55, 2. bel bk ok A0 B2 5 W B IR AL R T F 5 2F Ji [00. MRl B 2%, 2025, 61(7): 100-113. SUN


https://doi.org/10.1016/j.rser.2013.02.003
https://doi.org/10.1016/j.rser.2013.02.003
https://doi.org/10.1016/j.rser.2013.02.003
https://doi.org/10.1016/j.biombioe.2008.10.004
https://doi.org/10.1016/j.biombioe.2008.10.004
https://doi.org/10.1016/j.biombioe.2008.10.004
https://doi.org/10.3969/j.issn.0517-6611.2024.09.001
https://doi.org/10.3969/j.issn.0517-6611.2024.09.001
https://doi.org/10.3969/j.issn.0517-6611.2024.09.001
https://doi.org/10.3969/j.issn.0517-6611.2024.09.001
https://doi.org/10.3969/j.issn.0517-6611.2024.09.001
https://doi.org/10.11707/j.1001�7488.LYKX20250340

55 43 B4 X ) EOMAE XU WERT FEARERAL R FE M HENE AR S P A T 7

Xiangyang, LI Suyan, REN Xueyong, et al. Research progress on resource utilization of green waste[J]. Scientia Silvae
Sinicae, 2025, 61(7): 100—113. DOI: 10.11707/j.1001-7488.LYKX20250340.

(51 [E)5M2, RS, B B, 4. UMK IR 74 B A Ak I AR L 385 53 R A e IR T s [0 WV AR bk R 2
2, 2023, 40(5): 1045-1053. YAN Fangbin, ZHENG Jingming, GONG Yinting, et al. Effects of garden waste reuse
treatments on soil nutrients and microbial carbon source utilization in plantation soil[J]. Journal of Zhejiang A&F
University, 2023, 40(5): 1045-1053. DOI: 10.11833/j.issn.2095-0756.20220620.

(6] BxWelH, tpets, whiie, 45, 1R M £ i A il A3 X o i+ 9 o i IR A & S5 9F 00 (0], RERBE 2%, 2025, 2(1):
87-96. DUAN Xiaoyang, YANG Xiaoting, HAN Lu, ef al. Investigation and evaluation of soil quality in green space in sea
reclamation residential areas of Yantai City, Shandong Province [J]. Tree Health, 2025, 2(1): 87-96.

(7] 478, £, BEM. “Rk” 1 5 FHER R = A HER AR DR (T, )7 PUA 254, 2024, 39(5): 141-147. YANG
Jie, WANG Peng, QIN Aichang. Research progress on greenhouse gas emission reduction technology for composting in the
context of “carbon peaking and carbon neutrality” [J]. Journal of Guangxi Agriculture, 2024, 39(5): 141-147. DOI: 10.
20160/j.cnki.ISSN1003-4374.2024.05.020.

[8] CUI Hu, HOU Shengnan, WANG Xinyi, et al. Greenhouse gas emissions in a microbial fuel cell-assisted composting
system: microbial insights into bacterial structures and genetic functions[J]. Environmental Research, 2025, 285: 122504.
DOI: 10.1016/J.ENVRES.2025.122504.

[9] UMAR W, VANDENBUSSCHE C, DINUCCIO E, et al. Acidification of animal slurry in housing and during storage to
reduce NH; and GHG emissions-recent advancements and future perspectives[J]. Waste Management, 2025, 203: 114856.
DOI: 10.1016/j.wasman.2025.114856.

[10] 1E2= 5, IRt [RIAREGRAL % F2 Bl 22 b B 5 IR AR A IMI. Jb 5T EAROIL # Mt 2024, REN Xueyong, XING
Shihua. Scientific Disposal and Resource Utilization of Landscape Waste[M]. Beijing: China Forestry Publishing House,
2024.

[11] WOOLET J, WHITMAN T. Pyrogenic organic matter effects on soil bacterial community composition[J]. Soil Biology and
Biochemistry, 2020, 141: 107678. DOI: 10.1016/j.s0ilbi0.2019.107678.

[12] YUN Mengying, LI Changheng, DUAN Yuandong, et al. Classification of bulking agents and their regulations on
composting: a review [J]. Journal of Environmental Chemical Engineering, 2025, 13(4): 117318. DOL: 10.1016/j.jece.2025.
117318.

[13] SZYLAK SZYDLOWSKI M, KOS W. Odorous emissions during the use of the intermediate fraction as an additive to the
green waste composting process [J]. Sustainability, 2025, 17(3): 851. DOI: 10.3390/SU17030851.

[14] vh E ST A b 2. [ MRERAL I 57 P HE AEAIC AR AL B4 R - T/CABEE 061—2024[S]. dbst: i EEA Toll i fikt, 2024.
China Association of Building Energy Efficiency. Low-carbon Treatment Technology of Green Waste Composting:
T/CABEE 061—2024[S]. Beijing: Building Materials Industry Press of China, 2024.

(151 BRI, SRITT, o AR 2205 HILIET 1A 240 DI ] e S8 S NE BOR WP E & [J/OL ). A PRI 27: 412, 2025-11-05.
https://link.cnki.net/urlid/12.1347.S.20251105.1135.004. CHEN Peizhen, ZHANG Keyu, SHEN Feng. Advances in aerobic
co-composting of multi-source organic solid wastes in rural areas [J/OL]. Journal of Agro-Environment Science, 2025-11-
05. https://link.cnki.net/urlid/12.1347.S.20251105.1135.004.

(16] B 5, XI5, 2 sk, 45, ot d 3 g 403 AT A5 DR S A A BR B AR AT b 8 (0] A el BH4, 2025, 56(7): 65-71.
CHEN Youxian, LIU Fang, YUAN Zongsheng, et al. Research progress on aerobic composting and anaerobic digestion
treatment technology for kitchen waste[J]. Fujian Agricultural Science and Technology, 2025, 56(7): 65—71. DOIL: 10.
13651/j.cnki.finykj.2025.07.011.

[17] V25, B K%, 27, 55 BN A= 1 ¢ Xof Jof 4 a7 39 M P e A 4 52 M B 52 L0). BRI TR 4 R 24 41, 2025, 15(4):
1354-1365. WANG Xin, YANG Tianxue, LI Jie, et al. Influence of biochar amendment on phosphorus speciation during
kitchen waste composting[J]. Journal of Environmental Engineering Technology, 2025, 15(4): 1354-1365. DOIL: 10.12153/
j.issn.1674-991X.20250177.

(18] ZR5%. F&3a 1% S il 18 K-S I R GeniF 5t [D]. Jbat: FER K2, 2002. GUO Liang. Forced Aeration Static
Pile Composting System of Swine Manure [D]. Beijing: China Agricultural University, 2002.

[19] Z=meih, SKA%, HUAHEH, 2. 15 U8 -5 4 BT B K RS0 TH Al ™ W e iiF 7 1k Jig (1], 3R 056 TR, 2015, 33(9): 100-104. LI


https://doi.org/10.11707/j.1001�7488.LYKX20250340
https://doi.org/10.11707/j.1001�7488.LYKX20250340
https://doi.org/10.11707/j.1001�7488.LYKX20250340
https://doi.org/10.11707/j.1001�7488.LYKX20250340
https://doi.org/10.11707/j.1001�7488.LYKX20250340
https://doi.org/10.11833/j.issn.2095-0756.20220620
https://doi.org/10.11833/j.issn.2095-0756.20220620
https://doi.org/10.11833/j.issn.2095-0756.20220620
https://doi.org/10.11833/j.issn.2095-0756.20220620
https://doi.org/10.11833/j.issn.2095-0756.20220620
https://doi.org/10.11833/j.issn.2095-0756.20220620
https://doi.org/10.11833/j.issn.2095-0756.20220620
https://doi.org/10.20160/j.cnki.ISSN1003-4374.2024.05.020
https://doi.org/10.20160/j.cnki.ISSN1003-4374.2024.05.020
https://doi.org/10.20160/j.cnki.ISSN1003-4374.2024.05.020
https://doi.org/10.20160/j.cnki.ISSN1003-4374.2024.05.020
https://doi.org/10.20160/j.cnki.ISSN1003-4374.2024.05.020
https://doi.org/10.20160/j.cnki.ISSN1003-4374.2024.05.020
https://doi.org/10.1016/J.ENVRES.2025.122504
https://doi.org/10.1016/J.ENVRES.2025.122504
https://doi.org/10.1016/j.wasman.2025.114856
https://doi.org/10.1016/j.wasman.2025.114856
https://doi.org/10.1016/j.soilbio.2019.107678
https://doi.org/10.1016/j.soilbio.2019.107678
https://doi.org/10.1016/j.soilbio.2019.107678
https://doi.org/10.1016/j.jece.2025.117318
https://doi.org/10.1016/j.jece.2025.117318
https://doi.org/10.1016/j.jece.2025.117318
https://doi.org/10.3390/SU17030851
https://doi.org/10.3390/SU17030851
https://link.cnki.net/urlid/12.1347.S.20251105.1135.004
https://link.cnki.net/urlid/12.1347.S.20251105.1135.004
https://doi.org/10.13651/j.cnki.fjnykj.2025.07.011
https://doi.org/10.13651/j.cnki.fjnykj.2025.07.011
https://doi.org/10.13651/j.cnki.fjnykj.2025.07.011
https://doi.org/10.13651/j.cnki.fjnykj.2025.07.011
https://doi.org/10.12153/j.issn.1674-991X.20250177
https://doi.org/10.12153/j.issn.1674-991X.20250177
https://doi.org/10.12153/j.issn.1674-991X.20250177
https://doi.org/10.12153/j.issn.1674-991X.20250177
https://doi.org/10.12153/j.issn.1674-991X.20250177
https://doi.org/10.12153/j.issn.1674-991X.20250177
https://doi.org/10.13205/j.hjgc.201509022

8 RN/ NI NI e 14 2026 4F X A 20 H

Xiaoshuai, ZHANG Dong, DAI Lingling, et al. State of the art of methane produced from sludge and food waste co-
digestion[J]. Environmental Engineering, 2015, 33(9): 100—104. DOI: 10.13205/j.hjgc.201509022.

[20] LI Xu, SHI Xiaoshuang, YANG Zhiman, et al. Effects of recyclable ceramsite as the porous bulking agent during the
continuous thermophilic composting of dairy manure[J]. Journal of Cleaner Production, 2019, 217: 344-351. DOI: 10.
1016/j.jclepro.2019.01.148.

[21] WANG Nanyi, HE Yong, ZHAO Keqi , et al. Greenhouse gas emission characteristics and influencing factors of agricultural
waste composting process: a review[J]. Journal of Environmental Management, 2024, 354: 120337. DOI: 10.1016/].
jenvman.2024.120337.

[22] Juste, sKEGFS, KA, 45, A b I AL Hh A B A0 2k S B T e i (0. KB TR 27412, 2024, 40(4):
139-149. FAN lJinghua, ZHANG Ruiling, ZHANG Zhao, et al. Research progress on carbon and nitrogen loss and
mitigation measures in aerobic composting of kitchen waste[J]. Journal of Tianjin University of Technology, 2024, 40(4):
139-149. DOI: 10.3969/j.issn.1673-095X.2024.04.022.

(23] =i, v R, W, 26 IS SfENE R AR 3 U ACHE R S BE R (0] AP BEIR S BRI, 2025, 42(5): 1148-1158. LI
Zhonghan, YANG Fengxia, YANG Ming, et al. Research progress in vermicomposting and its greenhouse gas emissions [J].
Journal of Agricultural Resources and Environment, 2025, 42(5): 1148—1158. DOI: 10.13254/j.jare.2024.0416.

[24] HAN Zhangliang, SUN Dezhi, WANG Hui, et al. Effects of ambient temperature and aeration frequency on emissions of
ammonia and greenhouse gases from a sewage sludge aerobic composting plant[J]. Bioresource Technology, 2018, 270:
457-466. DOI: 10.1016/j.biortech.2018.09.048.

[25] HE Xueqin, HAN Lujia, FU Bao, et al. Effect and microbial reaction mechanism of rice straw biochar on pore methane
production during mainstream large-scale aerobic composting in ChinalJ]. Journal of Cleaner Production, 2019, 215:
1223-1232. DOI: 10.1016/j.jclepro.2019.01.159.

[26] XU Mingyue, YU Bao, CHEN Yue, et al. Mitigating greenhouse gas emission and enhancing fermentation by phosphorus
slag addition during sewage sludge composting [J]. Journal of Environmental Management, 2024, 370: 122740. DOI: 10.
1016/j.jenvman.2024.122740.

(27] Bt W57 S AL i Al 2 AR A HE O S SR A R W5 [D]. dbat: AR, 2020. BA Shidi.
Greenhouse gas and ammonia emissions and nutrient losses from dairy manure composting [D]. Beijing: Chinese Academy
of Agricultural Sciences, 2020. DOI:10.27630/d.cnki.gznky.2020.000189.

[28] ZHAO Shuaixiang, SCHMIDT S, QIN Wei, et al. Towards the circular nitrogen economy-a global meta-analysis of
composting technologies reveals much potential for mitigating nitrogen losses [J]. Science of the Total Environment, 2020,
704: 135401. DOI: 10.1016/j.scitotenv.2019.135401.

[29] LUO Wenhai, YUAN Jing, LUO Yiming, et al. Effects of mixing and covering with mature compost on gaseous emissions
during composting [J]. Chemosphere, 2014, 117: 14-19. DOI: 10.1016/j.chemosphere.2014.05.043.

[30] NEUGEBAUER M, SOLOWIEJ P. The use of green waste to overcome the difficulty in small-scale composting of organic
household waste[J]. Journal of Cleaner Production, 2017, 156: 865—875. DOI: 10.1016/j.jclepro.2017.04.095.

[31] 2t 2%, w2 BERE, TR /0oy, 55 ENE S R0, B AL & O W) 9 HE T 52 28 i (0] R0l W8 U5 BRI~ 412, 2024, 41(2):
431-441. LI Songrong, PENG Bihui, XU Shaoqi, et al. Research progress on synergistic emission reduction of ammonia
and hydrogen sulfide in composting [J]. Journal of Agricultural Resources and Environment, 2024, 41(2): 431—441. DOI:
10.13254/j.jare.2023.0050.

[32] XU Zhicheng, MA Yu, ZHANG Lanxia, et al. Relating bacterial dynamics and functions to gaseous emissions during
composting of kitchen and garden wastes[J]. Science of the Total Environment, 2021, 767: 144210. DOI: 10.1016/.
scitotenv.2020.144210.

[33] YANG Fan, LI Yun, HAN Yuhua, et al. Performance of mature compost to control gaseous emissions in kitchen waste
composting [J]. Science of the Total Environment, 2019, 657: 262—269. DOIL: 10.1016/j.scitotenv.2018.12.030.

[34] MAO Hui, ZHANG Haoyue, FU Qian, et al. Effects of four additives in pig manure composting on greenhouse gas emission
reduction and bacterial community change[J]. Bioresource Technology, 2019, 292: 121896. DOI: 10.1016/j.biortech.2019.
121896.

[35] ONWOSI C O, IGBOKWE V C, ODIMBA J N, et al. Composting technology in waste stabilization: on the methods,


https://doi.org/10.13205/j.hjgc.201509022
https://doi.org/10.13205/j.hjgc.201509022
https://doi.org/10.1016/j.jclepro.2019.01.148
https://doi.org/10.1016/j.jclepro.2019.01.148
https://doi.org/10.1016/j.jclepro.2019.01.148
https://doi.org/10.1016/j.jenvman.2024.120337
https://doi.org/10.1016/j.jenvman.2024.120337
https://doi.org/10.3969/j.issn.1673-095X.2024.04.022
https://doi.org/10.3969/j.issn.1673-095X.2024.04.022
https://doi.org/10.3969/j.issn.1673-095X.2024.04.022
https://doi.org/10.3969/j.issn.1673-095X.2024.04.022
https://doi.org/10.3969/j.issn.1673-095X.2024.04.022
https://doi.org/10.13254/j.jare.2024.0416
https://doi.org/10.13254/j.jare.2024.0416
https://doi.org/10.13254/j.jare.2024.0416
https://doi.org/10.1016/j.biortech.2018.09.048
https://doi.org/10.1016/j.biortech.2018.09.048
https://doi.org/10.1016/j.jclepro.2019.01.159
https://doi.org/10.1016/j.jclepro.2019.01.159
https://doi.org/10.1016/j.jenvman.2024.122740
https://doi.org/10.1016/j.jenvman.2024.122740
https://doi.org/10.1016/j.jenvman.2024.122740
https://doi.org/10.27630/d.cnki.gznky.2020.000189
https://doi.org/10.1016/j.scitotenv.2019.135401
https://doi.org/10.1016/j.scitotenv.2019.135401
https://doi.org/10.1016/j.chemosphere.2014.05.043
https://doi.org/10.1016/j.chemosphere.2014.05.043
https://doi.org/10.1016/j.jclepro.2017.04.095
https://doi.org/10.1016/j.jclepro.2017.04.095
https://doi.org/10.13254/j.jare.2023.0050
https://doi.org/10.13254/j.jare.2023.0050
https://doi.org/10.13254/j.jare.2023.0050
https://doi.org/10.1016/j.scitotenv.2020.144210
https://doi.org/10.1016/j.scitotenv.2020.144210
https://doi.org/10.1016/j.scitotenv.2020.144210
https://doi.org/10.1016/j.scitotenv.2018.12.030
https://doi.org/10.1016/j.scitotenv.2018.12.030
https://doi.org/10.1016/j.biortech.2019.121896
https://doi.org/10.1016/j.biortech.2019.121896
https://doi.org/10.1016/j.biortech.2019.121896

55 43 B4 X ) EOMAE XU WERT FEARERAL R FE M HENE AR S P A T 9

[36]

[37]

[38]

[39]

[40]

[(41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

challenges and future prospects[J]. Journal of Environmental Management, 2017, 190: 140—157. DOI: 10.1016/j.jenvman.
2016.12.051.

ZHANG Zhi, LIU Donghai, QIAO Yan, ef al. Mitigation of carbon and nitrogen losses during pig manure composting: a
meta-analysis[J]. Science of the Total Environment, 2021, 783: 147103. DOI: 10.1016/j.scitotenv.2021.147103.

ZHANG Wenming, YU Chenxu, WANG Xujie, et al. Increased abundance of nitrogen transforming bacteria by higher C/N
ratio reduces the total losses of N and C in chicken manure and corn stover mix composting[J]. Bioresource Technology,
2020, 297: 122410. DOI: 10.1016/j.biortech.2019.122410.

TANG Ruolan, LIU Yan, MA Ruonan, et al. Effect of moisture content, aeration rate, and C/N on maturity and gaseous
emissions during kitchen waste rapid composting[J]. Journal of Environmental Management, 2023, 326: 116662. DOLI: 10.
1016/j.jenvman.2022.116662.

ANSARI S A, SHAKEEL A, SAWARKAR R, er al. Additive facilitated co-composting of lignocellulosic biomass waste,
approach towards minimizing greenhouse gas emissions: an up to date review [J]. Environmental Research, 2023, 224:
115529. DOI: 10.1016/j.envres.2023.115529.

ABALOS D, RECOUS S, BUTTERBACH-BAHL K, et al. A review and meta-analysis of mitigation measures for nitrous
oxide emissions from crop residues[J]. Science of the Total Environment, 2022, 828: 154388. DOI: 10.1016/j.scitotenv.
2022.154388.

CACERES R, MALINSKA K, MARFA O. Nitrification within composting: a review[J]. Waste Management, 2018, 72:
119-137. DOI: 10.1016/j.wasman. 2017.10.049. DOI: 10.1016/j.wasman.2017.10.049.

HUANG Yao, ZOU Jianwen, ZHENG Xunhua, et al. Nitrous oxide emissions as influenced by amendment of plant residues
with different C:N ratios[J]. Soil Biology & Biochemistry, 2004, 36(6): 973-981. DOIL: 10.1016/j.s0ilbi0.2004.02.009.
ZEE, AR, SR, 5. NIRRT e bR 5 E o U SRR = SR HE R s e 0] 2ROl B4, 2024,
52(7): 196—199. LI Xia, KONG Xiangyi, ZHANG Xueru, et al. Effects of different carbon-nitrogen ratio on the emission of
ammonia and greenhouse gases during the composting of garden waste[J]. Journal of Anhui Agricultural Sciences, 2024,
52(7): 196—199. DOI: 10.3969/j.issn.0517-6611.2024.07.046.

LIANG C, DAS K C, MCCLENDON R W. The influence of temperature and moisture contents regimes on the aerobic
microbial activity of a biosolids composting blend[J]. Bioresource Technology, 2003, 86(2): 131-137. DOI: 10.1016/
S0960-8524(02)00153-0.

PARDO G, MORAL R, AGUILERA E, et al. Gaseous emissions from management of solid waste: a systematic review [J].
Global Change Biology, 2015, 21(3): 1313—1327. DOI: 10.1111/gcb.12806.

VAN DER WEERDEN T J, KELLIHER F M, DE KLEIN C A M. Influence of pore size distribution and soil water content
on nitrous oxide emissions [J]. Soil Research, 2012, 50(2): 125—135. DOI: 10.1071/sr11112.

GUO Honghong, GU Jie, WANG Xiaojuan, et al. Microbial mechanisms related to the effects of bamboo charcoal and
bamboo vinegar on the degradation of organic matter and methane emissions during composting[J]. Environmental
Pollution, 2021, 272: 116013. DOI: 10.1016/j.envpol.2020.116013.

BHATIA S K, JAGTAP S S, BEDEKAR A A, et al. Recent developments in pretreatment technologies on lignocellulosic
biomass: Effect of key parameters, technological improvements, and challenges[J]. Bioresource Technology, 2020, 300:
122724. DOLI: 10.1016/j.biortech.2019.122724.

WU Di, WEI Zimin, MOHAMED T A , et al. Lignocellulose biomass bioconversion during composting: Mechanism of
action of lignocellulase, pretreatment methods and future perspectives[J]. Chemosphere, 2022, 286: 131635. DOI:
10.1016/j.chemosphere.2021.131635.

HUANG Ying, CHEN Yuehong, HUANG Hongying, et al. Hyperthermophilic pretreatment composting can reduce
ammonia emissions by controlling proteolytic bacterial community and the physicochemical properties[J]. Bioresources and
Bioprocessing, 2023, 10: 37. DOI: 10.1186/s40643-023-00659-y.

X PR, FRFEU, TAEF-, 2. Mg TN PR AR R I A M AL 2 Rl 2 ORI ) 2 ) (0] A BRI,
2024, 43(5): 1151-1162. LIU Shangbin, ZHENG Xiangzhou, WANG Huangping, et al. Effects of excipient incorporation
and fly maggot pretreatment on ammonia emissions and greenhouse gases emissions during chicken manure composting[J].

Journal of Agro-Environment Science, 2024, 43(5): 1151-1162. DOI: 10.11654/jaes.2023-0547.


https://doi.org/10.1016/j.jenvman.2016.12.051
https://doi.org/10.1016/j.jenvman.2016.12.051
https://doi.org/10.1016/j.jenvman.2016.12.051
https://doi.org/10.1016/j.scitotenv.2021.147103
https://doi.org/10.1016/j.scitotenv.2021.147103
https://doi.org/10.1016/j.biortech.2019.122410
https://doi.org/10.1016/j.biortech.2019.122410
https://doi.org/10.1016/j.jenvman.2022.116662
https://doi.org/10.1016/j.jenvman.2022.116662
https://doi.org/10.1016/j.jenvman.2022.116662
https://doi.org/10.1016/j.envres.2023.115529
https://doi.org/10.1016/j.envres.2023.115529
https://doi.org/10.1016/j.scitotenv.2022.154388
https://doi.org/10.1016/j.scitotenv.2022.154388
https://doi.org/10.1016/j.scitotenv.2022.154388
https://doi.org/10.1016/j.wasman.2017.10.049
https://doi.org/10.1016/j.wasman.2017.10.049
https://doi.org/10.1016/j.soilbio.2004.02.009
https://doi.org/10.1016/j.soilbio.2004.02.009
https://doi.org/10.3969/j.issn.0517-6611.2024.07.046
https://doi.org/10.3969/j.issn.0517-6611.2024.07.046
https://doi.org/10.3969/j.issn.0517-6611.2024.07.046
https://doi.org/10.3969/j.issn.0517-6611.2024.07.046
https://doi.org/10.3969/j.issn.0517-6611.2024.07.046
https://doi.org/10.1016/S0960-8524(02)00153-0
https://doi.org/10.1016/S0960-8524(02)00153-0
https://doi.org/10.1016/S0960-8524(02)00153-0
https://doi.org/10.1016/S0960-8524(02)00153-0
https://doi.org/10.1016/S0960-8524(02)00153-0
https://doi.org/10.1016/S0960-8524(02)00153-0
https://doi.org/10.1016/S0960-8524(02)00153-0
https://doi.org/10.1111/gcb.12806
https://doi.org/10.1111/gcb.12806
https://doi.org/10.1071/sr11112
https://doi.org/10.1071/sr11112
https://doi.org/10.1016/j.envpol.2020.116013
https://doi.org/10.1016/j.envpol.2020.116013
https://doi.org/10.1016/j.envpol.2020.116013
https://doi.org/10.1016/j.biortech.2019.122724
https://doi.org/10.1016/j.biortech.2019.122724
https://doi.org/10.1016/j.chemosphere.2021.131635
https://doi.org/10.1186/s40643-023-00659-y
https://doi.org/10.1186/s40643-023-00659-y
https://doi.org/10.1186/s40643-023-00659-y
https://doi.org/10.1186/s40643-023-00659-y
https://doi.org/10.1186/s40643-023-00659-y
https://doi.org/10.1186/s40643-023-00659-y
https://doi.org/10.1186/s40643-023-00659-y
https://doi.org/10.1186/s40643-023-00659-y
https://doi.org/10.1186/s40643-023-00659-y
https://doi.org/10.11654/jaes.2023-0547
https://doi.org/10.11654/jaes.2023-0547
https://doi.org/10.11654/jaes.2023-0547
https://doi.org/10.11654/jaes.2023-0547
https://doi.org/10.11654/jaes.2023-0547
https://doi.org/10.11654/jaes.2023-0547
https://doi.org/10.11654/jaes.2023-0547

10 WroIL R R K A R 2026 4E X H 20 H

[52] LINDBERG L, ERMOLAEV E, VINNERAS B, et al. Process efficiency and greenhouse gas emissions in black soldier fly
larvae composting of fruit and vegetable waste with and without pre-treatment[J]. Journal of Cleaner Production, 2022,
338: 130552. DOI: 10.1016/j.jclepro.2022.130552.

[53] ZHENG Yi, ZHAO Jia, XU Fuging, et al. Pretreatment of lignocellulosic biomass for enhanced biogas production[J].
Progress in Energy and Combustion Science, 2014, 42: 35-53. DOI: 10.1016/j.pecs.2014.01.001.

[54] GU Junhao, LI Suyan, SUN Xiangyang, et al. Greenhouse gas emissions from co-composting of green waste and kitchen
waste at different ratios [J]. Sustainability, 2025, 17(17): 8041. DOI: 10.3390/sul17178041.

[55] BRI, N ZE, AN, 55, Pl bR AL R se W e NE T 200 se st Jig (], 4l 54K, 2021, 41(15): 139-142. CHEN
Qiaoyu, YANG Lijun, WU Songcheng, et al. Research progress on composting technology of garden waste [J]. Agriculture
and Technology, 2021, 41(15): 139—142. DOI: 10.19754/j.nyyjs.20210815037.

[56] CHEN Mengli, HUANG Yimei, LIU Huijuan, et al. Impact of different nitrogen source on the compost quality and
greenhouse gas emissions during composting of garden waste[J]. Process Safety and Environmental Protection, 2019, 124:
326—-335. DOI: 10.1016/j.psep.2019.03.006.

[57] GRGAS D, STEFANAC T, BARESIC M, et al. Co-composting of sewage sludge, green waste, and food waste[J]. Journal
of Sustainable Development of Energy, Water and Environment Systems, 2023, 11(1): 1-14. DOI: 10.13044/j.sdewes.d10.
0415.

[58] KULIKOWSKA D, BERNAT K. Composting of municipal sewage sludge and lignocellulosic waste: nitrogen
transformations and humic substances molecular weight[J]. Energies, 2023, 16(1): 376. DOI: 10.3390/en16010376.

[59] LIU Zelong, ZHANG Xinyuan, WANG Fenghua, et al. Stratified aeration supplied an effective way for ammonia and
greenhouse gas mitigation in composting [J]. Environmental Technology & Innovation, 2025, 37: 104055. DOL: 10.1016/j.
€ti.2025.104055.

[60] CAO Jie, QU Haoli, LI Ruirong, et al. Effects of membrane covers and biochar on compost quality and greenhouse gas
reduction in aerobic composting [J]. BioResources, 2024, 19(2): 3475-3488. DOI: 10.15376/biores.19.2.3475-3488.

[61] SUN Xiaoxi, MA Shuangshuang, HAN Lujia, ef al. The effect of a semi-permeable membrane-covered composting system
on greenhouse gas and ammonia emissions in the Tibetan Plateau[J]. Journal of Cleaner Production, 2018, 204: 778—787.
DOI: 10.1016/j.jclepro.2018.09.061.

[62] 27K, IMIE, PRAGEL, A5 AR IR o6 X0k 7 8 26U S M N ke B SR AR s il (0] BRIEER72, 2021, 42(11):
5554-5562. LI Yongshuang, SUN Bo, CHEN Juhong, et al. Effects of nano-membrane on aerobic composting process and
odor emission of livestock manure[J]. Environmental Science, 2021, 42(11): 5554-5562. DOI: 10.13227/j.hjkx.202103109.

[63] VELASCO-VELASCO J, PARKINSON R, KURI V. Ammonia emissions during vermicomposting of sheep manure[J].
Bioresource Technology, 2011, 102(23): 10959-10964. DOI: 10.1016/j.biortech.2011.09.047.

[64] WANG Jinzhi, HU Zhengyi, XU Xingkai, et al. Emissions of ammonia and greenhouse gases during combined pre-
composting and vermicomposting of duck manure[J]. Waste Management, 2014, 34(8): 1546—1552. DOI: 10.1016/j.
wasman.2014.04.010.

[65] NIGUSSIE A, KUYPER T W, BRUUN S, et al. Vermicomposting as a technology for reducing nitrogen losses and
greenhouse gas emissions from small-scale composting[J]. Journal of Cleaner Production, 2016, 139: 429—-439. DOI: 10.
1016/j.jclepro.2016.08.058.

[66] TANG Jiahuan, LI Xiang, ZHAO Wenqi, ef al. Electric field induces electron flow to simultaneously enhance the maturity of
aerobic composting and mitigate greenhouse gas emissions[J]. Bioresource Technology, 2019, 279: 234-242. DOI: 10.
1016/j.biortech.2019.01.140.

[67] LI Ruinan, ZHANG Lu. Effects of radiation with diverse spectral wavelengths on photodegradation during green waste
composting [J]. Science of the Total Environment, 2022, 826: 154166. DOI: 10.1016/j.scitotenv.2022.154166.

[68] SU Yuze, ZHANG Lu. Responses of microorganisms to different wavelengths of light radiation during green waste
composting [J]. Science of the Total Environment, 2024, 920: 171021. DOI: 10.1016/j.scitotenv.2024.171021.

[69] WANG Po, ZHANG Lu. Filtering solar wavelengths reduces nitrogen loss during green waste composting[J]. Process
Safety and Environmental Protection, 2025, 200: 107357. DOI: 10.1016/j.psep.2025.107357.

(707 &k K, B2 M HH, X7 R, 55 SR 2 M T i i 2 ORIl 3 AR AT 5 2k Ji (0] Ak AR 241, 2025, 39(2):


https://doi.org/10.1016/j.jclepro.2022.130552
https://doi.org/10.1016/j.jclepro.2022.130552
https://doi.org/10.1016/j.pecs.2014.01.001
https://doi.org/10.1016/j.pecs.2014.01.001
https://doi.org/10.3390/su17178041
https://doi.org/10.3390/su17178041
https://doi.org/10.19754/j.nyyjs.20210815037
https://doi.org/10.19754/j.nyyjs.20210815037
https://doi.org/10.19754/j.nyyjs.20210815037
https://doi.org/10.19754/j.nyyjs.20210815037
https://doi.org/10.1016/j.psep.2019.03.006
https://doi.org/10.1016/j.psep.2019.03.006
https://doi.org/10.13044/j.sdewes.d10.0415
https://doi.org/10.13044/j.sdewes.d10.0415
https://doi.org/10.13044/j.sdewes.d10.0415
https://doi.org/10.13044/j.sdewes.d10.0415
https://doi.org/10.13044/j.sdewes.d10.0415
https://doi.org/10.13044/j.sdewes.d10.0415
https://doi.org/10.13044/j.sdewes.d10.0415
https://doi.org/10.3390/en16010376
https://doi.org/10.3390/en16010376
https://doi.org/10.1016/j.eti.2025.104055
https://doi.org/10.1016/j.eti.2025.104055
https://doi.org/10.1016/j.eti.2025.104055
https://doi.org/10.15376/biores.19.2.3475-3488
https://doi.org/10.15376/biores.19.2.3475-3488
https://doi.org/10.15376/biores.19.2.3475-3488
https://doi.org/10.15376/biores.19.2.3475-3488
https://doi.org/10.1016/j.jclepro.2018.09.061
https://doi.org/10.1016/j.jclepro.2018.09.061
https://doi.org/10.13227/j.hjkx.202103109
https://doi.org/10.13227/j.hjkx.202103109
https://doi.org/10.13227/j.hjkx.202103109
https://doi.org/10.1016/j.biortech.2011.09.047
https://doi.org/10.1016/j.biortech.2011.09.047
https://doi.org/10.1016/j.wasman.2014.04.010
https://doi.org/10.1016/j.wasman.2014.04.010
https://doi.org/10.1016/j.wasman.2014.04.010
https://doi.org/10.1016/j.jclepro.2016.08.058
https://doi.org/10.1016/j.jclepro.2016.08.058
https://doi.org/10.1016/j.jclepro.2016.08.058
https://doi.org/10.1016/j.biortech.2019.01.140
https://doi.org/10.1016/j.biortech.2019.01.140
https://doi.org/10.1016/j.biortech.2019.01.140
https://doi.org/10.1016/j.scitotenv.2022.154166
https://doi.org/10.1016/j.scitotenv.2022.154166
https://doi.org/10.1016/j.scitotenv.2024.171021
https://doi.org/10.1016/j.scitotenv.2024.171021
https://doi.org/10.1016/j.psep.2025.107357
https://doi.org/10.1016/j.psep.2025.107357
https://doi.org/10.1016/j.psep.2025.107357
https://doi.org/10.3969/j.issn.1003-9015.2024.00.015

55 43 B4 X ) EOMAE XU WERT FEARERAL R FE M HENE AR S P A T 11

188—199. HAN Bing, HUO Lili, ZHAO Lixin, et al. Research progress on additive enhanced ammonia and greenhouse gas
emission reduction in aerobic composting[J]. Journal of Chemical Engineering of Chinese Universities, 2025, 39(2):
188—199. DOI: 10.3969/].issn.1003-9015.2024.00.015.

[71] WU Jiaping, LI Mengling, WANG Yan, e al. Impact of bentonite on greenhouse gas emissions during pig manure
composting and its subsequent application[J]. Journal of Environmental Management, 2023, 344: 118453. DOL: 10.1016/;.
jenvman.2023.118453.

[72] DU Xian, XING Ruizhi, LIN Ying, et al. Reduced greenhouse gas emission by reactive oxygen species during
composting [J]. Bioresource Technology, 2024, 404: 130910. DOI: 10.1016/j.biortech.2024.130910.

[73] NGUYEN M K, LIN C, HOANG H G, et al. Evaluate the role of biochar during the organic waste composting process: a
critical review [J]. Chemosphere, 2022, 299: 134488. DOI: 10.1016/j.chemosphere.2022.134488.

[74] WANG Wei, ZHANG Lu, SUN Xiangyang. Improvement of two-stage composting of green waste by addition of eggshell
waste and rice husks[J]. Bioresource Technology, 2021, 320: 124388. DOI: 10.1016/j.biortech.2020.124388.

[75] HWANG H Y, LEE S M, LEE C R, et al. Addition of earthworm castings reduces gas emissions and improves compost
quality in kitchen waste composting[J]. Applied Biological Chemistry, 2022, 65: 27. DOI: 10.1186/s13765-022-00692-z.

[76] LIM S L, WU T Y, LIM P N, et al. The use of vermicompost in organic farming: overview, effects on soil and
economics[J]. Journal of the Science of Food and Agriculture, 2015, 95(6): 1143—1156. DOIL: 10.1002/jsfa.6849.

[77] LIM S L, LEE L H, WU T Y. Sustainability of using composting and vermicomposting technologies for organic solid waste
biotransformation: recent overview, greenhouse gases emissions and economic analysis[J]. Journal of Cleaner Production,
2016, 111: 262—278. DOI: 10.1016/j.jclepro.2015.08.083.

[78] EDWARDS C A, ARANCON N Q, SHERMAN R L. Vermiculture Technology: Earthworms, Organic Wastes, and
Environmental Management[M]. Boca Raton: CRC Press, 2010.

[79] F XHE, 3, AR, 55, A6 5T A= W ¢ e X R 2 M A I 2 UMM NH HER 0 52 [, o [0l K227 41z, 2021,
26(6): 114-125. WANG Yixiang, YE Jing, LIN Yi, et al. Effects of peanut shell biochar on greenhouse gas and NHj
emissions during swine manure composting[J]. Journal of China Agricultural University, 2021, 26(6): 114—125. DOL: 10.
11841/.issn.1007-4333.2021.06.12.

[80] KUMAR M, YADAV A N, SAXENA R, et al. Novel methanotrophic and methanogenic bacterial communities from diverse
ecosystems and their impact on environment[J]. Biocatalysis and Agricultural Biotechnology, 2021, 33: 102005. DOIL: 10.
1016/j.bcab.2021.102005.

[81] WANG Zhe, XU Yilin, YANG Tong, et al. Effects of biochar carried microbial agent on compost quality, greenhouse gas
emission and bacterial community during sheep manure composting[J]. Biochar, 2023, 5(1): 3. DOI: 10.1007/s42773-022-
00202-w.

[82] BAI Yifan, ZHANG Lu, YIN Zexin, et al. Beer lees and ceramsite amendments enhance the two-stage co-composting of
green waste [J]. Bioresource Technology, 2021, 335: 125288. DOI: 10.1016/j.biortech.2021.125288.

[83] 253 JRU. TR VA 400 SO T 0T X85 24 e 4 T M AL S 08 B2 5 ORI 32 ) [D ] i 7R 88 ZR ARl R 2, 2025. CALT
Lianfeng. Effects of Microbial Agents and Mineral Additions on Humic Substances and Gas Emissions from Chicken Manure
Composting by Aerobic Fermentation [D]. Harbin: Northeast Agricultural University, 2025.

(841 ZSHERK, 2R Ha, Iha) B, 55, BT N M 28 W28 B2 11 2 kA 5 3R e A T £ 1 790y o (00 VAR RO 272448
2022, 39(2): 364—371. LI Yalin, LI Suyan, SUN Xiangyang, et al. Preparation of two strains of lignin-degrading bacteria
solid inoculum[J]. Journal of Zhejiang A& F University, 2022, 39(2): 364—371. DOI: 10.11833/j.issn.2095-0756.20210311.


https://doi.org/10.3969/j.issn.1003-9015.2024.00.015
https://doi.org/10.3969/j.issn.1003-9015.2024.00.015
https://doi.org/10.3969/j.issn.1003-9015.2024.00.015
https://doi.org/10.3969/j.issn.1003-9015.2024.00.015
https://doi.org/10.1016/j.jenvman.2023.118453
https://doi.org/10.1016/j.jenvman.2023.118453
https://doi.org/10.1016/j.jenvman.2023.118453
https://doi.org/10.1016/j.biortech.2024.130910
https://doi.org/10.1016/j.biortech.2024.130910
https://doi.org/10.1016/j.chemosphere.2022.134488
https://doi.org/10.1016/j.chemosphere.2022.134488
https://doi.org/10.1016/j.biortech.2020.124388
https://doi.org/10.1016/j.biortech.2020.124388
https://doi.org/10.1186/s13765-022-00692-z
https://doi.org/10.1186/s13765-022-00692-z
https://doi.org/10.1186/s13765-022-00692-z
https://doi.org/10.1186/s13765-022-00692-z
https://doi.org/10.1186/s13765-022-00692-z
https://doi.org/10.1186/s13765-022-00692-z
https://doi.org/10.1186/s13765-022-00692-z
https://doi.org/10.1186/s13765-022-00692-z
https://doi.org/10.1002/jsfa.6849
https://doi.org/10.1002/jsfa.6849
https://doi.org/10.1016/j.jclepro.2015.08.083
https://doi.org/10.1016/j.jclepro.2015.08.083
https://doi.org/10.11841/j.issn.1007-4333.2021.06.12
https://doi.org/10.11841/j.issn.1007-4333.2021.06.12
https://doi.org/10.11841/j.issn.1007-4333.2021.06.12
https://doi.org/10.11841/j.issn.1007-4333.2021.06.12
https://doi.org/10.11841/j.issn.1007-4333.2021.06.12
https://doi.org/10.11841/j.issn.1007-4333.2021.06.12
https://doi.org/10.1016/j.bcab.2021.102005
https://doi.org/10.1016/j.bcab.2021.102005
https://doi.org/10.1016/j.bcab.2021.102005
https://doi.org/10.1007/s42773-022-00202-w
https://doi.org/10.1007/s42773-022-00202-w
https://doi.org/10.1007/s42773-022-00202-w
https://doi.org/10.1007/s42773-022-00202-w
https://doi.org/10.1007/s42773-022-00202-w
https://doi.org/10.1007/s42773-022-00202-w
https://doi.org/10.1007/s42773-022-00202-w
https://doi.org/10.1007/s42773-022-00202-w
https://doi.org/10.1016/j.biortech.2021.125288
https://doi.org/10.1016/j.biortech.2021.125288
https://doi.org/10.11833/j.issn.2095-0756.20210311
https://doi.org/10.11833/j.issn.2095-0756.20210311
https://doi.org/10.11833/j.issn.2095-0756.20210311
https://doi.org/10.11833/j.issn.2095-0756.20210311
https://doi.org/10.11833/j.issn.2095-0756.20210311

	1 园林绿化废弃物堆肥的原料特性与差异比较
	1.1 园林绿化废弃物堆肥原料特性
	1.2 园林绿化废弃物与其他堆肥原料的差异化对比

	2 园林绿化废弃物堆肥气体排放特征与原理
	2.1 CO2排放特征与原理
	2.2 CH4排放特征与原理
	2.3 N2O排放特征与原理
	2.4 NH3排放特征与原理

	3 园林绿化废弃物堆肥气体排放影响因素
	3.1 温度
	3.2 pH
	3.3 C/N
	3.4 水分

	4 园林绿化废弃物堆肥气体减排策略与机制
	4.1 园林绿化废弃物堆肥原料预处理
	4.2 园林绿化废弃物堆肥原料调配
	4.3 园林绿化废弃物堆肥工艺改进
	4.4 园林绿化废弃物堆肥添加剂应用

	5 园林绿化废弃物堆肥气体排放的挑战与研究方向
	参考文献

