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Fig. 1 Process flow and carbon emission accounting boundary diagram of sewage sludge and kitchen waste treatment and
disposal project in Jiujiang City
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Table 1 Carbon emission inventory and accounting method for municipal sludge and food waste production

WA At P
LIZS Em,co, JE 2SI HCO,Hc: , ke
sz Eme0r = L KniXBEui Ko R 20 RER . ke

EF,i 725 5 COMRHE Z 4L, kg CO, kg™, PAMEUE $42.62,

ik Eeco, NFEH AR COHE &, kg;
[HEER T N Eeco, = X KeixEFei K, ohFEr R, kW-h, R0 R ENEE, trldid Ekex T3 (DS) 515
EF,; N HL /1CO,WHET %L, kg CO,-(kW-h)', H10.583 9,

Eqco, HiBkir - A M CO MR, kg;
Eico, = X Dii XEF;; Dy hiskuiieg (1R ) , km;

KR
EF,; A RRISEMAE (>2.0 L) HEBHF, kgCO,-eq-km ™', HX0.235 63,

i

R 2 REHMBERIRHIBUZE B R RAZE £
Table 2 Carbon emission inventory and accounting method for anaerobic digestion processes
ToeHE 5 AR SRR

Epco, AHRZRI =R CO M, ke;
S0 Eucos = 5 KuixEF Ko BRHAER, ki
Hek EF,,,; J9i 25 5 CO, M HE 2407, kg CO,'kg™, PAMIUE }2.62, FeCLEUI 48.3,
FRBUER1.74, NaOHBUE }1.17, Ca(OH), B 40.975, WHPEHIUE J6.
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EF,; e J1CO,iHE R %L, kg CO, (kW h)", H10.583 9.
Epco, MK CO e, ke;
K HRHTEFER , ke;
EFy ARIMBRHE R, S AIPCCHEAI 4316 kg CO,-eq-kg o

CH,

Ecn, =n%Qch, X 16/22.4x21

Ecu, FIREN LSRR P CH A ] bR 2L OB HERL i, ke
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EFx,0 AN,OHE K+, HUfH40.016 kg N,O- (kg TN)™';
44/18 AN, OFIN, /- T Z Eb 5
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En’_co2 =Vx M X Ean

En,—co, HTHAFREERIR TP EIICO IR, ke
VAPE RSP, Nm';
1 JHERETFE R RIR T LL], %3
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Table 3 Carbon emission inventory and accounting method for land utilization of digestate residue
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EFy cn, N0 T 3E7E 1 + R CH R HER R %L, 0.02 kg CH, kg '1'¥);

21 HCH, R SRR




55 6 1] A T 2 DA WL (A5 57 Bl [ PR ST A A PR At R i HE B 0 1321

55k 3
BRHECR HEA SRR

E1Ny0 AT L MO AL B AR AR BN, O B |, ke
My R IR T FE BT, ks

i N,O ~ TN AT R %
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R HE i Ef_co, =3 Fixdr XEFy; FioA e BB AT TR B0 8, %

¢ IALHE T EAL B AT AL A R SR EEEE , %;
EF i Sy A= 7= B o et RO A AL A0 A P 8 2 SR HE IR 7
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2 HR5TH

2.1 SRAE RN E T RHTE

1) THBUG TR 15URTE 5 KA HE) I ELOBK B 57K N 80%~85%, SRJm it 4-ifiiz i 2 R4
FCALBRT, JUTTIRIX 4 JET5 KA EET 5 IR BK Az a2 4 ME 2 fs. Hrp Ak K ab s
(FFE: 1.62tDS-d™") HT5 IR KIRHEBOK -5 = A 435.96 kgCO,-eqtDS™ 5 ESIHHITG /KA FH T (AL
6.86 tDS-d™") TSI KBRARK SRR N 125.05 kgCO,-eq-tDS ™, FEHIBANT T fki5 IR /K AR B

4 TSRBUKFIE B ST RRHERIT

Table 4 Carbon emission assessment of sludge dewatering and transportation units

28 [EENGy ¢ 0sL FK BTG K A B F5 245K BT 168 ) 75 7K A FE
TEF R/ dT) 19.47 14.7 10.44 46.32
oK 86.32% 88.95% 88.62% 85.19%
V5T H/(tDS-d™) 2.66 1.62 1.19 6.86
ARSI ES /km 24 23 13 28
Hk/d 2 1 1 3
KA LI A A N F/(kgCO,-eq km ™) 0.235 63
iE B HEIU (kgCO,-eq-tDS ™) 8.49 6.67 5.16 5.77
MK FLAE/(kWh-tDS ™) 350 711 440 185
1 S HERL R F/(kgCO,-eq- kWh™) 0.583 9
H I HER (kgCO,-eq-tDS ™) 204.37 415.15 256.92 108.02
PAMMI&/(kg tDS™) 7 7.94 5.57 6.5
PAMAELH T/(kgCO,-eq-ke™) 2.62
250 RBHEI/ (kgCO,-eq-tDS ™) 18.34 20.80 14.59 17.03
WK BIRHE/(kgCO,-eq-tDS ™) 222.71 435.96 271.51 125.05

[ RS HE I/ (kgCO,-eq-tDS ™) 231.20 442.63 276.67 130.82




1322 EZ N D #5194

W S5 TR R ARG, L HEBOR UK IR 500 SR
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HISE, 4 A T5 K AL S BE B AR LA L 13~ T ol
28 km, B TS IS W BRHEROK T 5,16~ S
8.49 kgCO,-eq'tDS ™, < 200}
2) BREIRBHE . LTS IR H s z
4K AR (F55) . SRR = 10 rj
Ws AT A IRRHERCA 22.27 kgCO,-eqtDS ™', .
22 REHAIEER RO WS kB 5
BRI BSR4 B ) e R e
TJ}‘ Ej Bi/fwﬁ ,pc ﬂ‘fi ﬁ*ﬁ‘; ;j\iﬂ’(]lj ﬁj\j:] 7 /l\ %fﬁ @T)ﬁ\ 2 ISR S R S RRH O S

. N — N — Fig. 2 Carbon emissions from the sludge production process
. Yt . () .
QI:}E%TD i @%ﬂ/ﬁ ﬂﬁi\jﬁ ’ @)jn j‘ﬁ}E%jE ’ of the wastewater treatment plant in Jiujiang City
@A, OMEEBIKHAIT; O,

OBRRHTC, ARG RERTH 2024 4 5 NIIHRIRBIE SR TR
03 AHIAF=8dE H9E (£ 6) 1E kA Table 5 Carbon emission assessment of kitchen waste
AR transportation units in Jiujiang City

1) AR T2 ochek . SkiTA LR ZH WX WRRX X 2K
R AR A A SR B B HE O SR 45 S an e 7 BB/ (d 409 1092 479 418
TR SRR, USRI H PR LA i o Boar e aim

THIBHERCA 1 391.09 kgCO,-eq-tDS ™, 75T 3¢k

L
SR FIRT UVt F ki B B bR B LRI W m ¢
FIBEHHBLAY 1/3, BEEIE S 5 A A T 4 R BB 517

T, AR R AR AT TR ﬁﬂ%ﬂﬂiﬂfﬂt?/ 0235 63

VR, R B RAT LI R A RSO (kgCO-eqrkm )

I BRIRAR IBHIRRHE/ (kgCO,-eqtDS™) 2227

&6 £RURAMESTER
Table 6 Statistical table of daily average production data

il BTy FEI Y fEFE/PHE
FEr BlRe BMA B BARE/M OBE/KWh) SEH/L EARAMAmM BERkm' O BEERke  Tolkdh/ke
69.26  24.09 152 1222 4199 20 855 1518.76 4547 337.04 62 0.11

JUTIH TAERHHER AN ( (3522) C) , ST EAHITHIRERE. WIFEACEART, iR E 8
o E 3 PR, SRR RAHEAYIT (EFRRSAIERS ) RHEHCHY 131.69 kgCO,-eq tDS™, /4
SRR RHEUER Y 9.5% . IR T T i HEIUR =58 464.72 kgCO,-eq tDS™, (4=t FRfifHEi A
H 33.4%., HUREIE WAL B CABRHERL 289.02 kgCO,-eqtDS™,  di 4t FEpiHE R 1Y 20.8% ., At
TR RNV B AR E AL T 8 e B (5 L 54.2%, SRR LS SGEXTS . 1Ah, 1ER
AT 2 AT, A TTERHERL 251.70 kgCO,-eq-tDS ™ ( (5L 18.19% ) FIRR K BATTHRHEK 189.48
kgCO,-eq-tDS™ (it 13.6% ) , BiEATHS S RHEIUE R 31.7%, FIREEA BRI HRE T .

2) ARSI GHER . DRATH A T 24 SRR LR L T . BRI . 255007 A B el iR, LA
Je CH, SRR N,O IR A i ELHEHE . A5 AoThBHEBORIEANE 4 s, BUbPRsI T, DAATHIL
JG. AR T T HIBR R ST ARHE & H IR T . Bk, X 4 NMRITBIsHRMZ O E TR Z
WA RS, SCRREsdE; AERATTRYRHEL 251.70 kgCO,-eq-tDS ™ JLP-2K A T8 (H iR
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Table 7 Carbon emission assessment of anaerobic digestion treatment process kgCO,-eq-tDS™

. e R HET B .
E2 ] — - - TR
L7 Pk 255 CH % H{ N,Oi%
RS ET 18.36 18.36
IREHL ST (BEARS) 131.69 131.69
VBRI B 21.32 21.32
TRRAL B TT 209.02 0.11 79.90 289.02
TR MK BTGB O K 14.70 10.11 24.80
BT R KR T 464.72 464.72
HEHh 5T 0.94 250.76 251.70
BRI o0 189.48 189.48
Hit 1028.90 250.76 10.21 21.32 79.90 1391.09
I AT
R AT AT BihbFTE
HA M B IT 13% el o —
AL BT 13.6% ﬁﬁfﬁfﬁm
TR EOBK O BRI
TR T1E 1.5%
R
I REHTT
HEA T WAL TR ST
18.1% 20.8%
TR B BK
1.8%

TR 11
33.4%

3 REBEUIZAREATHAR S

Fig. 3 Proportion of carbon emissions from different units of anaerobic digestion process

> o -1 EIE.—‘/\é A =
73 0.94 kgCO-eq DS ), R, 2 ALLIHT BN, O3 EEICH jit ik E1 257 L4k 0k s

PRI DRAITEAE, TR CRRRHRR TH

i 250 B K P TE BRI A 45 25 9 AR 10,11 e

kgCO,-eqtDS™ ( (5 [k 40.79% ) 1 HL J1 B HE ik B |

14.70 kgCO,-eq'tDS ™" ( (I 59.3% ) , %I45 0] G T AL

SR R O ERmMUK 250 SR 7R s ok [T

T80 A AR e HE AL A SR IR T L T (1209.02 e [T
kgCOz—eq'tDSﬂ, i 92.3% ) FZyF| (>, ey Al

0.11 kgCO,-eqtDS ™) AYMRIFERRHAFIL, LI N,O o

O™ A 1) B AL (79.90 kgCO,-eq-tDS™, s []

i 27.6% ) . T N,O BRI 55 0 00 200 300 400 500
AR AR, TR, SRATSE AT REARHE WHER (kgCO,-eqtDS )
HOHHLIE L 2R K. Ble REMTEE RTRAHRRLR)

PRAIH AL BT 2B A AN RIS A R HE T
LRI s frzs . BRI, DAL I T 2%

Fig. 4 Classification of carbon emission sources for each unit

of anaerobic digestion process
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RBRHER 92.8% R UE T alHEmeHik, Hrig WRERI e wh
P A RCRRS . oK AT T B2t Y 3 -
WY 7406, FUICILBA, GOEHCR 07—\ o
18%. 24770 A AR HEC R D, A 0.7% 5 EL$% . ‘ B A
B HER 5 R AT LA B T 2 B2 B HE BB A 189
7.2%, 53 HRIRAH CH, R8s A BHERL (&5
E 5.7% ) FNEWRALPHIATT N,O R H™ A AmcHERL
(N 1.5%) o

2.3 SRR B IR IRHERGTE

1) R HRHRR . DREATH A iRig 25
I LT Ak 409% R BT s
FIF, Byt HH A, WA s 74%
PRAERBHER . UL TRHAED BN ms RS T S R RRRL SRR st
12.22t-d", H/KHK263%, &i11EH 9.01tDS-d', Fig. 5 Proportion of carbon emissions from different source
ZRMAEYREPEFR LR S EWT: BA 2%, categories in anaerobic digestion treatment processes

EEE (L PO ) 5.5%, BEA (LI KO0i)
0.85%. HRAEFE 3 A3y + R WRRHEBUZ S T, THEAR R PR RRHE RS R : N,O Bk
HEjik 52.48 kgCO,-eq-tDS™, CH, HIZEMHEL 0.42 kgCO,-eq-tDS™", A itikHEIL 52.90 kgCO,-eq-tDS ™.

2) BARAAERRIHE i%ﬁiﬁiﬁﬁiﬂmﬂﬂ%ﬁiﬁﬁme X3 W(,HE%FEL_?F;EPE’J/ HAHEKL
SRR MR IR S AR . R, AT DUARE TR h AR E SR TR M A R, R TR R
WAL, RS ﬁ'% (£ 8) &M, Wikt FIFHRTSZE 313.72 kgCO -eq-tDS™ IRsIEHE, H
A RIF s . i, B RN 2%, B TEEE R 3431 kg JRE, WHER N 266.23
kgCO,-eq-tDS™, KLy 5 MIBHHE 1) 84.9% TTlkIE i ; HIlESHER N 5.5%, $uﬁ%iﬂlﬁﬁtz AR
181.03 kg FAIBERES, JHERE A 38.91 kgCO,-eq-tDS™, KL EIHHEREAY 12.4%; HIETHEN 0.85%,
BN TR TSR AT 13 kg SALER, JHER A 8.58 kgCO,-eq-tDS™, K2 b7 EidHER=AY 2.73% .

7 8 QMBI RIS RRRHRTAS

Table 8 Assessment of carbon emission reduction for land utilization of digestate residue

BRHECR Y (AR IR %ila I/

TLAERE fest AR BRI (kgCO,-eqkg Y (kg'tDS™')  (kgCO,-eq-tDS™) (kgCO,-eq-tDS™)
PRZ CO(NH,), A 46.67% 7.76 3431 266.23
FEBERES Ca(H,PO,), CaHPO,  70% BHEE24.32% 0.215 181.03 38.91 313.72
Ak KCl FAIEES2.35% 0.66 13.00 8.58

Bk, BEE AT A, o] = A 09 a s HE 5 A 313.72-52.90=260.82 kgCO,-
eqtDS™,

2.4 ERIERHOTEE

JUTHTBEG I FE IR SR R AT AL T2 SR gl 6 s, #IKIM S, AN T2
R T T A AT ALY b BT 2R SR FHERCA 1650.78 kgCO,-eq tDS™' . HENAR&HR X H
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Carbon emission analysis of the whole process of collaborative anaerobic
digestion treatment of municipal multi-source organic solid waste
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Abstract To address the issues of unclear carbon emission levels and absence of clear paths for carbon
reduction in the urban multi-source organic solid waste collaborative treatment industry, this study developed a
carbon emission accounting method tailored for this sector. Using the urban sludge and kitchen waste
collaborative anaerobic digestion project in Jiujiang City as a case study, this research systematically evaluated
the carbon emissions throughout the entire life cycle of urban multi-source organic solid waste. The findings
indicated that the total net carbon emissions for the entire process route amounted to 1 337.06 kgCO,-eq-tDS™".
The carbon emission intensity of the sludge dewatering process exhibited a negative correlation with treatment
scale, with electricity emissions contributing to 86.4%~94.6% of the dewatering unit's emissions. Indirect carbon
emissions accounted for 92.7% of overall anaerobic digestion treatment emissions, primarily resulting from
electricity (74%), fuel (18%), and chemicals (0.7%). Carbon emissions from low-temperature drying of digestate
residue (33.4%), biogas slurry treatment (20.8%), heating (18.1%), and deodorization (13.6%) units collectively
accounted for 85.9% of carbon emissions during the anaerobic digestion, representing prime targets for carbon
reduction. The carbon offset from the land application of digestate residue was -313.72 CO, eq-tDS™'. By
precisely identifying units with high emissions, this study can develop appropriate carbon reduction strategies.
These strategies encompassed reducing power consumption in process equipment, enhancing biogas production
within the system to decrease fuel consumption, substituting traditional agents with green, low-carbon
dewatering agents, and implementing more energy-efficient biogas slurry treatment processes to achieve carbon
reduction goals. This research offers insights for energy conservation, pollution control, and carbon reduction in
the urban organic waste treatment industry.

Keywords municipal organic solid waste; multi-source collaboration; municipal sludge; kitchen waste;
carbon emissions; greenhouse gas
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