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Quantitative Assessment of Carbon Emissions
from Household Waste Treatment System in Pujiang County, China:
A Case Study of Urban-Rural Mixed Areas

Chong ZHANG, Kyungah CHEON, You LI, Weisheng ZHOU

Abstract

The increasing national consumption level and demand have resulted in a surge in household waste. A large
amount of waste hinders the process of urbanization, causing serious environmental pollution and other problems.
Therefore, this study focuses on verification research to evaluate the carbon dioxide emissions resulting from the
segregated treatment of household waste in Pujiang County, a representative mixed urban-rural region in China.
Utilizing the life cycle assessment (LCA) method, this study systematically quantified the carbon footprint of waste
collection, treatment, and recovery processes in Pujiang County by integrating its household waste treatment model.
The study categorized Pujiang County's waste treatment into three modes: non-separated landfill, non-separated
incineration, and separated resource treatment. The IPCC model was used to calculate the carbon footprints of
greenhouse gas emissions at four stages:waste collection, transfer stations, transport, and landfill/incineration. The
analysis revealed significant differences in carbon emissions among the three treatment modes. In the county with a
daily waste treatment capacity of approximately 600 tons, mixed collection (without waste separation) and landfill
(Mode 1) resulted in an annual carbon emission of 385,500 tons, while mixed collection (without waste separation)
and incineration (Mode 2) resulted in an annual carbon reduction of 48100 tons. Separated collection, on-site
treatment of household waste, direct recycling of recyclable materials, and incineration of other waste (Mode 3)
resulted in an annual carbon reduction of 259,100 tons. In Mode 3, where the treatment process included the
incineration of some waste, carbon emissions from electricity accounted for only 4.25% of the total carbon footprint,
and the impact of the low carbonization of the electricity grid on the Mode 3 carbon footprint was limited. Despite
an increase in carbon emissions with changes in scenario settings, the total remained negative, with Mode 3 having
the lowest carbon emissions of the three modes. Finally, waste separation is recognized as an incremental process,
and progress at the municipal level varies under the nationwide waste separation policy. While Pujiang County
serves as a pioneering region in waste separation, the predominant waste disposal methods in most cities still involve
landfill and incineration. In comparison, separated collection coupled with waste resource utilization is considered to
have a greater potential for carbon reduction effects. According to the results of analysis, this study aims to
accelerate urbanization progress and proposes appropriate solutions for household waste management based on the

Pujiang County waste recycling processing model, which is an example of the situation in China.
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Lo lZEHT A T IO X 7 VAT 2 % b,
t/t:
MCF 1 3R A5G T I A oD A 7 U HHIER T
DOC {ZHF A T I O T SNz T I o
SRR ERRIRE G A E. v/t
DOCE (373 A R DOEIE . %;

FIZT IV ARORMEBRRI A (X5 V) OEE %,

FIRERET A (A% 2) FE, t/a

OX (ZFRALAF 0.1;
16/12 1 CH4/C 73 =t

@BEENEAE -

ECO; = ¥ (MSWix CCWixFCFixEFix44/12) (4)

ECO, (ZHBAEG T I OBeHIEAE D & 55E 3 5 2R L
REFHETHY . tVa

HZBHTH O T I OB

MSWi 1356 1 BT O BERlE ., t/a

CCWI IS I G DORFEEARDEAETH Y., t/t
FCFiIZ55 i R DS ik F &/ ROFETH Y |
t/t;

EFi 1355 i B BEAR D5
44/12 1% COy/C 3Fi kb

ERBERNRTH ) . %

Ot ZAHEETFAH O 720 O FEPEEE T 7

H TR ORI LB CHEL S 2 IRE R R
ANEFNIA Y v EHERLERTH Do MmFlIREIC X 2
TSR L O MEAR TlE, & SARO KIS O 5 A
PR RS AL IR R L R L= R ITA R S, TRk
FDOFEEINA AT ARFIHRT 720, RENRT
AD#ENNI T T v M ENT v, HWELRHIZ LB 2 8
CHEHE E HRRILERER R ROT T 4V bk

EHWTHEET LI LN TE S,

ECH, =MSWp x EFc x 10° (5)

ECH, 13 # % »HEih=, t/a;
MSWp (ZHEARALEE S 72 TAO#E, t/a
EFc [ZENEMELD 2 & VHE RS, g/kg

EN, O=MSWp x EFN x 10* (6)

EN,O (3 Hi b R PEH &, t/a
MSWp (3 HENEME S 724 TAD#HE, t/a
EFN (3L o i L2 ZHEH I 1. g/kg

322 HERFHHOFELE

B 2 IR FHEIIE, E S A ORI\ TO A )L
FIHBEIZ X B RFPEM, BEAT— 2 3 > BRI
B0 EEEETHRASNLIEN LA VF -2
BIRFHNDE TIN5,
O SRz 70 AD T A ) ¥ =l REGEHTE

Ea=MSW X EtXpxEF, (7)

Ea (33 V¥ — B2 eHE R (COL#8) ke
MSWIiZTIo#=. t

Bt (3 H AT o0& — ik (B / 7 3385). L
th FEMIE 1L76L tt 2 L B

p \EEEHEC 0.83kg L

EF, (T e ik ZHE 425 (COy/ Bmifss) <
087kg - kg !

QEFEZMOEIRFOENHEEICL 5 EERE
Eco, -power =P X EF; (8)
COspower (ZEIHE e FkthE (CO, #8E) .,

Pt I3MIHEE). kW - h;

EF, ($EIHHE RFPEHA - (COH55) TH V) .0.94kg
(kWh) ' & L7z,
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3.23. RFHHHHEIBOES RS *

REGEHHIK L, T IBEREE KN FEE 2P L L L
7ZZEIHOFEEMIETGHC IR ZRIETE 5 2 L &,
TR W, BT T ATy e, BT RE R O
WA EIRORIE A O HE T TOER £ Tl=R R
A AR WS T LICBE L T b,

OFERNFEE e BRI E

Ecs-power=MSW x N x EF2 9

MSW 1223 0#E,

NI 1 b)) o3ER kWh
EF2 13 ®EIJ I ik FHH R T (CO %), 094kg
(kWh) —1& L7

@H ZHHENE D e IR -

Ecs-bio= MSW X n x4 (10)

MSW I3 X O
niETI 1 M IEZYIZERTE R ke
4 (SRR kg 2472 1) O FEITEARLL

@V A 7 VI RER AN I 3 EIRAL R ZPEHHTRE
ERi= Mi x EFi (11)
ERi (XX T 3 pesy i o EIF G (CO, 14 |

Mil3psr i 8=, kg !
EFi &, [EIAT RS 1 o frFEHRF AR EL

33. BHY AT LOBEEY T F 3R

BEEY LI B\ CEINEEDSLE Y6, BIIH%
DA—=KRy 7y Ty MIBBICHEHT 241
F—DMAEDLEICL > THELZ LY, Lzd > T,
BB L 2 MR R, (LA AVF -0 RER
WEET, FEREY) O GHG BrHE A FHATiET AL
F—I LR, HiroEIC OIKET 5. PEIE
2060 FEICH — KRy =2 — b I NVEEBRT L HELET
TWwh, EEHEOMEICL > T, BIHEOH K>
Ty N7 NERETE D, SR PEIOTEIERHEE
I, FAETRIAVF -FEOEEGSHEAT 5130, 5K

h @ X735 & CCUS (Carbon dioxide Capture,
GrEfE - B - B - A
B LG L, BHIA ]\O)EU(TJEk}“%EEFumJEOD#]U
BaREICERTLEEZ LMD ™Y,

KWFFE TIXE DM OMREFEL Y F U 4 LB DO
feFAL + CCUS FHAT 12 BT % 2030-2060 4F 1 [E 7 11
A=K7y b T) b EEHL, =20RR 54
T IWHE— FORFEPE EBRED T ) A 204
L7

Utilization and Storage. &3

4. ETEMER LN

41. BEDECHWNEBE-RNOH—K>T7y b TU>
MEH

Z 2 TIE, AEEEE )L (IPCC GWP100) #
Hwizo Z00HETHMHEE — FIZ X 2 4F M LH &
21900 b Y OHEDO T =K Ty b TY v M EREHEL,
RK2IIRLTWA,

R20T7—5 %R L. 3OOMEE— FTREDED
WICKEREDVHDHZ EDDH 5. EU @ PEF (Product
Environmental Footprint) #(2#&0 &, [N % B
ATTREZL MR LCHER L. MERE TS & BAITUE
(T35 L) &l oA L rEEN
®IX 38577 b v /AR LGRAIUE & &m BRI TIX 4.6
T/ HEORFHESFERTE 2, £ LT, ETA%E
FRIEE LT, Z20H TR A T, BIUTREZR T %
EFERINAIH L, 2ot T3 28335 E— FTIk
21375 b v /AED R ATEBINFETH B A5, FH
AHDBE) % FEOBLE — FTlRRE A O GHG 2 L,
FRIEEETEDLDITTIE RV, BT HIE A Y VNEE
BAHZEHTETELT., 2oEv GHGHEEIE, £
IZAEGRRE R TIDERENE . A Y ¥ T ADEML
RIPMENZ LR L Twd, —F, BENETIO

£2 ET—FHTORTHEES X2 M) OFER
(t-C0O./a)

E-F1 E—-F2 E—F3
B EP RN | 375623.3 12269.5 17010.3
e p R HR I 9874.9 14383.2 11928.7
b P ETK / 721966 | -242082.0
MR EPRH R | 3854982 455440 | -2131431

- 103 -



EsfeRke: 31 — 2, Feb. 2024

BEISEH L 72— KRy =a— )i, EICTII2E
INDRTIAF v 7 R EOREETOEREL O
) =L, BAR{LRERENE W EOESH S

42, BEHBORRFLICLZEFIINEETILOS
A7YA4INVA—KRTy TV B

A T L L3R BIEREOH T, BIIHEICED
70t A LE, kT, BEEIYy. HLSZHo R, BEE
BOREWREO T O ATH D, 2T, AT
BT — 52DV T, TN OBBROEIIHKD
A=Ky Ty T MIESHRZ, EHMIRILTTO
H—=RKr 7y M7 Y MERIR & 58T L. BIMEO
BRFLSFIVFICEDE KDBEEOEHEDET I
V3, 2030, 2040, 2050, 2060 SEDOBESHRDH —KR > T v
k7)) > M IE SRR 2020 4 (FERCHLIC (LT LERA
LB OB —K> 7y b7 v Mid0.74686kg
CO2-eq/kWh) & b Z 4 21 37.0%. 251%. 22.1%.
182% 12K T ¥ %, BAUMOKRENLY F 1) FI2BIT 5
AET IO RFPFHL O R 5 — FREREE 3 IR
T 32DE—-FDHIH, =Ry 7y b7V Y D%
LA DEFZE R DIFE— F 2T, E— F 200
BRI E TH D, ZOBIEDEERNREA AIZEI
T3 OBEHIELEREA S LN TB Y . KERPEHEIES)

®3 BAWDERRILDF Y FICHT S 2030-2060
FEHEBENEOENH—KR Ty v TV b

RITBHEEL LG TV, Ll B —K >
7y N 7)Y POKTICHEG, ZOBEHIZEIC L 2HEE
B AV F =546 28T, kO =Ry 7y
~7) 2 MR R 2060 I IEROED S IEDOMEIZZ
fLL. 10741% (T %, $bb, E— F20RE
BEFNFE 7 UL B OB F AL X 0 fe 2 HE 1
DR FEDH L 7 Do AMNIIBIRED AR D 2 &
T BEHVLER S A G T IR B 722 2 ) SIS
LLBWIEERLTWS, E— F1OHE, &fN%
=R 7y 7))y MENEOREAE, U ZDE
TIEBN L 2 BN = ORPICLE 20D TH S,
3OHDE—-RTHAHITIDHHEENUZDOWTIE,
HEAE 2020 4725 2060 4EF TOMIZ T O L AIZL B 7 —
Ry 7y M 7)Y MESE%INT A5, ~4FRIZL
EFEhe E—RF3DOBBTH—RY 7y NTV) ¥ Nt
M3 2oz, —#o> T I BPEHILHEIC & 2 56E 2 5 H R H|
WRNVRDMET L. B OB RFE X 5 B 2 ik ZHEL
wmx LAZ06THb,

F 413 [EIEOBEFY 7)) FI2B % RFEPEE
R #6113 [EIMEOEEFEL + CCUS Hiiric B1)
BRFHHOFER | ZR LTV Do KDFEOEEHE
Bl 7= ZANF—DHEENEEINT 2 LI2L o
T, CCUS Hiffi % # A A A 72 K T1 38 O T ) HEHE E A

x5 BHWDERFL + CCUSEM>FUFICHITS
2030-2060 FHEEHWDEHAL—KL Ty TV b

BHIH—K7v bTY b

BhH—FKr79 7Y b

* (kg CO2-eq/kWh) * (kg CO2-eq/kWh)
2030 0.348153 2030 0.2801134
2040 0.235953 2040 0.1518506
2050 0.209391 2050 0.1155988
2060 0.17164 2060 0.0907918

i - XUE N, LU J, GU D, et al. Carbon footprint analysis and carbon
neutrality potential of desalination by electrodialysis for different
applications

i © K. Xiao, B. Yu, L. Cheng, F. Li, D. Fang, The effects of CCUS
combined with renewable energy penetration under the carbon peak
by an SD-CGE model: Evidence from China

K4 BEHAROBRRFLSFVFICHT2RFHHOBER (+-CO/a)

U A5 (1) FLHEAR 2020 4F 2030 ¢ 2040 4 2050 4F 2060 4
E—-F1 385498.2 380960.1 380102.5 379899.5 379611.0
E—-F2 -45544.0 -7692.1 -539.2 1154.2 3560.8
E—-F3 -213143.1 -204145.5 -202447.2 -202046.7 -201476.6
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e BT IMB 7O 20 RFEFEEERIZE 2D
HERRLCVWh, E=F20BNOHI—Kr7v 7
) 2 M BAEOEITTEICB I 2R FILORFE L
T KVBEFIRT T %, 2t KIEET T LA
CCUS i L7zth,. TORBETUXLADT =KL T
MUY IBFENVELMMTT DD TH D, HMEL
2020 4 (EHREX OB NI —K 7 v b7 v ik
0.74686kg CO2-eq/kWh) 75 2030 4F.2040 £, 2050 4,
2060 EF TICEIDA =Ry 7y b 7FY ¥ MIERZE
129.7%. 16.1%. 123%. 96% \ZIEKT L7ze E—=F 1D
MROZAE L —FK LT, E=F2TlE 7ot R &
A=Ky Ty VT IR RESENL, E-F
1 TEDHLIPIE TS5, —F, E=F3TIE7atA
H—=KRY Ty NT) Y I BbI N 5. Lo L,
3ODE—FTIEA—=—KRY 7y N7 ¥ FOZLEINK
EL b B— F 2T, 2040 41213 100% % #8 Z .
2060 4F121E 118.12% 1272 5o E— F 114 2060 4 71 —
Ry 7y b 7)Y a2 1LT%HEIBL. €= F1 XD b
6178t/a % {HlMT %, E—F3DTTLAIZDOVTO
=R 7y b7V Y T 2060 F12 6.0% FEEHE T 5
M ARE LTV A FATHD, TNHIDODE—-FD
fERIZ 3 DOHDE— FORFIMEEI R D & <
FROBIBREY ) F IR T A, - F
BBV TRBHEBUHEOE-F2 LD —K >
7w b7 Y NEALDREEREH N LR L TV b,
BHHEOBLRFIC LB EFETIRHEET VDT A
THA NI —=Ky 7y b7 )Y MEIE—FHTOR
FHEEOMR (£ 2) ENMHOEKFNLE—F (£3)
EBNIWEOMpEFRIL + CCUSHifli (F26) D FEHEH
ORI, AT IFEGHETIOE-F]1 Tlde
RO ED —FFE Ve L b EIHOMRELS -
Tl ENOEN L L BT ISR E - F
2 TIREIMOBLRFEACIC & 0 RFEHEHEIR O R AT HE
{20 WACIIZHIBAI R A 22 < 72 1) 025 CHR
TBHIZ LN D RFEPHEENFK OB A & IE55 Rl BEHIL

HE— N 203N T IMBE ORI 235 L L T3S
LWE—-FTRWI ERWLNITR o720 BT I 50%)
BFELEDOE— F 3 TIIRFFHENF b L34 L
Y, BHMORKREY 7)) 4+ L EHMOMRRFEL
+ CCUS £ 2 #£> T & [[] U < fiestli 22 pr ki AM I Rr
ENbo AFEDORFIZ LY | &G T I 5 BIE IR O
E— F3IE=Z20MHE — F T b RFEHEHHIRERI AR O
HHWITTEE Do Tk, BHBRFNAIEATH,
o 7 R B R OHEA R IIF T E 5,

4.3. BED

ISO FRHETIL, BUED RIS RIZT 2 5 8 2 I §
L7202, BEGMPLE L SNTWD, KR TEE
L7-f8sEid, BHHER., TIRHEER., 79 AF v
I EHETH D, BIN LD MY, BHEO =%
VRGBT TR L EBROEEE S & b BRI
ML T )., B oirBiE 3B % R
GO 1L OOEKET L, R3ITRT LI, HEEN
BIIHBEON —KR 7y T Y MBI B, #
D) B E— F2IEENHEEOEADPROEETH Y,
BHEEET %ML, A=K7y b7 »MZ
029% M3 %5, E=F1EE—=F3IZOVWTiX, &S
WEES 1IN LR EDO T, A=Ky 7y b7
NP ENEN003% & 0.05% ZAL L7z, kb T
FOFTL, E=F2LE— FIRIBHRETH L, 4
IZE— F2OE&a Mk, FoORMEERICL
=R 7y M7 PORIRNT09% TH Y. BEH
HEES2%WMT L, A=K7y 7Y ¥ M
34% ¥EIML 720 E— F3OWAETIX, —HOIT I DA
T BEFILER L, BEFISSEE O 1% OZEALAY012% D 51—
Ry7y 7)) OZELE LS L, BEREOE(LE
H—=Kr7v 7)) FOEALZIEOMBE ERL 72,
E—F2LE-—F3DTFIAF v 7 &HBOMMIL, &
W IO BOMIME 7T AF v 7 TIREHEOH
NC & 2455 iR B 7 AHEH I 3 5 JLFE i 78

x6 TBHWDOERERFIL + CCUS Kl ICH 1T BRFHHDOFER (1-CO./a)

U A5 (2) FLHEAR 2020 4F 2030 ¢ 2040 4 2050 4F 2060 4
E—-F1 385498.1 380440.0 379459.7 379182.6 378993.0
E—-F2 -45543.9 -3354.4 48224 71334 87149
E—-F3 -213143.0 -203124.4 -201182.7 -200635.3 -200261.4
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TOH =Ky 7y b7) v hoEnzs xR L Tw
BH5, BEENC X 2 FEHIE IR R RPENE L ) K
L MEBEECON—Ry 7y M T v holing b7
5LTWw%, E=F3TlE, 7I9AF v 7 OEHEDH
MEBLI LWL, TIAF Yy ZENEE, TTAF Y
MR X B HENENE I L . 2kor—RY Ty
M) Y NENEYT A E=FN1LIETIAF Y 7GR
EOZEAIIH T 2 EZESENHEREOZLED b E

A E=F200 =Ry 7y b)Y NITITAF v
HEEBEIRNDEBEE 79 AF v 7 SHEEOEILLY
BB LR TV, E=F3DA—Kr 7y M7 ¥ M,
T AF v 7 EAEOBEACIAE S @IS BRI A R O
LD L ) LN LD bhrolze FD0 55,
HEZHOEEPET L, AT I0h 1) —flE5HMN$
b LEZOND, Z L CHREHBERIRZR AT 2 IR
WX LTy E— F 304 THAOFBIRILEE 530k,
LPICENERH D EEZHND,

5 BHUIC

KIFFEDSHHFER KDL HICF LD T LK
b0 T\ 3ODENET IMIE— FIZ L2 REH TR
WCIERERERD DD bhoTze 1 HFEYTIN
FEEAYI 600 N v DELAVIZBWT, BANE (3
GAEL) b RGO &) RETRR R ISE
38570 M VIZEL, BEWE (TIH5EL) &4
EREHHEIZ X VAR 48 T b v D F1 — KR VAT
T& Do RIZ, DRI X BERET I OB HLE, 1
A ZOVITREREOEFEE) A 7V, Mo T I DBFEH)
WX B, FM 25977 b DA — R L HEAES
T&7z, E— F3 CUHEBEEN—HOTI OBMN* &L
7z, BIHKD S — R VPRI 2RO — R P o
43% Lo TEL T, BHA Y bT— 7 ORRFEL
WE=F3DH =Ry 7y N7 ¥ M52 5EIER
EMTH %o RIELEDZAITPE e R HEH & (233
L0000, TOEFEIIMKAL LTADETHY, 32
DE—FOPTHRIBEVKFEFEEZHFOE-FL
ol

T FOEFALDOMEIZB T, E— F1Tid, &
NEBHR SR GEOWEICEICEELTBY ., Bhk
FETRATIIEBIE L T W2 E0%b o 7z 50T L7z
B 7Yy FOBRKESE-—F1IOT =K 79 7
Y M5 ZABBITIIETEAERVEEZON S, T
7z, 2020 fE2 5 2060 fE F TOEBIE. FICEIHOM
WKFEAEOBIHRO—K 7y 7)) v POKT
IGEERLTWSE, =/, E=F20H—Kr7v b7
Y ME, TOAROEDSIEDEICEBR I NG, I Dlxif
3. FICEDHEOMM LTI & BRI FEE T D iR F
PEHEIRA R 2 WA &7 2 L IGRRT 5, —7. B
HORLRFLDFE (2O, E—F2DH =K 7 v b
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