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SimaPro A5 CO, RITHEAL 440 kg, 2 FhJ7 45 BAHE XA SR A5 AR T vl AT MK o f5J5 AR U 4 S AL A AN 119 1 4
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Carbon emission accounting for municipal solid waste disposal
SUN Ning-xin' , XUE Dong-ming"*, QIN Han-nan'?*, XUE Tian-shan®, SHI Ying-jie*
SHA Xue-hua®, ZHU Ling""
(1.Department of Environmental Engineering, Beijing Institute of Petrochemical Technology, Beijing 102627, China;

2.Chinese Research Academy of Environmental Sciences, Beijing 100012, China;
3.Beijing Capital Eco-Pro Group Co., Lid., Beijing 100144, China)

Abstract: Taking a domestic waste incineration plant as an example, the key factors affecting the carbon emissions
of municipal solid waste were identified through the Kaya identity and LMDI addition and decomposition method ,and the
main greenhouse gas emissions in the whole process of waste treatment were analyzed by reusing the formula method and
the IPCC national greenhouse gas inventory guide method,and the CO, emissions were calculated by SimaPro software to
verify the accounting results. The results showed that the main pollutant gases were CO,, CH, and N,O, and the
cumulative emissions of each process were 439. 047 7 kg, and the total CO, equivalent value was 460. 9 kg-t™'.The whole
life cycle analysis of carbon emissions showed that the carbon emissions of the incineration process accounted for the
largest proportion of carbon emissions,accounting for 95. 1% ,followed by the leachate treatment process, accounting for
4.89%.SimaPro software calculates the cumulative CO, emission of 440 kg, and the results of the two methods are
similar, which provides a feasible basis for the calculation results. Finally, based on the characteristics of each stage of
waste treatment , corresponding emission reduction measures were proposed from the aspects of technological upgrades,
process optimization, and resource recovery and harmless treatment.

Key words: carbon accounting; double carbon; municipal solid waste disposal site; incineration technology;

greenhouse gas emissions
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IR E AR R AR TY ) (HT 2035—2013 ([ {4
PR AL E T AR R AR ) 45 ASCPRAT
AR 2 1 TPCC [ KR = SRS I8 rE i,
BIHEIC R F5 7 At ol o 3nk i A 905 a7 33 Ak B 37 357 3%
b P AR P R B HE R A T A S S AT

B o 8 A 3 ey Ak B 45 AR BRSO B B
FER/D AR SR SR LCA 7 vk, IF ST ok B AR
(M8 B Zead RSS2 TR 45 SR IR Ak A B S
VR R S, AT B A A D R S 5 B R
HI“IPCC2006 F5 B 1) — B = 9 A AL X6) o [5] 2004—
2021 AF3 T A T B R B HE IR AT AR, T SO
e BN B HE R ot e AR AL B O 5 R B
Rk, g s T ARG B R BE be )T aE AT A CO, |
CH, \N,O EHRESMM a2k, I DU A AR 3
WA A L IR B AR A5 S HE R HEA T IR
BRI S5 4 TPCC 18R | (48 S0 = S AR 5 S
TSR ) %07, T 1980—2019 4FEI] 1] T04E 3
HE Bbe HENE 58 KA be R ER K HER) 5 A I S 3
ARBE T, S PR TR A i i W 1) A b R R A e 4 ik
HEJT 75 s Wi S22 SR TR HETCR 3 3 ad # sy

46 BFE5 H

I 15 U T A P AR v A B HE O SR R X B R
VA B ) AF N L

Al 5 2 Bl S8 4 3R A B — PR A RRHEROT
WFFE BT 4 B A HE O S i it 5E /0, A S
HR A 2003—2023 44 [ 388 T b7 35 Ak 2 i) 5 40 AR
KN DT T Kaya 162 H1 LMDI Jinfi4y
s YRR R 30 T A 0 A SRR HE R ) SR DR 2 3
TR | DS BRI T A 16 7 3 A B Sk ik
ORI A AL FEER A B R 2K A
FNE AL SimaPro B XA T AR T REE
B8 I AR 18 B 3 R U A R T RN 3 A A b P s it o
AL AR T BT A5 5 T4 AR I JHERS it > [ P ()
FAUA TR AC ) A AR O HE PR AR =8

1 oM A T B IR AL B R HE AR B B 2212 3

1.1 HiEkiE

%1 PASHFSE PR EUAY 2003—2023 4F 55T A T
B3R AR O E s ok U T K it R b B S AR
ey e N R RN EAE B AR 2 E S E
SHBGIHARE) M,

F 1 2003—2022 FrhE T A FLRIRA IR K & F R

e A/ A¥ycbp/ fib B By 3% MERAES:ESLP L BEREAb P BER (NS iy
g VPN 7o =N V2 B/ 5 /% B/ 5 /% B/ 5t/ %

2003 129227 10666 7490.7 6404. 0 6.97 369.9 0.48 716.8 3.82
2005 130756 14368 7993.5 6857. 1 7.46 791.0 1.02 345.4 4.25
2007 132129 20494 9317.8 7632.7 8.30 1435. 1 1.85 250.0 3.08
2009 133450 26180 11099. 4 8898. 6 9.68 2022.0 2.60 178.8 2.20
2011 134916 36277 13089. 6 10063.7 10.95 2599.3 3.35 426.6 5.25
2013 136726 43497 15394.0 10492.7 11.42 4633.7 5.97 267.6 3.29
2015 138326 49922 18013.0 11483. 1 12.49 6175.5 7.95 354.4 4.36
2017 140011 59592 21034. 1 12037.6 13. 10 8463. 3 10. 90 533.2 6.56
2019 141008 70078 24012. 8 10948. 0 11.91 12174.2 15. 68 890. 6 10.96
2021 141260 81370 24839. 3 5208.5 5.67 18019. 7 23.21 1611. 1 19. 82
2023 140967 89358 25401.7 1892. 6 2.06 20054. 4 26.99 2554.7 31.43

FRYE R 1, Bl A [ ST 70 308 B b i 4 B
KB FHTHTR T, AR vt 3 P 3T A T s 3R
PRI kS P T 2008 HLEG/Sb
SFB24EF 2013 4R 4028 K ST B i R 2019
SRR AT AT LA UK R ER |, 2007—2019 4F4E
TR R RREL PN, 2008 4F LISk, v 2 4
BT — R84 EMECR S, 245 R G0
AT S SR AE e A B TR e A e XA B A A T

Ko 5 HAF LR
L2 BARFE

ARAE TR 9 ], B3 AL AR HE AL SR BE (ET) (L8
REBRZE R (DS) KAk BURERERLR (TC) AT
SR AR (EC) (2855 208 (GDPPC) 3l (LA
N FURORE (P ) ¥4 4y L3 T 5 0B e i
MIIREI R . A5z ] Kaya 16555050 5 5K
SR BIHERCE BERN EI( emission intensity ) \Ab



2026 5 B

FREERIRUN. TS (tTreatment structure ) =42 58 B N
GI( generation intensity) .28 3% & AUV, ED ( economic
development) F1 A 1 #i #% % i PS ( population
scale) """ | W FH LMD JinFn o7 S HE R &
Bowor = X Bione = X (Bione /M) x (ML/M,)
(M,/GDP,) x (GDP,/POP,) x POP,
= Y EI, X TS, x GI, x ED, x PS, (1)

K E, e M ¢ F LD i 7 A0 B ik HE ik i, b 3R
5 AL G — AR B | A SR At A 3y X M
R ¢ AR PR B IR AR T SRR M, R e AR AR TR
B Ak RS ; GDP, S ¢ AR [E N A2 7 S POP,
R IPNINE 68

AR 5 AN PRI X T A T B i A
SN TR T AT S % SCR(9 ] .
1.3 RHEAE LMDI SRR o4

FRYE R 2 7R %) Kaya (BT HRE5 L, T DI

F2 2003—2022 F i E T AR IR AL E

INTFIREE P BN RA IR R UZ S - 199 -

LRI [R] R F i HE A STk n A8 f a3, HERR
FERUN AEL FEUE G B AT 0. 01% , U B H X filk
HER B2 ma 8 /0N, 7= A 5 B AN, AGL RN 3% K &
BN, AED 43311 2 B H o 3 1) B0 sk 4 AN AR A
X FIA LT R R AEHE S HE O K7 R 8 T B %
VEFE T 7 A 5 JSE 0N WA B0 300 ol e Al 1 348 o
N CHBERLR, APS 5 A E G T AH 56, A 0% by 3 7
AR A GDP B SS S 8 a3 gk — A B)
ToRHER R K

ARFRZE ROV ATS FEA ] By B (1) BTk R A7 7E
225 JUHAE 2017 4F 5 SRR IR SIE R, X —#
P IR AR A = AU R v kS A
RIS BERe LR M EOR HARAEWY) & 8 R ]
T PR AR AT AR RS AR HE R . R, AS Scr
TEALFREZE RSN TS PIZE T, a8t H E s K
BERRHIAR , A TR REFA R P RRHE R T, A
DRI BERL AR R AR SRR

2 HIRMEEHRGBR

BHN S SBESRHE %
?g AEI ATS AGI AED APS 2. 1 ﬁﬁ -5-;-{’ XTJ'%
o O R U U T A LSS S B AR G B
0080 ot TIs0 2k LS S/ H AN 1000 t B KSR T 2 480 G 4b
200: 0 -0. -18.0 6.0 .0 &) . PN . Lo S
> > 7 HEAE S 500 vd MEEE B HED IR B EE T 4
o AR HEASERE] Y LI ME RO R T
0090 03 08 LS ROFR+ P +MBR 2R 45+ 5 A AL B AL T2 g
201 0 Sho 0804 R TP | BRI U S5 R AR (R
N, TR AT AR 5 35 L 1 ST B AR e 5
2015 0 -8.0 -14.5 25.5 17.0 fﬂfg‘/}?{tﬂﬁﬁ
AN4N o
o0 60 -0 2050 R4 (i B i 3 1A 3 e R 555 BT A
w0 RO e e0 e W) AR SO A R 4 A Ak B A
w0 b e e e s SRR QTS A AT B R AL A B
2022 0 2.0 5.0 -4.0 -0.5 9 %’é%fjﬁéﬂé},%%ﬂ% 30
R3 EEHRIRAHSBEREE
e P HAHE 40 feE) TYRSESERE BmESES5TER  fambem  mdbmE A L
i R E./t A/ % B./% C,/% D,/ % F./t H,/%
1 Jof 4y 803. 10 57.62 30 48.0 0 0.00 0.00
2 ALk 210. 88 15.13 85 46.0 1 2.87 0.47
3 FHRL 228. 44 16. 39 99 75.0 100 590. 83 97. 16
4 Epaayy| 52. 68 3.78 80 48.0 20 14. 10 2.32
5 AT 11.43 0.82 85 49. 6 0 0.00 0.00
6 WA 37.07 2. 66 85 24.3 0 0.00 0.00
7 By S 28.99 2.08 98 0.5 0 0.00 0.00
8 &R 7.67 0.55 99 4.5 0 0. 00 0. 00
9 oAt 7 % 13.52 0.97 99 1.2 50 0.28 0.05
Mt 1393.78 100. 00 — — — 608. 08 100. 00
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T AR W IR HE T S 5 1 R R R W 35,
PRI AN T AT B HE TR, 4R 408 52 35 7 24 1 A G
HERCH 72
2.2 BHEMEZREBR

T RO 53 5 T LU Rk S R T AR

Fi05BFESH

B TINEE . AT YRR HE O S 0 5 1R DL
B1, R0 R S HE RO T A HERGR A 1 29
WAL BRHERC, HEO& AR 2 BEhead FEHERON sk R 58
HE, HERARE 3 s AL BRHERR, HEBGRAE 4 RIKAL
PR, DL SR A S AR P B RS

BB B E

B R e R B AR

3 MIRAE

3.1 BREEMAZE A E

AR A5 2GE P i TPCe R E Ak
L R E B AL B4 o R R HE RS A R
mr .

HESR(GHG) HEk =

THENEEE (AD) x HERH T (EF) (2)
oA, WG S (AD) = A R = SR HE ) A 7=
TH G Bh, Wb A R IS FE B A A SRR T
FEAE e A R R A HEOE - (EF) A T
5575 7K OF B8 AR R R AR HE i, H
AL B I 19 5 Bl BT R Ak B L (%) VAUE
R(%) %,

FRAE A G RE R TG sh AL A AR P R = SRS
BN AR e i R co, HERER . R
HRAXT .

E =Y Y Y (EF,, % Activity,,,) (3)
Aol E CNBRHER S kg EF HHE T 5 Activity
RS TRRBRTE B, kg ; BUES IR A5 1 T 3 A HE
JilaE AR SC b W A e Ak B HE B N 438,28 kg
B U AL P R HE A R 0. 692 9 kg b it Ab Bt

FEHECE: 4 0. 052 8 kg &K Ab B i 72 HE i & o0
0.018 7 kg.
3.2 BIRTHHMITER
3.2.1 BT

BB B A5 BEAE AL LR 3] 36.5 J7 v, BEBEAD
Biss 2 S BhBRBE#S (0 S 4248 ) , FE N 160 ~
735 kg/h, A0 B b7 5 BRAE AR B b i IR
fIKTF 850°C B2 [ sl 2l J B8 e ek it ik
BOTEA X,

Fi=Fy+F, = Y F +F, =
3.37E,B,C.D,n, +I(MFT(,ID/N) (4)

K, Py B A bead B R HE R, v Fy A B3R
PIPORHE L, Fy N UK RGO, GE, N
H AR ¢, 4153 Fo B (235 % ) AT H AR B (1)
ZHBGB, AT IR E, % C, o SR
TH &, %D, AR Sk, %;n, LR
BRAR, WUE 0. 955 M, Ry B R 8 48 1 /N s #E T
it kg/h, JRUH 450 ke/h; T, 8 H TAERHK  h/d,
U 2 h/ds 1y o8 58 e HE R 7, ke/ke, BUE
3.096;N MRt H AR |t
3.2.2 BRI

MR 4 BB IR FOK T, 2R A
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(COD) EW A i (BOD) (2 A 55 W ML TS Y Wik
BERS R A B R P A AR R Y €O, . CH, FTN,O
FRESMAE,

*4 BIEHDMHBHAKEER mg/L

WH COD, BOD NH,-N TN  SS

FEbe i) KK (210 m*/d) 60000 35000 1500 2000 5000
B RRANIIRK (69 mP/d) 50000 30000 1000 1500 500
HEIETS KKK (101 mP/d) 350 200 30 40 200
BESFAb B (16 m3/d) 200 100 40 50 200
MBS IRANHSRK (71.3 m*/d) 500 300 50 70 100
th7k 264 95 45 88 —

HIKZLR <60 <10 <10 — —

1K E R CH, HEBOHE LT .
F, = Ay X Q% [CII4 (5)
K, F, MEEH CH, HEL R, kg; Q ALK &,
v/d, BUH 375 v/d; A, o8 BOD Bl mg/L; BOD/
COD #:#e Z A I 0.43, 23 4 B & WE H
25 788. 65 mg/L;1.,, A CH, HERCH T, BU{E 0. 099,
15 KA B RE N0 HECTE AT .
Fy = 1.57A,01 , (6)
AP Fy 9 H N, O HECE kg 1y 0 A N,O HHEEA
55 HE L H T ERIAE A 0.005;5 Ay S A HI
mg/L, 3 4 BHETHRE D 1 991. 2 mg/L,
3.2.3 WpEARIE
P A T B HE R TR A T
F,=(m, +my) XL, x I, x (M;/M,) (7)
K F, s b PR R HE, ke/d s 1, R SETHIY
WRHEAL N, ke/kgy L, R0 i i i 25, km, BUE
10 km;n, A G A R AEFE, ke/km; R HZE T2 N
12.5 ¢ 584 WA RBFEMH 0. 255 kg/km;n, IR 4
2R REFE , kg/km, U 0. 153 kg/km; M, K H HETi
Wt v/d BUE 188 vd M, MR 1, R
FiN 12.5 1584,
3.2.4 KA EitAE
ORI B R AR HE AR TR A X
F, = (n, +my) XL, xI, x (M,/M,) (8)
Kb, Fy o ORI R HEL  kg/d; L, IR IE
RS ko g M B AL B RO R B 30T AAE B
T FHA [ — el X, 32 F BE 25 o 10 km M, & H HE
BRI v, A ORHER R 25 vd,
3.2.5 wAHE
EIAE F 31772 7 g = RN W (|l

INTFIREE P BN RA IR R UZ S - 201 -

Fy = My x Iy x GWP, (9)

K, Fy IR A M HECE  vas M, AR
HL i, MWh/a, R 35 &5 0 2 4E, H B &t ok 8.834
MWh; 1, A CO, H J7 HE i B 7, vMWh, HU{E
0.570 3 t/MWh'™'; GWP, N CO, 4Bk 1 I 7 3
{8 B R 1,
3.3 ERHERARAEL AL EE

A HERCR T (g/t B kg/t) 159 B AR
A HE B L | A4l 2 B B AN CO, & {8, X 4%
= A IR = SR — b

4 MRERSHH

4.1 HHEEZELER
4.1.1 BAFHRBFZALER

a3, R A K (4) , BrIRBE B R Bk HE
SRPETTEZE AN 3 FR, S be i FE i HE A e
608. 08 t/d, b W R IR EE S 436. 28 ke/t,

WeHER B AT hR AL A B S 25 R 5, 3
SALLLE Y, 8RBy 3 B ik HE I B e ks F)
590. 83 t, (f B iR HE AL 1Y 97. 16% , J& B Bt i
I FEMRHEEOR IR . I HRBeRs B s AiB 174
TMEFERITA R 0.9 v/d, BELE RGN b7 3 249 TH FE 453
0. 646 kg, P AEBRFEL 2. 0 kg/t, iH ABE Bt B r= Az
AIBRHETL

®5 HHIRAMEGEEENCRERELA

Uk €O, ik

ik HE R/
HeRA ;ﬁu iy L b
ke ° (ke't™') %

Eperd kL CO, 438.2800 438.2800 438.2800 95.10
BRI AL CH, 0.6900  0.6962  20.7000 4.89

N,0  0.0062 1. 8500
PrgAbFRHE CO,  0.0528  0.0528 0.0528  0.12
WRALEEHER €O, 0.0187  0.0187 0.0187 0.04
L RERREHEL CO, —

41t — 439.0477  460. 9000

TrEL UL B S, R A BT B E
11 750 J7 kWh, Hii THIKH A SITT XFEH
i, T LI TR , AN AR S
4.1.2 A THMNAZEIRFEREESH
TR SR A 22 5, A e
2T LCA LS, 2 H SimaPro 3K X} A 1%
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BB REEAT Az i JA S PP A, AR 15 0 o i i
EHRN R S S B3l , R FH P v 1) BORAT Al AT
P TR B A B 1 o AR 3 B 350™ AR B T & U

1E3 kg
T A T s A

440kg CO,eq [

Fi05BFESH

CO,, ZERILE 2, 2 Fhor it B pris b 58 be il 72
BRHEREA LT, 73051 4 439. 05 ,440. 00 kg, LIGIIE
AN i O RS SR R

134 kg 17.8 kg 1E3 kg 267 kg [
K AL E AR TCRAR B R BB R BUBAL B
0.0594 kg CO, eq | | 0.0142 kg CO, eq[]| | 439 kg CO, eq [ 0.658 kg CO, eq
[
17.8 kg 150.6 kg 163.7 kg 37.6 kg 9.7 kg []
BRI IR AR YRR EIEab /bR At
0 kg CO, eq 2.1kg CO, eq 426 kg CO, eq 10.6 kg CO, eq 0.227kg CO,eq | |

B2 JET SimaPro # M0y & 7w R A6 8y — AR A E

4.2 FRHEFMZEERSMEEIL

ZeRRHEROZ R, 7R SR 3R A F R v cHE
H i B YR B R AR pe e B IR R A S AR
BT R OKAF T AR A R R HE
4 439.047 7 kg, CO, M {HILT 460. 9 kg/t,
4.2.1 BEIRH EAFTRAA R, B HREE
B HEAR

A T B IR A ek AR e HE T LA B4R 43 4% D) AR
Ko HEIC A DU L IR AR I 173 A S AL B R i
R IEFIA ) b Jot A 457 AR S BE IR AL R, sk 3k
AR, AEARIH SR AT A 43
TFAA WAL, B beid BEpk-HE R = R ol 2 4
LUK IS B 3, DR G o A 3 4 2 B Rk
Py R AL B3 D B R R
4.2.2 @i TERACFAHIR R Y B E R AL R
i A2 R HeAX

BUSTR FE B RGO RIAR o 4 3 Ak 3
KB UE WAL B b HEBCRAR 202 CH, # N0,
4t co, MEH 22. 55 kg/t, " H P AEBRHE S H
4.89%.,

FEAR , AT L i R R B A RHRED T2 S 9%
TEAE PR FH oA XoF 457 352 5 8 W AL 38 A 7 s, DA e 26
A CH, B9 ELEHERL . Pasalari 25 Fi) FH /K S S
PR 57 30 75 U8 R 10 2 € Ak B, MK SR R R P A Y
73t T AR A 15 U0 A T B %) T RS 2 B R
28, HL AT IRk s b A St il 0 A 50 AR

4.2.3 RAPELEIL, BRI YPELRZTER
HeAk

Jpves Ak BEHE O AR R R AR AR o,
CO, 4HH{H 0. 052 8 kg/t, BEHE S H 0. 12%

B A e b is £ b B A A% SR U AR S T
“TCFEA AL IR, T AL B T R 2 Ak
MTZ FREEyEAm T2 SREE TR T Z
it G S b PG - M B UR KRG RE e, HLUCR
FH<BEURAL” Ab B FR AT i b B A B AL, 2R 45 A8
IAEZR? & i
4.2.4 BEFRMFREMLIE R AL
FEARHEAX

R R HER AR COo,, COo, HiE
0. 018 7 kg/t, HEC 7 b 0. 04% , sl B Ber=rE 1
KIKFEAESEE Zn Cu Cr . Pb o0 E, Filk—4
ERALATCEALAL B ARk, T R AS o i
JREXRT A KR AL R H WA AN AR R BT I
b TEEAAR T ZHA, SCH RERHE S H A%
4.2.5 RBRTF E455 8D B  MAER IS

FL ) FRE R AR 5 T A A YT 0 0 J BI 1Y m] f
TE SR I FH H b 25U 5 B s BSOEE B AR R RN T A
EHAGH L R G Ararm | RN E R R
SR E T 2968 BE 19 fE AT BE IR T BE
MAERTREEFARTFE, @l —PEEHEAR
G R4 B B FHL | BT HL SR A Al i
kR,
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J31) E AL LS R A5 e 5 M T A i a7 3R e HR TR0 O
SRPER SO T A 1 7 3 A B 5 R v T Y R
BEAL BRI LA

(2)RH IPCC FEIZRE ARG RITRE 1A
153 Z 3t 5 HE ik 439. 047 7 kg, CO, 4 & {5 43t
460.90 kg/t, Horb, BEGE ok AR S R, 3k
95. 1% ; R Z B IS AL P , 15 4. 89%

(3) H4lE LCA g, ] SimaPro % FiH% CO,
HERCER 440 ke, 55 HRILTHRSS L REGAE , Ui ik
HEBOAZ S48 B AR SR AR OG , 3 — 2P Bk T
AP RRHEROAZ A5 R B AR A AT

(4) 1R 388 7T Az 6 7 3 A 345 S BT R R
PR BT Y 2R RS e W HE R, N T EEAR R
feuli oAl | G UR AL A B A T T4 T AR N A
it , LASYI S0 A 3% iy B 2 € AR B AL B

S 3k
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