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Abstract: The sponge city renovation of old residential areas constitutes a critical component of
sponge city construction. Investigating the evaluation methodology for carbon emission reduction benefits
and developing an accounting model for carbon emission reduction are essential for achieving carbon
neutrality. In this study, the life cycle assessment (LCA) model and the system dynamics (SD) model based
on the theory of LCA (LCA-SD), were developed to quantify carbon emission reduction and evaluate
benefits during the sponge city renovation of old residential areas. The reliability of the LCA-SD model
was validated using empirical data from a sponge city renovation project of an old residential area in W
city. Additionally, the carbon emission reduction achieved through this project was quantified. Through

the LCA model, it was determined that the construction phase of the renovation process for the old
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residential area generated the highest carbon emission, accounting for 48.8% of the project’s total carbon
emission. The most significant carbon sink was associated with the rainwater purification stage. The LCA-
SD model demonstrated reliable simulation capabilities, enabling accurate projections of carbon emission
and carbon sink change resulting from sponge city renovation projects in old residential areas. In the
LCA-SD model, the primary source of carbon sink originated from the urban green space carbon cycle
system, which was projected to achieve carbon neutrality by 2039. Additionally, the carbon emission and

carbon sink derived from the LCA-SD model were significantly higher than those obtained from the LCA
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model.
Key words: carbon emission reduction accounting; old residential area; spongy city
renovation; life cycle assessment (LCA) model;  system dynamics (SD) model

2 F/IN DX 38 26 A Bl s o 3k T R 48 1 1 () K
(8 & A 5 B R, R VA T A R
2o [, S IH /N X 2 A et e 3 ) S B e i
M B IRR 22—, X L s R e AF SE B 2R T &
K R 7Kgl b A B B K e KRR A TR 7
A R PN 30 A B T 2 ) LR U HE AR AT
A R TH R MR B2 U HE 35 7= A T R 2 2200 B e HE
FRI

R ER X 2 1H /N X I 4 Ak B ik A v e HE
(A BIF 5 B4R Hh 5 i PR 3R 43 AT R M 14 it 7 A
PR s R A2 YE SRR TP B HE R EL 1 T
X6 2 TH /DN DX 408 A Ao 4 ol 8 o i D HIE 55 25 1Y)
PEMR I B IT A 0 BRI HE 8K 25 PR AR ST HE
RV A% A SRAT 24 1% T s HE Ak 25
B4 VE A 38 45 B3 78 35 BOPE A0 48 A L 2 7 E A 455 78 By
B, o B HE I AT A% A B SR R NS FE 4 .
2 H 3 SR 3 T 4 A A PR (LCA) IR45 A HE
JHIC P e e — B B 1 e I S T i iR AT 5 S
BT B R R 2= Rk, HAERR I 1
T R i, ARl R A R

YT, S0 R T LCA AR R RN 3 T4 2 iy
JEI S R S5 50 127 (LCA-SD) BRI IH /N X
T 40 b B s 4 o R ) B U HE R3S E AT Y . TE
LCA BB AR v bR 7= 2 i il T iRtz
1T A3 R B 9 B 00 ol HlE 2 1 A S L
JEF IPCC A [ BURT A SR AR A & 1 & 5L 2 ) JF
e JEUN 8 HE I IR 1 b 4 Ve 1) L
A HR: A 2 B i AR R R AT R — | A A%
B LATRAN LCA B BB AE 2 1H /N XM 4 Ak Bl s 4
1 BRI HER SR I IE 0925 H o 7 LCA-SD B i Al

rh 38 3 A3 b 22 i DR R (] PR A - PR A
AR RE S, BB [H /N X s v 25 1 it
il Maatr e iR R il . Ak,
X LCA B K LCA-SD A58 (A% 55 25 S 0 17 40 7
PRZ N 2 TH /N DX 20 Ak A3 2ok % v e Dl HE R 25 7
Brit) Fe A
1 A FLCABEA 658 R B F
1.1 EMEREHETE S E
T LCA B ALK 22 [H /N X 43 Ak el i 301 H 7~
A= BB HE T A Ry T A2 HE A, I8 R At HE
R ) A3 oA T A AR A A i R T M R A T s
By T BRI AT (HEYRIAR BRI B, 45 A ik HE
IR BRI A% SR AN (] B B P e el I s A T, LA
AR
TCE = (TCE, + TCE,,) - TCS (1)
A TCE Ay il HE il B G HE ) | ks
TCE, A FARBRAFHUE B, kg TCE,, oA [ 422 B HE
i, kg TCS AR St kg
EF, = B, x MCF, (2)
K rp EF A AL IR S0 fifp ack A vp Y BE 18 HE i
80 B, A B DA it = A F B ) Be HE A R
B MCF, Ry AN [a] AR IR b FR B g HE s PR 1o
GE =M op X B, X MCF, X GWP,, (3)
K. GEy, AR B HER A CH, /Y CO, Y 5
Mo R 203 T 200 50 it A B 975 G4 COD HE L =,
kefa; GWP, 24 CH, [ 4 Bk R a3 .

44

28 X (4)

X CE WA B HERL Y N,O /Y CO, Y 4 ;
MR 2 Uit A 5 T K AR P 0 7 U L ks

CEmo =My X EFNZO X GWPNZO

+ 116 -



www. cnww 1985. com

%A, 5 5 T LCA-SD #9218 /s R i 4 AL B 25 e 2 5 3R

FH41k FHSH

EF, o A BLEL AR T TN, HOHEHCR 2 S 1
kg N,O 54 1 kg N, i35 2% GWP, , A N,O 1Y
SRRATIR A
TCE,, = CE,, + CE,; + CE,. (5)
o CEy IR P2 (A B HE AL L kg s CEy oK
iz i AR R kg ; CEy iR 28 HLFE XTIV 1) ik
Hejila  kgo
CEyp = 2 (My X CE,; ), (6)
Kb M BT AR BT i L ke CE,, oy W TR
R BRHER R T, ke/kg s iy T RAREZE )
CEyy = D'(Dist X Myy X CEo i), (7)

P Dist s R km; M, N s Hi i
PR , kg5 CE, e 0 507 5T 8 W) BHE B0 32 i
FE R BB HE R F L ke (kg km) 5 iy 19 52 F0 12 i

CEye = > (P T, x EFye X ). (8)

o PO REBRE A I T3 kW Tk F 35 45 (4 iff
B hs EF AR BRHRICN 7 ke/ (KW -h) s N
Sy R s filt AR .

CE, = > (AD, x 9, x EF,,) (9)

s CE, Ry I 45 350 it [ e P 1) 2o 7 o 1
HER R , kg s AD A3 DS RL I B, 5, SR 6 el
PR T LA, % 5 BF, R 5 [mTSObE ek i e HE Tk 51
¥+, kefto

CSer-c= 2 (Sen X CSyiocn) (10)

K CS,y A SR Y [ B 1, kg/as S W4k HILTT
I, m?; CS,,,, o0 N ERHb Y B [ET B R kg/(m?-a) 51,
Ry iR it A 2 )
CSpoe = Q. % (EFy - B) (11)
2 2 CSy, R R FH AR P A BT 2, g/
Q. AT 2 35 Bt BT WSO B R K R &, m¥/as EFy R H
Sk K BIBRHERL R T, kg/m® s B Ky 15 405 150t b B0 P43
Fic A7 I K BB HERL A kg/m®
CS it = 2 M X CE ), (12)
T 2 Sy A BB T R T 72 2 BRI 2 kg
a3 My N S5 TR 203 15 it 9B A 14T £, m¥/a; CE g
Ay 3R T K A R JECAE I R I I Xk I8 F i 1R
¥+, kg/m’,

St = 2 Qoves X CEtig vy )
(13)
T 2 CSyienns 0 208 1002 T K (1 82 5901
FIET 37 BRI BRAT A2, kgfas Q,,,,,, P 00 THLE 1544 11 R
VL KT 5 CE pning-enes 4 3 T AT I7 A T 10582 B P
kg/(kJ-a)

CSpin - purify — z( Mg, - purify X CEg,i - purify ) . (14)

T 2 CS iy AL K P2 A ORI B, keg/as
My, SN 5 00 TR 265 35 it 149 95 G ) 1) 0 B, keg/aas
CE iy, A7 I 1) 585 5755 Y W 68 17 P i HE B PR 7
kg/kgo
1.2 ETFLCAEENLHIZE

TEHL 2021 4F W T 553 1H /N X 1 78 4 A ik i
H MR, LA 30 4F R %50 Jl 10134 7 4 2 1 J 1)
MIBRHE RO o il NS A 3 A K A e
18 564. 65 m* &M 1 472 m.

1.2, mdHERCE A

O E#EmHET

W AF - 15 B R o 294 mm, FR 7K H COD ¥
JE 545 mg/LCHUAS W 2 i 301 |, 283 43 X it
b3 HE BT 7K 4 COD ¥ FE Sk 327 mg/L, B HEARI A
F R 0. 625 kelkg, R4 (2) ~ (4) T 15 3] B 420k
HE N 569 kg/a.

@  [aEEmHEL

a. OB Pt R A B HE

A RE A 77 2k i 1 e HE A AR 4l =X (6) i AT A%
B M R HE 3 K i I HDPE BURE 1 2048,
1 43591 R 670.29. 44 v, P BB HERL A 143 )
0.2.2 620 kg/t, JUIA5 30 7 25 04 e HE ik it 53 51 R
13477 133 kg, 51177 267 kg

b. 32 i AR R HE

W E VIR, %55 H 9 K R s SR R
s i SO SINMR IS REFE N 2. 42 MI/(t-km) .
STk e ) e HE IR T8 3,10 v, S5 B AAE R
42 652 kl/kg, WIRRHER A F 47 0. 176 kg/(t-km) o R
P 3 (7) ST, B K 6% FI HDPE XURE 1 S0 ()32
By I 0 00 A 8 .21 em, WUV A5 B R 25 i i ok R A ik
HERCE 2390 943 1109 kg, A1 1 052 kg

c. Jifi T B B it HE il it

AR T Ge R LG FAS R e U R 2 22 R) Y g
VRS HE B E: , 75 5 AS [] 68 U5 3 530 1R 2 119 48—

< 117 -



BH41E Bs5H

OE 4 K HE oK

www. cnww1985. com

7, B 2 15 it s 2k R v B R R LA B L B
WEEH AR B F BB Rl R AR A — Uk H Ty S H At
BEVR, B 1 kJ A REFE ] LA™ 42 0. 103 8 kg A Ak HE i
U A AT B0 b T AR YRR
HERCE: . %00 H 5 e 55 7K Bl 2% 1 AR 18 564. 65 m?,
B T RN T BERE M 273. 17 kI/m?, WG HE i i
526 402 kg.

d. ZE B B iRHE R

Y4 B B 10 ik HE i 32 BEAR ML IR A 114 g
J7 A R T R R HE R L 375 7Kl e 2 A B B Y ik
HEFC A T4 0. 017 kg/(m*-a) , 420 (8) &% 45 5]
B HETR R 316 kgfa, B TRAT AE4 5 it AH ], W] AE
Vg 4R TRt 15 T FH 5 4 9 (3048, 447 [ B 1 e HE
AN 9 480 kg,

4 SR R B Be i) B HE 5 o AT 4 i T REAE Y
90% fi 1, Hh e AZ AR BRI H PR B B B i HE
TR N 473 762 kg
1.2.2 RICEAER

O FACHH PRI

T 7R A il = 2 Pl 79 3 4 A, — B
Sy T 7 Ak BRI B A B HE I 5 55— 8 43 Sk W K [l
FH AT A e HE A, LAY 45 W /K el BT T
)l I 3 2 Uk = TR K Ak RT3 B ) B TS
I H B KRR 27 864 m?, fHE1 1 Sk K Bk
HEj 724 1. 07 kg/m?, b B F1TF 43 B B4 R 7K B
WHER R 74 0. 18 kg/m®, 4% 54, W /K R FH B L
024 799 kg/a.

Q@ ARUEHIE AR

TZ I H AR 0 A T T IR
T R T BT Ui T B O e HE O A A e AR
HBIL T o 1% H 7 HL TR A 48 732 m?, AR AR AL A
R RN 75% , VIR AR B A0 4R 0 0 R 43 371
m®, % X IR R R HE R G0, T 40 3T I S BT i
TR 7K 5% 3 3 R B ek /D, K ZE 7 FR B 10 m, 7K FERL
N 80% , M FAAL B AT REFE N 0. 034 kW -h/m’, 1175
13 ENZ R BRI M 1 728 kgfao

@ KA BRI

V200 30k T 08 TR R ) TS e £k CODYY
HkHER 2 B0 3. 1 kalkg, AT 1525 Ye 4 F 7=
A= BRI R 33 150 kg/a.

TEIZ A H /N X 4 Ak o 5 5 b, B Tt
ZEANL B (o 2 T0 55 m] = A SR B AR Y B e

PRI T 59T BEARTT 3%k 0,

ZE b i R AL T H AR I B R R 59 677
kg/a.
1.2.3 s HER 8T

A TE R R BB HE R A 1 078. 483
t, W 20 Vit 1z AT B B B i HE i S 0. 885 ta, kL
TN 59. 677 ta, 15045 2 i D HE B 7E 2040 4R 5K
PLIEAE , B E 1 R .

1000

—— e
o il
500 —A— R
o 0
=
=500
-1 000
R ol - ol - i
S A I O 0 O A < O v O A
segg8g8g88g8g8g8g8dd
[ I o IR oN Y oN I o I o BENNN o I oN BN S\ HEEE & NN o BN oN |
0y
E1 LCAREZEMNRHEEREE 5
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LCA model
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Fig.2 Causal loop diagram of carbon emission reduction system for sponge city renovation of old residential area
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