JE RO R 2 27 4l (A AR B ) 2022-12
878 Journal of Beijing Normal University (Natural Science) 58(6)

& ap B AL A TS R BT R AL
SEE Ak R AN B B 1R Y

T

ERA" #RF) EA

oy

X FED O EEEY g Einy

C DAL R 2 PRI~ B, FREEALILL5 ¥5 Jeas il [ 5 T K3 5000 %8, 100875, b ats

2) A IR BT MR BE, 100012, L5

3R T R A IR S IR B, R X

I T PRI A 4 B (0 e SR R TR A SR, 510006, )T ARTTHD

TEE ST A RO A AL T IR A 2 A S HE SR Sy A R G A% R G B 1 BRI T 3T
SR-GTr AL B ARG Y R, 320 55 0T bl 5 o8 0 BB PR AR A B s B (e e e H i ( B B A R IR T
STt B OGS ST I . HERC F2 B 5540, LA B B 538 4y A i . T Ui AR I TR HE ), IR BGIRINT 1 S 2 4]
BEAT AT S5 R, 2015 ARIRIITH AR 78 SR 6566.19 7 t CO,, BAR . 1) I 1BV 361 K BT 2R 0 RE VR
5 3h K AR REVETE 35 | E2 A 1 3 HE i (Scope 1) 9 3282.38 J7 t CO,e, i TRYITHTRR 2 705 A 14 49.99%, Hovh Tl E R
T Eed K, A 36.95%; 2) 38 i SN L T3 2% 5 | S A TRIZERRHEL (Scope 2) 38 i Bk K i e Y 18.89%: 3) 3528 i, 5%
BT e el % AR R SR AE T A B A v 5 B TR R HE AR (Scope 3) (3R T IR AL I B Y 31.12%, Hirp
5.37% K A B BEACH, 22.26% K A T Y EHFAENBE, 3.49% Sk B R IR FAYALE. k] &, 2015 4RI 7R
T U A R R A IR T PR B HE R Y, N 2. IS AG ST Ry SRV ST BRI B o et

B RN R M R AR B R U B
FHRIE) P kT Bk TR A A A A
FESES TL8I2+2

0 515

2020 4F 9 A, i B Bid A 75 M A E R
4 AR, H D 4T 2030 A5 ik 20 BR HE RO
%% J17E 2060 4F i 52 I e v AL fne A A R S I AL
S T e T T BT, I AR O 2 0 BOR 4R
TG, B AR A R Uk HE 1 O B 4 b, o B v R R e A
HE PRI 2 514 B A (6. 3R AR 2 3% ) i i T
UGN T 2Bk 56% UL iy A 10, 3 56 A 1 4 i,
2050 4% T B30 T Ak R0 1 1 B 66% M. IR TN FE T 42
BR 67%~76% [ RER, HEIL T 75% By iR = AP 7Ead
25 30 4R, A TN AR 2 423 mE] 712, B
AT, 8 I — 2 A9 N A T T e X, K
B30 T A A Tl Al s AR, A R T PR A ek Tk LA
T At it A 1A, T B R A BT R AR R A LA
A, LAl R 3R T A e e 5 oK. B Sk T N T i

DOI: 10.12202/j.0476-0301.2021280

I B R TR B8 R 5, ST R B R 4
Ko, HLZ 1) 75 REFE 5 e B HE ARG A 306 07 SR 1
M4 58 AT A BR T S 22 55 b, T B D BE R BT
PR @ PR E 1 3 B A [ R R 5 5
G 2 IR T T T R MR 55 A D RE S SR, XL A T
PRI B A M PR, S BT R A e HE R
TETH B i SR 55 9 BE R b, e 3l i -5 X s m] 2R AT
Fe A% . A T IO R SR 51 R B Bk HE RO B S AL 3
IB BR (B R, A A 30T B3 B AR BUIR K
AL, L3R Sl T %l T DG 44 ) SR R HE T P
W2 I AR PRI A e, B/ 2% S kT Y T 2 e
R IR BN A B HE L, T B K U ik R T 4 —
AR 7B, I AR SR A SR T e SR AT 1
B DRLIkG, DAAS R BIF 5 1 A JREE 358 Sk i e I e BHAR S
Fi AR SRR HE DT AT, © R 6 4 Bk Hh RS Y

orp g g B AR Bl 55 9% L I 4 WE B35 H (2020NTST15) 5 B 53 41 Rl 3 4 5 4 95 Bh T H (22AZD094) 5 ) 78 44 3Rl 5 Ry FH 3L il 7%

F 4P Bh I H (2019A1515110816)

TOEGIES: & LS, AR, WAL S 0W. B9 O s T A A LR 5 48 B, E-mail: fanxin. meng@bnu. edu. cn

W fR H 39 2021-10-18


https://doi.org/10.12202/j.0476-0301.2021280
https://doi.org/10.12202/j.0476-0301.2021280
mailto:fanxin.meng@bnu.edu.cn
mailto:fanxin.meng@bnu.edu.cn
mailto:fanxin.meng@bnu.edu.cn
mailto:fanxin.meng@bnu.edu.cn
mailto:fanxin.meng@bnu.edu.cn
mailto:fanxin.meng@bnu.edu.cn
mailto:fanxin.meng@bnu.edu.cn

5 6 4 T LRSS 7 o JELST 0L SR T2 0 i o 9 B £ ——— DAY % B 879
TR A5 Kt 5. AT M o JEL L th % F e o
S R A R e b, b e 1 DCERERIA
AR “ HR-ZTF At S E G ERRG T 2k, VEAE S, BT B SR HE I R B BT I BRI,

PATRIN T A D 52 B A5 0 M, 0T 58 45 3l o JL i o
I B T HE 50 BRI o B i s 418 1 ISR A I
EHFR.

TEVZ S i AR IS — B 3ok i HE RO MR S T i
SRR YR BTz B A2 B 3 R
Sl T B HE O SR, A3k 1 BR.

R 3IMEHBRAENL A RHE NG

BB AR B MR
o e e A ey R e Ty Cal™; T,
P R e
BRHUHERISN, IR LR LIAMI T Sttt et o,
SETHMFEIHE VS C ARSI | S R b (Scope. 010 D1 LR BRGIZ S PRANRET
14243) AT AT RamaswamiZ
R PR i 2 GBI 90 FR R0 A
B AT R ) IR B 7E A e g - AL, Ao,
- 0. AT )W e 4R O (B = A £ . M%), Meng s

BRI HEBRHR L (Scopel (I, 25 1] P B

I1)+J1 4 Scope 3)

ChenZg!

b 3l A 7 AR B 3T R T PR, 2 iR
AR ELN T3z 1 2 th VR A S 5 ) 2 1) v [
WTRE AR TAEL, & F K& 0I5 Ui SR F e
SRR LA L KEFE P 20 2P E
I8 T B HE OB 2 U2, A K T K I b 4 R A
JEL I L 2 SR HE T ZR U, SRy A S 2 2 T Jo S T e
HETICRRAE B 08 HE 6 428 B 2 4R L T B S L b,
Shan 4550 FF & 7 38T B HE T B B A, HAEE T
F ] 8 40 3 T 40 0 7 M 1T AR R HE O B, 1 B g
AR e 1 5 15 A 7 BRI R 47 X %, E CEADs!"™ %
8 2 AT o FFEAR B

X T M 3R (I R 4 R0 ARG Sk T A HE R B
Ramaswami % *1 15 YK % [& T 3l 17 %5 10 72496 2h 7= A= 1
V) 2 0 FIE s, 8 1 DA SR A Hh o B TR A A i A 01 43
BrASE L A5 3 )3z i FH U, ARG 2 ) i s 2 A
L 7 A A ) P sk iy O 0T ) A e A s A B v,
i 5 % 1k FE SR T R AL ST X HE, e BT TR T A
X AR A B 3T, L PR DG S 4 ) R 5 1 1 v L —
T o R AL Y 26%, 1E— EFEE L UESE TR JE
G I T A P A 3k T Ak A R P 2 T RE T £ A Atk b
Ak, T Y B = fle HE iR B85 4 H HL E M
P, 0 I T S B S P ) B A b i 8t 1 A S Y
SN B G5 R A BT, A 4 Bh i Rk i 41 N
PR T A, AR IR T A DX R B [) e vk HlE K
CESES¥ 300

BT 2 A0 A 0% 3k T B HE O B, R A
N AR A% B T 1) e 2 SR IR B 1 1 R ]
B HETIC. M 251 R 0TI o DX 8 A R AR, 3 )
T 13 A LR R T A B HE R X A e S R ()

gL, MR EEAE) B I B S R (Bl nd s, B
5, AL T A XSO R b ] gl HE LA 3 [ R A
AL AR T BL 2K GG . Meng %1 5 i T B X IR A
FEIITE R R IR, S0 7 RS TT ARG IT R L 2R 0
7 S IR 55 B S BT, T A AT SRR R EOR,
T - K- R YU B BT R, B R
YE MDA S BB 3] 1 AN TR0 £ 3ok i o HE A A Bk X
SAR Ry b AR Bl , T A R R B T3 T e HE B
R4 BT S8 S B R R

PR P T AL, 2 2 AT DT DA ) 0 JHE 3 S e
BRSO B DA 2 A, 10 X T 3 B HE )
BB AT G — R HE R R SR &R AL, AR WF5E
WA= fii J SRR AR A, B AR P BA AT B BF 5
fifi, B T — B IR AR AL IR AL AR RO kR R R
I8 BCTRIN T3 14 S 52 081 1A 20 e . DRI o [ R
AR ST L B HE A SE B 1R L T ik
773 R R AT R 2 R SR R BB R B X, 21D E
JRA Y @ B A RS (b LRI & 56
Tl R DRI T [ B 22 P A AL 2 e R A A DU AN LA AL
QA = O = T AR 5 H bR A 3O BIRR 4R i, R
B RUSEAT R JuAR HE S8 I SRR HE O A7 B AT 557
DRI, BRI TH 2 T 8 30T i A2 300 AR G 00 Y R A 56
91, JEEL 3 T ) e I A R RS, T Sy BRI O
L5 ST T B HE TR ZR 4 v 30 B A Bl e v R e ) S
Jit B ARk 2 LAl

2 BRSHWRSE

21 MRGBF WA AR-AT A ZAES



880 LRI A2 2 4 (A AR 2 i)

5 58 %

THWHW =JUTR2E”, MARES TR, &3FE
PET ARG A RA T BT R G, T 3 i HE e
S T PN R B B DX e A B0 64 S A A% R

D) EPFHE T 58 S5 BT A RE IR 3 KAk
REJRIE 20 5 |k (9 e B e, 32 BRI T AR A7
550l SEE AR 9 L Rl Tl REYR . Tolkad B LA K
e agil 70T Horh B NSl AR R R 4 AL
R DL R I g . Ak g A AT, Tk
MU IR T R B e 7= AR, H ) B iy
Az T 42 ik HE AR 3l HEL A8 7 T R 118 28 S D U PE 1)
FAERIT. X T AR RE W 3h 5 R A e, T2 &
By G K AR PR REAT AR L s imaE | Bh
Py 248 B KRS A AR B BT TR A5 T Bl A2 Y CH,
HET L B NLO UM AR 5 RS B 2 kT B
7 B R BRI, 38 B — HE I (Scope 1).

)T T ARG W R GEIE W s e g iR
AR SRR REIREA, Bl Ty W BRI W
B RS, AR R R F 3T A S A 4 i
o B A 3 A A -0 T -z - S A AR B
R 2497 A Bl HE B, e LA 55 B HE A JE 3X N ik 7R
TR U o SN o LT3 7/ 1
YR 2R GEAN B 1) SR EEHERL 1R FE 0 R A AR KR — 0

Bob i
" g

JEH - BiA EE

M T RS H SR TH AN AL BERR ), 7 IS B
FRONEAT AL B, A A R A A B R T R
e ) 2 B HE . T AL, R TR D 5 e B B 4
O ST BRI A7 i A B e 28 7 i A0 55 7 b it 43t
O B 77 A R ] B G, B AR L T 5 ) BT R 4
FEAR ST, TIRH A B A PRAE A AR T a2 i 2
ST U F 300 R M Ak T 7 A R 1) B T A DT
5 JFC A DX 1) A 55 58 52 (R L =S L K L K&
T %) 51 A ) e g A . HC b TR R T B R
(Scope 2: ML T35 K 1 1 7 I 5 1 18] e i HE i ) Al
11 Bl = HE T (Scope 3: R B3 Bl — 4 4% 19 HoAth L 3
U B (R B AR

3) ARESTRE. Wil ARES TR T H
AR HL L HEVE S ST Sk AR iR Sk s (), B BRI
i HE W W e A A7 RE 0, J T3l T ) B AR BRAL. AN
FTH G I8 T R A ARAR AL

BT AL, ARSCE R R T T RS
T YRR A B 0K K RIS AT, R B A T
JE 1) BE IR K Al BE VR 3™ A 1 BRI HE L S Rk A A
Il T 2 S A I T % R R Z R, i HECEL A CO,.
CH,. N,O LK CF, 25 90U, IF L — Skt 4 (CO,.)
Fon . AR A AL A A A T e AR LR
FH T i Ak 8 T o S A SRR, A 1 .

5 5T

. A1 g ‘

Wi R4

%:\y Toll/ B h

P-LCA

e Fe A B bﬂ%

~ 8. ... — T
FE AR e By o Jo} 5
swvee = §
s , AL fGER:
g W & A RN B
MW RRIE K R p=5 o
s Y wmson B0 e
o KR A | w b
5 B4 Rl oy
dia @ i
$= w RRHE  jam = w
B Kiz M Kig
=3 X , = X

El1 Witk e TREERRGEFR

22 HEEE TR A A A M (P-LCA)
PO T 4T B Y A= 1 JE 3 4 A7 (EIO-LCA)
B, RN T TR G A= o Jo 300 - AL 52 DA AR Y X
0 P — 14 358 PN L B I L Y R DA B R =
FAME L Ty | B 8558 W 5 T 7 A B T 2 Ak HE

K P-LCA J7 %, LAR I A% 58 50 (kG o 2 15 %o
70 F = B B bl A ] AR R HE T
iz F EIO-LCA J5 ik, LAk G 0t f i 0.

2.2.1 P-LCA 7 & i [l — B3 Bl = iy e ke 25 4l
F R A VEH WIS 5 4 il 0 b 3T iR & AL



5 6 1]

ot PLEE S« A i SR UL R AR T T e A 8 A B B S5 Bk b R ) s A A T —— LA TR A 881

P g ), BARR A T vk BB 2 WL SR [4, 12, 20]. £
B , 2CE AR X 43 BE P AN B A0 E , A
FE R FHR [) 358 PN 22 38 28 8 (1% 52 38 T HL PR A 8 S
AT 3 BLAR, HE OAC AR R A o | AR 1 i HE Y, DA
% 32 B e HIE T rb R MR T S N S R . X T
58 A2 38 B o HE L TEAT A3 e O 5K, — MBOR AT
HLFE(VMT) J7 i, B v [ H: At 36k i 2] 38 2R Y1 i
) VMT FA BRI T & #1035 v B A 3R T 9 VMIT,
HY T A OGBSI e, AT 90 SR A4S 7 — 2 119 43 il
i te- 8- 221,

XT3 T 2 TR AE T Ui A B Ak R v ) e HE R, AR
P 6 FhAS [7] 2 70 1 55 1y A 7 Ml 1 A 38 658 11 B A I 1)
i HE I R BT, BAR AU

m; = n; X y; X k;, QD)

Ko m, oy i BB )T Ui A B sk R e Ak HE T
iy o MR ST A R By O 2015 AR IR
X228 % 370 1 Ak B0 1 5 K SR 2 3 0 A sk HE
FRB i X RS R B ST A, BV A TR R — T
g Tl fE B E Y . BT IR . 4 o b W M 5K
&R

2.2.2 EIO-LCA 7 i X 2015 3R Y &4y . 4
BRLORETR . ZK IR B K A B T 57 4 DA b [ HL Al b X
A CK 25 18 [ B b X 5k B2 19 5 5 1), #l H EIO-
LCA J7 ¥k, XF 2015 4F IR I Fl = b E 2R 1 iE
77 Ml A B e HE AR AT AR,

BB LR,

xi=I-A)'y, 2
Ao Al x A AR T B R R T
PR A 8 H A HFE REUEFE; 2 ) &y XA
HOIT P R O S (B (I=4) ' i Leontief 195 55 [ ;
i A T IIF G A A X N A PR
A P 28R TT B R HE TR N
b, = Rx,, (3)

I b, R Tl R e 7 5Ky T AE A 7 P HETR Y
CO, 5 R J&— B E WO AT 1) B, HIT 28X B 4% 3 1) B
BB T ™ BT B AR CO, i, JTERE N

R, =c/x;, 4

A R i BB AR HE R, o iZHR T A B4
B HE R, x, SR T

23 HURKRIR PR MBS RS OR L B
J7 Wl 27 SOk B 12 LA R BORRR TR T A4 755X
AR, BAARANTT « 3 Bl — A5 B — e HE 8o, 32 %

22 (rp 3l T R AR HE OB M 4 (2015) ) e b
155 25 6] 3 B 5 A% Bds (CHRED) , H: A 42 3 3 i 35
PR HE, 3 B TR T T A e CER VI Hb ik 42 A1 A FR
N 2015 AEARFEHRS ), J 43 S S TR) 52 3 28 R 5 Y
HE il 5 5 355 HE R 5 Y0 B = A B A B oo A o Y
JIT s BOE 50k [ (2015 AE P E AR ) . CEADs
B PN A 17 2015 H [ T 22 X AR AP R A
Ko CCrp [ B HE i T BEL 2015 ), BE R 7= W B 30 T R A B
188 250 £ Bk U5 T (2015 4F B R I Tl B85 0R 00 2
12 ) 2016 J7 AR Ge i+ 4FE % ) (2016 RN GE3H4F 45 )5 4K
BRI T R B R A 2015 A BRI TR A
AT = B9 BT AL 2015 AR IR YT A& Jat b 3 M g
S 310 B0 kP T SOk [24-25]; LAk A
B 300 7R A R R T (2016 RIS AR 4 ) 5
€2015 47 BE VI T A8 R OL A ) 5 2015 45 BRI T %
B IR S A G R A DGR ) S5 M IR AT 5 452K
T 3+ 9 W ik HE PR F SR YR T Carbonstop ik HE it -+
E LA

3 LRGN

P2 JBIR T 2015 AR VRIINTH e 2 3 45 L K 45 3
AIRRHER A5 #4 . 2015 AETRINTT 1A 2 30 2 R 6566.19
T3 t CO,, 5 10 Bl e HE 5 12 S o L6 43500 2 - Y Il —, 3k
7PN L R 1] B B B 04 BB VR IE 3h A KR RE
VRIS 35| 0 Bk HE iR 3282.38 J7 t CO,,, 1 ik
SR AR 1Y) 49.99%; 3 L, 3T AR R 9 2 s i
%) 1] 432 Bt HE B g 1240.54 T5 t CO,e, o B 2 305 B 1Y
18.89%; v il =, B 5% bt & ik HE Ll 2043.27 J7 ¢ CO,,
o B A Y 31.12%. FH AT A, 2015 AR RN T EE
A TB A2 300 v, 388 T B A5 ) 42 e HE R i (L AN
Bl =) 55 30k T 458 9 B B Al i o G R — ) A 24, 4330l
P B 308 T A AL T B R 1 50.01% T 49.99%.

2015 45 TR I T B8 o8 B B2 e HE R GE BBl — ) oK
3282.38 J1 t CO,,, 92.81% & HH BE VR 8 B # 5|, H
Hr, Tk BEUEARTT . BE N2 . RSl AR RT3 K
FBIT, 430 o B BB HE T 73.91%. 9.98%. 6.77%.
117 F 358 N AR BB R 205 | S I s HE R B 235.84 7 t
CO,e, W5 T M 55 b 30 10 0 B 42 HE ik, o B8 P9 B4 0k
HECE 1 7.19%. Horp CH, HERCTTER T E BB IR 2l ik
HE L) 71.26%, 3B F by 3 3 K5 K AL BT
A, 4o o B CH, HECERE Y 95.91% F11.89%.

2015 AF RN T 125 53 [ 42 e HE Tl 52 o 3283.81 J7 ¢t
COy, Ho bt Hy 315 BBl A Hi Jy B ) = 5 | A ] 422 ke
HERCE o543 91 R 37.78% K 62.22%. 18 =5
B 1] FE B HE TR R, 71.53%. 17.25% FT 11.22% 53 ) 4



LRI A2 2 4 (A AR 2 i)

5 58 %

882
F2 RYITH 2015 FRRBITFR
& 222.18 (3.38)
PR 0.69 (0.01)
WA T 68.68 (1.05)
AR 3 ol 1.43 (0.02) 3046.54 (46.40)
Coll AE 2426.10 (36.95)
T — 3282.38 (49.99)
Tl 0 (0)
EAgpdii] 327.46 (4.99)
CH3h 168.06 (2.55)
A BRI B0 N,OV 3l 1.74 (0.03) 235.84 (3.59)
B RAUATE S 66.04 (1.01)
iy o HMRHL T LN LEW 1240.54 (18.89) 1240.54 (18.89) 1240.54 (18.89)
B 192.89 (2.94)
PSHERE i B3 (067 352.45 (5.37)
ik 10.65(0.16)
iz 105.16 (1.60)
=Y 139.17 (2.12)
GIES 154.12 (2.35)
RSB e B KR 666.90 (10.16) 1461.56 (22.26) 2043.27 (31.12)
W= B 379.22 (5.77)
7K 122.15 (1.86)
JEFEYIR T b2 AR CPER4 204.90 (3.12)
— Tl 19.52 (0.30)
LAl A6 ) 1.92 (0.03)
I IEY) 0.05 (0) 229260349
L) Ever 2.04(0.03)
B 0.83 (0.01)
SRR R AT 6566.19 6566.19 6566.19

TE: O i s AR RIRR R PR T AR R 5 3 P i LE £,

TE SR SZ Y I L= b 4 | BSSR Al IR AWM T
Wb H R, BARGR .

1)2015 4F PRI T 56 5 S ) T AE 1 7= ol i v
W& AR HE T S Rl 1461.56 T3 t CO,,, Hith, 45.63%.
25.95%. 10.54%. 9.52% Fl 8.36% M HE i 43 I 4 vh
FEAKUE . RV . MRk B . K LuiE b k.

2)2015 A BRI T 25 55 538 51 R 14 1] 42 e HE il
h 352.45 J3 t CO,,, W i T35 P4 28 3 Bk HE ikt i (327.46
T 1 CO,). Horr, Kk i s sci . Aras#0]. Kiz gl
T 11 e HE AR Y o 85 5% 2 38 e HE A 1Y) 54.73%.,
29.84% Fl 12.41%, 11k #%32 i HE AL LL 11 3.02%.

3)2015 4E VRIINTH 5 B R 52 W AE T Ui Ak 3 AR Y
W HE T K 3] 229.26 J7 t CO,,, 5 36k 11 85 P AF i IS

S5 Y BB ik HE R AH 24 (235.84 J7 £ CO,.) . TR
T8y 6 i 5290 Ui B 3 B HE A 25 4 v, 2B T S 3 R
— T [ % BTk 7 B R 89.37% B 8.51%; 1 T
i e 5 B e L BT ) B R SR SRR
T B HE IR AR /0N, St F 8 T ] L) Z
4 FHRE5BEREMN

A BT DA A i SRS AL AR g A T R T e R A%
HE SR K 7 o, LAY S 058 S 491, TR0 7 4kl 45
VA L 422 Bt I 0 825 35 ) 42 e 0 %) D SRS 1] S 45 4
FRAE, WFoR 45 R T g 3 BEE B Sk HE R, TE 8k
rh RS T A 5 | VAR T BRI A Bl B IBUR
AW A R RN



5 6 1]

ot PLEE S« A i SR UL R AR T T e A 8 A B B S5 Bk b R ) s A A T —— LA TR A 883

1) T A Q30T B PN O B M AR ] A 7 e R
Fh % 25 K6 VA A L 2015 4E BRI T 85 2 8 A A R ) A
Tl BB E S T T A BL O HE AL, o5 B R 1Y 36.95%. TR
YT 2015 AE 3T AL 3 A7 R H: Al oL 7 38 4 il ol
ST TR TR A Y E A9 K 2 58%, S TR YT Ak
HEBC R e R RS ATl SR BRI T B A HE R
PRI TIIRTF. LAk Tl 3t R R 2 4 1, 4f 2F o
A PR R AL B AR MG, T E T RE S RERUR TR 1Y
AIF 2 B o FH 2 w108 Tl 9 ik I T 1 S B 26 4

2) 5 5 30k T 9 B A 2 A R A G M Sk £
A B 45 HRL. 2015 AR RN T Fh 3 T OGS 2 HE W) SR 7
M A 7 A Y T A HE T e R I Y 22.26%. TR
DI AR Ay B AR (4 3 2 e HE i 32 U, A F 5 1
T TR SR B, SR B Sk R T RS 2. R
STl A 2 e AL oy A5 B, iR R A M 4 A i JE 0T K B
VBB . RN T 2 4 ] A e A S0 €03 1 5 | 430 R L
N SR SEHE TR A A A L AR AL R, B A R
IR, FE 4 TV B N 4 R (0 i 3.

3) finsE < X" H bR IR T2 AR A B ER P [R] A .
2015 4FE DRI T 322 % S5 W0 AE T Uit b 7 A= 1 ) 4 ik
HEHC L 5 2 01 3.49%. TRINTH A S 4 g it - 0k
Wl R R —, TEE S G A R, e
588 P00 R Sk 3 B AR AAGA B, K T HEAT AR TR 3R 4 26,
HHE 20 Az 155 B 3R Sk 30 A i 1 4 ik AR IR B, Pk R T
WO AE WK H bR T R SRR R L i AR R
)0y P [R) VA B 5 A, L6 3T VA B R rp S e T
Wik e DI ) 963 B AR

4)HE B T 5 X R B 1) G A S (RS2 R A b R
2015 4R YT H 98 B AT B = 51 R Y 5 55 1a] 3 bk
HETC 5 5 S0 Y 50.01%. 38 T B HE e b I 1 sk
T B S R BRI R B, Wk ) 51 R Bk U HE BT AT
Oy BC AN L AT U, AR T A7 8 DX Rl oAy A 1 s
H R, S e B SRR R B bR R R AR ST B
W, 30T I 0I5 A 7 1B DX R 1) A PR 8 5, 2k > i Xk
I8 T) A JR Fhy Rl 24 SRR A 249 SR i A 3 T 3 2% ke HE T
Y36 AR, SR Ik 5 H AR B PR R B B, RS
L FIER AR IR T 5 DX I b [ A 22 B i 0 ) 9 AR Y,

5) 38 8 Ik T AR AR Y & R A ). 2015 AE TR
7 AR MR I S N —13.61 J1 t CO,, A A IR T Ak A7
R VR IR et HEL I 1%, & W 11434 R YT 2
7R BRI e RIS, W 5K . DR AR . T
TP 3 R Rl e 2B 8 R G A ik B L A
RO L A PR R, RN = —
179 300 U8 I AP VR K R 2L VO L B b S TS X
BEUR, [, TR T AT 7E A R LT AR H R AR

DN R B AT T ZDAR AR, 2 185 [ ok 1) A A8 7

6) XA 55T BBESigk 4k T v Al B Az L 4 R X TR I
T 2 DL 5 DX I T R ARl AT Jey , AU SR T Y D e
Bt 5 25 6] 43 TE , 30 6 1w Bk B 5 RN R ik it i 45 AL, R
YR T S 285 0 S il 15 it 1 Bl B RN . TR I T O
AT IR A DXt TR, 2 Tk v R A A T R )
Tk e v B Sl A T B A R v B R PR R
Gk s AL, TERE A TSR R AR,
AR 3k T 2 RE A 15 % A 2SR B ik, R Sk T
ST A ) A Y BTV T

T)FT 15 AS 6] A8 M 38T A% HE I MRV (measuring,
reporting and verification) & #F- &5 . TRII 7 1% 75 % 56
FAE ST — A Yl T G 0 B T e A R A e T A Y ik
HEBCE 8 & B &, BIIRTT MRV V-, a] i B K8
AR Bl HERCRCHE A TR B8 S 45 2R TR, S A
TR KB A [R) AL A T Sl AN TR) 7ol 1T 6 R R
Tk R AR 195 IX 4ol 2 () A Jm 19 JE 38, A B B 97 R e
HETE 4 BRAE L BE A9 T3AE 20 TC, AR DGPR3 1T
SR e 280 8 38 T i HE A PR it SR AT g B B S

5 &3k

[1] United Nations, Department of Economic and Social
Affairs, Population Division. World urbanization prospects:
the 2018 revision[R]. New York: United Nations, 2019

[2] SETO K C, CHURKINA G, HSU A, et al. From low- to
net-zero carbon cities: the next global agenda[J]. Annual
Review of Environment and Resources, 2021, 46: 377

[3] CAIBF,LUJ, WANGJ N, et al. A benchmark city-level
carbon dioxide emission inventory for China in 2005[J].
Applied Energy, 2019, 233/234: 659

(4] i JLdE, A0F, XIGES, A, o E “ —al — 7 s ks
COHF AL 23 7 (7). BN - BT 5 R 8, 2019,
29(1):32

[5] SHAN Y L, GUAN D B, ZHENG H R, et al. China CO,
emission accounts 1997-2015[J]. Scientific Data, 2018, 5:
170201

(61 ARENZ, i FLEE, 4 M, 55, 3T BE IR M) F Bk A2 35 537«
VAT TH R B[], AEAS2A4R, 2012, 32(12): 3782

(7] WRZANG, o B0EE, WRME. ARIPILAA T (030 T ik a2 BE DA
[0]. thERE kR, 2021, 51(10): 1693

[8] RAMASWAMI A, HILLMAN T, JANSON B, et al. A
demand-centered, hybrid life-cycle methodology for city-
scale greenhouse gas inventories[J]. Environmental Science
& Technology, 2008, 42(17): 6455

[9] MI Z F, ZHANG Y K, GUAN D B, et al. Consumption-
based emission accounting for Chinese cities[J]. Applied
Energy, 2016, 184: 1073


https://doi.org/10.1146/annurev-environ-050120-113117
https://doi.org/10.1146/annurev-environ-050120-113117
https://doi.org/10.1016/j.apenergy.2018.10.016
https://doi.org/10.1038/sdata.2017.201
https://doi.org/10.1016/j.apenergy.2016.06.094
https://doi.org/10.1016/j.apenergy.2016.06.094
https://doi.org/10.1146/annurev-environ-050120-113117
https://doi.org/10.1146/annurev-environ-050120-113117
https://doi.org/10.1016/j.apenergy.2018.10.016
https://doi.org/10.1038/sdata.2017.201
https://doi.org/10.1016/j.apenergy.2016.06.094
https://doi.org/10.1016/j.apenergy.2016.06.094

884 A EUIIE 222 4 (A SR B4 ) i 58 4
[10] MENGF X, LIU G Y, HU Y C, et al. Urban carbon flow Journal of Cleaner Production, 2017, 163: 212

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

and structure analysis in a multi-scales economy[J]. Energy
Policy, 2018, 121: 553

CHEN S Q, LONG H H, CHEN B, et al. Urban carbon
footprints across scale: important considerations for
choosing system boundaries[J]. Applied Energy, 2020,
259: 114201

r R Sl A AR v S il AR
4 2015[M]. bt i EPREL H AREE AL, 2019

BAd, X, 42, 4%, 20054 E T CO,HE MU
L] PEAN - BESIEE, 2018, 28(4): 1

P E T R = SR TAELL(CCG). w4 A A R 1
T3 SMAHE R B0 [EB/OL]. 2022[2021-10-17]. http:/
Ica. cityghg. com/

KR EHAZABN. o E s HE SR 2 (CEADs ) [EB/OL].
[2022-10-17]. https://www. ceads. net. cn/

CHEN S Q, LONG H H, FATH B D, et al. Global urban
carbon networks: linking inventory
Environmental Science & Technology, 2020, 54(9): 5790
DANA B, ANU R. What is the contribution of city-scale

actions to the overall food system ’s environmental

to modeling[J].

impacts?: assessing water, greenhouse gas, and land
impacts of future urban food scenarios[J]. Environmental
Science & Technology, 2017, 51(20): 12035

MENG F X, LIU G Y, YANG Z F, et al. Structural
analysis of embodied greenhouse gas emissions from key

urban materials: a case study of Xiamen city, China[J].

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

DN, XA, T 0. ST IR HE O S i e I
FAREE T[], T ELAT - RS PR, 2014, 24(4): 19
SR, gk AL, Hs . b T R AR HE R
20154E[M]. dbat: P EPRSE RS, 2019

CAIBF, YANG W S, CAO D, et al. Estimates of China’s
national and regional transport sector CO, emissions in
2007[J]. Energy Policy, 2012, 41: 474

LINJ Y, LIU Y, MENG F X, et al. Using hybrid method
to evaluate carbon footprint of Xiamen city, China[J].
Energy Policy, 2013, 58: 220

KT, BURRIE, TR T ISR I I - 2B S A
BT[], P EFREEREE, 2021, 41(1): 482
AR B OGS 5 A b — R TR R A
58 AT R SEUE 53 Hr [CY/h I R 2 2%, TR T
N BB, HLRI604F: BLA-S PR 20167 B3l i KL 4F
2 SCAE (023 T AR VL BH: b BT R~ 22,
2016: 11

A, R RN 255 R T SR S S L - BE R
A7), #E57, 2018(10): 24

BRBEIE (A6 50 B A FR /A F]. Carbonstopfi HE i K 44
$&ZE[EB/OL]. [2022-10-17]. https://www. carbonstop. net/
freeTry?pageFlag=product-data

TN, SR, DXt s A T 5 XU AR S
UGB TE[]. R, 2021, 43(7): 54

JFEDEFH, BT, Sl 5 R0 | Bk bR B AR
[ HEAD - BWIESEE, 2021,31(9): 114

Urban carbon footprint accounting and implications for carbon

neutrality from a life cycle perspective: a case study of Shenzhen

MENG Fanxin  FAN Zhaoyu"

WANG Dongfang"

LIU Gengyuan"” CAI Bofeng”

( 1)State Key Joint Laboratory of Environmental Simulation and Pollution Control, School of Environment,

GUO Wenging"
YANG Zhifeng"*’

Beijing Normal University, 100875, Beijing, China;

2)Chinese Academy for Environmental Planning, Ministry of Ecology and Environment of the People’s Republic of China, 100012, Beijing, China;

Abstract

3)Key Laboratory for City Cluster Environmental Safety and Green Development of the Ministry of Education, School of Ecology,

Environment and Resources, Guangdong University of Technology, 510006, Guangzhou, Guangdong, China)

Cities take up only 3% of the Earth’s land surface but consume 67%-76% of global energy, emit 75%

of total carbon. As a vital battleground to control carbon emission, cities have undertaken a leading role in carbon

neutrality strategy. Cities consume lots of final products and services derived from outside the city during urban

expansion and development. In the open urban economic system, spatial mismatch between production and

consumption of final products and services results in carbon emissions embodied in the trade flowing into producing

regions. However, current urban carbon governance policies are primarily formulated from a traditional production-

based perspective, ignoring transboundary carbon emissions driven by final demand in the cities. The resulting carbon
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leakages can easily cause unequal distribution of urban and regional carbon emission reduction responsibilities.
Building a systematic urban carbon accounting method is urgently needed for national carbon neutral strategy.
Therefore, we constructed urban carbon footprint accounting framework and methodology from a life cycle
perspective. This system was used to account for and track carbon footprint in open urban “natural-economic-social
complex ecosystem” , taking into account of both direct geographical carbon emissions and indirect transboundary
carbon emissions. We selected Shenzhen in a case study. Data show total carbon footprints of 6545.01x10* tons of
CO,, in Shenzhen in 2015. The direct carbon emissions (Scope 1) caused by energy and non-energy activities by main
industrial sectors and residential consumption were 3282.38x10* tons of CO,,, accounting for 50% of total carbon
footprint, of which industrial energy sector accounted for 29.2% of the total. Indirect carbon emissions (Scope 2)
caused by purchased electricity consumption accounted for 19% of the total footprint. Indirect carbon emissions
(Scope 3) embodied in transboundary transportation (5.27%), upstream supply chain of critical materials (22.01%)
and downstream chain of waste disposal (3.72%) accounted for 31%. These data indicate that Shenzhen's indirect
carbon emissions in 2015 were comparable to direct emissions. These results will provide policy suggestions and
management implications for cities to clarify their carbon emission status and respond to carbon neutralization
strategy.

Keywords carbon neutrality; carbon footprint; cities; life cycle perspective
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