t &k M3

454 10 2023410 A

2023,45(10):1931-1946

Resources Science
Vol.45, No.10 Oct. , 2023

S AR XM, ERWS. Uk HAR T A E RE R P i HE G U [J]. S2IERE, 2023, 45(10): 1931-1946. [Liu C M, Qian

X Y. Prediction of carbon emissions from energy consumption in China under the “dual carbon” goal[J]. Resources Science, 2023,

45(10): 1931-1946.] DOI: 10.18402/resci.2023.10.02

“Xi

x BEER T HEEETR

i HE A = T

i'l A B

(LHms 18 EEE TSR, Lk 200433)

H E.[BH)E ks ap fe” ARl 38 TN 5 EERR B AR R I Ak HEAL S IR R A A e A A sk
 Fe 5T SR I, AR HE B ARG IR AR 8 (75 7R RS2 A B kAR & S0k ) A 1986—2019 4 3 26 4F
HEIR K IR 09 BB E KN AL R R HARSAGT mB A, ST 08 ISANT AR R BB Y a
H & 3547k &, A A Lasso @2 i st th SA B R &, iEA3AIE SR T FikAe Lasso W AMET L@ ZHE )2
(SVR) R AL A&k (RF) \BP 4% 22 W 25 F= Lasso-SVR . Lasso-RF . Lasso-BP 2t 6 ## 8% He 74 & FRM AL A, K T35 7% £

(MSE) fo - # 26,34 3% 2 (MAE) *f 6 AP TR AL AL i AT b3 Fe o7 . SR ST R IR E A SMUF T G a1

F.2 CRAFRHF A 1.5 CR 4#xH
AT LERVF R R T 450

#2035.2029.2026.2025 4 , 445 5 %) 4 95.812 . 74.48 12 .67.23 12 .65.2312.tCOse, 2 °C B #7157
T TR FIL2 CEAFT B AR A2 W A

FrH R T P B AR IR K A B WA e ik AT 1) R R AR ), 52 LK P A8 T 4 A'i)&ﬁﬁfrf—_ﬁl o
E)i“!’ﬁﬂ B AR, ¥ B 3R E A s = Ak G5 M Fe R IR 25 AR, 3 A Sk & T 7 BT
FAEBL; Lasso; ZFF B HL; FAAULAAR ; BP AP 22 W 4

T?l%%%%%%?%aﬁAﬂ

KB AR IR AF s A AR TR 5 1
DOI: 10.18402/resci.2023.10.02

1 5|8

SRR AT RO AR T T I Y e KR
1 55 22 4 Bk, 78RR N X 1% 9k R A i R v, ks
W FNRR TP A L EE R, 20204F9 H , BRER AR 8 HE
Hbr, B ARKGAE 2050 4F LR TH AL —AN“fierfoFn ™ K
Biti s 1A 12 A o 2R 7E 2030 45 S8 Bk 15 14
2060 4F-Fir SEELAR TR B, H AR 0 [ S A
2oV URAA AR AR s HE AR o R R T R K Y
T ik ] — Eﬁﬁ?ﬁh%wm“+ME%W%a

M Rt T 28 R D v S A R T 1 v TR R
------ %ﬂ%ﬁ@%iﬁmﬁ%%ﬁ%ﬂ:ﬂkﬁ

HERC A BIREAR 13.5%F01 18%” . PRIt , B A v [ H Rip
RE TR S i HE BCER , 43 B 52 o e HE ke 1) =B 22 A
0 A e m HE B A, o B R HEA T s 2

I #s B #A: 2023-12-19 1&1T H#H:2023-06-04
EE&W B : HAE WA SRR (22YIAT790035) .

PEBTE I XU, 20, SRR R, Wk, B, AT 07 T IR 22 3%

AR R, S A TR LA 3¢ 4 AR
=T, RS BAmsg P B Bk T & R W 442, T & B0 Bk A TR o B

= T % E 2020—2060 44 2% He sk F EA74%

Ao 1.5 °CH MR
FAEFE IS CiRIT A 47 (k]
AR R I BRI
S AR 8 M F LR

53

R 2o

Bt T RE IR R BRI 22 B T e
VST e HE R 2 AT TR, AT AR ELN LR 44
Jy

(1) SRR HIE A3 P I 5 2 DA HE e PR 7
Poh 3 HEBCIR F S I = A BRI A 2
B Y 703 S AP 8 BRI 11 RO AE R IR L4
Jr A i HE IR, B IPCC $48t iy e HE ik R R % 18
TH A [ R IR RIS R A B A 22 001), 28565 161 P sl
AL A EE

(ﬂ%ﬁﬂi%Wl?ﬁﬁﬁKﬁ%%MKﬁ
FAEEAREIE bR, 55 T 40 hos FABE BRUR
AR —A~ B AN T ® 3Nl (R0 81 B IS
SR HECE I E 2R 8 A GDP

E-mail: cmliu@mail.shufe.edu.cn

hitp://www.resci.cn



1932 BEOUR BE

P GRS O T SEIE S, A 5 R 22 S —
7l 5 GDP G E A =)l GDP L H 5%
TRo Ot 2271 : N RIS K I B 7 B 1
Tin2s SEREIIH S s KIE I, 8 BB N, F bR
TEHLLGS S O VR B A 320 9% &
WA SO 0T AHHA A HyR 8 ™ AR
FEPNA BRI E B AR AR bR . QBT
T < e RIS N R AR 25 7K1, 2 T e — 4R Ak
BHET  ARSRAERE AR o AR 55 35, (@DRRIE Iy 1 -
— 7T, BT 2 B A AR HE e s
—J7 T, BEVR SR FE 5 BRI 45 14 R R A B T AR HE
i, AR R B R RRUR G5 A 0 BRI R N R TR
TH 2 S VR 77 o S BB RS H LUK 7 T
B 7 LA A TR B 7 S . OFR
D5 T AR 2 f o HE L FE PR GO 5 I &
2 PR N R BE (I 0 B ) ™ HoR T 37 isc i, 2k
G BT E AL FAR A KT, 28OS
BT At (BRI TP RPA Jr T, BD T IR IR
HAREHHHER

(3) B HE Ak T g 1k 32 A PR B S e DA
RSO i 28 P 2 AR IR 8 TS A 020 AL A%
S 2 AU AL TR R GE BN S AR LR AT
b SR O LMDI 73 i 15 S N B AR D7 vk o DA
IPAT"H1 STIRPAT™ /45 24 32 Y R BE 52 i -4k ik
BEHEAR FOUI B HE R B 2 M 43, X A 2 Ao Fou i
FWEEEAN T o O T HR S TOIRE BE iR 25 A Sl
8 AN IR AIEAE 1) ADL-MIDAS FEAIPSE
AT BT IO (iR A P A N
PEIRE 8 T 28001, ARS8 3 5E AL
o A WA E R AR GRS HE T R, an
Fa g R A0 T Bl T AL HR GM(1,1) PO R i figd £ 3 7%
PACAR G IR AR RIPAE BRI SEA AU =y 1 Ty
FERE  (AXT ARG A P 9 & RE I AN L g2 > 5
o AR, — et B LA ) S ] Tk
i FUI, 32 FF ) & AL (Support vector regression,
SVR) ™! BP #1 £ % 4% (Back propagation neural net-
work, BPNN) >V A1 2 2% 2] #1 (Extreme learning
machine, ELM) "G R 47 A SN A5CR . #Lgsss )
LR T SVR MIBP 28 M 4%, Fir 21 /N Bl
ERWIST , J5 & BA R A E M LS R 7 Fn [ 2

hitp://www.resci.net

45 10

> AE N RETT B ZS A = A S A R B E A
fift . FEHLARA (Random forest, RF ) >R FHAE 2% > [
MR LT A B ASGE BAR
SRPTIEE , (H 1 A DL T iR T . B Tk
HERCEE B AE LR PERRAE , o0 T 4R AR AR TR A B
ZHRFEE R S kA A A T kT Ak
4 ARIMA-BP £ PSO-BP & %" BP-LSTM
FEFIUILL K WOA-ELM P A5 A1 {H 330 BEAFF 57X
{UEXT—FP LML, R BB T 2Rl as 2% ) 5
R R T .

(4) T HEAIIE S 4Pl o8 322 NI 52 | X S A
BT 2 O Bk U6 e T ARSI 3 B ) ek DG (i
AT 7 E Z2 1, A NBCRBLE] A BEIE 71 5
BB, TEHEZA M ZE P PE IS 5 R AE 2029 4R 558
BRI SR F B R A | ORI R A ES A
Jrid iz 2 B35 25 B8 1R S B R i e HE i
FEAR  FEA MBS T v DR AE 2020—2030 4R 523k
W, 2050 4 22 J5 S B AN 7R X 2 1 55 &R
Bt 5y A R SR st B TR W R] , b 5 R R
AETE 2035 4FHi SE BRI , (H JLAIXE LA SE LY s 44 T
JZTH, LAREUR SR B A [T PR AR &, 3257 [ ] FR-STIRPAT
FBEARIXT 6 4 Ik T e ik D AR A T AL, e 38 Mg Fsf
[ B AR ™, DL b SCHRFR B, A A58 DR il A
WEBETE 2030 AEHTSE B, A I A ANRE , (HAF 5T 45
DI S Arik o 32 8 IS s & A A A 5 i
BATHR

A S R IRIHAE S | B & AR HE 5
T HAG g ) FH BT 26 FPRE IR AR HERL K+, T
FHHXT 1986—2019 4F v [ 68 I5H 2 i HE i i 647
DUV (0 B SRS e 5 ST AL 0% AL S ABE BB
P8 FAR 5 ATy T3 18 472 f I HE TR M [ 3R 4K
% iz H Lasso [a1 5 i e B EL2 M K 2, ME=F & M58
TP R, o 52 mm PR 2R 1 0 08 B VR 2 T
RF J5 ik AT B PTE  RE T, 4 RF 5] ABRHER
(4 T, 44 2 6 Fh 351 U 45 A (SVR . BP . RF ., Lasso-
SVR ,Lasso-BP Lasso-RF) , 4 1 LAFE il A5 74 (14
PV BT 714 22 (Mean squared error, MSE ) £l
S5 46 %1 1% 2% (Mean absolute error, MAE ) X} 6 Ffif5
RUSHEAT LU RPN, A R T35 G A9 0 I A 8 5 41K
P B R 1 DU Ak R BRI (2050 A 5 b E R



XA - XU FIAR T H BRI S R Tl 1933

20234F 10 H

J5 R B2 (2020 ) ) (LA T AR 28 ) ) (1E AT
IX Bl A e s A2 )7 (b T o 2025) ((rpdlrp
o [ 55 5 5 T 5 2 A 4 T DY AR ke B A
B IR W flk Hp A TR G 88 DL )P (2030 4 iphk A 161 7
Bl J5 G )P CRE B2 3 5 e 8 0 sk b A St T 58
(2022—2030 48 ) )EUFICRE IR AE 7 FIIE 2% 55 1 1% s
(2016—2030) Y245 SRR , X 52 M B HE R ) S B AR
R 2R BB AN R, 41 A A5 2R A B A =X, ot
X E 2020—2060 4 AR A TR, T2
R SCEL 0 E AR IR
2 HERBESHRFE
2.1 BUEKIR

A R 1 it T B it TR R A B I A
fie £ LA S e 80 Ak R 5l T4 o 1 g A e R
b . Hod, sEIREE T (P E IR G4
YRS SR 26 FRAEVR , (4G « JEAR  DERG R AR
S R e RS R R R R
AR A AR AL TR TR TR L ST
I A AT T W A T AR A
S AL A T AR A Tl R
SORAL RIR R, 45 BEVR 24 2 (L) K A
Crp [ REVRGEHHAE S ) RE VRS- 48 s bt SR B0 A
(54 RBAETT 4438 I GBT2589-2020) Fl1 (/A 2L AL Hy
RETR TR S Ge it 2 ) s B PVl S ik A (A
Gl = SR B g i 46 i (4T ) ) FC2006IPCC
FE AN AR ) s i AL 3 [ €20061PCC
PRI RN K

TR HERGY ) K 2 8 b5 1R & v 18 MR AR I G it
B B v R R 2 A HE 3 s FH 0 0 e HE
s M PR 2R RN T A A Al HE TR o B SR VR T
P E GRS (P ERER SR ZE) (b R
GRS RE RS R 7 8 , % 5400y
PERER K, TR Gt e bn A D B Bk A SR
FHAFRAETE RS 3 F o A T e

H 40 KRR, A8 SCRIFFR 3 R 1986—2019
Y, Geit A EARE T, FEUE B R B IR G
HiIX

2.2 SN E R w7 AR TN 75 £ B9 B

Lasso [0 5 GEXT 22 4k FRAF AR 7 JE 1 7 ok , Hoam
b FA) A AR R BON B [0 )0 R B T R AT, o
il 28 B0 1) 248 W 22 /N T R A [ {E, 78 T R
rh, B8 e 1 8] UH ZR B 4 22 0, AT A IR HE
PEREMT H Y. Lasso 101538 AR f5 50/ MEFE PRI
Z NGO, S SRR REARAT , PR B Lasso |7
VX8 52 ) — A Ak B HE TS 1) PR 3R A T O

U5 T HECEAE () AR LR R RN £ L R
FHARZAPERL G fig ) B hr bl 2% > 53k B SVR
RF F1 BP #f1 28 o £ b — S8 ALt HEfc i A 7 Tl , I
X 3R A T LA AT o
2.3 BRHEENE 55 SR fEiR

HR A IPCC 2 £ A% e HE Al 8 -3, — A A i HE
A A KT

C,= in X EFCOZ,i (1)
=1

s Cp FoRBRIEIH PR (1 05 E, R i

FIBRIR I 07 % ik O e 8AZ m’) 5 EF ., FR55 i

FhREIE A — S AARHER R 2 tCO, /t5{ 1CO, /T m’) o

A3 BCRE IR AE 5 R AR 2 SUAHEO

T HAGR (2.0) O 25 S REIR Y — ELRRHE R %L
BT, AKX

ODW,=SCC,x29307.6 (2)

EF,,,= ODW,x UHVCC, COR * 32 (3)

K ODW, Fon 5 i FhBEIR AR & #A e (k)/kg %
kl/m’) 5 SCC, /R 55 i PR IR AT hRIE R AL (kgee/kg
5 kgee/m’) ; UHVCC, Fe7R 55 i Mag I i) B VB 5
fte: (t-C/TJ) 5 COR, F/n 56 i MRETR ISR (%) 5
WA 29307.6 E R 1 kg br B 0RO K
44712 FoR kAN CO, G4+, A SO AR Y —
S AERRHET R B 12 tCOse , B SLGEFRAC 1S
FRAE A (2)-(3) T A5 2 rh [ 26 FRAEIR I ik
Hem Z2 8 1 s . AL (DA 2 E
1986—2019 4EREEIH 2 — A AL BkHR Ik i, 23l AR
LR 1o A6 EAS SO 1) — AR HE A o 1E
PE B D25 L 55 AH DG SCRREE AT XT L . TEA B

D 1986 4F Z FTISE T HE S BURE 5 2R ML AR 2ERIEOR, HORT JETE AR s iR A SCS R/, 2020 428U i AR A3 A A L KL 2019

AR

http://www.resci.cn



1934 BEOUR BE

%458 5104
F1 20THEERM SRR
Table 1 Carbon dioxide emission coefficient of 26 energy sources
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Figure 1 Energy consumption carbon emissions and growth trend in China, 1986-2019
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Table 2 Index system of influencing factors of carbon dioxide

emissions
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random forest (RF), and back propagation neural network (BP), 1986-2019
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Figture 4 Comparison between the actual values and the predicted values after feature selection of support vector regression (SVR),

random forest (RF), and back propagation neural network (BP), 1986-2019
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Table 6 Comparison of prediction errors of

different prediction models

sl MSE MAE
SVR 0.0068 0.0718
Lasso-SVR 0.0064 0.0698
RF 0.0100 0.0866
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Lasso-BP 0.0082 0.0778
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Figure 5 Comparison between loss values of the back propagation (BP) neural network model and the LASSO-BP model
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Table 7 Growth parameters of GDP proportion of secondary industry in China, 2020-2060 (%)

A0y 2020—2025 4F 2026—20304F 2031—20404F 2041—2050 4 2051—20604F
B SN -2.00 -1.50 -1.00 -0.50 -0.10
S IR S -2.50 -2.00 -1.50 -1.00 -0.50
2 CHPbRE 5 -3.00 -2.50 -2.00 -1.50 -1.00
L5 CHbRN -3.50 -3.00 -2.50 -2.00 -1.50
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Table 8 Growth parameters of total social fixed investment in China, 2020-2060 (%)

G0y 2020—2025 4F 2026—20304F 2031—2040 4F 2041—2050 4 2051—20604F
B AN 6.50 3.50 -1.00 -1.50 -0.50
a5 5.50 2.50 -3.00 -3.50 -2.50
2 CHbRE & 4.00 1.00 -4.50 -5.00 -4.50
1.5 CHARIE 5t 2.00 -1.00 -5.50 -6.00 -5.50

F9 HE 20202060 FEEIFEBE LR EEERSE (%)
Table 9 Growth parameters of total energy consumption in China, 2020-2060 (%)

A0y 2020—2025 4 2026—20354F 2036—20404F 2041—2050 4 2051—2060 4
B SN 1.40 0.70 -0.10 -0.50 -1.00
S IR S 1.00 -0.04 -3.50 -4.00 -3.50
2 CHPbRE 5 0.85 -3.50 -6.00 -6.50 -6.00
L5 CHbRN 0.70 -4.50 -6.50 -6.80 -6.50
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Table 10 Parameters of China’s oil consumption share,
2020-2060 (%)
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PRELR BRI HE i BT E AR H 0 — e BN . iR
PEASCHM , 2011—2050 4F 4 Fffih 52 BITARHE
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F11 HE2020—2060 FREEBELESE (%)
Table 11 Growth parameters of R&D intensity in China, 2020-2060 (%)
Ay 2020—20304F 2031—20404F 2041—20504F 2051—2060 4F
B SA 2.30 2.50 1.50 1.00
LR IR 2.60 2.80 1.80 1.30
2 CHPMESE 2.63 2.83 1.80 1.30
1.5 CHpRMN 5 2.66 2.86 1.80 1.30
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Table 12 Forecast results of China’s carbon emissions from energy consumption, 2020-2060 (100 million tons)
e %ﬁﬁﬁfh ﬁ@;{iﬁﬁ 2 E El;wi 1.5‘ ZSE i v %ﬁﬁiﬁﬁt ﬁ%{éﬁm 2 E EIJT% 1.5‘ :EEEI b
17 5% 1 5% I¥ 55 17 55 I 5% I 5% 1 5% 1% 5%
2020 66.32 65.62 65.55 65.12 2041 93.87 63.83 46.82 38.62
2021 69.77 66.28 65.56 65.05 2042 93.74 61.07 45.67 37.14
2022 73.25 67.70 66.09 64.63 2043 91.44 60.31 43.56 36.20
2023 73.92 68.38 66.19 64.61 2044 90.87 59.72 42.62 35.36
2024 76.77 69.72 66.59 65.10 2045 90.23 58.89 42.09 33.99
2025 81.50 71.29 66.87 65.23 2046 89.16 58.33 40.38 33.34
2026 83.24 72.12 67.23 62.96 2047 88.43 56.03 39.71 32.15
2027 85.23 71.93 66.37 61.85 2048 87.96 55.28 38.60 32.22
2028 87.40 71.68 65.47 59.66 2049 86.55 54.17 38.00 31.73
2029 89.90 72.77 65.07 57.99 2050 85.44 53.45 37.90 31.43
2030 91.55 73.48 63.45 56.94 2051 85.80 53.17 37.02 30.93
2031 91.76 72.70 61.62 54.64 2052 85.06 53.46 36.62 29.63
2032 92.53 73.04 60.12 53.02 2053 85.21 53.25 35.74 29.13
2033 93.70 72.49 58.52 50.91 2054 85.60 51.79 35.65 29.12
3034 95.27 70.60 57.14 48.62 2055 85.33 51.33 35.40 29.36
2035 95.80 71.13 55.76 47.96 2056 84.46 52.39 35.30 28.79
2036 94.68 70.11 54.00 45.34 2057 83.21 52.10 34.49 28.27
2037 94.44 66.83 52.27 44.38 2058 84.31 52.26 34.90 27.89
2038 94.78 67.05 50.25 42.71 2059 83.23 50.85 33.86 28.31
2039 94.50 65.00 49.64 41.50 2060 82.68 49.78 33.71 27.58
2040 94.70 64.53 47.88 40.12
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Figure 6 Forecast results of China's carbon
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Table 13 Peak time and peak value of carbon emissions from energy
consumption in China, 2020-2060

Kl BRI 7] WAL
w5 20354 95.80
EESER (R Ipae 20304 73.48
2 CHbRE 5 20264 67.23
1.5 ‘CHARI 20254F 65.23

B R BT, B HE R R R g X
RE R4 23 TN AR W) A, D PR ik 0 U 1
FRAIS , SR BT 25 oy 3 3k Y- ek U S e b R, LB
5 e Y HE T2 R DB B K, BERAIG T s HE
I
5 iR BREBEWSITE
5.1 £5ig

AL 1986—2019 4F i [E GE 4l ki, iz
FHBHE R 73R 5T v RE R 2R cHE R, A
BTHSAT 4 BT BRI HR S E AL 18
AN FEBR B S AR HE RO R A PR IR R | 18 ]
Lasso [F1H i 1€ tH 54~ B 3548 5, S 17 s il HE i
¥ 45 #4 4 SVR . RF ., BP Fl Lasso- SVR , Lasso-RF .
Lasso-BP Tl A 4 , 25 518 5 43 i X 7 [ 2020—
2060 AF [ HE TS A TR, 1 T s
R, ARSI

(1) 1986—2019 4F-fig I e HE ik =2 4
D3 T VRGO RN G2 111 9% 3 AN B B .

(2)%5 — 7=k 5 GDP HLHE | 4tk 2 [ 5 0% 7= 4%
BE L RE VRN B R AT 2 N LRI B R R
i BEVR T PR HE A LR &R

(3)SVR .RF BP3 Fb U HR 0] L T HE s 7
M, 22 Lasso [P0 AR 5 3 RS 0 fg 00 s SR i 42
17, Ho Lasso-SVR Fiil s S e 16

(4) 53 SR AR 5 SRl .2 C
H AR S A1 1.5 CH bR S A TB, Ak 2k W B [a]
A3 BRAE 2035 4F . 2030 4F . 2026 4F . 2025 4F , W4 (E
I3 WIh 95,842 .74.48142 .67.2342 .65.23 4.t 4FhiE
PG5 L, B T8 A0 5, Fofth 3 Fss SeER S
BT “fiikig” B, 0 HA 2 CHARMERAN.S CH
Bl S T LASE L TR AR A H b, 4 Bl S 24 e g 52
A2 CHRTFH AR, H 1.5 CHARE RSP 1.5 CiRTH

hitp://www.resci.net

H bR n] BB &
5.2 BUIREINL

R TSI Bk W e R B AR, A AE
FEb S5 RE | g 1 B B AT A LD RE R T
R ML A RETRM 5 H PR AR R AT

(1) PP 254, sk /055 — 7l 5 GDP FL i,
PE A =l R K An R R VK IS e L 15
il S FERE T Y r ol 2 R, Bl B R R A TT PR
TR = g o 3 M A

(2) $& B H TR IR BEHE AT, 45 0 o 2 b
FHF o e F AR A | Q03 [ 2 9% 7= 7 e vt
T REIAME ETHRRUR E TS AT A AR
Rl 4k B 20™ b 5%

(3) PR REVR T AE S i, AL BB VR T TR 21, 3
R REUR A AR, — i, Ml b E S RERE Al e
F B AL AT BRI 1) AR T T RE TR AR, Ja D g R
4 2 i A% [E GDP #E KX TR U501 2% K
5 55— Jr i, BEARAL AT BE VR AE RE VR T B &5 A Hh i
E ], 2 5 1 5 AR R AT R AR BB IR Y T L, A 4R
Hilfb A RRIR A, & K T e R iE I .

(4) gk IR E AR B H A 3 = UF & 58,
FEARBTH X O HE A B AR . ZAOm
P BT R I 128) W LN B S el = v S S s ab i e
A K g AR IR AR R HER AR (CCS/CCUS) I H
1) 4 Rl SCRF 0, B G tb % PR KT 76 REVCHE
J7 HIAE A
5.3 itig

AR SCBEA X AN TR 3 T A X ik 06 e v D
BEATERZR , T010 DR Ml ) B 1 o 4% 31X 2 (A A 25K ) ik
HEd W, A Rk ik — 20 583 ; 541, RF I BP ff1 £
P 25 8 T DL FReHE A 50, by s AR
B 050 1 B A S B AR A T 5, s R ok
KBS, J52ERT LA R AR BRI

£ %2 X Hk(References):

[ 1] Fk8E, BRTF, BT, 6T ook TPAT R f) e [ 2R S R HE i T
[, FRERE 23R, 2012, 32(9): 2294-2302. [Du Q, Chen Q, Lu
N. Forecast of China’s carbon emissions based on modified IPAT
model[J]. Acta Scientiae Circumstantiae, 2012, 32(9): 2294-2302.]
[2] BBk, BN SLT ARIMA F1 BP #2580 26 41454550 ) 36 [



20234F 10 H

[10]

[11]

XM XU AR T P I RE

TRIH Bt HE i Tt

1943

B HIF ISR JBE B0 [, K VI e B L R

671. [Zhao C B, Mao C M. Forecast of intensity of carbon emission

B, 2012, 21(6): 665-

to China based on BP Neural Network and ARIMA combined mod-
el[J]. Resources and Environment in the Yangtze Basin, 2012, 21

(6): 665-671.]

IR, SCET, PMEIE. DU 3 $9 1) 3 pHE T i B HL 54
TR B TR AETI ADL-MIDAS BERI[T]. Z89% [a) 5, 2021, (4):

31-40. [He Y D, Wen H, Sun C W. Forecasting China’s total car-
bon emission and its structure in the 14th Five—Year Plan: Based
on Mixed—frequency ADL-MIDAS Model[J]. On Economic Prob-
lems, 2021, (4): 31-40.]

FhAH, BRI 2R T BB 04 T 5 T
I3 FBRBRIRAHR, 2022, 37(5): 1277-1288. [Han N, Luo X Y.
Carbon emission peak prediction and reduction potential in Bei-
jing=Tianjin—Hebei region from the perspective of multiple scenar-
ios[J]. Journal of Natural Resources, 2022, 37(5): 1277-1288.]

Liu X D, Meng X R, Wang X Q. Carbon emissions prediction of Ji-
angsu Province based on Lasso— BP Neural Network combined
model[J]. IOP Conference Series Earth and Environmental Sci-
ence, 2021, DOI: 10.1088/1755-1315/769/2/022017.

Az, BRI, 50 BEVREOR Y DX AE AN )], TR
2022, 44(6): 1105-1118. [Yue L, Cao Y X, Wang Y. Effect of en-
ergy policies on regional carbon emission reduction[]]. Resources
Science, 2022, 44(6): 1105- 1118.]

W, AL RE TR Sl b AR A B,
rhE O - RS RS, 2016, 26(2): 10-13. [Yu X, Wang Y. In-
dustrial low—carbon research based on scenario simulation of car-
bon emission in Shanghai[J]. China Population, Resources and En-
vironment, 2016, 26(2): 10-13.]

FB, VFT Sy, SR T ORI B HE AR I A e PR 2%
21 A1 S 0 JEF TR -STIRPAT 8 (Y B 52 1], ISRl
£, 2019, 39(12): 4284-4292. [Wang Y, Xu Z Y, Zhang Y X.
Influencing factors and combined scenario prediction of carbon
emission peaks in megacities in China: Based on Threshold—STIR-
PAT model[]]. Acta Scientiae Circumstantiae, 2019, 39(12): 4284~
4292.]

RN, R SO, 7T, 22 5 1L A4S SCid iz Fr R H R e (8
T 55 [J]. PR BT RL 24 244, 2022, 42(4): 464—-472. [Hu M F,
Zheng Y B, Li Y H. Forecasting of transport carbon emission peak
in Hubei Province under multiple scenarios[J]. Acta Scientiae Cir-
cumstantiae, 2022, 42(4): 464-472.]

EBTI], A ZRIGE, BAG, 45, BT WOA-ELM BB A o [ il
WM FEJ). LR 2P, 2020, 36(8): 20-27. [Wang K K, Niu D
X, Zhen H, et al. Forecast of carbon emissions in China based on
WOA-ELM model[]]. Ecological Economy, 2020, 36(8): 20-27.]
G, Xk, st o M BR RS I A K s ] DR R A

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

E: FT BP-LSTM it 22 o 28 450 0 A SEAIE 3 #7 [0, SN AL 2
2%, 2021, (9): 135-146. [Hu J B, Zhao K, Yang Y H. Research on
China’ s industrial carbon emission peak prediction and control-
ling factors: An empirical analysis based on BP=LSTM Neural Net-
work model[J]. Guizhou Social Sciences, 2021, (9): 135-146.]
R, ﬁZ’Ei PR . T T SR AR T S i R R 2T ()]
B3t 5 e 3, 2021, 37(23): 59-63. [Tang S, Fu J W, Wu J L.
Analysis of influencing factors of carbon emissions in typical cit-
ies in China[]]. Statistics and Decision, 2021, 37(23): 59-63.]
EAF, SR, SR ICHN, AF. S TIREEA Y v E B GO R R 2
(5] 3 A R S5 ) DR 22T, s PRRL 20t J2, 2021, 40(12): 1999
2010. [Wang R, Zhang H, Qiang W L, et al. Spatial characteristics
and influencing factors of carbon emissions in county—level cities
of China based on urbanization[J]. Progress in Geography, 2021,
40(12): 1999-2010.]
seARh, BU0HL, A0 20 FUA T 00 v Ak I AR A
fl: 7T RICE-LEAP B RI[]]. %R, 2021, 43(4): 639-651.
[Hong J K, Li Y C, Cai W G. Simulating China’s carbon emission
peak path under different scenarios based on RICE-LEAP model
[J]. Resources Science, 2021, 43(4): 639-651.]
Ik, F3ERE. 35T SBM-DEA L1 Y 2 Bkl AURR I 5
% 5t MK um RO AL, 2019, 39(5): 797~ 806.
[Wang Z F, Du Y Y. Spatial-temporal differences and influencing
factors of carbon emission efficiency in Hunan Province based on
SBM-DEA model[J]. Scientia Geographica Sinica, 2019, 39(5):
797-806.]
WAERL, TKAE ML BT PSO-BP P22 [0 545 B i1ty o [l g HE Tk 155
ST R AR & e B A AT D). TR AMBER, 2021, 26(8): 11-19.
[Fan D C, Zhang X F. Scenario prediction of China’s carbon emis-
sions based on PSO-BP Neural Network model and research on
low carbon development path[J]. Sino—Global Energy, 2021, 26(8):
11-19.]
Bt B A AR R A (A 155 57 O SR IR BT
KT REOUAL STk 19 BP W22 28 3 BT ()], ALV 2202274
2018, (5): 19-27. [Duan F M. Scenario prognostics and character-
istics of China’s carbon dioxide emissions peak: A BP Neural Net-
work analysis based on particle swarm optimization[J]. Journal of
Dongbei University of Finance and Economics, 2018, (5): 19-27.]
?K#’FX?BE ST LA TR A R A IR 5 K e 3 A D]
TR MR K 2%, 2020. [Zhang H B. Analysis of Low—Carbon Eco-
nomic Development in Hunan Province Based on Machine Learn-
ing Algorithm[D]. Xiangtan: Xiangtan University, 2020.]
Jelith, B AR AR 2R BRI 77 b 4 Ry 8 T ) v B A Y
S 1), B UERL 24, 2021, 43(4): 693-709. [Zhou D, Luo D Q.
Green taxation, industrial structure transformation, and carbon

emissions reduction[J]. Resources Science, 2021, 43(4): 693-709.]

hitp://www.resci.cn



1944 ¥

45 10

[20] Zhou W H, Zeng B, Wang J Z, et al. Forecasting Chinese carbon

emissions using a novel grey rolling prediction model[J]. Chaos,
Solitons & Fractals, 2021, DOI: 10.1016/j.chaos.2021.110968.
Gao M, Yang H, Xiao Q, et al. A novel method for carbon emission
forecasting based on Gompertz’ s law and fractional grey model:
Evidence from American industrial sector|J]. Renewable Energy,
2022, 181: 803-819.

L8 DL, X TDAR. [ 22 0 2 (A SRyt 2 X H: CO, HERRUBONL[ .
YEIRAL2E, 2021, 43(4): 722-732. [Jiang W B, Liu W D. Effect of
change of the spatial pattern of economic activities on CO, emis-
sions in China[J]. Resources Science, 2021, 43(4): 722-732.]
RN, T AR e (] YA LAY v [ B A S 2 . o
L1 2E R (AR BEER), 2012, 36(1): 182-187. [Song J K.
China’s carbon emissions prediction model based on support vec-
tor regression|J]. Journal of China University of Petroleum (Edition
of Natural Science), 2012, 36(1): 182-187.]

it F 25t A S 2. b UG Atk e f s 5 e AL e A2 T
FEVERA A [T PN B B S PR, 2020, 30(11): 1-25.
[Project Comprehensive Report Writing Group. A comprehensive
report on China’ s Long—term low—carbon development strategy
and transformation path[J]. China Population, Resources and Envi-
ronment, 2020, 30(11): 1-25.]

SN vy i L SP N ERE S S S Rt Fa ey g i o
DU TLAE LRI A 2035 4F 38 5t H AR 49 ZE[EB/OL] . (2021-03-13)
[2023-09-09]. http://www.npe.gov.cn/npe/kgth/202103/bf13037b
5d2d4a398652ed253cea8ebl.shtml. [The National People’s Con-
gress of the People’s Republic of China. Outline of the People’ s
Republic of China 14th Five— Year Plan for National Economic
and Social Development and Long— range Objectives for 2035
[EB/OL]. (2021-03- 13) [2023- 09— 09]. http://www.npe.gov.cn/
npc/kgth/202103/bf13037h5d2d4a398652ed253cea8eb1.shtml.]

o A 2B ROR BT B 2025 AR S o [ AR YRR 222020
W) [R/OL]. (2020~ 12-17) [2023- 09— 09]. https://mp.weixin.qq.
com/s/JgKeSy59g KYbNROqhHAHg. [China Petroleum Institute
of Economics and Technology. Energy Outlook of the World and
China in 2050 (2020)[R/OL]. (2020~12-17) [2023-09-09]. https:
//mp.weixin.qq.com/s/JgKeSy59g_ KYbNROghHAHg. |

[l 55 Bie. 1 A8 5K 3l & R ik i 49 42 [EB/OL. (2016-05-19)
[2023- 09— 09]. http://www.gov.cn/gongbao/content/2016/content_
5076961 .htm. [The State Council. Outline of the National Strategy
of Innovation— driven Development Background Briefing EB/OL].
(2016-05-19) [2023-09-09]. http://www.gov.cn/gongbao/content/
2016/content_5076961.htm.]

[ 45 Be. o 1 il i 2025[EB/OL]. (2015-05-19) [2023-09-09].
https://www.gov.cn/zhengce/content/2015— 05/19/content_9784.ht
m. [The State Council. Made in China 2025[N/OL]. (2015-05-19)

hitp://www.resci.net

[2023- 09— 09]. https://www.gov.cn/zhengce/content/2015- 05/19/
content_9784.htm.]

kb, [ 55 e, O R TR A T BUIIET i BRSO Rk
AR H A T AR B9 7 WL[EB/OLY. (2021-09-22) [2023-09-09]. https:
/lwww.gov.cn/zhengee/2021-10/24/content_5644613.htm. [The CPC
Central Committee, The State Council. Opinionson Fully, Accu-
rately and Comprehensively Implementing the New Development
Concepts to Achieve Carbon Peak and Carbon Neutrality[ EB/OL].
(2021-09-22) [2023-09-09]. https://www.gov.cn/zhengce/content/
2015-05/19/content_9784.htm.]

el 95 . OC F E 2030 4F i B8 W4T By J5 % (938 I [EB/OL.
(2021-10-26) [2023-09-09]. https://www.gov.cn/zhengce/zhengcek
u/2021-10/26/content_5644984.htm. [The State Council. Notice of
the State Council on Issuing an Action Plan for Carbon Peaking Be-
fore 2030[EB/OLY]. (2021-10-26) [2023-09-09]. https://www.gov.
cn/zhengce/zhengeeku/2021-10/26/content_5644984.htm. |

A N RIEA ERRABOR R, BRI LRI C T BN A (RHE
PR I B A ST %6 (2022—2030 4F ) ) (1438 HI[R/OL).
(2022-06-24) [2023-09-09]. https://www.most.gov.cn/xxgk/xinxi-
fenlei/fdzdgknr/qtwj/qtwj2022/202208/t20220817_181986.html.
[Ministry of Science and Technology of the People’s Republic of
China. The Ministry of Science and Technology and Nine Other
Departments on the Issuance of the “Science and Technology Sup-
port Carbon Peak Carbon Neutral Implementation Plan (2022-
2030)” Notice[R/OL]. (2022—-06-24) [2023-09-09]. https://www.
gov.cn/zhengce/content/2021-10/26/content_5644984.htm. |
rhie N RS e A BBURE. PRI A CRER A= 7 FITH 2%
H5 iy % s (2016-2030) ) [EB/OL]. (2017-04-25) [2023-09-09].
https://www.gov.cn/xinwen/2017—-04/25/content_5230568.htm. [Cen-
tral Government of the People’s Republic of China. The Two Depart-
ments Issued the Strategy of Energy Production and Consumption
Revolution (2016-2030) [EB/OL]. (2017-04-25) [2023-09-09].
https://www.gov.cn/xinwen/2017-04/25/content_5230568.htm. ]
Wang Z X, Ye D J. Forecasting Chinese carbon emissions from fos-
sil energy consumption using non—linear grey multivariable models
[J]. Journal of Cleaner Production, 2017, 142: 600-612.

PR B, JAAR, L 220 S TR i E BRI Ak e AT
[J]. 3R 85 R} 2%, 2023, 44(10): 5464-5477. [Chen X Y, Zhou C,
Wang T. China’s energy consumption and carbon peak path under
different scenarios[J]. Environmental Science, 2023, 44(10): 5464~
5477.]

7S, Meng, H Wang, B N Wang et al. Empirical analysis of carbon
emission accounting and influencing factors of energy consump-
tion in China[J]. International Journal of Environmental Research
and Public Health, 2018, DOI: 10.3390/ijerph15112467.

LiHY, Lin XY, Li Z Q. Intelligent Prediction Model of Emissions



20234F 10 H

[37]

[38]

[39]

[40]

[41]

[42]

XM XU AR T P I RE

TRIH Bt HE i Tt

1945

based on Whale Algorithm Optimized BP Neural Network[C]. Mar-
seille: 2022 International Conference on Electronics and Devices,
Computational Science (ICEDCS), 2022.

A REIRAR BT 6. 2 B s Ik I AR [N/OL] .
(2020~ 12~ 30) [2023- 09— 09]. https://www.163.com/dy/article/
FV4N30T005509P99.html. [National Energy Information Plat-
form. Control Oil Consumption or Carbon Peak Accelerator{N/OL].
(2020- 12— 30) [2023- 09- 09]. hitps://www.163.com/dy/article/
FV4N30T005509P99.html.]

TGP AAF i E GDPREETT 8% /AT 2035 4R il 5 A1 S
4R IR FEZEIN/OLY . (2021-12-19) [2023-09-09]. https:/finance.
sina.com.cn/china/2021-12-19/doc—ikyakumx5167215.shtml. [Fan
J P. China’ s GDP Growth Rate Is Expected to Be around 8% This
Year, and It Is Expected to Become a Moderately Developed Country
around 2035[N/OL]. (2021-12~-19) [2023-09-09]. https://finance.
sina.com.cn/china/2021-12-19/doc-ikyakumx5167215.shtml.|
rhie N RSN R 50K SRRSO 28 (25, 2022 4F 42 [ [ 7 B
PR G [EB/OL). (2023-1-30) [2023-09-09]. https:/www.
ndre.gov.cn/fgsj/tjsj/ssjj/202301/t20230130_1347720_ext.html. [Na-
tional Development and Reform Commission of the People”s Repub-
lic of China. Growth Rate of National Fixed Asset Investment in 2022
[EB/OL]. (2023-01-30) [2023-09-09]. https://www.ndrc.gov.cn/fgsj/
1jsj/ssjj/202301/20230130_1347720_ext.html.]

2. il bR R IR SE TSR AR AL ik LR BB (Z)(R]. L
I W R IE 25 BF 95 95, 2021, [Li C. What Changes in Demand
Will Carbon Neutrality Bring? Carbon Neutrality Series Research
(IID[R]. Shanghai: Zheshang Securities Research Institute, 2021.]
Fpi . —NIRAT 1B 2050 R H bR AR AR T E
&P LR AR SR, 2019, 15(1): 103-106. [Ji-
ang K J. An ambitious CO, mitigation target will bring much bene-
fit to China’s social economy development[J]. Climate Change Re-
search, 2019, 15(1): 103-106]

AR AL 25, v [ P RIRG 1A 20200 T BLAAL B BT AR
A DU B R AR ORDES S B KBS [R/OL). (2020~ 12— 10)
[2023— 09— 09]. https://www.efchina.org/Attachments/Report/re-
port—1lceg—20201210/Full- Report_Synthesis— Report— 2020 on—

[43]

[44]

[45]

[46]

[47]

[48]

Chinas—Carbon—Neutrality_ZH.pdf. [Energy Foundation. China Car-
bon Neutral Synthesis Report 2020: China’s New Journey to Mod-
ernization: The 14th Five—Year Plan to a New Growth Story of Car-
bon Neutrality[R/OL]. (2020-12-10) [2023-09-09]. https://www.ef-
china.org/Attachments/Report/report— lceg— 20201210/Full- Re-
port_Synthesis— Report—2020—on— Chinas— Carbon— Neutrality_ZH.
pdf.]

TEA. 1 [ BRI A & e vh TS 28 [K[R/OL. (2021-09) [2023-09-
09]. https://www.iea.org/reports/an— energy— sector— roadmap— to—
carbon— neutrality— in— china?language=zh,License:CCBY4.0.
[IEA. An Energy Sector Roadmap to Carbon Neutrality in China
[R/OL]. (2021-09) [2023-09-09]. https://www.iea.org/reports/an—
energy— sector— roadmap— to— carbon— neutrality— in— china?lan-
guage=zh,License:CCBY4.0.]

BORY, TEAF . T A PEAG: AR H AR 2 °CH 1.5 CRY
MR E L)), A HH B, 2019, 35(10): 50-63. [Duan H B, Wang
S'Y. From 2 °C to 1.5 °C: China’ s challenges to attain the global
warming—limit targets[J]. Journal of Management World, 2019, 35
(10): 50-63.]

IEA. Net Zero by 2050[R/OL]. (2021-05) [2023-09-09]. https://
www.iea.org/reports/net—zero—by-2050,License: CCBY4.0.

BCG. [ A M A2 i 5 7R AT 4K 5 L %E BT [R/OL). (2020
10) [2023- 09— 09].
[BCG. China’s Climate Path Report: Build on the Past and Move
Forward Firmly[R/OL]. (2020~ 10) [2023-09-09]. https://pdf.beg-
publications.cn/pdfs/114.pdf.]

Fve, XI5, FUME, 55 1.5 CIRIHER T b ERHE RS A
FE[1]. S AEAS AR IEEE, 2021, 17(1): 7-17. [Wang K, Liu F M,

Yin M J, et al. Research on China’s carbon emissions pathway un-

https://pdf.begpublications.cn/pdfs/114.pdf.

der the 1.5 °C target[J]. Climate Change Research, 2021, 17(1): 7—
17.]

A, E I, ARBE 2 SO LS CH ARxdh E E 5K A R SRR A
K HHERCHE AR R 2T, P - 8RR 5 3R, 2016, 26(12):
1-7. [Cui X Q, Wang K, Zou J. Impact of 2 C and 1.5 °C target to
INDC and long—term emissions pathway of China[J]. China Popula-
tion, Resources and Environment, 2016, 26(12): 1-7.]

hitp://www.resci.cn



1946 UigRl S e
454 104

Prediction of carbon emissions from energy consumption
in China under the “dual carbon” goal

LIU Chunmei,QIAN Xiaoyin

(School of Information Management & Engineering, Shanghai University of Finance and Economics, Shanghai 200433, China)

Abstract: [Objective] Facing the global issue of “carbon peak and carbon neutrality”, this study
aimed to predict and simulate carbon emissions from energy consumption, explore the feasibility of
carbon peaking and carbon neutrality time, and provide theoretical basis for promoting emission re-
duction. [Methods] In this study, the carbon emission coefficient method was used to calculate the
carbon emissions from energy consumption in China from 1986 to 2019. Considering factors from
the five aspects of economy, society, environment, energy, and technology, an indicator system in-
cluding 18 variables was established, and five main factors were screened out by Lasso regression.
Based on three machine learning methods and Lasso regression, six carbon emission prediction
models including support vector regression (SVR), random forest (RF), back propagation neural
network (BP), Lasso-SVR, Lasso-RF, and Lasso-BP were constructed. The models were evaluated
based on the mean squared error (MSE) and mean average error (MAE). Combined with the scenar-
io analysis method to set four scenarios of new normalization, green low-carbon, 2 °C target, and
1.5 °C target, the best prediction model was selected to simulate and analyze China’ s energy con-
sumption carbon emissions from 2020 to 2060 under the four scenarios. [Results] Under the four
scenarios, with the intensification of emission reduction efforts, China’ s carbon peaking platform
period is shortened. The time points of carbon peak during the platform period in China are 2035,
2030, 2026, and 2025 respectively, and the peak values are 9.580, 7.448, 6.723 and 6.523 Gt COse.
Under the 2 C and 1.5 °C scenarios, China can achieve carbon neutrality as scheduled. Under all
four scenarios China may achieve the 2 “C temperature rise target, but under the first two scenarios
China will not achieve the 1.5 °C target. [Conclusion] Under the four scenarios, the peak value and
peak time of China’ s energy consumption carbon emissions are different, and the possibility of
achieving carbon neutrality is also different. In order to achieve the goals of carbon peak and car-
bon neutrality as soon as possible, China must promote the optimization of industrial structure and
energy system structure, increase investment in green assets, and help the development of emission
reduction with technological progress.

Key words: energy consumption; carbon emission; prediction; scenario simulation; Lasso; SVR;
RF; BPNN
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