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Carbon emissions of energy consumption based on IPSO-LSTM model
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[Abstract] Improving the prediction accuracy of carbon emissions from energy consumption provides
theoretical support for developing more accurate carbon emission management strategies. Firstly, relevant data
such as energy consumption and carbon emissions are collected and sorted out for data processing and feature

extraction. Secondly, IPSO algorithm is used to optimize the parameters of LSTM model, and IPSO-LSTM

prediction model is constructed. Finally, the IPSO—LSTM model is trained and verified.

[Key words] energy consumption; Carbon emissions; Improved particle swarm

58

Bl A BRAARARAL 7] R H 28 7 2, oD BRHETSC SIEE0 AT KR
SR OO A BRI REVEE SR AR N BRHE R 32 BRI —,
O HOB I TN 5 B B TSR R B R EE R . AR
Fi B FEFI F IPSO-LSTMAR RY, £ iy RE VR 9% B HE TS 14 TROAS B2
St T BB R B PR B HIE RO B SR AR A B S

H A, Bl N b2 25 78 RRUR Y S HEBCHUm 5 T 24T T KiE
9T o B SMTF FE 32 BE AR PR AR RRCHEFECTIUM A B () 48 2 5 A4k, TR
T TRPRERL | e o g R AL 8, [ P AT 9 DU 5 22 b SR T H e
Sk GRIRG Y SR RN KR, DURBUF R Xk
eI RGN o FEBIF TS FR  FR0ATT A LS TMASE B 7E A0 BN ] /57 41
A E BE R EMRH, (HERN T AR ER R, BHBRNE
TR  IPSOREME N —Fm s A s, B 4 R R G
775, WSSO B R A 1, S LSTMAR R 45 &7 45 v TR kS B2,
TR RHE T o) R 35 (1 B

1 EFIPSO-LSTM#RE K EIR H B mcHE AL

1.1 IPSO-LSTMELRIREIR

IPSO-LSTM#E 2 J& —Fh &5 & 1 i T BEAR AL 52 (Particle
Swarm Optimization, f& F& PSO) Al & 45 i 12 M 4% (Long
Short-Term Memory, fEFRLSTM) FIFERY, 3= B A F Fiill . %A% 7
TR T B A SR HEAR I AR, 1T DL S A 2R AR A AL

HAYRE A, DAL T R s AR e e . Bk, %
HATEAE UG R, BFEERE g A RE— b, )5,
R IPSO-LSTMRE BY, A5 B i 22 NLSTM/Z 20 A%, BNLSTMZ (1)
AR RN T — 2RI SAEFALSIME JG T, BIRE — N
2, TR LSTME B % H Wi 2148 58 0 i 4% . 7E1PSO-LSTM
FRA A R T AL SRR BB R A, B AR AL LS TMR 45 (1)
WEARE

TXFRRRRY T] A2 =) B B g 55 4% (1 A8 38 I 50308 1 B 2 AR 1
It BAH L T Ge 2 T i vt o0 M A8, AT B8 vy 1 RO S
R E M o RIS, 7 T B O A SR I P 0 mT DA e Al S pl Ak B
TR Gy RN Jm B S A0 A I I, DT v R 48 2R e

1. 2 IPSOfRALBIE S LS TMIE BY J 2

IPSO& — Fh ik T b F AL BVE I gt pi A, T -4
il FEIPSOH, FEAMEAAN N — AR F, JEAE R S A Bl —
SE R FE 6T, 1 R AR B A

LSTM(Long Short Term Memory ) #& — s 5 41 25 % 2% (RNN)
2844, HHochreiterdE™ 199743 i, L 1WA H T b3
A I TRV A B BB o LSTMIR I 5| NATAZ B e e i v A%
298 RNNE Aab P52 K B ) 44 6 B H 300 PR 6 58 3 2K BB el . LSTM
RS 2 2] FFdAZ e B b SRR OC R, (815 2 Red St b 38
Bl 1] FE B TR 45

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 85



A2 IR SR~
B 75e% 4 W eNEA 1.062024 4F
WERM . | FIS (ISSND: 2630-4740 / (FFETIS): 715GLO12

Ecological Environment and Protection

*=1 FaERTEE

mE Ttam 2018 2019 2020 2021

AEEReEEECE Totd Fneev for Consumption 40BB0.5 | 41290.0 @ 436480 | 45835 1

—FEEEETE Primarv Ensrev  Chutput 137356 1348805 | 1321324 @ 13020.9

b (XL Ty HAR Allocation from Other Provinces 315372 | 3G0BE T | 31845 4 342069

EOE Imports 1311B.8 | 146224 | 1g8BB4 2 | I4BTLG

F& (E. ) #L®E ) | Allocation to Othsr Provinees(-) -16353. 7  -223E5 8 -183TT B | -14835 5

HOE - Enports(- -253.1 —-4a. 1 -6 -84 3

ENEFREEEY Stock Chansss in the Year -T04.2 0 4387 316. 5 -862. 0

HEEERCE Totd FEnersy Consumption 40880.5 | 41380.0 = 436480 | 45835 1
Fioh Gl Consumption by sector

1. Tl ﬁﬁﬁ?hﬂm}?ﬁnﬁﬂ Husbandry 550. 1 599.7 | 5746 | 5831

2. Tk 2. Industry JL146.2 312937 | 33827.4 | 3E3634

ILEFk 3. Comstruction 4373 481 4 500 & 535. 3

4 FEEEE. SEMEENL 4 Transport, Stomes and  Post 21BB.2 | 23BL.B | 20:7.9 21HL 8

5. Wholzsale and Estail Trades Hotels and

B.RtE. Bl AERE. ok Catering Services

928 2 986 7 8978 3 10733

8. Ffeilk 6. Othar Sectors 1353.6 1454 4 14512 1613 1

TEEFES 7.Housshold Consumption 39067 4192. 4 4428, 1 4585, 1
LR, Consumption by  Usags

(—) HEES I JEnd-use Consumption 38243.9 | 40358.4 | 428816 & 45156.0

£k Industry DRBO9.5 | 302631 | 32060.0 | 345743

(=) nIEEEEE I Jlosses Dusng the Process of 2336.6  1030.6 6674 779, 1

Ensrgy Comvarsion
BE Cloking 3051 30 3410 3870
&R Petroleum  Refinine 2508.4 16225 Q23 3 1018 6

LSTME AR ZE R I o SOR B IR, XA S5 h A P 2
SR LI of “BRUIRES T h, — R BERATFRe
HEHRSIZ, WA eIz,

RERTH el B AR AL a3 o AEBL IR A b, AT DLEE— AR REUR S,
FE e B RS BE DR HE P 6 B2 . NPT SE0dls B, B 2 ILE
F LTS . XEER BT ANOIC, Li A R et
FEMRTINEE o KL, AR B AR R4 — B I K% . A

g SCHRER T AL 0 R R R TR R, R 0 I 5
— — RO T ERIMOR . - SRR K G R T e
@ ®—@ 2 WAREGH .
2 IPSO-LSTMEEI 2

G 2. IBRIM e 591125

® @ 0. L ISR FACIE. ()Mol 2MESE0E, LM

Sl (R IR ERAG 7). PRI S AT, (2) Mo

— oo FRAEHERIE— AR e S SR 25 5 ST A

® ' : ;gmm FREAE TR, SRR B SRS E . (3) BUR k1A A5 HAR RIS
ISt AR R A

(OL N . u ‘
2.1 QML G, (D) BRI AEH . RS % B

Bl LSTMIE 42
1. 3REVFIH PR WcHE AR
IR A SR P B HEFEORE 50, 1 2% 75 ZEXT I s B HEFBOEEAT 43
M o 8 I %o [ sk e R B AR 19 AT, AT LLATI0 R oK — s i A P

PEAIERILSTMA; BB 7 B HE S 2N LSTMEH R 5 N
NELAMASE, (2) Wit HELSTME Ko itE. wElt
KK/ (batch size) ; BB YIZREEIX (epochs) o (3) ZEAIUEA. .
i A58 B E TR T 2, AnBENLIEZS 204« HeWlia b 2E; I

86 Copyright (© This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



Ecological Environment and Protection

A2 IR SR~
B 75e% 4 W eNEA 1.062024 4F
WERM . | FIS (ISSND: 2630-4740 / (FFETIS): 715GLO12

Bl YA N0 R /N TE

2. L3NG R E . (1) BURRENERE: RIBAT %A%
PAEMBRREL, (37772 MSE) o (2) itk ikt EHe
TGRS Q) FEIMBRE: WEAENS IR, RAE
GrAB LR

2. 1. AR R 54040 . (1) NZRBERL . A FH I 25 8 A0 36 AIF
SEHATIE RN Srs TE USRI 75 P B350 20 R e A 2 S5 % o
(2) BEBIARAL o ARFE VN SRId FE R B PERE TR AR B S 4, A
ISR HEAT A Y e, B b P

2. 2RIV 5k

FEPI Rt FE o, AT LA P 58 SCHGAIE ™ 25 J5 7k DR A AR R 1

AR VPAl 25 LR B 25 i A S 8. PRSI 1 de 4 e, L
BB 5 FAD L AR R A MERE . K IR0 ROASE B S T 00K
4K, 15 BIREVRTH SRR HE IO T 45 2R o 383 X Ll SE B 45 T
{8, MERER PR SEBR R A RCR 5 AT AT k. R, JRATT B
0 T 5 SR AT 1R 22 20 T AR R A 20 A, i — 2D UG LR R )
CIE3

IR TPSO-LSTMAR A 7E BE YT 9 B HE N Fh A T R4
IRCR, EAFAE LA R Z Kb ARRBA TR — DAL R 4
RIS E, DR R I TR BE AR e 1. R, JeAiie
LA ALIESEN (BPSE RN NE DA DN e of 1B:1Y 23 7
TH SRR AR AR o

3 FitE5RE

RS T A, AR — BUR 18] Py, W] P2 BEVR ) e ok Rt
INBR, FE REVREEF P ) LE R IZ TS T . 45 RAR W, DAL REURZS
He), 38 e REVRA 2R, (e dt 28 5 e TR T A L SIZ it 7™ A% AT B HE T
WU, HG2 B REVRY b A g 12 . 2 T TPSO-LSTMAR

BRI BEIE T DB HE BT 7 2 mT LASR s TS B2, A R A B
BORH)E IR A — BRI . (HZI R RSP e B
b, GiREAR R Rz AL RR 7D, R BRI S48 Rk, G
A BRAAG AR AL ) FEUIKY 1 2 7 05 AR B U8 465 40 1) A T O 2, IR
PRHETBOR NI Fe 8 e T LA — 22 e HARAR A B 5 4
LSRR A5G 773X, PASR S RRVRH 2 B HE SOOI o) HE A 1
ATRTEENE, o R] g — 25 GTE W] T AR BRI I R R T 77 B LSS
25111 395 UA T [l B G VR AE R S ABRAE A (AR S5 07 TH

[(REImA]

AT ALK F 37 69 7 A AR BTN BT 505 5 e
S202310429216,

[ % 3]

[IIEBRBEAEEF SR, BEHFEEFHK—
—ETHEAREREEN PR ERI/OLLEE LI 5
#,1-15[2024-03—18].https://doi.org/10.13860/j.cnki.sTtj.20
231128-001.

[21% 21 5 . o, 7 AT Al 66 IR 8 5% 25 A9 B 5 a3 HE o 2D 5R v
R[]I T & 57 fu f5 B 14,2023,13(12):186-188+193.

(314 3 F | we ik, F SR . BOREERFERBEERFR—
T o w i E il A L0 o B #A#,2021,(05):135-144.

[4]HOCHREITER S,SCHMIDHUBER R.Long short term memory
[J1.Neural Computation,1997,9(8):1735-1780.

(518 — v, & A #0484 . 2T EMD—IPSO-LSTM A 48
e A i TN DD [ 4 e F 30 & 4K, 2023,42(01):132-137.

(6198 K R M A $e 3 A 1 &8 XU 3 7 3% 8 A (D] WL W K
£,2013.

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 87



