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Abstract

Under the ongoing advancement of the “dual carbon” strategy, energy-intensive manufacturing in-
dustries face growing demands for the accuracy and timeliness of carbon emission forecasting. In
cigarette production, carbon emissions are influenced by multiple factors and time-varying patterns.
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Conventional linear models and some machine learning approaches often fail to capture such nonlin-
ear characteristics and temporal dependencies. To address these challenges, a prediction model
integrating Bidirectional Long Short-Term Memory networks and an attention mechanism was de-
veloped and further optimized using the Dung Beetle Optimization (DBO) algorithm (DBO-BiLSTM-
Attention). The model uses bidirectional sequence modeling and dynamic weighting of key time
steps to enhance feature representation. Additionally, the Dung Beetle Optimization algorithm per-
forms a global hyperparameter search, improving stability and generalization performance. Exper-
iments were conducted using production data collected from a cigarette manufacturing enterprise
in East China between 2022 and 2024, applying a sliding window approach for multivariate time
series forecasting. Results indicate that compared with TCN-LSTM and Attention-LSTM models,
the proposed method reduced MAE by approximately 30% and increased RZ to 92.40%, demon-
strating superior predictive accuracy and sensitivity to fluctuations. These findings provide robust
technical support for the dynamic management of carbon emissions in cigarette production enter-
prises.
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2. BRER
2.1. BRUBMAHEDE
e A4k 5% (Dung Beetle Optimization, DBO) & — 152 [ 48 FHIE R 5 £ 5 42 38 I MR B R T 2 HE 1)
WAL R TIE[10]. WEMRE I RN FERR  BERE . &AL ST R I R AT 42 RS R AR S R e
J1. DBO SR 2 B BUT NIERE,  ZRE A 2 M8 2 S SE IR LA I R SR A . SRVE B0 B8R Bl i
B PPN NPE AN fa 7 5 B DML, AR .
(1) WEhEfr: ERENT LT, RS RA IR R TR, IR IR E L L4,
R VA A WE
x,(1+1)=x,(t)+axkxx,(t—1)+bxAx
Ax =[x, (1)-x°|
NG R, DBO SIN T Pt A 1 0 #EAT 7 B %
xi(t+l)=x,.(t)+tan6?><|x,.(t)—xl.(t—l)|
(2) FPOR A IEMRE VR L R b R R B A I M T APRAIE S ARAETS . DBO S HE R X1
NS BESEIL R, R e LT
Lb" =max (X" x(1-R),Lb)
Ub' :min(X*x(l—R),Ub)
WAL E N
B, (t+1)=X"+blx(B,(t)-Lb")+b2x(B,(t)-Ub")
(3) /NIRRT MR I H 2 BT B R R AR X, SR R, L5 E SO:
Lb" =max (X" x(1-R),Lb)
Ub" =min(X”x(1-R),Ub)
/NSRBI BB BRI 4 2K
x,(t41) = x,(£)+ Clx(x, (1)~ L6" )+ C2x(x, (1) - UB")
(4) ffiv'e3 UE £ - WEHEAE I th m] e A A SR i SRR b (T BT, AL I R R R Bk AR iR A
RS REES), MEEHAN:
xl.(t-i-l):Xb+S><g><(|xl.(t)—X*|+|xi(t)—Xb|)

2.2. MEKFEHAIZIZ L

XA 5 310 12, P 48 (Bidirectional Long Short-Term Memory, BiLSTM) & —Fh gt ) LSTM, ‘&ifid
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1E[a) LSTM MBS 8] Fp #1025 — AN E] 28 X, HPaG, B A B AR X, x,, %, o, x, » R 252
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DOI: 10.12677/aep.2025.158124 1117 LR AT U


https://doi.org/10.12677/aep.2025.158124

C., e
—-
A A
h,_, h
> = —>
& ® é)
Figure 1. Schematic diagram of LSTM neural network
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h, =0, -tanh(C,)
Ho i ARNTT, fOEETT, o NEIHIT, C AREICILIRE, C AMMICIZETE, & M b
IETHT

S 1) LSTM U A5 (it Jes — MINFTRL D x , TF8G, SR A PR X, x, L x,y.oux 0 SHFEAARREN X
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BIiLSTM i JHZ BN T2, K IR LSTM 5[] LSTM [t 45 &, A2 seip M AP (i 2455
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.
Attention (Q,K, V') = softmax [ oK j 14

A
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Figure 2. Conceptual framework diagram of carbon emission forecasting
research in the cigarette manufacturing sector

2. IR ERHES E TN R S RS E

P

i
gg
¥

WITIFARIE (IPCC i = MG AR ) S RATA R, AR BRHPEAZ AR R, R HERUA 532060
Al A SR REIR T ABREAT BRHEBCR T 5, AR 0SS (B HE U (8] P 208l o BT BRHECZ 427 152 . eI
SR RIS 2 R SR AR nl, BOUE T B YRRHIE TRERAE, $REGE &, TIERRES. AN EH
SPEEUE ]I EE N ) £ 2 8-k N C/E

FEFERIATT, R BILSTM 5 BiE R AIHUHIASS & TR B AT, DL7e 7 22 STRRHEUT 511 Y
I HRRT L S R SIS AP B B B2k . BILSTM S5 MRS [RIIN e g S 5 AROR IO PPk 2, $RT1XTah
TSI ZIEEE ST B IHLHE I T RS R0 (R, 3 i AR SRR AL R OE AN R

NHE— AR SR, ASCEI DBO S50 S HAT 2 R, DBO JHid BHUEIE7E 5
B P INAE R A T ) 2 B B RAT Y, SRR LSTM HocH. ERILERT. oI, HERNER
WA HIEN R 5, T RESmS IS BN R E A e .

ATT IR VLA P 1R v B REVE AR kA, 45 AR BN PRI, R TR BE 2 ST R AR HE T
BAEaY, JFE I S (L AR RE R 2 SEIUA I Al AR B HE TR T

3.1. A ERE

3.1.1. BREREITH
AR IPCC FR G H AL AR R R BRI [ 131 1207V B B AR LR 2 R FHVE 37K~ s
(Activity Data, AD)5 8 HE A F-(Emission Factor, EF) ek Bk GE . BAERKTHRE AR N:

DOI: 10.12677/aep.2025.158124 1119 IR AT


https://doi.org/10.12677/aep.2025.158124

E=Y(AD,x EF)
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3.1.2. TREFRBGEIRS

e R, BN R AT, Bl aE. L. BEINE. 565%, 8N LEATESHE
FEREVR, PR, Kbk, FEHETEREEBCT B, 5B ST B R IRE FESE AT VEAE SRR I
N B HE G, BARBIBRAEE B 8EE W3R 1.

Table 1. Activity data of carbon emissions from cigarette manufacturing enterprises
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HERCR R 2k W SR
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3.1.3. BRHEREF

B HE TR T % 8 B B HE R S R HERA M . RHE R SAHEBUZ S SIS EREE 25
Sy Al B ORI B S ALY [14]. (O BeREiHS0mIN Y [15]10A S ARSI R AT A
[16], AHFFTI%EE W7 2 BRI 7

Table 2. Carbon emission factor data

3 2. BRHEE T 3R

TEEN BRI e 7
RIS 2.162 kg CO»/m?
VR 2.93 kg CO2/kg
EHIAPN:EW| 0.5153 kg CO2/kWh

3.2. BUETALIE

BEXTRRARIOZ A7 055 . REIRES M S A TR S5 22 DA R ER B SO R RS ), AR SCHE B3R AR B B B i v
T ZYUERAE TREAE,  DASRTHBAR B R B s ;R (2 ST e T

3.2.1. EFAFHFHE
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3.2.2. RERHFELSHYHE

ANTFI S AL REDFNT I RV BRHE TR 7 RO FH L A7 7 S0 2 22 5, D i e Y0 45 F 8 A o B HE BT S
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Figure 3. Architectural schematic of the dung beetle optimizer (DBO)-enhanced BiLSTM-Attention model for carbon emis-
sion prediction
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He RBxTx(2H)

Horb, HFRE )RR B, BAABE B R R € .
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TE R IHUH R B RS A /T, Query Key. Value HY BiILSTM 4 H 28 48 P i A= il

O=H-W,, K=H-W,, V=H-W,

K, W, W W, e RPN o FERIIERE d, 7E(8, 64176 A FI DBO #RHiE .

B FA

.
a = Softmax oK
Jd,

L Fxm&E c 5 BILSTM i i R N & E .
C=aV
@) HE vt
PrEESE IR Jeilit ReLU WS A, HAEEERZEMS R4t , KRR 20 AHE.
K.
j}eRBxl
(5) Wik
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N T IR 2 B R R M e BRI, A TR ISR Ak B3R (DBO) 78 2 448 22 23 i) W AT & )Rl 5

B, R E XN 3 Pios:

Table 3. Hyperparameter search space of the Dung Beetle Optimizer
3 3. DBO B2 ¥ FTHE

e 1112 i
BiLSTM [ 2676 5 [32,256]
VERE 1 [8, 64]
23] % [le—4, 1e-2]
TR NN [16, 128]

TNV L PR B (IR BT BT AR AR 22 )«

. 1 y
Fitness (0) :ﬁZji]b/j _yj|
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4.1. BiEE

AT BE SRR T R TN = A, I8R5 A2 I N IR RE TRV AR AR HE O S B . A
RABRHERA 73k, XA RERSFAMNEE R & T TR ER S, JF&ie47 8. TEH
REERBRHE, WE T 2 BENPEIEE. NEaSER s, FEARTZE TR, /7 70%H T8
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Table 4. Overview of the carbon emission dataset

I 4. IRHIRBURERR

ik TR
FF 1] 325 Rl 20224 1 A 1 HE 2024 45 12 A 31 HCEREEAIRG: 2 /N
HHE R E ZAR BN PRAEN 3.2 711)
ISV E N iy 13164
WIZREEREA L 9215
MR AR 3949

4.2. SLHRE

AHWFFLAE Intel i7-12650H CPU #1 NVIDIA GeForce GTX 4060 GPU ) Windows 11 ¥4t 52 B AL )|
RGN, VR TS 5] 92 R Python 3.11.0 AP RiE &, JE T Pytorch 2.4.1 58 .

SIS I 2% 24 /B (12 ARSI D sE B HE OGO, TR R 2 /N (1 ANB TRD5) IR BRcHE il

NESUE T H 7 VR A R, ARSI NPT LB R AT S 30 o BT . — 2 45 B I I B N 46 5 LSTM
) TCN-LSTM #5#Y, — AR IHLHIA Attention-LSTM FiAY . = oAk 4 1) 75 4 [7) B s B2 AP A 44
R NHATINGE TN, ChEAb & 5 AERH R AT % h R BLZE 5, O ORIE S BB M BB 19 7090 R 5 I
XTI A TEYE, SRI0 5 i R FHBEHLIE 2 DU On A ADIge il O Ab S0t 8 S B AT R4k . 76 50 FeRE LIS
RN BB S H e N3RS Fs:

Table 5. Optimal hyperparameter configuration
#5 RIEBSHES

S TCN-LSTM Attention-LSTM DBO-BiLSTM-Attention

LSTM J241 1 1 2

LSTM HIt%L 64 128 128, 192 (DBO # X&)
R IYESE — 32 48 (DBO ##%)
RIS — 1 1

TCN &% K/ 3 — —

TCN B EHL 2 — —

TCN JEIE ] 32 — —
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Dropout L% 0.3 0.2 0.3
i3 0.001 0.0005 0.001 (DBO #%)
fEE RN 64 32 64 (DBO &)
LR Adam Adam Adam
EPE S % A H JHH J&
o P2 3 B A 1.0 1.0 1.0
PRk 10 % 10 % 10 %
WHENE MK/ 12 12 12
SMIEAS 1 1 1
HoAth — — DBO: Fiff 30, 1%4% 50

4.3. & IgHR

N T VAR SERG TR I AERA 1, ASCRA T MAE. MAPE. RMSE. BLA R? PUANPPAS 48 F5 F T U7 Ak 751
DB A AERE . DU PP R AR AT AT

l n ~
MAE :;zizl Vi —y,-l
100% < |y, — 3,
MAPE = L L
n Zi:1| y, |

1 n A
RMSE:\/;Zizl(yi _yi)z

RZ=1- Zi:1(yi _32)2
Zi:](yi _y)
Hop, oy NSERRME, P ONTRE, n REEAES, MAE. RMSE fil MAPE VP4 TN A SEZ A8 2 18] ) i
7, Tebmlkol, RTINS .
4.4. ZER
N BV AR AN (RS R AE R HE AT 25 R A P e 22 57, ASSCTRN T B 10 B BHER R . B 4~6 47
HIZ5H T TCN-LSTM. Attention-LSTM Al DBO-BIiLSTM-Attention — ff i 7E %I} [a] BE ) FRINIE 5 H 52
EXF LR, M AT DLW A4 T v A B ke 4 R R R S B sl A T T I 22 5. 38 6 MV 7 =Fh
BARLAE bR PO X1 1 3 R 22 F b

Table 6. Comparative error metrics of experimental results

6. LWHERIREIRIRIELEE

T Ay MAE MAPE (%) RMSE R2 (%)
TCN-LSTM 775.23 7.97 1013.64 80.88
Attention-LSTM 710.34 7.15 860.43 86.22
DBO-BIiLSTM-Attention 529.60 5.35 639.08 92.40
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Figure 4. Comparative analysis of predicted versus observed carbon emissions based on the TCN-LSTM model
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Figure 5. Comparative analysis of predicted versus observed carbon emissions based on the Attention-LSTM model
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Figure 6. Comparative analysis of predicted versus observed carbon emissions based on the DBO-BiLSTM-Attention model
6. DBO-BiLSTM-Attention R EUERHE 2 FUNE 5 ESHEXTELE

TR LG TRINAE 5 B SHE 1R A T 26T 1, DBO-BiLSTM-Attention FAL7E Bk HE U # (4014 7 T %
PR E RS . CHAAE SR E X, 2R RS R Bt il PR SR AR R 28l R I SR
Wi 73 P B R PR B2 . 5 TCN-LSTM BERUAHEE, DBO-BILSTM-Attention #5784 R 1 A a3
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