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Keywords: Abstract: One of the main challenges in energy resource
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demand is highly complex and nonlinear due to the influence
of variables such as weather conditions, prices, and
population. In this study, a hybrid model based on Long
Short-Term Memory (LSTM) neural networks, combined

with the Variational Mode Decomposition (VMD) algorithm
and the Cosine-Sine Algorithm (SCA), is proposed. The
VMD algorithm decomposes time-series data and extracts
the main components, while the SCA optimizes the
parameters of the LSTM network to improve prediction
accuracy. The prediction accuracy of the model is evaluated
using metrics such as Root Mean Squared Error (RMSE),
Mean Absolute Error (MAE), and Mean Absolute Percentage
Error (MAPE), and its performance is compared with three
benchmark models: the simple LSTM neural network, the
Support  Vector Regression (SVR) model, and the
Autoregressive Integrated Moving Average (ARIMA)
model. The results show that the proposed model provides
higher accuracy than other models and can be used as an
efficient tool for energy resource planning and management.
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Extended Abstract

Introduction

Natural gas, as a clean and efficient energy source,
plays a vital role in economic development and
energy supply. With the growing demand driven by
urbanization and industrial expansion, accurate
forecasting of gas consumption is essential for
effective resource management and distribution. This

study proposes a hybrid model that integrates a Long
Short-Term Memory (LSTM) network, Variable
Mode Decomposition (VMD), and the Sine-Cosine
Algorithm (SCA) to enhance the accuracy of
residential and commercial gas demand predictions.
The findings can support optimal decision-making in
energy policy and resource allocation.


mahdiehsalary1378@math.uk.ac.ir
n.mansouri@%20uk.ac.ir
behnam.m.s@math.uk.ac.ir
mailto:mhosseini@uk.ac.ir
https://doi.org/????
https://doi.org/????

3 M. Salary et al./ Energy Engineering and Management, Vol. 15, No. 1, PP. 2-19, 2025

Materials and methods

This study employs a hybrid forecasting approach that
integrates a Long Short-Term Memory (LSTM)
network, Variable Mode Decomposition (VMD), and
the Sine-Cosine Algorithm (SCA) to enhance the
accuracy of gas demand predictions. Additionally, the
Monte Carlo method is utilized to estimate forecasting
uncertainties and improve the reliability of
predictions.The model is trained and validated using
gas demand data from Iran and the state of
Pennsylvania, incorporating temperature as an
auxiliary variable. This inclusion helps capture the
seasonal variations in gas consumption, particularly
during colder months, thereby improving forecasting
precision.

Result

The results of this study demonstrated that the
proposed hybrid model, utilizing LSTM, VMD, and
SCA algorithms, significantly improved the accuracy
of gas demand forecasting, reducing prediction errors
by up to 99.99%. The use of the Monte Carlo method
also contributed to better estimation of forecasts.
Furthermore, incorporating gas demand data with
temperature as an auxiliary variable played a crucial
role in capturing seasonal consumption fluctuations.
This model can effectively optimize energy resource
management, enable more precise gas distribution
planning, and reduce operational costs, particularly
during colder months.

Discussion and Conclusion

This study presents a hybrid model incorporating
LSTM, VMD, and SCA for forecasting gas demand,
with results showing a significant improvement in
prediction accuracy compared to previous methods.
The proposed model, using gas demand data along
with temperature as an auxiliary variable, effectively
captured seasonal consumption fluctuations and
enhanced the forecasting precision. Additionally, the
application of the Monte Carlo method for estimating
forecast uncertainties strengthened the reliability of
the model’s results. The findings of this study indicate
that the proposed model, in addition to significantly
reducing prediction errors, can be effective in
optimizing energy resource management, particularly
during periods of fluctuating demand in colder
months. Therefore, this model can serve as a valuable
tool for gas suppliers and policymakers to enable
more precise planning for energy distribution and
consumption, helping to prevent resource wastage.
Based on the obtained results, it is suggested that
future studies explore the impact of other
environmental and economic variables on gas demand
to further improve model accuracy. Furthermore,
evaluating the model’s performance across different
scales and geographical regions could help generalize
and enhance the applicability of this approach.
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10. Avrtificial neural network

11. Dissolved Gas Analysis (DGA)

12. Autoregressive Integrated Moving Average (ARIMA)

13. Binary Marine Predator Algorithm (BMPA)

14. Support Vector Regression (SVR)

15. Gaussian Process Regression (GPR)

16. Gated Recurrent Unit (GRU)

17. Backtracking ~ Search  Optimization-Algorithm-Sine
Cosine Algorithm (BSO-SCA)

18. Modified War Strategy Optimization Algorithm

1. Long Short Term Memory (LSTM)

2. Variational Mode Decomposition (VMD)

3. Sine Cosine Algorithm (SCA)

4. Variational Mode Decomposition-Long Shor Term Memory
(VMD-LSTM)

5. Mixed Method Approach

6. Deep Learning Method (DL)

7. Feed Back Networks

8. Convolution Neural Network (CNN)

9. Sigmoid Regression Model
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. Fully Connected

. Dropout

. Adam Optimization (Adam)

. Adaptive Gradient Algorithm (AdaGrad)
. Root Mean Square Propagation (RMSProp)
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. Initial Learning Rate

. Piecewise

. Max Epochs

10. Gradient Threshold

11. Mini-Batch Size

©Co~NoOUThwWNE

Aile ool sla i Jald 8 g (g5ludia 1o 55 e oot
(Sl (ol g ezl 55 w5 o dalal sluel A 5
o=l o3l el ol a5 Sy slags e sl L)
5 pde Mg e Glagn, S 5l eslinal b dslas slael (2,
30 L s e S olal (554 g8 G sbSl e
E5 Al Sl ol Gl sl 5l (S iamen J5 s
pe sl G b3l LS 5 ok 03 g g IS e
Ll b opl 53 sl e plil s 2 4 (25,5 slaonlas
Szl w55 gl Sl OLlpa A5 oS (iluand Jol e
S ol el Gl 5 5 A s 0 Sl S
o S5 31 s e Sl s sl Sl lin (sl i
S gladas 3 giluwesly (Solo & Olg o S50 50 e
b Vb 285 5 ey Jlos L agrlse 5o (6 pdyllanil ¢ oas

IV Y0155 o)Ll ag sl sliws gl L

3l e ¥
Sran B SLB ot Gl oS5 e S Gk ol 3
b i w2 ol el el s b S
a8 5 (s g S il oS ks
S35 3 5 I ol Sl Bis il el S SN b dlasl-
Gl (Slas G s Sl eslinad 5K Lol st
S35 Gl e (5530 A8 5 68 e 5 e sl
sl 38 G ez odms sla S

Sla e 5 3LS G me LMLl Jals el glaesls
b i ezl gl ST (gl L Sl des O smmen ol n
il 5 Slamedl il 5 o Sle Sloslinad b 5 LS (s3e
(X0 sl 5 UAY) Jassel (isu 53 a0 bodls s X33 oo
S S Ulgearbos oiie L3 (hasgy nl 0> L s or e
e 35 slols 1y 5t o ni b S| sl e eslizad
Aol e Rl ale S L oS Jle s e dgeab 3 0350 0l
S G S35 i Sl & oy S g (S
il slaadl 3o L 35 o Jlesl sles slaesls 5 55 5 ae
il o laean Lt plsnl 500 5 Olag Xg) O
S ey o 3l e plies 5 o S el sla el
(et el 02 3Ll o i o S (3l o5 S
o 83505 Olgmedn o oles slaesls ol e sslwsas sladil 5o
S e 0ls Ddasl S Vb Al e 4G

5 Sdeld J'L.a)' éuﬁ;ﬁ\} olbwdde s &U&UI}I JQ;@



g;’\f-JJ‘ ‘SUBJL;&A K Laeals ¥

3355 655 lols Ol 4 by o glaesls (G ol
G i 5 Wlohosy U1 At 3 55 gl 50l (gl S
5305 sLL 51 S Lk LI (glaosls clodd ooy o Ol o
Lsa sl 5 38 Gl Olsee ol o ¢l Kaggle ,zxe
S Ol e s by o glaesls ke YOIV B YN0 Sles sl s
Slas 5Ll s Slale O sy ilodd g8 S tae aila
Lok L;),T@;,. VY vy

dolie a5 il e 5 LIS W5 e Sle) w i SO
ool D 5550 slallat 5l easd SSTLaS AL s b
3 8es 2ol s s 8lp aelsl 53 0l B ime Sl slne 35
Gl gl 5l iy cnl )3 08 e 515 esliad 550
D ool slaobre ol sdd Ol 5 & el A S5
e ¥ 5 mBls e Yy e 5 Cnladised JSolsn
RGSUH N W W

A RCIF- S IR Y P Rl e glas
Lo 3l e 5 gobol Sa50 5 b Jie dav g5 ol o i
O NP - TSR - W S | PRCHE P PR ERR Y
Jge bl ol 5855 slallas a4y g i 035 a0 S0l

ol 3 & s O

RMSE = OA)

éjl.w.pl.ij;g)}gks;.)&a)‘w}MM‘#W@@@A}C»\M\
sy . Y. . Z.
Sl e Sl dule ol o tlas Glae 5 &le
a8 Sl ST sl o i Jlie 5 adly ke Ol sl
}&bz)‘xlww‘)uwmwmﬁ\ﬁagﬁbﬁ@
oS e ol Lot jlne nl 3l oS 25 Lol e 831061 &
il 5 Sy gty OF Jgo b
1 n
MAE == > |Y; - Y| (%)
n
i=1
4SS e Jas Sl slas S Ol pea s Gllas  Sls
pwéj_:éwwro@fwﬁwéwqw

LYY] sl ba e

1. Root Mean Squared Error (RMSE)
2. Mean Absolute Error (MAE)
3. Mean Squared Error (MSE)
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