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Abstract

Purpose: Optimal energy management in industrial systems, especially thermal power plants, is recognized as a key necessity for achieving
sustainable development and reducing environmental pollutants. This research aims to design and validate an integrated artificial
intelligence framework for simultaneous optimization of energy production and distribution in Iranian industrial systems.

Methodology: This study was of an applied-developmental type and used a two-stage hybrid framework. In the first stage, deep learning
models (Long Short-Term Memory (LSTM) and Convolutional Neural Network (CNN)) were used to accurately predict the load of
distribution networks. In the second stage, the Particle Swarm Optimization (PSO) algorithm was used to optimize the operating
parameters of thermal power plants. The models were trained using 36,500 daily data records from three thermal power plants (Neka,
Shazand, and Montazeri) and related distribution networks during the petiod 2022 to 2024 and evaluated with RMSE, MAE, and R? criteria.

Findings: The results showed that the proposed framework achieved an average accuracy of 94.8% in load forecasting, which was a
significant improvement over the classical models (81%). The implementation of the optimization model also resulted in a 9.5% reduction
in fuel consumption, a 6.7% increase in overall efficiency, and a 7.2% reduction in Carbon Dioxide (CO3) emissions. A side finding showed
that in conditions where the data is highly homogeneous, simpler models such as Support Vector Machine (SVM) can also perform similatly
to complex models.

Originality/Value: The intelligent combination of deep learning predictive models with optimization algorithms is a practical and effective
solution for simultaneously improving economic and environmental indicators in the Iranian energy industry. This framework can be used
as a roadmap for policymakers and industrial managers to achieve sustainable development goals.

Keywords: Artificial intelligence, Energy management, Sustainable development, Thermal power plant, Load forecasting,
Particle swarm optimization algorithm, Deep learning.
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Table 2- Comparison of accuracy (R? in percent) and error (RMSE) of different models in load forecasting.

R?) s yeew,5) (RHSVM (R CNN  LSTM (RMSE) (R)LSTM  bew!

81.0 89.0 95.5 0.19 96.0 kil
80.0 87.0 93.0 0.25 935 &S
82.0 90.0 94.5 0.22 940 o5k
81.0 88.7 943 0.22 948 ke
Ue\s‘gﬂs b)ﬂ.q.ﬁ ‘5)"“4".'.'@‘ c_’l.'b

) u‘}a.ba Slles @L\; 4 e PSO (glwang Js &olwesly

L2elSs 15 Cipos o e (o 0ls 53 4/0% alS )
IS bkl 3 $IVT Jll LY
CO: el 13 VX% ialS Y

&5 el g5 5 Lds 3 ANV pals LY




e S E 0 g 4 U8 92l Sy iyl /oS 5 5T [ YT

F(2, 107) = 4.85) 3,05 355 5 (I3 sime s el D] candlan 3500 oSy 15 a3 Glodily 350 o oS 315 9LiS 55 ANOVA (5031 ol
W 0V PR LR LI ER AR E YR C g A W (oS S 03 o (VIYP0) (s s oS5, a5 b3y 10 3 5 oy ol 45 (p = 0.01
23 &5 Ol JmalS Ll @l 50 Il anwg s a5 2de O3 aSl el oeie WaelSy 5 ekl 5 sag 4 LS Ly YT
4 s e Olis el cp) ol en (ST 51 86 elamm) (slaay o 2alS 5 (b mlie  5LaS el (slins 4 s laesis

S 3 sl 2550 5L 5 e 2Ll Coonty S (Sl nlom L) S Ol K50 3Ll 2l

5 ONN-LSTM .S Jdo (5 pdudllani) 55ls 5515 5508 5ol (slaelSs 5 w53 (g5lwesly CLB iagsy ol e (83,8 ke 5
Ok s Dbl b mlis Codstoms b oS oelSs 5 53 0350 33l o a3 b oslite Sles L3 b (6,55l ISl PSO (o2 5,80)
Llay b 585 @ﬂéuw 3ty ly ol J..‘SJ.«;M)A)QM wlelos G lgieay Ll o gyl ol diiad 4>l g0

B dalgE Jd (S sty (Sals SRl 5 e (550, U Sluaine sl ol
a5 gl Juloxs g Layfoges —F-¥

Laylsged Jolows ]

1R g LS msog 4 ) Jse

(VJM oLA) dJ.n L;j\.«obl.: )\ Ba) A.Lpbyu COZ)L:JJlj Q}-}w dj.,a.a u.a}-ujbjk “"‘}SJ-'U’J OLA)VA uﬁ..hls A
Solwting 3 g Slrole 55 Jo 5 gy sl WY
SINT 2alS 5 Ci g e (§olutig (o 655 oo (Shmed .Y

s e LS oy ¥ Jse

AF/AT 33 S5le L (CNN 5 LSTM) Goos (5850 ladite ;Setir 5 )
M S35 Kla b s (o S5 051 5 49 SewdS sladde o 3 Shas Y
Laglid oled 53 4 i sbade 5 Shes L3 Y

233 88% L olgiesl o) 3 LSTM 3 by o 5 Shas o e ¥

LS oo Sty Laadly i 53 edd ke glalesl ) g e Ll ses

100

&0

Prediction Accuracy (R? %)

istahan Markaz Mazandaran
Province

wilisee glocyliwl jo )b S oy sl Jde B8 duglie =) JSb
Figure 1- Comparison of the accuracy of load forecasting models in different provinces.
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Table 3- Comparison of the findings of the present study with previous studies.
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