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Abstract

Accurate prediction of energy consumption, particularly in the natural gas
sector, plays a crucial role in strategic policymaking, resource allocation, and
achieving sustainable development. This study aims to enhance the accuracy
of annual natural gas consumption forecasting in Iran by developing a hybrid
model based on the Grey Markov model combined with optimization
techniques. In the proposed approach, the parameters of the Grey Markov
model are optimally tuned using the Simulated Annealing algorithm to
improve forecasting precision. The data utilized were extracted from Iran’s
energy balance sheets covering the period from 2002 to 2021, which were
divided into training and testing sets. The performance of the proposed model
was evaluated against traditional Grey and Grey Markov models for
forecasting the country’s natural gas consumption up to the year 2035. Results
indicate that the proposed model significantly outperforms the baseline
models, achieving a reduction in mean squared error by 28.64 units and a
decrease in mean absolute percentage error by 1.52%. The model provides a
more accurate and stable forecast, delivering a logical and conservative long-
term consumption trend that avoids unrealistic growth projections. Key
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parameter reductions, such as the number of Markov states and optimized
coefficient tuning, contributed to improved convergence and reduced
fluctuations. Therefore, this model can serve as a reliable and practical
framework for forecasting natural gas demand, aiding in addressing energy
imbalances.
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S e el (69 0l (i g5 i

.JL.;

S RV IRVIR R I

S

85//0.0fJo o

ISSN:

elSSN:

777777777 Ol 550 slassl asliia g5

Jé ‘)é (.JLA LM €U A\.\' D)Lan‘ g? BJ})
.atu.ac.ir
DOI:

Jowe jledliiul b Of gl b H 4Vl O pan (S s
Ol Rl (6390 axlllan (oudding (S jud > B8 5o

‘LSA)LJ JUT o\_{.iib Il Qb@.’? J~>~|3 ‘GW g cjjf 46):{: L;}qui.?\:

s 43

Ol e

DL bl 31T oBtils cdlad Ogs oy gl g 03, LA O
d\):\ﬁ L9

ol !

0 A~

(53,05 8 Sl 55 ST 25 (b B tou 3 0350 (S5 3 pan 83 e
SV O e gty 853 30 ok b canllan ) 53 ST oo bl 51y a5 Gl 5 e el
0313 dnm 5 (3loigs Sl 55 5 6 2Sl S5l Joe 1 e (oS 5 oo oS5 040 55 b SE
Sl r:;_,,in S 4 S Sl dde sls el conlgiin By )3 sl odd
S5 a5 5l eslanal 5, 40 (glresls . Lledds ‘..l@ gy S S8 39 Cada b g odig luand
;J&L‘.a.,ula.\_:MEQ}AJT,&,'}&TJ&&QPQJQ.\.:C\;@\\Fn GAYAY Slejesl 5o Ol !
BI6 5558 b 58 O pae gt Sl 5SS b 5 (6 28Tl sladite b (solgriy S
Lot Solay o 0S0ke 257U sy ol (53l Jie 457 s oo 0L gl ol os 5,1 VEYF
5385 il 63 Shas Lo 3 VOl 4 las slast sy 5 S0ke [2alS 5 ol g F/YA lkie &
S okt Je 3l 55287 arb 58 O e i sl Ehsalsladis 4 Lo SO
Sl ably b gladdy 3 5 A8 o 1) &) abablous 5 ilate (555 G o pas okodily o i
5 2Sep 35 4l 4 (iS5 OS5l SV sltad sl (SIS (sla el 2alST S
ot Sl 63,08 5 e psmolr g Ll5 e die Gl .l o s DUl 2alS”

8 1 eslinal 3550 6551 S5 L gy sl oank B Lol

(S Sl (letingy e (5 28 e (rnb S8 B an oy a3l AdS

SO NT

.Cw\dh;.i;)l‘,@_?b‘}@%‘b‘jTaKﬁ\écuww iy S s dluy jlas 8 sl dlie
V_Baradaran@iau.ac.ir :J s s 5 *


https://orcid.org/0009-0005-7826-9768
https://orcid.org/0000-0001-5385-629X

4o e
05 0l 5 Sledst (5 ys wlul 2B 5 ol @3laml anw g ool Ol (g5
393 sy Ol Sl arw g Jl= 53 sy iS55 (United Nations, 2021)
International ) <l ge 8 sl (sl acb 5B o3sa (351 O e
S pair i LTS 5 &S 25 g Ol e 4 b 5. (EneTgy Agency, 2021
Ll Sl 28 mleo 5 JBsJom ol 8 B M5 55 5 axbls 01 (6550 ol 5o
w,:‘5\,_@,@”@?cdxrbjtfr:z;ﬁuspo\ﬁ\.(\m Wi Sl 5) S e
oolasl By 5 tde 4 38 o juae ds s 90 51 i (BP Plc, 2023) 515 lub
Lols B e 53 oV g 5 Olerw 5 3V (i dile (S5 mlio 5 Sl
b S8 a3 mite ol ply OF s (S g O3 s (il IS 5)
anw g o855 Gomalp Glp S olpl (el 5 Dl GBI 53 o5 ga
Energy Institute, ) ol Josescon§ 5 (olasl glaeSKun ) 2alS s bisle )

(2023
2215 LOT Ol 5 o0 457 LBl are 55 (8551 3 e S 612 siliben o 555
Osomar Slojsm Gadde il LT b s, (V) 13,8 (cduaib sdas aiws dw
e S 5 o simn 1 gn  ran 1o B (1) ¢ e 5 &5 e K
Sapiaem L (Mystakidis et al., 2024) " 2.8 sladis () 57 o s
e (63,8555 Ol ey 5 A3 (b e VIAY Lo 3 805 o 5 )l i (5 2S5
J4e .(Deng, 1982) ol ot oslizal sgdme 5 JoSL Sledbl L ladases (sl
Sl S Sl S e 5 Sl Olsiee GM(LL) L Jsl 45 0 o 28Tl
Ll 5 305 94 (6 muST 1 gladie sl 4l anw 5 (5 5l 0] 5 53 o s 4 (So
33855 Slalas 55 LOT 31 g Llesls 0lis 3 55 51 gl 5 Shas Conlabpde 5 o3l30S
Sl oks (glos 1S oslimul dia 5 s oS (o ahex I ol (gla,saS
25U slaesls b Ael &S (65 5l o) > 53 03 54 .(Mostafaei and Kordnoori, 2012)

! Autoregressive Integrated Moving Average (ARIMA)
2 Artificial Neural Network (ANN)
3 Grey Models (GM)
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