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Abstract:

The economic growth of any country has a lot to do with the infrastructure of the electrical energy supply
chain and the ability to access it at low cost. Increasing the resilience of the electric energy supply chain in
order to be able to respond to the real time demand of high-consumption and strategic consumers is a challenge
that will not be possible without considering long-term demand forecasting and integrated development
planning of this chain. This paper presents a long-term demand forecasting approach in the electrical energy
supply chain of Isfahan's Espidan iron stone industries. This approach is a combination of wavelet transform,
long short-term memory (LSTM) network and finally integrating the results with data-mining technique based
on machine learning. The company studied in this research is one of the main suppliers of raw materials in the
supply chain of basic metal production industries and one of the ten energy-intensive industries in the electrical
energy supply chain of Isfahan province. The only information available from this company is the daily time
series signal of the historical electrical energy demand of this industry in a period of 40 months. The data in
the studied time series is interrupted so that only 50% of the data has a value and the remaining 50% is zero.
This lack of data and the impossibility of access to supplementary data and effective features for forecasting
has reduced the density of data and the possibility of long-term demand forecasting faces more problems than
continuous time series. The used statistical analysis showed that the annual and seasonal data do not follow
the normal distribution and have high distortion and heterogeneity. The proposed method and its results have
been compared with other available approaches. The results of 10 iterations of extreme learning machine
methods show that the RELM technique with a high confidence level of 95% is more effective than other
machine learning methods and has more accurate results.
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Table 1: Descriptive Statistics

N Mean  Std. Deviation Minimum Maximum
ywag-ay s lols 8784 6.4343 11.98117 -8.00 49.00
YWAv-aA o Lol 8784 9.4591 13.56759 .00 45.00
IFAA-24 s Lol 8784 10.6167 14.09217 .00 48.00

Lol o9 Jlo b o gl (V) Jou

Table 2: Tests of Normality
Kolmogorov-Smirnov?
Statistic df Sig.
yWag Lol 0.374 8784  .000

VWAV Lol 0.298 8784  .000
VWA Lol 0.256 8784  .000
a. Lilliefors Significance Correction
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Model MAE MAPE MSE RMSE
ELM 1.504 7.4431 5.3106 2.3045
RELM 1.5064 7.4551 5.3181 2.3061
WRELM 1.4974 7.4105 5.3594 2.315
ORELM 1.4995 7.421 5.391 2.3219
Trim Mean 1.4968 7.4074 5.3357 2.3099
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Method Option MAE MSE RMSE NRMSE
ELM - 10.884 173.52 13.173 0.26883
RELM - 10.883 173.46 13.17 0.26878
WRELM - 10.27 175.85 13.261 0.27063
ORELM - 8.8069 242.85 15.584 0.31803
SVR KS=0.35 8.9836 227.01 15.067 0.30749
BT - 10.758 173.65 13.178 0.26893
BGT - 10.888 173.65 13.178 0.26893
DT MLS=12 10.89 173.53 13.173 0.26884
LSTM - 10.543 178.57 13.363 0.27272
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B MAE MSE RMSE  NRMSE | J/% MAE MSE  RMSE  NRMSE
ELM 8.3428 13756 11.729  0.23936 ELM 8.3375 13653 11.685 0.23847

\ RELM | 8.2466 133.05 11535  0.2354 . RELM | 8.2654 133.89 11571 0.23615
WRELM | 8.0072 13861 11773  0.24027 WRELM | 8.0217 139.69 11.819 0.24121
ORELM | 7.7271 17176 13.106 0.26747 ORELM | 7.7365 172.12 13.119 0.26774

ELM 8.2903 136.18 11.67  0.23816 ELM 82814 1363 11675 0.23826

Y RELM | 8.2667 133.24 11543  0.23557 v RELM | 8.2454 13352 11555  0.23582
WRELM | 8.0047 138.62 11774  0.24028 WRELM | 8.0251 139.09 11794  0.24069
ORELM | 7.7103 168.22 1297  0.26469 ORELM | 7.6672 16854 12982  0.26495

ELM 8.2744 13541 11.636 0.23748 ELM 10.897 17346 13.17  0.26878

v RELM | 82499 133.32 11546 0.23564 A RELM | 10.898 17345 1317  0.26878
WRELM | 7.9781 13889 11.785  0.24051 WRELM | 10284 175.66 13254  0.27049
ORELM | 7.7383 171.85 13.109 0.26753 ORELM | 8.8031 241.07 15527 0.31687

ELM 8.2435 13554 11642 0.23759 ELM 83071 137.64 11732 0.23943

. RELM | 82693 13342 11551  0.23573 X RELM | 82551 133.92 11573 0.23617
WRELM | 8.019 13885 11.784  0.24048 WRELM | 7.9978 140.36 11.847 0.24178

ORELM | 7.6834 166.67 1291  0.26347 ORELM | 7.8122 17568 13.255  0.2705

ELM 83111 13831 11761  0.24001 ELM 8.2806 135.82 11.654 0.23784

N RELM | 8.2843 13398 11575 0.23623 . RELM | 82585 133.11 11537 0.23545
WRELM | 8.0375 139.04 11.792  0.24064 WRELM | 7.9841 137.62 11731  0.23941
ORELM | 7.7344 170.07 13.041 0.26614 ORELM | 7.7388 170.41 13.054 0.26641
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Levene Statistic | df1 | df2 | Sig.

ELM 4.629 3 |36 |.008

RELM 4.688 3 |36 |.007
WRELM 4.681 3 |36 |.007
ORELM 4.794 3 |36 |.007

ANOVA i g (V) Jyir

Sum of Squares | df | Mean Square F Sig.
Between Groups| 134175.386 | 3 | 44725.129 |1298.430].000
ELM  Within Groups 1240.040 36 34.446
Total 135415.425 |39
Between Groups | 128749.490 | 3 | 42916.497 |1068.136|.000
RELM  Within Groups 1446.439 36 40.179
Total 130195.929 |39
Between Groups| 139104.053 | 3 | 46368.018 |1365.531|.000
WRELM  Within Groups 1222.417 36 33.956
Total 140326.470 |39
Between Groups| 218886.367 | 3 | 72962.122 | 579.338 |.000
ORELM  Within Groups 4533.855 36| 125.940
Total 223420.222 |39
Wil 62202 (3992 p9liie o g S :(A) Jgur
Statistic?® | dfl | df2 | Sig.
ELM Brown-Forsythe | 1298.430 | 3 |9.118|. 000
RELM  Brown-Forsythe | 1068.136 | 3 |9.108 | .000
WRELM Brown-Forsythe | 1365.531 | 3 |9.098 | .000
ORELM Brown-Forsythe | 579.338 | 3 |9.026 | .000
a. Asymptotically F distributed.
oy @l ) Jgua
95% Confidence Interval for
std. Mean
N Mean Deviation | Std. Error | Lower Bound | Upper Bound | Minimum | Maximum
MAE 10| 8.55657 .822881 .260218 7.96792 9.14522 8.244 10.897
MSE 10| 140.27500 | 11.699715 | 3.699775 | 131.90553 148.64447 135.410 | 173.460
ELM RMSE |10] 11.83540 470754 .148865 11.49864 12.17216 11.636 13.170
NRMSE (10| .24154 .009609 .003039 .23466 .24841 237 .269
Total 40| 40.22713 | 58.925295 [ 9.316907 21.38190 59.07235 237 173.460
MAE 10| 8.52392 .834251 .263813 7.92713 9.12071 8.245 10.898
MSE 10]137.49000 | 12.639540 | 3.996974 | 128.44822 146.53178 133.050 | 173.450
RELM RMSE |10( 11.71560 511234 161667 11.34988 12.08132 11.535 13.170
NRMSE [10| .23909 .010435 .003300 .23163 .24656 .235 .269
Total 40| 39.49215 | 57.778518 [ 9.135586 21.01369 57.97062 .235 173.450
MAE 10| 8.23592 .719857 .227639 7.72096 8.75088 7.978 10.284
MSE 10]142.64300 | 11.622832 | 3.675462 | 134.32853 150.95747 137.620 | 175.660
WRELM RMSE |10]| 11.93530 464324 .146832 11.60314 12.26746 11.731 13.254
NRMSE [10| .24358 .009477 .002997 .23680 .25036 239 270
Total 40| 40.76445 | 59.984286 | 9.484348 21.58054 59.94835 .239 175.660
MAE 10| 7.83513 .342296 .108243 7.59027 8.07999 7.667 8.803
MSE 10| 177.63900 | 22.428257 | 7.092438 | 161.59479 193.68321 166.670 | 241.070
ORELM RMSE |10( 13.30730 .785820 .248498 12.74516 13.86944 12.910 15.527
NRMSE [10| .27158 .016034 .005071 .26011 .28305 .263 317
Total 40| 49.76325 | 75.688332 [11.967376| 25.55695 73.96955 .263 241.070
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NRMSE
Levene Statistic | dfl | df2 [ Sig.
.348 3 ]136[.791

ANOVA cus gl :(1) Jgu=

NRMSE
Sum of Squares | df | Mean Square F Sig.
Between Groups .007 3 .002 16.856 | .000
Within Groups .005 36 .000
Total 012 39
Lo orSloo (5320 (1092 polite Cond G (1Y) Jour
NRMSE

Statistic? |dfl| df2 [ Sig.
Brown-Forsythe | 16.856 | 3 ]28.599].000

a. Asymptotically F distributed.
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NRMSE
95% Confidence Interval for Mean

N | Mean [Std. Deviation | Std. Error | Lower Bound Upper Bound | Minimum | Maximum
ELM |[10(.2415380| .00960872 |.00303854 .2346643 2484117 .23748 .26878
RELM |10].2390940( .01043491 |.00329981 .2316293 .2465587 .23540 .26878
WRELM (10 .2435760| .00947670 |.00299680 .2367968 .2503552 .23941 .27049
ORELM |10 |.2715770| .01603439 |.00507052 .2601067 .2830473 .26347 .31687
Total [40].2489463| .01744038 |.00275757 .2433685 .2545240 .23540 .31687

D9850 35 BeSlen sl (258 5 955 00 4 ndy Lol ly e (258 10 (5 0lime pelas 5o ool s @y iolie 4y a3 L

Lo 1y 5uSiles cp yiaS 4 Jow Conllas £43 5l ,ha5 0590 yuxie 92 5 0,00 929 ol oolainl sla Jow ;o (g loline glay S

L axlgo ;0 (5 ye s RELM Jow b soloaing (og, 5l eolaiwl ams co lid gl () 005 oo ol (RELM Jow) ail o
S o ol adl slaosls yea 13 5 (oS (6550 el 0 o LoLE e atly i iy Al

& S 4 =0
S leolatul b leaal lasl Q.:J S glio (S 5Sl 65 5 UML 0y 4o Lolay o wily Syt by, S Allde ol o
lools ylads 4 ax g5 b .l oas dlgiin ol (6 x50k il (e (5950018 s LSTM aSlils «Sge Joaus 51 oS 5 (o,
Fhe oSy 9 JoSo slrosls 4y g yiws (Gl pas g (o) 9550 LA JUSs Dlebs 1 (6 ks ;0 0015 Jlake (135: Hho 5
&9 3 shad g ¥l sbaosls aS sl lis asdy 16 (g lel LT ail sod 1o dy Gl Jglatie (o SuSS 3 oolain] cip yies >
AUl s g Lol yly (Ko 505l oy p g a0k bl slagby, S Vel ol @l a5 ped (s Jley
Olamds! o b RELM 099y 9 LSTM o ol jodr 4 S0 bows oS 5 5l eolazwl a5 ans oo lis (ANOVA) il lg

@ VY Sl o) o)led cpgd Jlo e (8553 plmms 10 2 (owdige (295 Slogs y5ls \AR4




bl deze a5 cadine dome Ldiall anad (g0l e e e Ly qodan pps @

Skl Sl by, nlo b solering (s, bl analie 0,0 (65G80 @l 5 5550 (edle 6550k slagty, plo 51720 YL
5 ool D18 g qalis ol 0 53 Jod B (sl L Lolis e aily gty 50 S5 o &)1 50 (g0leiian s,
il oo ooy (laii im0 b5 5 s le

&=l
[1] S. N., Emenike, and G. Falcone, “A review on energy supply chain resilience through optimization,”

Renewable and Sustainable Energy Reviews, vol. 134, pp. 110088, Dec. 2020, doi:
10.1016/j.rser.2020.110088.

[2] A. Dedinec, S. Filiposka, A. Dedinech, and L. Kocarev, “Deep belief network based electricity load
forecasting: An analysis of Macedonian case,” Energy, vol. 115, pp. 1688-1700, Nov. 2016 doi:
10.1016/j.energy.2016.07.090.

[3] M. Moazzami, S. J. aldin Hosseini, H. Shahinzadeh, G. B. Gharehpetian, and J. Moradi, “SCUC
Considering Loads and Wind Power Forecasting Uncertainties Using Binary Gray Wolf Optimization
Method,” Majlesi Journal of Electrical Engineering, vol. 12, no. 4, pp.15-24, Dec. 2018.

[4] O. Abedinia, N. Amjady, and H. Zareipour, “A new feature selection technique for load and price
forecast of electrical power systems,” IEEE Transactions on Power Systems, vol. 32, no. 1, pp. 62—
74, Jan. 2017, doi: 10.1109/TPWRS.2016.2556620.

[5] W. M. Lin, C. S. Tu, R. F. Yang, and M. T. Tsai, “Particle swarm optimisation aided least-square
support vector machine for load forecast with spikes,” IET Generation, Transmission & Distribution,
vol. 10, no. 5, pp. 1145-1153, Apr. 2016, doi:10.1049/iet-gtd.2015.0702.

[6] Z. Lin, M. Chen, and Y. Ma, “The augmented lagrange multiplier method for exact recovery of
corrupted low-rank matrices,” arXiv preprint arXiv,” 1009. 5055, Sep. 2010, doi:
10.48550/arXiv.1009.5055.

[7]1 H. Fang, j. Ma, W. Zhang, H. Yang, F. Chen, and X. Li, “Hydraulic performance optimization of pump
impeller based on a joint of particle swarm algorithm and least-squares support vector regression,”
IEEE Access, vol. 8, pp. 203645-203654, Nov. 2020, doi: 10.1109/ACCESS.2020.3036913.

[8] P. Zeng, and M. Jin, “Peak load forecasting based on multi-source data and day-to-day topological
network,” IET Generation, Transmission & Distribution, vol. 12, no. 6, pp.1374-1381, Mar. 2018.
doi: 10.1049/iet-gtd.2017.0201.

[9] H., Shi, M. Xu, and R. Li, “Deep learning for household load forecasting-A novel pooling deep RNN,”
IEEE Transactions on Smart Grid, vol. 9, no. 5, pp. 5271-5280, Mar. 2017, doi:
10.1109/TSG.2017.2686012.

[10] H. Jiang, Y. Zhang, E. Muljadi, J. J. Zhang, and D. W. Gao, “A short-term and high-resolution
distribution system load forecasting approach using support vector regression with hybrid parameters
optimization,” IEEE Transactions on Smart Grid, vol. 9, no. 4, pp. 3341-3350, Nov. 2016,
d0i:10.1109/TSG.2016.2628061.

[11] Y. Liu, Y. Sun, D. Infield, Y. Zhao, S. Han, and J. Yan, “A hybrid forecasting method for wind power
ramp based on orthogonal test and support vector machine (OT-SVM),” IEEE Transactions on
Sustainable energy, vol. 8, no. 2, pp.451-457, Aug. 2016, doi: 10.1109/TSTE.2016.2604852.

[12] J. Nowotarski, and R. Weron, “Computing electricity spot price prediction intervals using quantile
regression and forecast averaging,” Computational Statistics, vol. 30, no. 3, pp. 791-803, 2015, doi:
10.1007/s00180-014-0523-0.

VEV ke ) ot cpgd Jlo w65 5] it )3 30 (ot (98 slags yolid %


https://doi.org/10.1109/TSG.2017.2686012
http://dx.doi.org/10.1109/TSG.2016.2628061

[13] M. Rafiei, T. Niknam, J. Aghaei, M. Shafie-Khah, and J. P. S. Cataldo, “Probabilistic load forecasting
using an improved wavelet neural network trained by generalized extreme learning machine,” IEEE
Transactions on Smart Grid, vol. 9, no. 6, pp. 6961-6971, Feb. 2018. doi:
10.1109/TSG.2018.2807845.

[14] W. Zhang, H. Quan, and D. Srinivasan, “An improved quantile regression neural network for
probabilistic load forecasting,” IEEE Transactions on Smart Grid, vol. 10, no. 4, pp. 4425-4434, July
2018, doi: 10.17775/CSEEJPES.2016.00080.

[15] Q. Liu, Y. Shen, L, Wu, J. Li, L. Zhuang, and S. Wang, “A hybrid FCW-EMD and KF-BA-SVM
based model for short-term load forecasting,” CSEE Journal of Power and Energy Systems, vol. 4, no.
2, pp. 226-237. June 2018, doi: 10.17775/CSEEJPES.2016.00080.

[16] W. Kong, Z. Y. Dong, Y. Jia, D. J. Hill, Y. Xu, and Y. Zhang, “Short-term residential load forecasting
based on LSTM recurrent neural network,” IEEE Transactions on Smart Grid, vol. 10, no. 1, pp. 841—
851, Sep. 2017, doi: 10.1109/TSG.2017.2753802.

[17] M. Moazzami, A. Khodabakhshian, and R. Hooshmand, “A new hybrid day-ahead peak load
forecasting method for Iran’s National Grid,” Applied Energy, vol. 101, pp. 489-501, Jan. 2013,
doi:10.1016/j.apenergy.2012.06.009.

[18] Z. Bashir, and M. El-Hawary, “Applying wavelets to short-term load forecasting using PSO-based
neural networks,” IEEE transactions on power systems, vol. 24, no. 1, pp. 20-27, Jan. 2009, doi:
10.1109/TPWRS.2008.2008606.

[19] R. C. Staudemeyer, and E. R. Morris, “Understanding LSTM--a tutorial into Long Short-Term
Memory Recurrent Neural Networks,” arXiv preprint arXiv:1909. 09586, 2019. doi:
10.48550/arXiv.1909.09586.

[20] S. Mujeeb, N. Javaid, M. llahi, Z. Wadud, F. Ishmanov, and M. K. Afzal, “Deep long short-term
memory: A new price and load forecasting scheme for big data in smart cities,” Sustainability, vol. 11,
no. 4, pp. 987, 2019, doi:10.3390/5u11040987.

[21] C.J. Kumar, and M. Veerakumari, “Load forecasting of Andhra Pradesh grid using PSO, DE
algorithms,” Int J Adv Res Comput Eng Technol, 2012.

[22] J. Duchi, E. Hazan, and Y. Singer, “Adaptive subgradient methods for online learning and stochastic
optimization,” Journal of machine learning research, vol. 12, no.7, pp.2121-2159, 2011.

oAU sleodls jga> 3 (culul BIHE ass lio (S SUl (65531 (el 0 ey 5o LA Samails cmim (25 5 G0, ‘&%

[23] T. Tieleman, and G. Hinton, “Lecture 6.5-rmsprop, coursera: Neural networks for machine learning,”
University of Toronto, Technical Report, 2012.

[24] G.-B. Huang, Q.-Y. Zhu, and C.-K. Siew, “Extreme learning machine: theory and applications,”
Neurocomputing, vol. 70, no. 1-3, pp. 489-501, Dec. 2006, doi: 10.1016/j.neucom.2005.12.126.

[25] P.L. Bartlett, “The sample complexity of pattern classification with neural networks: the size of the
weights is more important than the size of the network,” IEEE transactions on Information Theory,
vol. 44, no. 2, pp. 525-536, Mar. 1998, doi: 10.1109/18.661502.

[26] A. Amidi, M. GH. Vahidi Asl, “Mathematical statistics,” University Publication Center, 1378.

[27] K. Atashgar, “Introduction to design of experiment and tguchi metod,” Publications of Malik Ashtar
University of Technology, 1397.

@ VEY Sl ) ojlads cpgd Jlo o (65531 pians 10 G (swiite (9 Slois k8 YA



https://doi.org/10.1109/TSG.2017.2753802
https://doi.org/10.1016/j.apenergy.2012.06.009
http://dx.doi.org/10.3390/su11040987
https://doi.org/10.1016/j.neucom.2005.12.126

L g )

Electricity Supply Chain

PJM Interconnection LLC (PJM)
Particle Swarm Optimization
Support Vector Machin

Ortognal Suport Vector Mashin
Sister Forecast

Bat algorithm

Day to day topological network
Random walk with restart algorithm
10 Tensor Flow

111 ong short-term memory

12 Over fit

13 Big Data

14 Significance

15 Details

16 Approximation

17 Daubechies

18 Target

19 Feature

20 Back propagation

2L Over fit

22 Constant Error Carousel

23 Adaptive Moment Estimation Optimization
2 Adagrad

% RmSprop

% Extra Learning Machin

27 Target

28 Moore-Penrose

2 Regularized Extreme Learning Machine
30 Bartlett's theory

81 Karush—-Kuhn-Tucker

32 Support Vector Machin

33 Extra Learning Machin

34 Root-Mean-Square Error

% Normalized Root Mean Square Error
3 Mean Absolute Error

87 Analysis of Variance

3 Levine's Test

© o N o g A~ W N

bl deze a5 cadine dome Ldiall anad (g0l e e e Ly qodan pps @

VEV ke ) ot cpgd Jlo w65 5] it )3 30 (ot (98 slags yolid %




