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Abstract— Hydropower is one of the technologies in 
renewable energy that is commercially viable on a large scale.  A 
hybrid of metaheuristic Artificial Neural Network (ANN) 
technique with  Bat Algorithm (BA), a bio-inspired algorithm is 
proposed to forecast future electricity production and water 
consumption at Sultan Azlan Shah Hydropower Dam located 
upstream of Perak river.  In this study, both the ANN and 
Hybrid ANN-Bat Algorithm coding was designed and written 
explicitly to tailor the time series input data and assumptions 
used in this study. Comparison on results obtained from ANN 
and the proposed hybrid ANN – BA was conducted. Simulations 
conducted in this study exhibited that the proposed hybrid 
algorithm is much superior then the conventional ANN. 

Keywords— Artificial Neural Network (ANN), Bat Algorithm, 
electricity production, water consumption, hydropower. 

I.  INTRODUCTION  
Hydropower is a set up innovation that saddles the vitality 

moving from higher to lower heights [3]. It comes in different 
shapes and sizes from expansive supply tasks to little keep 
running off waterway offices. Hydropower utilizes common 
wellspring of water to create power and has low nursery gas 
emanations. It is a premium vitality source which gives a scope 
of administrations. These incorporate base and pinnacle load 
eras and backing different types of power era, especially 
renewables [5]. In spite of these qualities, hydropower 
advancements over the previous decades have been profoundly 
disputable because of the going with social and natural 
concerns. A test for hydropower engineers and administrators, 
and additionally legislative organizers and controllers, has been 
to create instruments that advance great practice and 
manageable hydropower ventures [3, 5]. In addition, other 
stakeholders namely financiers and developers share similar 
challenges.  

II. FUTURE OF HYDROPOWER IN MALAYSIA 
Hydropower has four  points of interest, specifically it is 

renewable, it produces negligible amount of greenhouse gases, 

it is the least costly way of storing large amount of electricity, 
and it can easily be adjusted on the amount of electricity 
produced to the amount demanded by consumers [3]. 
Hydropower represents around 17% of worldwide era limit 
and around 20% of the vitality created every year [3, 5]. 
Hydropower vitality is generally utilized all through the world, 
changing in size from little (smaller than usual hydro) to 
mammoth plans serving a few nations or districts. 
Industrialized nations have used their hydro potential to an 
impressive degree, in spite of the fact that in the creating 
nations, especially in the central and tropical belts, the 
utilization of hydropower plant is a choice with extensive 
potential to fulfill vitality needs [3, 5]. 

III. STUDY AREA 
Sultan Azlan Shah Power Station, Bersia or known as 

Bersia Dam is one of the dams fabricated upstream of Perak 
river in Malaysia. The dam is located close to the town of 
Gerik, around 18 km toward the east by the East West 
Highway. The power plant is furnished with three turbines of 
72MW in total capacity. The station supplies power to the 
whole state of Perak and Penang through the National Grid 
system. This study concentrates on the improvement of 
projection model utilizing Artificial Intelligence (AI), a 
science in making machine do things that would require 
insight if done by people. A cross breed insightful strategy is 
one that joins no less than two keen innovations. A decent 
mixture framework brings the upsides of both these 
advancements. The Artificial Intelligence (AI) technique 
chosen in this study is Hybrid Artificial Neural Network - 
BAT Algorithm [2]. 

IV. TECHNIQUE USED 
AI technique proposed in this study is a creation of computer 
system that exhibits some form of intelligence and attempts to 
apply such knowledge to the design of computer based 
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systems. Programming, in programming advancement of AI 
requires the utilization of various sorts of information on the 
issue area. The programming space requires a wide range of 
ventures in consolidating these sorts of learning into one last 
arrangement [1].  In this study, both the ANN and Hybrid 
ANN-Bat Algorithm coding was designed explicitly to cater 
for data used as input to the proposed model.  The pseudocode 
is not presented in this paper, due to Intellectual Property (IP) 
issues. 

A. Artificial Neural Network (ANN) 
The AI method commonly used includes neural network, 

fuzzy logic and evolution algorithm. Nevertheless, Artificial 
Neural Networks (ANN) is not universal in solving all 
problems since it is an alternative mathematical device to 
rapidly process information on data [15].  

In this study, a technique based on ANN is proposed for 
the scheduling of hydroelectric generations. The purpose of 
hydroelectric generation scheduling is to estimate the optimal 
amount of generated power of hydro units in the system for 
the next N (N=24 in the work) hours in the future. Input data 
used in this proposed ANN technique includes actual system 
hourly loads and actual water used at the study area, in order 
to forecast future electricity generation. In the ANN approach 
used, a clustering ANN was first developed in order to identify 
the days with similar hourly load patterns and actual water 
used. ANN models are increasing being applied in many fields 
of science and engineering. These networks are found to have 
the best performance with regard to input-output function 
approximation. The training method used for this model is 
back-propagation variation and known as extended-delta-bar-
delta [16].  

In this study, ANN is used to predict separate features such 
as demand on weekdays or weekends. It produced minimum 
error as compared to using fuzzy logic, knowledge-based and 
case-based reasoning (CBR) [17]. However, the performance 
of these ANN models can be evaluated using several statistical 
tests that described the errors associated with the model [18]. 
The purpose of error assessment of the model is to recognize 
and reproduce the training data set. It is also used to check the 
ability of the developed model in order to predict water 
consumed using the calibrated coefficients. 

B. Bat Algorithms 
Metaheuristic algorithms are instantly turning into the 
exceptional systems for highly challenging for optimization 
problem. Bat algorithm (BA) is a created  by Xin-She Yang in 
2010 [14].BA has been seen to be an outstandingly compelling 
system in perspective of the echolocation behavior of bat [14]. 
The capacity of echolocation of smaller scale bats is 
interesting as these bats can find their prey and separate 
particular sorts of dreadful little creatures even in complete 
murkiness. Bats discharge an uproarious sound heartbeat and 
pay consideration to the echo that returns from objects [11, 
12]. 

V. RESULTS AND DISCUSSION 

A. Validation of Proposed Model 
In order to use the proposed method to forecast future 

electricity production and water consumption in hydropower 
generation at Sultan Azlan Shah Power Station, validation on 
the proposed model were conducted by performing 
comparisons on the results generated from the proposed 
Hybrid ANN-Bat model, ANN model and actual historical 
electricity production values at year 2012 to 2014 during 
model testing as exhibited in Figure 1(a). These values were 
also presented in Table 1, where various statistical tests 
namely RMSE, MAE and MAPE were used to assess the 
strength of synthetic data generated. 
 
 Similar comparisons were conducted on water consumption at 
year 2012 to 2014 during model testing as exhibited in Figure 
1(b). These values were also presented and tested at various 
statistical tests as shown in Table 2.  
 
Based on the results obtained, it shows that even though both 
proposed models produced similar trending as compared to 
actual data, Hybrid ANN-Bat Algorithm model has managed 
to produce electricity production values that are closer to the 
actual historical electricity production values. This finding is 
also compared to the values generated by the standalone ANN 
Algorithm model.  
 
Therefore, it is proven that the electricity production values 
generated by Hybrid ANN-Bat Algorithm model are better 
than the traditional standalone ANN Algorithm model. It was 
also found that the percentage error in Hybrid ANN-Bat 
Algorithm model is lesser than the ANN Algorithm.  
 
Therefore, through this validation process, we can conclude 
that the proposed Hybrid ANN-Bat Algorithm is suitable to be 
used for forecasting of future electricity production and water 
consumption at the hydropower plant. 
 

 
 

(a)   Electricity produced 
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(b)   Water consumption 
 

Fig. 1. Comparison between Hybrid ANN-Bat Algorithm and ANN model 
 

B. Forecasting Electricity Production and Water 
Consumption at Sultan Azlan Shah  Hydropower 
Plant.Validation of Proposed Model. 

Based on model validation conducted in this study, the 
proposed Hybrid ANN-Bat Algorithm is proven to produce 
enhanced results as compared to the traditional standalone 
ANN Algorithm. Therefore, this study further proceeds to use 
Hybrid ANN-Bat Algorithm in forecasting of future synthetic 
values for both electricity production and water consumption 
at Sultan Azlan Shah Hydropower Plant. Figure 2 shows the 
graphical presentation of forecasted electricity production and 
water consumption at the study area for year 2015 to 2019. 
Using historical electricity productions data as an aid to 
develop the forecasted model, Figure 2(a) exhibited that future 
electricity productions are estimated to fluctuate till about 
1.2MW at early 2017 and at the end of 2018. It is also found 
that between mid-2016 till early 2017, the forecasted 
electricity productions are generally generated above 0.5MW. 
On the other hand, as exhibited in Figure 2(b), it is estimated 
that there is a reduction of water consumption starting from 
early 2019. This is probably achieved by the effective usage of 
recycled water in the system. 

 

 
 

(a)   Electricity Production Year 2015-2019 
 

 

 
 

(b)Water consumption Year 2015-2019 
 

Fig. 2. Forecasting for Year 2015 - 2019 
 

VI. CONCLUSION AND RECOMMENDATION 

Based on the superiority of Hybrid ANN-Bat Algorithm, it 
is proposed that this technique is to be used in the development 
of projection model at other Hydropower Plants in Malaysia in 
generating future electricity production values and water 
consumption. The proposed hybrid technique is able to assist in 
the operational planning of various existing Hydropower Plants 
currently in operation.  

ACKNOWLEDGMENT  

 The authors of this paper wish to express their gratitude 
and sincere thanks to Tenaga Nasional Berhad (TNB) to access 
of information and data. 

REFERENCES 
 

[1] Farah Naaz Raza., (2009) “Artificial Intelligence Technique in Software 
Engineering (AITSE)”. In: Proceedings of the International Multi 
Conference of Engineers and Computer Scientists, 1, 1-3. 

[2] Th’ng Yong Huat (1986) “An overview of Hydropower Planning and 
Development in Peninsular Malaysia”, Proc. Seminar on The 
Engineering in Malaysia, Institution of Engineers, Malaysia 

[3] Ir . Zainal Abidin bin Othman (2005). The Future of Hydropower in 
Malaysia, Water Resources Technical Division, Malaysia 

[4] Ishmel S. Msiza, Fulufhelo V. Nelwamodo and Tshilidzi Marwala., 
(2008) “Water Demand Prediction using Artificial Neural Network and 
Support Vector Regression”. In: Journal of Computers, 3, 1-8. 

[5] Estimates of hydroelectric generation using neural networks with the 
artificial bee colony algorithm for Turkey - ResearchGate. Available 
from: 
http://www.researchgate.net/publication/264978257_Estimates_of_hydr
oelectric_generation_using_neural_networks_with_the_artificial_bee_co
lony_algorithm_for_Turkey [26.10.15] 

[6] Helen Locher and Andrew Scanlon (2012). Sustainable Hydropower – 
Issues and Approaches, Hydropower – Practice and Application, 
Dr.Hussein Samadi-Boroujeni (Ed.), ISBN: 978-953-51-0164-2, InTech, 
Available from: http://www. Intechopen . com / books / hydropower-
practice-and-application /sustainable-hydropower-issues-and-approaches 
[02.01.16] 

30

Authorized licensed use limited to: UNIVERSITY TENAGA NASIONAL. Downloaded on July 09,2020 at 01:57:44 UTC from IEEE Xplore.  Restrictions apply. 



[7] Imen Gam, Rabiaa Ben Aicha and Jaleleddine Ben Rejeb., (2013) 
“Water demand, distribution and consumption forecasting: Case of 
Tunisia” In: International Journal of Advances in Management and 
Economics, 2, 137-146  

[8]Jan Franklin Adamowski., (2008) “Peak Daily Water Demand Forecast 
Modeling Using Artificial Neural Networks”. In: Journal of Water 
Resources Planning and Management, 134, 119-128. 

[9]       Michael Negnevitsky, (2002). Artificial Intelligence – A guide to 
Intelligent Systems. Addison Wesley. 

[10]    Sadegh Behboudian, Massoud Tabesh, Maliheh Falahnezhad and 
Farrokh Alavian Ghavanini., (2014) “A Long-term Prediction   of 
Domestic Water Demand Using Preprocessing in Artificial Neural 
Network”.  Journal of Water Supply and Technology, 63, 31-42. 

[11]     N.S. Jaddi, S. Abdullah, A.R. Hamdan. (2015) “Optimization of neural         
network model using modified bat-inspired”. In: Applied Soft 
Computing, 37, 71-86. 

[12] N.S. Jaddi, S. Abdullah, A.R. Hamdan. (2015) “Multi-population 
cooperative bat algorithm-based optimization of artificial neural network 
model”. In: information Siences, 294, 628-644. 

[13]  X. Liow, J. Zhou, S.Ouyang, et al. (2014) “Multi-objective artificial bee 
colony algorithm for long term scheduling of hydropower system: A 
case study of China”. In: Water Utility Journal, 7, 13-23. 

[14]  Xin-She Yang. (2010) “A New Metaheuristic Bat-Inspired Algorithm”. 
In: Computational Intelligence, Springer, 284, 65-74 

[15]  Lakhmi C.Jain and N.M Martin. (1998) “Fusion of Neural Network, 
Fuzzy Systems and Genetic Algorithms : Industrial Applications”.  In: 
CRC Press. 

[16]  Pulido-Calvo, J. Roldan, R. Lopez-Luque and J.C Gutierrez-Estrada. 
(2003) “Demand Forecasting for Irrigation Water Distribution Systems”. 
In:Journal of Irrigation and Drainage Engineering, 422-431. 

[17]  David Butler and Fayyaz Ali Memon. (2006) Water Demand 
Managemen. London: IWA Publishing. 

[18]  Jan Franklin Adamowski. (2008) “Peak Daily Water Demand Forecast 
Modeling Using Artificial Neural Networks” In: Journal of Water 
Resources Planning and Management, 134, 119-128.  

[19]  Electricity produced and Water consumption Hydropower Dam 
peninsular Malaysia, Tenaga Nasional Berhad (TNB). 

[20] M. Young, The Technical Writer’s Handbook. Mill Valley, CA: 
University Science, 1989. 

 

 

31

Authorized licensed use limited to: UNIVERSITY TENAGA NASIONAL. Downloaded on July 09,2020 at 01:57:44 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


