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/ STRACT \

Prediction  ofelectricalenergyconsumptioninanelectrical  power — systemis neededio
determine  theelectricalenergyneedseverytime.  Thispredictionis  required in  order to
schedullingoperation  ofexsistingpower plantsandpreparing for new power plantto meet
theenergyneeds ofeachmonthoryear . This study was conductedtopredict
theelectricalenergyneedsto 2030. Validation ofpredictionresultsare evaluatedbyRMSEvalue sfor
2011and 2012. The method usedis theAdaptiveSplinesThersholdAutoregression(ASTAR).
Resultsshowedthatpredictionsforthe year 2011is0.031and theR MSEvaluesfor
2012predictionsRMSEvalueis0).322
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I. INTRODUCTION

ELECTRICITYISA form  of  energythatis neededin human life. The Growth
ofelectricalenergyconsumptionper capita,showsrising standards ofhuman life. Predictionis neededin order
topredictelectricalenergyneedseverytime(egeverymonthoreveryyear), in  recognition ofthis  predictioncan
beknown whentheplantrequired the addition ofnew power plant in the current electrical system.
Methodusedto  predictelectricalenergyconsumptionis  verydiverse, includingusingsoftwareLEAP(Long-range
EnergyAlternativesPlanningSystem)has beencarried outbyAhmadAgusSetiawanet
"11”].Predicti()nusingFuzzyL()gicApplicati(msand Neural — Network, using  theelectricenergyconsumption
dataperhour, thisis donebyYadiMulyadiet al(2) Researcherstrytoapply theASTAR methodto predict
electricalenergyneeds. It haschosenbecausethis methodhas
beenappliedforforecastingENSOindexbySutinoandBoer(2004). Intheirstudy, it was found thatthe prediction
result using ASTARmethodhasgood accuracy(3).SutinoandBoer(2004) stated that the ASTAR is amethod ofnon-
linear timeseries analysisalgorithmwhichis based
onmultipleadaptiveregressionsplinesorcommonlyknownasMultipleAdaptiveRegressionSplines(M ARS).Problem
s that occurred inthe electrical power systemin South and West Sulawesiis theelectricalenergyconsumptionis
greater than theavailablegeneration capacity, resulting inblackoutsduring peak loads. Therefore we needto
conduct a research  aboutelectricalenergyconsumption  prediction, in  order toestimateddemand
forelectricalenergyper monthorper year.Rnarchcc)nducted in South -WestSulawesi Electrical Power
Systembyretrieve  datamonthlynumber of  customers, connected power capacity, population
andenergyconsumption.

II. REVIEW OF LITERATURE

2.1.Energy Consumption
Consumption ofelectric energyinthe electrical power systemin South SulawesiandWest Sulawesihas
increased every year.it 18 becausethesystem whichsupplythe provinceof South

SulawesiandWestSulawesiareexperiencingeconomic  growth(GRDP  growtrate)isabout8 2%forSouth  Sulawesi
ProvinceandWest Sulawasi6.3%".

Electrical power systemin South SulawesiandWest Sulawesihasan increasing rate ofcustomers(consumers)
about3.81percent, t increasingrate  of  connectedpower(MVA)  of 292  percentandthe rate
ofenergyconsumption(GWh) about 243per cent™, Considering the development
ofenergyconsumptionontheelectrical system, it is necessary toestimate (predict)the electricalenergyconsumption
for year to year. Predictionaimstoestimate theconsumption ofelectrical energyconsumptionin order tomeet the
needs ofelectricalenergyinelectricalpower systemin South SulawesiandWest Sulawesi continually.
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2.2.Time Series

The energyconsumptionpredictiondataused areperiodic datacollectedpermonth. Data analysisdescribesthe
relationshipbetween the dependent variablewiththe independentvariable. The approach usedtoestimate
theenergyconsumption ofelectricityisthesimplenon-linear
regressionmethodnamelyadaptivethresholdsplines Autoregression( ASTAR).

1) Multivariate Adaptive Reg-ression Splines (MARS)

MARSmethodis developedbyFriedmanin 1991, Thismethodcananalyzelarge data(50 <N<10,000).
Splineregressionmodelingis  implementedby  forming  aset  ofbasefunctionsthatcan  bereached-spline
ordertoestimate thecoefficientsN-q*andbasisfunctionsusinga least-squares.

Estim ator of M_,f\RSm(x]els can be writtenasfollows:

Km
FEy=aat ) o | [[Sim Coouomy — Eimo]

with:

ay = functionstembase

ay, = coefficientofthe functionto thebase-m
=maximumbasefunction

K., = the number of interactions

Xykm = Independentvariable
liw=knotsvalueofthe independentvariable Xy m)
v =numberof independentvariables

2) Adaptive Splines Threshold Autoregression (ASTAR)

AdaptiveThreshold AutoregressionSplinesis amethod ofnonlineartime
seriesthatusesMARSalgorithmmethodwiththe  explanatoryvariableslaggedvalue oftime series data.
ASTARmodelisthe developmentofMARSwithvariableresponse andZ, as Zas apredictorvariable, so
thatASTARmodelscan bewritten as follows:

-

9, ey — Laom J]

Il. RESEARCH MODEL
3.1 Data Type and Source
The data usedtopredict theenergyconsumptionisthe number of customers, the connected power andthe
residentsfrom 2004to 2011, datais obtainedfromPT. PLN RegionSouth-WestSulawesi. Research dataare
shownin Tablel below.
Tabel 1 Research Data

Cennacted power EnengyConumption
Mumbar of msidarts (Gt

a | A | A
197816 82161 | amass| 17

2 191513 | 822184 | AATL.O5 | 1T 2z
L 19252 | 32834 | amaas| 17 228
4 196021 | 827513 | ams @ I1IEM

§ 198022 | 826751 | aM2 @0 540

[ 2.016.8% | 8251996 | ama 17206

7 4 [ 2,051 | 826005 | Aw7 A 3818

8 2.0 5H | BIEED| anam o
e 71 | 2,104 | s2mmz | amams AN
_in] 215480 8281751 | A1 @26 08

n 910 | 2,205 880 | 8291206 | Ama @S T

12 | December 13736 |1 22837 | azmees | aszet | 193:| wen

Method usedtopredict theenergyconsumptionis the ASTAR Method. Flow chartof energyconsumption
prediction isshownin Figure4. All data areprocessingusingMatlabsoftware.
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Data Procassing

Set variable responsa (y)
set variable pradiction [x)

Set the maximum stem
hase

|5|.ages of Farward & Backward Stepwise |

Set Subragion, Numbears of Basis
Funcion, and Knots

Develap ASTAR Modal
Enargy Consumption Pradiction
Rasult Validation

Figure 1. Flow chart of Energy Consumption Prediction using ASTAR Model

Prosess to predict the energy consumption has several step :

a. Data Processing
The dataasthe inputvariablesare: number of customer, connected power,and number ofresidents. Output datais
thevariableenergyconsumption. The data wasprocessedwiththe normalization process

b. Dertermining Variable
Predictorvariablesorindependentvariable(x) isusedas theinputvariablesandthe responsevariableordependent
variable(y) i1s theoutputvariable.

c¢.  ASTARModelling
ASTARmodel buildingstages as follows:
- Specifiesthe maximumbasefunctions
- Stages offorwardandbackwardstepwise
d. Develop ASTAR model
e. Electricalenergyconsumptionprediction
Electricalenergyconsumptionpredictionsfor 201 1and 2012
f. Result Validation
Electricalenergyconsumptionpredictionresultsfor 201 1and 2012using avalidatedRMSEvaluesare:

3.2 Data Analisis

Electricalenergyconsumptionpredictionusingthreeinputvariablesare number of customers, connected
power,and number ofresidents. Qutputvariablesare theenergyconsumption. The initial process is to normalizethe
dataintothe interval[ 0 1]. The output ofthisprocesswillbe used asinput datain
thepredictionprocesswithASTARmethod. The  final  stageofthismethodisdenormalization, to  return
thesignalshapeofthe predictionstothe datainput.

3.3 Model Selection
Simulationmodelsfor thepredictionmadein 2009, 2010, 2011and2012. From the results ofthese
predictionscanbeselectedthe best modeltobe usedto determinepredictions ofenergyconsumptionin the next year.
odel selectionis doneby comparing theRSMEofeach model, as shownin Table2.

Table 2 Response Model Y to X
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No Model Responsevariabel ¥ to X RMSE Value

1 | Prediction 20gg | Number of residents i} 0.09365
and number of ¢

2 | Prediction 2010 Number of residents [X;) 0.06439

3 | Prediction 2011 Number of residents (X;) 0.03131

4 | Prediction 2012 Mumber ofresidents [X3) 0.32215

lccted modelisthe modelpredictionin 2011, the energyconsumptionequation modelare:
BF, =max (0, X; —0.435)

BF: =max (0.435 - X3)

Y =0509 + 1.24 BF, — 1.17 BF;

IV. RESULT
Selectedmodelsto predictenergyconsumptionin 2011isthe modelprediction. Comparison

betweenpredicted results 2012andreal energyconsumption2012can be seenin Table3andFigure 2.

Table 3 Energy ConsumptionComparation

Energy Consumption (GWh) 2011
Month —
Real data Prediction
January 309.183 309.857
February 311.229 311.536
March 312.248 313.216
April 313.604 314.711
May 315.401 316.207
June 317.205 317.704
July 319.149 319.390
August 321011 321.078
September 322.840 322.766
October 324.099 324,457
November 325.782 326.149
December 327.610 327.842
330000
325.000
320000
315.000 —Real Energy
Consumgtion
J1meon (GWn) 2011
305,000 ——Cansumption
Energy Frediction
o (GWh} 2011
295.000
ErTSETFYZEEEGE I
EEREEEER EEEE
- ER-B-R
z 4 i
2 28&

: J
Figure 2.Energy Consumption Curve (GWh) 2011

Fromthe results predictedin  2012can  beseen from arelatively smalldifferencebetweenthe
energyconsumptionofthe  resultsof  thepredictionandthe real data, it can be  concludedthat
theenergyconsumptionequation modelcanbe usedtopredict theenergyconsumptionnextyear.
Energyconsumptionpredictionresultscan beseen in Table4andFigure 3.

Table 4.Energy Consumption Prediction Result
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wo | Month Consumption Energy Prediction (GWh}
2013 2015 2000 2025,
1 | January 40747 | 515565 | BOATI7 | 1089.951
2 | February 41188 | 21011 | B11019 | 110655
3 | March 41638 | weas6 | 817320 | 113160
4| April 420718 | 81901 | 823G | 1119.764
5 | May 425.1% | S7.346 | 829922 | 1126369
6 | June 420507 | 52791 | 8323 | 1132973
7 | July 433960 | 54823 | B42524 | 1139.578
& | August 438.37% | 53681 | BARE2S | 116180
9 | September | asx700 | mea26 | BS5127 | 1182786
10 | October a7.206 | S6A.571 | BELAZE | 1159.391
11 | Novermber | 4516w | soowe | sezms | 1ssoes
12 | December | 456034 | 575461 | 674030 | 1172.509
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CONCLUSION
Based on the research can be concluded that:

Accuracy  validation  ofpredictionsforthe  year  201landin  2012is0.031and0.322. Based
ontheRMSEvalues.it can be saidthatin general, the model predictionsASTARwell
enoughtopredictelectricalenerg yconsumption.

The results ofthe predictionof energyconsumptionfrom 2013to 2030tend tooccurin a linear manner.
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