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ARTICLE INFO ABSTRACT
Article history: The present study examines whether or not enengguroption fuels economic grow!
Received 04 December 2015 The relationships examined by using the annuatinédion covering the duration fro
Accepted 22 January 2016 2000 to 2014. By employing the Granger causaligf, tthe study through empiric
Available online 14 February 2016 obeervation found that it's economic growth thatlfumore demand for lignite ai
electricity consumption and there's growth of anyemgy variables that caus
Keywords: economic growth. In contrast, the out of sampledasts in variance decompositior
Artificial Neural Network, Principal powerunit suggests that there’s a influence betweenggresnsumption and econon
Components, Gross Domestic Product, growth. The eleven input variables used are quaofiC0, emission, Population, Per
Regression Analysis, Multi Linear capita GDP, Per capita gross national income, Gidsmestic Saving, Industr
Regression. Consumer fice index, Wholesale price index, Imports, Expahd Per capita pow

consumption. A new methodology supported Artificideural Networks (ANNs
victimed principal components is additionally use@omparison done with multip
linear regression (baseuh input information and the principal componemtsji ANNs
with original value as given Variable. The resuibws that the use of ANNs wi
principal components (PC) is more effective.

INTRODUCTION

The growth in energy used is essentially linkechwite Growth in economy. Artificial Neural Netwa
(ANNs) methods have a great deal of attention aarkvproposed as powerful computational tools toestie
load. Some amount of this major infrastrue is an important determinant of the success @t@mm's effort in
diversifying its production based, expanding traael link together resources and markets into agratec
economy. However, the success of this sector isilsndiased on the level €nergy in the economy. In fa
transport sector is the largest user of energypénetconomyReddy, A.K.N., Y.PAnand and A D’'Sa, 2001;
Samimi, R., 1995)The consumption of energy is likely to grow upttier with economic growth developme
populaton growth, industrialization, urbanization and maiitzation of agriculture(Ramanathan, R. and J
Parikh, 1999)Modeling and predicting electricity utilization gla important role in developed and develog
countries for policy makers and supportOrganization. The underestimation of the need wdehkt to
potential outages that are devastating to life @whomy but the overestimation may lead to unnacgsdle
capacity which means wasted financial sources.&fbgs, it may be better to new ctricity demand with goor
accuracy in order to avoid costly mischievc(Adem Akpinar,et al., 2011) Several methods have be
developed to perform accurate long term load fasteg. These methods are normally classified i tiypes:
conventional approaches and technique based digiattintelligence. Load forecasting approachegtmnbasis
of conventional methods forecast current value, wresein other method a variable on basis of
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mathematical combination of the before values at trariables and current values of other varialiizmng,
D.B.L., et al., 2008). Chavezt al. (1999) used Auto Regressive Integrated Movingrage (ARIMA) time-
series analysis models on basis of Box-Jenkintadeto formulate the forecasting model for the préoh of
energy production and requirement in Asturias, Nemt Spain. Hoet al. implemented a multiple regression
model for the prediction of load demand in England Wales (Hor, C.Lgt al., 2005). The aim was to give an
accurate model for a long-term prediction for tlemdnd of each month and the evaluation of the mods|
done by using Mean Absolute Percentage Error (MARBberet al. dealt with the develop of a reliable and
efficient Kernel regression model to forecast theditd load Québec distribution network (Asber, Et. al.,
2007). Li Yingyinget al. made use of principal component regression ingsdead forecasting for medium and
lengthy term (Li Yingying and Niu Dongxiao, 201®rom 1980s, Artificial Neural Network (ANNs) method
received a great deal of listening and were prap@segreat computational tools to solve the loaddasting
problem (Henrique Steinherz Hippegt,al., 2001). Al-Saba and EI-Amin described the appiicaof ANNSs to
long-term load forecasting, they given the resuiése close to the actual data while using the ANNsfiq
Al-Saba and Ibrahim EI-Amin, 1999). Forecastingleated the accuracy of each approach by calculatiegn
Absolute error(MAE), MAPE and Root Mean Square Er(BRMSE). Bohman Kermanshalet al. used
multilayer Preceptor and recurrent neural netwdoks finding prediction of high electric loads odan up to
the year 2020, using input variables such as gnatisnal product, GDP, population, number of hbosgs,
number of air-conditioners, amount 60, emission, pollution, industrial production, oilige, amount of
energy requirement, electricity price, average terajpre and maximum electric power of the previpear
(Kermanshahi B. and Hiroshi lwamiya., 2002). Irstpaper, energy demand of India calculated by uRiAg
ANNSs, joining RA with PC and joining ANNs with P@yhich consider five input variables: Populationy Pe
capita Gross Domestic Product, Import ,Export aedgapita power consumption. This work says, theafsa
new technique using ANNs based on principal comptméherefore using statistical and artificiakifiggence
technique.

2. Factor of Economic Growth and Energy Consumption:

The input variables are found based on the reldt@ween the energy demand and related parameths s
as economic factors. After a careful investigatioa following variables are selected as the inputables:

1. Amount ofC0O, emission: The greenhouse gases emitted into thesghere over a particular area and
period of time.

2. Population: It is believed that a high populatgrowth rate will bring a high increase in totaleegy
consumption. In India, with continuous developmémtthe public revenue and living standards, energy
consumption will increase with the standard groeftpopulation and industrialization.

3. Per capita GDP: Economic growth measured bygapita GDP is an important factor in energy
consumption. The effect of economic growth shanrenergy demand.

4. Per capita gross national income: Gross natiot@me combine the all value of goods and services
produced within a country also with income receifredn other countries.

5. Gross Domestic Savings .

6. Industry

7. Consumer price index: It examines the weightegtage of prices of a bucket of consumer goods and
services, such as transport, food and medical care.

8. Whole sale price index

9. Imports: It consists movement of goods and ses/from non residents to residents

10. Exports: It consists of exchange of goods andices from residents to non-residents.

3. Reserves and Potential for Generation:

India’s energy consist of both non-renewable l(clignite, petroleum and natural gas) and renewabl
energy sources (wind, solar, small hydro, biomasp Betail about the reserves of non-renewablecas of
energy like coal, lignite, petroleum, natural gas athe ability for generation of renewable enesgurces is a
requested for assessing the country’s ability feetimg its future energy needs.

Non-Renewable Resources:
3.1 Coal and Lignite:

India has a high reserve of coal and lignite. As3@r03.2011 the found reserves of coal was aro@&d 2
billion tones, an addition of 9 billion over thestayear . Coal presence is mainly conformed toeeastnd south
central parts of the country. The states of Jharth®rissa, Chhattisgarh, West Bengal, Andhra Rtade
Maharashtra and Madhya Pradesh contain more th#n &%he total coal reserves in the country. Thalto
estimated reserve of coal in India as on 31.03.2@d9 around 277 billion tonnes. There is an in@eds3.1%
in the calculated coal reserves during the yeafZlwith Madhya Pradesh accounting for the maxinnaise
of 5 %.
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3.2 Petroleum and Natural gas:

The calculated reserves of crude oil and naturaligdndia as on 31.03.2011 stood at 757 milliome&
(MT) and 1241 billion cubic meters (BCM) respecleStatatistical analyzation of Crude oil indicatdat the
max reservesre in the Western Offshore (43%) continued upssain (22%), whereas the max reserve
Natural Gas are in the Eastern Offshore (35%) naetl upto Western offshore (33%

285.86 Billion Tonnes

Total Reserves

Fig. 1: Reserves of coal

There was a raise of calculated Crudereserves by 33% in Andhra Pradesh continued uphoil Téadu
(8%). But there was a reduction of 2% in the caltad reserve of crude oil for the country as a withlring
201041. In case of Natural as, the raise in the caledleeserves over the lasiar was 8%

3.3 Renewable energy sources:

There is high ability for production of renewableeegy from many sourc- wind, solar, biomass, sm:
hydro . The total ability for renewable power protion incountry as on 31.03.11 is estimated at 89760 (!
This also contain calculated wind power potentfad®132 MW (55%), SHP (smi-hydro power) potential ¢
15,385 MW (17%), Biomass power production of 17,3@8/(20%) and 5000 MW (6%) from bagas
cogeneration in sugar mills.

larmi Nadyu M
3%

Rajasthan
1%

Andhra Pradesh
3%

Total Reserves =1240.92 Bilion Cubic Metres

Fig. 2: Reserves of Natural Gas

The Statatisticahnalyze calculate potential across States reviealsIujarat has the greatest share of a
14% (12,489 MW), continued by Karnataka with 12%reh(11,071 MW) and Maharashtra with 11% sl
(9596 MW), based on account of wind fer potential.

4. Methodol ogy:

PCA is a multivariate statistical method mostly dise analysis of data in diverge fields, becauses
simple, nonparametric method. PCA is a variablaicad) process. It includes mathematical procedhiat
transform nmber of (possibility) correlated variables into madl number of uncorrelated variables cal
principle components (PC). This mathematical methoelCA is called Eigen analysis: solve the Eigahues
and Eigen vectors of a square symmetric matrix sum of squares and cross products. The Eigen &
combined with the largest Eigen values have theesdimection as the first PC. The Eigen vectors doett
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with the second largest Eigen values determineditieetion of the second principle component. Tina ®f the
Eigen values equals the traceof square matrix @anaximum number of Eigen vectors equals the numbe
rows (or columns) of this matrix. Linear regressis a form of RA in which observational data aredified by
a least squares function, which is a linear conmtwnaof the model parameters. In simple linear esgion, the
function model represents a straight line or paebbhe data model, which represents simple linegression
given in eq 1.

Where, Y is the dependent variable (Energy consiomptX; and X, are the independent variables
(example: Population and Per capita GDPY,aad b are the regression coefficients and igthe error term.
The error term denotes unexplained difference éndépendent variable and treated as a random ieariBte
factor Population and Per capita GDP are calcultdegive a best fit of the data. The best fit isleated by
using the least squares method. ANNs are able e Petter performance in dealing with the nonlinear
relationships among their input variables (Kazewi,,2009). It is proved that the multilayer pergep with
error back propagation is an appropriate modelldag-term load forecasting (Kermanshahi B. and fifo
Iwamiya., 2002) also one hidden layer is enoughgproximate any function (Sousa, S.l.& al., 2007), if
presenting enough hidden nodes. Therefore, mudtilggrceptron has been chosen in this paper anidpghée
variables are selected based on the correlatidmigee. The multilayer perceptron consists of rfput layer
(ii) output layer (iii) one or more hidden layersntaining nodes which help to capture the nonlitgan the
data. A Neural Network can be trained to performipalar function by adjusting the values of weigbetween
elements so that a particular input leads to aipeédarget output. Therefore, the network is addpbased on
a comparison of the output and the target. Usimzpiised learning, these networks can learn thepmgp
between one data spaces to others

Table 1: Variance of original InputVariable

Component 1 2 3 4 5 6 7 8 9 10 11
EigenValue | 10.07 0.56 0.34 0.02 0.01 0.00 0.04 0.00 0.00 0.00 0.00
%Variance 91.56 5.04 3.1 0.14 0.09 0.02 0.01 0.00 0.00 0.00 0.00
Cumulative | 91.56 96.6 99.7| 99.85 99.94 99.97 99.99 99.99 99.9 100.0 100.0
%

Table.1 shows the total variance of the originatialdes. The seven largest Eigen values in eleven
characteristics roots exist in variable correlatioatrix, respectively 10.072, 0.555, 0.341, 0.01.6,10, 0.003,
0.002 and their cumulative contribution to the ta®&plained variance is 99.99%. The first sevemgpial
components provide the most information of origidala and extracted.

Data normalization within a proper range is esseé(ifj to prevent larger numbers from overridingadier
ones, and (ii) to protect premature saturationidfién nodes, which impedes the learning processk{zaa,
2010). In most cases, the ANNs are obtained usitgdistinct data sets: training and validation. Ttaéning
data set is used to determine the network topotogly combined weights by solving a non-linear oation
problem with the objective function being dictatedthe mean squared error (MSE).

The input variables are selected based on thelatome coefficients between the electricity constimp
and corresponding economic factors. These coroelatbefficients provide the measure of the relatietween
the two variables. High correlation coefficient wiasind between these input variables and prediotgdut
variables. Therefore these variables were usedrdoide the future electricity consumption in Indighe
statistical package for social studies (SPSS) agal dor applying RA and ANNs and XL Pro are used fo
applying PCA on a desktop PC with system configoraintel Core2duo CPU, 2.67 GHZ with 1 GB RAM. RA
and ANNs are used to predict the electricity corstimn. These models are based on the original ((R#aand
ANNSs) and on the PC (PCR and PC-ANNS).

4.1 Arichitectural Diagram:
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Fig. 3: System Architectural diagram

Fig 3 shows Architecture of system, which explaihat data extracted from database that contain all
energy resources, two type of energy resources IgaineRenewable Energy Resources 2.Non Renewable
Energy Resources. These Energy Resources ardield$sio two and Factor which affect the energsogces
and economic growth is analyzed. After Analyzingtéa just undergoes predicting energy consumptiah a
analysis of economic growth with energy demanahdfd.

4.2 Performance Analysis:

The input factors are taken based on the correlatmefficients between the energy consumption and
corresponding economic factors. These correlatagfficients provide the measure of the relatiomieen the
two variables. High correlation coefficient was fioubetween these input variables and predictedubutp
variables. Therefore The statistical package faiadstudies (SPSS) are used for applying RA andNANnd
XLPro are used for applying PCA on a desktop P@ witstem configuration Intel Core2duo CPU, 2.67 GHZ
with 1 GB RAM. RA and ANNSs are used to predict tiectricity consumption. These models are basetth®n
original data (RA and ANNs) and on the PC (PCR RGdANNS).

The prediction of electricity consumption basedtba eleven input variables. To apply the ANN model
several network structure were tested to find nogdt topology. The architecture contain of a thieger
network with eleven neurons in the input and eiggmirons in the hidden layer and one neuron in thipud
layer. Sigmoid and hyperbolic function were usedaesvation function in the neurons of hidden laged
output neurons. To evaluate the performance ofAtiBIs with back propagation algorithm (original \atsles
as inputs) results are compared with the RA. Camsid seven PC inputs, and applied for the givedets

The statistical parameters are the Root Mean SgHane (RMSE), Mean Absolute Percentage Error
(MAPE), Mean Bias Error (MBE) is given by the Eq«2).

RMSE = 24P )
1 (Pi—4p)

MAPE = (=31, |T|)X100 3)

MABE = ~ TIL (P, — Ay) (4)

Where,P; A; are the predicted values and actual values, ahi ‘the total number of predictions. MAPE
and RMSE measure the errors of residual, whichsgiva! idea of the difference between the predict@ues
and actual values. MBE denotes if the predictech dme over/under estimated.The values of the ttalis
parameter results using RA and ANNs (original and &ata) for both training and validation stage
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Table 2: Per Capita Energy Consumption and Energy inteisitydia .

1975-76 840.53 617248 596428 1361.74
1980-81 1012.58 688320 695361 1471.09
2007-08 4508.26 1147677 3402716 3928.16
2010-11(p) 5693.54 1182105 4877842 4816.44
Growth rate(%) 4.23 0.56 9.27 3.65
CAGR(%) 5.38 1.88 5.63 3.44

Table 2 shows Sample data set of Per capita Ef@nggumption and Energy intensity in India. Datackt
contain energy consumption, population ,GDP ofanty and per capita Energy consumption ofia.

The actual electricity consumption in the year 20@% 407.477BkWh, and in the year 2009 was 68¢
BkWh. The electricity consumption calculated, usiRg with original variables as input.The output &
418.496 BkWh and 692.052 BkWh for the year 0 and 2009. The MAPE is 0.969, RMSE is 7.189 ande
is 6.218. The electricity consumption calculatethgsANN with original variables as input. The resulvere
404.370 BkWh and 692.360 BkWh for the same yeae WMIAPE is 0.507, RMSE is 3.160 and MBE2.77.
The electricity consumption calculated using RAWRC as inpu

Table 3: Abbreviations used

S.No Abbreviation Expansion

1 ANN Artificial Neural Network

2 GDP Gross Domestic Product

3 PC Principal Components

4 RA Regression Analysis

5 MAPE MeanAbsolute Percentage Error
6 RMSE Root Mean Square Error

7 MBE Mean Bias Error

8 MAE Mean Absolute Error

From the fig 4, fig 5 the Perapita Energy Consumption (PEC) during a year lisutated as the ratio «
the estimate of total energy consption during the year to the estimated midgéar population of that yee
Energy Intensity is defined as the amount of energgsumed for generating one unit of Gross Dom:
Product (At steady prices). PEC and Energy intgrasié the most used pol indicators, both at national ai
international levels.
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Fig. 5: Per capita Energy Consumpti

In the absence of data on need of-conventional energy from various sources, espgdialiural areas il
the developing nation, including India, these tvawtér are generally computed on the basis of nde
conventioml energy. The annual increase in PEC from -10 to 201011 was 3.65%. The Energy Intensity
19992000 prices) increased from 0.128 KWh in 1-1971 to 0.165 KWh in 198%986, but it has again cor



273 K. Latha and S.Mohan, 2016
Australian Journal of Basic and Applied Sciences,d(2) Special 2016, Pages: 267-272

down to 0.117 KWh(at 2004-05 prices) in 2010-11sIseen that the lot of source of energy consumasl w
Electricity accounting for about 51% of the totalexd during 2010-2011. Coal and Lignite were sed@b&b),
where as Crude Petroleum (20%) was third. The tweald of energy from conventional sources raiserh fr
40,354 peta joules during 2009-10 to 42,664 petefduring 2010-11, showing an raise of 5.73%.

5. Conclusion and Future Work:

Forecasting method are quite important for effeciimplementation of energy policies. In this pajke,
net energy consumption of India is modeled as a&tion of economic factors: Amount @0, emission,
Population, Per capita GDP, Gross national incd@ress Domestic savings, industry, Consumer pridexn
Wholesale price index, Imports, Exports and peritaapower consumption. These economic factors (inpu
variables) were selected through calculation ofalation coefficient. This way of selecting thesetbrs for
India is one of contribution of our paper. Two difnt approaches were used: one is original datapat
variables and the other is PC data as inputs. @hdts showed that the use of ANNs which led toenoorrect
results than linear models (MLR and PCR).The enargysumption is complex with multiple influencing
factors, so regular prediction models do not weillifs prediction due to the account of nonlinéasit Thus by
using this method, predicting the future requiretmehnon renewable energy and this energy demand is
analyzed with economic growth of India . By thisabsis we suggest non renewable energy demandffeitt
economic growth directly, which led to decreaseeobnomic growth of India .Thus we shift to reneveabl
energy resources to have good economic conditidrgand environmental condition.
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