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ABSTRACT: Long term load forecasting is an important aspect of electric utility resource planning and utility
expansion. This paper presents a simple regression analysis based model involving population and per capita GDP for
long term forecasting of India’s sector-wise electrical energy demand. The model requires an input, the year of the
forecast, and predicts the sector-wise energy demand. Sector-wise energy consumption during the years 1990 -2012
forms the data for developing the forecasting model. It presents the forecasted sector-wise energy demands up to the
2025.
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I. INTRODUCTION

Electrical Energy is one of the most important sources for social and economic development of all nations. The growth
in energy consumption is essentially linked with the growth in economy. Electricity demand increases due to the
population growth, higher per capita consumption, rapid development of industrial & commercial growth, higher Gross
Domestic Product (GDP) growth and structural changes in the economy [1,2]. Load forecasting problem has been
receiving great and growing attention as being an important and primary tool in power system planning and operation.
It has been an attractive research topic in many countries all over the world, especially in fast developing countries like
India with higher load growth rate in recent decades. Many techniques such as auto regressive integrated moving
average [3] and regression analysis (RA) [4-7] have been investigated to solve the problem of LF in the last few
decades. Recently, considerable interest appears to be focused on the application of artificial neural networks for LF
due to their ability to extract the relationship among input variables and output through learning from the available
database [8-12]. ANNs combined with RA [13-16] as well with fuzzy logic [17,18] for LF have been outlined. Only a
few studies have been carried out for medium and long term LF. Hybrid models by combining seasonal exponential
adjustment method with the regression methods for predicting one-week-ahead daily load through employing the
information of days before being similar to that of the forecast day have been proposed in [19]. A novel hybrid
algorithm involving support vector regression with chaotic sequence and genetic algorithm for cyclic LF with a view to
improve the forecasting performance and avoid premature convergence has been suggested [20]. A new hybrid short-
term load forecaster using economic indices in order to reduce the impact of economic dynamics such as economic
recession on load demand patterns has been developed in [21]. Most of the studies focus on short-term LF.

In this paper, a simple RA based model for long-term forecasting of India’s sector-wise electrical energy demand
involving per capita GDP and Population is presented. The paper is organized as follows: section Il overviews RM,
section 111 explains the proposed model (PM) along with the results, section IV concludes.

Il. OVERVIEW OF REGRESSION ANALYSIS

Traditional models for LF can be generally classified as time series models and RMs. In time series models, the
previous load is extrapolated to obtain future loads. These models are frequently augmented with transfer functions in
order to adapt the consumer response to changing weather patterns and intangible factors. These models require large
amount of data and a complex estimation procedure. RMs constitute the second major modelling technique, wherein
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the database is frequently divided into smaller segments, whereby a RM is built for each segment, such as a season or a
day or a week.

RA is a technique used for analysing the numerical data. The dependent variable y; is a linear combination of the
parameters, « , and the independent variables, x;, which could be linear or nonlinear. The simple linear and multiple

linear regressions are the two basic types of linear regression. For instance, in simple regression of N data points’
modelling, there is one independent variable, x;, and two parameters, «y and «;, which yield a straight line, called

fitted regression line:
Vi =g +aqXj +€j i:l,-",N (1)

In multiple linear regressions, there are more than one independent variable or function of independent variables. For
example, the preceding regression with x? term gives a parabola:

yi=a0+a1xi+a2xi2+ei i=1---,N 2

Although the right-hand side expression is quadratic, it is still considered to be linear regression, as it involves linear
parameters, aq, a; and «;.

In the general multiple RMs, there may be M independent variables:
yi=a0+alxli+~-+amxg,i+ei i=1,"',N (3)

Where e; is the error term, which represents the unexplained variation in the dependent variable and is treated as a
random variable.

In practice, the performance of RM depends on the form of the data-generating process and its relation to the regression
approach used. Typically, the best fit is evaluated by using the least squares method, although other criteria are also
used.

111.PROPOSED MODEL

The objective is to develop a simple forecasting model for predicting the sector-wise electrical energy demand, unlike
existing models of estimating the net energy demand, for the future years with least input data. The data such as such as
weather, average temperature, time, oil price, economy, population, etc., which are related to the electrical energy
demand in any country, are usually used in the forecasting models.
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Fig. 8 Proposed Forecasting Model
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Among these factors, the population growth as well the continuous improvement in the public revenue and living
standards, represented through per capita GDP, are linked with the total energy consumption of any country [11,13].
Though the per capita GDP and population ascertain a good relationship with the electrical energy demand in the long-
term forecasting model, they are not readily available for the future years. However, they can be predicted. The
population and per capita GDP are used as inputs in the long term forecasting model suggested in Ref.[11], which fails
to develop a tool for obtaining the required input data for the future years, thereby making the model incomplete. The
aim is thus to develop a complete model with minimum input for forecasting the sector-wise energy demand unlike the
existing models using guessed input values.

The PM comprises two RMs, the former one predicts the population and per capita GDP for a given future year and the
later one estimates the sector wise energy demand by considering the output of the former as input. The structure of PM
is shown in Fig. 1. A historical data comprising India’s sector-wise energy consumption, the per capita GDP and the
population data during the period of 1980-2012, are used to develop the model. [22-24].

Table 1 Results for Yesteryears

Q;:Gw:/(gzg Forecasted Electrical Energy (BkWh)

Year Per Population MAPE

Capita . Industry | Agriculture | Domestic | Commercial | Railways | Others

GDP (Millions)

1989 Actual | 821.48 817.49 76.82 38.85 24.61 10.06 4.04 5.82
PM 847.74 817.55 80.71 44.03 25.47 10.43 3.87 6.81 7.80

1997 Actual | 1285.94 962.38 104.17 84.02 55.27 17.52 6.53 12.64
PM 1298.55 958.70 100.71 80.54 56.72 16.64 6.51 13.20 3.31

2005 Actual | 2190.27 | 1080.26 137.59 88.56 95.66 31.38 9.49 23.45
PM 2206.65 | 1086.40 147.93 95.59 96.34 33.71 9.82 23.63 4.64

2009 Actual | 3103.73 | 1166.08 209.47 109.61 131.72 54.19 11.43 37.58
PM | 3138.71 | 1158.59 226.92 112.03 136.16 53.76 11.98 36.31 3.82
Average of MAPE 4.89

The RA is applied to relate the year with per capita GDP and population growth through the procedure described in
section—I1 to build RM-1. Then the per capita GDP and population growth are related with sector wise electrical energy
demand through RA to construct RM-2. These two models are combined to form the proposed model. The proposed
model receives the year of forecast as the input and predicts initially the population growth and per capita GDP, which
are further processed to perform forecasting of sector-wise energy demand.

The intermediate results in terms of per capita GDP and the population, offered by RM-1, for four different yesteryears
are presented with the actual values in Table-1. The corresponding predictions of sector wise energy demand, obtained
by RM-2, along with their mean absolute percent error (MAPE) are also included in the same table. It is clear from the
average MAPE values that the PM offers a forecast, which is nearer to the actual values, thereby ensuring the accuracy
of the results for future years. The forecasted sector wise energy demand along with intermediate per capita GDP and
population during the years 2013- 2025 are presented in Table-2. It is clear from this table that the net energy demand
of 2013 is 814.24 BkWh, while the demand will be 2168.55 BkWh in 2025. The demand in 2025 will increase roughly
2.66 times the demand of 2013. The policy makers of the government as well as the energy utilities should take
appropriate steps for construction of new power plants based on the electrical energy requirement by the year 2025.

Table 2 Results of the PM

Intermediate Results Forecasted Electrical Energy (BkWh)
Year Per Capita GDP ?&F}lﬁli?:;;‘ Industry | Agriculture | Domestic | Commercial | Railways | Others
2013 5125.28 1209.75 313.98 149.00 200.76 86.42 16.19 47.89
2014 5690.23 1226.25 346.77 162.41 223.78 95.95 17.42 52.75
2015 6295.78 1248.56 381.04 178.13 249.46 106.02 18.78 57.94
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2016 6938.99 1267.88 416.23 195.59 277.83 116.56 20.26 63.55
2017 7615.92 1287.75 452.06 214.25 309.42 127.70 21.81 69.51
2018 8321.45 1309.94 488.23 236.34 343.58 139.42 23.46 75.78
2019 9049.44 1330.69 524.08 260.31 380.58 151.60 25.22 82.09
2020 9792.53 1351.38 558.96 285.16 420.03 164.10 27.06 88.58
2021 10542.00 1372.50 592.39 314.00 461.56 177.11 28.90 94.96
2022 11287.82 1390.13 622.53 346.47 504.81 190.38 30.78 101.14
2023 12018.59 1406.69 649.42 380.28 549.05 204.05 32.62 106.63
2024 12721.35 1418.81 672.05 417.13 593.72 218.14 34.42 111.41
2025 13381.58 1431.25 689.50 457.66 637.76 232.55 36.11 114.97

IV.CONCLUSION

A simple LF model using two RMs, which take into account of the population and per capita GDP, for obtaining
sector-wise energy demand, has been suggested. The load demand data involving population and per capita GDP
during the years 1980-2012 has been used in developing the PM. The first RM has been designed to predict the
population and per capita GDP for a given future year. The second RM has been tailored to forecast the sector-wise
energy demand by processing the output of the first network. The PM will help the policy makers for allocating
appropriate funds for constructing new generation plants and transmission systems to meet the future demands and
attempts to offer reliable service to the customers in the future years.
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