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ABSTRACT: Energy is a prime and compulsory source for development of any nation. Energy
demand of Assam is increasing at an alarming rate and to compensate these loss energy is generated
from many non-renewable resources, as a result Assam fails to predict and generate the future energy
demand sustainably. This is due to many factors like rapidly rising population, literacy rate,
industrialization, GDP and standard of living. Therefore predicting the future energy demand
accurately will help in better decision making in implementing energy policies and provide
information regarding future energy requirements and how to generate it sustainably. In this paper
an attempt has been made to assess the effectiveness of statistical methods for forecasting energy
demand in Assam. The data collected consist of several attributes that influence the energy
consumption like Per capita income of Assam and Natural growth rate of Assam. Regression matrix
plot is used to check the relationship between the Per capita energy requirement of Assam (demand)
and the selected attributes. Traditional statistical forecasting methods like MLR, ARIMA, Winter’s
model, Double exponential, Time series decomposition, linear trend, exponential trend and
quadratic trend analysis are used to predict the future per capita energy requirement of Assam for a
period of 10 years (2005-2016). The accuracy of the forecasted data is compared with the actual
energy consumption data of Assam during the FY 2015-2016 and FY 2018-2019. The predicted
results of ARIMA, Quadratic trend analysis and double exponential smoothing showed good
accuracy for short term forecast whereas the predicted results of winter’s model with varying
constants, time series decomposition, linear trend analysis and exponential trend analysis showed
better accuracy for medium term forecast (2022-2025).
Keywords: Energy, Forecasting, Statistical methods, Accuracy

1.

Introduction

Energy is a prime and compulsory source for Social and Economic Development of any Country. Without energy
there can be no development. Since energy being the main source, so the demand of energy production and
consumption is increasing at an exponential rate by depleting the natural resources, which led to environmental
hazards and climate change. In today’s era one of the biggest challenges that have been faced by Assam is to meet
the growing energy demand sustainably. This is due to the rapidly rising population, Industrialization, GDP and
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the standard of living. Assam is mainly dependent on 4 types of energy sources, they are Gas, Coal, Hydro and
renewable energy. Assam has 1,505 MW installed capacity of electricity generators as of FY 18[1]. The state has
1,027 MW of thermal generators (279 MW coal and 748.5 MW gas). Installed capacity of renewable sources
wind, solar, small hydro plant (SHP), biomass power (BP), urban and industrial water power (U&I)) is 46.6 MW
[1].

Figure-1.1 Energy generators installed capacity (2018) Figure-1.2 Sector wise contribution to economy wide
GHG emission of Assam
The energy demand in Assam is increasing at an exponential rate and to compensate this need for energy, Assam
is producing high amounts of energy from both Non-renewable and renewable energy sources, but the percentage
of non-renewable energy sources is high as shown in figure 1.1. So energy is a prime concern for sustainable
development of Assam as the energy sector alone contributes more than 50% of GreenHouse Gas emission (GHG)
in Assam [2] as shown in figure 1.2.
Therefore predicting the future energy demand accurately will help in better decision making and provide
information regarding future energy requirements and how to generate it sustainably. Forecasting is necessary in
the energy sector because without forecast there will be no understanding between the production side and the
consumption side which will lead to blackouts or excessive energy losses or large amount of GHG emissions.
These surpluses and shortages significantly impact economic development, individual lives, and social stability.
[4]

1.

Forecasting

Forecast in simple words is the prediction of future. It is a statistical prediction technique for predicting the
uncertainties of future. Forecasting is a very important aspect of any scientific study or experimental study or
economic study. It helps to predict the future demand based on previous known demands. Forecasting can be
divided into two types:Qualitative forecasting: This type of forecasting is generally used when there is lack of data and when the situation
is vague e.g. new products or new technology. This type of forecasting is used based on the subject of the issue
[3] .This technique involves intuition and experience.
Quantitative forecasting: This type of forecasting technique is used to predict the future demand based on
historical data. This type of forecast involves mathematical techniques and statistical models. Usually there is
continuity between the past and the future data’s.
a. Criteria of a good forecasting method
(i)
Accuracy: Checking the accuracy of the past forecast against the present performance and present
forecast against the future performance will determine how accurate the forecasting method is.
(ii)
Plausibility: One should have a good understanding about the chosen forecasting technique
(iii)
Durability: The durability of the forecasting power of a response depends primarily on the stability of
the understanding relationships measured in the past.
(iv)
Flexibility: The forecast should be adjustable and adaptable to changes i.e. a set of variables whose
coefficients could be adjusted from time to time to meet changing conditions.
(v)
Availability: Data should be adequate and up to date and available so that forecasting techniques can
produce meaningful results.
(vi)
Economy: The forecasting model selected should be economic and dependable.
(vii)
Simplicity: The procedure of the adapted forecasting model should be simple and easy to understand as
most of the statistical and econometric models are complex.
(viii)
Consistency: A model is said to be consistent if there is a strong relationship between the dependent
variable and the independent variables.
doi.org/10.53272/icrrd.v3i3.2
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2.

Methodology applied

a.

Steps for creating a good and effective forecasting
A good forecasting technique is adequate and reliable as it helps in predicting future uncertainties which
helps in better decision making and avoid any uncertain hazards. Four steps involved in creating a good
forecasting(i)

(ii)

(iii)

(iv)

Identify the objective: The objective of the project is to provide a better and accurate forecast
of energy demand for Assam as Assam always suffer from deficit and blackouts due to low
availability of energy. Better and accurate forecast implies better decision making for socioeconomic and sustainable development of Assam. It also provides information regarding future
energy requirements and how to generate it sustainably.
Collection of data related to the objective: Data collection is an important step of any
forecasting process as it gives us information on the variable of interest. Based on the objective,
data’s are collected from different organisations like Assam energy development agency, Assam
electricity board, Statistical handbook of Assam, Ministry of statistics and programme
implementation and journals related to energy demand of Assam.
Select the proper forecasting method: For this project selecting the best and suitable
quantitative forecasting model was challenging because predicting from a wrong model would
result in blackouts and unsustainable development for Assam. So following are the factors
considered for selecting the proper forecasting models:(a) The amount and type of data available play a large role in the type of model that can be
considered.
(b) The greater the accuracy required the higher is the cost of forecasting software and the
system.
(c) The model should be consistent, showing strong relationship with the independent and the
dependent variables.
(d) Reliability and dependability of the models for future decision making.
Interpret the results: The last step is the data interpretation where the predicted results are
reviewed for the purpose of arriving into a conclusion. Based on the acceptance and accuracy
level of the conclusion shows how significant was our data interpretation.

The software chosen for the work is single user Minitab 19 .This software is basically used when the data
set contains linear trend data’s or exponentially increasing or decreasing data’s.
b.

Data set collected
The following data set is the final data set after data preparation and pre-processing. The data are collected
from different sources like Statistical handbook of Assam, Directorate of economics and statistics, Assam
energy development agency and journals related to energy demand of Assam. In the current study only
two variables are used as the other variables are not available in regular periodical basis.
Table 4.1: Selected data set (Source: statistical handbook Assam)

2005-2006

Per capita
requirement of
Energy (Kwh)
150

Per capita income
of Assam at
current prices
18396

2006-2007

159

19737

15.9

2007-2008

158

21290

15.7

2008-2009

170

24099

15.4

2009-2010

168

28383

15.2

2010-2011

180

33087

14.9

2011-2012

188

41142

14.8

2012-2013

205

44599

14.6

2013-2014

231

49734

14.5

2014-2015

279

54618

15.2

2015-2016

237

60952

Period
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Forecasting techniques used in this project
The following are the quantitative forecasting techniques used in this project:Table: 4.2- Traditional forecasting techniques
Sl
No.

Name of the
forecasting
technique

Reason for selecting the technique

1

Multiple Linear
Regression
Analysis

MLR provides better relationship between the dependent and independent
variables.
Generally provide better prediction for exponentially growth data or linear data
sets.
Also it helps in framing better energy policies for sustainable development.

2

ARIMA model

Used when time series have bothy seasonal and non-seasonal patterns.
Here the predictor variable depends on its own lags and the predictors are not
correlated and are independent of each other

3

4

Double
exponential
smoothing
Time series
decomposition

This method is deemed more reliable for analysing data that shows a trend.
Generally used for linear trend data.
It is a statistical method that breaks the time series into several components which
helps in defining the data set.
This method helps in describing the pattern of a data set.
Decomposition helps us to better analyze the data and exploring different ways
to solve the problem.

5

Winter’s model

Suitable for forecasting data with trend and/or seasonality.
This model helps in smoothing a univariate series and employs a level
component, trend component and a seasonal component at each period with
smoothing parameters.

6

4.

Trend analysis
using different
curves

Use different fitted trend equation to describe how the variable of interest
changes over time.

Results and Discussions
5.1: Determination of the attributes
Forecasting of energy depends upon various features. In this analysis, Per capita income of Assam and
natural growth rate of Assam is considered for the prediction of energy demands and the relation
between these features can be seen in the matrix plot as shown in figure 6.1.
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Fig. 5.1- Matrix plot of per capita requirement of energy, per capita income and natural growth rate of
Assam
The plot shows that there is strong relationship between the demand and the chosen attributes namely
per capita income of Assam and natural growth rate of Assam. The plot also shows that as the per capita
income increases the requirement of energy also increases and vice versa. The natural growth rate of
Assam however shows a decrease in the per capita requirement of energy as it increases and vice versa.
5.2: Multiple linear regressions
For the purpose of forecasting the entire dataset is split into 70%training set and 30% test set. This
analysis is used for the determination of the y-variables (per capita energy requirement of Assam) with
respect to X-variables or the independent variables i.e the per capita income of Assam and the natural
growth rate of Assam. Generally the y data is influenced by the independent variables and so the formula
of the multiple linear regression is as
y = a + b1x1 + b2x2
From the calculations the value for the constant a and coefficients b1 and b2 were obtained as 0.471,
0.004310 and 33.50 respectively. Hence the regression equation can be described as shown below

For the dataset that has been used, the predictors which is influencing the performance of the y data is
the per capita income of Assam. This is highlighted using a Pareto chart where the both the predictors i.e
the per capita income of Assam and the Natural growth rate of Assam are taken into consideration and
the bigger bar symbolizes higher significance than the lower bars.
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Fig.5.2.1- Pareto chart showing the influence on Y
Using Minitab for analysis for the MLR method, the following results were obtained:
Table 5.2.1: ANOVA table for regression analysis

From the output it can be observed that the R-sq(pred) is 78.09% which is lesser than the expected value
while the Significant level is 0.001 for the per capita income of Assam and 0.028 for the natural growth
rate of Assam.
Table 5.2.2: R2 summary table

Fig.5.2.2- Residual plots of MLR model
From the residual plot of the Per Capita requirement of Energy it can be observed that the data residue lies on a
linear pattern for the training as well as the testing samples. From this it can be concluded that the data is linearly
correlated.
5.3: ARIMA
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In the estimation of the accuracy of the fitted model, it is observed that the SSE parameters converge after the
11th iteration with a relative difference of 0.001 in each estimation which indicates that the fit of the model is
highly accurate as shown in the table belowTable 5.3.1: Estimation of each iteration

The final estimates of the parameters as calculated can be seen in the table 6.3.2 where the p-value indicates that
the residuals are independent and the model is statistically significant.
Table 5.3.2: Final estimates of parameters

Table 5.3.3: Residual sum of squares

The residual sum of squares indicates that the data points reside with a significant variance with an SS value of
1250.97 as shown in table 6.3.3
The time series plot predicts the trend for per capita energy requirement for the next ten years with three
different probable predictions.
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Fig.5.3.1- Time series plot for per capita requirement of energy
The normal residual plot shows a linear relationship between the residuals and indicates a constant variance with
the residuals distributed on both sides of 0 in the fit plot. The residual vs order plot indicates that the residuals
systematically increase from left to right as the order of observation increases.

Fig.5.3.2- Residual plots of ARIMA model
5.4: Winters with constant smoothing constants
In this analysis, the winters’ method with multiplicative seasonality forecast is applied with the following
mentioned smoothing constants as in the table6.4.1
Table 6.4.1: Smoothing constants for 1st iteration

Table 6.4.2: Accuracy measures

The accuracy measures in this analysis indicate that the MAPE value is 6.502 i.e. the forecast is off by almost
6.5%. The MAD and the MSD values depict that the data points have a moderate variance and a better fit to the
base line.
The winters’ method plot indicates that the model is a good fit with less deviation than the actual plot of the data
points. It is observed that the time plot of the seasonal variation in the data increases as the level of the series
increases.
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Fig. 5.4.1- Predicted plot for Per capita requirement of energy
5.5: Winters model with varying smoothing constants
In this analysis, the winters’ method with multiplicative seasonality forecast is applied with varying smoothing
constants as shown in the table 5.5.1.
Table 5.5.1: Smoothing constants for 2nd iteration

Table 5.5.2: Accuracy measures

The accuracy measures in this analysis indicates that the MAPE value is 6.256 i.e the forecast is off by almost
6.25% and the lower values of MAD and MSD depicts that the data points have a lower variance and a better fit
to the baseline as compared to the winters’ model having the same values of the smoothing constants. It can be
seen in the plot obtained by varying the smoothing constants that the model is a better fit with lesser deviation
than the actual plot of the data points.

Fig. 5.5.1- Prediction plot for Per capita requirement of Energy
5.6: Double Exponential Smoothing
In this analysis, the double exponential smoothing method is used with the following smoothing constants for
level and trend as shown in the table 5.6.1
Table 5.6.1: Smoothing constants

Table 5.6.2: Accuracy measures

The accuracy measures in this analysis indicate that the MAPE value is 3.6194 i.e. the forecast is off by almost
3.6%. The MAD and the MSD values depict that the data points have a low variance and a high fit to the base
line.
doi.org/10.53272/icrrd.v3i3.2
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The double exponential smoothing method plot indicates that the model is highly fit with minimal deviation than
the actual plot of the data points.

Fig. 6.6.1- Predicted plot of double exponential smoothing

5.7: Time series decomposition
In this method the data set is decomposed into several components and then uses them to forecast or predict the
future. The fitted trend equation is found to be as shown below and the seasonal indices as shown in table 5.7.1.

Table 5.7.1: Seasonal indices chart

Table 5.7.2: Accuracy measures

The accuracy measures in this analysis indicate that the MAPE value is 6.564 i.e. the forecast is off by almost
6.56%. The MAD and the MSD values depict that the data points have a moderate variance and a better fit to the
base line.
In the plot, it can be observed that the model is not a good fit since it does not follow the plot of the actual data
points. This indicates that the trend or the seasonal pattern is not consistent.

Fig. 5.7.1- Predicted plot for Per capita requirement of Energy
The component analysis for the per capita requirement of energy indicates the existence of a trend component
and a seasonal component. The plot of the detrended data looks significantly different from the plot of the orignal
data, therefore it can be concluded that a trend component exists. The seasonally adjusted data plot does not
differ from the plot of the original data, therefore it can be concluded that a seasonal component does not exist.
It can be observed that the model is not adequate as the plots of the residuals are not distributed randomly and it
closely follows the pattern of the detrended data plot as shown in fig. 5.7.2.
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Fig. 5.7.2- Component analysis plot of Time series decomposition
5.8: Trend Analysis
A. Linear trend analysis
In this analysis, the linear trend for the per capita requirement of energy is observed using the following trend
equation:

The accuracy measures in this analysis indicate that the MAPE value is 6.547 i.e. the forecast is off by almost
6.54%. The MAD and the MSD values depict that the data points have a moderate variance and a poor fit to
the base line.
Table 5.8.1: Accuracy measures

In the plot, it can be observed that the model is not a good fit since it does not follow the plot of the actual data
points.

Fig. 5.8.1- Linear trend analysis
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Fig. 5.8.2- Residual plots of Linear trend analysis
B. Exponential trend
In this analysis, the exponential trend for the per capita requirement of energy is observed using the following
trend equation:

The accuracy measures in this analysis indicate that the MAPE value is 5.256 i.e. the forecast is off by almost
5.256%. The MAD and the MSD values depict that the data points have a lower variance and a good fit to the
base line.
Table 5.8.2: Accuracy measures

In the plot, it can be observed that the model is a good fit since it follows the plot of the actual data points. The
exponential trend indicates a better fit than the linear trend.

Fig. 5.8.3- Exponential trend analysis plot
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Fig. 5.8.4- Residual plots of Exponential trend analysis
C. Quadratic trend
In this analysis, the quadratic trend for the per capita requirement of energy is observed using the following
trend equation:

The accuracy measures in this analysis indicate that the MAPE value is 3.4199 i.e. the forecast is off by almost
3.42%. The MAD and the MSD values depict that the data points have slight variance and a high fit to the base
line.
Table 5.8.3: Accuracy measures

In the plot, it can be observed that the model is a good fit since it closely follows the plot of the actual data points.
The quadratic trend indicates the best fit in comparison to the exponential trend and the linear trend.

Fig. 5.8.5- Quadratic trend analysis plot
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Fig. 5.8.6- Residual plot of Quadratic trend analysis

5.9 Comparison of the forecasted models for the year 2015-2016 to 2024-2025:After the forecasting analysis of all the models based on the historical data it has been observed that the some
models were found to be effective 10 year range forecast whereas some shows high MSE, MAPE and MAD. All
the predicted per capita energy requirement of Assam for the period of next 10 years are compared with the
forecasting models as shown in table 5.9.1. Further the forecasted data are compared with the actual energy
consumption data of Assam for the year 2015-2016 and 2018-2019 as shown in table 5.9.2. The amount of
accuracy is measured by the percentage of error based on the predicted data and actual data.
% error = (Predicted value – Actual value)/Actual value x 100
Table 5.9.1: Comparison of forecasting models for predicted Per capita requirement of energy of Assam
Year
Forecasting
methods
Multiple
linear
regression
ARIMA
model
Winter's
model with
constant
smoothing
constants
Winter's
model with
varying
smoothing
constant
Double
exponential
smoothing
Time series
decompositio
n
Linear trend
analysis
Exponential
trend analysis
Quadratic
trend analysis

20152016

20162017

20172018

20182019

20192020

20202021

20212022

20222023

20232024

20242025

625.807
8

618.187
5

618.180
9

620.237
7

632.001
7

642.22
6

673.59
3

681.792
7

700.574
5

745.074
6

323.02

363.673

401.476

436.867

470.217

501.84

532.00
1

560.926

588.804

615.797

232.368

251.724

274.366

261.995

282.511

306.60
8

291.62
3

313.298

338.85

321.251

244.515

269.712

300.305

292.476

319.369

352.39
8

340.43
8

369.027

404.491

388.399

332.122

401.478

470.834

540.19

609.546

678.90
2

748.25
8

817.614

886.97

253.024

261.567

282.512

288.546

296.647

318.78

324.06
8

331.727

355.047

359.591

254.333

266.248

278.164

290.079

301.994

337.739

349.655

361.57

257.723

273.615

290.486

308.398

327.414

391.792

415.951

441.599

298.083

333.862

373.618

417.352

465.062

632.058

695.677

763.274

313.90
9
347.60
3
516.75

325.82
4
369.03
7
572.41
5

Table 6.9.2: Measurement of accuracy for all the models based on actual data of Assam for the Year 2015-2016
and 2018-2019
Forecasting methods
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2015-2016
322.2
322.2

2018-2019
341
341

2015-2016
625.80776
323.02

2018-2019
620.23769
436.867

2015-2016
94.22959652
0.25450031

2018-2019
81.88789
28.11349

322.2

341

232.368

261.995

-27.88081937

-23.1686

322.2

341

244.515

292.476

-24.11080074

-14.2299

322.2

341

332.122

540.19

3.079453755

58.41349

Time series decomposition

322.2

341

253.024

288.546

-21.46989448

-15.3824

Linear trend analysis

322.2

341

254.333

290.079

-21.06362508

-14.9328

Exponential trend analysis

322.2

341

257.723

308.398

-20.01148355

-9.5607

Quadratic trend analysis

322.2

341

298.083

417.352

-7.485102421

22.39062

Multiple linear regression
ARIMA model
Winter's model with constant
smoothing constants
Winter's model with varying
smoothing constant
Double exponential smoothing

From the Table 5.9.2 it has been observed that for short term forecast i.e. 2015-2016 ARIMA, Quadratic trend
analysis and Double exponential smoothing showed better prediction with percentage of error ranging from 0.25%
to 7.5% based on the selected data set and for medium term forecast i.e. 2018-2019 Winter’s model with varying
constants, Time series decomposition, linear trend analysis and exponential trend analysis showed better
prediction with percentage of error ranging from 9.5% to 15.38% based on the selected data set. Whereas MLR
showed worst prediction power with a percentage error of 94% but winter’s model, Time series decomposition,
linear trend, exponential trend and quadratic trend analysis showed almost constant accuracy for both short term
and medium term forecast.

5.

Conclusions

Assam being the economic hub of North East India, prediction of energy demand became a useful task.
Forecasting of energy demand helps in effective implementation of energy policies. Therefore it is necessary to
select the best methods for predicting the future energy demand of Assam. In this paper prediction of Per capita
energy requirement of Assam is predicted based on the previous data with the help of traditional forecasting
methods. The regression matrix plot showed that there is a strong influence of the attributes namely per capita
income of Assam and natural growth rate of Assam with the demand i.e. Per capita energy requirement of Assam.
Different statistical methods like MLR, ARIMA, Winter’s model, Double exponential smoothing, trend analysis
and time series decomposition are used to predict the future per capita energy requirement of Assam. The accuracy
of the models is calculated by comparing the actual per capita energy consumption with the predicted values of
per capita energy requirement of Assam. It has been observed that for short term forecast ARIMA, Quadratic
trend analysis and Double exponential smoothing showed better prediction based on the selected data set i.e.
0.25450031%, 7.485102421% and 3.079453755% respectively. For medium term forecast winter’s model with
varying constants, Time series decomposition, linear trend analysis and exponential trend analysis showed better
prediction based on the selected data set i.e. 14.2299%, 15.3824%, 14.9328% and 9.5607% respectively.
Therefore from the comparative analysis of the predicted and actual data it can be concluded that the traditional
statistical methods used showed effective prediction power both for short term and medium term forecast. But
with the use of more variable attributes and long range historical data will provide better result in the forecasting
of energy demand of Assam.
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