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Abstract— Electricity Generation and Forecasting is prerequisite

to enhance industrialization, farming and residential
requirement of one’s nation. It has great impact on both nation’s
economy and standard of living that can be achieved through
new forecasting techniques, enhanced electricity generation
methodologies and better electricity conservation techniques.
Most of the countries are allocating significant amount for
power generation and forecasting from nation’s annual budgets.
Much research work has been carried out to analyze and propose
innovative methodologies for efficient electricity generation and
forecasting. In our approach, Grey Model (1, 1) based on grey
system has been used for forecasting results. Performance of the
proposed technique has been compared with existing Auto
regressive moving average forecasting model. Annual power
generation and forecasting data in Sri Lanka were used as our
case study. Unexpected power demands with non-systematic
behaviour patterns motivate to use GM (1, 1) models. MAPE
(Mean absolute percentage error), MSD (Mean absolute
deviation) and MSE (Mean squared error) accuracy testing result
shows that GM (1, 1) is outperformed compared with model
fitting and model forecasting.
Keywords— Grey Models, Auto Regressive Moving Average,

Model accuracy, Electricity Demands
I.

INTRODUCTION

Electricity forecasting plays a crucial role to enhance one’s
national economic growth. It has direct impact on both
individual’s standard of living and industrial enhancements.
With advanced technology and automated comfort life,
requirement of electricity demand has been growing rapidly.
Efficient energy consumption with innovative generation
techniques, transition and distribution methodologies will
enhance industrialization in a specific era with tardiest electric
utilities. Empathise the future requirement of electricity
demand is at most important for better electricity conservation
that enhances future energy system of one’s nation. Forecasting
demand plays major role in management studies.
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II.

RELATED WORK

Various research works has been carried out by numerous
researchers from different countries and come up with many
proposed electricity demand forecasting results. Different type
of quantitative techniques such as Modified Yang’s model of
Granger- causality test, Box-Jenkins models, Unit root test for
co integration, econometric models with regressions and robust
statistical models has been wildly used.
In 2012, Ping Zhang and co-workers used fuzzy logic
approach to predict energy demands in residual sector with
proposed experimental results in [1]. This approach has been
practically implemented in China’s real energy consumption
data. With 20 years of past data, Zaid Mohamed formulated
Box- Jenkins ARIMA forecasting model to estimate the
electricity consumption demands in New Zealand [2]. Saab and
Badr used autoregressive, ARIMA and high pass filters with
novel configuration methods for formulating univariate–
modelling techniques to evaluated monthly electricity
consumption in Lebanon [3]. Hung proposed scrotal energy
consumption along with prices in UK using co-integration
procedures for 1970 to 1988[4]. Based to collected records,
analysis can be classified into two categories namely causal and
time series models.
In mid 1980’s, Grey modelling methods had been
successfully applied to solve time series problems by Prof.
Deng Julong [5]. This novel concept has become a very
effective approach to solve incomplete, poor and uncertain data.
Many Grey forecasting models have been developed rapidly
and successfully applied to multidisciplinary systems such as;
financial, economic, energy consumption, military, geological
and agricultural systems[6]. In our approach, main focus is on
electricity demand forecasting problem. In 2011, Li and Liao
proposed GAGM (1, 1) cosine model with rolling mechanism
to predict the china’s oil energy consumption [7]. Experimental
results show that proposed approach is better than current
techniques. Zhou and team formulated novel GM (1, 1) model
with trigonometric residual modification forecasting method
[8]. Three statistical measures namely MAD, MSE and MAPE
were used to analyse and evaluate prediction accuracy. Kumar
and Jain used Grey Markov model with rolling mechanism to
develop new grey model for forecasting Crude-petroleum, coal,
electricity and natural gas consumption in India [9]. In 2010,
Wang and Yang has done case study to find electricity
consumption of Jiangsu province, chin [10]. Dynamic GM (1,
1) model based on cubic spline model is used for evaluation
results. In 2010, Liu and team developed neural network based
GM model to solve energy consumption problem in certain
provinces of china [10]. Yao and Ku exposed a new way for

grey modelling. GM (1,1) model based on new automated and
monitoring control system has been proposed in Taiwan[11].
Proposed algorithm mainly focused on short – term electricity
power demands. Grey system theory with dynamical GM (1, 1)
model has been applied for the first time to analyse electricity
consumption in Sri Lanka. Estimated results were compared
with ARMA model and realized from GSISL and ITSM
statistical packagers.
The rest of the paper is organized as follows: Section II
explains about brief overview of Grey model methodologies.
Sections III analyse and compare Sri Lankan electricity
consumption results and section IV end up with conclusion and
future work.
A)

overview of grey models Accumulation and Test of Row
Series: GM (1, 1) Model

Grey system theory (GST) was pioneered by Prof. Deng
Julong in [12] 1982. According to the explanation, first order
one variable grey model (GM (1, 1)) plays a significant role in
data analysing with relatively less data. This model has only
time- varying coefficients.
X（0）  {x（0）
（1），x（0）
（2）， 。。。， x（0）
（n）| n  4 }

Assume that X (0) is an original non- negative row data
series, where the subscript (0) represent the original series. The
GM (1, 1) modelling algorithm goes through the following
steps.

Accumulated generating operation (AGO) series is given by;
X（1）  {x（1）
（1），x（1）
（2）， 。。。， x（1）
（n）
}

（1）

Where；
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Establish the first order differential equation for GM (1, 1);
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Step IV
Establish the whitened first – order differential equation for
predict the future values.
dx(1)
ａx(1) ｕ
dt
Where；
x（1）(1)  x（0）( 1)
is a initial condition.
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Step VI
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Substitute AGO (IAGO), x（0）
step V. The prediction values can be obtained as follows.
（7）
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Step II

（0）

Where Yn  BU

The AGO Grey prediction can be obtain;

Step I

（1）

Estimating the developing coefficient ‘a’ and grey input ‘b’ can
be calculated by using Least Square Method (LST). System can
be written as an augmented matrix.
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Residual error can be test using following formula;
（ｉ）
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Where x（ｉ）

（k）is estimated value.

（4）
B)

Accumulation and Test of Row Series: ARMA model

Step III
Autoregressive moving average (ARMA) models often used
for discuss the behaviours in stationary data patterns. ARMA
model generally written as ARMA (p, q), where p and q
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represent the order of auto regressive process (MA (q)) and
moving average process (AR (p)) respectively [7, 14].
The moving average process can be written as;
Ｘ＝ｚ＋
ｚ
ｚ
ｚ
ｔ
ｔ １
ｔ－１＋２
ｔ－２＋。。。＋ｑ
ｔ－ｑ

（8）

Where ｚ～ＷＮ（０，
 ） and １，２，。。。，ｎ are
ｔ
constants.
２

The auto regressive process can be written as;
（9）
Ｘ＝
ｘ
ｘ
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ｔ
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Considering properties of AR and MA processes, ARMA (p,q)
can be written as;
（10
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A)

Accuracy Tasting

Time series forecasting can be comprehensively considered
as a method or technique for predicting future aspects of many
operations. Numerous methods have been carried out by many
research works to accomplish their goals. In our study, Mean
absolute deviation (MAD), mean absolute percentage error
(MAPE) and mean square error (MSE) were used to compare
the prediction accuracy of our approach models[8,11,14]. The
accuracy models are define as follows；

GM (1,1) Model
According to GM (1,1) algorithm, the resulting equation can be
written as follows.
ａ = -0.05972
ｕ = 4.940408
ｘ（０）
（１）= 4.86

The white response of GM (1,1) can be written as;
（１）

ｘ
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(k  1)  87.542 e
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(14)

Where; k=1,2,…,n
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Prediction and Analysis of Sri Lankan Electricity
Demand

GM (1,1) and ARMA (1,1) forecasting models were used for
annual power generation in Sri Lanka.

The likelihood estimation method is used for identification and
estimation patterns.
C)

electricity played major role in power generating industry.
According to World Bank records, before 1990 at least 90% of
the grid electrical energy requirements were produced by hydro
plants [15, 19]. Unfortunately, hydropower generation had been
going downward because of various types of logistic and
maintenance problems. Based on above pullback, electricity
generation of country has been transitioned to mixed hydrothermal from 1998 to 2012[20]. Hence new oil power stations
and 300MW coal power plant in west coast has introduced from
Chinese Government funds [21, 22, 23, 24]. This uncertainty
thermal generation have been making huge financial crisis for
CEB today[26]. Based on tedious and several other reasons, the
problem of electricity demand of Sri Lanka has attracted too
many current researchers. In our work, annual power demand
data from 1999 to 2011 has been investigated. Intended annual
data were obtained from World Bank annual reports [15, 25, 27,
28]. The observations were made from 1999 -2010 which is used
for model fitting and 2011-2015 reserved ex- post testing.

TABLE.1.PREDICTION ANALYSIS RESULTS FOR SRI LANKAN ELECTRICITY
DEMAND

（12）

２


１
ＭＳＥ＝ ｙ
（ｋ）
－ｙ（ｋ）
（13）
ｎ

Where; ｙ（ｋ） and ｙ（ｋ） represent observed and forecast Values
respectively.
III. CASE STUDY : SRILANKAN ELECTRICITY DEMAN AND
CONSUMPTION
Demand of electricity exceeds its supply which is called
epileptic problem facing by most of the developing countries
including Sri Lanka. Average rate of electricity demand for Sri
Lanka has gone to 6.7% over last twenty five years. According
to the records, so many modifications have been done in Sri
Lankan energy production from last decade. Before 1990, Hydro
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ARMA (1, 1) Model
For this comparison study, we formulated ARMA model for
estimated future results. According to the AR (1,1) model, the
resulting mod el can be written as follows.
X (t+1) =0.9393 X(t)+ Z(t+1)

t= 1,2,…n.

(15)

Table shows the forecasted values as well as the relative errors

ARMA(1,1) Model
According to the AR (1,1) model, the resulting model can be
written as follows.
X(t) = .9078 X(t-1) + Z(t) ; t= 1,2,…n.
(16)
Table 2 shows the results of above mention two models and
their relative errors.

Figure.1. Comparison results of electricity Production

B)

Prediction and Analysis of Sri Lankan Electricity
Consumption

The discrepancy between the amount of electricity generated
and the amount consumed is accounted as loss in transmission
and distribution. GM (1,1) and ARMA (1,1) models were used
to compare the past 10 years electricity consumption in Sri
Lanka.
GM (1,1) Model
According to the GM (1,1) algorithm, the resulting equation
can be write as follows.
ａ = -0.054094

Figure.2. Comparison results of electricity Consumption

C)

Comparative Analysis of Forecasting Error

ｕ = 4.675964

ｘ（０）
（１）= 4.72
The white response of GM(1,1) can be written as;
（１）

ｘ

0.054094 k
(k  1)  91.164 e
 86.4414

(15)

Where k=1,2,….,n

The current study has particularly used GM (1, 1) and
ARMA (1, 1) models for forecasting electricity demand and
consumption data in Sri Lanka. Moreover, accuracy of the
models were compared using MAD, MSE and MAPE
techniques. The comparison results of the corresponding models
show in Table 4.
TABLE.3. COMPARATIVE ANALYSIS OF FORECASTING ERROR

TABLE.2.PREDICTION ANALYSIS RESULTS FOR SRI LANKAN ELECTRICITY
CONSUMPTION

International Journal of Business, Economics and Managment Works

Vol. 1, Issue 1, PP. 6-11, Nov. 2014

[3]

According to the table, accuracy of MAPE is slightly larger
than MAD and MSE models. Based on the above comparisons,
one can conclude that GM (1, 1) is better than the ARMA model.

[4]
[5]

CONCULSION

Figure 3 demonstrates the forecasting data of Sri Lankan’s
annual electricity production (Kilovolts hours) and annual
electricity consumption from 1998 to 2015. Results are
estimated through GM (1, 1) model. Before 1995, Power sector
of Sri Lanka was heavily depending on the hydro power.
Because of some unexpected reasons, most of the things have
changed after mid 1990. According to the Figure.3, electricity
production and consumption curves have parallel trend up to
2008. However, after 2008 consumption rate has been increased
rapidly compared with production rate. When this is the case
until 2015, definitely it will make electric distortions in the
future. Hence, government should intervene and alternative
energy sources must be introduced and implemented for national
power grid early as possible.

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

Figure.3. Future demands and consumption

Currently, CEB has already taken some necessary actions to
minimize power consumption. They have planned to expand coil
fire, fuel – oil and diesel fired thermal power generations in the
next decade. However, dependence on these important energy
sources could manipulate Sri Lanka into unsustainable
economical development path. Because of the tropical
temperatures and the islands location, Sri Lanka blessed with
several forms of natural and renewable energy source such as
wind, solar and biomass energy sources. When we can give
much attention for available resources, it is beneficial not only
for Sri Lankan economy but also nature.
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