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Abstract
Objectives: The main objective of this study is to develop a best model that will forecast the electricity rates of distribution 
utilities in Luzon. Methods/Statistical Analysis: The secondary data of price, demand and supply of electricity of 
distribution utilities per region in Luzon from January 2015 to March 2017 that was used in the study were gathered 
from MERALCO that were obtained from the official website of Wholesale Electricity Spot Market (WESM). The data were 
analysed by the use of statistical software such as EViews7 and MATLAB. Findings: The data were analyzed by the use of 
statistical software such as EViews7 and MATLAB. The models used for forecasting the participants’ electric demand is 
ARIMA (1, 1, 1) for CAR, Region 1, Region 2, Region 3, Region 4B and Region 5. The models for forecasting the supply of 
electricity are: ARIMA (2, 1, 2) for CAR, ARIMA (3, 1, 1) for NCR and Region 1, ARIMA (3, 1, 2) for Region 2, ARIMA (1, 1, 1) 
for Region 3 and ARIMA (2, 1, 1) for Region 4A and Region 5. The forecasted demand of electricity of distribution utilities 
in every region for years 2017-2019 will continue to increase. The forecasted electric supply of distribution utilities in 
every region for years 2017-2019 will go through an increase and decrease from time to time but still trending upwards. 
Additionally, it was also shown that there were no significant differences between the actual and forecasted values. 
Application/Improvements: Using the model electricity demand and supply rates of distribution utilities in Luzon were 
forecasted for the next two years.

1. Introduction
Electricity is one of the most important goods for our 
society. Forecasting electricity prices at different time 
frames is very important for all industry stakeholders 
for cash flow analysis, capital budgeting and financial 
procurement as well as regulatory rule-making and inte-
grated resource planning, among others1.

The most important outcome of an electricity market 
is the formation of a price at which all power is traded, at 
least on a daily basis, by way of the so-called SPOT mar-

ket. The daily (spot) electricity markets serves as a mar-
ketplace of last resort for generator and demands to trade 
their remaining available not-contracted power.

The Wholesale Electricity Spot Market (WESM) pro-
vided a platform that allowed the sale and purchase of 
electricity supplies every day for every given hour2. The 
WESM matches bids and offers, enabling electricity sup-
ply and demand to be met at any given hour. 

Based on the needs of the energy market, a variety of 
approaches for electricity price, supply and demand fore-
casting have been proposed in the last decades, among 
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them, models based on simulation of power system 
equipment and related cost information3 game-theory 
based models which focus on the impact of bidder stra-
tegic behavior on electricity prices4, models based on 
stochastic modeling of finance5, regression models6 and 
artificial intelligence models7.

This research aims to determine an appropriate 
ARIMA model used to forecast the daily electric demand 
and supply of distribution utilities per region in Luzon. 
Specifically, this study sought an answer for the following 
questions:

• What has been the behaviour of the electricity in 
Luzon, based on the daily demand and supply of 
distribution utilities per region for January 2015 
to March 2017?

• What is the most appropriate model for forecast-
ing the electricity rates of distribution utilities 
per region in Luzon for years 2017 to 2019?

• What is the forecasted value of daily electric 
demand and supply of distribution utilities per 
region in Luzon? 

• Is there a significant difference between the 
actual value and forecasted value?

2. Methods
This section presents the methods used by the researchers 
in conducting the study. It includes the statistical treat-
ments applied in order to come up with the expected out-
puts.

Box-Jenkins Methodology is technically known as the 
ARIMA methodology. This forecasting procedure was 
developed by two statisticians, George Edward Peiham 
and Gwilyn Merion Jenkins. This methodology involves 
the following stages (Gujarati, 2008):

• Identification – Assess whether the time series 
is stationary and if not, how many differences 
are required to make it stationary. Identify the 
parameters of the ARMA model.

• Estimation – Estimation involves using numeri-
cal methods to minimize a loss or error term. 
After the appropriate p and q values were identi-
fied, the parameters of autoregressive and mov-
ing average terms included in the model were 
estimated using EViews7 through least squares.

• Diagnostic Checking – The idea of diagnostic 
checking is to look for evidence that the model 
is not a good fit for the data. To determine if the 
estimated model is statistically adequate, the 
residuals of the chosen model were tested if they 
are white noise. White noise residuals are char-
acterized by: Zero mean and constant variance; 
(normally distributed; and independent. 

A test of stationarity (or non-stationarity) that has 
become widely popular over the past several years is the 
unit root test. The researchers used Augmented Dickey-
Fuller test statistics. The Augmented Dickey-Fuller test is 
an improved Dickey-Fuller test, derived from the regres-
sion model.

Augmented-Dickey Fuller (2013) test is used to deter-
mine whether a unit root, a feature that can cause issues in 
statistical inference, is present in an autoregressive model. 
It is the simplest approach to test for a unit root. Given an 
observed time series Y1, Y2 … Yn, Dickey and Fuller con-
sider a differential-form autoregressive equation to detect 
the presence of a unit root:
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t is the time index, α is an intercept constant, β is the 
coefficient on a time trend, γ is the coefficient present-
ing process root, p is the lag order of the first-differences 
autoregressive process and et is an independent identi-
cally distributes residual term.

Correlogram is also called as Autocorrelation 
Function or Serial Correlation Function. It is a graph, at 
the same time, a statistical procedure for the analysis of 
time series data and to test for the presence of cyclic phe-
nomena (Li, 2012). ACF is written as:
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Where rk is the autocorrelation coefficient, t is the obser-
vations, and ȳ is the mean.

For time series x(t), t = 0, 1, 2, . . . the auto-covariance 
at lag k is defined as:

y Cov x x E x xk t t k t t k= = − ++ +( , ) ( )(µ µ  (3)
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The autocorrelation coefficient at lag k is defined as:

0y
yk

k =ρ  (4)

Since both covariance and variance are measured in the 
same units of measurement,  is a unit less or pure number. 
It lies between -1 and +1, as any correlation coefficient 
does. The partial autocorrelation function PACF is used 
to measure in the correlation between an observation k 
period ago and the current observation, after controlling 
for observations at intermediate lags.

The ARIMA procedure analyzes and forecasts equally 
spaced univariate time series data, transfer function data 
and intervention data using the Autoregressive Integrated 
Moving-Average (ARIMA). An ARIMA model predicts 
a value in a response time series as a linear combination 
of its own past values, past errors and current and past 
values of other time series. In terms of y, the general fore-
casting equation is:

1111ˆ −− −+= ttt eyy θφµ  (5)

Where ŷ is the forecasted values of the dependent variable, 
t is the time index, µ is the intercept, ϕ is the Autoregressive 
(AR) operator and θ is the Moving Average (MA) opera-
tor (Nau, 2015).

A paired t-test (2004) is used to compare two popula-
tion means where you have two samples in which obser-
vations in one sample can be paired with observations in 
the other sample. It is written as:

n

yt
σ
µ−

=
 (6)

Where ȳ is the mean, µ is the hypothesized difference, σ is 
the standard deviation, and n is the sample size.

3. Results and Discussions
This chapter presents the descriptive analysis for the daily 
electric demand and supply of distribution utilities per 
region in Luzon from January 2015 - March 2017. Using 
this data, a forecasting model for each region was built 
using ARIMA. The models were used to fore-cast the 
daily electricity rates of distribution utilities per region in 
Luzon for years 2017-2019.

The graph of electricity demand per region in Luzon 
shows a stabilized trend throughout the whole two years 
with minimal fluctuations. It can be seen that there are 
sudden peaks in the demand of each region, mainly cause 
by the temperature rise and El Nino which occurred in 
2015.

Figure 1. Electricity demand in CAR.

Figure 2. Electricity demand in Region 1.

Figure 3. Electricity demand in Region 2.

Figure 4. Electricity demand in Region 3.

www.indjst.org


Indian Journal of Science and TechnologyVol 11 (20) | May 2018 | www.indjst.org 4

Daily Prediction of Electricity Rates of Distribution Utilities in Luzon

Figure 5. Electricity demand in Region 4B.

Figure 6. Electricity demand in Region 5.

Figures 1 and 2 showed a stabilized demand of electric-
ity in CAR and Region 1. From the graph of Region 2 as 
shown in Figure 3, the demand of electricity is low in 2015 
and it suddenly rises in 2016 due to modernization of the 
region. From Regions 3, 4 to 5 as shown in Figures 4, 5 and 
6, they revealed that the demand drops to almost zero dur-
ing every late quarter 4. This is because of several calami-
ties that made the distributor shut down for a few days.

Figure 7. Electricity supply in CAR.

Figure 8. Electricity supply in Region 1.

Figure 9. Electricity supply in Region 2.

Figure 10. Electricity supply in Region 3.

Figure 11. Electricity supply in Region 4A.

Figure 12. Electricity supply in NCR.

Figure 13. Electricity supply in Region 5.
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Figures 7 to 13 show the electricity supply in Luzon 
revealing a stabilized trend per region. The fluctuations 
are caused by the seasonal changes in the Philippines that 
affects as well as the demand for electricity especially dur-
ing cold months. For Region 4A as shown in Figure 11, 
the supply goes higher at the end of 2016 since there were 
newly-constructed power plants.

To find the best model for the electric demand and 
supply, the data series needs to be stationary. Using unit 
root test, it was shown that the data series were stationary 
at first difference. The correlogram shows lags with sig-
nificant spikes. These lags are used for formulating pos-
sible combinations of AR and MA terms to be used for the 
ARIMA model. The one with the lowest value of errors 
among the candidate models will be the best model for 
the time series.

Table 1. Models for electricity demand
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CAR 1,1,1 0.99 5.12 3.11 9.69 1.28e-4 1.02e-6
1 1,1,1 0.99 5.55 3.87 14.96 1.45e-4 9.48e-6
2 1,1,1 0.99 5.29 3.39 11.50 3.74e-4 2.17e-6
3 1,1,1 0.99 5.19 3.22 10.38 1.4 e-4 1.04-6
4B 1,1,1 0.99 5.02 2.96 8.77 4.15e-4 2.43-6
5 1,1,1 0.99 3.91 1.70 2.89 1.86e-4 1.23e-6

Table 1 shows the best model for the electricity demands 
per region in Luzon is ARIMA (1, 1, 1,) with one AR 
term, differenced once and one MA term.

Table 2. Models for electricity supply
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CAR 2,1,2 0.99 8.16 14.25 203.04 1.93e-3 4.5e-6
1 3,1,1 0.99 11.55 77.61 6023.02 2.54e-3 1.4e-6
2 3,1,2 0.99 10.91 56.32 3171.84 2.42e-3 1.2e-6
3 1,1,1 0.99 10.89 55.76 3109.45 1.64e-3 1.0e-6
4A 2,1,1 0.99 11.41 72.48 5253.62 1.41e-3 9.3e-7
5 2,1,1 0.99 11.13 63.04 3974.47 1.19e-3 7.9e-7
NCR 3,1,1 0.99 8.66 18.23 332.17 6.92e-3 5.8e-6

Table 2 shows the best model for ARIMA model for the 
electricity supply per region in Luzon. CAR electricity 
demand was modeled ARIMA (2, 1, 2) with two AR term, 
differenced once and 2 MA term. Region 1 and NCR both 
have modeled ARIMA (3, 1, 1) with three AR term, differ-
ence once and one MA term. Also, region 2 was modeled 
ARIMA (3, 1, 2) with three AR term, differenced once 
and two MA term. Moreover, region 4A and 5 were mod-
eled ARIMA (2, 1, 1) with two AR term, differenced once 
and one MA term.

The following graphs show the electric demand of dis-
tribution utilities per region in Luzon and its forecasted 
values for the next two years. The gray line was the actual 
values and the red line was the forecasted values.

Figure 14. Forecast in electricity demand in CAR.

Figure 15. Forecast in electricity demand in Region 1.

Figure 16. Forecast in electricity demand in Region 2.
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Figure 17. Forecast in electricity demand in Region 3.

Figure 18. Forecast in electricity demand in Region 4B.

Figure 19. Forecast in electricity demand in Region 5.

According to the forecasts from Figures 14 to 19, all 
distribution utilities in Luzon will have an increase for 
electric demand. The expanding of population and mod-
ernization can be the cause of the continuous increase in 
the demand of electricity in Luzon.

Figure 20. Forecast in electricity supply in CAR.

Figure 21. Forecast in electricity supply in Region 1.

Figure 22. Forecast in electricity supply in Region 2.

Figure 23. Forecast in electricity supply in Region 3.

Figure 24. Forecast in electricity supply in Region 4A.
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Figure 25. Forecast in electricity supply in Region 5.

Figure 26. Forecast in electricity supply in NCR.

Figures 20 to 26 show the forecasted electricity supply for 
each region in Luzon. It can be seen that electricity supply 
from this region is gradually increasing. However, fore-
casted electricity supply to CAR, Region 5 and NCR as 
shown in Figures 20, 25 and 26 respectively, seems to be 
stationary.

Using the paired t-test, the researchers can determine 
if there is a significant difference between the actual val-
ues and forecasted values of the daily electric demand and 
supply of distribution utilities of each region in Luzon.

Table 3. Paired T-test for electricity demand
Region T-statistic Decision Interpretation
CAR 0.8655 Accept Ho Not Significant
1 0.8565 Accept Ho Not Significant
2 0.8055 Accept Ho Not Significant
3 0.7010 Accept Ho Not Significant
4 0.9943 Accept Ho Not Significant
5 0.9012 Accept Ho Not Significant

Table 3 shows the significant difference between the actual 
electricity demand and forecasted electricity demand. 
With a level of significance of 0.01, it was found out 
that there is no significant difference between the actual 
and forecasted values of electricity demand in CAR and 
Regions 1 to 5.

Table 4. Paired T-test for electricity supply
Region T-statistic Decision Interpretation
CAR 0.8761 Accept Ho Not Significant
NCR 0.9477 Accept Ho Not Significant
1 0.8624 Accept Ho Not Significant
2 0.8345 Accept Ho Not Significant
3 0.9125 Accept Ho Not Significant
4 0.9556 Accept Ho Not Significant
5 0.9361 Accept Ho Not Significant

Table 4 shows the significant difference between the 
actual electricity supply and forecasted electricity supply. 
With a level of significance of 0.01, it was found out that 
there is no significant difference between the actual and 
forecasted values of electricity supply in CAR, NCR and 
Regions 1 to 5.

4. Conclusions
This study aims to find the best ARIMA model to fore-
cast the electric demand and supply of different distribu-
tion utilities in each region of Luzon for years 2017-2019. 
After analyzing the data series, the following ARIMA 
models were made: ARIMA (1, 1, 1) for electric demand 
of CAR, Region 1, Region 2, Region 3, Region 4B and 
Region 5 and for electric supply, ARIMA (2,1,2) for CAR, 
ARIMA (3, 1, 1) for NCR and Region 1, ARIMA (3, 1, 2) 
for Region 2, ARIMA (1, 1, 1) for Region 3 and ARIMA 
(2, 1, 1) for Region 4A and Region 5. The forecasted 
demand of electricity of distribution utilities in every 
region for years 2017 to 2019 will continue to increase. 
The forecasted electric supply of distribution utilities in 
every region for years 2017 to 2019 will go through an 
increase and decrease from time to time but still trend 
upwards. It is also being shown that there is no significant 
difference between the actual and forecasted values.
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