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 This study aimed to analyze the characteristics of the monthly electricity 

consumption (in kWh) of Digos City and municipalities of Davao del Sur, generate a 

five-year forecast (2011 – 2015)  and evaluate the implications and effects of the 

forecast data for Davao del Sur Electric Cooperative (DASURECO), local government 

and the economic activities of the province of Davao del Sur. There were two identified 

possible models that can be used for forecasting, namely, ARIMA(0,1,1) x 

ARIMA(0,0,2)12 and ARIMA(0,1,1) x ARIMA(0,1,1)12. Both models include seasonal 

terms. But only ARIMA(0,1,1) x ARIMA(0,1,1)12 showed a better comparison between 

actual and forecast data. Hence, this was the final model used in generating five-year 

forecast of energy consumption of Davao del Sur, where the parameters MA(1) = 

0.4639 and SMA(12) = 0.8479 are significant under the rule of t-statistics and p-value 

and also follows the invertibility condition of Box-Jenkins model evaluation. Result of 

five years of forecast from January 2011 to December 2015 showed a continuous 

upward trend of total energy (kWh) consumption with repeated pattern compared to 

previous months of previous years. There is an average rate of increase of 3.32% every 

year from 2011 to 2015 with a very high growth of 17.69% comparing 2015 from 2010. 

Also at the year 2015, a tremendous increase of 117.65% compared to the year 2000 

will occur. It only means that the power consumption of Digos City and municipalities of 

Davao del Sur will double in 2015 or equivalently 181,684,132 kWh. Moreover, 

DASURECO is currently above 120% of the contracted energy. Therefore, DASURECO 

needs an estimated at least 2MW power generation plant as early as 2013 and another 

3MW in 2015 that can supply power to them. 
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CHAPTER I 

INTRODUCTION 

 

 In Mindanao region of the Philippines, the main source of electricity is the 

hydropower generated by the National Power Corporation (NPC) through the inflows of 

water from Lake Lanao’s Agus River in Iligan City and Pulangi River in Bukidnon. For 20 

years, hydropower comprises at least 90 percent of power source in the region. 

However, that percentage is depleting almost every year due to many reasons. One is 

the reducing capacity of the generators of NPC due to damages that need repairs and 

replacement but not acted upon. Second, the increasing demand of electricity which 

resulted to sourcing other form of power generation such as diesel-fed and coal-fed 

power plants because the NPC did not build new hydro plants. Lastly, another big factor 

is the climate change. The weather condition alters every year where most of the times 

it is abnormal like the global warming that is currently happening. El Niño that brings 

droughts is one of the effects of this phenomenon. This could hardly affect the economic 

and agriculture conditions of specific regions. In fact, from last quarter of 2009 up to 

second quarter of 2010, the whole Mindanao has experienced a power crisis due to El 

Niño which brought the Lake Lanao and Pulangi River into critical levels that forced the 

NPC to shut down some of its power generators and issued curtailment to power 

distribution utilities – the ones that deliver power to residences, commercial and 

industrial establishments, which then resulted to rotating brownouts in all areas in 

Mindanao region including Digos City and other municipalities of Davao del Sur 

(Sta.Cruz, Matanao, Bansalan, Magsaysay, Hagonoy, Padada, Kiblawan, Sulop, 

Malalag, Sta. Maria, Malita, Jose Abad Santos, Don Marcelino and Sarangani), which 

power is solely distributed by Davao del Sur Electric Cooperative (DASURECO). 

At the height of the crisis in March 2010, out of 1,366 MW peak demand, 

dependable capacity was only logged at 751 MW which means lack of power of about 

615 MW. These were the times of chaos. Davao del Sur and many other provinces, 

cities, and municipalities of Mindanao experienced 8 to 12 hours of power outages 

everyday for a period of 3 to 4 months. More business activities were highly hampered. 

Leaders of different chambers of commerce were continuously appealing to the national 
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government to resolve the problem immediately. But still, many including ordinary 

people were blaming the government officials for not overseeing the situation and not 

making clear solution to the said crisis. As a result, the Department of Energy (DOE) 

was tasked by the high ranking national officials to find immediate solution to the power 

crisis in Mindanao. These were the moments that the NPC were outsourcing alternative 

energy such as generated by diesel/gasoline-fed and coal-fed power plants, which are 

more expensive than the power generated by hydro plants. This is the major reason of 

higher electricity rates for several months, which irritated a lot of consumers; a power 

rate-hike that shocked the public because for many years Mindanao electricity rate is 

much cheaper than Luzon and Visayas regions. 

 Now, any individual living in Mindanao especially in Davao del Sur can ask 

himself these questions, “Due to rapid demand of energy and climate change, does 

power shortage will be continuously being felt by consumers now and for the coming 

years? What is the possibility that the cost of electricity will raise to an amount beyond 

the capability of most people especially the poorest of the poor despite the fact that the 

main source is a renewable energy? Is there any early plan or action by the local and 

national government to prevent another power crisis in the near future that could 

possibly damage the integrity and economy of Davao del Sur, Mindanao and even the 

whole country?” 

 Thus, by looking ahead the situation of the power consumption of Davao del Sur 

region would help a lot. One tool is through mathematical predictions of Davao del Sur’s 

energy requirement for five years from now using the historical data. In the fields of 

mathematics and operations research, predictions could mean forecasting. The term 

forecasting is often thought to apply solely to problems in which we predict the future. It 

is a necessary input to planning, whether in business, or in government. 

 

Significance of the Study 

 The significance of this study is that one can analyze the future status of the 

electricity consumption (in kilowatt-hour or kWh) of Digos City and nearby municipalities 

of Davao del Sur for the next five years. Through this, the local and even national 

government can picture out and evaluate the changes of electricity consumption year by 
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year and even month by month. Furthermore, the energy forecast will also give hints for 

the right action in preparing programs, projects and initiatives on energy conservation 

so that one of the very severe experiences of power crisis on the 1st semester of 2010 

will never repeat again in which more businesses as well as the whole economic 

condition of Davao del Sur were very much affected. It would, likewise, gain attraction to 

local and foreign investors to invest more on energy generation especially if rapid 

growth of electricity requirement will be seen. In effect, it would boost the economy of 

city and municipalities of Davao del Sur because it will stop the worries of different 

businesses that rely much on electricity. Consequently, enough supply of electricity 

means stable and growing businesses which will then create more jobs aside from the 

lower probability of having another power crisis. 

 

Objectives of the Study 

 The main objectives of the study were: (1) to analyze the characteristics of the 

monthly electricity consumption (in kWh) of Davao del Sur; (2) to generate a five-year 

forecast (2011 – 2015) of monthly electricity consumption; and (3) to identify and 

evaluate the implications or effects of the obtained forecast electricity consumption for 

the distribution utility, local government and the economic activities of Digos City and 

municipalities of Davao del Sur. 

  

Scope and Limitation 

 This study focused only on the total monthly historical data of Davao del Sur 

electricity consumption (in kilowatt-hour or kWh) from January 2000 to December 2010 

to be primarily used in forecasting, taken from Davao del Sur Electric Cooperative 

(DASURECO) – the sole distribution utility that delivers power to Digos City and nearby 

municipalities of Davao del Sur. It does not include historical data by group of 

consumers such as residential, commercial and industrial. Moreover, the true process of 

collection of data is beyond the concern of the researcher. 

 

 

 



 

 

 

J .  M a r a n g a / E l e c t r i c i t y  C o n s u m p t i o n 
 

Page 5 

CHAPTER II 

MATERIALS AND METHODS 

 

Analysis of Data  

 The data gathered, i.e. Monthly Energy (kWh) Consumption of Digos City and 

municipalities of Davao del Sur from January 2000 to December 2010, were plotted in 

MINITAB for initial analysis of its characteristics. The autocorrelation function (ACF) was 

graphed also in order to determine further if the series is stationary (mean and variance 

are constant over time) and non-seasonal. 

  

Model Identification and Estimation 

 The autocorrelation function (ACF) and a partial autocorrelation function (PACF) 

of the stationarized and deseasonalized were plotted to identify the possible and 

appropriate models based on Box-Jenkins assumptions. Using MINITAB, the 

coefficients of the parameters and residuals were analyzed to come up possible 

model(s) that will fit the original data. Consequently, the identified models were 

examined if all the parameters are significant using the assumptions of the t-statistics 

and p-value.  

 

Model Validation and Forecasting 

 The possible ARIMA models were validated to measure its reliability and 

accuracy of its forecast. The ACF of the residual series of identified models were plotted 

to know if they are uncorrelated or independent and normally distributed. If most, if not 

all, lags are significantly not different from zero, thus the model is good and the forecast 

could estimate and simulate the true values in the future. Consequently, the models 

were run again through MINITAB to forecast energy (kWh) consumption of Digos City 

and municipalities of Davao del Sur from January 2009 to December 2010 to compare 

them to the actual values of the same period (others term it as “interpolation”). This 

validation process was the major factor in determining the final model to be used in 

forecasting. The final model was used again in getting the five-year monthly forecast 

values. 
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CHAPTER III 

RESULTS AND DISCUSSION 

 

Model Identification 

 The graph below (Figure 1) shows the Monthly Energy (kWh) Consumption of 

Digos City and municipalities of Davao del Sur from January 2000 to December 2010.  

Based on the figure, energy consumption has an increasing trend from January 2000 to 

December 2010. Over all, it fluctuates from positive to negative monthly growth and 

vice-versa. Clearly, the time series graph exhibits no constant mean and variance over 

time. Thus, it can be said that the data is non-stationary and a transformation should be 

done in order to attain stationarity condition which is the very first assumption before 

using the Autoregressive Integrated Moving Average (ARIMA) models.  

 

Figure 1. A run sequence plot of Monthly Total Energy (kWh) Consumption of Digos 
City and municipalities of Davao del Sur from January 2000 to December 2010. 

 

 

 

January 2000 – December 2010 
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Figure 2.  A run sequence plot of Monthly Energy (kWh) Consumption of Digos City and 
municipalities of Davao del Sur from January 2000 to December 2010 after first 
differencing. 

 

 
Figure 3. An autocorrelation function (ACF) plot of Monthly Energy (kWh) Consumption 

of Digos City and municipalities of Davao del Sur from January 2000 to 
December 2010 after first differencing. 

 

 

 

January 2000 – December 2010 
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Figure 4. An autocorrelation function (ACF) plot of Monthly Energy (kWh) Consumption 
of Digos City and municipalities of Davao del Sur from January 2000 to 
December 2010 after first seasonal differencing. 

 

 

 

 Since the new series exhibits seasonality, then seasonal terms will be included in 

the selection and formulation of the model. The identification of the possible 

ARIMA(p,d,q) x ARIMA(P,D,Q) models, where p is the order of autoregressive, d is the 

number of nonseasonal differencing, q is the order of moving average, P is the order of 

seasonal autoregressive, D is the number of seasonal differencing, and Q is the order of 

seasonal moving average will be based on Box-Jenkins model identification and 

assumptions on the pattern of the autocorrelation. From Figure 3, where the ACF cut-off 

at lag 1, it suggests that the possible nonseasonal ARIMA(p,d,q) model is 

ARIMA(0,1,1). When one seasonal differencing was applied, Figure 4 cut-off at lag 12 

that suggests a possible seasonal ARIMA(0,1,1)12 model. 

 

Model Estimation 

 Table 1 displays the estimated coefficients of the parameters of the two identified 

models, ARIMA(0,1,1) x ARIMA(0,0,2)12 and ARIMA(0,1,1) x ARIMA(0,1,1)12 with the 
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corresponding standard deviation, t-statistics and p-value of each parameter of each 

model. Both ARIMA models have significant parameters. From the table of final 

estimates, the coefficients of MA(1), SMA(12) and SMA(24) of ARIMA(0,1,1) x 

ARIMA(0,0,2)12  are significant because its t-statistics values are 6.38, -3.16 and -2.53, 

respectively and their p-values are 0.000, 0.002 and 0.013. Also, the coefficients of 

MA(1), SMA(12)) of ARIMA(0,1,1) x ARIMA(0,1,1)12 are significant because its t-

statistics values are 5.22, and 8.27, respectively and their p-values are all zeros. Both 

models follow invertibility conditions because /MA(1)/ < 1, /SMA(12)/ < 1 and /SMA(24)/ 

< 1. Therefore, both ARIMA models are good candidates to fit the original data and can 

be used in forecasting future values. 

 

Table 1. The final estimates of the parameters of ARIMA(0,1,1) x ARIMA(0,0,2)12 and 
ARIMA(0,1,1) x ARIMA(0,1,1)12. 

 

Model Validation 

 One of the processes of model diagnostics is to examine the autocorrelation plot 

of the residuals of the fitted model against the original series. From the residual 

analysis, residuals are uncorrelated and independent using both ARIMA models. 

Second, which is the most common and effective measure of reliability of the model is 

comparing the generated forecast based on the partial data with known original 

observations. The partial data, January 2000 to December 2008, was used to generate 

forecast values from January 2009 to December 2010 using the two identified models 

ARIMA(0,1,1) x ARIMA(0,0,2)12  and ARIMA(0,1,1) x ARIMA(0,1,1)12 and compared 

these to the actual data which are shown in Figure 5 and Figure 6, respectively.  

Type Coef StDev T-stat P-value

MA(1) 0.5097 0.0799 6.3800 0.0000

SMA(12) -0.3253 0.1029 -3.1600 0.0020

SMA(24) -0.2785 0.1103 -2.5300 0.0130

MA(1) 0.4639 0.0889 5.2200 0.0000

SMA(12) 0.8479 0.1025 8.2700 0.0000

Final Estimates of the Parameters
ARIMA (0, 1, 1) x ARIMA (0, 0, 2)12

ARIMA (0, 1, 1) x ARIMA (0, 1, 1)12
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 Based from the two figures below, it is very clear that the most appropriate and 

valid model is ARIMA(0,1,1) x ARIMA(0,1,1)12, which is ready to be used in forecasting 

2011 to 2015 energy (kWh) consumption of Davao del Sur. 

 

Figure 5. Time Series Plot of actual values from January 2000 to December 2010 vs 
forecast values from January 2009 to December 2010 using ARIMA(0,1,1) x 
ARIMA(0,0,2)12. 

 

 

 
Figure 6. Time Series Plot of actual values from January 2000 to December 2010 vs 

forecast values from January 2009 to December 2010 using ARIMA(0,1,1) x 
ARIMA(0,1,1)12. 

 

 

 

 The graph above, Figure 6, shows only -3.29% difference or Mean Percentage 

Error (MPE) on month-to-month and -3.65% MPE on cumulative 24-month comparisons 
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(forecast vs actual data). It only means that the forecast is slightly smaller than the 

actual data. On the other hand, Figure 5 has -4.97% and -5.38% MPEs on month-month 

and cumulative 24-month comparisons, respectively. According to many statisticians 

and economists, an MPE of 5% or less in forecast versus actual values is a very good 

indication of a reliable forecast or budget in the field of business and industry. Thus, 

predicting energy (kWh) consumption of Digos City and Davao del Sur using 

ARIMA(0,1,1) x ARIMA(0,1,1)12 with only a MPE of -3.29% compared to actual values is 

a denotation of a very good forecasting model. 

 

Forecasting 

 From the software (MINITAB) used, the final model was used in determining the 

forecast of Monthly Energy (kWh) Consumption of Davao del Sur from January 2011 to 

December 2015. The result of the forecast (in red) including the original values (in 

black) can be found on Table 2 and being illustrated in the time series plot of Figure 7. 

Table 2 shows an average rate of increase of 3.32% every year from 2011 to 

2015 with a very high growth of 17.69% comparing 2015 from 2010, just a span of five 

years. That is about 27,314,020 kWh increase in a year or 2,276,168 kWh/month. If a 

residential consumer consumes 100 kWh/month, then an estimated 22, 272 homes will 

need electricity. The current monthly contract of DASURECO from NPC is 10,469,424 

kWh per month or 125,633,088 kWh in a year. DASURECO or any electric distribution 

utility is only allowed to buy power from NPC up to 120% of the contracted energy. 

Beyond that, the company will be penalized by a certain amount depending on the 

contract. Clearly, the actual consumption of Davao del Sur in the year 2010 is already 

above the 120% cap of 150,759,706 kWh. 

Moreover, a tremendous increase of 117.65% in the year 2015 versus 2000 will 

occur. It only means that the power consumption of Digos City and municipalities of 

Davao del Sur will double in 2015 or equivalently 181,684,132 kWh. Therefore, 

DASURECO needs an estimated at least 2MW power generation plant as early as 2013 

and another 3MW in 2015 that can supply power to them. DASURECO must not rely on 

NPC alone because the National Power Corporation is zero reserve at the moment. 

Thus, without another source of electricity in two to three years from now means 
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another shortage of electricity in the province of Davao del Sur, similar to what had 

happened on the first half of 2010.   

 
Table 2. The 11-year original data and 5-year forecast values of the Monthly Energy 

(kWh) Consumption of Digos City and municipalities of Davao del Sur. 
 

 

 
Figure 7. The time series plot of the Actual Monthly Energy Consumption (kWh) of 

Digos City and Municipalities of Davao del Sur from January 2000 to December 
2010 including the forecast values from January 2011 to December 2015. 

 

 

 

- The End - 

January 2000 – December 2015 


