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Abstract 

Load forecasting is a process of predicting the future load demands. It is 

important for electrical power system planners and demand controllers in ensuring that 

there would be enough supply of electricity to cope with increasing demands. Thus, 

accurate load forecasting can lead to an overall reduction of cost, better budget 

planning, maintenance scheduling and fuel management. Therefore this study aimed to 

develop new forecasting model for forecasting electricity load demand which will 

minimize the error of forecasting. This paper presents an attempt to forecast the daily 

peak demand of electricity by using an appropriate time series model. It is the Seasonal 

Holt-Winters method. The performance of this method was evaluated by using the 

forecasting accuracy criteria namely, the Absolute Percentage Error (APE) and the 

Mean Absolute Percentage Error (MAPE). Based on these criteria the Holt-Winters 

method emerged as a suitable model for forecasting electricity demand in Iraq. 
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 انخلاصـة:

بانُستلة نًخططتٍ َمتاو انقتذسل وانًستُطشٍَ  ةيهًت ٍوهت ,الأحًال هٍ عًهُة جخًٍُ الأحًال انًستحقلهُة جىقعات

طهتت .  ٌ انًُتتىرد انتتذقُ  يتتٍ عهتً يحطهلتتات الأحًتتال نهحن تتذ يتتٍ مٌ هُتاي  ًُتتة  افُتتة يتتٍ انحىنُتتذ نًىا لتتة انضَتادل فتتٍ ان

نتزن  مفضتم جخطتُظ نهًُضاَُتة وانًحافمتة عهتً جذونتة انحإتاُم و داسل انىقتىد. جقهُتم انكهةتة والأحًال َقىد  نً  انحىقعات

جتى  .انحًم انكهشبائٍ انزٌ سُقهم يٍ الأخطاء فٍ عًهُتة انحىقتع اسحخذاو ًَىرد جىقع جذَذ نحىقععث هزِ انذساسة  نً س

مقصً حًتم  هشبتائٍ َتىيٍ باستحخذاو ًَتىرد سهستهة صيُُتة يُاست , وهتى طشَقتة  ىقعو ًَىرد نحاسحخذافٍ هزا انلحث 

يحىستظ َسلة انخطن انًطهقة و وهى ىقعس دقة انحَُقا حذي يهىنث وَحش انًىسًُة. جى جقُُى مداء هزِ انطشَقة باسحخذاو 

 لأحًال انكهشبائُة فٍ انعشاق.ا ىقعاتنحيُاسلة اجضح مٌ هزِ انطشَقة  اتانقُاس ِ. اعحًادا عهً هزةَسلة انخطن انًطهق
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1. Introduction: 

Forecasting demand is an essential activity and is one of the most important functions 

in power system planning and development. It is a prerequisite to power system expansion 

planning as the electrical installations (Generating station, transmission line, distribution 

system … etc.) are dominated by substantial lead times between decision making and its 

implementation. This is further complicated because the product i.e., electricity cannot be 

stored (in large volume) and also, the electricity supply industry is capital intensive. The 

importance of demand forecasting needs to be emphasized at all level as the consequences of 

under or over forecasting. The accurate demand forecasting is serious and will affect all 

stakeholders in the electricity supply industry. If under estimated, the result is serious since 

plant installation cannot easily be advanced, this will affect the economy, business, loss of 

time and image. If overestimated, the financial penalty for excess capacity (i.e., over-

estimated and wasting of resources) [1]. 

Load forecasts can be divided into three categories: short term (STLF), medium term 

(MTLF), and long-term forecasts (LTLF). STLF, which is usually from one hour to one 

week, is concerned with forecast of hourly and daily peak system load, and daily or weekly 

system energy.  It is needed for controlling and scheduling of power system, and also as 

inputs to Load flow study or contingency analysis. Some of the techniques used for STLF are 

multiple linear regression, stochastic time series and artificial intelligence based approach. 

MTLF relates to a time frame from a week to a year and LTLF relates to more than a year. 

MTLF and LTLF are required for maintenance scheduling, fuel and hydro planning, and 

generation and transmission expansion planning.  The common techniques used for MTLF 

and LTLF are time trend extrapolation and econometric multiple regression [2, 3]. 

The electrical load in many countries includes two components, one of them is not 

affected by weather andthe other is affected by weather (either by increasing or decreasing of 

temperturedegrees). While in Iraq the component that affected by weather is affected by both 

increasing and decreasing of temperture degrees. In the past and exactly in the seventieth and 

eithieth decadesof the previous centurythe summer component was dominant peak load, but 

fromabout 2002 the winter component appears and became more than summer component, 

because of the increasing use of water heating, heaters, air conditioner and splits[5]. 

In 2006 (F. Abd. Razak, M. Shitan, A. H. Hashim, I. Z. Abidin) presented an attempt to 

forecast the maximum demand of electricity in Malaysia by finding an appropriate time series 

model. The methods considered in this study include the Naïve method, Exponential 

smoothing, Holt’s linear method, Seasonal Holt-Winters, ARMA and ARAR algorithm. The 

performance of these different methods was evaluated by using the forecasting accuracy 

criteria namely, the Mean Absolute Error (MAE), Root Mean Square Error (RMSE) and 

Mean Absolute Percentage Error (MAPE). Based on these three criteria the pure 

autoregressive model with an order 2, or AR (2) emerged as the best model for forecasting 

[3]. 

In September (2006), the General Management for North Region Electrical Distribution 

in Iraq presented the long term plan for feeding sources (33, 132) KV for years (2005-2020). 

The study performed for north conservatisms (Nineveh, Selah Alden, and Kirkuk). They 

computed the demands for 2005 and then they predicted to other years until 2025.The load 

have been computed depending on these methods [6]: 

 Consider average of growth 5% for period 1990-2005. 
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 Consider the load by summing the loads of the stations that worked now and then they 

multiplied by suitable diversity factor. 

 Analyzing the daily load curve for the actual supplied energy for conservatisms, that 

presented by the north control center. 

But the actual loads at year 2010 exceed what was expected in the study at 2010, and at 

year2011 the actual loads exceed what was expected in 2015. 

In this paper, a holt-winters method is used for forecasting the daily peak load data. 

This method is appropriate to be applied to Iraqi data. 

2. The data: 

The data used in this study is the daily peak load. The loads are recorded at daily 

intervals. The total observations are 820, started from Thursday, 1-January, 2009 to 

Thursday, 31-March, 2011. These data are provided by the General Management for North 

Region Electrical Distribution in Iraq. The data show a periodic repetition, due to weather 

changes. The time series of demand contains one seasonal pattern. A yearly seasonal cycle is 

apparent from the similarity of the demand profile from one year to the next year.  

3. The forecast accuracy: 
The criteria chosen to measure the accuracy of the forecasted data in this study are the 

Absolute Percentage Error (APE) and the Mean Absolute Percentage Error (MAPE), which 

are given by the following equations: 

    |
     

  
|                                                                                                                 (1) 
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                                                                                                          (2) 

Where Yt and Ft are the actual observed values of electrical loads and the predicted values 

respectively, while n is the number of predicted values [3]. 

4. Holt-Winter method: 

A. Theory: 

The standard Holt-Winters method was introduced by Winters. The Winter’s method is 

one of several exponential smoothing methods which can analyze seasonal time series 

directly. The method is based on three smoothing equations–one for the level (permanent), 

one for trend, and one for seasonality (seasonal factor), and it can be either additive or 

multiplicative seasonality.  The multiplicative seasonality is appropriate if the magnitude of 

the seasonal variation increases with an increase in the mean level of the series. 

Multiplicative seasonality is considered in this paper since it is more common, and suitable 

for our data. The Three components (Level, trend, and seasonal) are calculated according to 

the following equations. The basic equations are[2,3]: 

Level:   α
  

    
                                                                                            (3) 

Trend:                                                                                                   (4) 

Seasonal:      γ
  

  
                                                                                              (5) 



Al-Rafidain Engineering                     Vol.20                      No. 6                 December  2012 

 

51 
 

Forecast:                                                                                                             (6) 

Where: 

α, β and γ  are smoothing constants. 

t   is the time period. 

Yt   is the actual observed values. 

s   is the length of seasonality. 

Lt   is the level component. 

mt  is the trend component. 

St   is the seasonal component. 

Ft+τ  is the forecast for τ periods ahead. 

 

        The forecasted load is calculated using equation 6. It contains three components (level, 

trend, and seasonal). These components are calculated using equations 3, 4 and 5; each 

component has certain smoothing constant   (α, β and γ). To find the best time series model 

which fits the load data   (with minimum error) these smoothing constants are found, which 

are called optimal smoothing constants. This time series model is ready now to forecast 

future loads. 

The flow chart that describes this method is illustrated in figure(1).The development of 

a forecasting system using Winter’s method requires initial values of the parameters L0, m0 

and St(0)for t=1,2,...s. Historical information, if available, can be used to provide some or all 

of the initial values. The estimate of the trend component can be found by: 

   
     

       
                                                                                                                (7) 

Where: d is the number of seasons which are used to determine the initial values and xr, r = 1, 

2…d, denote the average of the observations during the rth season. 

The permanent component at the start of the first period would be estimated by: 

                                                                                                                                  (8) 

Seasonal factors are computed for each time period t= 1, 2….d*s. that is: 

    
  

   [      ⁄   ]  
       t =1, 2…d*s.                                                                 (9) 

Where:  xi is the average for a season corresponding to the t index, and j is the position of the 

period t within the season (for example, if 1≤ t ≤s, then i =1, and if s+1≤ t ≤ 2s, then i =2; and 

when t=1 and t=s+1, then j = 1, etc.). Equation (7) will produce d estimates of the seasonal 

factor for each period. These should be averaged to produce a single estimate of the seasonal 

factor for each period within the season. This is accomplished by: 

    
 

 
∑       

   
            t = 1, 2...s.                                                                    (10) 

Finally, the seasonal factors should be normalized so that they add to s. This produces the 

initial estimates of the seasonal factors as [4]: 

         
 

∑    
 
   

     t = 1, 2….s.                                                                        (11) 
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F1 = (m0 +L0)*S1 

Set the values of α, β and γ equal to 0.001 

t=1 
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Fig. (1): The flow 

chart of the Holt-

winter method. 
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B. Implementation: 

The holt-winter method is applied on the daily peak load data that are recorded in Mosul 

city by the General Management for North Region Electrical Distribution to forecast it. The 

forecasting method is programmed by the Mat lab program in PC. The data are divided two 

parts, the first part contains 813observations which are used to find the initial values of the 

parameters L0, m0 and St(0) for t=1,2,... s. Where s=365 and d=2, s*d must be more than half 

the data used to find the initial values of the parameters, and then the equations (3 - 6) are 

implemented to forecast one step ahead at τ=1. And the second part of the data is used to test 

the forecast by forecasting to seven steps ahead and comparing the actual values with that 

forecasted, where τ=2, 3, 4, 5, 6, 7, 8. 

5. Results and discussion: 

The first results are the values of the smoothing constants and MAPE for one step 

ahead forecasting are illustrated in Table1and the actual and forecasted load curves are 

illustrated in figure (2). The MAPE is 3.94 %. The second results are load forecasted for 

seven steps ahead.  Table (2) gives the actual and forecasted load values with APE for each 

step. The actual and forecasted loads are plotted in figure3. The MAPE for this case is 4.49 

%.            

There were some differences between the actual load values and the forecasted load 

values because the actual data observations are implemented directly without preprocess. 

Original data usually contain abnormal values (noise), so they need to be processed before 

using them in predicting electrical load. Wavelet or statistical methods are usually introduced 

for such preprocessing of data. The processed data will give better accuracy. To extend the 

forecasted period more past data are needed.  

 

Table 1. Smoothing constants and MAPE. 

α β γ MAPE% 

0.24 1.0e-5 1.0e-5 3.948 

 

Table 2.The actual and forecasted values and APE for seven steps ahead. 

Days (τ) Observations APE% 

Actual Forecast 

2 605 655.905 8.414 

3 613 602.588 1.699 

4 620 595.559 3.942 

5 671 674.475 0.518 

6 630 687.966 9.201 

7 612 640.739 4.696 

8 606 623.939 2.960 

 

6. Conclusion: 

This paper presents an attempt to forecast the daily peak demand of electricity by using 

an appropriate time series model. It is a Holt-Winter model. The results of the MAPE 

indicated for one step ahead is 3.94%, and for seven steps ahead is 4.49%. Therefore, Holt-
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Winter multiplicative seasonal model can be used to forecast loads even for unstable or weak 

electrical systems.  

Fig. (2): The actual and predicted loads curves for one step ahead 

forecasting at τ = 1. 
 

 

Fig. (3): The actual and predicted loads curves for forecasting seven steps 

ahead. 
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