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1. INTRODUCTION

Demand for electricity is the amount of energy that must be generated and distributed.
Power distribution is not only to provide it to electrical equipment, but also to ensure its continu-
ity, which directly translates into customer satisfaction. Ensuring continuity of energy demand
cannot be solved by its excessive overproduction since electricity storage is problematic and
expensive. Therefore, its proper forecasting is very important, and thanks to this the outages of
electricity and its overproduction will be reduced. From the point of view of electricity producers,
the correct forecast of the demand for electricity also allows to plan fuel supplies such as coal
or gas. Problems of this type apply to energy systems in every country and region of the world,
and is still valid due to the continual development of equipment, of which a significant part re-
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quires electrical power. In addition, the update of forecasts forces their nature - the most accu-
rate, i.e. short and mid- term must be based on the most current data. In this publication the
energy demand forecasts have been based on the data from the Polish National Energy System
(NES) from the years 2002 to 2015, and their horizon covers the period till the end of 2017.
The forecasts have been determined on the basis of two models: the exponential smoothing of
Winters and SARIMA, which provides greater certainty regarding their relevancy.

2. A REVIEW OF RESEARCH

The invention of electricity in the nineteenth century was the revolution that shaped the
modern world and the economy (Yergin, 2012) and contributed to the development of many
sciences, which had not existed before. Along with the electricity the issues concerning forecast-
ing the demand for it appeared. Scientific approach to forecast the demand for electricity has
been conducted for many years (Wilson, 1971; Halvorsen, 1975; Taylor, 1975), and it became
particularly important in the 60s of last century, when a very fast growth in electricity consump-
tion started (Smil, 2010). This theme is still up-to-date and it is the object of interest of both
practitioners (Piekut, et al., 2012), as well as scientists who use a wide range of forecasting
models (Armstrong, 2001; Zhou et al., 2006; Dongxiao, et al., 2010; Balitskiy et al., 2016. Re-
search related to energy requirements apply to each region and country, regardless of its de-
gree of economic development. In case of Poland an article by Maciejewski can be quoted as an
example, in which the author in 2007 forecasts of the demand for national electricity until 2012
(Maciejewski, 2007). Ringwood et al., using three different scale (annual, weekly and hourly),
forecast domestic demand for electricity in the Republic of Ireland (Ringwood, et al., 2001).
Klcukdeniz in his article in 2010, using the SVM model, predicts long-term demand for electric-
ity in Turkey (Kigukdeniz, 2010). An example of forecasts using data from the fastest growing
economies in the world, the Chinese economy, is the work by Zhout et al., in which the authors
present a trigonometric gray prediction approach by combining the traditional gray model GM
(1,1) with the trigonometric residual modification technique (Zhou et al., 2006). Taylor et al.,
using several different models, compared them with data from Rio de Janeiro, and England and
Wales (Taylor et al., 2006). One should not forget about the most developed US economy and
cite the works including both forecast ofonly some regions, for example. California (Nowicka-
Zagrajek and Weron, 2002); (Wang et al., 2012), New England (Daneshi et al., 2008), as well as
the whole country (Pielow et al., 2012).

Forecasts can be divided into short (Smith, 2000), medium (Pedregal and Trapero, 2010);
(De Gooijer & Hyndman, 2006) and long-term ones, but regardless of the forecast period, they
must be considered as guidelines to make certain decisions, not a ready-made solution (Zelias,
1997). Forecast horizon does not only mean the period where the values will be forecast, but
also, depending on the test object, it has additional meaning and purpose. In the case of medi-
um-term forecasts in the energy sector, this aim is planning of fuel purchase in order to ensure
continuity of supply and optimize costs that are associated with the turn of the final price of
energy (Nogales et al., 2002); (Karakatsani and Bunn, 2003).

In the literature one can find a large number of items describing and comparing different
methods of forecasting for energy demand. Cottet & Smith (Cottet and Smith, 2003) have used
for this purpose the procedures by Bayes; Blum & Riedmiller (Blum and Riedmiller, 2013) pre-
dict energy demand using Gaussian processes, and Dongxiao et al. (Dongxiao et al., 2010) use
a support vector machine and ant colony optimization. However, the most popular models used
to forecast electricity demand are ARMA / ARIMA / SARIMA models and exponential smoothing,
which have been used, among others, in the works (Pappas et al., 2008; Taylor, 2003; Chen, et
al., 1995; Lee and Ko, 2011; De Andrade &and da Silva, 2009; Bratu, 2012; Kasperowicz,
2014a,b) and they have been selected in this article to calculate forecasts for the Polish energy
system.
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3. DISCUSSION OF DATA FROM THE NATIONAL ENERGY SYSTEM IN
POLAND

Data on the demand for electricity in the National Energy System (NES) in Poland have
been downloaded from the website of Polish Power Gridi, where they are given from January
2002 in megawatts [MW] every fifteen minutes. The forecasts in this article will be carried out
for two years on a monthly basis and they relate to maximum demand for energy. These factors
make that the retrieved data, before making the forecasts, must be appropriately converted into
the same form as the forecast data. Thus, the most appropriate cycle in this case is a period of
one month for which \ the maximum energy demand needs to be found. Since the collected
data refer to the period of January 2002 - December 2015, then by converting the data in this
way, it is possible to obtain a sample containing 168 monthly data (Table 1). In addition, to in-
crease the readability, the data has been presented in gigawatts [GW].

Table 1. Energy demand in the National Energy System in Poland [GW]

Month
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
2002 |22.02(20.24|20.22|18.72|16.55|16.17|15.96(16.96|19.22|20.49|21.22|23.21
2003 |23.29(21.71|20.96|20.01({17.06|16.81(16.72|17.23|18.74(21.47|21.77|22.45
2004 |22.98(21.91|21.55|20.36(18.05|17.36|17.29(18.32|19.85|21.11|22.46|23.11
2005 |22.50(22.29|22.08|19.56(18.48|17.56|17.64(19.00|19.87|21.47(22.95|23.48
2006 |24.64(23.12|22.34|20.85(18.76(19.01|19.02{19.59|20.59|21.95|22.89|23.66
2007 |23.48(23.31|22.42|21.62|19.66|19.60|19.84(20.28(21.77|23.13|24.44|24.61
2008 |25.12(23.19|23.29(|21.65(20.18|19.77|19.67|20.43|22.20(22.84|23.77|23.59
2009 |24.42(22.93|22.11|20.81(19.03|19.29(19.46|19.78|20.98(22.68|22.96|24.59
2010 |25.45(23.76|23.11|21.00(20.62|20.39|20.62(20.34|22.03|22.96|24.60|25.16
2011 |24.11|24.66|23.77|21.91|20.86|20.98|20.67(21.14|22.17|23.36|24.48|24.78
2012 |25.14|25.84|23.51|22.43]20.66|20.95(21.18|21.07|22.23|23.55|23.87|25.12
2013 |24.74|23.69|23.71|22.72|20.69|21.60|21.24(21.33|22.44|23.18|24.58|24.76
2014 |25.53|23.93|23.27|22.26(21.16|21.63|21.80(21.25|22.55(23.72|24.69|25.49
2015 |25.10(24.31|23.55(|23.24(21.39|21.44|22.18|22.30(|22.95(23.83|24.87|24.79

Year

Source: Own study

By supporting the graph of so prepared data (Figure 1) the annual seasonality (s = 12) can
be observed, the smallest energy demand in summer and the largest in winter. Greater demand
for energy in winter can be explained by the shorter day, which results in longer duration of any
kind of lighting and lower temperatures which, in turn, affects the need to use heating devices.

1 Polskie Sieci Elektroenergetyczne, http://www.pse.pl/index.php?dzid=77 (04.01.2016r.)
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Figure 1. Monthly energy demand in the National Energy System in Poland
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Descriptive statistics of the presented data have been included in Table 2. On their basis one
can see significant, reaching 10 GW, differences between the minimum and the maximum en-
ergy demand. Considering that the data include fairly short, because only 14-year period, the
differences are significant and they indicate a rapid increase in energy demand.

Table 2. Descriptive statistics of the monthly energy demand in the National Energy System in
Poland [GW]

N Min. 1stQu. | Median Mean 3rdQu. Max.
168 15.96 20.38 21.98 21.76 23.39 25.84

Source: Own study
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Figure 2. Boxplot of power requirements in Poland
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3.1 Models and forecasts

A series shown in Figure 1, is of additive nature, which is also confirmed by the graph after
the classical decomposition in Figure 3. In this graph seasonal fluctuations with an amplitude of
about 2.3 GW are visible, small values of the random component and a clear upward trend with
the value of 19.3 GW at the beginning of the year 2002, and 23.4 GW at the end of 2015. The
decomposition graph will allow in the next points to adjust better the models of exponential
smoothing and ARIMA.

Figure 3. Decomposition of time series of power demand of NES.
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The most commonly used in the literature means to assess the quality of the forecasts are
MAE (Mean Absolute Error), RMSE (Root Mean Squared Error), MAPE (Mean Absolute Percent-
age Error) (Brother, 2012). In this study other measures will be used: ME (Mean Error), MPE
(Mean Percentage Error) and MASE (Scaled Mean Absolute Error) (Gardner, 1985).

3.2 Forecast using Winters exponential smoothing model

The first model that will be used to forecast the maximum demand for electricity in Poland
is a model of exponential smoothing (Hyndman, et al., 2008). The most appropriate model for
the series tested will be additive model of Winters ETS (AAA) (Errors = Additive, Trend = Additive,
seasonality = Additive) (Winters, 1960) in the form:

Frmq =0 (¥po1—Ceqp) + (1—0c)(F_y — 5,_5) (1)

5:-—1 :JH(Ft—i_ Ft—ﬂ}+(1_ﬁj5t—ﬂ (2)
Con= }”(}'1:—1 - Fr—ij + (1 - '}”]fr—l—r (3)
where:
F._-. - the equivalent of the smoothed value obtained from a simple model of exponential

smoothing (the average rating)

5.—1 —assessment of the trend growth for the moment or period t-1

C._. -assessment of an indicator of seasonality for the date or the period t-1

r —-length of the seasonal cycle - number of phases

«, Y, 0 -model parameters accepting the values from the range [0 to1]

o - parameter characterizing the degree of smoothing is required for all models,

0 - parameter of seasonal smoothing and determined only in the case of seasonal choice of
models,

y — smoothing parameter of linear and exponential trend.

The equation of the forecast for a moment or period t> n (n - is the number of terms of the
series of variable forecast) for the additive alternative of the model:

vi=F +5,(i—n)+C., (4)

The exponential smoothing of such a selected model can be:

alpha = 0.5627
beta = 0.0001
gamma = 0.0001

The correctness of the model adjustment to the data has been verified by analyzing the his-

togram and the graph of quantile residuals (Figure 4), and carrying out further test of normality
Shapiro,
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Figure 4. The distribution of residuals in Winters ETS(AAA) model
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The p-value of the Shapiro test residuals is 0.2195, so it can be assumed that the distribution
of residuals is normal, which allows to determine the point and interval forecast for the confi-
dence levels 0.80 and 0.95.

The point and interval forecast for the confidence levels 0.80 and 0.95 for a period of 24
months has been presented in Table 3 and Figure 5.

Table 3. The forecast for energy demand in the National Energy System in Poland for the years
2016-2017 using the exponential smoothing model.

Date Forecast | Lo80 | Hi80 | Lo95 | Hi 95
[GW] | [GW] | [GW] | [GW] | [GW]
Jan 2016 25.39 | 24.74 | 26.04 | 24.40 | 26.38

Feb 2016 24.42 | 23.68 | 25.17 | 23.28 | 25.56
Mar 2016 23.77 | 22.95 | 24.60 | 22.51 | 25.04
Apr 2016 22.44 | 21.54 | 23.35 | 21.06 | 23.83
May 2016 20.72 | 19.75 | 21.70 | 19.23 | 22.21
Jun 2016 20.74 | 19.70 | 21.78 | 19.14 | 22.33
Jul 2016 20.80 | 19.70 | 21.91 | 19.11 | 22.49
Aug 2016 21.21 | 20.04 | 22.37 | 19.43 | 22.99
Sep 2016 22.47 | 21.26 | 23.69 | 20.61 | 24.34
Oct 2016 23.76 | 22.49 | 25.03 | 21.81 | 25.71
Nov 2016 24.78 | 23.46 | 26.11 | 22.76 | 26.81
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Dec 2016 25.44 | 24.06 | 26.81 | 23.34 | 27.54
Jan 2017 25.66 | 24.24 | 27.08 | 23.49 | 27.84
Feb 2017 24.70 | 23.23 | 26.16 | 22.45 | 26.94
Mar 2017 24.05 | 22.54 | 25.56 | 21.74 | 26.36
Apr 2017 22.72 | 21.16 | 24.27 | 20.34 | 25.10
May 2017 21.00 | 19.40 | 22.59 | 18.55 | 23.44
Jun 2017 21.01 | 19.37 | 22.65 | 18.50 | 23.52
Jul 2017 21.08 | 19.40 | 22.76 | 18.51 | 23.65
Aug 2017 21.48 | 19.76 | 23.20 | 18.85 | 24.11
Sep 2017 22.75 | 20.99 | 24.51 | 20.06 | 25.44
Oct 2017 24.03 | 22.24 | 25.83 | 21.29 | 26.78
Nov 2017 25.06 | 23.22 | 26.89 | 22.25 | 27.86
Dec 2017 25.71 | 23.84 | 27.58 | 22.85 | 28.57

Source: Own study

Figure 5. The forecast for energy demand in the National Energy System in Poland for the years
2016-2017 using the Winters exponential smoothing model

Forecasts from ETS(A,A,A)
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The results of the obtained forecasts have the tendency and fluctuations of the observed series.
The errors of such forecasts are:

ME  -0.0006212085
RMSE 0.5057831000
MAE  0.3947103000
MPE -0.0480970300
MAPE 1.8322730000
MASE 0.6493178000
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3.3 Forecast using ARIMA model

The second model, which has been used to forecast is the ARIMA model (Asteriou &
Hall, 2011) in the seasonal version SARIMA. Models of this type can be applied to sta-
tionary series, that is, those in which there are only random fluctuations around the av-
erage, or non-stationary brought to stationary ones. As autocorrelation graphs (Figure 6)
and partial autocorrelation (Figure 7) show, a series is not stationary and requires addi-
tional treatments to meet the requirements of the ARIMA model.

Figure 6. Autocorrelation
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Figure 7. Partial autocorrelation
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After adjusting the series to stationarity (Figure 8) by a single seasonal differentia-
tion (D = 1) and a single differentiation due to the trend of (d = 1) and taking into ac-
count one parameter of the moving average of the trend (q = 1), and seasonality (Q =
1), the best-fitting model is the seasonal ARIMA model (0,1,1), (0,1,1) [12].
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Figure 8. Time series of energy demand reduced to stationarity
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As in the Winters exponential smoothing model, checking the adjustment of ARIMA
model to the data has been made by analyzing the histogram and the graph of quantile
residuals (Figure 9) and using the test of normality Shapiro.

Figure 9. The distribution of residuals in SARIMA(1,1,0)(1,1,0)[12] model
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The residuals test of Shapiro has shown that the residuals are normally distributed
(p-value = 0.6869), so it is possible to make forecasts with the use of the selected
model. The resulting forecasts for the years 2016-2017 have been presented in Table 4
and Figure 10.
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Table 4. The forecast for energy demand in the National Energy System in Poland for the years
2016-2017 using the ARIMA model

Source: Own study

Date Forecast | Lo80 | Hi80 | Lo95 | Hi95

[GW] | [GW] | [GW] | [GW] | [GW]
Jan 2016 25.37 | 24.70 | 26.04 | 24.35 | 26.39
Feb 2016 24.50 | 23.80 | 25.21 | 23.42 | 25.58
Mar 2016 23.75 | 23.00 | 24.49 | 22.61 | 24.88
Apr 2016 22.89 | 22.11 | 23.67 | 21.70 | 24.08
May 2016 21.30 | 20.49 | 22.11 | 20.06 | 22.54
Jun 2016 21.58 | 20.74 | 22.42 | 20.29 | 22.87
Jul 2016 21.86 | 20.99 | 22.74 | 20.53 | 23.20
Aug 2016 21.83 | 20.93 | 22.73 | 20.45 | 23.21
Sep 2016 22.85 | 21.92 | 23.78 | 21.42 | 24.27
Oct 2016 23.86 | 22.90 | 24.82 | 22.40 | 25.33
Nov 2016 24.88 | 23.90 | 25.87 | 23.37 | 26.39
Dec 2016 25.27 | 24.25 | 26.28 | 23.72 | 26.82
Jan 2017 25.49 | 24.37 | 26.61 | 23.78 | 27.21
Feb 2017 24.62 | 23.46 | 25.79 | 22.84 | 26.41
Mar 2017 23.87 | 22.66 | 25.08 | 22.02 | 25.72
Apr 2017 23.01 | 21.76 | 24.26 | 21.10 | 24.92
May 2017 21.42 | 20.13 | 22.71 | 19.45 | 23.39
Jun 2017 21.70 | 20.37 | 23.03 | 19.67 | 23.73
Jul 2017 21.98 | 20.62 | 23.35 | 19.89 | 24.07
Aug 2017 21.95 | 20.55 | 23.35 | 19.81 | 24.09
Sep 2017 22.97 | 21.53 | 24.41 | 20.77 | 25.17
Oct 2017 23.98 | 22.51 | 25.46 | 21.74 | 26.23
Nov 2017 25.01 | 23.50 | 26.51 | 22.70 | 27.31
Dec 2017 25.39 | 23.85 | 26.92 | 23.03 | 27.74
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Figure 10. The forecast for energy demand in the National Energy System in Poland for the
years 2016-2017using the SARIMA model

Forecasts from ARIMA(0,1,1)(0,1,1)[12]
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In Figure 10 one can see the trend and volatility of forecasts in line with the course of
the observed series. The errors of such forecasts are:

ME  -0.03575571

RMSE 0.50070100

MAE  0.38277560

MPE -0.15095150

MAPE 1.73664300

MASE 0.62968460

3.4 Comparison of forecasts

The forecasts made by using both the Winters exponential smoothing model and
SARIMA model have given similar results (Figure 11). The average difference between
the forecast was only 0.26 GW and 1.06 GW maximum for July 2017 year. Also the er-
rors of forecasts for both models are similar - except for a Mean Error, which is higher
for SARIMA model, but it is still low enough that it does not raise concerns about the
quality of forecasts.
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Figure 11. Comparison of forecasts
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Comparing the results of both forecasts and comparing the forecast a month-to-
month to the year 2015 (Table 5 and Table 6), it is possible to make a qualitative as-
sessment of forecasts conformity. As onecan see, the trend in energy demand coincides
in both models for the winter months (January, February, March) and summer months
(July and August), and for April. For the remaining months (mostly in spring and au-
tumn), the trends vary depending on the year of the forecast, and for June are definitely
different - in the model Winters ETS a decline in demand for energy is expected, and in
the model SARIMA its growth. Problematic forecasts for the months of spring and au-
tumn may result from the large differences between the energy demand in such periods
in the past. This can be caused by substantial weather changes in spring and autumn,
and is is one of the main factors affecting the demand for energy.

Table 5. Witers ETS: Comparison of forecasts month to month

Winters Month
ETS Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
25.1| 24.3| 23.5| 23.2| 21.3| 21.4| 22.1| 22.3| 22.9| 23.8| 24.8| 24.7
2015 0 1 5 4 9 4 8 0 5 3 7 9
) 25.3| 24.4| 23.7| 22.4| 20.7| 20.7| 20.8| 21.2| 22.4| 23.7| 24.7| 25.4
2| 2016 9 2 7 4 2 4 0 1 7 6 8 4
25.6| 24.7| 24.0| 22.7| 21.0| 21.0| 21.0| 21.4| 22.7| 24.0| 25.0| 25.7
2017 6 0 5 2 0 1 8 8 5 3 6 1
'16/'1
5 1 1 1 l l l l l l l l 1
17/1
5 1 1 1 l l l l l l 1 1 1

Source: Own study
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Table 6. SARIMA: Comparison of forecasts month to month.

SARIMA Month
Jan Feb Mar Apr May | Jun Jul Aug | Sep Oct Nov Dec
25.1| 24.3| 235 23.2| 21.3] 21.4| 22.1| 22.3] 22.9| 23.8| 24.8] 247
2015 0 1 5 4 9 4 8 0 5 3 7 9
5 253 245]| 23.7| 22.8| 21.3| 215| 21.8| 21.8] 22.8| 23.8| 24.8] 25.2
L1 2016 7 0 5 9 0 8 6 3 5 6 8 7
254 24.6]| 23.8| 23.0| 21.4] 21.7| 21.9| 21.9| 22.9]| 239]| 25.0| 25.3
2017 9 2 7 1 2 0 8 5 7 8 1 9
"16/'1
5 1 1 1 ! ! 1 ! ! ! 1 1 1
"17/'1
5 1 1 1 ! 1 1 ! ! 1 1 1 1

Source: Own study

CONCLUSION

To construct the forecasts of maximum demand for energy in Poland two models
have been used: Winters exponential smoothing, and seasonal ARIMA. The forecasts
show tendencies and fluctuations and the observed series, and errors are at low, simi-
lar to each level, which confirms the correctness of the models selection. Forecast
charts have a similar shape, and the average difference between them is small and it is
only 0.26 GW. However, one can see the differences by comparing the months of fore-
casts of both models with data from the last year. In forecasts made using the Winters
model of exponential smoothing more often than in the SARIMA model, the predicted
values for the years 2016 and 2017 are lower than in 2015. For both models a drop in
energy demand is forecast for the summer months, while an increase for the winter
months. In spring and autumn months there are differences between the forecasts in
terms of the direction of change in relation to the demand for energy from the last year,
however, as previously mentioned, the same course of the two forecasts is similar.

REFERENCES

Amjady, N. (2001), “Short-term hourly load forecasting using time-series modeling with peak
load estimation capability”, IEEE Transactions in Power Systems, Issue 16 (3), pp. 498-
505.

Armstrong, S., red. (2001), Principles of Forecasting: A Handbook for Researchers and
Practitioners, Kluwer Academic Publishing, Boston.

Asteriou, D., Hall, S. G. (2011), “ARIMA Models and the Box-Jenkins Methodology” in Applied
Econometrics, Second ed., Palgrave MacMillan, pp. 265-286.

Blum, M. i Riedmiller, M. (2013), “Electricity Demand Forecasting using Gaussian Processes”,
Palo Alto, California, AAAI Press, pp. 10-13.

Balitskiy, S., Bilan, Y., Strielkowski, W., & Streimikiene, D. (2016), “Energy efficiency and natural
gas consumption in the context of economic development in the European
Union”, Renewable & Sustainable Energy Reviews, Vol. 55, pp. 156-168.

86




Jacek Brozyna, Grzegorz Mentel, and Beata Szetela / Montenegrin Journal of Economics,
Vol. 12, No. 2 (2016), 73-88

Bratu, M. (2012), A Comparison of Two Quantitative Forecasting Methods for Macroeconomics,
Vol. 5, No. 1, pp. 26-38.

Bunn, D., Karakatsani, N. (2003), Forecasting Electricity Prices. pp. 1-5.

Chen, J. F.,, Wang, W. M., Huang, C. M. (1995), “Analysis of an Adaptive Time-Series
Autoregressive Moving-Average (ARMA) Model for Short-Term Load Forecasting”, Electric
Power Systems Research, Vol. 34, pp. 187-196.

Cottet, R., Smith, M. (2003), “Bayesian modeling and forecasting of intraday electricity load”,
Journal of the American Statistical Association, Vol. 98, pp. 839-849.

Daneshi, H., Shahidehpour, M., Choobbari, A. L. (2008), Long-term load forecasting in electricity
market; Ames, IA, IEEE, pp. 395-400.

de Andrade, L. C. M., da Silva, I. N. (2009), Very Short-Term Load Forecasting Based on ARIMA
Model and Intelligent Systems, Curitiba, IEEE, pp. 1-6.

De Gooijer, J., Hyndman, R. (2006), “25 Years of time series forecasting”, International Journal
of Forecasting, Issue 22, pp. 443-473.

Dongxiao, N., Yongli, W,. Desheng, D. W. (2010), “Power load forecasting using support vector
machine and ant colony optimization, Expert Systems with Applications, Issue 37, pp.
2531-2539.

Gardner, E. S. (1985), “Exponential smoothing: The state of the art”, Journal of Forecasting, Vol.
4, No. 1, pp. 1-28.

Halvorsen, R, (1975), “Demand for electric energy in the United States”, Review of Economics
and Statistics, Issue 6, pp. 610-625.

Hyndman, R. J., Athanasopoulos, G. (2013), Forecasting: principles and practice, Forecasting
with Exponential Smoothing: The State Space Approach, Springer, New York.

Hyndman, R. J., Koehler, A. B., Ord, J. K., Snyder, R. D. (2008), Forecasting with Exponential
Smoothing: The State Space Approach, Springer, New York.

Kang, C. et al. (2004), “Novel approach considering load-relative factors in short-term load
forecasting”, Electric Power Systems Research, Issue 70, pp. 99-107.

Kasperowicz, R. (2014a), “Economic growth and energy consumption in 12 European countries:
a panel data approach”, Journal of International Studies, Vol. 7, No 3, pp. 112-122.

Kasperowicz, R. (2014b), “Electricity Consumption and Economic Growth: Evidence from
Poland”, Journal of International Studies, Vol. 7, No 1, pp. 46-57.

Klcukdeniz, T. (2010), “Long Term Electricity Demand Forcesting: An Alternative Approach With
Support Vector Machines”, istanbul Universitesi Miihendislik Bilimleri Dergisi, Issue 1, pp.
45-54,

Lee, C. M., Ko, C. N. (2011), “Short-term load forecasting using lifting scheme and ARIMA
models”, Expert Systems with Applications, Vol. 38, pp. 5902-5911.

Maciejewski, Z., 2007. Prognoza krajowego zapotrzebowania na energie elektryczng do 2012
roku. Polityka Energetyczna - Energy Policy Journal, Vol. 10, No. 2, p. 71-85.

McCarthy, R. W., Yang, C., Ogden, J. (2008), California Energy Demand Scenario Projections to
2050, Institute of Transportation Studies, University of California, Davis, CA.

Nogales, F. C., Conegjo, J., Espinola, R. (2002), “Forecasting next-day electricity prices by time
series models”, IEEE Transactions in Power Systems, Vol. 17, No. 2, pp. 342-348.

Nowicka-Zagrajek, J., Weron, R. (2002), “Modeling electricity loads in California: ARMA models
with hyperbolic noise”, Signal Processing, December, Vol. 82, No. 12, pp. 1903-1915.

Pappas, S. S. et. al. (2008), “Electricity demand loads modeling using AutoRegressive Moving
Average (ARMA) models”, Energy, Vol. 33, No. 9, pp. 1353-1360.

Pedregal, D., Trapero, J. (2010), “Mid-term hourly electricity forecasting based on a multi-rate
approach”, Energy Conversion and Management, Vol. 51, Issue 1, pp. 105-111.

Piekut, S., Skoczek, S., Dgbrowski, t., (2012), Report on energy market in Poland, RWE, Polska.

Pielow, A., Sioshansi, R., Roberts, M. C. (2012), “Modeling short-run electricity demand with
long-term growth rates and consumer price elasticity in commercial and industrial sectors”,
Energy, Tom 1, pp. 533-540.

87



Jacek Brozyna, Grzegorz Mentel, and Beata Szetela / Montenegrin Journal of Economics,
Vol. 12, No. 2 (2016), 73-88

Ringwood, J. V., Bofelli, D., Murray, F. T. (2001), “Forecasting Electricity Demand on Short,
Medium and Long Time Scales Using Neural Networks”, Journal of Intelligent and Robotic
Systems, Vol. 31, No. 1, pp. 129-147.

Smil, V. (2010), Energy Transitions: History, Requirements, Prospetcs, Praeger, Santa Barabara.

Smith, M. (2000), “Modeling and short-term forecasting of New South Wales electricity system
load”, Journal of Business Economics Statistician, Issue 18, pp. 465-478.

Taylor, J. W. (2003), “Short-term electricity demand forecasting using double seasonal
exponential smoothing”, Journal of Operational Research Society, Tom 54, pp. 799-805.
Taylor, J. W., De Menezes, L. M., McSharry, P. E. (2006), “A comparison of univariate methods
for forecasting electricity demand up to a day ahead”, International Journal of Forecasting,

Vol. 22, No. 1, pp. 1-16.

Taylor, L. D. (1975), “The demand for electricity: a survey”, Bell Journal of Economics and
Management Science, Vol. 6, No. 1, pp. 74-110.

Wang, E., Galjanic, T., Johnson, R. (2012), Short-Term Electric Load Forecasting at Southern
California Edison, California, USA, San Diego.

Wilson, J. (1971), “Residential demand for electricity”, The Quarterly Review of Economics and
Business, Issue 7, pp. 7-12.

Winters, P. R,( 1960), “Forecasting Sales by Exponentially Weighted Moving Averages”,
Management Science,pp. 324-342.

Yergin, D. (2012), The Quest: Energy, Security, and the Remaking of the Modern World, Penguin
Press, New York.

Zelias, A. (1997), Teoria prognozy, Polskie Wydawnictwo Ekonomiczne, Warszawa.

Zhou, P., Ang, B. W., Poh, K. L. (2006), ,A trigonometric grey prediction approach to forecasting
electricity demand”, Energy, Issue 31, pp. 2839-2847.

88




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


