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Abstract—Considering the energy crisis that is hitting Europe, it
becomes increasingly necessary to change energy policies to depend
less on fossil fuels and replace them with energy from renewable
sources. This has triggered the urge to use clean energy, not only to
satisfy energy needs and fulfill the required consumption, but also to
decrease the danger of climatic changes due to harmful emissions.
Many countries have already started creating energy communities
based on renewable energy sources. The first step to understanding
energy needs in any place is to perfectly know the consumption. In this
work, we aim to estimate electricity consumption for a municipality
that makes up part of a rural area located in southern Italy using
forecast models that allow for the estimation of -electricity
consumption for the next 10 years, and we then apply the same model
to the province where the municipality is located and estimate the
future consumption for the same period to examine whether it is
possible to start from the municipality level to reach the province level
when creating energy communities.

Keywords—ARIMA,
models, time series.
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1. INTRODUCTION

ORECASTING models have been of great help to estimate

energy consumption. Many approaches have adopted
forecasting models to estimate several out-puts. For instance,
[1] describes a highly adaptable and robust short-term load
forecasting algorithm developed using hybrid modeling
techniques. The research study in [2] describes an Artificial
Neural Network (ANN) approach for annual electricity
consumption in high energy consumption industrial sectors
while [3] used polynomial curve and moving average
combination projection (PCMACP) model to estimate the
natural gas consumption in China for the period from 2009 to
2015. Furthermore, [4] proposes a model as a suitable ANN
model (having four independent variables being GDP,
population, the amount of import and export) to efficiently
estimate the energy consumption for Turkey. Another
interesting research study presented in [S] applied the grey
forecasting model to estimate the amount of CO, emissions in
Taiwan for a period spanning from 2010 until 2012. The study
in [6] is aimed to develop the logistic and logistic-population
model-based approach to forecast the medium- (2020) to long-
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(2035) term natural gas demand in China while [7] aims to
apply a hybrid intelligent approach that combines the Adaptive
Differential Evolution (ADE) algorithm with Back Propagation
Neural Network (BPNN) namely known as (ADE-BPNN)
model supported by an adaptive differential evolution
algorithm, to estimate energy consumption. Furthermore, [8]
performs a crucial and organized review of renewable energy
and electricity forecast models for them to be used as an energy
planning tool.

In the face of these studies that have treated several problems
and estimated for both short and long term several variables, we
propose an additional approach that examines based on the
results of estimation whether a model made over a small
geographical zone could be adopted to examine a larger zone.
More specifically, we aim to address the following research
question: how to understand if the design of an energy
community in small municipalities is valid for long periods and
whether it could be extended to reach provincial level.

The remainder of this research is organized as follows: In
Section II, we examine the background, and the state of art.
Section III proposes the adopted methodology. In Section IV,
we present our case study. Analysis of province of Lecce is
illustrated in Section V. Analysis of the municipality of
Corsano is given in Section VI. Section VII is the discussion.
Finally, we conclude and discuss our future work in Section
VIII.

II. STATE OF ART

The proposed model in this work is the ARIMA model which
was present in many studies with different contexts and had
been used to estimate various aspects. For example, in [9], the
monthly number of international visitors in Bumthang, Bhutan
from January 2012 to December 2016 is modeled by using Box-
Jenkins seasonal Autoregressive Integrated Moving Average
(ARIMA) model. The research work presented in [10] describes
a new integrated model, called the Variational Mode
Decomposition-Autoregressive Integrated Moving Average
(VMD-ARIMA) model, which reduces the required data input
and improves the accuracy of predictions, based on the
deficiencies of data dependence and the complicated
mechanisms associated with current temperature forecasting. In
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[11], the Box-Jenkins approach has been used to build the
appropriate ARIMA model for the Egyptian GDP data.

Nevertheless, ARIMA model for energy consumption
prediction and energy prediction has been used countless times;
for instance, in [15], the model was used to forecast energy
demand for a case study of a small-scale agricultural load, while
in [16], the model was used is to forecast energy consumption
of Turkey for a period of 25 years, nevertheless, in [17], authors
have proposed residual modification models to improve the
accuracy of seasonal ARIMA for electricity demand
forecasting. In [18], a double seasonal ARIMA model was used
for electrical power demand forecasting in Indonesia.
Furthermore, the ARIMA model was used alongside other
models to forecast India’s energy demand as in [19], while in
[20], ARIMA model was used to forecast the energy
consumption because of the accuracy that the model provides
in China. Nonetheless in [21], it was used alongside neural
network models to compare between the forecasting of energy
consumption. Furthermore, it was used in the approach of [22]
with the objective of making a comparison of forecasting
energy consumption of Shandong in China. Electricity load
forecasting was carried out using ARIMA model in [23] for
energy management in buildings, while in [21] a comparison of
China's primary energy consumption forecasting was made by
using ARIMA and GM (1,1), in addition, energy consumption
in Afghanistan was made thanks to ARIMA model as in [24].
In Australia, short-term electricity demand forecasting was
made using several models including ARIMA model. In [25],
electricity consumption in southern Tripoli in the state of Libya
during the period from January 1, 2016, to March 24, 2016, was
analyzed to determine the best forecasting model of electrical
consumption for a future period of two weeks. Reference [26]
proposes ARIMA models with different sets of parameters for
forecasting electricity consumption by presenting the three
ARIMA models, which are quite good and robust to develop a
reliable model for providing the required level of performance.
Nevertheless, in [27], the authors used the ARIMA and seasonal
ARIMA methods to estimate the future primary energy demand
of Turkey from 2005 to 2020. Another interesting way of using
ARIMA could be found in [28]; in this study, the aim is to
remove cycling component in time series in the process of
forecasting natural gas consumption in Turkey.

III. METHODOLOGY
A. Data

This work refers to a time-series data spanning from 2003 to
2020. Data include electricity consumption per sector
(Gigawatt-hours), obtained from TERNA which is the
competent authority sector that manages the Italian energy
transmission grid. The focus of this study is on one sector which
is domestic electricity consumption at both municipality level
(municipality of Corsano with population of 5198 inhabitants,
last updated 30/11/2021) and province level (province of Lecce
with population of 772 276 inhabitants, last update
01/01/2022). National electricity consumption by sector data is
shown in Appendix section Fig. 10 taken from the annual
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reports of TERNA for the whole country, reaching afterwards
the data of the Apulian region in Appendix section Fig. 11
arriving finally to the data of the province of Lecce Appendix
section Fig. 12 while the data of the demographic components
for the municipality of Corsano and the average consumption
based on the number of family members can be found in
Appendix section Fig. 13, taken from ISTAT (i.e., the Italian
National Institute of Statistics). Finally, the domestic electricity
consumption of the municipality of Corsano is shown in
Appendix section Fig. 14.

Domestic

Fig. 1 Trend of domestic electricity consumption (province of Lecce)

To observe the change in domestic consumption in both the
municipality and the province, two curves have been plotted, in
order to observe the difference in the trend for the period
spanning from 2003 to 2020 starting with the province of Lecce.

As noted from Fig. 1, the maximum value of the domestic
electricity consumption in the province of Lecce is 517.3 GWh
corresponding to 2006, while the minimum value is equal to
348.1 GWh corresponding to 2012, while the average
electricity consumption for the domestic sector in the province
of Lecce was found to be 443.771 GWh. On the other hand, the
curve relative to the municipality of Corsano is shown in Fig.
2.

(MW

Domestic Consumption/ year (MWH)

Fig. 2 Trend of domestic electricity consumption in the municipality
of Corsano

As noted from Fig. 2, the minimum consumption was found
to be 5.084 GWh corresponding to 2019, while the maximum
consumption was found to be 5.594 GWh corresponding to
2003, while the average of domestic electricity consumption in
Corsano for the given years is 5.421 GWh.
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B. ARIMA Model

ARIMA is a model that is used mostly to measure events that
happen over a period of time. In other words, it is a time series
prediction method that was proposed by Box and Jenkins in the
1970s [29]. ARIMA model consists of three main parameters p,
d, and q where p, d, and q are defined as follows:

+  prepresents the part of Autoregressive model (AR).

» d represents the Integration indicating the order of single
integer (I).

* g represents the Moving Average model (MA).

C. Steps to Design ARIMA Model

The steps to apply the ARIMA model start with the data
available on which the forecasting needs to be done. Afterward,
the stationarity test has to take place, which is also known as
the Dickey Fuller test, if stationarity is not fulfilled,
differencing has to take place until we reach stationarity. The
next step is the autocorrelation and partial autocorrelation in
order to obtain the value of d, afterward, estimating the values
of p, ¢ and finally apply forecasting to get the future data.

Domestic
electricity
consumption

hd

Test of
Yes— 7 stationarity —————No
ADF
L
Autocorrelation/
i Differencing
partial - Dvelve |
autocormelation () \‘
Yes No
L T
Estimating satisfies
P.q stationanty
T
Apply
forecasting
for the future
domestic
consumpion
T
Selection of
the best
suitable

model

Fig. 3 Procedures of the ARIMA model adapted from [26]

D.Stationarity Test

The stationarity test is done by what is called Augmented
Dickey-Fuller Test (ADF). ARIMA (p, d, q), works on
stationary data. The ADF test determines whether a time series
is stationary or has a unit root, indicating non-stationarity. The
ADF test's null hypothesis is that the time series has a unit root
(is non-stationary), while the alternative hypothesis is that the
time series is stationary. The equation of ADF is as in (1):

AY(t) = a + Bt + yY(t—1) + 8:4Y(t—1) +
82AY(t —2) + ...+ SpAY(t —p) + () (1)
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E. Formulas of ARIMA

For an Auto Regressive (AR) only model where Y; depends
only on its own lags. In other words, Y; is a function of the lags
of ¥,. The formula is as follows:

v =a+ BVt BoVo ++BYip +91 (2)
where Y; is the data on which the ARMA model is to be applied;
Y:.1 s the lagl of the series; f; is the coefficient of lagl that the
model estimates (f;, 2, and so on are the coefficients of AR);
o is the intercept term estimated by the model.

For a Moving Average (MA) only model, where Y; depends
only on the lagged forecast errors, the formula is shown as:

Ye= o+ 9 + @91+ @0, +--+ Dq ﬁt—q 3)

where ¢, g2, are MA coefficients.

Therefore, an ARIMA model is the model in which the time
series was differenced for at least once (or more) to make it
stationary, then the autoregressive and the moving average
terms are combined. So, the equation is as follows:

Yi=a+ 1Y+ B Vept .t ﬁth—p O+ ¢109,4 +
) ’-9t—2 +oeet Pq ﬁt—q (4)

IV. CASE STUDY

The proposed model is addressed to estimate domestic
electricity consumption for a specific zone located in southern
Italy - specifically, for the municipality of Corsano alongside
the province where it is located which is the province of Lecce.
The municipality is part of a group of municipalities sharing
specific cultural and geographical commonalities (called “Terra
di Leuca”) located in southern tip of the Salento peninsula and
exhibiting the typical features of a rural area.
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Fig. 4 Geographical location of the municipality of Corsano

V.ANALYSIS RESULTS FOR THE PROVINCE OF LECCE

A. Stationarity Test

Stationarity test was executed to check the stationarity of the
data of the province of Lecce. The output of the stationarity test
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indicated negative values while performing the analysis, which TABLEI

. RESULTS OF THE ARIMA FORECASTING MODEL FOR THE PROVINCE OF LECCE
means that the data are not stationary, the curve of

Autocorrelation is shown in Fig. 6. ARIMA Model (p=0.d=1,9=1)
AR Coefficient: [0]
San Vito dei > MA Coefficients: [-0.5038]
a Normanni — grinds) constant: -6.1064
length of residuals: 1
willa . Mesagne Equation of Domestic electricity consumption for
ana -6.1064+ -0.50389,_,

the province of Lecce

TABLEII
FORECASTED VALUES OF THE PROVINCE OF LECCE

Year Estimated values  Original values

anduria

2003 480.4
= @ vorono Wl 2004 501.3
O\ Lecce, Puglla.'itallab 2005 503.9
\‘ P 2006 517.3
Y/ 2007 491.2
E 2008 502.1
2009 445.9
2010 476.4
2011 4473
2012 348.1
2013 416.8
. . . . 2014 397.7
Fig. 5 Geographical location of the province of Lecce 2015 391.6
g 2016 381.7
w 2017 375.8
< 2018 383.9
] = 2019 407.1
s I I 2020 392.8
o " _ 2021 381.681
u I I I I 2022 375.575
i 2023 369.468
0 25 5 7.5 10 22024 363.362
B i EE 2025 357.255
2026 351.149
Fig. 6 ACF for domestic electricity consumption (province of Lecce) 2027 345.042
2028 338.936
As shown in Fig. 6, the output contains negative values 2029 332.830
which means that the stationarity is not fulfilled. So, a first 2030 326.723

differentiation must take place. After executing the first

differentiation, the stationarity was fulfilled. Hence, we can say D.Forecasting of Domestic Consumption

that the value of d is equal to 1. g A

After identifying the value of (d), it is time to find out the i !
values of AR (p) and MA (g). 2 o aso \/;/\\

1 \
B. Choose the Best ARIMA Model 5E Vo
. . 00 S AN yau

Several trials have taken place in order to choose the best i 1T e SO ¥
model. The best model in the case of using the RapidMiner - \/’
platform [29] is the one that satisfies linearity between the g
original domestic electricity consumption curve and the 300
forecasted values. The model that satisfies these conditions is » g = e ° 5
found to be the ARIMA model (0,1,1) which means that the ~— Domestic and forecast forecast of Domestic
model is a pure moving average (MA only). The resulting Fig. 7 Forecasted values of the domestic consumption for the

Forecast Model is reported in Table 1. province of Lecce

C. Forecasted Values from 2021 to 2030

) As shown in Fig. 7, the original curve of the historic data is
The forecasted values are shown in Table II.

in blue while the forecasted values are shown in green. We can
notice that the curve is a descending curve indicating a decrease
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in the domestic electricity consumption in the province of Lecce
for the next 10 years.

VI. ANALYSIS RESULTS FOR THE MUNICIPALITY OF CORSANO

A. Stationarity Test

Stationarity test was executed to check the stationarity of the
data of the municipality of Corsano. The output of the
stationarity test indicated some negative values while
performing the analysis, which means that the data are not
stationary, the curve of autocorrelation is shown in Fig. 8.

Domestic MWH_ACF

Domestic MWH_ACF

Fig. 8 ACF for Corsano

As shown in Fig. 8, the output contains negative values
which means that the stationarity is not fulfilled. So, a first
differentiation must take place. After executing the first
differentiation, the stationarity was fulfilled. Hence, we can say
that the value of d is equal to 1.

B. Choosing the Best ARIMA Model

Similarly, several trials have taken place to choose the best
model. The best model in this case is found to be the ARIMA
model (0,1,1) which means that the model is a pure moving
average (MA only). Fig. 9 shows the original curve and the
forecasted curve. The resulting forecast model is reported in
Table III.

TABLE III
RESULTS OF THE ARIMA FORECASTING MODEL FOR THE MUNICIPALITY OF
CORSANO
ARIMA Model (p=0, d=1, g=1)
AR Coefficients: [0]
MA Coefficients: [0.5321]
Constant: -29.1035
Length of residuals: 1

Domestic electricity consumption: -29.1035+ 0.53219,_4

C. Forecasted Values from 2021 to 2030

The forecasted values are shown in Table IV.

As shown in Fig. 9, the original data are shown in blue while
the estimated values are in green. We can understand from the
estimated curve that the consumption in the municipality of
Corsano is going to decrease for the next 10 years. It must be
said that a validation has been made using another platform
called gretl and the results are almost the same for the predicted
values.
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TABLE IV
ESTIMATED VALUES OF THE DOMESTIC CONSUMPTION IN THE MUNICIPALITY
OF CORSANO

Year Estimated values Original values
2003 5593.61
2004 5573.162
2005 5543.408
2006 5558.807
2007 5566.956
2008 5544.597
2009 5543.659
2010 5492.31
2011 5419.71
2012 5400.07
2013 5383.792
2014 5367.03
2015 5360.688
2016 5311.349
2017 5260.291
2018 5146.514
2019 5083.584
2020 5073.753
2021 5052.247

2022 5023.143

2023 4994.040
22024 4964.936

2025 4935.832

2026 4906.729

2027 4877.625

2028 4848.522

2029 4819.418

2030 4790.315

D.Forecasting of Domestic Consumption

=
=
I;

MWH and fare

Domestic MWH and forecast forecast of Domesuc MWH

Fig. 9 Forecasted values of the domestic consumption in Corsano

VII. DISCUSSION

After the analysis, many aspects became very clear to decide
if an energy community at a municipality level could be
extended at a provincial level, for instance:

e The future electricity consumption for the province of
Lecce for the next 10 years has indicated a significant
decrease.

*  The future electricity for the municipality of Corsano for
the next 10 years has indicated a significant decrease as
well.

*  Both ARIMA models suitable for the province and
municipality were found to be the same (0,1,1).
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*  The predicted curves in both cases have the same trend.

From the above-mentioned points, we can answer to our
main research question stating that the design for a long period
is feasible and efficient and the similarity of the predicted
curves for both municipality and province are behaving almost
the same. Nonetheless, for both the municipality and the
province the values are decreasing which means that an energy
community model for the municipality of Corsano could be
extended at the level of the province of Lecce.

VIII.CONCLUSION AND FUTURE WORK

In this article, an ARIMA model has been used on a case
study to predict the future domestic consumption of electricity
for the municipality of Corsano, a small town in a rural area
located in the province of Lecce (in southern Italy) in order to
understand whether a municipality in the province of Lecce
might be considered a good starting point to make an energy
community model that reaches provincial level. The data
regarding consumption were obtained from the annual reports
of the competent authority in Italy from 2000 to 2020 afterward,
the forecast was done for 10 years starting from 2021 to 2030.
The model was found to be ARIMA (0,1,1) for both the
municipality and the province, as it fulfills the linearity between
original consumption and forecasted consumption. As for the
future work a multi-variable analysis must be taken into
consideration after this univariate analysis to have a rock-solid
idea about all the aspects to create the future energy community.

APPENDIX

The data for the electricity consumption by sector in Italy are
taken from the statistical repository provided by TERNA [30].

| naTIONAL (*) | | !
[ CONSUMPTION OF ELETTRICAL ENERGY PER SECTOR in GWH |

S g . i — TOTAL
YEAR AGRICULTURE DOMESTIC | INDUSTRIAL | TERTIARY/SERVICES CONSUMPTION
2000 4.906,6 61.111,7 148.192,4 60.635,1 274.845,8
2001 5.162,6 61.553,2 150.973,4 63.409,8 281.099,0
2002 4.890,2 62.957,6 151.314,1 67.364,7 286.526,6
2003 5.162,2 65.015,8 152.720,9 72.361,4 295.260,3
2004 5.184,8 66.592,2 153.155,3 75.153,3 300.085,6
2005 5.364,4 66.932,5 153.726,8 79.304,9 305.328,6
2006 5.503,5 67.602,6 156.150,6 84.009,5 313.266,2
2007 5.659,2 67,2204 155.804,3 86.001,5 314.685,4
2008 5.669,5 ©8.388,9 151.366,6 §9.149,1 314.574,1
2009 5.649,9 68.924,4 130.505,9 90.376,0 295.456,2
2010 5.610,3 69.550,5 138.439,3 92.161,0 305.761,1
2011 5.907,0 70.140,4 140.039,6 93.246,5 309.333,5
2012 5.923,6 69.456,6 130.800,9 96.454,0 302.635,1
2013 5.677,1 66.983,2 124 8708 94.966,5 292.497.6
2014 5.372,1 64.255,0 122.505,0 94.201,4 286.333,5
2015 5.689,9 66.187,3 122.362,3 97.834,3 292.073,8
2016 5.567,5 64.304,3 122.738,0 97.452,1 290.061,9
2017 5.990,4 65.490,7 125.524,6 99.360,0 296.365,7
2018 5.843,3 65.137,8 126.432,0 100.328,4 297.741,5
2019 6.052,4 65.588,0 128.940,0 95.673,6 296.254,0
2020 6.310,5 66.211,6 125.417,3 81,2318 279.171,2

Fig. 10 Electrical energy consumption (in GWh) per sector in Italy

Demographic data were taken from ISTAT (National
Institute of Statistics) [31].

Domestic consumption per year was calculated based on the
average consumption of the families in Corsano. Average
consumption based on the number of family members was
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obtained from [32].

| REGION PUGLIA |

CONSUMPTION OF F TRICAL ENERGY PER SECTOR in GWH
YEAR AGRICULTURE DOMESTIC [ INDUSTRIAL | TERTIARY/SERVICES TOTAL
CONSUMPTION

2000 565,8 3.791,9 8.432.1 2.817,1 15.606,9
2001 580,4 3.743,9 8.545,9 2.840,0 15.710,2
2002 498,0 38958 B.3355 3.129,0 15.858,3
2003 510,1 3.986,7 B.420,6 3.297,5 16.214,9
2004 472,2 4.101,4 B.646,0 3.425,6 16.645,2
2005 530,6 4.101,4 9.118,3 3.724,1 17.474,4
2006 515,7 4.161,1 9.162,7 4.024,8 17.864,3
2007 556,5 4.200,9 9.224,2 3.980,5 17.962,1
2008 615,9 4.222,4 9.180,2 4.213,3 18.231,8
2008 514,8 4.260,6 7.192,5 4.306,3 16.274,2
2010 510,68 4.265,3 B.230,6 4.372.6 17.379.3
2011 545,8 4.346,3 9.288,1 4.475,8 18.656,0
2012 570,2 4.415,5 B.827,7 4.613,3 18.426,7
2013 500,9 4.124,3 1.711,7 4.425,9 16.762,8
2014 403,2 3.988,5 B.085,0 4.371,7 16.848,4
2015 492,1 4.160,7 7.254,0 4.573,0 16.479,8
2016 436,0 3.996,7 7.725,2 4.548,9 16.706,8
2017 582,4 4.168,0 7.343.5 4.698,1 16.792,0
2018 466,9 4.100,6 7.208,2 4.729,4 16.505,1
20189 512,3 4.133,9 13726 4.557,9 16.576,7
2020 528,7 4.175,4 6.934,8 3.923.8 15.562,7

Fig. 11 Electrical energy consumption (in GWh) per sector in Apulia
administrative region

PROVINCE OF LECCE
CONSUMPTION OF ELETTRICAL ENERGY PER SECTOR in GWH

S " TOTAL

YEAR | AGRICULTURE | poMgstic | NDUSTRIA | TERTIARYISERVICE CONSUMPTIO
2000 86,6 4807 5588 8162 1.942,3
2001 91,5 500,2 51,1 8023 1.975,1
2002 75,5 477.0 6331 8303 20159
2003 69,0 4804 654.4 8409 2.044.7
2004 69,6 501,3 689.7 8592 21198
2008 70,6 5039 7274 8558 2.157,7
2006 68,9 5173 790.3 868.6 2.254,1
2007 679 491.2 T794.9 878.8 L2318
2008 752 502.1 8265 884.0 2.288,7
2000 68.5 4459 8363 887.0 22377
2010 68,1 4764 8478 8912 2.283.5
2011 748 4473 869.4 9187 2.310,2
2012 70,3 3481 885,7 9309 2.2350
2013 66,4 4168 840.4 870,2 2.193.8
2014 58.5 3977 8329 836.8 21259
2015 61.4 9.6 865.2 886.3 2.204,5
2016 604 3817 §60.2 8523 2.154,6
2017 643 3758 §89.5 895.2 222738
2018 589 3839 908.4 882.5 2.233,7
2019 568 107.1 8533 886, 2.203,7
2020 568 3028 7311 8907 2.070,6

Fig. 12 Electrical energy consumption (in GWh) per sector in the
administrative province of Lecce

Average of family

Year Population MNumber of families

members
2003 5.795 1775 326
2004 5770 1812 318
2005 004 1.838 3z
008 4760 1861 308
2007 5769 1002 3.06
2008 5742 1893 303
2009 5740 1918 299
2010 5692 1928 295
M 4620 1940 289
2012 5.595 1967 284
2013 5506 1.960 203
2014 5.557 1.990 273
2015 5.558 2,002 21m
2016 2.500 1.998 275
i H.432 2008 2n
2018 5335 1994 267
2018 5270 1932 264
2020 5.250 2m 261

Fig.13 Demographic data for the municipality of Corsano
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Number Average average consumption Domestic
Year  Population of of family  for a single family / Consumption/ year
families members year (MWH) (MWH)

2003 5795 1.775 3,26 3,15 5593,61
2004 5770 1.813 3,18 3,074 5573,162
2005 5.754 1.838 3,12 3,016 5543,408
2006 5760 1.861 3,09 2,987 5558,807
2007 5.769 1.882 3,06 2,958 5566,956
2008 5.742 1.893 3,03 2,929 5544,597
2009 5740 1.918 2,99 2,89 5543,659
2010 5.693 1.926 2,95 2,851 5492,31
201 5.620 1.940 2,89 2,793 5419,71
2012 5.595 1.967 2,84 2,745 5400,07
2013 5.586 1.968 2,83 2,735 5383,792
2014 5.557 1.990 2,79 2,697 5367,03
2015 5.558 2.002 2,77 2,677 5360,688
2016 5.500 1.998 2,75 2,658 5311,349
2017 5432 2.008 2,71 2,619 5260,291
2018 5335 1.994 2,67 2,581 5146,514
2019 5.278 1.992 2,64 2,552 5083,584
2020 5.250 2.011 2,61 2,523 5073,753

Fig. 14 Yearly domestic consumption of electrical energy (in MWh)

(1]
[2]

[3]

[4]

[3]

(6]

(7

[8]

9]

[10]

[11]

[12]

[13]

for the municipality of Corsano

REFERENCES

A. A. E1-Keib, X. Ma, and H. Ma, “Advancement of statistical based
modeling techniques for short-term load forecasting,” 1995.

A. Azadeh, S. F. Ghaderi, and S. Sohrabkhani, “Annual electricity
consumption forecasting by neural network in high energy consuming
industrial sectors,” Energy Convers Manag, vol. 49, no. 8, pp. 2272-2278,
Aug. 2008, doi: 10.1016/j.enconman.2008.01.035.

G. Xu and W. Wang, “Forecasting China’s natural gas consumption based
on a combination model,” Journal of Natural Gas Chemistry, vol. 19, no.
5, pp. 493-496, Sep. 2010, doi: 10.1016/S1003-9953(09)60100-6.

M. Kankal, A. Akpinar, M. 1. Kémiircii, and T. S. Ozsahin, “Modeling
and forecasting of Turkey’s energy consumption using socio-economic
and demographic variables,” Appl Energy, vol. 88, no. 5, pp. 1927-1939,
2011, doi: 10.1016/j.apenergy.2010.12.005.

C. S. Lin, F. M. Liou, and C. P. Huang, “Grey forecasting model for CO2
emissions: A Taiwan study,” Appl Energy, vol. 88, no. 11, pp. 3816-3820,
2011, doi: 10.1016/j.apenergy.2011.05.013.

F. Shaikh and Q. Ji, “Forecasting natural gas demand in China: Logistic
modelling analysis,” International Journal of Electrical Power and
Energy  Systems, vol. 77, pp. 25-32, May 2016, doi:
10.1016/j.ijepes.2015.11.013.

Y. R. Zeng, Y. Zeng, B. Choi, and L. Wang, “Multifactor-influenced
energy consumption forecasting using enhanced back-propagation neural
network,”  Energy, vol. 127, pp. 381-396, 2017, doi:
10.1016/j.energy.2017.03.094.

T. Ahmad, H. Zhang, and B. Yan, “A review on renewable energy and
electricity requirement forecasting models for smart grid and buildings,”
Sustainable Cities and Society, vol. 55. Elsevier Ltd, Apr. 01, 2020. doi:
10.1016/.5¢s.2020.102052.

Choden and S. Unhapipat, “ARIMA model to forecast international
tourist visit in Bumthang, Bhutan,” in Journal of Physics: Conference
Series, Jun. 2018, wvol. 1039, mno. 1. doi: 10.1088/1742-
6596/1039/1/012023.

H. Wang, J. Huang, H. Zhou, L. Zhao, and Y. Yuan, “An integrated
variational mode decomposition and ARIMA model to forecast air
temperature,” Sustainability (Switzerland), vol. 11, no. 15, Aug. 2019,
doi: 10.3390/sul1154018.

M. R. Abonazel and A. I. Abd-Elftah, “Forecasting Egyptian GDP using
ARIMA models,” Reports on Economics and Finance, vol. 5, no. 1, pp.
35-47, 2019, doi: 10.12988/ref.2019.81023.

G. Perone, “An ARIMA Model to Forecast the Spread and the Final Size
of COVID-2019 Epidemic in Italy 17, doi:
10.1101/2020.04.27.20081539.

S. I. Alzahrani, I. A. Aljamaan, and E. A. Al-Fakih, “Forecasting the
spread of the COVID-19 pandemic in Saudi Arabia using ARIMA
prediction model under current public health interventions,” J Infect
Public Health, vol. 13, no. 7, pp. 914-919, Jul. 2020, doi:
10.1016/j.jiph.2020.06.001.

International Scholarly and Scientific Research & Innovation 17(8) 2023

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

(24]

[25]

[26]

[27]

(28]

[29]
[30]

[31]
[32]

194

A.F. Lukman, R. I. Rauf, O. Abiodun, O. Oludoun, K. Ayinde, and R. O.
Ogundokun, “COVID-19 prevalence estimation: Four most affected
African countries,” Infect Dis Model, vol. 5, pp. 827-838, Jan. 2020, doi:
10.1016/§.idm.2020.10.002.

S. Noureen, S. Atique, V. Roy, and S. Bayne, “Analysis and application
of seasonal ARIMA model in Energy Demand Forecasting: A case study
of small scale agricultural load,” in Midwest Symposium on Circuits and
Systems, Aug. 2019, vol. 2019-August, pp. 521-524. doi:
10.1109/MWSCAS.2019.8885349.

S. Ozturk and F. Ozturk, “Forecasting Energy Consumption of Turkey by
Arima Model,” Journal of Asian Scientific Research, vol. 8, no. 2, pp. 52—
60, 2018, doi: 10.18488/journal.2.2018.82.52.60.

Y. Wang, J. Wang, G. Zhao, and Y. Dong, “Application of residual
modification approach in seasonal ARIMA for electricity demand
forecasting: A case study of China,” Energy Policy, vol. 48, pp. 284-294,
Sep. 2012, doi: 10.1016/j.enpol.2012.05.026.

1. Mado, A. Soeprijanto, and S. Suhartono, “Applying of Double Seasonal
ARIMA Model for Electrical Power Demand Forecasting at PT. PLN
Gresik Indonesia,” International Journal of Electrical and Computer
Engineering (IJECE), vol. 8, no. 6, p. 4892, Dec. 2018, doi:
10.11591/ijece.v8i6.pp4892-4901.

F. Jiang, X. Yang, and S. Li, “Comparison of forecasting India’s energy
demand using an MGM, ARIMA model, MGM-ARIMA model, and BP
neural network model,” Sustainability (Switzerland), vol. 10, no. 7, Jun.
2018, doi: 10.3390/su10072225.

J. Miao, “Based on ARIMA model for the energy consumption
forecasting in China,” 2015.

M. Gaiceanu, C. S. Universitatea Dunarea de Jos Galati. Faculty of
Automation, IEEE Romania Section. CAS/CS Joint Chapter, IEEE
Romania Section. Power Electronics Chapter, and Institute of Electrical
and Electronics Engineers, ISEEE-2017: 2017 5th International
Symposium on Electrical and Electronics Engineering (ISEEE):
proceedings (Xplore compliant): October 20-22, 2017, Galati, Romania.
S. Li and R. Li, “Comparison of forecasting energy consumption in
Shandong, China Using the ARIMA model, GM model, and ARIMA-GM
model,” Sustainability (Switzerland), vol. 9, no. 7, Jul. 2017, doi:
10.3390/su9071181.

B. Nepal, M. Yamaha, A. Yokoe, and T. Yamaji, “Electricity load
forecasting using clustering and ARIMA model for energy management
in buildings,” Japan Architectural Review, vol. 3, no. 1, pp. 62—76, Jan.
2020, doi: 10.1002/2475-8876.12135.

E. E. and T. Union of Electronics, Institute of Electrical and Electronics
Engineers. Bulgaria Section, and Institute of Electrical and Electronics
Engineers, 2019 16th Conference on Electrical Machines, Drives and
Power Systems (ELMA): ELMA 2019: proceedings: 6-8 June 2019,
Varna, Bulgaria.

M. Elsaraiti, G. Ali, H. Musbah, A. Merabet, and T. Little, “Time series
analysis of electricity consumption forecasting using ARIMA model,” in
IEEE Green Technologies Conference, Apr. 2021, vol. 2021-April, pp.
259-262. doi: 10.1109/GreenTech48523.2021.00049.

IEEE Computer Society and Institute of Electrical and Electronics
Engineers, 2019 International Conference on Sustainable Technologies

for Industry 4.0 (STI): 24-25 December, Dhaka.

V.. Ediger and S. Akar, “ARIMA forecasting of primary energy demand
by fuel in Turkey,” Energy Policy, vol. 35, no. 3, pp. 1701-1708, Mar.
2007, doi: 10.1016/j.enpol.2006.05.009.

M. Akpinar and N. Yumusak, “Forecasting household natural gas
consumption with ARIMA model: A case study of removing cycle,” in
AICT 2013 - 7th International Conference on Application of Information
and Communication Technologies, Conference Proceedings, 2013. doi:
10.1109/ICAICT.2013.6722753.

“RapidMiner | Amplify the Impact of Your People, Expertise & Data.”
https://rapidminer.com/ (accessed Nov. 13, 2022).

“Statistiche - Terna spa.” https://www.terna.it/it/sistema-
elettrico/statistiche/pubblicazioni-statstiche (accessed Nov. 13, 2022).
“Istat.it.” https://www.istat.it/ (accessed Nov. 13, 2022).

“Autorita per I’energia elettrica e il gas.” (Online). Available:
www.autorita.energia.it.

1SN1:0000000091950263



