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Abstract: Forecasting the electrical load is essential in power system design and growth. It is critical
from both a technical and a financial standpoint as it improves the power system performance,
reliability, safety, and stability as well as lowers operating costs. The main aim of this paper is to
make forecasting models to accurately estimate the electrical load based on the measurements of
current electrical loads of the electricity company. The importance of having forecasting models is in
predicting the future electrical loads, which will lead to reducing costs and resources, as well as better
electric load distribution for electric companies. In this paper, deep learning algorithms are used to
forecast the electrical loads; namely: (1) Long Short-Term Memory (LSTM), (2) Gated Recurrent Units
(GRU), and (3) Recurrent Neural Networks (RNN). The models were tested, and the GRU model
achieved the best performance in terms of accuracy and the lowest error. Results show that the GRU
model achieved an R-squared of 90.228%, Mean Square Error (MSE) of 0.00215, and Mean Absolute
Error (MAE) of 0.03266.

Keywords: load forecasting; machine learning; deep learning models; electric power system; short-term
load forecasting

1. Introduction

The last era in the world was generally characterized by the rapid and large expansion
of electricity networks, especially electrical loads, as they swelled dramatically and new
types of these electrical loads appeared that need a special study [1]. The increase in
electrical loads causes complexity in the design of the electrical system components. The
reorganization of the energy system also led to the formation of institutionalized generation,
transmission, and distribution companies. These entities are challenged by the increasing
requirements for the reliable operation of power system networks [2]. The main concern of
every electrical company is to provide reliable and continuous service to its customers. It
has become difficult to predict electrical loads using traditional and old methods since many
factors affect electrical loads directly and indirectly. Those factors are population census,
temperatures, climatic changes, rainwater, underground basins, the economic system
in each country, human behavior, global epidemics, and the evolution of industries [3].
Electricity in Palestine is taken from the Israeli through connection points between the
two sides, and some of these points have high electricity consumption and others low
consumption, which causes malfunctions in high-load transformers and leads to problems
in energy outputs and infrastructure. Electrical load forecasting is critical in establishing
and improving power system efficiency because it ensures reliable and economic planning,
control, and operation of the power system. It helps the electricity companies make
critical choices such as the acquisition and generation of electrical power, as well as the
establishment of the infrastructure for the transmission and distribution system.

With the rapid and dramatic increase in energy consumption, developing reliable
models to predict electrical loads is becoming increasingly demanded and complicated [4,5].
The problem of rapid and sharp growth in energy consumption in Palestine has led to the
need to create reliable models to predict electricity loads, as these models will help the
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electricity companies in managing and planning energy transmission and ensuring reliable
and uninterrupted service to their customers. Predicting electrical loads is very important
for electricity companies in Palestine to prepare short, medium, and long-term plans, and
the energy authority and government agencies need to secure energy in the coming years.

Forecasting the electrical loads does not depend only on the power sector in Palestine,
but instead can feed all economic sectors for feedback that may benefit them in preparing
plans for future development for these sectors. Globally, the importance of predicting loads
comes from the difficulty of predicting them, as loads are the missing and most ambiguous
link for many countries that seek to develop strategies for the electrical system. Therefore,
load forecasting is useful in t designing electrical networks and developing strategic plans
that ensure a stronger economy, a cleaner environment, and energy sustainability.

In this research, we are going to forecast the short-term electrical loads in Palestine
based on real data and deep learning algorithms namely: long short-term memory (LSTM),
gated recurrent unit (GRU), and recurrent neural network (RNN). The objectives of this
work can be illustrated as follows:

e  FPorecasting electrical loads with the highest accuracy to simulate the real development
of electrical loads.

e  Assisting electrical companies in developing short and medium-term plans for design-
ing electrical networks and estimating infrastructure needs.

e Improving the electricity service in Palestine and solving the problem of power outages
in Palestine.

e  Helping the electricity companies in securing sources of energy that are suitable for
the loads and not reduce the loads; as this increase is considered a waste that cannot
be used.

The main contribution of this study is to develop models using deep learning algo-
rithms (RNN, LSTM, and GRU) to forecast electricity load in Palestine based on a novel real
dataset. This dataset is the first to come to light in a specific area (Palestine). In addition
to the tuning that was performed using different types of Hyperparameters (optimizer,
activation function, learning rate, number of epochs, batch size, number of hidden layers,
and dropout). To the best of the authors knowledge there is no studies in the open literature
review conducted to forecast the electrical loads using seven types of Hyperparameters.
The proposed forecasting models presented in this research can be applied to any electricity
company dataset. The forecasting models will help electricity companies to introduce
reliable and uninterrupted services to their customers, assist them in developing short and
medium-term plans for designing electrical networks and estimating infrastructure needs,
and help them in securing sources of energy that are suitable for the loads. Moreover, the
proposed models will help the electric companies to make critical decisions, such as the
development of transmission and distribution systems infrastructure to guarantee the best
electrical services for the customers.

This section provides an overview of the electrical load forecasting and the following
sections in the paper are structured as follows: Section 2 describes the literature review and
previous studies, Section 3 presents the methodology used in building the deep learning
models to forecast the electric load, Section 4 illustrates the experimental results and
compares the results with previous studies. Section 5 provides conclusions and plan for
future work.

2. Literature Review

This section presents the state of the arts and an analysis of the relevant literature
review for the forecasting of electrical loads and demands.

2.1. Background

Machine learning (ML) and deep learning algorithms are widely used in the field
of forecasting energy demand and the amount of electricity consumption [6]. Engineers
and data scientists depend on these approaches to deal with temporal data in terms of
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exploration, explanation, and analysis. Deep learning algorithms are used to optimally
manage the competitive markets of electricity, heat, and hydrogen by tapping into the
potential of intelligent consumers. Through using the capabilities of data-driven customers,
deep learning algorithms are employed to efficiently control the dynamic electricity, heat,
and hydrogen markets [7]. At a high level, the use of ML in power demand analysis
in the literature is separated into two types and those are: (1) unsupervised learning
techniques, which are primarily used to give descriptive analytics or as pre-processing
stages and discover the behavior of electricity consumption [8-11], and (2) supervised
learning approaches, which are mostly used for predictive modeling [12-16].

One of the most obstacles that face the Palestinian electricity companies is forecasting
the electricity loads since the forecasting process helps these companies guarantee the
electrical services to their customers, reduce power outages, and management of their
electrical network, so there is a need for building a reliable electricity load forecasting
system to predict future power loads in Palestine. It is worth mentioning that we cannot
depend on the power loads forecasting system that had been proposed in the literature
by the previous researchers since the weather factors and the power sources differ from
country to country.

2.2. Electrical Load Forecasting

Load forecasting can be loosely classed as engineering techniques or information
methodologies techniques. Engineering techniques, often defined as physics-based mod-
eling, employ physical rules to forecast and evaluate power consumption. To compute
energy use, these models frequently rely on contextual elements such as the structure of
the building, meteorology, and heated, ventilated, heating, and cooling information. In
addition, many mathematical operations and equations are needed for prediction purposes.
Building energy simulator tools such as energy plus and equest use physics-based mod-
els [17]. The limitations of these models originate from their reliance on the accessibility
and accuracy of the training dataset [18]. Researchers proposed two sorts of forecasting
techniques: quantitative and qualitative [19,20]. Quantitative approaches include moving
averages [21], deep learning methods [22], time series [23], exponential smoothing [24], and
trend projection [25]. They are employed when the situation is steady and previous data
is available. Whereas, qualitative procedures [26] such as Delphi methodologies [27] and
high-level experts [28] are employed when the situation is ambiguous and there is limited
available data.

2.3. Short-Term Load Forecasting (STLF)

STLF is essential to lower the cost of electricity transactions, encourage the reliable
functioning of smart grids without interruption, and control loads as needed. STLF is
also used to assess the risks of electricity shortages and reduce the appearance of loads to
obtain a stable and reliable electrical network. This section will talk about the following
subsections: short-term load forecasting for medium and large electrical networks, and
short-term load forecasting for small electrical networks.

2.3.1. Short-Term Load Forecasting for Medium and Large Electrical Networks

The models proposed in [29] is based on neural networks and particle swarm opti-
mization (PSO) to evaluate the Iranian power system. The neural network-based solutions
resulted in fewer prediction mistakes due to their capacity to adapt effectively the hidden
properties of the consuming load. The accuracy of the proposed model was assessed based
on the mean absolute percentage error (MAPE) which does not exceed 0.0338 and the mean
absolute error (MAE) was found to be 0.02191.

The studies in [30,31] used empirical modal decomposition (EMD), where it makes
the original electricity consumption data is first decomposed into several inherent mode
functions (IMFS) with different frequencies and amplitudes. Researchers in [30] suggested
empirical mode decomposition gated recurrent units with feature selection for short-term
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load forecasting (EMD-GRU-FS). The Pearson correlation is used as the prediction model’s
input feature to determine the correlation between the subseries and the original series. The
experimental findings revealed that the suggested method’s average prediction accuracy
on four data sets was 96.9%, 95.31%, 95.72%, and 97.17%, consecutively. Moreover, authors
in [31] enhanced a combination of integrated empirical modal decomposition (EMD) and
long short-term memory network (LSTM) was presented for short-term load power con-
sumption forecasting. The LSTM is used to extract features and make temporal predictions.
Finally, on the end-user side, short-term electricity consumption prediction results were
obtained by accumulating multiple target prediction results. The proposed EMD—LSTM
method achieved MAPE of 2.6249% in the winter and 2.3047% in the summer.

Moreover, in China, a hybrid short-load forecasting system based on variation mode
decomposition (VMD) and long short-term memory (LSTM) networks and optimized using
the Bayesian optimization algorithm (BOA) has been developed [32]. They compared the
proposed methods with SVR, multi-layered perceptron regression, LR, RF, and EMD-LSTM,
the result of the proposed method shows that MAPE is 0.4186% and R-squared is 0.9945.
In [33] a variational mode decomposition (VMD), temporal convolutional network (TCN),
and error correction approach hybrid prediction model are suggested; where the train set
is prediction error is used to adjust the model’s prediction accuracy. The hybrid model
beats contrast models in prediction; the MAPE for 6, 12, and 24-step forecasting is 0.274%,
0.326%, and 0.405, respectively. The authors in [34] employed the VMD-MFRFNN and DCT-
MFRFNN algorithms to predict historical data, reducing volatility in the time series and
simplifying its structure. They also compared them based on RMSE. The results indicated
that the VMD-MFRFNN model was the best in predicting the historical data.

The researchers in [35-37] used Artificial neural network (ANN) algorithms in building
models for short-term electrical load forecasting since ANN algorithms deal with non-
linear data. Ref. [35] Proposed an ANN algorithm to make a robust computation with vast
and dynamic data to cope with the difficulty of non-linearity of constructing historical
load data for short-term load forecasting building energy consumption. The authors [35]
created and confirmed their results on a testbed home, which was supposed to be a real test
facility. Their model was based on the Levenberg—Marquardt and newton algorithms and
achieved a coefficient of determination within R? is 0.91, which means the model is a perfect
fitting with a rate of 90% of the variance in the power consumption variable predicted
from the independent variable. Furthermore, researchers in [36,37] investigated the use of
certain types of neural networks such as non-linear autoregressive exogenous (NARX) and
convolutional neural networks (CNN) to improve the performance of standard ANN in
handling time-series data. [36] Suggested a novel version of CNN for the short-term load
(one day ahead) forecasting employing using a two-dimensional input layer (consumptions
from past states in one layer and meteorological and contextual inputs in the second layer).
The model was used in an Algerian case study and the performance metrics indicated that
MAPE and RMSE are 3.16% and 270.60 (MW) respectively. Ref. [37] Proposed a model for
load forecasting based on a non-linear autoregressive model with exogenous input (NARX)
neural network and support vector regression (SVR) to forecast power consumption for the
day ahead, a week ahead, and a month ahead at 15-min granularity, and they compared
SVR and NARX neural network methods. Then, they evaluated the models with varied
time horizons after training them with genuine data from three real commercial buildings.
The SVR outperformed the NARX neural network model, according to their findings. For
the day ahead, a week ahead, and a month ahead forecasting, the average predicting
accuracy is approximately 93%, 88-90%, and 85-87%, respectively. In [38] a novel multi-
functional recurrent fuzzy neural network (MFRENN) is proposed for developing chaotic
time series forecasting approaches. They validated the efficacy of MFRFNN on real datasets
to forecast wind speed prediction.
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2.3.2. Short-Term Load Forecasting for Small Electrical Networks

STLF for small networks is becoming increasingly critical as the penetration of dis-
tributed and renewable energy grows. Having an accurate STLF for the small grid helps
resource management of both renewable and conventional resources, as well as energy
economics with electricity markets. As a result of the load time chain’s non-smooth and
extremely unpredictable behavior in a small network, researchers in [39—41] built models
to predict short-term electrical loads for small networks based on real data obtained from
smart meters in buildings. In [39] an ensemble-based methodology for forecasting average
construction consumption in France was proposed. The new framework basic learners are
ensemble artificial neural networks (EANN), which are combined using multiple linear
regression. Their findings revealed that stand-alone ANN performed better in terms of
generalization ANN-based bagging artificial neural networks (BANN) with RMSE (WH)
of 296.3437 and MAPE of 15.9396. A short-term electric load prediction model was built
in London [40], and online adaptive RNN technology was used, a load forecasting ap-
proach that can continually learn from fresh data and adapt to changing patterns. In this
research [40], the RNN is utilized to record time dependencies, and the online aspect is
accomplished by changing the RNN weights based on fresh data. The result obtained indi-
cated that the MAE is about 0.24 and 0.12 straight for 50 h ago and an hour ago respectively.
Ref. [41] Suggested an LSTM-based method in which they increased the prediction accuracy
by tweaking the LSTM hyperparameters i.e., (learning rate, weight decay, momentum,
and the number of hidden layers) using the Enhanced Sinusoidal Cosine Optimization
Algorithm (ISCOA) and using data from India-Mumbai to forecasting long, medium, and
short-term load. The obtained results [41] for short-term forecasting give MAE = 0.0733,
MAPE = 5.1882, MSE = 0.0115, RMSE = 0.1076.

Recurrent neural networks (RNNs), convolutional neural networks (CNNs), long short-
term memory (LSTM), and deep belief networks have been used to enhance the precision of
electricity load forecasts as reported in [42—44]. In [42] method for electrical load prediction
based on historical data from China has been proposed. Whereas, the proposed model is a
novel deep learning based on short-term forecasting (DLSF), and it was compared with
the support vector machine (SVM) model. A deep CNN model was used to categorize the
daily load curves. For STLE, an ANN with three hidden layers was utilized, taking into
account different environmental elements such as temperature, humidity, wind speed, and
so on. Simulation results indicated that the accuracy of DLSF is 90%, and 70% for the SVM.
Ref. [43] Proposed a model to know the uncertainty in the electrical load profiles, based on
deep learning-machine learning algorithms to predict household loads in Ireland. A novel
pooling-based deep recurrent neural network (PDRNN) has been used in which aggregates
a set of customer load profiles into a set of inputs and is compared PDRNN with ARIMA,
SVR, and RNN. The result showed that PDRNN method outperforms compared with
ARIMA, SVR, and RNN as the RMSE (kWh) = 0.4505, 0.5593, 0.518, and 0.528 respectively.
Ref. [44] Proposed a model to predict short-term electrical loads at the residential level based
on smart meter readings from the building. In this study [45], the researchers suggested
building a model to predict electrical loads at the level of small electrical networks The
proposed model in the study [45] is a CNN algorithm compared with SVM, ANN, and
LSTM algorithms. Where the results showed the superiority of the proposed model CNN
over SVM, ANN, and LSTM where RMSE = 0.677, 0.814, 0.691, 0.7 respectively.

A model in [46] proposed to forecast short-term load forecasting for many families
using Bayesian networks, the multivariate algorithm forecasts the next immediate house-
hold load value based on historical consumption, temperature, socioeconomic factors, and
electricity usage. Its performance was compared to other forecasting algorithms using real
data from the Irish intelligent meter project. The suggested technique delivers a consistent
single forecast model for hundreds of families with varying consumption patterns, accord-
ing to the results, MAE (kWh) is 1.0085, and the Mean Arctangent Absolute Percentage
Error (MAAPE) is 0.5035. Recent experimental findings in [47] suggest that the LSTM
recurrent neural network yields lower prediction errors than statistics and other machine
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learning-based techniques. Ref. [48] Built a model to forecast short-term load forecasting
for individual residential households. Researchers in [48] contrasted the LSTM model
performance with the extreme learning machine (ELM), back-propagation neural network
(BPNN), and k-nearest neighbor regression to show considerable prediction error reduction
by employing the LSTM structure, and obtain Avg. MAPE aggregating forecasts of 8.18%,
and an Avg. MAPE for individual forecasts of 44.39%.

Overall, predicting electrical loads in the short term helps in predicting loads for a few
minutes, hours, a day, and sometimes a week, which helps in controlling the distribution
of loads and evaluating the safety of the electrical network. However, based on the
mentioned works, some researchers encountered difficulty in obtaining accurate data on
the consumption behavior of consumers. In this section, we have reviewed some of the
previous studies related to electric load forecasting. We started by reviewing some works
related to the forecasting of short-term electrical loads, whether at the network level in
regions as a whole or at the level of residential buildings, and then we discussed different
algorithms used in forecastings such as LSTM, SVM, RE, CNN, ANN, and SVR.

To the best of the author’s knowledge, there is no forecast of electrical loads in the
State of Palestine, and the prediction is different from country to another because the terrain
and climatic conditions differ from one country to another as well as the population density
and the power consumption. This research will focus on predicting short-term electrical
loads based on the real dataset in Palestine. Using machine learning algorithms (LSTM,
GRU, RNN) with the highest accuracy and least error rate will help to solve the problem of
power outages in Palestine and save time and cost.

2.4. Research Questions

This research will answer the following: 1—WHhat is the best model that gives the
highest accuracy and lowest error rate? 2—What is the best optimizer that can be used
to achieve the best performance and accuracy? 3—What are the days of highest power
consumption? 4—What kind of relationships and correlations are between the independent
and dependent variables? 5—How is the distribution of electricity consumption during the
hours of the day? 6—What are the rush hours for power consumption each day?

3. Methodology

The first step of the methodology is data collection and preparation. and the second
step is data exploration, the third step is data preprocessing for machine learning; the
fourth step is to use different machine learning algorithms i.e., (LSTM, RNN, GRU) for
forecasting the electrical short-term load forecasting, and use of different performance
metrics to compare different machines learning algorithms performance and select the best
approach. Finally, select the best model for electric load forecasting based on the steps of
the optimization and tuning process in the models. Figure 1 summarizes the methodology
as illustrated below:

DATA COLLECTION | |DATA EXPLORATION| |DATA PROCESSING Ma’;’:g;‘i;::\':‘“g APPLICATION
Data Normalization Split Data Train & Test
g Feature selection Learning Models

'\ s 4 ha e

3 3 . el g

e 3] ' o
w; Load

Consumption
Parameter Forecasting

SCADA Application Process Data Optimization models

Figure 1. Basic workflow for electric load forecasting models.
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3.1. Data Collection and Description

The data used in this research were obtained from Tubas Electricity Company—Palestine.
All loads are stored through the real operational supervisory control and data acquisition
(SCADA) program in a database, and every minute the system enters the new reading
into the databases. The dataset contains 465,675 rows and 8 columns as shown in Table 1,
which represents the first five records of the data obtained from e 1 September 2021 to the
31 August 2022. The main features in the dataset are date hour, weekday, week number,
month, year, temperature, and current. The p-values for all these features were found to
be less than 0.05. This indicates that all features have significant impact in the dependent
variable i.e., (energy). The data was cleaned and prepared before starting the exploratory
data analysis stage. Table 2 shows the descriptive measures for the electrical load dataset.

Table 1. The first five records in the dataset before data preprocessing.

Dat}ell(l):rr}tfl);z:;:zr)l-dd Temp?éture_ Hour Weekday Week Month Year Er;g?ﬁ’_
2021-09-01 00:00:54 31.0 0 3 35 9 2021 284.10560
2021-09-01 00:01:55 31.0 0 3 35 9 2021 279.18033
2021-09-01 00:02:55 31.0 0 3 35 9 2021 278.64350
2021-09-01 00:03:56 31.0 0 3 35 9 2021 280.11516
2021-09-01 00:04:56 31.0 0 3 35 9 2021 280.37660
Table 2. Descriptive measures for electrical load dataset.
Electrical Load (kWh) Daily (kWh) Weekly (kWh) Monthly (kWh)

Standard Deviation 35.59 30.15 25.13

Mean 199.013 200.51 202.18

Median 200.36 198.31 202.25

Table 2 shows the description standards for electrical load data on a daily, weekly,
and monthly basis. Mean, median, and standard deviation was found. The mean for daily
electrical loads is 199,013 kWh, the weekly average is 200.51 kWh, and the monthly average
is approximately 202.18 kWh. The mean is close to the same loads. As for the standard
deviation, it is clear that the distribution of loads daily is 35.59 kWh away from the average,
which is the most dispersed from the arithmetic mean, and the lowest is the standard
deviation of monthly loads of 25.13 kWh. As for the median, the average daily electrical
load is 200.36 kWh, the weekly is 198.31 kWh, and the monthly is 202.25 kWh. Therefore, it
is clear from the previous explanation that the dispersion of the daily electrical loads from
the arithmetic mean is the highest.

3.2. Exploratory Data Analysis (EDA)

In this section, all exploratory data for electrical load data were extracted and analyzed.
Exploratory data analysis is an examination of the many features, correlations, and hidden
patterns found in electrical load data. Several methods have been used to analyze and
explore the data such as autocorrelation, box plot, and line plot. The ability to visualize and
investigate the interrelationship of different variables and to unearth previously unseen
patterns is a key feature of EDA that is crucial to the creation of time series forecasting
models [49].

3.2.1. Correlation

The linear link between two or more variables is measured using a statistical technique
called correlation. One variable may be predicted from another via the use of correlation.
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The theory behind utilizing correlation to select features is that useful variables will have a
strong correlation with the result. The heat map assists in understanding the correlation
ratio between the features to know whether there is enough connection to construct a deep
learning model to predict the short-term load forecasts to examine the link between the
dataset components. The heat map was created with the python matplotlib and seaborn
module, which calculates the correlation coefficient (1) between the components using
Equation (1) [50].

LX) yi—y )

(1)
VEG® ) Ty —y)?

where r = correlation coefficient, x; = values of the x-variable in a sample, x~ = mean of
the values of the x-variable, y; = values of the y-variable in a sample, and ¥~ = mean of the
values of the y-variable.

Figure 2 shows the correlation between the features within the dataset, and it can be
seen that there are positive relationships between some features such as (week and month,
and also the week and a number of days of the year) and negative relationships between
(year and month, year and day of the year). In addition, the relationship between electricity
consumption and the hour is equal to 0.47 since the loads are highest in the morning during
the working hours of the institutions, and at night, they are dropped to the lowest.

-100
Temprature -
Current - 021 [ 075

Energy (Wh) - -0.081 0.0037 -0.50

Y =

Month - 035 £0.036 0.016

e o oo oo [[EENR
Week - 0.32 £0.037 £0.015

-0.25

o
=3
S

correlation scale

WeekDay - 0.013 £0.045 0.003 .0082 0.0048 0.0029 %
Daynum - 0.14 0.0034 0.072 £0.0055 0.013 0.033 0.02 --0.50
Dayofyear - 034 0.036 0.021 0.94 097 £0.0096 0.068 -

hour - 012 047 0.0031 0.0058 £0.0068 0.0059 £0.0048 0.002 0.006
Temp}ature Cur;en( Energ;f (Wh) Mo;1th far “éek \Abel;Day Day;wm Dayolfyear holur -0

Figure 2. Correlation coefficient for all features in the dataset.

3.2.2. Electrical Demand Behavior Analysis

To find out the days and hours that have the highest electricity demand. Figures 3-5
show the distribution of the electric load using the boxplot. This visualization helps in
forecasting the times, months, and hours of overloading to take the necessary measures to
avoid the occurrence of overloading problems. They also help in forecasting the times of
minimum load to reduce the losses in the network.

Demand 2021 Demand 2022

350 N

300 T —
E =
= 250 s
* x
2 =
£ 20 2
8 2
T T
5 150 -
2 2
5 5
£ 100 . £
o o

50 ' R

0 ' [ ' - '

s 10 1 12 1 2 3 4 5 6
Months Months

Figure 3. The demand for electric load in Kilowatts hours (kWh) from 2021 to 2022.
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Figure 3 shows the electricity consumption from September 2021 to June 2022, it can
be seen that the consumption in September was the highest (350 kWh) among the months.
During this month, the temperatures are high. As for November, it is the lowest; the value
is 50 kWh in consumption. This helps us in dealing with loads and predicting electric loads,
especially in the summer when the electricity can be generated from alternative sources to
avoid problems due to overloads.

Demand group by Day of Week

400

v
S

=3
3

N
G
=]

=
&
=]

Demand of electricity(kWh)
=3
8

-
o
=]

g
|
|

—— '
0 L] L] L]

\Medn:zsday Thur;day Fm‘!ay Satu'rday Sun'day Mon‘day hes‘day
Day Name

Figure 4. Distribution of electric load demand based on the days of the week.

Figure 4 shows the electricity consumption from September 2021 to June 2022 group
by the days of the week. It can be seen that the consumption on Saturday is the highest,
where the highest value is 397 kWh between the days of the week, whereas Friday is the
lowest day of the week. This is due to the weekend holiday in Palestine as it takes place
on Friday, and companies and factories are closed on this day. This analysis helps us to
focus on forecasting electrical loads during the working days for employees and schools as
well as reinforced by focusing on forecasting loads on days with excessive loads to avoid
electrical faults and working on the correct distribution of electricity based on days.

Demand group by Day in months
4
350 - _ _ _ —

400

N
o
=}

&
S

-
=3
1=

Demand of electricity(kWh)
3
3

g
I

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 2 27 28 29 30 31
Days

Figure 5. Distribution of electric load demand based on the hours of the day.

Figure 5 shows the consumption of electricity based on the hours during each day.
It can be seen that in the period between 6 a.m., the consumption of electricity begins to
gradually increase to 8 p.m. because it is almost the beginning of the work of factories,
companies, and agricultural wells. Then as noticed, the consumption begins to gradually
decrease in the available night hours and the early morning hours, because it is the sleeping
period for families, and the shops are closed.

3.2.3. Time Series Analysis for Electricity Loads

To identify the demand for electricity on a daily, weekly, monthly, and during the
day. Figures 6-8 show the demand over time. This helps to identify the nature of the data,
whether is it seasonal, recurring, or random. Moreover, it shows some statistical measures
to show the distribution of some figures of the dataset.
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Figure 7. Tubas electricity demand over time period (Sep-2021 to Jun-2022).
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Figure 8. The relationship between temperature in degrees and the demand power in (kWh).
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Figure 6 shows the electricity consumption from the beginning of September 2021 to
Jun 2022 every minute. It can be seen that the consumption is variable and noticed that
the highest value is 400 kWh, and the lowest value is zero, and this indicates that there is a
disconnection in the electric current at that time.

Figure 7 shows the electricity consumption from the beginning of September 2021 to
June 2022 in the form of (daily, weekly, and monthly averages). It can be seen from the
monthly average that consumption from September 2021 starts decreasing until the end
of January 2022, because it is the exit period from summer to winter. During the period
between February 2022 and April 2022, consumption was virtually constant, after which
consumption began to rise with the beginning of the summer season.

Figure 8 shows daily temperatures and daily electricity consumption. It can be seen
that from September to November, the temperatures ranged between (25 °C, and 35 °C),
and the demand for electricity during this period was high from the beginning of September
to mid-October because the temperature was high. From mid-October to late December,
the consumption was low because the temperature was in the range of (18 °C to 25 °C. In
the period between November and the beginning of January, temperatures ranged between
(15 °C-25 °C), and the demand for electricity during this period was minimal. Moreover,
during the period between January to February, the temperatures were the lowest in the
range of (5 °C-20 °C), in this period the consumption rises again in the range of (153 kWh to
289 kWh). Then, from March to June, temperatures begin to rise gradually, and accordingly,
the demand for electricity increases or decreases according to the temperature.

In this section, exploratory data analysis was performed, which allows us to focus on
data patterns and decide how to utilize machine learning to extract knowledge from the
data. After visualizing the data, It can be seen that when the temperatures are high, the
demand for electricity increases, and when the temperatures are medium (15 °C-25 °C),
the electricity demand is affected, and at low temperatures (less than 15 °C), the demand
for electricity increases. In addition, the peak electricity consumption is from 6:00 a.m. to
08:00 p.m. Further, the lowest consumption is on the weekends (on Fridays). Following
this exploration, in the next section, the methodology used to forecast the electric load will
be presented and discussed.

3.3. Forecasting Methodology

This section presents the proposed method to forecast short-term loads based on deep
learning algorithms in a real dataset as illustrated in Figure 9. It begins with composing
the dataset and describing preprocessing steps such as normalization and feature selection.
Then building and training models: deep learning models to forecast short-term load based
on historical data, namely: (LSTM, RNN, and GRU). After that, the hyperparameters tuning
for machine learning models such as (optimizer, activation function, learning rate, number
of epochs, batch size, and number of hidden layers) were used as well as the performance
metrics to measure the accuracy of each model. Finally, select the best forecasting model.
All models in this research were implemented using Python 3 with the Pandas, Seaborn,
Sklearn, and Matplotlib, TensorFlow, and NumPy libraries. A 2.6 GHz intel core i5 processor
platform with 8 GB of RAM running on a windows 10 desktop was used to implement this
approach.

3.3.1. Data Preprocessing

Data preprocessing is a key stage in training the machine-learning model to use the
ideal data structure; without preprocessed data, the machine-learning models may not
operate as effectively as necessary, resulting in a miss and poor outcomes.

Depending on the nature of the raw data, different preprocessing sub-steps may be
used [31], data normalization, and removing highly correlated features were used in this
paper, as well as removing features with little correlation with the targeted feature, outlier’s
removal, and an evaluation to check the null values in the original data. The techniques
will be described in full in the next section.
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Figure 9. Methodology of building the machine learning algorithms for the electric load consumption.

Data Normalization

Data normalization is a preprocessing technique used to prevent some features from
dominating all other features; data normalization aims for features with the same scale to
be of equal importance; there are many types of data normalization methods, including
standardization and max-min normalization [51]. The range of all features was standard-
ized to be between [0-1] in this study, and the max-min normalization technique was used
to conduct a linear transformation on the data, with the max-min normalization method
determined using Equation (2) [52].

¥ = ST ©)

where x” is the normalized value, x is the original feature value, x,,;, is the minimum value
of the feature, and x,;,,y is the maximum value of the feature.

Feature Selection

Feature selection is a technique where we choose those features in our data that
contribute most to the target variable; it also has a good set of characteristics to achieve
excellent identification rates in challenging situations [53]. The correlation between features
was calculated, where its statistical technique determines how one variable moves/changes
about the other variable, when we have highly correlated features in the dataset it increases
the variance and is unreliable [54]. To isolate the highly correlated feature and the features
with little correlation with the target; we used the filter method feature selection which
depends on the correlation coefficient to apply a threshold to remove the features with a
correlation higher than 90%.

3.3.2. Machine Learning Algorithms

In this section, we will provide a quick overview of the chosen three ML algorithms.
The algorithms were chosen based on their popularity and performance in prior studies.
Although sharing the same goals, an extensive range of ML deep learning algorithms has
quite distinct mathematical models, strengths, and drawbacks. The deep learning method
explores the relationships between the elements throughout the deep learning process so
that the dependent variable value may be predicted by the independent variable. In this
research LSTM, RNN, and GRU were used to forecast power consumption.
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Long Short-Term Memory Model

A long short-term memory network (LSTM) is a sort of temporal cyclic neural net-
work [55] that is specifically designed to address the long-term reliance issue that exists in
a general RNN (recurrent neural network). Memory units replace the hidden layer neurons
of a standard RNN network in an LSTM network. The memory unit’s architecture, which
contains the input gate, forgetting gate, and output gate, can cause the networks to erase
erroneous data or keep critical data at each time step.

Because of its capacity to learn temporal correlations, an LSTM recurrent network has
become one of the best candidate networks in various domains such as language translation
and speech recognition. Such timing correlates are common in power consumption loads
because they are based on inhabitants” behavior, which is difficult to understand and
forecast. In the instance of electrical load forecasting, the LSTM network is intended to
extract the phases of the loads from the patterns of the incoming power consumption profile,
then store these states in memory, and lastly forecast based on the learned knowledge [48].
Figure 10 shows the construction of an LSTM cellblock.

LSTM Memory Cell

-

Figure 10. A long short-term memory block diagram structure.

Figure 10 shows the input gate acts like a filter, blocking out any input that is not
relevant to the unit. The forget gate helps the unit forget any information previously stored
in its memory. This helps the unit to focus on the new information it is receiving. The
output gate is responsible for deciding whether or not the contents of the memory cell at
the LSTM unit’s output should be revealed. It can either expose the contents or not reveal
them. This gate has a sigmoid activation function, which means it can only output a value
between 0 and 1. This helps to limit the output of the gate.

Recurrent Neural Network Model

Recurrent neural networks (RNNs) were designed to analyze time-series data and have
been applied successfully in a variety of disciplines, including voice recognition, machine
translation, and picture captioning [56,57]. RNN processes incoming sequence/time-series
data by individual vectors at each step, keeping the information recorded at previous time
steps concealed.

Figure 11 shows, “Xx” represents the input layer, “h” represents the hidden layer, and
“y” represents the output layer. The networking variables A, B, and C were employed to
enhance the model’s outputs. The current input is a mixture of input at x(t) and x(t) at
every particular time t. (t — 1). At each particular time, the output was retrieved back to
the network to enhance it.
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Figure 11. Recurrent Neural Network Structure.

Gate Recurrent Unit Model

The gated recurrent units (GRUs) are a gating method in recurrent neural networks
established in 2014 [58]. The GRU is similar to a long short-term memory (LSTM) with
a forget gate but has fewer parameters since it lacks an output gate. Ref. [59] GRU out-
performed LSTM on specific tasks such as polyphonic music modeling, speech signal
modeling, and natural language processing [60,61]. GRUs have been demonstrated to
perform better on smaller and less frequent datasets [62]. GRU, which is an improvement
on the classic RNN’s hidden layer, is depicted schematically and structurally in Figure 12.
A GRU is made up of three gates: an update gate, a reset gate, and a temporary output.
The associated symbols are as follows:

1.  Variable x; is the network input at moment t.

2. Variables h; and () are information vectors that reflect the temporary output and the
hidden layer output at instant t, respectively.

3. Variables z; and 1; are gate vectors that reflect the output of the update gate and the
reset gate at moment t, respectively.

4. The sigmoid and tanh activation functions are represented by (X) and tanh (x), respec-
tively.

Figure 12. Gate Recurrent Unit Structure.

3.3.3. Hyperparameters Tuning for Machine Learning Models

This section will show the hyperparameters that were used in this research to obtain
the best results for the models that have been applied. Discovering this section, we will
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investigate what the best parameters that determine the structure of models to predict
electrical loads are, which is called hyperparameter tuning.

Tuning is the process of choosing an optimal set of hyperparameters for the learning
algorithm [63]. The parameters used in this research are listed as follows:

Best optimizer.

Activation function.
Learning rate.

The number of epochs.

Batch size.

The number of hidden layers.
Dropout.

3.3.4. Metrics Selection

Several metrics associated with data regression statistically measure its performance [64].
This paper will focus on the following metrics for deep learning models, namely: Mean
Square Error (MSE), Root Mean Square Error (RMSE), Mean Absolute Error (MAE), and
the coefficient of Determination (R-squared). This is to test these models and choose the
best one based on the performance metrics listed below:

1.  Mean Square Error (MSE) is a calculation of the mean squared deviation between
observed and predicted values. Equation (3) shows how to calculate MSE.

1 n
MSE:EZ(‘yt—ytP‘ 3)
i=1

where yt is the actual data value and yt” the predicted data value.
2. Root Mean Square Error (RMSE) is equal to the square root of the average squared
error. Equation (4) shows how to calculate RMSE.

RMSE = \/ - - (lyt — | )
i=1

3. Mean Absolute Error (MAE) is the mean of the absolute value of the errors. Equation
(5) shows how to calculate MAE.

n

MAE:%Z(

i=1

yi_y}

) )

4. The coefficient of Determination (R-squared) is a number between 0 and 1 that mea-
sures the accuracy with which a model can anticipate a given result. Equation (6)
shows how to calculate R-squared.

Ssregression

(6)
SS total

coef ficient of determination (Rz) =1-

where:

®  SSiegression—The regression sum of squares (explained sum of squares).
o  5Sita—The sum of all squares.

4. Result and Discussion
After deploying the models (LSTM, RNN, and GRU), the performance metrics are
used to evaluate the models’ efficiency. In this section, we will illustrate the forecasting

results of the machine learning algorithms as well as the performance metrics that rely on
calculating the MSE, R-squared, RMSE, and MAE, for each algorithm.
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4.1. Forecasting Results

This section will explain the method used to obtain the best results in the forecasting
process in each model and it can be explained based on the following: (1) the best number
of hidden layers, (2) batch size, (3) learning rate, (4) type of optimizer, and (5) type of
activation function. In the beginning, the three models (LSTM, RNN, and GRU) were
applied to a training rate of 70% and a test of 30%, to more than one type of optimizer
on each model with a different learning rate to obtain the best results. The following
sections will discuss the results obtained from different types of optimizers having different
numbers of hidden layers.

4.1.1. Forecasting Using LSTM, RNN, and GRU Algorithms with Adam Optimizer

In this section, the results obtained from LSTM, RNN, and GRU algorithms will be
discussed using one and multiple hidden layers in addition to the input and output layer
on each model with the dropout in Adam optimizer.

Figure 13 shows the actual (blue) and the predicted (orange) results in forecasting the
STLF using the LSTM, GRU, and RNN models. Where the test result values were taken
from each learning rate. After comparing the test results for each learning rate in the LSTM
model, it was found that the LSTM model achieved the highest value at a learning rate of
0.1, where R-squared = 0.87239, It can be seen from the error rate in forecasting the loads on
the peak is minimal. The GRU model achieved the highest value at the learning rate of 0.01,
where R-squared = 0.8732, the error rate in forecasting the loads on the peak is minimal,
and the results are very close to the LSTM model. After comparing the test results for each
learning rate in the RNN model, it was found that the RNN model achieved the highest
value at a learning rate of 0.01, where R-squared = 0.86647.

RNN result for forecasting electricity load value
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Figure 13. Electricity load forecasting results for each model are based on the Adam optimizer and
one hidden layer.
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Figure 14 shows the actual and predicted results of forecasting the STLF using the
LSTM, GRU, and RNN models. Where the test result values were taken from each learning
rate. After comparing the test results for each learning rate in the LSTM model, it was
found that the LSTM model achieved the highest value at a learning rate of 0.01, where
R-squared = 0.8672. The GRU model achieved the highest value at a learning rate of 0.01,
where R-squared = 0.90228. The RNN model achieved the highest value at a learning rate of
0.001, where R-squared = 0.8275. It is concluded that the GRU model achieved the highest
accuracy and the lowest error rate.

RNN result for forecasting electricity load value

08
> |}
206
e
3 os
3 \
02
— Actual
004 — Predicted U
2022-03-15 2022-04-01 2022-04-15 2022-05.01 202205.15 2022-06.01
Date
LSTM result for forecasting electricity load value
08
> 06
e
3 04 I | 1AW \ N I
< ‘1 1 i 1 Yl
02 '
— Actual I
00— Predicted
2022.03-15 2022-04-01 2022.04-15 2022.05.01 20220515 2022-06.01
Date
GRU result for forecasting electricity load value
08
206 ')
] |
5 !
O 04
& J 1 V
02 V
— Actual
0.0{ — Predicted

2022:03.15 2022.04.01 2022.04-15 2022:05.01 2022.05-15 2022:06.01
Date
Figure 14. Electricity load forecasting results for each model are based on the Adam optimizer and
two hidden layers.

Table 3 shows the test results after applying each model based on the hyperparameter
(Learning rate, number of hidden layers). The LSTM model achieved the best result when
applied one hidden layer and a learning rate of 0.01, where the R- square is 0.87239. The
best result of R-squared is 0.87239 in the GRU model at two hidden layers and the learning
rate is 0.01. The RNN model obtains the best R-squared = 0.86647 at one hidden layer and
the learning rate is 0.01. All in all, the best model that achieved the lowest error rate is GRU
with a rate of learning equal to 0.01 and two hidden layers.

After applying the Adam optimizer in more than one way (one hidden layer, two
hidden layers, and three hidden layers) with machine learning models LSTM, RNN, and
GRU. Conclude this optimizer was applied with two hidden layers With the GRU model,
gave the best results, as the R-squared was 90.228%, RMSE is 0.04647, and the MAE
was 0.03266.
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Table 3. Result from Adam optimizer for each model.

Learning Rate Model MSE R-Squared RMSE MAE
One hidden layer
0.01 LSTM 0.00282 0.87239 0.05310 0.03937
0.001 0.00400 0.81900 0.06324 0.04786
0.01 GRU 0.00374 0.83063 0.06118 0.04731
0.001 0.00280 0.87323 0.05293 0.03790
0.01 RNN 0.00295 0.86647 0.05432 0.04115
0.001 0.00307 0.86104 0.05541 0.04065
Two hidden layers
0.01 LSTM 0.00293 0.8672 0.05417 0.04001
0.001 0.002988 0.864808 0.054662 0.04107
0.01 GRU 0.00215 0.90228 0.04647 0.03266
0.001 0.0028 0.8727 0.0530 0.0384
.01 .0152 .307 12367 1
0.0 RNN 0.01529 0.30793 0.1236 0.10960
0.001 0.0038 0.8275 0.0617 0.0490
Three hidden layers
0.01 LSTM 0.00378 0.82861 0.06154 0.04779
0.001 0.00312 0.85855 0.05591 0.04233
0.01 GRU 0.00265 0.88001 0.05149 0.03738
0.001 0.00275 0.87547 0.05246 0.03790
.01 01614 2 127 .10554
0.0 RNN 0.016 0.26963 0.12705 0.1055
0.001 0.00432 0.80448 0.06573 0.05348

4.1.2. Forecasting Using LSTM, RNN, and GRU Algorithms with AdaGrad Optimizer

In this section, the results obtained from LSTM, RNN, and GRU algorithms will be
discussed using one and multiple hidden layers in addition to the input and output layer
on each model with the dropout in AdaGrad optimizer.

Figure 15 shows the actual and predicted results in forecasting the STLF using the
LSTM, GRU, and RNN models. Where the test result values were taken from each learning
rate. After comparing the test results for each learning rate in the LSTM model, it was
found that the LSTM model achieved the highest value at a learning rate of 0.1, where R-
square = 0.86627. It can be seen from Figure 15 that the error rate in forecasting the loads
on the peak is minimal. The GRU model achieved the highest value at the learning rate of
0.01, where R- square = 0.86413, the results are very close to the LSTM model. The RNN
model achieved the highest value at the learning rate of 0.01, where R- square = 0.86399,
the results are very close to the LSTM and GRU models.

Figure 16 shows the actual and predicted results in forecasting the STLF using the
LSTM, GRU, and RNN models. Where the test result values were taken from each learning
rate. After comparing the test results for each learning rate in the LSTM model, it was
found that the LSTM model achieved the highest value at a learning rate of 0.1, where
R-squared = 0.8600. It can be seen from Figure 16, the error rate in forecasting the loads
on the peak is very small, but there is a clear difference between the actual and forecasted
values at the bottom (the electricity demand is minimal) in this model. The GRU model
achieved the highest value at the learning rate of 0.01, where R-squared = 0.8672. The RNN
model achieved the highest value at the learning rate of 0.01, where R-square = 0.8587. It
can be seen from Figure 16, that there is a clear difference between the actual and forecasted
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values at the bottom (the electricity demand is minimal) in the RNN model, and the same
case in their peak values.

Table 4 shows the test results after applying each model based on the hyperparameter
(Learning rate, number of hidden layers). The LSTM model achieved the best result when
applied one hidden layer and a learning rate of 0.01, where the R-squared is 0.87239. The
best result of R-squared is 0.87239 in the GRU model at two hidden layers and the learning
rate is 0.01. The RNN model obtains the best R-squared = 0.86647 at one hidden layer and
the learning rate is 0.01. All in all, the best model that achieved the lowest error rate is GRU
with a rate of learning equal to 0.01 and two hidden layers.

RNN result for forecasting electricity load value
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Figure 15. Electricity load forecasting results for each model based on AdaGrad optimizer and one
hidden layer.

Table 4. Result from AdaGrad optimizer for each model.

Learning Rate Model MSE R-Squared RMSE MAE
One hidden layer
0.01 LSTM 0.00295 0.86627 0.05436 0.04305
0.001 0.00822 0.62783 0.09069 0.07237
0.01 GRU 0.00319 0.85533 0.05654 0.04119
0.001 0.00300 0.86413 0.05479 0.04042
0.01 0.00303 0.86273 0.05508 0.04251
RNN

0.001 0.00320 0.86399 0.05489 0.04171
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Table 4. Cont.

Learning Rate Model MSE R-Squared RMSE MAE
Two hidden layers
0.01 LSTM 0.0030 0.8600 0.0556 0.0436
0.001 0.0215 0.0263 0.1466 0.1171
.01 . .837 . .0444
0.0 CRU 0.0035 0.8378 0.0598 0.0
0.001 0.0029 0.8672 0.0541 0.0399
0.01 RNN 0.0040 0.8148 0.0639 0.0522
0.001 0.0031 0.8587 0.0558 0.0429
Three hidden layers
0.01 LSTM 0.02191 0.00837 0.14804 0.11889
0.001 0.02224 —0.0066 0.14916 0.11908
0.01 GRU 0.00405 0.81659 0.06366 0.04953
0.001 0.00301 0.86373 0.05487 0.04083
0.01 RNN 0.00908 0.58907 0.09530 0.08068
0.001 0.00329 0.85094 0.05739 0.04482
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Figure 16. Electricity load forecasting results for each model are based on the AdaGrad optimizer

and two hidden layers.
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After applying the Adam optimizer in more than one way (one hidden layer, two
hidden layers, and three hidden layers) with machine learning models LSTM, RNN, and
GRU. Conclude this optimizer was applied with two hidden layers With the GRU model,
gave the best results, as the R-squared was 90.228%, RMSE is 0.04647, and the MAE
was 0.03266.

4.1.3. Forecasting Using LSTM, RNN, and GRU Algorithms with RMSprop Optimizer

In this section, the results obtained from LSTM, RNN, and GRU algorithms will be
discussed using one and multiple hidden layers in addition to the input and output layer
on each model with the dropout in RMSprop optimizer.

Figure 17 shows the actual and predicted results in forecasting the STLF using the
LSTM, GRU, and RNN models. Where the test result values were taken from each learning
rate. After comparing the test results for each learning rate in the LSTM model, it was
found that the LSTM model achieved the highest value at a learning rate of 0.01, where
R-squared = 0.84209. It can be seen from Figure 17, there is an error rate in the difference
between the real and forecasted loads, where the accuracy rate in the small loads (minimum
load) is not high. The GRU model achieved the highest value at a learning rate of 0.01,
where R-squared = 0.87749, the error rate in forecasting the loads on the peak is very low,
but there is a very small difference in the minimum loads. The RNN model achieved the
highest value at a learning rate of 0.01, where R-squared = 0.85114, the results are very
close to the GRU model.
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Figure 17. Electricity load forecasting results for each model based on RMSprop optimizer and one
hidden layer.
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Figure 18 shows the actual and predicted results in forecasting the STLF using the
LSTM, GRU, and RNN models. Where the test result values were taken from each learning
rate. After comparing the test results for each learning rate in the LSTM model, it was
found that the LSTM model achieved the highest value at a learning rate of 0.001, where
R-squared = 0.8216. It can be seen from Figure 18, the error rate in forecasting the loads on
the peak is high, but there is a clear difference between the actual and forecasted values
at the bottom and the peak loads (the electricity demand is minimal) in the LSTM model.
Where the LSTM model was able to forecast the average loads in this case, as for the
electrical loads at the top and the small loads, the model was not able to forecast their
loads, and this led to a high error rate and a lack of accuracy for this model in this case.
The GRU model achieved the highest value at a learning rate of 0.01, where R-squared
= 0.8804, and the error rate in forecasting the loads on the peak and minimum loads is
very low. The RNN model achieved the highest value at the learning rate of 0.01, where
R-squared = 0.7915, which is a clear difference between the actual and forecasted values at
the bottom (the electricity demand is minimal) are small in the RNN model, and the same
case in the last test period, there is a fluctuation in the difference between the two values.
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Figure 18. Electricity load forecasting results for each model are based on the RMSprop optimizer
and two hidden layers.

Table 5 shows the test results after applying each model based on the hyperparameter
(Learning rate, number of hidden layers). The LSTM model achieved the best result when
applied one hidden layer and a learning rate of 0.01, where the R-squared is 0.84209. The
best result of R-squared is 0.8804 in the GRU model at two hidden layers and the learning
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rate is 0.01. The RNN model obtains the best R-squared = 0.85114 at one hidden layer and
the learning rate is 0.01. All in all, the best model that achieved the lowest error rate is GRU
with a rate of learning equal to 0.01 and two hidden layers, and the results of the LSTM
and RNN algorithms were convergent when applying a single hidden layer.

Table 5. Result from RMSprop optimizer for each model.

Learning Rate Model MSE R-Squared RMSE MAE
One hidden layer
0.01 LSTM 0.00349 0.84209 0.05907 0.04313
0.001 0.00350 0.84130 0.05922 0.04489
0.01 GRU 0.00270 0.87749 0.05203 0.03904
0.001 0.00354 0.83976 0.05951 0.04310
0.01 RNN 0.00329 0.85114 0.05735 0.04446
0.001 0.00335 0.84833 0.05789 0.04609
Two hidden layers
0.01 LSTM 0.0080 0.6367 0.0895 0.0749
0.001 0.0039 0.8216 0.0627 0.0493
.01 .002 .8804 .051 .037
0.0 GRU 0.0026 0.880: 0.0513 0.0378
0.001 0.0032 0.8520 0.0571 0.0410
.01 .004 791 .067 .0562
0.0 RNN 0.0046 0.7915 0.0678 0.056
0.001 0.0046 0.7889 0.0683 0.0556
Three hidden layers
0.01 LSTM 0.00422 0.80874 0.06501 0.04828
0.001 0.00683 0.69075 0.08267 0.06936
0.01 GRU 0.00288 0.86941 0.05372 0.04146
0.001 0.00334 0.84857 0.05785 0.04172
.01 .01341 39317 11581 .091
0.0 RNN 0.013 0.393 0.1158 0.09153
0.001 0.00961 0.56479 0.09807 0.08433

After applying the RMSprop optimizer in more than one way (one hidden layer, two
hidden layers, three hidden layers, different learning rates) with machine learning models
LSTM, RNN, and GRU. Conclude this optimizer is applied with two hidden layers With
the GRU model and the learning rate is 0.01, it gave the best results, as the R-squared was
88.02%, RMSE is 0.0513, and the MAE was 0.0378.

4.1.4. Forecasting Using LSTM, RNN, and GRU Algorithms with Adadelta Optimizer

In this section, the results obtained from LSTM, RNN, and GRU algorithms will be
discussed using one and multiple hidden layers in addition to the input and output layer
on each model with the dropout in Adadelta optimizer.

Figure 19 shows the actual and predicted results in forecasting the STLF using the
LSTM, GRU, and RNN models. Where the test result values were taken from each learning
rate. After comparing the test results for each learning rate in the LSTM model, it was
found that the LSTM model achieved the highest value at a learning rate of 0.1, where
R-squared = 0.81143. It can be seen from Figure 19, the difference between the actual and
expected values can be seen, especially in the peak values in which the loads are the highest,
and there is a large and clear difference between the expected and actual values, which led
to an increase in the error rate in this case when the loads are minimal. The GRU model
achieved the highest value at a learning rate of 0.1, where R-squared = 0.86781, and the
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error rate in forecasting the loads on the peak is very small, the RNN model obtained the
best results compared to other models. The RNN model achieved the highest value at a
learning rate of 0.1, where R-squared = 0.86348, and its results, in this case, are close to the
results of the GRU model.
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Figure 19. Electricity load forecasting results for each model are based on Adadelta optimizer and
one hidden layer.

Figure 20 shows the actual and predicted results in forecasting the STLF using the
LSTM, GRU, and RNN models. Where the test result values were taken from each learning
rate. After comparing the test results for each learning rate in the LSTM model, it was found
that the LSTM model achieved the highest value at a learning rate of 0.1, where R-squared
= 0.7262. It can be seen from Figure 20, the error rate in forecasting the loads on the peak is
high, but there is a clear difference between the actual and forecasted values at the bottom
and the peak loads (the electricity demand is minimal) in the LSTM model. Where the
LSTM model was able to forecast the average loads in this case, as for the electrical loads
at the top and the small loads, the model was not able to forecast their loads, and this led
to a high error rate and a lack of accuracy for this model in this case. The LSTM model in
this case is considered a failure, and it cannot be relied upon in forecasting electrical loads
because it has a large error rate and a low accuracy with a good estimate. The GRU model
achieved the highest value at a learning rate of 0.1, where R-squared = 0.8676, and the
error rate in forecasting the loads on the peak and minimum loads is very small. The RNN
model achieved the highest value at a learning rate of 0.1, where R-squared = 0.8426, which
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is a slight difference between the actual and expected values in peak loads, especially at the
end of the testing period, the difference was clear.

RNN result for forecasting electricity load value
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Figure 20. Electricity load forecasting results for each model are based on AdaDelta optimizer and
two hidden layers.

Table 6 shows the test results after applying each model based on the hyperparameter
(learning rate, number of hidden layers). The LSTM model achieved the best result when
applied one hidden layer and a learning rate of 0.01, where the R-squared is 0.81143. The
best result of R-squared is 0.86781 in the GRU model at one hidden layer and the learning
rate is 0.01. The RNN model obtains the best R-squared = 0.86348 at one hidden layer and
the learning rate is 0.01. All in all, the best model that achieved the lowest error rate is GRU
with a rate of learning equal to 0.01 and one hidden layer, and the results of the LSTM and
RNN algorithms were convergent when applying a single hidden layer and the learning
rate is 0.01.

After applying the AdaDelta optimizer in more than one way (one hidden layer, two
hidden layers, three hidden layers, different learning rates) with machine learning models
LSTM, RNN, and GRU. Conclude this optimizer is applied with one hidden layer With the
GRU model and the learning rate is 0.1. In other words, the results were close between the
different classes with a learning rate of 0.1, it gave the best results, as the R-squared was
86.781%, RMSE is 0.05405, and the MAE was 0.04006.

Figure 21 shows the results obtained by machine learning models from LSTM, RNN,
and GRU on two hidden layers with a learning rate = 0.01. Here we only take the best
results for comparison, and those applied to four optimizers (Adam, Adagrad, RMSprop,
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and AdaDelta). In general, the best optimizer gave the lowest percentage of MAE (Adam
enhancer using GRU). However, the AdaDelta enhancer was the worst in terms of the high
error rate compared to the other. Figure 21 also shows that in Adam’s optimizer using GRU

model was the best where MAE = 0.03266.

Table 6. Result from AdaDelta optimizer for each model.

Learning Rate Model MSE R-Squared RMSE MAE
One hidden layer
0.01 LSTM 0.00416 0.81143 0.06455 0.05274
0.001 0.01577 0.28612 0.12561 0.10147
0.01 GRU 0.00292 0.86781 0.05405 0.04006
0.001 0.00959 0.56599 0.09794 0.07986
0.01 RNN 0.00301 0.86348 0.05492 0.04120
0.001 0.00586 0.73461 0.07658 0.06180
Two hidden layers
0.01 LSTM 0.0060 0.7262 0.0777 0.0603
0.001 0.0188 0.1487 0.1371 0.1092
.01 .002 867 .054 .0397
0.0 GRU 0.0029 0.8676 0.0540 0.039
0.001 0.0129 0.4138 0.1138 0.0923
.01 .0034 .842 . .0441
0.0 RNN 0.003 0.8426 0.0589 0.0
0.001 0.0132 0.3993 0.1152 0.0912
Three hidden layers
0.01 LSTM 0.02018 0.03696 0.14205 0.11361
0.001 0.02253 —0.0198 0.15013 0.11925
0.01 GRU 0.00292 0.86749 0.05411 0.04024
0.001 0.01215 0.45025 0.11022 0.09018
.01 . .8634 .05492 .0412
0.0 RNN 0.00339 0.86348 0.0549 0.04120
0.001 0.01373 0.37867 0.11718 0.09260
012 e GRU
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Figure 21. MAE results were obtained by LSTM, RNN, and GRU models with more than one optimizer.

In this section, all the results obtained from the proposed deep-learning methods for
forecasting short-term electrical loads are discussed and explained. Performance metrics
were based on R-squared, MAE, RMSE, and MSE to compare machine-learning algorithms
(LSTM, RNN, and GRU) and choose the best among them. In addition, we have applied
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more than one hidden layer, more than one learning rate, and four optimizations to choose
the best and obtain the lowest error rate. The GRU model obtained the best results, where
the R-squared value = 90.2% and MAE = 0.03266, RMSE = 0.04647. That is when applying
Adam’s enhancer and two hidden layers with a learning ratio of 0.01. Where many batch
sizes and the number of epochs were tested, and the best batch size was 32 and the number
of epochs was 50, with a training rate is 70% and a test is 30%. In Table 7 we will discuss
and present the results obtained from previous studies and compare them with the results
obtained in our study as illustrated below:

Table 7. Results from previous studies.

Reference Algorithms Result Location
[29] NN with PSO algorithm MAPE = 0.0338, MAE = 0.02191. Iran.
[30] EMD-GRU-FS Accu(l)‘acy on fOU.I" data sets was 96.9%, 95.31%, 95.72%, and Public
97.17%, consecutively.
[31] LSTM with EMD MAPE = 2.6249% in the winter and 2.3047% in the summer.  Public
[32] VMD, LSTM with optimizer BOA, The LSTM with optimizer BOA gave the best, where MAPE Chin
- SVR, LR, RF, and EMD-LSTM is 0.4186%. a
L o o Global Energy
[33] VMD, TCN MAPE for 6-,12-, fmd 24-step forecasting is 0.274%, 0.326%, Competition
and 0.405, respectively
2014
ANN based on the Levenberg The. mod.el is a perfect fitting w1’Fh a ratfe of 90% O.f the .
[35] ) variance in the power consumption variable predicted from  Public
Marquardt and newton algorithms . .
the independent variable.
[36] NARX and ANN MAPE and RMSE of 3.16% and 270.60, respectively. Algerian
The SVR outperformed the NARX neural network model,
[37] NARX, SVR for the Qay ahead, a week ah?ac.L and a month ahead Public
forecasting, the average predicting accuracy is
approximately 91%, 88-90%, and 85-87%, respectively.
The RMSE for wind speed prediction, Google stock price
[38] MFRFNN prediction, and air quality index prediction are decreased by = Real Datasets
35.12%, 13.95%, and 49.62, respectively.
EANN is the best, where RMSE = 296.3437, MAPE = 15.9396.
[39] EANN, BANN In BANN given the result, RMSE = 309.6022, and France
MAPE = 16.236.
[40] RNN MAE = 0.24, 0.12 straight for 50 h ago and an hour ago. London
STLF give MAE = 0.0733, MAPE = 5.1882, MSE = 0.0115, . .
[41] LSTM, ISCOA RMSE = 0.1076. India-Mumbai
The DLSF model outperformed the SVM algorithm, where .
[42] DLSE, SVM the accuracy of DLSF is 90%, and SVM = 70%. China
The PDRNN method outperforms ARIMA, SVR, and RNN,
[43] PDRNN, ARIMA, SVR, and RNN. where RMSE (kWh) = 0.4505, 0.5593, 0.518, and 0.528 Ireland
respectively.
The superiority of the proposed model CNN over SVM,
[45] CNN, SVM, ANN, and LSTM. ANN, and LSTM where RMSE = 0.677, 0.814, 0.691, 0.7 Public
respectively.
[46] NN with Bayesian networks MAE is 1.0085, and MAAPE is 0.5035. Irish
[48] LSTM, BPNN, KNN, The LSTM with ELM is the best where MAPE = 8.18%. China

From Table 7 it can be seen that the outcomes from each study are different in which
this is based on many factors namely; dataset, features, algothims used and tunning
parameters. As an overall, our study shows better results when the GRU model is applied
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with MSE of 0.00215, RMSE of 0.04647, and MAE of 0.03266. This is due to the use
of seven Hyperparameters in tuning the models in order to obtain the best results and
avoid overfitting.

5. Conclusions and Future Work

In this research, three deep learning algorithms (LSTM, GRU, and RNN) were used
to forecast the electrical loads based on the readings that were taken from the SCADA
program in the Electricity Company of the Tubas area in Palestine. Forecasting is an
essential requirement for any country in the world to improve future planning. It is the
science of the economical amount of electric power for a utility company. It must be as
accurate as possible, reliable, and meaningful. The proposed models are aiming to bridge
the gap between the demand and the energy, reduce electricity losses from large quantities,
and plan the future of infrastructure more accurately.

The GRU model achieved the best performance as it achieved the highest accuracy and
the lowest error rate. In addition, many improvements were used in building models such
as the use of different types of optimizers. Simulation results found that Adam achieved
the best performance for the GRU model. As the model and data were applied to a hidden
layer and multiple hidden layers, the use of two hidden layers in predicting electrical loads
achieved the best performance. The best GRU model achieved results of R-squared 90.228%,
MSE of 0.00215, MAE of 0.03266, and RMSE of 0.04647.

Exploratory data analysis reveals that temperature plays a large and influential factor
in loads. Moreover, this research has proven that in the late night hours and early morning
hours, consumption and loads are minimal, because all factories, institutions, and homes are
closed. It was noted that in the winter, the loads are low, because the irrigation of crops relies
on rainwater, and there is no need to operate wells that depend on electricity. This research
also has many practical implications. First, it provides methodology of creating deep
learning models that can be used by electric companies and allowing costs to be reduced.
Second, it provides a more accurate STLE, and this will reduce planning uncertainty.

As a plan for future work, we recommend creating a model capable of predicting
electrical loads based on the available and recommended new features such as humidity,
reading all consumption from homes through smart meters, and training the model online
based on the data obtained from these smart meters. This will help in revealing the behavior
of the electric load consumption in the country. In addition, we are planning to build web
interfaces that display all the expected loads for the concerned department, as well as
forecasting the long-term electrical loads.
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