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Abstract

The General Electricity Company of Libya (GECOL) has experienced a surge in
electricity demand in recent years, leading to power shortages, particularly during peak
summer months. These shortages, often exacerbated by system outages caused by large
generating unit failures or transmission line disruptions, have significantly impacted the
country's stability. This is further compounded by the ongoing political instability in
Libya, which, coupled with electricity supply issues, has negatively affected oil and gas
production in some of the country's largest fields. This research addresses the challenge
of electricity load demand forecasting by employing Machine Learning (ML) techniques,
specifically focusing on Medium Term Load Forecasting (MTLF) based artificial
intelligence algorithms. The study compares the accuracy and convergence of different
ML methods against actual consumption data, aiming to identify the most effective
approach. Accurate load forecasting is crucial for electrical utilities like GECOL to
effectively meet customer demands and optimize power generation and transmission.
Focusing on Benghazi, this research pioneers the application of Machine learning
techniques to predict total energy consumption and demand. The study's findings are
validated against real-world data obtained from GECOL's Benghazi Regional Control
Center (BRCC), demonstrating the potential of ML for improving electricity load
forecasting in Libya. The study concluded with the following results: The Extra Trees
Regressor algorithm produced the best results for pregnancy as a target, with an accuracy

value of 85%. The Huber Regressor algorithm produced the best results for deficit
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quantity as a target, with an accuracy value of 77%.
Keywords: GECOL, Machine Learning, Load Forecasting, Medium Term Load
Forecasting, MTLF.
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I. INTRODUCTION

Electricity, a cornerstone of modern society and a critical driver of economic growth,
requires meticulous planning and management to ensure reliable supply. Load
forecasting, the practice of predicting future electricity demand, plays a vital role in the
design, planning, and operation of robust and efficient power grids. In Libya, the General
Electricity Company of Libya (GECOL) faces significant challenges in meeting the
nation's growing energy needs. The current infrastructure suffers from insufficient
generation capacity, resulting in a persistent electricity deficit, particularly during peak
seasons. This deficit manifests as frequent and prolonged outages across various regions,
impacting daily life and hindering economic activities. These challenges are further
compounded by system instability due to large generating unit failures, transmission line
disruptions, and the ongoing political climate, which has negatively impacted oil and gas
production — key sectors for the Libyan economy.

The residential sector constitutes a major consumer group, accounting for 32.3% of
Libya's total electricity consumption in 2004 [12]. With projected population, growth
driving an anticipated 80% increase in residential demand, accurate energy consumption
forecasting becomes crucial for optimizing resource allocation and ensuring reliable
electricity supply.

The electricity crisis in Libya transcends mere inconvenience, impacting critical services
such as banking, government offices, businesses, and educational institutions. Despite
backup power solutions, shortages in diesel fuel often render these inadequate, further
exacerbating the challenges faced by citizens.

Nowadays, the problem of power outages is serious, especially in critical places such as
hospitals, sewage treatment plants, and mines, in addition to its great impact on
government institutions and the systems operating in them, which may result in large
financial losses; In particular, the problem of power outages and varying load rates affect
the work Electricity stations and their long-term level of performance, which leads to their
complete failure. This requires conducting several studies to develop and repair electrical
systems and deal with the current situation and current problems, and this is what study
was addressed by using artificial intelligence techniques to reduce these problems. The
scope of the research is simple power system network of General Electricity Company in
Libya illustrated as shown in Figure 1.
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Figure 1. Scope of Research [10]

One of the main reasons for developing models to predict electrical load in medium
and long term is to ensure the security of supply; It is important to have insight into how
the projected demand will grow. In this sense, predicting load is vital for our society, as
it ensures the proper functioning of the supply in the long run.

e The general population of Libya: who should be aware of the impact of energy
consumption behavior on energy issues and those who have the right to a stable
and affordable energy supply.

e Energy consumption: Libya has a typical example of the consumption of several
provinces in the Middle East. For sustainable energy production and export, it is
important to solve the problem of local consumption.

e Domestic Consumption : Reducing domestic consumption can save energy and
carbon.

e General energy control: Effects of energy consumption behavior on general
energy control.

A major problem facing the current electricity situation in Libya is that supply is still
behind demand. Libya is experiencing unscheduled and scheduled power outages.
Outages are most common in peak demand periods in summer, when demand for electric
cooling is highest. This situation became critical after the Libyan revolution in 2011,
during which energy infrastructure, including power plants and transmission lines, were
damaged and destroyed [13]. Moreover, the population is growing, and new development
projects including houses, building complexes, industries, and agricultural projects are
currently being undertaken making the need to increase the energy production capacity,
while that the current capacity of the installed power plants is insufficient to meet the
demands of the Libyan society.
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This research leverages advancements in artificial intelligence, specifically machine
learning, to address the pressing need for accurate electricity load forecasting. By
employing machine learning algorithms, this study aims to improve load prediction
accuracy, optimize power system operation, and ultimately contribute towards alleviating
Libya's energy challenges.

Il. LITERATURE REVIEW

Since machine learning has undergone a revolution and a number of tools and
applications, such as PyCaret, have emerged, this study explores the efficacy of
progressive regression algorithms in the field. This section contrasts the methods and
models employed in the current study with those that were derived from earlier research
and focuses on those ideas [9].

The first study was in 2014, where Ahmed Al-Kilani from Sebha collected data from 40
power plants in the south, and the data was for the years 2009 and 2010, where he used
machine learning methods with the k mean algorithm [1].

The next study was in 2018, where Mahmoud Khmeira collected data for 2016 to
predict a short pregnancy, where he used the statistical methods that he applied on Matlab
using a multiparameter regression method to predict by week [2].

In 2018, the same researcher made another prediction, but it was a long-term
prediction, as he collected data between 2000 and 2017 in order to be able to predict the
next seven years. In this work, he used simple regression [3].

In the year 2021, Ali Al-Arabi and others worked on predicting the loads, but the work
was divided into two parts: he first used the CREST tool, where this tool generated
dummy data, which is the one that was covered in this study, where the data was for five
houses, and each house contained 30 devices All of them were connected to the network
and home monitoring in that if any device consumed a higher load, it would be lowered
by the network [4].

Finally in 2023, hend farkash and others worked on deep learning is used for the first
time to forecast overall energy demand and consumption in Benghazi. The real data
acquired by the Benghazi Regional Control Center (BRCC) of GECOL supports the
results that were achieved. The goal of this study is to develop an ANN-based model that
can forecast peak loads spanning days and hours. Applying The NARX Model to
Forecasting Data by the Bayesian algorithm utilized in this study for daily and hourly
prediction. The time series of electrical loads has a non-linear and periodic behavior. After
several experiments with data and daily hours, it became clear that the most accurate
results for forecasting electrical loads are obtained [16].

This study was distinguished in that it examined many progressive regression
algorithms in the field of machine learning and extracted the best information from them
by looking at the results of previous studies and comparing them with the methodology
used in the current study.
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I11. METHODOLOGY

The rapid development of artificial intelligence, especially machine learning
techniques, offers promising alternatives to traditional data-driven approaches, while
providing exceptional ability to deal with complex nonlinear relationships.

In this study, a model was designed that inputs data from a specific power station to be
trained on the proposed platform PyCaret, which is open source package that contains a
large number of classifiers and regressors, to quickly select the best performing
algorithms, using data analyzes received from the station to predict loads. Therefore,
machine learning techniques will be better compared to traditional methods in terms of
saving time and effort and the accuracy of expected results, the following Figure 2. Shows
the PyCaret steps used in this paper.

Model sefup
save modebl)
I load medel)
Compare Modeh
v 5 Predicting with the model
I I predict models |
Crvate the Model
I ..... ——( 4 Finalizing the model
e T [iras—)
1 e evabmating the model

Model eyaluate
Figure 2. PyCaret Steps

. Data Acquisition:
The data was collected from Benghazi Regional Control Center (BRCC) of GECOL,
which represents the actual data for the month of May in three years. It is a daily time
series representing the daily network loads.
e Dataset Description: The dataset features and description are listed in Table 1,
which comprises 11 features.

The main objective of this research is to forecast medium-term electricity demand for the city of
Benghazi. The objectives of the project are: Design a deep learning model using artificial neural
networks to predict the expected electrical load of a given power station based on data of a certain
period, all using artificial intelligence techniques. Study of the methods used in the design of the
proposed model in relation to the software components and hardware components of the system.
Reducing errors in predicting expected pregnancy by providing an artificial neural network model
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that provides highly accurate results. In addition, comparison of the results of the new system
with the traditional results of the station.

TABLE 1. Dataset Characteristics

Feature description
Real loads Daily real loads
Evening load Daily loads in the evening period
Amount of deficit The amount of deficit in the electrical network
Saloam Saloam connection lines
Day Day
Temperature Temperature
Humidity Humidity
Peak load Peak time load
Ser220 connection lines220 in the city of Sirte
Ser400 connection lines400 in the city of Sirte
Max load the Maximum load

Data were collected from Benghazi Regional Control Center (BRCC) of GECOL to
predict the medium term, because the amount of load in all Benghazi stations is frequent
without identifying a specific area the area that consumed the most load will not be
identified, which led to a deficit.

Load forecasting is one of the most important applications in the field of forecasting, as
it helps in giving an accurate result that helps in solving the problem of expected loads
and calculating energy consumption rates, which in turn contributes to reducing the
electricity problem, maintaining network stability, and helping power plants to make
decisions related to power and load. It also helps control voltage, reconfigure the network
and improve revenue.

IV.RESULTS AND DISCUSSION
The experiments were conducted by designing a machine learning model using the
Pycaret platform. and the algorithms are as follows in Table 2.

The data was analysis, experiments were conducted on it in two cases: The first case
considering the target is the loads, The second case considering the target is the amount
of the deficit. Several regression models were used to evaluate the algorithm and
determine the lowest error rate and best performance,

— The best results for load target is algorithmic Extra Trees Regressor where the
accuracy R? value was 85%, where R-squared shows how well the data fit the regression
model.

— The best results for amount of deficit target is algorithmic Huber Regressor where
the accuracy R? value was 77%.
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The following results were obtained during the evaluate model stage, which represents
the learning level of the regression algorithm:

TABLE 2. Pycaret Algorithms

Models Models
huber Huber Regressor rf Random Forest Regressor
br Bayesian Ridge omp Orthogonal Matching Pursuit
et Extra Trees Regressor gbr Gradient Boosting Regressor
en Elastic Net ada AdaBoost Regressor
lasso Lasso Regression lightgbm Light Gradient Boosting Machine
ridge Ridge Regression dt Decision Tree Regressor
Ir Linear Regression par Passive Aggressive Regressor
llar Lasso Least Angle Regression dummy Dummy Regressor
knn K Neighbors Regressor lar Least Angle Regression

Features selection and Feature importance
To determine the appropriate features for the model used, one of the common methods
was used to select features based on their importance to the model used which is
(RFECV)Recursive feature elimination with cross-validation to select features is a feature
selection method that fits a model and removes the weakest features until the specified
number of features is reached [17].
— The best selection of features for load target are Real loads, Evening load,
Morning load, Amount of deficit, Minimum load, and Saloam connection lines.
— The best selection of features for amount of deficit target are Real loads, Evening
load, Amount of deficit, Saloam connection lines, Day, Temperature, Humidity,
Peak load, Ser220, Ser400 and Max load.
Select features and features importance show in the following Figures (3) (4) (5)

(6).
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Figure 3. Select features (Where load is the ~ Figure 4. Select features (Where Amount of

target) deficit is the target)
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Figure 5. features importance (Where load is Figure 6. features importance (Where
the target) Amount of deficit is the target)

1. Learning curve
Learning curves are plots used to display the level of learning and show the performance
of the model. In this study, the learning curve was as show in the following Figures (7)

(8).

Learning Curve for ExtraTreesRegressor Learning Curve for HuberRegressor
10 L > » » » » » A A o 1 =—®— Training Score
og Cross Validation Score
s o8 .-‘_.‘—-__.__.__/—0—-.'__.-__.
or
oe
© © 06
§ a7 § 05
04
08
o3
—®— Training Score
o5 Cross Validation Score az
20 o 40 50 a0 20 o 40 50 a0
Training Instances Training Instances
Figure 7. Learning curve (Where load is the Figure 8. Learning curve (Where Amount of
target) deficit is the target)
9 Copyright © ISTJ 3 gina @H\ RN

W‘j ejla.u Mj.\j\ ool



pstall 2 (all) iisally Gl s

International Science and L0 A 9 Lswtigl) g Aoty Rzan g pglatl 3055 g ) &
Technology Journal okt Sy o Torbins St
A8 g  glall A g Al LICASE -2 1IST I/\
2024/10/30-29
$2024/10 /30 s b sal) o 4 ¢ $2024/9 /29 i oy 38,91 pdlind) o

Finally, the model was tested for prediction using a new set of data(May 2023) in both
cases, while the accuracy percentage in the case of the output is the loads was (41.19 %),
while in the case of the output is the amount of deficit, the percentage was (-49.11 %) , It
is noted that the accuracy rate was a negative value, and it is likely that the reason for this
is due to the model not being appropriate to the data, as most of the deficit values for the
year 2023 were equal to zero, the following Tables (3) (4)show the results.

TABLE 3. Predict model (target load)
Model MAE MSE RMSE R2 RMSLE | MAPE

Extra Trees Regressor 71.3735 | 9602.3594 | 97.9916 | 41.19 0.0817 0.0595

TABLE 4. Predict model (target Amount of deficit)

Model MAE MSE RMSE R2 RMSLE | MAPE

Huber Regressor | 45 6015 | 2503.3607 | 50.0336 | -49.11 | 33492 | 0.4410

V. CONCLUSIONS

In this paper, worked on real daily data for Benghazi Regional Control Center (BRCC)
of GECOL, where several experiments were conducted and compared to approximately
18 algorithms representing different machine learning techniques. The results showed
that both Huber Regressor and Extra Trees Regressor algorithms outperformed in the
evaluation results, Where the percentages of these techniques were as follows: The best
results for load as target is Extra Trees Regressor algorithm where the accuracy value was
85%, The best results for amount of deficit as target is Huber Regressor algorithm where
the accuracy value was 77%.

After the model was tested to perform the prediction process with new data, the results
were as follows :the accuracy percentage in the case of the output is the loads was (41.19
%), while in the case of the output is the amount of deficit, the percentage was (-49.11 %)

In view of the importance of this study and the results it reached, the authors recommend
several future studies, including the possibility of publishing the model on one of the
famous platforms so that it is accessible to users, expanding the scope of the data used for
several years and different months during the year and comparing the results.
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