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Abstract 

The development of the traditional electrical grid into the smart grid has lead to need 
for modern energy management systems that takes into consideration the variability of 
renewable energy and electrical loads that have an intermittent nature and need to be 
forecasted. For this reason, artificial intelligence can play a pivotal role in the control and 
monitoring of the smart grid. 

 
This project aims to provide an AI-based solution for smart grid in order to improve 

the energy cost and electricity consumption price. To achieve this aims, we propose to 
develop a load forecasting method at the distribution level in order to reduce energy cost. 
We propose also to develop an electricity price forecasting method at the consumption 
level in order to reduce electricity consumption cost. During this study, the LSTM model 
is selected as the best model for performing time-series forecasting. 

 
In order to show the accuracy of the proposed forecasting models, a comparative study 

is provided between the developed model (LSTM) and other existing methods such as 

FNN and GRU. Furthermore, In order to demonstrate the e↵ectiveness of the proposed 
solution, simulation tests of smart grid network is carried which shows a significant gain 
in terms of energy cost and electricity price. 
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Résumé 

Le développement du réseau électrique traditionnel vers le réseau électrique intelligent 
a  conduit  à  la  nécessité  de  systèmes  modernes  de  gestion  de  l’énergie  qui  prennent  en 
considération la variabilité des énergies renouvelables et des charges électriques qui ont un 
caractère intermittent et doivent être prévues.  Pour cette raison, l’intelligence artificielle 
peut jouer un rôle central dans le contrôle et la surveillance du réseau électrique intelligent. 

 
Ce  projet  vise  ̀a  fournir  une  solution  basée  sur  l’IA  pour  les  réseaux  intelligents  afin 

d’améliorer le coût de l’énergie et le prix de la consommation d’électricité.  Pour atteindre 
cet objectif, nous proposons de développer une méthode de prévision de charge au niveau 
de  la  distribution  afin  de  réduire  les  coûts  ́energétiques.   Nous  proposons  ́egalement  de 
développer une méthode de prévision du prix de l’électricité au niveau de la consommation 
afin de réduire le coût de la consommation d’électricité.  Au cours de cette étude, le modèle 

LSTM  est  sélectionné  comme  le  meilleur  modèle  pour  e↵ectuer  des  prévisions  de  séries 
chronologiques. 

 
Afin de montrer la précision des modèles de prévision proposés, une étude comparative 

est  fournie  entre  le  modèle  développé  (LSTM)  et  d’autres  méthodes  existantes  telles  que 

FNN et GRU. De plus, afin de démontrer l’efficacité de la solution proposée, des tests de 
simulation de réseau intelligent sont e↵ectués, ce qui montre un gain significatif en termes 
de coût de l’énergie et de prix de l’électricité. 
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General introduction 

A smart grid system refers to an advanced electrical grid that incorporates modern com- 

munication, computing, and control technologies to enhance the efficiency, reliability, and 
sustainability of electricity generation, transmission, distribution, and consumption. It 
is an evolution of the traditional electrical grid that enables two-way flow of information 
and power between utilities and consumers. 
The primary goal of a smart grid system is to optimize the operation of the entire electric- 
ity ecosystem, from power plants to end-users, by leveraging real-time data, automation, 
and intelligent decision-making. Here are some key components and features of smart 
grid systems: 

• Advanced Metering Infrastructure (AMI): Smart grid systems often involve the de- 
ployment of smart meters, which provide detailed information about electricity con- 
sumption at individual homes or businesses. These meters enable two-way com- 
munication, allowing utilities to gather accurate real-time data and consumers to 

monitor and manage their energy usage more e↵ectively. 

• Distributed Energy Resources (DERs) Integration: Smart grid systems accommo- 
date the integration of diverse distributed energy resources, such as solar panels, 
wind turbines, energy storage systems, and electric vehicles. These resources can be 
seamlessly connected to the grid and managed in a coordinated manner, allowing 
for better utilization of renewable energy and improving grid stability. 

• Demand Response and Load Management: Smart grids facilitate demand response 
programs that encourage consumers to adjust their electricity usage during periods 
of high demand or supply constraints. Through pricing signals or automated control 
systems, consumers can reduce or shift their electricity consumption, helping to 
balance the grid and optimize its utilization. 

• Energy Management and Optimization: Smart grid systems enable advanced energy 
management techniques, utilizing data analytics, machine learning, and optimiza- 
tion algorithms. These tools help utilities and consumers make informed decisions 

about energy production, consumption, and storage, leading to improved efficiency 
and cost savings. 

• Cybersecurity and Resilience: With increased connectivity and data exchange, 
smart grid systems emphasize robust cybersecurity measures to protect against po- 
tential cyber threats and unauthorized access. Ensuring the resilience and reliability 
of the grid infrastructure is of utmost importance to maintain a secure energy supply. 

The deployment of smart grid systems o↵ers numerous benefits, including reduced energy 
waste, increased integration of renewable energy sources, improved outage management,  
lower operational costs, and enhanced consumer engagement in energy management. By 
transforming the traditional electrical grid into an intelligent and interactive network, 

smart grids pave the way for a more sustainable, efficient, and reliable electricity future. 
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Problem statement 

The main problematic of this project is to improve energy management of smart grid at 
distribution level and consumption level. Due to the intermittent nature of smart grid 
that is based on renewable energy and electrical loads, a prediction method should be 
used. 

• A load forecasting method should be developed in order to predict electrical loads 
in order to reduce energy cost. 

• An electricity price forecasting method should be developed in order to predict 
electricity price in order to reduce electricity consumption cost. 

 
Contributions 

The contributions of this project are: 

• A load forecasting method is developed based on LSTM model which is advanced 
form of recurent neural networks. 

• An electricity price forecasting method is developed which is based on LSTM model 
that is the best for tim-series forecasting. 

 

• Simulation tests are carried on a real smart grid network in order to demonstrate 

the e↵ectiveness of the proposed AI-based solution for energy management in smart 
grid. 

 
Thesis structure 

This thesis is organized as follows: 

• Chapter 1 introduces the concepts of smart grid and energy management. In addi- 
tion, chapter 1 defines the key components of the smart grid. 

• Chapter 2 provide an introduction about the artificial inteligence and its applica- 
tion in smart grid. Furthermore, chapter 2 reviews some related work on artificial  
intelligence in smart grid. 

• Chapter 3 designs our model for improving energy management in smart grid. Chap- 
ter 2 provide mathematical formulation of smart grid in both distribution and con- 
sumption level and shows the developed LSTM model for load and electricty price 
forecasting. 

• Chapter 4 provide the code for developing our AI-based solution and the related 
results. It provide also simulation results of smart grid after working with the 
proposed LSTM model. 
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1 Smart Grid concepts 

 Introduction 

A smart grid is a modernized electrical grid that uses digital communication tech- 

nology to improve the efficiency, reliability, and sustainability of electricity generation, 
transmission, and distribution. It is an advanced system that integrates renewable energy 
sources, energy storage, and advanced metering infrastructure to provide better control 
and management of the electricity network (1) .  
Smart grids enable two-way communication between electricity producers and consumers,  
allowing for real-time monitoring and optimization of energy usage. This results in in- 

creased energy efficiency, reduced power outages, and improved system reliability (2). 
Moreover, smart grids can also support the integration of electric vehicles, which can be 
used as a distributed energy resource to provide grid services such as frequency regulation, 
load balancing, and peak shaving (3). 

Smart grids also o↵er numerous benefits for utilities, such as reducing operational costs,  
improving asset management, and enabling predictive maintenance (4). 
Smart grids have gained widespread attention and support from governments, utilities, 
and industry stakeholders worldwide. Many countries have already initiated smart grid 
programs and projects to accelerate the deployment of this technology (5). 
So in this chapter, we will discuss concepts related to the smart grid, its components, and 
how energy is managed. 

 
 Smart Grid Composition 

A smart grid is a modernized electrical grid that uses advanced technologies to efficiently 
manage and optimize the generation, distribution, and consumption of electricity. The 
composition of a smart grid includes several key components, including: 

 
 bus 

In a smart grid, a bus is a node that connects di↵erent electrical components, such as 
transformers, generators, and loads, to form a power network. It acts as a central point 

where multiple electrical connections converge and distribute power to di↵erent parts of 
the grid (6). 

 

A node, on the other hand, is a point in the smart grid network where di↵erent elec- 
trical components are connected. It can be a substation, distribution automation device, 
advanced meter, energy storage system, or home energy management system. Nodes can 
communicate with each other and exchange information to optimize the performance of 
the grid (7). 

 
 Transmission lines 

Transmission lines are a critical component of the smart grid infrastructure. They are 
the high-voltage power lines that carry electricity over long distances from power plants 
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to distribution substations, where the voltage is stepped down for distribution to homes 
and businesses (8). 

 
In a smart grid, transmission lines are equipped with sensors and monitoring devices 

that enable real-time monitoring of the flow of electricity and the health of the trans- 
mission infrastructure. This data is transmitted to a central control system, where it is 
analyzed to optimize the flow of electricity, detect and isolate faults, and manage conges- 
tion on the grid (9). 

 
Overall, transmission lines play a crucial role in the composition of the smart grid, 

enabling the reliable and efficient delivery of electricity to consumers while facilitating 
the integration of renewable energy sources and other distributed energy resources. 

 
 
 

 
Figure 1: Examples of a Transmission lines 

 

 
 Generator 

A generator is a key component of the smart grid infrastructure, responsible for pro- 
ducing electricity that can be distributed to homes and businesses. 

 
In the traditional power grid, most electricity is generated at centralized power plants 

and transmitted over long distances to distribution substations before being distributed 
to end-users. In a smart grid, however, generators can include a variety of distributed 
energy resources (DERs) that are located closer to where the electricity is needed, such 
as solar panels, wind turbines, and small-scale generators (10). 

 
The smart grid includes technologies that enable better control and integration of these 

DERs into the overall grid, making it possible to more e↵ectively manage the variability 
and intermittency of renewable energy sources. For example, advanced control systems 
can enable generators to respond quickly to changes in energy demand and supply, while 
energy storage systems can help balance the supply and demand of electricity (11). 
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Overall, generators play a crucial role in the composition of the smart grid, helping to 

provide a more reliable, sustainable, and cost-e↵ective supply of electricity to consumers. 
 

Figure 2: Examples of a Generator 
 

 
 Load 

Load is another important component of the smart grid infrastructure. It refers to 
the amount of electricity that is consumed by homes, businesses, and other end-users 
connected to the grid. 

 
In a traditional power grid, load is typically managed through the use of centralized 

power plants that generate electricity at a steady rate to meet the expected demand. 
However, in a smart grid, load management is more flexible and dynamic, thanks to the 
integration of advanced sensors, control systems, and communication technologies. 

 
With these technologies, the smart grid can better monitor and respond to changes in 

load, adjusting the supply of electricity to match the demand in real-time. For example, 
smart meters can provide detailed information on energy consumption patterns, allowing  

consumers and utilities to identify opportunities for energy savings and more efficient use 
of electricity. 

 
Load management is also important for integrating renewable energy sources, which are 

often intermittent and variable in their output. By better matching the supply and de- 
mand of electricity, load management technologies can help ensure that renewable energy  

sources are used e↵ectively and efficiently (12). 
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Overall, load management is a crucial part of the composition of the smart grid, helping 

to ensure the reliability, efficiency, and sustainability of the electricity supply. 
 
 

 

 

 

Figure 3: Smart Grid Composition 
 

 
 Smart Grid Levels 

Smart grids typically have four levels: 

 
 Generation level 

The generation level of the smart grid represents the initial phase of the electricity supply 
chain, wherein power is generated using diverse energy sources like coal, natural gas, 
nuclear, hydro, wind, solar, and other renewables. Its fundamental objective is to produce 

electricity in an efficient, cost-e↵ective, and sustainable manner. The integration of smart 
grid technologies holds immense potential for enhancing the generation level by facilitating 

the incorporation of renewable energy sources and improving the overall efficiency of 
conventional power plants. 
Advanced sensors and control systems stand as prime examples of technologies that can 

bolster the efficiency of power plants. By optimizing fuel consumption, reducing emissions,  
and minimizing downtime, these intelligent systems enable power plants to operate more  

efficiently. Through real-time monitoring and precise data analysis, smart grid technolo- 

gies empower operators to make informed decisions, thereby maximizing the efficiency 
of the generation process. This not only leads to cost savings but also contributes to 
environmental sustainability by reducing carbon emissions. 
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Moreover, smart grid technologies play a crucial role in achieving a balance between 
supply and demand. Demand response programs are a prime illustration of how the smart  
grid can achieve this equilibrium. These programs encourage consumers to curtail their 
electricity usage during periods of peak demand. By utilizing price signals and incentives, 

consumers can adjust their energy consumption habits, e↵ectively reducing strain on 
the grid. Consequently, this mitigates the need for costly infrastructure expansion and 
promotes a more sustainable and reliable energy supply. Additionally, the integration 

 

Figure 4: Generation level 
 

of renewable energy sources is a key focus of the generation level in the smart grid. 
The variability and intermittency of renewable sources like wind and solar power pose 

challenges to grid stability. However, smart grid technologies o↵er solutions to address 
these challenges. Advanced forecasting models, coupled with real-time monitoring and 

control systems, enable grid operators to efficiently integrate renewable energy sources 
into the generation mix. By optimizing the utilization of renewable sources, the smart 
grid promotes the transition to cleaner and more sustainable energy systems. 
In summary, the generation level of the smart grid is the initial stage of the electricity 
supply chain, encompassing the production of electricity from diverse energy sources. The 

integration of smart grid technologies enables the efficient integration of renewable energy 
sources, enhances the efficiency of traditional power plants, and facilitates a balanced 

supply-demand relationship. By maximizing efficiency, reducing emissions, and promoting 
the use of clean energy sources, the generation level of the smart grid contributes to a 
more sustainable and resilient energy infrastructure. 

 
 Transmission level 

The Transmission level stands as the second tier within the framework of the smart grid. 

This level plays a vital role in the efficient and reliable transportation of high-voltage 
electricity over long distances, spanning from the generation level to the distribution 
level. It encompasses a network of high-voltage transmission lines, transformers, and 
various equipment explicitly designed to transmit substantial amounts of electricity across 
extensive distances. 
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The integration of smart grid technologies holds the potential to enhance the performance 
of the transmission level by enabling real-time monitoring and control of the transmis- 
sion network. Phasor measurement units (PMUs) serve as a notable example of such 
technologies.   These units provide high-resolution data on the status and condition of 
the transmission network, equipping utilities with valuable insights to swiftly detect and 
respond to potential issues. By obtaining accurate and up-to-date information, utilities 
can proactively address any anomalies or disturbances, thereby minimizing downtime and 
optimizing the reliability of the transmission infrastructure. 

 

 

Figure 5: Transmission level 

 
Moreover, advanced transmission control systems play a pivotal role in optimizing the uti- 

lization of the transmission network. By facilitating more efficient and reliable power flow, 

these systems contribute to maximizing the capacity and e↵ectiveness of the transmis- 
sion infrastructure. Furthermore, the integration of renewable energy sources is another 
aspect that can be improved at the transmission level. The intermittent nature of renew- 

able sources, such as wind and solar power, can be e↵ectively managed through smart 
grid technologies. By enabling the seamless integration of these intermittent sources, the 
transmission level supports a more robust and sustainable energy mix. 
Furthermore, the transmission level of the smart grid can serve as a catalyst for the 
development of new transmission infrastructure. An example of such infrastructure is 

high-voltage direct current (HVDC) lines. These advanced transmission lines o↵er en- 

hanced efficiency and lower losses compared to traditional alternating current (AC) lines. 
HVDC lines have the capability to transmit renewable energy generated in remote areas 

to densely populated urban centers, enabling the efficient long-distance transportation of 
clean energy. This infrastructure expansion is essential for unlocking the full potential of 
renewable resources and supporting the transition to a greener and more decentralized 
energy system. 
In summary, the Transmission level within the smart grid architecture plays a critical role 
in transporting high-voltage electricity over long distances. The integration of smart grid 
technologies enhances this level by enabling real-time monitoring and control, optimizing 
power flow, improving the integration of renewable energy sources, and facilitating the 
development of new transmission infrastructure. By leveraging these advancements, the 

transmission level contributes to a more resilient, efficient, and sustainable electricity 
transmission network. 
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 Distribution level 

The third level where the electricity is generated at the power plants and is transmitted 
to the substations. The substations are responsible for controlling and monitoring the 
distribution of power to individual consumers. Smart grid technologies can improve the 
distribution level by enabling real-time monitoring and control of the distribution net- 
work. For example, advanced sensors and smart meters can provide real-time data on 
energy usage and grid conditions, which can help utilities detect and respond to outages 
and other issues more quickly. Moreover, advanced distribution automation systems can 

 

 

Figure 6: Distribution level 
 

help optimize the distribution network, by enabling automatic switching of power lines, 
voltage regulation, and load balancing. These systems can also improve the integration 
of renewable energy sources, by enabling the smooth integration of intermittent sources 
such as solar and wind. 

 
Finally, the distribution level of the smart grid can also facilitate the integration of dis- 
tributed energy resources (DERs) such as rooftop solar panels, energy storage systems, 
and electric vehicles. By enabling two-way communication and control between these 
resources and the grid, utilities can better manage the supply and demand of electricity 
and maximize the use of renewable energy sources. 

 
 Consumption level 

The consumer level of the smart grid represents the portion of the electrical grid that 
directly involves end-users, encompassing both households and businesses. This facet of 
the grid is commonly referred to as the ”smart home” or ”smart building” concept, with 
the primary objective of granting consumers greater control over their energy consumption  
and expenses. At the heart of the consumer level lie smart meters, advanced digital devices 
employed to measure and monitor the electricity usage of consumers. These cutting-edge 
meters provide real-time information regarding energy consumption, equipping consumers 
with valuable insights and enabling them to make informed decisions about their energy 
usage. Armed with precise and up-to-date data, consumers can identify energy-intensive 

activities and modify their behavior accordingly, optimizing efficiency and reducing waste. 
Furthermore, smart meters facilitate remote management of electricity flow to consumers’ 
premises, allowing for features such as on-demand disconnection and reconnection. These 

capabilities e↵ectively curb unnecessary energy usage, resulting in cost savings. 
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Figure 7: Consumption level 

 
In addition to smart meters, the consumer level of the smart grid incorporates a diverse 
range of intelligent devices and appliances. For instance, smart thermostats empower 
users to control and schedule the temperature settings of their heating and cooling sys- 

tems, promoting energy efficiency. Smart lighting systems o↵er automated lighting con- 
trol and energy-efficient options, optimizing electricity usage in the realm of illumination. 
Moreover, various smart appliances, such as refrigerators, washing machines, and dish- 
washers, can be seamlessly integrated into the smart grid ecosystem. This integration 
allows users to remotely control and schedule the operation of these appliances, thereby 

enabling efficient energy usage. 
Communication technologies serve as the bridge between these devices and appliances at 
the consumer level and the broader smart grid. Through smartphone apps or other digital 
interfaces, consumers gain the ability to monitor and manage their energy consumption 
from any location. This newfound capability empowers users to adapt their energy usage 
based on personal preferences, time-of-use pricing, and the overall energy demand within 
the grid. As a result, consumers can reduce costs and lessen their environmental impact 
by optimizing energy usage. In conclusion, the consumer level of the smart grid provides 
numerous benefits to end-users. Through the utilization of smart meters, interconnected 
devices, and appliances, consumers are empowered to make informed decisions, optimize 

their energy usage, and actively contribute to a more sustainable and efficient electrical 
grid. By fostering greater control and awareness, the consumer level of the smart grid 
paves the way for a more energy-conscious society. 

 
 Smart Grid Global Architecture 

There are two types of architecture for a smart network : 
the first one electrical architecture : 

 

 
The architecture of modern smart grids shifted from the centralised one to one that 

is highly distributed. After the appearance of distributed energy sources, the smart grid 
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network becomes more and more autonomous and self-healing, thanks to the improvement 
of energy availability and reliability. 

 
The figure shows the global architecture of the smart grid network which consists of 

four level that are generation, transmission, distribution and consumption. Electricity 
generation, transmission and distribution 

 
The power generation begins at generation parks With huge power plants such as 

nuclear, thermal or hydro power plants. 

 
The power is transferred then in high voltage to transmission consumers such as large 

factories. The power is then transformed in medium voltage in transmission substations 
and transferred to sub-transmission consumers such as huge buildings. 

 
The power then is transformed in Low voltage in distribution substations and trans- 

ferred to Low voltage consumers such as smart homes. 
 
 
 
 

 

Figure 8: Smart Grid global architecture 

and the second one physical architecture : 

The Smart Grid Global Architecture is a conceptual model that describes the di↵erent 
components and interactions of a smart grid. It is divided into three main layers: the 
layer, the communication layer, and the application layer. 
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The physical layer is responsible for the transmission and distribution of electricity. It 
includes the power generation facilities, the transmission lines, and the distribution lines. 

 
The communication layer is responsible for the exchange of information between the 

di↵erent components of the smart grid. It includes the smart meters, the sensors, and the 
communication networks. 

 
The application layer is responsible for the use of the information that is exchanged in 

the communication layer. It includes the applications that are used to manage the grid, 
to control the demand for electricity, and to provide new services to customers. 

 
The Smart Grid Global Architecture is a complex system that is still under develop- 

ment. However, it has the potential to revolutionize the way that electricity is generated, 
transmitted, and distributed. 

 
Here are some of the benefits of the Smart Grid Global Architecture: 

 
Increased efficiency: The Smart Grid Global Architecture can help to improve the 

efficiency of the power grid by reducing losses and improving the reliability of the grid. 

 
Reduced costs: The Smart Grid Global Architecture can help to reduce the costs of 

electricity by making the grid more efficient and by providing new services to customers. 

 
Increased security: The Smart Grid Global Architecture can help to improve the secu- 

rity of the power grid by making it more difficult for hackers to disrupt the grid. 
 

Increased sustainability: The Smart Grid Global Architecture can help to increase the 
sustainability of the power grid by making it easier to integrate renewable energy sources 
into the grid. 

 
The Smart Grid Global Architecture is a promising technology that has the potential 

to improve the efficiency, reliability, security, and sustainability of the power grid. 

 
 Control and monitoring 

Control and monitoring are critical components of the smart grid infrastructure, enabling 
real-time management of the flow of electricity and the health of the grid. 

 
Control systems use advanced algorithms and models to optimize the operation of the 
grid, taking into account factors such as energy demand, the availability of renewable 
energy sources, and the condition of transmission and distribution infrastructure. These 
systems can automatically adjust the supply and demand of electricity to maintain a sta- 
ble and reliable grid, and they can also detect and isolate faults or other problems before 
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they lead to outages or other disruptions. 
 

Monitoring systems use a variety of sensors and communication technologies to provide 
real-time data on the performance of the grid, including information on energy flows, 
voltage levels, and the health of individual components such as transformers or circuit 
breakers. This data is analyzed by control systems and used to inform decisions about the 
operation of the grid, such as which generators to dispatch or which lines to de-energize 
in the event of an outage. 

 
Together, control and monitoring systems enable a more flexible, dynamic, and respon- 
sive grid that can adapt to changes in energy demand and supply, while also providing 
greater visibility and control over the health of the infrastructure. This helps to ensure 

the reliability, efficiency, and resilience of the electricity supply, while also enabling the 
integration of new technologies and renewable energy sources. 

 
 Energy Management 

Energy management for a smart grid involves the implementation of strategies and 

technologies that enable efficient and reliable distribution, monitoring, and utilization of 
energy. Here are some key aspects of energy management for a smart grid: 

 
1- Demand Response: A smart grid should be able to balance energy demand and 

supply by managing consumption during peak periods. Demand response is a key strategy 
to achieve this balance, which involves incentivizing consumers to adjust their energy 
consumption during peak periods. 

 
2- Energy Storage: Energy storage systems like batteries can help to store excess energy 

produced during low-demand periods and release it during peak demand periods. This 
can help to balance the supply and demand of energy and increase the reliability of the 
grid. 

 
3- Distributed Energy Resources (DERs): DERs such as solar panels, wind turbines, 

and microgrids can be integrated into a smart grid to increase the efficiency of energy 
distribution and utilization. They can also help to reduce the dependence on centralized 
power plants. 

 
4- Advanced Metering Infrastructure (AMI): AMI allows for the collection of real-time 

data on energy consumption, which can help to optimize energy management strategies 

and improve the efficiency of the grid. 
 

5- Artificial Intelligence (AI): AI can be used to analyze energy consumption data and 
predict future demand, which can help to optimize energy management and reduce costs. 



AI-based Energy management system for smart grid network 

14 

 

 

 
 

 Energy Management Concepts 

Energy Audit: An energy audit involves a comprehensive assessment of energy con- 
sumption patterns, identifying areas of energy waste, and suggesting measures for im- 
provement. It helps in understanding the energy usage and finding opportunities for 
energy conservation. 

 
Energy Efficiency: Energy efficiency focuses on reducing energy consumption while 

maintaining the same level of output or service. This involves implementing measures like 

upgrading to energy-efficient appliances, optimizing system operations, using insulation, 

and adopting energy-efficient lighting solutions. 
 

Demand-Side Management (DSM): DSM involves strategies and techniques to influence 
consumer energy usage patterns. It aims to reduce peak demand and overall energy 
consumption through measures like time-of-use pricing, demand response programs, and 

incentives for energy-efficient behavior. 
 

Renewable Energy: Integrating renewable energy sources, such as solar, wind, hydro, or 
geothermal power, into energy systems is a key concept in energy management. It helps 
reduce reliance on fossil fuels, lowers greenhouse gas emissions, and promotes sustainable  
energy generation. 

 
Energy Monitoring and Controls: Implementing energy monitoring systems and con- 

trols allows real-time tracking and analysis of energy consumption. This helps identify 
areas of high energy use, detect anomalies, and optimize energy usage through data-driven 
decision-making. 

 
Energy Conservation: Energy conservation involves minimizing energy waste and un- 

necessary consumption by implementing various measures, such as insulation, efficient 

HVAC systems, energy-efficient building design, and behavioral changes like turning o↵ 
lights when not in use. 

 
Energy Management Systems (EMS): EMS refers to the use of technology and software 

tools to monitor, control, and optimize energy consumption in buildings or industrial 
facilities. It includes features like energy data analysis, automated controls, and reporting 

functionalities to support e↵ective energy management. 
 

Life Cycle Cost Analysis (LCCA): LCCA evaluates the total cost of a system or equip- 
ment over its entire life cycle, considering not just the initial investment but also opera- 
tional costs, maintenance expenses, and energy consumption. It helps in making informed 

decisions by considering long-term financial and energy efficiency factors. 
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Energy Policy and Regulation: Energy management concepts also include understand- 
ing energy policies, regulations, and standards set by governments or industry bodies. 

These policies provide guidelines for energy efficiency, renewable energy integration, emis- 
sions reduction, and promote sustainable energy practices. 

 

 
 Related Work on Energy Management 

The work in (13) discusses the integration of renewable energy resources, plug-in elec- 
tric vehicles, and energy storage systems into the power grid to address the global energy 

crisis and promote sustainable practices. It emphasizes the need for an efficient energy 
management system (EMS) to regulate the flow of energy e↵ectively.  The paper highlights 
challenges posed by the variability and volatility of renewable energy sources, uncertain- 
ties associated with plug-in electric vehicles, fluctuating electricity prices, and changing 
load patterns. It stresses the role of the EMS in coordinating the sharing and trading of 

energy, ensuring cost-e↵ective supply, and maintaining the reliability, security, and effi- 
ciency of the power system. 
A comprehensive analysis of the EMS framework, objectives, architecture, benefits, and 
challenges is conducted. The paper explores distributed energy resources and programs 
like demand response and power quality management implemented within the EMS. It  
also examines uncertainty quantification methods and optimization techniques employed 
to achieve various objectives under multiple constraints. The paper provides recommen- 
dations for research and development to advance optimized energy management systems 

applicable to di↵erent domains. It serves as a valuable resource by o↵ering a comprehen- 
sive analysis of stakeholders, distributed energy resources, programs, uncertainty quan- 
tification methods, and optimization techniques. 
Additionally, this paper reviews the energy management systems in the context of the 
smart grid, discussing control architectures, stakeholders, uncertainties, and challenges. 
It emphasizes the importance of advanced metering, communication, and the Renewable 
Energy Management System (REMS). The need to address uncertainty, ensure security 

and privacy, and enhance cost-e↵ective smart grid networks is highlighted. Overall, the 
paper underscores the significance of the EMS in achieving efficient and sustainable op- 

eration of the smart grid. It provides insights into various aspects of the EMS and o↵ers 
recommendations for future research and development. 

 

 
The research work in (14) introduces a novel software called cooperative energy man- 

agement software (EMS) that aims to enhance the functioning of networked microgrids 
(MGs). The software explicitly models the cooperative behavior of MGs, allowing them 
to autonomously organize themselves into multiple stable coalitions. The primary objec- 

tive of these coalitions is to facilitate efficient and cost-e↵ective energy exchange among 
the participating MGs.   Within each coalition, multiple  MGs collaborate by engaging 
in energy trading with competitive pricing strategies, thus maximizing their individual 
utility. 
To address the energy management problem in networked MGs, we propose a coalition 
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formation game between MGs. We develop a merge-and-split-based coalition formation 
(MSCF) algorithm, which ensures the stability of the formed coalitions and maximizes the 
profits of the MGs. Additionally, an intra-coalition energy transfer (ICET) algorithm is 
designed to enable energy exchange between MGs within the same coalition, minimizing 
power loss. 

Through simulation experiments, we demonstrate the e↵ectiveness of the proposed co- 
operative energy management software. The results reveal a significant improvement in 
profit maximization, exceeding 21%, and a substantial reduction in power loss, surpassing  
51%. These findings highlight the considerable benefits of implementing the cooperative 
energy management software in networked microgrids. 

 
The work in (15) discusses the components of a smart home system, including hardware,  

software algorithms, network connections, and sensors. It explains how these components 
work together to provide various services. The development of a smart grid enables res- 
idents to schedule their electricity usage and reduce costs. Energy management at the 
household level considers environmental impact and supports residents’ lifestyles. This 
paper examines commercial and technical reasons for managing energy at the household  
level. Commercially, it allows passive residential customers to participate actively in the 
energy market. Technical aspects include peak shaving, valley filling, load shifting, flexi- 
ble load curves, strategic conservation, and load growth. Socio-economic impacts are also 
important to consider. 

 
It reviews the concept of energy management systems for residential customers, discussing 
technological approaches and major components. Concerns and challenges associated with 
smart technologies, including cost, implementation, and privacy issues, are discussed.  The 
paper explores electricity pricing and demand-side management for residential customers. 

It highlights the inefficiency of current pricing models and introduces various pricing 
models to align retail prices with wholesale prices. The goal is to incentivize users to shift 

high-load appliances to o↵-peak hours, reducing costs and load demand. Demand-side 

management programs, including conservation, energy efficiency, and load management, 

are introduced. The need for practical solutions to shift high-power appliances to o↵-peak 
hours is emphasized. Demand response as a means to lower electricity use during high 
prices or reliability issues is discussed. 
This work also presents a classification of demand response activities and favors incentive- 
based programs. An algorithm is proposed to manage power-intensive loads in a house 
based on peak reduction targets and user preferences. To implement demand response, a 
fully automated solution called auto-DR is necessary. Home Energy Management systems 
play a significant role in this regard. The paper concludes by emphasizing the importance 
of home energy management systems in reducing environmental impact and supporting 
human lifestyles. Technical and economic aspects are considered, and challenges are 
addressed. A framework for future energy management systems is proposed. 
The work in (16) presents a multi-agent based solution for smart grid to improve the 
cyber-physical security. This work identifies false data injection attacks in smart grid 
by performing a real-time sensitivity analysis which check for abnormalities in the smart 
grid. 
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 Conclusion 

In conclusion, smart grids represent a significant advancement in the energy sector, 

o↵ering numerous benefits for consumers, utilities, and society as a whole. As the demand 
for electricity continues to grow, the deployment of smart grids will play a vital role in 
ensuring a sustainable and reliable energy supply for the future. 

 
In order to achieve better results in terms of energy cost and energy availability, AI- 

based solutions present a great potential for smart grid systems as a developped cyber- 
physical system. Artificial intelligence can play a pivotal role in the smart grid at their 

di↵erent levels to improve the overall performance of the grid. 
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2 Smart Grid and Artificial Intelligence 

 Introduction 

The integration of Artificial Intelligence (AI) in the field of energy management has led 
to significant advancements in the development of smart grids. Smart grids, as the next 
generation of power systems, aim to optimize the generation, distribution, and consump- 
tion of electricity by leveraging intelligent technologies. With the increasing demand for 
clean and sustainable energy solutions, the application of AI in smart grids holds great 
promise for revolutionizing the energy sector. This essay explores the intersection of AI 
and smart grids, highlighting the benefits, challenges, and future prospects of this dynamic  
combination. 

 
 Artificial  Intelligence 

Artificial intelligence encompasses a broad domain that encompasses multiple perspectives 
and diverse definitions. In essence, it involves a range of techniques intended to create 
machines capable of performing specific tasks and addressing human challenges.  Artificial 
intelligence can be seen as the integration of methodologies that enable the development of  
machines with problem-solving abilities, designed to fulfill specific objectives. According 

to Turing:“What makes it difficult to distinguish between a task performed by a human 
being or a machine”. 

 
AI has captured our imaginations and has been a topic of research since a group of 

computer scientists coined the term at the Dartmouth Conferences in 1956, giving birth 
to the field of AI. Throughout the years, AI has been praised as the key to a prosperous 
future for our civilization, while also being dismissed as a far-fetched idea by some skeptics 
in the tech industry. However, it wasn’t until 2012 that AI started to gain traction and 
prove its potential. In recent years, AI has experienced a significant surge, particularly 
since 2015. This can be attributed to the widespread availability of GPUs, which have 

made  parallel  processing  faster,  more  a↵ordable,  and  more  powerful.   Additionally,  the 
explosion of data in various forms (thanks to the Big Data movement) such as images, text, 
transactions, and mapping data, combined with practically limitless storage capabilities, 
has contributed to this AI revolution. 

 
Computer scientists transitioned from a period of relative disappointment before 2012, 

to a flourishing era where AI applications are now utilized by millions of people world- 
wide on a daily basis. During the summer conference of 1956, the vision of AI pioneers 
revolved around constructing sophisticated machines, utilizing the emerging computers 
of that time, which would possess human-like intelligence. This concept, often referred 
to as ”General AI,” involves creating extraordinary machines that not only replicate our 
senses but also possess reasoning abilities identical to our own. We have witnessed these 
machines portrayed extensively in movies, both as friendly companions like C-3PO and as 
formidable adversaries like The Terminator. However, General AI has remained confined 
to the realms of fiction and science fiction novels for a valid reason—we have not been 
able to achieve it yet, or at least not to the desired extent. 
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Figure 9: AI over time 

 
Instead, what we have been able to accomplish thus far falls under the category of 

”Narrow AI.” Narrow AI encompasses technologies capable of performing specific tasks 
as well as, if not better than, humans. Examples of narrow AI include image classification 
on platforms like Pinterest and facial recognition on Facebook. 

 
These practical applications of Narrow AI demonstrate certain aspects of human intel- 

ligence. But how does it work? Where does this intelligence originate from? This brings 
us to the next concept, known as machine learning. 

 
 Machine Learning 

At its core, machine learning involves the utilization of algorithms to analyze data, acquire 
knowledge from it, and subsequently make determinations or predictions about various 
aspects of the world. Instead of manually coding software routines with specific instruc- 

tions to accomplish a particular task, machine learning takes a di↵erent approach. It 
involves training the machine by exposing it to extensive amounts of data and employing 
algorithms that enable it to learn how to perform the given task. 

 
The concept of machine learning originated from the minds of early AI researchers.  

Throughout the years, various algorithmic approaches have been developed, including 
decision tree learning, inductive logic programming, clustering, reinforcement learning, 
and Bayesian networks, among others. However, none of these approaches managed to 
achieve the ultimate objective of General AI, and even achieving Narrow AI remained 
largely challenging with early machine learning methods. 
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 Deep Learning 

The advent of deep learning has revolutionized the practical applications of machine 
learning and has had a significant impact on the broader field of AI. Deep learning ap- 
proaches have enabled the breakdown of complex tasks into manageable components, 
thereby making various forms of machine assistance not only feasible but also highly 
probable. Driverless cars, enhanced preventive healthcare measures, and even improved  
movie recommendations are already a reality or within close reach. AI is undeniably the 
present and the future, and with the assistance of deep learning, it may even bring us 
closer to the realm of science fiction that we have long envisioned. The idea of having a 
C-3PO-like companion is enticing, while the menacing presence of a Terminator can be 
set aside. 

 
 Artificial neural networks 

Another algorithmic approach that emerged from the early machine learning era was 
artificial neural networks, which saw varying levels of popularity over the decades. Inspired 
by our understanding of the biological structure of our brains, artificial neural networks 
attempt to replicate the interconnections between neurons. However, unlike biological 
brains, where any neuron can connect with any other neuron within a certain physical 
proximity, artificial neural networks consist of discrete layers, connections, and directions 
of data flow. 

 
For instance, in an image processing scenario, the image can be divided into multiple 

tiles that serve as inputs to the first layer of the neural network. Each individual neuron 
in the first layer processes the data and passes it on to the next layer. This sequential 
process continues through subsequent layers until the final layer produces the desired 
output. 

 
Each neuron assigns a weight to its input, determining its relevance to the given task. 

The final output is then determined by the cumulative e↵ect of these weightings. To 
illustrate with the example of a stop sign, attributes of an image, such as its octagonal 
shape, red color, letters, size, and motion, are examined by the neurons. The neural 
network’s objective is to determine whether the image represents a stop sign or not. It 
generates a ”probability vector,” which is essentially an educated guess based on the 
assigned weightings. In our example, the system might indicate an 86% probability that 
the image is a stop sign, 7% probability for a speed limit sign, 5 % probability for a kite 
stuck in a tree, and so on. The network architecture then provides feedback to the neural 
network, indicating its accuracy. 

 
However, it is worth noting that until recently, neural networks were largely disregarded  

by the AI research community. Despite existing since the early days of AI, they demon- 
strated limited success in achieving ”intelligence.” One of the main challenges was the 
significant computational intensity even for basic neural networks, making it impractical 

to  employ  them.   Nonetheless,  a  small  group  of  researchers  led  by  Geo↵rey  Hinton  at 
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Figure 10: Overview of Artificial Neural Network 

 
the University of Toronto persisted and eventually parallelized the algorithms to run on 
supercomputers, proving the concept. It was with the deployment of GPUs that the true 
potential of neural networks was realized. 

 
Returning to our stop sign example, during the training phase, it is highly likely that 

the network will produce numerous incorrect answers. It requires training, exposure to 
hundreds of thousands or even millions of images, to precisely tune the weightings of 
neuron inputs, enabling it to provide accurate responses almost every time, regardless of 
fog, sunlight, or rain. At that point, the neural network has essentially taught itself to 
recognize a stop sign, or in the case of Facebook, your mother’s face, or in Andrew Ng’s 
case, a cat, as demonstrated in his work at Google in 2012. 

 
Today, machine learning models trained through deep learning, particularly in image 

recognition tasks, can outperform humans in certain scenarios, ranging from identifying 
cats to detecting indicators of cancer in blood samples or tumors in MRI scans. For 
example, Google’s AlphaGo learned the game of Go by playing against itself repeatedly, 
tuning its neural network through extensive self-training. 

 
The simplest type of ANN is a perceptron. A perceptron has one input, one output, 

and one weight. The output of the perceptron is calculated as follows: 

y = 
X 

wixi + b (1) 
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where: 
y is the output of the perceptron 
w is the weight 
x is the input 
b is the bias 

 
The perceptron can be used to classify data. For example, we can use a perceptron to 
classify images of cats and dogs. We would train the perceptron on a set of images of cats 
and dogs. The perceptron would learn to associate the input features (e.g., the shape of 
the eyes, the length of the tail) with the output labels (cat or dog). 

 
More complex ANNs can be created by connecting multiple perceptrons together. These 

networks are called multilayer perceptrons (MLPs). MLPs can be used to solve more com- 
plex problems, such as predicting the price of a stock or recognizing faces. The training 
of an ANN is an iterative process.   The ANN is first initialized with random weights. 
Then, the ANN is presented with a set of training data. The ANN calculates its output 
for each training example. The error between the ANN’s output and the ground truth 
label is then calculated. The weights of the ANN are then updated to reduce the error. 
This process is repeated until the error is minimized. ANNs have been shown to be very 

e↵ective at solving a wide variety of problems. They are used in a variety of applications, 
including: Image recognition, Natural language processing, Speech recognition, Medical 
diagnosis, Financial forecasting and Robotics. 

 

 
ANNs are a powerful tool that can be used to solve a wide variety of problems. How- 

ever, they can be difficult to train and require a large amount of data and need huge 
computational power. 
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 Application of AI in Smart grid 

Artificial intelligence (AI) holds immense potential in the field of smart grid, an ad- 
vanced electrical power system that integrates renewable energy sources, energy storage,  

and intelligent control systems to enhance energy efficiency, reliability, and sustainability. 
Below are some key applications of AI in the smart grid: 

 
Demand Response: AI enables the prediction of energy demand and optimization of 

power distribution to meet that demand. By employing machine learning algorithms, 
smart grid systems can analyze historical usage patterns and weather forecasts to forecast 
future energy demand. This predictive capability allows the grid to adjust power supply, 
minimizing energy loss and preventing blackouts. 

 
Energy Forecasting: AI plays a crucial role in forecasting energy production from re- 

newable sources like solar and wind energy. By analyzing weather patterns and other 
variables, machine learning algorithms can predict the amount of energy that will be 
generated by these sources. 

 
Grid Management: AI facilitates the management and optimization of the power grid. 

Through AI algorithms, sensor data from smart meters, smart transformers, and other 
grid components can be analyzed to identify patterns and anomalies. This information 
aids in optimizing power distribution and mitigating the risk of blackouts. 

 
Fault Detection and Diagnosis: AI assists in the detection of faults and diagnosis of 

problems within the smart grid. Machine learning algorithms analyze sensor data to iden- 
tify grid faults such as power outages or voltage spikes. This data enables the identification 
of the root cause of the problem and facilitates necessary corrective actions. 

 
Energy Trading: AI optimizes energy trading within the smart grid. By analyzing 

market data, machine learning algorithms identify profitable trades and provide recom- 

mendations to energy traders, enhancing the efficiency of energy trading operations. 
 

In summary, AI demonstrates significant potential in leveraging smart grid technology, 
enhancing its capabilities in demand response, energy forecasting, grid management, fault  
detection and diagnosis, as well as energy trading. 

 

 
 Related Work 

The work in (17) explores the role of artificial intelligence (AI) in achieving energy 
sustainability in smart cities. It focuses on the use of smart metering and non-intrusive 
load monitoring (NILM) to optimize energy consumption. The paper proposes a genetic 
algorithm support vector machine multiple kernel learning (GA-SVM-MKL) approach for 
NILM, which achieves high accuracy in appliance classification. 
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The research integrates insights from AI, IoT, and big data analytics, emphasizing their 
potential in addressing energy sustainability challenges. It highlights the significance 
of microgrid applications and smart metering in smart grid development. The paper 
calls for increased attention from stakeholders and suggests future research directions, 
including the use of blockchain technology and the analysis of user behavior in smart 
energy modeling. 
Overall, it contributes to the understanding of energy sustainability in cities and provides 
insights into utilizing AI for energy optimization in smart cities. 

 
The research work in (18) discusses the integration of artificial intelligence (AI) in smart 

cities to address various challenges. It analyzes 133 research articles published between 
2014 and 2021, focusing on domains such as healthcare, education, environment, mobility,  
agriculture, risk management, and security. 
The findings highlight the significant impact of AI adoption in smart cities, particularly 
in healthcare, mobility, privacy and security, and energy sectors. The healthcare industry 
has seen a substantial increase in AI-based advancements since the COVID-19 pandemic. 
The study identifies AI algorithms such as ANN, RNN/LSTM, CNN/R-CNN, DNN, and 

SVM/LS-SVM as influential in smart city domains. AI o↵ers benefits such as automation, 
reduced errors, data-driven decision-making, and improved urban management. However, 
it also presents regulatory challenges and risks, including privacy concerns and ethical 
considerations. 
This research emphasizes the importance of carefully addressing these challenges and risks 
while integrating AI technologies in smart cities. It concludes that AI can greatly benefit 
smart cities, but proper attention must be given to regulatory issues and overcoming 
barriers to implementation. 

 
The study in (19) focuses on the importance of developing Intelligent Transport Sys- 

tems (ITS) in smart cities in India to address various urban challenges. Issues such as 

inefficient public transport, congestion, road accidents, inadequate parking, and rising en- 
ergy costs are prevalent in Indian cities. To tackle these problems, the study suggests the 
adoption of Artificial Intelligence (AI) in developing smart public transport, intelligent 

traffic management, smart traveler information systems, smart parking management, and 
safe mobility and emergency systems. 
The authors highlight the urgency of implementing AI-based ITS in smart cities to over- 
come these challenges. It emphasizes the role of AI in optimizing resource utilization, 

controlling operations, and improving efficiency in transportation systems. The adoption 
of AI in traffic management can significantly reduce fuel consumption, travel time, stops, 
and carbon emissions. 
This study provides valuable insights for engineers and planners involved in developing 

efficient transportation systems in smart cities in India. It underscores the need for AI 

applications in various sub-systems of ITS and emphasizes the collaborative e↵orts of 
transportation experts and computer engineers. Overall, the study concludes that the 
adoption of AI-based ITS is crucial for the development of smart cities in India to create 

accessible, safe, environmentally friendly, and efficient transport systems. 
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The research in (20) focuses on the challenges and implications of incorporating artificial 
intelligence (AI) in the smart energy domain, specifically in the context of renewable 
energy (RE) in the European Union (EU). The study emphasizes the need to optimize 
energy systems, develop customizable networks, and leverage AI and machine learning 
techniques to address these challenges. 
The authors highlight the significance of RE in global development, considering climate 
change and resource depletion. AI presents new opportunities for organizing activities and 
meeting the evolving demands of the energy sector. The aim is to improve the design, 

deployment, and production of RE to overcome obstacles that a↵ect the sector’s growth 
and resilience. 

Specific analyzed areas include the efficiency of transforming RE in the energy chain, 
the structure of renewable energy sources, labor productivity in the RE sector, and its 
relationship with investments. The research also explores the implications of AI adoption 
for RE within the context of future smart cities research. 
The main contributions of this study are the development of a framework to understand 
the role of AI in the RE sector in Europe and a discussion of the implications for future 
smart cities research. The research focuses on the integration of AI technology in smart 
energy systems and grids, emphasizing the need for a comprehensive understanding of 
computational, economic, and social aspects. It examines the implications of AI and dis- 
ruptive technologies for economic models, with a particular focus on energy management 
in the RE sector and the adoption of disruptive technologies. 
The research also identifies potential directions for future research in this field. 
Overall, the research provides insights into the potential of AI in enhancing renewable 

energy efficiency, sustainability, and the development of smart energy infrastructure. The 
paper concludes by summarizing key findings and suggesting directions for future research 
in the field of smart cities. Despite advancements, barriers persist in the widespread imple- 
mentation of RE, extending beyond technology to include policy-making. This highlights 

the need for further studies and debates to address these barriers e↵ectively. 

 
 Conclusion 

In conclusion, the integration of Artificial Intelligence (AI) in smart grids has emerged as 
a transformative force in the energy sector. By harnessing the power of AI algorithms and 
data analytics, smart grids have the potential to optimize energy generation, distribution, 

and consumption, resulting in improved efficiency, reliability, and sustainability. 
 

As technology continues to advance, and stakeholders collaborate to address the asso- 
ciated challenges, we can expect to witness a future where AI-powered smart grids play 

a vital role in delivering efficient, reliable, and sustainable energy systems. By embracing 
the potential of AI and smart grids, we can pave the way for a greener and smarter energy 
future. 
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3 System  Model 

 Introduction 

The electric power systems usually consist of three tiers, namely the generation level 
(comprising large power stations like nuclear or thermal power plants), the distribution 
level (including distribution substations), and the consumption level (consisting of smart 
homes and buildings). Each of these levels in the smart grid is characterized by specific 
voltage levels: High (75kV) for generation, Medium (30kV) for distribution, and Low 
(400V) for consumption. These levels encompass various electrical devices such as gener- 

ators, transformers, and electrical lines that interconnect the di↵erent components of the 
smart grid. Figure 1 provides a visual representation of the smart grid levels. 
In this project, we will focus on the distribution and consumption level where we imple- 

ment two di↵erent solutions for energy management. 
 

Electric power distribution represents the ultimate phase of delivering electricity, trans- 
porting it from generation stations or transmission substations to individual end-users. 
These end-users receive their power through distribution substations that link the trans- 
mission system to the distribution system with the aid of transformers. Medium voltage 
power is transmitted from the primary distribution lines to distribution transformers situ- 
ated in close proximity to consumers. These distribution transformers reduce the medium 
voltage to a suitable level for household appliances and lighting purposes. Consumers re- 
ceive their power supply from these transformers via secondary distribution lines. High- 
demand consumers requiring significant amounts of electricity are directly connected to 
the primary distribution level or sub-transmission level. 

 
The transition from the transmission system to the distribution system occurs within 

power substations, which serve several important functions. These functions include the 
use of switches and circuit breakers to disconnect the substation from the transmission 
system or to disconnect distribution lines. Additionally, transformers are employed to 
reduce the voltage, typically from 35 KV or higher, to distribution voltages. Primary dis- 
tribution voltages, ranging from 4 to 35 kV, are primarily utilized to supply power to large 
consumers. However, the majority of utility consumers are connected to a transformer 
that further lowers the voltage to a lower utilization voltage. 

 
Figure.11 shows the architecture of the proposed AI-based solution for smart grid energy 

management. 

 
 Smart grid mathematical formulation : Distribution lvevel 

In this section, we will formulate the smart grid system at the distribution level. 
In the nonlinear smart grid formulation, the power balance equations at bus i and time t 
are given by (21) 

t t 
Gi Si 

t t 
Gi Si 

— PDi 

— QDi 

= 0 (2) 

= 0 (3) 

P 

Q 



AI-based Energy management system for smart grid network 

27 

 

 

Gi Di 

Gi Di 

V 

Si 

Si 

L 

 

 

 
 

Figure 11: Architecture of the proposed solution 

 

where the P t t   and P t are the active power generation, active power from energy 
storage systems and active power demand, respectively. Qt t  and Qt are the reactive 
power generation, reactive power from energy storage systems and reactive power demand, 
respectively. The power loss in transmission lines is calculated as follows (21): 

P  (i, e) = I2 R = 
h P(E) i2 

. ↵ . d(i, e) (4) 
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 Objective  function 

The standard optimal power flow minimizes the objective function f which is simply a 
summation of individual polynomial cost functions of real and reactive power injections, 
respectively, for each generator (21): 

 

 
min f(x) = min 

ng 

f i (pi ) + f i (qi ) (5) 
 

 

 

 Optimization  variables 

For the standard optimal power flow problem, the optimization vector x consists of the 

nb x  1 vectors of voltage angles ⇥ and magnitudes Vm and the ng x  1 vectors of active 
and reactive power injections Pg and Qg of generators (21): 

2 
⇥ 

3 

Vm 
X = 

Pg
 

Qg 

(6) 

 

 Constraints 

The complex voltages on buses are characterised by a variable voltage magnitude V t which 
is maintained within its limits as follows (21): 

 

Vi V t 

 

 

Vi (7) 
 

The limitation on line current in transmission line l between buses i and j is also imposed 
as follows (21): 

t Iij (8) 

 

 Proposed solution in Distribution level : Load forecasting 

approach 

 Load forecasting based on deep learning approach 

Load forecasting plays a vital role in the electrical power systems domain as it enables 

utility companies and grid operators to e↵ectively plan and optimize their operations. 
Deep learning methods have demonstrated significant potential in load forecasting due 
to their ability to capture intricate patterns and dependencies present in historical load 
data. Here’s a summarized overview of load forecasting using deep learning: 

 
Data Preparation: The initial step involves gathering historical load data, typically 

recorded at regular intervals (e.g., hourly or daily) over a considerable time span. Addi- 
tional relevant data, such as weather conditions or holidays, may also be considered. The 
data is then preprocessed to handle missing values, outliers, and normalization, ensuring 
consistency and enhancing model performance. 

i=1 

I 

⇥,Vm,Pg,Qg 
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Model Architecture: Deep learning models like recurrent neural networks (RNNs) or 
long short-term memory (LSTM) networks are commonly utilized for load forecasting. 
These models are designed to capture temporal dependencies and patterns in sequential 
data. Convolutional neural networks (CNNs) can also be employed to extract spatial and 
temporal features from load data. 

 
Training: The prepared data is divided into training and validation sets. The model is 

then trained using the training set, where it learns the patterns and relationships present 
in the historical load data. During training, the model optimizes its internal parameters 
by minimizing a loss function, often a mean squared error (MSE) or mean absolute error 
(MAE) between the predicted and actual load values. 

 
Model Evaluation: Following training, the model is evaluated using the validation set to 

assess its performance. Various metrics, such as root mean squared error (RMSE), mean 

absolute percentage error (MAPE), or correlation coefficient, are employed to measure 
the accuracy and reliability of the load forecasts. 

 
Testing and Deployment: Once the model’s performance is deemed satisfactory based 

on the evaluation results, it can be deployed to make load forecasts on new, unseen data. 
The model takes historical load data as input and generates predictions for future time 
intervals. These forecasts serve as valuable guidance for decision-making processes, in- 
cluding load scheduling, resource allocation, and energy market operations. 

 

 
 Data Analysis 

Electricity usage plays a crucial role in both production and everyday life, making any 
factors related to human activities in these areas influential in determining the demand 
for power. In this section, we examine significant factors that have a substantial impact 
on power consumption. By analyzing these factors, we gain valuable insights into how 

they a↵ect load forecasting, allowing us to incorporate them e↵ectively into our Deep 
Neural Network model. 
The short-term load data of a specific region exhibits noticeable periodicity, primarily 
driven by the regular work and lifestyle patterns of individuals. Figure.12 illustrates 
the periodic variation of hourly load values from the dataset spanning 2014 to 2022. 
Furthermore, Figure 12 demonstrates that the load data curves for three consecutive 
weeks exhibit similar patterns that align with one another. As a result, historical load 
usage data serve as reliable indicators for load prediction. 
In addition, it can be seen from Figure.13 that load data curves of three consecutive weeks 
shows similar patterns aligning with each other accordingly. Thus, historical load usage 
data serve as robust indicators for load prediction. 

 
The impact of weather on electricity consumption is substantial, particularly in rela- 

tion to people’s work schedules. Temperature, in particular, plays a significant role, as 
unfavorable temperatures often lead to higher energy usage for heating or cooling, as well 
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Figure 12: Daily periodicity (22) 
 

 

 
 

Figure 13: Weekly periodicity (22) 

 
as increased indoor activities. Figure.14 demonstrates a clear correlation between the 
minimum daily temperature and the peak load. Additionally, other weather factors such 
as humidity and wind speed could also provide valuable insights for load forecasting. 

 
Additionally, when predicting hourly load, the hour of the day itself and the corre- 

sponding day of the week are evident indicators of power consumption. Therefore, we 
incorporate these types of features into our model. The maximum and minimum temper- 
atures, the hour of the day, and the day of the week features are utilized as inputs for the 
component of our model. 
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Figure 14: Daily minimum temperature (22) 

 
 Deep Neural Network for Load Forecasting 

Deep neural networks (DNNs) are a type of machine learning algorithm that can be 
used for load forecasting. DNNs are able to learn complex patterns in data, and they 

have been shown to be very e↵ective for load forecasting tasks. 
 

A DNN is a type of artificial neural network (ANN) that has multiple layers between 
the input and output layers. This allows the DNN to learn more complex patterns in the 
data than a shallow ANN. 

 
DNNs work by passing the input data through a series of layers. Each layer contains 

a number of neurons, and each neuron performs a simple calculation on the data. The 
output of each neuron is then passed to the next layer, and so on. 

 
DNNs can learn complex patterns in data. This allows them to make more accurate 

predictions than traditional forecasting methods. DNNs can be trained on large datasets. 
This allows them to learn the patterns in load demand even if the data is noisy or incom- 
plete. DNNs can be used to model both short-term and long-term load dynamics. This 
makes them a versatile tool for load forecasting applications. 

 

di↵erent DNN architectures that can be used for load forecasting, and some of the 
common architectures include Convolutional Neural Networks (CNNs), Recurrent Neural 
Networks (RNNs), and Hybrid DNNs. 

 
Convolutional Neural Networks (CNNs): CNNs are commonly used for image processing 

tasks but can also be applied to sequential data like load forecasting. They excel at 
learning hierarchical representations and capturing spatial or temporal patterns. In load 
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forecasting, CNNs can learn to extract features from historical load data, taking into 
account the temporal relationships and patterns. 

 
Recurrent Neural Networks (RNNs): RNNs are well-suited for sequential data analysis 

and can e↵ectively model long-term dependencies in time series data. RNNs have recur- 
rent connections that allow information to be persistently passed from one step to the 
next. This makes them suitable for capturing the temporal dynamics and patterns in load 
demand data. 

 
Hybrid DNNs: Hybrid DNN architectures combine the strengths of both CNNs and 

RNNs. By using a combination of convolutional and recurrent layers, these models can 
capture both local and global features from load data and model short-term as well as long- 

term load dynamics. Hybrid DNNs have been shown to be e↵ective for load forecasting 
tasks, leveraging the advantages of both CNNs and RNNs. 

 
 Recurrent Neural Networks 

Recurrent Neural Networks (RNNs) are neural networks consisting of neuron-like nodes 
arranged in consecutive layers, resembling the structure of standard Neural Networks. 
Similarly to standard Neural Networks, RNNs have input layers, hidden layers, and output 
layers, with each connection between neurons having an associated trainable weight. 
However, the key distinction lies in the assignment of neurons to specific time steps 
within RNNs. Each neuron is allocated to a fixed time step, and the neurons in the 
hidden layer are directed in a time-dependent manner. This means that each neuron in 
the hidden layer is fully connected only to the neurons in the same assigned time step, 
and it is connected unidirectionally to every neuron assigned to the subsequent time step. 
The input and output neurons solely connect to the hidden layers associated with their 
respective assigned time step. 

 

 

 
 

Figure 15: Architecture of RNN model 
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Due to the hidden layer’s output from one time step being utilized as the input for the 
subsequent time step, neuron activation within RNNs is computed sequentially according 
to time order. At any given time step, only the neurons assigned to that particular time 
step calculate their activation. 

 
Weights : In RNNs, the input vector at time t is linked to the hidden layer neurons 

of time t using a weight matrix U. The hidden layer neurons are connected to the neurons 
of time t-1 and t+1 through a weight matrix W. Additionally, the hidden layer neurons 
are connected to the output vector of time t via a weight matrix V. Importantly, all these 
weight matrices remain constant across each time step. 
Input : The vector x(t) represents the network’s input at time step t. 
Hidden state : The vector h(t) signifies the hidden state at time t, serving as a form of 
network memory. It is computed based on the current input and the hidden state from 
the previous time step: 
Output — The vector y(t) is the output of the network at time t: 

 
 Long Short Term Memory (LSTM) Neural Networks 

LSTM, which stands for Long Short-Term Memory, is a type of Recurrent Neural Net- 
work (RNN) that is specifically designed to handle sequential data. Its unique architecture 
addresses the issue of vanishing gradients in traditional RNNs by introducing memory cells  
and gates to control the flow of information. 
LSTM is widely employed in deep learning due to its capability to capture long-term 
dependencies in sequential data. This makes it particularly suitable for tasks like speech 
recognition, language translation, and time series forecasting, where the context of earlier 
data points can influence later ones. 
Let’s consider an example of using an LSTM network to predict car sales. Suppose we 
have access to historical data on monthly car sales over several years. Our goal is to utilize 
this data to make predictions about future car sales. To achieve this, we would train an 
LSTM network on the historical sales data, enabling it to forecast the next month’s sales 
based on the previous months. 
At each time step, the LSTM network takes the current monthly sales and the hidden 
state from the previous time step as input. It processes this information through its gates, 
updates its memory cells, and generates an output that predicts the next month’s sales. 
To make the task more challenging, we can incorporate additional variables, such as 
average temperature and fuel prices, into the network’s input. These variables can also 
impact car sales, and including them in the LSTM algorithm can enhance the accuracy 
of our predictions. 
LSTM possess a remarkable capacity to represent sequential information and grasp ex- 
tensive relationships, rendering them exceptionally well-suited for time series forecasting 
tasks such as anticipating sales figures, stock prices, and energy consumption. 
Understanding LSTM Cells 
The LSTM model architecture is as follows: Xt represents the input at a specific time 
step, ht is the output, Ct denotes the cell state, ft represents the forget gate, it corre- 

sponds to the input gate, Ot represents the output gate, and Ät  refers to the internal cell 
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Figure 16: Architecture of LSTM model 

 
state. 
Long Short-Term Memory (LSTM) neural networks employ a set of gates to regulate the 
flow of information in a sequence of data. The forget, input, and output gates act as filters 
and operate as distinct neural networks within the LSTM architecture. They control how 
information enters the network, is stored, and eventually released. 
1. Cell state: It preserves information across the entire sequence and serves as the net- 
work’s memory. 
2. Forget gate: This gate determines which information from previous time steps is 
relevant to retain. 
3. Input gate: The input gate decides which information from the current time step 
should be incorporated. 
4. Output gate: This gate determines the value of the output at the current time step. 
The Forget Gate 
The initial phase in the architectural design involves the Forget Gate, where the LSTM 
neural network assesses the relevance of elements in the cell state (long-term memory) 
based on the previous hidden state and new input data. 
By feeding the previous hidden state (ht-1) and the new input data (Xt) into a neural 
network, a vector is produced. Each element of the vector represents a value ranging from 0 
to 1, achieved through the utilization of a sigmoid activation function. The neural network 
within the forget gate is trained to generate values close to 0 for irrelevant information 
and values close to 1 for relevant information. These vector elements can be viewed as 
filters that permit more information when the value approaches 1. 

ft = σ(Wf .[ht—1] + bf ) (9) 

Subsequently, these output values are multiplied element-wise with the previous cell state 
(Ct-1). As a result, irrelevant portions of the cell state are down-weighted significantly, 
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Figure 17: The Forget Gate 

 
reducing their impact on subsequent steps. 
In summary, the forget gate determines which components of the long-term memory 
should be discarded, based on the preceding hidden state and the new input data in the 
sequence. 
The Input Gate 
In the following phase, the input gate and the new memory network come into play. 
The primary objective of this step is to determine which fresh information should be 
integrated into the long-term memory (cell state) of the network, taking into account 
the previous hidden state and the current input data. Both the input gate and the new 
memory network function as independent neural networks, receiving identical inputs—the 
previous hidden state and the current input data. It is noteworthy that these inputs are 
the same inputs provided to the forget gate. 

it = σ(Wi.[ht—1, Xt] + bi) (10) 

The input gate is a neural network that utilizes the sigmoid activation function. It serves 
as a filter to discern the valuable components within the new memory vector. By applying 
the sigmoid activation, it generates a vector of values within the range of [0,1]. This 
characteristic enables it to function as a filter through pointwise multiplication. Similar 
to the forget gate, a low output value from the input gate indicates that the corresponding 
element of the cell state should remain unaltered and not be updated. 
New Memory Network 
The neural network responsible for new memory generation utilizes the tanh activation 
function and has been trained to produce a ”new memory update vector” by combining the 
previous hidden state and the current input data. This vector encapsulates information 
from the input data while considering the contextual information provided by the previous 
hidden state. It indicates the necessary adjustments to be made to each component of 
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Figure 18: The Input Gate 

 
the long-term memory (cell state) based on the most recent data. 

. 

Ct = tanh(WC.[ht—1, Xt] + bC) (11) 

The tanh activation function is employed due to its output values ranging from -1 to 1. 
This range, including negative values, is crucial in reducing the impact of a component in 
the cell state. 
However, it’s important to note that the new memory vector alone does not determine 
the significance of retaining the new input data, necessitating the presence of an input 
gate. 
To update the cell state, representing the LSTM network’s long-term memory, the com- 
bination of the new memory update and the input gate filter is utilized. Pointwise mul- 
tiplication governs this process, ensuring that only the relevant components of the new 
memory update contribute to the cell state. 
Consequently, the updated cell state reflects the modified long-term memory of the net- 
work. The internal state is updated accordingly, adhering to this rule: 

. 

Ct = it.Ct + ft.Ct—1 (12) 

 
 

The Output Gate 
During the ultimate phase of an LSTM process, the determination of the new hidden 
state is accomplished by considering the updated cell state, previous hidden state, and 
new input data. This decision-making task is executed by the output gate. 
The output gate plays a crucial role in defining the final hidden state of the LSTM net- 
work. It takes the updated cell state, previous hidden state, and new input data as inputs. 
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Figure 19: The Output Gate 

 
Directly outputting the updated cell state alone would lead to excessive information dis- 
closure. Hence, an output gate is employed as a filter. 
The output gate functions as a neural network activated by the sigmoid function. It 
acts as a filter, discerning the relevant elements within the updated cell state that should 
be manifested as the new hidden state. The input for the output gate aligns with the 
previous hidden state and new data, and the sigmoid activation is employed to produce 
outputs ranging from 0 to 1. 

 

ot = σ(Wo.[ht—1, Xt] + bo) (13) 

The updated cell state subsequently undergoes a tanh activation to restrict its values 
within the range of -1 to 1. This squished cell state is then subjected to pointwise 
multiplication with the output of the output gate network. The outcome of this operation 
yields the final new hidden state. 

ht = ot.tanh(Ct) (14) 

Similar to other neural networks, the LSTM cell employs weight matrices and biases in 
conjunction with gradient-based optimization to learn its parameters. These parameters 
are associated with each gate, as evident in the provided equations. Specifically, the 
weight matrices are denoted as Wf, bf, Wi, bi, Wo, bo, and WC, bC, respectively. 
In conclusion, the conclusive step of determining the new hidden state involves subjecting 
the updated cell state to a tanh activation to compress it within the range of -1 to 1. 
Subsequently, the previous hidden state and current input data are fed into a sigmoid- 
activated network to generate a filter vector. This filter vector is then multiplied pointwise 
with the compressed cell state to obtain the new hidden state, which serves as the output 
of this stage. 
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Unrolling LSTM Neural Network Model over Time 
In the given architecture, the output gate represents the final stage within an LSTM 
cell, constituting just a single component of the overall process. Prior to obtaining the 
desired predictions from the LSTM network, several additional factors must be taken into 
account. 
For instance, when attempting to forecast the stock price for the following day utilizing 
the past 30 days of pricing data, the steps within the LSTM cell would be reiterated 
30 times. Consequently, the LSTM model would have sequentially generated 30 hidden 
states to forecast the stock price for the subsequent day. LSTM operates by propagating 

 

 

 
 

Figure 20: LSTM hidden states 
 

information recurrently, forming a chain-like structure. The control over the transfer 
of the most recent cell output to the final state is achieved through the output gate. 
However, it is important to note that the output of the LSTM cell represents a hidden 
state and does not directly correspond to the stock price we aim to predict. To transform 
this hidden state into the desired output, a linear layer is applied as the concluding stage 
in the LSTM process. This linear layer step occurs only once, at the very end, and is not 
depicted in LSTM cell diagrams since it occurs after the repeated steps of the LSTM cell. 
The concept of unrolling LSTM models across time refers to the expansion of an LSTM 
network over a sequence of time steps. During this process, the LSTM network is essen- 
tially duplicated for each time step, and the outputs from one time step are used as inputs 
for the subsequent time step. 
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 Smart grid mathematical formulation : Consumption level 

The smart grid presents a complex network as a result of the intermittent nature of 
energy sources and energy demands. This complexity poses a challenge in solving the 
energy management problem, which is known to be NP-hard. To address these issues in 
the smart grid, it is crucial to consider the implementation of a nonlinear model. 

 
 System  characteristics 

In this section, we will formulate the smart grid system at the consumption level. 
We model the smart grid as a connected graph G = (N, L) where it is composed of a 
set of network buses denoted by N = 1, 2, ..., n. These buses are connected by a set of 
transmission lines denoted by L = 1, 2, ..., nl. 

In the proposed Energy management system, each consumer is characterized by its planned 
daily tasks T Sj.  Let TS =  T S1,T S2, ..., T Sk   be the set of daily tasks to be executed, 
each task can be characterized by two vectors (23): 

 
Xj =   x1, x2, ..., xt

 

(15) 
 
 
 

where 

Yj =  Pj Dj STj FTj ST Pj FT Pj

 

(16) 

• Xj is the power consumption profile of the electric appliance that executes the task 
j where xt is the power consumption of task j at time t. 

• Yj is the vector which characterizes the task j. 
 

T 

• Pj = 

 
xt is the energy demand of the task j where the time horizon T = 24. 

t=1 

• Dj is the duration of the task j. 

• [STj , F Tj ] are the earliest start time and finishing time to run the task j  that define 
its admitted interval of execution. 

• [ST Pj , F T Pj ] is the time preferred window of the consumer to run the task j. 

Let P t denotes the energy consumption of a consumer i for task j at time t. The total 
energy consumption of a consumer i at time slot t is defined as follows: 

 

k 

t t (17) 
j=1 

 

Consider Ct (lt) the quadratic cost function of utility grid at time slot t. The cost function 
of a consumer is defined as follows: 

T 

t    t t t  2 t   t t 
u 

t=1 
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 Constraints 

Time constraints 
Each task j of duration Dj must be executed exactly once between its earliest start time 
STj and finishing time FT j .  The start time tj of task j satisfies the following constraint: 

 

STj tj FTj — Dj (19) 
 

Energy balance constraints 
The energy generated at time t must be equal to the total energy consumed by satisfying: 

 

Et — Et = 0 (20) 
 

where Et is the energy produced by the utility grid and Et is the total energy consumed. 
g c 

 

 Objective  function 

The main objective at consumption level is to reduce electricity bill. The objective func- 
tion is given as follows: 

T 

t (21) 
t=1 

 

 Proposed solution in Consumption level : Electriciy price 

forecasting 

 Electricity Price forecasting based on Deep learning approach 

Within this section, we provide a detailed explanation of our advanced approach, which 
is based on time series forecasting solution using LSTM model. The fundamental archi- 
tecture of our model is illustrated in Figure 21. 

 

Prediction 

 

Figure 21: Architecture of the proposed model 
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Given the diverse range of input features for our load forecasting task, we employ suitable 
neural network components to acquire deep representations and extract comprehensive 
features from each specific input. To accomplish this, we take advantage of the rapid 
advancements in Deep Learning and utilize the flexible and user-friendly Python Neural 
Network Toolboxes. 

 
 Conclusion 

In this chapter, we have introduced our smart grid model in both distribution and con- 
sumption level by giving the related equations that model the behaviour of smart electrical  
grid. In addition, we have proposed our AI-based solution that is based on time series 
forecasting for electrical load in distribution level and electricity price in consumption 
level. After the execution of multiple experimentations, we have identified LSTM as the 
best choice fore time-series forecasting in RNN models. For this reason, we have applied 
LSTM model to perform our time-series forecasting. 
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4 Implementation and Results of the proposed AI- 

based solution 

Introduction 

In this chapter, we present the tools and the results of the developed load and electricity 
price forecasting that are time-series forecasting. 

 
 Load forecasting using Neural Network Toolbox 

1. Used tools and programming languages : 

(a) Language of Python : 

 
Python is a high-level programming language that is widely used for various 

applications, including data analysis, scientific computing, web development, 
and artificial intelligence. It emphasizes code readability and simplicity, mak- 
ing it accessible for both beginners and experienced programmers. Python 
supports a wide range of libraries and frameworks, making it a popular choice 
for diverse tasks. 

 
Python is a popular programming language for load forecasting due to its ro- 

bust data analysis capabilities, extensive libraries for machine learning and sta- 

tistical modeling, flexibility in integrating di↵erent components, active commu- 
nity support, and ease of deployment. It provides a comprehensive ecosystem 
that facilitates the entire load forecasting workflow, from data preprocessing 
to model development and deployment. 

 

Figure 22: Logo of python 

 
(b) Kaggle : 

 
Kaggle is an online platform and community that hosts data science com- 

petitions, provides datasets, and o↵ers a collaborative environment for data 
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scientists and machine learning practitioners. It was founded in 2010 and ac- 
quired by Google in 2017. Kaggle’s primary objective is to foster knowledge 
sharing, encourage collaboration, and drive innovation in the field of data sci- 
ence and machine learning. 

 
Here are some reasons why you should consider using Kaggle for program- 

ming in Python: 

 
Datasets and Challenges: Kaggle provides a vast collection of datasets across 

various domains, including finance, healthcare, image recognition, natural lan- 
guage processing, and more. These datasets are openly available, and many 
are accompanied by specific problem statements or challenges. Working on 
Kaggle challenges allows you to gain hands-on experience with real-world data 
and problem-solving in Python. 

 
Learning and Collaboration: Kaggle o↵ers a collaborative environment where 

you can engage with a vibrant community of data scientists, machine learning 
enthusiasts, and experts. You can participate in discussions, ask questions, 
and learn from others’ approaches and solutions. This collaborative aspect 
provides valuable insights, promotes knowledge sharing, and helps you enhance 
your programming skills in Python. 

 
Code Sharing and Reproducibility: Kaggle enables you to share your code, 

notebooks, and solutions with others. This allows you to showcase your work, 
receive feedback, and learn from alternative approaches. Moreover, by sharing 
your code, you contribute to the reproducibility of research and encourage 
transparency in the field of data science. 

 
Competitions and Rankings: Kaggle hosts data science competitions where 

individuals or teams can participate to solve specific challenges. Competing in 
these competitions helps you sharpen your skills, explore advanced techniques, 
and measure your performance against other participants. The rankings and 

leaderboard system provide motivation and recognition for your e↵orts. 

 

Resources and Tutorials: Kaggle o↵ers a wealth of resources, including tuto- 
rials, code examples, and documentation. These resources cover a wide range 
of topics, from beginner-level introductions to advanced machine learning algo- 
rithms and techniques. You can leverage these materials to learn new concepts, 

explore di↵erent Python libraries, and deepen your understanding of data sci- 
ence and programming. 

 
In summary, Kaggle o↵ers a platform for data scientists and machine learning 

practitioners to collaborate, learn, and compete. It provides access to diverse 



AI-based Energy management system for smart grid network 

44 

 

 

 
 

datasets, facilitates code sharing and collaboration, o↵ers resources and tutori- 
als, and promotes skill development in Python programming. Whether you are 
a beginner looking to learn data science or an experienced practitioner seek- 
ing to solve complex problems, Kaggle can be a valuable tool for honing your 
programming skills and advancing your knowledge in Python. 

 
 
 
 
 

 
 
 

 

Figure 23: Logo of kaggle 

 
(c) Libraries used : 

 
We have used a set of libraries as needed in this implementation, each one 

played its role according to its competence, as shown in the following here: 

i. Pandas : 

 
Pandas simplifies many common data manipulation tasks, allowing you 

to efficiently clean, transform, and analyze datasets. It is particularly 
well-suited for tasks like exploratory data analysis, data preprocessing, 
feature engineering, and data wrangling before feeding the data into ma- 
chine learning models. Pandas’ intuitive and expressive syntax, along with 
its vast array of functionalities, has made it one of the most widely used 
libraries in the data science community. 

ii. NumPy : 

 
NumPy, short for Numerical Python, is a fundamental open-source Python 

library for scientific computing and numerical operations. It provides sup- 
port for large, multi-dimensional arrays and matrices, along with a com- 
prehensive collection of mathematical functions to operate on these arrays 

efficiently. NumPy serves as a foundational library for many other scientific 
and data analysis libraries in the Python ecosystem. 
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Figure 24: Logo of pandas 

 
NumPy is a powerful Python library for efficient manipulation and com- 

putation with large arrays and matrices. Its core ndarray object, along 
with its extensive collection of mathematical functions, makes it an es- 
sential tool for scientific computing, data analysis, and machine learning. 

NumPy’s performance, memory efficiency, and seamless integration with 
other scientific libraries contribute to its widespread use and popularity 
among the Python community. 

 
 
 

 

Figure 25: Logo of numpy 
 

iii. Matplotlib : 

 
Matplotlib is a widely-used Python library for creating high-quality vi- 

sualizations and plots. It provides a flexible and comprehensive set of tools 
for generating various types of charts, graphs, and visual representations 
of data. Matplotlib aims to make it easy to create publication-quality 
graphics, suitable for both interactive exploration and static presentation. 

 
Matplotlib is a powerful and flexible Python library for creating high- 

quality visualizations and plots. It provides a wide range of plotting func- 
tions, customizable options, and an object-oriented interface for creating 
diverse visual representations of data. Whether you need basic line plots 
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or complex interactive visualizations, Matplotlib o↵ers the tools and flex- 
ibility to meet your data visualization needs. 

 

 

 

Figure 26: Logo of matpoltip 
 

iv. Keras : 

 
Keras is an open-source deep learning framework written in Python. It 

provides a user-friendly and high-level interface to build, train, and deploy 

neural networks. Keras is designed to be intuitive, modular, and efficient, 
allowing both beginners and experienced researchers to experiment with 
and implement deep learning models quickly. 

 
Keras is a user-friendly and flexible deep learning framework that sim- 

plifies the process of building and training neural networks. It provides a 

high-level API, modularity, and support for di↵erent backends, making it 
accessible to both beginners and advanced users. With its intuitive inter- 
face and extensive documentation, Keras has become a popular choice for 
rapid prototyping, research, and development of deep learning models. 

 

 

Figure 27: Logo of keras 

 
v. sklearn : 

 
Scikit-learn, also known as sklearn, is a popular open-source machine 

learning library for Python. It provides a comprehensive set of tools 
and functionalities for various machine learning tasks, including classifi- 
cation, regression, clustering, dimensionality reduction, and model selec- 
tion. Scikit-learn is built on top of other scientific Python libraries such 
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Figure 28: Logo of sklearn 

 
as NumPy, SciPy, and Matplotlib, and is designed to be simple, efficient, 
and accessible. 

(d) Programming Environment : 

 
Load forecasting is the process of predicting the electricity demand or load for a given 

time period in the future. It is an important task for utilities and power system operators 

to efficiently plan and manage their electricity generation and distribution. Here are the 
general steps involved in load forecasting: 
Data Collection: 

 
We used the dataset of Great Britain From the following website ........... National Grid 

ESO is the electricity system operator for Great Britain. They have gathered information 
on the electricity demand in Great Britain since 2009. The dataset is updated twice 
an hour, resulting in 48 entries per day. This makes the dataset ideal for time series 
forecasting. The columns in the dataset are as follows: 
SET T LEMET  DAT A: date  in the  format dd/mm/yyyy. 
SET T LEMENT PERIOD: half-hourly period for the historic outage occurred. ND 
(National Demand): National Demand is the sum of metered generation, excluding gen- 
eration required to meet station load, pump storage pumping, and interconnector exports.  
National Demand is calculated based on National Grid ESO operational generation me- 
tering. Measured in MW. TSD (Transmission System Demand): Transmission System 
Demand is equal to ND plus the additional generation required to meet station load, 
pump storage pumping, and interconnector exports. Measured in MW. 
ENGLAND W ALES DEMAND: England and Wales Demand, similar to ND but on 
an England and Wales basis. Measured in MW. 
EMBEDDED WIND GENERAT ION: This is an estimate of  the  GB  wind  genera- 
tion from wind farms that do not have Transmission System metering installed. These 
wind farms are embedded in the distribution network and invisible to National Grid ESO. 

Their e↵ect is to suppress electricity demand during periods of high wind. The true out- 
put of these generators is not known, so an estimate is provided based on National Grid 
ESO’s best model. Measured in MW. 
EMBEDDED WIND CAPACIT Y : This represents National Grid ESO’s best view of 
the installed embedded wind capacity in GB. It is based on publicly available information 
compiled from various sources and is not the definitive view. The capacity estimation is 
consistent with the generation estimate mentioned above measured in MW. 
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EMBEDDED SOLAR GENERAT ION: This is an estimate of  the  GB  solar  gen- 
eration from PV panels. Similar to embedded wind generation, these solar panels are 

embedded in the distribution network and invisible to National Grid ESO. Their e↵ect is 
to suppress electricity demand during periods of high radiation. The true output of these 
generators is not known, so an estimate is provided based on National Grid ESO’s best 
model. Measured in MW. 
EMBEDDED SOLAR CAPACIT Y : Similar to embedded wind capacity, this column 
represents the installed embedded solar capacity in GB. Measured in MW. 
NON BM ST OR (Non-Balancing Mechanism Short-Term Operating Reserve): For units 
not included in the ND generator definition, this column represents generation or demand  
reduction. Measured in MW. 
PUMP ST ORAGE PUMPING: The demand due to pumping at hydro pump storage 
units. The negative sign signifies pumping load. 
IFA F LOW (IFA Interconnector Flow): The flow on the respective interconnector. The 
negative sign signifies export power out from GB, while the positive sign signifies import 
power into GB. Measured in MW. 
IFA2 F LOW (IFA Interconnector Flow): The flow on the respective interconnector. The 
negative sign signifies export power out from GB, while the positive sign signifies import 
power into GB. Measured in MW. 
MOY LE F LOW (Moyle Interconnector Flow): The flow on the respective interconnector. 
The negative sign signifies export power out from GB, while the positive sign signifies 
import power into GB. Measured in MW. 
EAST WEST F LOW (East West Interconnector Flow): The flow on the respective 
interconnector. The negative sign signifies export power out from GB, while the positive 
sign signifies import power into GB. Measured in MW. 
NEMO F LOW (Nemo Interconnector Flow): The flow on the respective interconnector. 
The negative sign signifies export power out from GB, while the positive sign signifies 
import power into GB. Measured in MW. 
NSL F LOW (North Sea Link Interconnector Flow): The flow on the respective inter- 
connector. The negative sign signifies export power out from GB, while the positive sign 
signifies import power into GB. Measured in MW. 
ELCLINK F LOW : Currently not specified.” 
Loading of Data set : 
Here we load the dataset of electricity consumption of UK 2009-2023 into kaggle figure 
30 notebook using Pandas library as shows figure 29. 

 

 

Figure 29: Pandas Import 
 

 

 

Figure 30: Loading dataset to kaggle 
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Data Preprocessing: 
In this step, the collected data will be cleaned to eliminate any inconsistencies, errors, 
or outliers that may have a negative impact on the forecasting model. Various tasks, 
including data interpolation, imputation, and normalization, will be performed to ensure 
data quality and consistency. so we run this code to see the all columns as shows figure 
31 : The first part of dataset is shown in figure 32 The second part of dataset is shown 

 

 

Figure 31: DataFrame : All Columns 
 
 
 

 

Figure 32: Results : part I 
 

in figure 33 

 

 

Figure 33: Results : part II 
 

 
so this code rearranges the rows of the DataFrame so that they are in ascending order 

based on the values in these columns ”settlement date” and ”settlement period” as shows 
figure 34. 

 

 

Figure 34: Sorting Code 
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The code df.isna().any() checks for missing values (NaN) in each column of the DataFrame 
df and returns a Boolean Series indicating whether each column contains any missing 
values. This code is given in figure 35 The code filters the DataFrame df to include 

 

 
 

Figure 35: Nan check 
 

only the rows where either the ”eleclinkflow” or ”nslflow” column contains missing values 
(NaN) in figure.36 and figure.37 . 

 

 

Figure 36: Filtering DataFrame : Results part I 
 

This code drops the specified columns, removes rows where the ”settlementperiod” value 
is greater than 48, and resets the index of the DataFrame fig 38. 
In this code we want to Verify that both countries Wales and England have the same 
holidays fig 39: 
Having seen that the bank holidays are the same, We can proceed with this python 
package to extract the bank holidays and store them in the right format. 
It’s worth noting that this package includes the original bank holiday and when it was 
observed. We will only store the observed days as shows figure 40. 
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Figure 37: Filtering DataFrame : Results part II 
 

 

Figure 38: Settlement Period Filter Code 
 

 
Figure 39: Holiday Verification 

 

 

Figure 40: Holidayes Observed Check 

 
Once We’ve verified that the holidays are correctly loaded, one can compare the holiday 
dates variable and the date in the dataset and store the boolean output in a new column 



AI-based Energy management system for smart grid network 

52 

 

 

 
 

as shows figure 41 : 
 

 

Figure 41: Holiday check 
 

The first step in the feature creation is to change the date format to include the hourly 
values. The settlement period values refer to how many samples have been taken per 
day. Given that there are 48 samples per day, each sample represents 30 minutes of the 
day. Using this information together with the valuable knowledge of the StackOverflow 
contributors, we managed to change the date format in figure.42: 

 

 

Figure 42: Change the Date Format . 
 

As can be seen, a new column called periodhour includes the hour at which the electricity 
demand measurement was taken. One can now combine it with the actual date as follows 
in figure.43: 
Feature Selection: 
So in this step the collected data will be analyzed to identify relevant features or vari- 
ables that have a significant impact on electricity load. This analysis aims to uncover 
factors such as time of day, day of the week, holidays, weather conditions, and other 
location-specific or context-specific factors that play a crucial role in load forecasting. By 
identifying these features, it becomes possible to incorporate them into the forecasting 
model to improve its accuracy and reliability. 
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Figure 43: Check column Period Hour . 

 
We will also explore the distribution of electricity demand with respect the di↵erent 

features, such as as hour, month or year. This is a great way to understand the seasonali- 
ties in the time series: so in this plot it is show the Distribution of electricity consumption 
with hours We can also notice the hours in which it consumes more energy 44: 

 

 

Figure 44: Distribution of electricity consumption with hours 
 

In this plot it is show the Distribution of electricity consumption with months We can 
also note the months in which energy is consumed more in figure.45: 
In this plot, the Distribution of electricity consumption within years is shown. We can 
also note the years in which it consumes more energy in figure 46. 
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Figure 45: Distribution of electricity consumption with months 
 

 
Figure 46: Distribution of electricity consumption with years 

 
Model Selection: 
So in this step we have selected three models which are LSTM ,FNN and GRU I chose 
these models because they are suitable for prediction based on the characteristics of the 
data. 
LSTM 
Training - test split: the first step is to split the data. I will split the data into train, 
test and hold-out set. The hold-out set will be used for independent evaluation of the 
model while the model is being trained in figure.47. In order to compare the results of the 

 

 

Figure 47: Training :Test Split 
 

models, we use the Mean Absolute Percentage Error, which we implemented as follows in 
figure 48. 
also we use root mean squared error as shown in figure.49. 
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Figure 48: Mean Absolute Percentage Error 
 

 

Figure 49: Root Mean Squared Error 

 
The code prepares the data for training and testing a Keras machine learning model. It 
splits the original dataset into training and testing subsets, selects specific features and 
the target variable, scales the data, and reshapes it into the required format for input to 
a Keras model in figure.50. LSTM model in figure.51. 

 

 

Figure 50: Keras : Define Features and Target 
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Figure 51: LSTM model 

Figure.52 shows the LSTM loss plot. 

 
Figure 52: Plot LSTM Loss 
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Figure.53 shows the LSTM prediction. 
 

 
Figure 53: LSTM Prediction 

Figure.54 shows the code for LSTM prediction in 2 weeks. 

 
 

Figure 54: LSTM Prediction in 2 Weeks 
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Figure.55 shows the results for LSTM prediction in 2 weeks. 
 

Figure 55: Result LSTM Prediction in 2 Weeks 

Figure.56 shows code for mape LSTM and rmse LSTM. 

 

 
Figure 56: MAPE LSTM and RMSE LSTM 
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Feedforward Neural Network (FNN) 
FNN is a type of artificial neural network where the information flows in only one direction,  
from the input layer to the output layer. It is one of the simplest and most common neural 
network architectures. 
In an FNN model, the network is composed of multiple layers of interconnected artificial 
neurons. The first layer is the input layer, which receives the initial data or features. The 
subsequent layers are called hidden layers, and the final layer is the output layer, which 
produces the network’s predictions or classifications. Each neuron in an FNN receives 
inputs from the neurons in the previous layer and applies a non-linear activation function 
to the weighted sum of its inputs. This activation function introduces non-linearity into 
the model, allowing it to capture complex patterns and relationships in the data. FNN 
models are often used for various tasks, including regression (predicting continuous values)  
and classification (assigning labels to data points). They have been successfully applied 
in a wide range of domains, such as image recognition, natural language processing, and 
financial forecasting. 
Overall, FNNs provide a foundational building block in deep learning and serve as a basis 
for more complex architectures like convolutional neural networks (CNNs) and recurrent 
neural networks (RNNs). 
Figure.57 shows the code for FNN model. 

 

Figure 57: FNN model 

Figure.58 shows the plot of FNN loss. 
Figure.59 shows the FNN prediction. 
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Figure 58: FNN Loss 
 

Figure 59: FNN Prediction 

Figure.60 shows FNN prediction in 2 weeks. 
Figure.61 shows the code for mape FNN and rmse FNN. 
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Figure 60: FNN Prediction in 2 Weeks 
 

 
Figure 61: MAPE FNN and RSME FNN 

 
Gated Recurrent Unit (GRU) 
GRU stands for , which is a type of recurrent neural network (RNN) architecture. It is 
designed to address some of the limitations of traditional RNNs in capturing long-term 
dependencies in sequential data. 
In a GRU model, the network contains recurrent units or cells that maintain an internal 
state or memory. This memory allows the network to retain information from past time 
steps and use it to make predictions at the current time step. One of the key features of 
a GRU cell is its ability to selectively update and reset the memory state. It achieves this 
through gating mechanisms that regulate the flow of information.   Specifically, a GRU 
cell has two gates: an update gate and a reset gate. 
The update gate determines how much of the previous memory should be retained and 
how much of the new information should be added to the memory. It controls the trade- 

o↵ between remembering past information and incorporating new information. The reset 
gate, on the other hand, decides how much of the previous memory should be ignored when 
computing the current state. It allows the model to selectively reset or forget information 
that is no longer relevant. 

 

By adaptively updating and resetting its memory, the GRU model can e↵ectively cap- 
ture long-term dependencies in sequential data while mitigating the vanishing gradient 
problem often encountered in traditional RNNs. GRU models have been widely used in 
various natural language processing (NLP) tasks, such as machine translation, sentiment 
analysis, and language generation. They have also been employed in other sequential data 
domains, including speech recognition, time series analysis, and recommendation systems.  

Overall, GRUs o↵er a more efficient and powerful alternative to traditional RNNs, en- 
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abling better modeling of sequential data and facilitating the development of more accu- 
rate and robust predictive models. 
Figure.62 shows the code for GRU model. 

 

 

Figure 62: GRU model 

Figure.63 shows the plot of GRU loss. 

 

Figure 63: GRU Loss 

Figure.64 shows the GRU prediction. 
Figure.65 shows the code for mape GRU and rmse GRU. 
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Figure 64: GRU Prediction 
 

 
Figure 65: MAPE GRU and RMSE GRU 

 
Model Evaluation: We will Evaluate the performance of the trained model using ap- 
propriate evaluation metrics, such as root mean square error (RMSE), or mean absolute 
percentage error (MAPE). These metrics provide insights into the accuracy and reliability 
of the forecasting model in figure.66. 

 

 
Figure 66: LSTM vs FNN vs GRU 

Thus, here the best model is LSTM. 
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 Electricity price forecasting 

 Modeling and evaluation 

Here we transform the Electricity consumption price column of the data DataFrame into 
a numpy array of float values. 

 

 

Figure 67: Transform intp array of float 

Here we convert an array of values into a dataset matrix. 

 
 

Figure 68: Dataset matrix conversion 
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Here, we reshape into X=t and Y=t+1 
 

 

Figure 69: X and Y reshape 

here we reshape input to be [samples, time steps, features] 

 
 

Figure 70: Input reshape 
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 LSTM model 

Here we define our LSTM model. Adding the first layer with 365 LSTM units and input 
shape of the data. 

 

 

Figure 71: Defining LSTM model 
 

 
 Evaluation 

Here we make our predictions. 
 

Figure 72: Predictions and evaluation 

Here we have the results for model loss: 
And here we have the results of the prediction. 
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Figure 73: Model loss 
 
 

 
 
 

Figure 74: Prediction results 

 
 Energy Management simulation with Matpower package 

To validate the results of the proposed AI-based solution, we perform some simulation 
tests to a real smart grid network which is the IEEE 30-bus system. This system consists 
of 30 nodes where we have a 6 generation nodes. This simulation is performed with 
Matpower package (24). 
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 Energy generation cost results 

Figure. 75 presents the results of generation cost after a load forecasting based on RNN, 
GRU and the proposed method which is LSTM. As shows the figure, the proposed LSTM 

 
 
 
 
 

 
 

Figure 75: Energy generation cost 
 

based load forecasting method leads to a better result in terms of energy cost which has 
the least cost here. 

 
 Energy consumption cost results 

Figure. 76 presents the results of electricity consumption cost for four methods. 
 

Figure 76: Electricity consumption cost 
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Thes four methods are as follows : without performing electricity price forecast, after 
an electricity price forecasting based on RNN, GRU and the proposed method which 
is LSTM. As shown in figure.76, the proposed LSTM based electricity price forecasting 
leads to a significant reduction in energy consumption cost when comparing with the 
other methods. 

 
 Conclusion 

In this chapter, we presented the results of the load time-series forecasting in distri- 

bution level with the proposed LSTM method and compared it to di↵erent forecasting 
methods such as FNN and GRU. In addition, the results of the electricity price forecasting 
with LSTM are presented. 

 
Furthermore, the smart grid simulation is carried in order demonstrate the gain of the 

proposed method and compared with the other existing methods. The results show a 
significant gain in terms of energy generation cost at distribution level and in terms of 
electricity consumption cost at the consumption level. 
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5 General  conclusion 

Load forecasting has gained increasing importance due to the advancement of smart 
grid technology. This project focuses on predicting hourly loads and electricity price 
one day in advance using Deep Learning techniques. Our approach introduces a flexible 
architecture that integrates various types of input features. These inputs are processed 
using LSTM model tailored to their specific characteristics. To evaluate our method, we 
analyze a dataset comprising several years of hourly load data. The experimental results 

demonstrate the e↵ectiveness of our approach. 
 

Forecasting electricity price is also a crucial step in residential energy management. 
i.e., at consumption level, where the consumer should have a precise results to change his 
electricity consumption patterns to reduce his electricity consumption cost. 

 
Forecasting load consumption and electricity price are a complex task due to their 

influence of numerous factors. Consequently, more training data is typically required 
to improve performance from a data standpoint. Additionally, incorporating additional 
relevant features such as hourly temperature and humidity can enhance the accuracy of 
load and electricity price forecasting. 

 
Keeping up with the rapid development of Deep Learning methods is crucial, as novel 

models continue to emerge. One promising direction is the application of new mechanisms 
in deep learning such as federated learning, which have achieved considerable success in 
various domains. In future research, we plan to explore the potential of incorporating 
federated learning mechanisms into smart grid energy management to improve the overall 
performance. 
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 عورشملا ميدقت :لولأا روحمال

 

 (حرتقملا لحال) عورشلما ةركف  1.

 لىإ فدهت ةفلتخم تايجولونكتو تاينقت من ةيلذكا ةئيابرهكلا ةكبشلا يف ةقاطلا ةاردإ نوتكت

 دصرلل ةمدقتم مظن لماكت ىلع يوطنيا ذهو .ءابرهكلل لثألما لكاتهسلاوا عيزوتلا،  ديلوتال

 .ةوقثولماو ةلاعفلا ةقاطال تايملع نيكمتل لتااصتلاوا محكتوال

 ةيتحتلا ةينبوال تلااصتلاوا تاعلومملا ايجولونتكل عيرسلا مونلا بلعي ،رةيخلأا ةنولآا في

 يف اً  يسئير ار

 ريوطت

 ود تلااصتلاا تاكبشو ةيكذلا تادادعلا لمشت يتلاو ،)AMI( سايقلل ةمدقتالم

 .ةيلذكا ةبكشال
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 ةيلذكا ةكبشلا يف ةقاطلا رةادإ نيسحتل ةريبك تاناكمإ يعانطصلاا ءاكذلار هظً  ي ،ببسلا اذهل

 .لكاهتسلاا لىإ ديلوتلا نم ةفلتخلما اتهايوتسمب انهسحت أن مكني يتوال

 وىتسم ىلع ةيلذكا ةكبشلل عيانطصلاا ءاكذلا لىع مئاق لح ريتوف لىإ عورشملا اذه فديه

 دنتست يتلا ةقاطلا ةرادإ ةيعمل نيسحتل ةوقثوم ةجيتن لحلا لفكي نأ غيبنيو .كالهتسلاوا عيزوتال

 .ةيلاتمحا تانايب إلى

 ؤبنت ةلكشم يهو ة،قاطلا رةادإل لمحلابؤ بنتلا عيزوتلا ىوتسم لىع لحلا نضمي أن بجي

 امو ...مويلا من تقووال ةرراحلا ةجدر لثم ةفلتخم ةينقتت ازيم ىلع دتمعتة، دقعم ةينمز ةلسلستم

 .ذلك إلى

 لىع ةقاطلا ةاردإل ءابرهكلا راعسأبؤ بنتلا كالهتسلاا وىتسم ىلعل حلا لفكيأن  يغبنيو 

 ثيحب ؛ةفلتخم تامس ىلع مدتعت دة،قعم ةينمز ةلسلستم ةكلشم اضيأ يهو ،لكاتهسلاا وىتسم

 يكذ دادع ىوتسم ىلعل حلا هذا تيثبت متيس .ىندلأا دحلا ىلإ ءابرهلكا كالهتسا ةفتكل تصل

 اذكو ةيزلنم ورهلكا زةهجلأا عيمج رفط نم ةكهلتسلما ةقاطلا دصرب موقي ت،اساسحب ولصوم

 .ينورتكلإق يبطت ةطساوب ايهف محكتال

 .ةقاطلا ةفلكت ثيح نم لضأف جئاتن قيقحتل دمقتم ؤبنت جذومنر يوطت بجي ،لح لكل ةبسنلاب

 ةحرتقملا ميقال 2.
 

 .ةيكذ ةفصب ةئيابرهكلا ةقاطلا يمظنت   -

 .ةئيابرهلكا ةقاطلا عايض من ليلقتال   -

 .ةددجتملا تاقاطلا للاتغسا وحن هجوتال   -

 .ةئيابرهكلا ةقاطلا كالهتسا يف محكتال   -

 .اهكلاتهسا دراملا ةقاطلا ةيمكبؤ بنتال   -

 .ةئيابرهكلا ةقاطلا كالهتسا ةفتكل ضافخنا   -
 

 لملعا قيرف 3.

 :يتلآا من عورشلماق يرف نوتكي
 

   يلآ ملاإع صصخت س،ايلإ ييجعن فرشلما ذاتسلأا 

   2 رتسام– لاصتلااو مإلعالا ايجولونكتو تاكبش صصخت ،ةميعن ةيالطنس ةبلاطال 

 –آلي إعالم

   رتسام– لاصتلااو مإلعالا اجيولونكتو تاكبش صصخت ،ىدهلار ون فراوط ةبلاطال 

 –آلي إعالم 2
 

 :المشروع أهداف 4.

 .ةقاطلا عايض من ليلقتلل لوحل داجيإ   -
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 .ءابرهكلا كلاتهسا ةفلكت من ليلقتال   -

 .اهعيزوت دراملا ءابرهكلا ةيمكبؤ بنتال   -

 .ةكهلتسلما ءابرهكلا ةفكلتبؤ بنتال   -
 

 :عورشلمل قيقحتل ينمز ولدج 5.
 

 األعمال األشهر

10 9 8 7 6 5 4 3 2 1 

 1 ةيلولأا تاسالدرا (✓) (✓)        

 2 ءابرهلكاب ةصاخلات انايبلا دعاوق عن ثحبال  (✓) (✓)       

 3 تايطعملا يللحت    (✓) (✓)     

 4 تاؤبنتلا ةحص نم دكأتلا     (✓) (✓)    

 5 جراخلا نم تزايجهتلا بطل       (✓)   

 6 تادعملا بيكرت        (✓)  

 7 قيبطتلا ةجهوا ميتصم        (✓)  

 8 ةزهجلأا لىع لتايلحتوال جئاتنلات يثبت         (✓) 

 9 جتنم ولأ جاتنا ةيادب         (✓) 

 10 قيبطت لوأ ليحمت ةيادب          (✓)

 
 ةيراكبتلاا بنواجلا :يناثلا روحمال

 :ثيحب رةكبتم ةحرتقملا ميقلا ضعب نوكت دق

 :ثةيدحلا ايجولونكتلا مادتخسا   ✔

 تقولا تاينقتو ي،عانطصلاا ءالذكاك ةثيدحلا ايجولونتكلا مادختسا ىلع عورشلما دتمعي   -

 .ايهدمختسمو ةئيابرهكلا ةقاطلاب ةصاخلا تاعلومموال ثادحلأل يقيقحال

 ةيزلنم ورهكلا ةزهجلأا يف محكتلا لخال نم ةقاطلا يف محكتلا ىلع كهلتسملا ةردق    ✔

 .بعد عن

 .نيعم زاهج يف ءابرهكال كالهتسا عافتار ةلاح يف تاراعشا لاسار   ✔

 .زالغل برستو أ يئابرهك لخل دوجو عن هيبنتال   ✔

 ةقيمعلا ةيبصلعا تابكشلا لثم قيمعلا معلتلا تاينقت مادختسا نكمي :قيمعلا معلتلا تاينقت   ✔

 يف تاينقتلا هذه دعاست أن مكني .ةئيابرهكلا ةقاطلاب ةقلتعلما رةيبلكا تانايبلا ليلحتل

   ✔ .تاعقوتلا ةدق نيسحت   

 اتذ تانايبلا نم ةعسوا ةعوجممل لماش ليلحت ذيفنت نكمي :تايطعملل لماشلا ليلحتال

 .ةكلتهسلما ةئيابرهكلا ةقاطلا رعسب ةقعلتملا ذلكك و ءابرهلكا لكاتهسوا عيزوتب ةلصال

 قوسلل يجيتارتسلاا ليلحتلا :ثالثلا روحمال
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 ليلحتو )POTER( ةيسفانتلا ىوقلا ليلحتو )PESTEL( ةيكللا اتريتغلما ليلحت منضتي

:)SWOT( 

 ةبقارمو ليلحتل تاسسؤملا فطر نم دمختست ةادأ يه : )ELTESP(ةليكلا تاريغتلما لليحت-الوأ

 :ةيلاتلا رصانلعا نم نوتكيو ت،اسسؤلما هذه ىلعر ثؤت يتلا ةيجراخال ةيقيوستلا ةيئيبلا لالعوام
 
 

 

 - ةيعاتمجلاا لوامعال

 تاقاطلا هاجتا فقالموا

- المتجددة

 ةيعاتمجلاا تاقلطبا تاعارم

- .ةلكهستملا ةقاطلا ةفكلت ثيح نم

 جتمعمالو نتهلكيسلما لوبق ىدم

 للوحلا ريفوتو ةكيذلا ايجولونللتك

 .ةقاطلا رةادإل ةكيذال

 ةيداصتقلاا لوامعال

- .نتهلكيسلمل ةيئارشلا ةوقلا-

  ةمخض تايناكمإ رئازجلا متلكت

 ةقاطلا رداصم فمختل في

 ةقاطلا اصوصخ ،ةددجالمت

 .ةسـيمشال

 ةولدلا اهنحتم يتلا تهيالسلتا -

 .ةشئانلا تاسسللمؤ

 ةنايصو لغيشتل ةعقوتلما ةفالتكل -

 قيبطتل ةمزالال ةيتحلتا ةينالب

 .ةقاطلا رةادإو ةكيذلا ةبكشال

 لكاتهسا ةفلكت ضافخنا-

 .الكهرباء

 ةسيالسيا لوامعلا

 ةسفالمنا -

 ضعو- ةينورللكتاا ةراجلتا-

 عيجشوالت زيفحلتل تاءارجإ

 تالعمليل ةبسلناب

 نسيحت يف مهاست يتلا عيراشوالم

 تاقاطلا ةيقرتو ةيوقاطلا ةعاجالن

 - .المتجددة

 ينطلوا قودنصلا ءاشنإ مت

 يف مهاسيل ةقاطلا يف مكحللت

 .المشاريع تمويل

 ةينوناقال لوامعال

 ةيرلفكا ةلملكيا قوقح ةيامح-

 ةيراجلتا تالماالعو تااءروالب

 ءاكذلا تاينقتب ةقالمتعل

 - .ةكيذلا تابكشالو يعالصطناا

 ةالغملا بئارلضا نوناق

 صاخلا لولىأا توانسلل

 .ةشئالنا تاسسالمؤب

 ةيئيبلا لوامعال

 ةددجلمتا ةقاطلا هاجتا فقالموا -

 ودعمها

 رةادإ تاينقت مادخستا ريثأت-

 ةامدلستاا لىع ةكيذلا ةقاطال

 تاثالنبعاا ليلقتو ةيئيبال

 ةينوبرالك

 رةادإل ةكيذلا للوحلا ريفوت -

 نسيحت يف مهاست يتلا ةقاطال

 لليقتو ةقاطلا مادخستا ةءافك

 .الهدر

 ةوجيلونلتكا لوامعال

 .تنرتنلأا-

 - .االصطناعي الذكاء-

 ءاكذلا اكنولوجيت يف دمقلتا

 موالتعل ينايبلا ليحلالتو يعالصطناا

 ةقيقد تاؤبنت ريفوتل لليآا

 .ةقاطلا رةادإل

 لىإ لكهستملا لوصو ةيناكما-

- .ايجولونالتك

 راعشلستاا زةهجأ رفوت

 معجت يتلا ةكيذلا تادادوالع

 لكاتهسا لوح ةقيقدلا تانايبال

 .ةيئابرهكلا لامحلأاو ةقاطال

 وىقلوا ةسسؤم يأ عضو مييقتلط يسب لمع راطإ :(RTEROP) يةسفانلتا ىوقلا لليحت-اثاني

 لك لكشت ةيساسأ ةيسفانت ىوق سمخ كانه نأ ةركف ىلع راطلإا اذه موقيو ،اهب ةصاخلا ةيسفانتال

 زكرملا ةوق ىدم مهف لىع دعاسي امم ق،وسلا ةيبذاجو ةسفانملا ةدح ديدحت لىع دعاستو ة،عانص

 رصانلعا نم نوتكيو ،ايهلإ لوصولل علطتتي ذلا زكرملا ةوق ىدمو ،ةسسؤلمل لياحلا يسفانتال

 :ةيلاتال
 

 :ةديدجلا ةسفانلما ديدهت 1-
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   ةصاخلا عيانطصلاا ءالذكا لولحو ةيكذلا ةبكشلا قوسل ةديدج تاكرش ولخد اتديدهت 

 .رئزاجلا يف ةئيابرهكلا ةقاطلاب

    قوسلا يف اتهيسفانت ىلع ظافحلل ةمدقتم ايجولونتكة وديرف تازيمل ةسسؤملا ريوطت. 

 العمل  لضأف ىلع ولصحلل تايطعمال يف ةقدلا تاجدر ىلألع لىإ لوصولا على

 .جئاتنال

 :لءامعلا ةوق 2-

   نيرتشلما ىدل راعسلأا ىلع ةضوافملا ةوق. 

   وأ ةئيابرهكلا تاكرشال) لاجلما باحصأ ءالمعلا لبق من طورشلا ديدحتو ةضوافم 

 .ةئيابرهلكا ةقاطلا لاجم يف ةماتلا همتربخل (ةئيابرهلكا اتدعملا عيب طاقن

   لىع لمعلاك ءالمعلا تابلطتمو تاجايتحا يبيل ديرف لحو ةفاضم ةميق ةسسؤلما ميدقت 

 .لأق ةفلتكبو ءابرهكلل لثملأا لكاتهسلاا ىلإ لوصوال

   ةفصب  مهعم  ءاقللا  وأ  ةيصخشلا  تانايبلا  للاخ  من  الءملعا  عم  رشابلما  صلاوتال 

 .ةيصخش

 :نيدروملا ةوق 3-

 اهرداصمل  ةسسؤلما  عيونت    ديروتلا  طورشو  ةيلولأا  داولما  راعسأ  نأشب  ضوافتوال

 .ضورعل ضأف ىلعل وصحلل

   لحلل ةمزلالا تانوكموال تاينقتلا ريوفتل نيدروم عم نواتعلا لىإ جاتحتس ةسسؤلما 

 .الذكي

   رتوف نامضل ديروتلا طورشو راعسلأا نأشب نيدرولما عم ضوافتلا ةسسؤلمل مكني 

 .ةيلاع ةدوجو ةلوقعم ةفلتكب داروالم

 :ةليدبلات اجتنلما ديدهت 4-

   ةيكذلات ادادالعو ةقاطلا ميظنتب متهت رئزاجلا يف ىرخأ تاسسؤم دوجو. 

   ةيديلقتلا قطرلا لىع اهداتمواع يجولونتكلا روطتلا عم تائفلا عضب مقلأت دمع. 

   نيسحتل ةيلاتمحلاا تانايبلا ليلحتو عيانطصلاا ءالذكا ةوقب يلذكا لحلا زيتمي أن بجي 

 .ةوقثوم جئاتن ريوفتو ةقاطلا ةاردإ اءدأ

 :ددج نيسفانم ولخد ديدهت 5-

   ايجولونتكلا لاجم يف ةصاخو ةئشانلات اسسؤملل ةيرئزاجلا ةلودلا معدو ليهست. 

   ريبلكاب رتبعي ال قوسلا يف نيسفانلما مجح. 

 عمل    ةسسؤالم نيسفانلما عن اهزيمت ايزامو ةديرف ةيسفانت ةيجيتراتسا ريوطت ىلع

 .الءمعلوا قوسال ةصحب زوفلل

 ةسسؤلمل ةيلخادلا ةيئبلا ليلحت لىع دعاست يجيتراتسلاا ليلحتلل ةقيطر يهو)TOWS:( لليحت-الثاث

 صرفلاب ةلثتمملا ةيجراخلا ةيئبلل ليلحت من الهباقي امو ب،ناج من اهفعض طاقنو اتهوق طاقنب ةلثتموالم

 ً  اراصتخا

 فرحلل

 SWOTليلحتب ةفوفصلما هذه تيمس دوق ،اههجاوت دق يتلا تاديدتهوال ةحاتالم

 :اهرصانع نم رصنع لك نم لولأا
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 )Strengths( ةـوقلا طاقن

 .يجولونتكلا روطتالو ةنمقرلا وحن ةلودلا هجوت-

رة يبلكا  تانايبلا  مادختسوا  ليلحت  لىع  رةدقلا-

 قيدق  ؤبنت  ريوفتل  عيانطصلاا  ءالذكا  تاينقتو

 .ةقاطال ارةدإ نيسحتو لمحلاب

 مادختسا  ةءافك  نيسحت  لىع  عورشلما  رةدق  -

 .ردلها ليلقتو ةقاطال

 ؤبنتلل  قيقدو  قوثوم  لح  ريتوف  ىعل  ةردقال  -

 .ةقاطلا لكاهتسا نيسحتو ءابرهكلا راعسأب

 ةقاطلا يف محكتلل ينطولا قودنصلا ءاشنإ مت -

 .عيراشلما ليومت يف مهاسيل

 .زاجهلا جاتنإ ةيناكمإ-

 )Weakness( فعضلا طاقن

 ةمئمال  ةيتحت  ةينب  ريوفتب  ةقعلتلما  تايدحتال  -

 ةلصتملا تارعشتسالمو ةيكذلا اتدادلعا تيتثبو

 - .ينابالمول زانلما في

 ةددـجتلما  رداـصلما  مادختـساب  مامـتهلاا  ةقلـ

 لعمـ ةـيعبطل ئطاـخلا مهـفوال ةقـاطلا جاـتنإل

 لبق نم ةددجتلما ةقاطلا اـيجولونكت تاـقيبطتو

 .هلك عتمجملوا ةينعملاف ارطلأا

 صقنو  ةيساسلأا  ةييعنصتلا  لكايهلا  فعض  -

 قيبطتل    ةمزالال    ةينقتوال    ةينفلا    تاردقال

 .ةددجتملا ةقاطلا ايجولونتك

 .ءابرهلكا تاكرش فرط من زاجهلا لبقت دمع-

 عينصتلل  ةيلولأا  داوملا  رتوف  دمع   ةيناكمإ-

 ...(.الحساسات)

 .التمويل-

)Opportunities( صرفال  

 باحصأل     ةحاتملا     لتايهستلوا     معدلا-

 .ةلودلا فطر نم ةئشانلات اسسؤالم

 ةقاطلا   تاكرش   عم   لمتحلما   نواتعال    -

 .ةيلذكال ولحلا قيبطتل نيدوزوالم

 يتلا لليآا معلتوال تانايبال ليلحت تاردق روطت -

 راعسوأ  لحملاب  ؤبنتلا  ةقد  نيسحت  يف  مهاست

 .ءابرهكال

 تاقاطال   وحن   هجوتلا   ىلع   ةلودلا   عيجشت-

 .ةيسمشلا ةصاخة وددجتالم

 )Threats( تاديدهتال

 يف لمعت ىرخأ تاكرش من ةيوقلا ةسفانلما -

 .ةقاطلا رةادوإ عيانطصلاا ءاكذلا لوحل لاجم

 ريوطت  يف  ةيراثمتسلاوا  ةيليوتملا  تايدحتال  -

 يعانطصا  ءاكذ  لح  ريتوف  عورشم  ذيفنتو

 .ةيلذكا ةبكشلل

 ىلإ  يدؤي  امم  ةيلولأا  داولما  رعس  عافترا-

 .زاجهلا رعس عافتار

 يقيوسلتا جيزلما :اعبار

 ةيقيوستلا ةاردلإا اهسرامت يتلا تايلمعوال تاسايسوال ططخلا نم ةعومجم نع ةرابع وه    -

 عبأر يقيوستلا جيزملا منضتيو ة،سسؤملل حبرلا قيقحتو ،نيلكهتسلما تاجاح عابشإ فدبه

 هذهو ،عيزوتوال جيورتوال رعسوال جتنملا يف ةلثتمم ةيجاتنلاا ةسسؤلما يف رصانع

 ضبعلا اعضهبب رثأتت تاعوجمالم
 

 .ةميدخال تاسسلمؤل يقيوسلتا جيزمال رصانع  ●

:)Product( جتنلما   -1 



Ai-based Energy management system for smart grid network :عنوان المشروع 
 

 

 كالهستا نسيحتو ةقاطال رةادإل ةكيذال ةبكشلل يعالصطناا ءاكذال لىع مئاق لح ريوطتب قيتعل   -

 .الكهرباء

   - .قيقدو قوثوم لكشب ءابرهكلا راعسأو لمحلاب ؤبنتال ىلع ارً   داق لحلا نوكي لح لىإ لوصوال   -

 ةطبواس هيف مكحالتو ةقاطلا لكاتهسا دصرل تاساسحب لوصوم كيذ دادع تيبثتو ةعانص لمشي

 .ينورلكتإ قيبطت

:(Prix) رعسال   -2 

   - .ةعقوتلما هدائوفو هتيمق ةاعارم عم ،دمقلما كيذلا لحلل بسانم ددحلما رعسال   -

 جتنلما لىع بطللا ،(ةيدرط ةقالع) ةيللوأا دلمواا ةفلكت بسح رعسال ضافخنا وأ عافترا ددحي

 .ةسفالمنا تاسسلمؤا وأ (ةسيكع ةقالع)

 )Place(: التوزيع 3-

  رشابم: 

 .تاكرشلا باحصأ عم للتعاما دنع نالحيأا بلاغ يف متي   -

 .جوتلمنا وأ ةمدخلاب رةشابم للعميا ديوزت   -

  رشابم غير: 

 نطوام ناك اذإ ام ةلاح يف للعميا عم لواصتلل (ةملجلا وأ ةئزجلتا راجت) طوسيب ةناتعسلاا متي   -

 .عادي

- 

:)Promotion( جيورلتا   -4 

 .عورشالمب مهعانقإل ةيئابرهلكا تاكرشلا باحصأ عم تءااقل منظيت   -

 االجتماعي، التواصل مواقع منصات على ممولة اعالنات على االعتماد -

 ةفمختللا  مالعلإا  لئاسو  مادخستا   - ويدارلاو  زافلتلاك زيزتعو  فدتهسلما  روهمجلا  لىإ  لصوولل

 .هب يعالو

 .ةسسلمؤاب ةصاخ يعاتمجلاا لواصتلا عقوام لىع تاحفص ءاشنا   -

 .ءابرهكلا ريفوتو ةقاطلا رةادإ نسيحت ةيفكيو كيذلا لحلا دئاوفب ةيعوتلل ةويجيرت تالمحب مايقال   -

 .ةيقيوسلتا تايجتراتيسلاا :اسخام

 :ليي امك تايجيتراتسا ثثال يف ةيقيوستلات ايجيتراتسلاا لثتمت

 :ةفتكللاب ةدايقلا ةتيجيارستا    -
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   تاجتنلما ميدقت للاخ من يسفانت قوفت قيقحتل انيعورشم يف اهدمتنع ةيجيتراتسا يه 

 .ةنكمم ةفتكل لقأب تادمخلا وأ زكرن نحن نيسحتو جاتنلإا يف ةءافلكا نيسحت على

 .لءامعلل ةميق لضأف قيقحتو فيلاتكلا ليلقتل ةيلخادلات ايملعال

   نوكت ثيحب عورشلما تايملع نيسحتو ليلحت ىلع لمعن ،ةيجيتراتسلاا هذه قيقحتل 

 ةدايزل لمعلا قيرفل رمتسلما ميعلتوال بيردتلا ميدقتب موقن .فيلاتكلل اريوفتوة ءافك رثأك

 .ةيجاتنلإا ةدايوز ةيلمعلاف يلاكتلا ليلقت ليبس يف مئهادأ نيسحتو متهراامه

   ليلقتو اجتنلإا تايملع نيسحتل ةركبتالمو ةمدقتلما جاتنلإا ايجولونكت يف اضيأ رثمتسن 

 ذيفنتو ةروطتلما تادعموال تلاآلا مادختسا ايجولونكتلا هذه لمشت أن نكمي .فيلاتكال

 ةءافك من ديزت  يتلا  تايملعال اجتنلإا يرشبلا  أطخلا  من للقتو ،ماع  لكشب. نسعى

 ليلحت ىلع دتمأع .قوسال يف ةيسفانت راعسأبو ةيلاع ةدوجب تاجتنلما ميدقتل نيهداج

 فيلاكت  ديدحتل  ماقرلأا  صالختسوا  تانايبال جاتنلإا كلذو  ب،سانم  لكشب  اهطبضو

 تانايبلا ليلحت للاخ من ةيمق لضفأب ءالمعلا تاجايتحا ةيبلتو ةمادتسم ةيحبر قيقحتل

 ةبدق انتاجتنم رعس ديدحت ىعل لمعن نحن ق،وسال تاجايتحا مهفو ةيداصتلقاوا ةيلاالم

 لىع ةفتكل ةزيم قيقحتل عىسن نحن .ةفلتكوال ةدمقمال ةميقلا نيب نازوت قيقحت نالضم

 ةبسنلاب. ةيرورضلا ريغ فيراصملا ليلقتو فيلاتكلا يف محكتلا للاخ نم نيسفانالم

 ل،يوتملل اتريدقت  لمشت  ةملاكتم  ةيلام ةطخ  دادعإب  موقن جاتنلإل ةعوقتملا  فيلاتكال

 ،اضيأ .عيزوتوالق يوستوال

 تاجايتحلاا ةيبلتل ةيفاكلا ةلويسلا رفوت نامضل ةيانعب ةيدقنال تاقفدتلا ةاردإب موقن

 .عورشلمل ةيوميال

 :زييتملا ةيجيتراتسا   -

   ، سعىنو .قوسال يف نيسفانلما عن زةيتممو ةديرف تادمخو تاجتنم ميدقت لىع دتمعن 

 .درفتلما ميصمتوال راتكبلاة وادوجلاب زيتمت ةيوق ةيراجت ةملاع ءاشنا ىإل

 انب .ةبدق لءاملعا تابورغ تاجايتحا مهفو ليلحت ىلع رصحن    هذا على ء ل،يلحتال

 .ةقوفتمو ةرتكبم قرطب تاجايتحلاا كلت يبتل ةديرف تادمخو تاجتنمر يوطتب موقنو

   تايملعلا نيسحت ىعل لمعوال اهمدقن يتلا تامدخوال تاجتنلما ةدوجب ماتمهلااب موقن 

 .ةيلاع ةدوج ناضمل ةيلخادلا ريياعموال

   ربع كلذ نوكي دق .نيسفانملا عن يتاجتنم زيمت يتلا زييتملا لوامع ريوطت ىلع لمنع 

 وأ ،زةيتمم ءلامع ةبرجت وأ اب،ذجو ديرف ميصمت وأ ،ةدمقتم ةينقت وأ ةينف ايمزا ريتوف

 .ةزيمملا عيبلا عدب ام ةخدم

 :زيكرتلا ةيجيتراتسا   -

   اتهاجايتحا مهفو ةبدق ةهدفتسلما ةحيرشلا ديدحتب موقن ،زيكرتلا ةيجيتراتسا ينبت دنع 

 .ةصاخلا اتهابلطتوم

    ديروف زيمم لكشب تاجايتحلاا لكت يبتل تادمخو تاجتنم ميمصت لىع لمعن. 
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

    قوس فادتهسا لثم ةيافرغجلا قاوسلأا وحن ةهجتم زيكرتلا ةيجيتراتسا نوكت نأ مكني 

 تاقاطلاب متهت ةنيعم تاكرشو تاسسؤم فادتهسا وأ ،مييإقل قوس وأ نيعم ليحم

 .ةيعانصلا تاكرشلا ةصاخو ةلكهتسالم

 انحنمت زيكرتلا ةيجيتراتسا    وحن لاعف لكشب دوجهوال دارومال صيصخت لىع رةدقال

 امك .ددحملا عاطقلاا ذه يف يسفانت قوفت قيقحت ىعل اندعاسي امم ،ةهدفتسملا ةحيرشال

 اننكمت  انهأ الءملعا  تاعتوق  قوفت  تادمخو  تاجتنم  ميدقت  من ةحيرشلا  هذه  في

 .ةهدفتسالم
 

 ميظنتلاو جاتنلإا ةخط :عبارلا روحمال

 :جاتنلإا ةطخ-الوأ

 اذه  ىوعل  ،ةنيعم ةعسل ىلع  يلبقتسلما  بلطلا  راتبلعاا  نيعب  ذخلأا  يجاتنلإا  ططخلما  لثيم

 عوقتلا  بلطتي  طاشنلا  اذه  نإ  ب،لطلا  ةهجاومل ةمزلاال  ةيجاتنلإا  تاقاطلا  ةئبعت  متي  ساسلأا

 لىع ولصحلل لمعوال ةيجاتنلإا تابلطتلما فلتخم يف عوقتلا اذه ةجمرتو ة،يلبقتسلما تايعبلماب

 :ليي ايمف يجاتنلإاط طخلما داداع تاوطخ لثتمتو ،تابلطتلما هذه

 :تافصاوملوا  تابلطتلما  ديدحت    ةينفلا  تابلطتلما  ديدحت ىلع  مئاقلا  لحلل  ةيفيظووال

 ديدحتوك الهتسلاوا عيزوتلا وىتسم ىلع ةيكذال ةئيابرهكلا ةكبشلل عيانطصلاا ءاالذك

 .ةقاطلا ةرادإ ةيملع نيسحتل اهريفوت بجي يتلا ةددحلما فئاظووال تزايالم

   تايمزراوخلا كلذ يف امب ل،حلل ةينقتلا ليصافتوال ماعلا ليكهلا ميصمت :لحلا ميصمت 

 ءابرهكلا  راعسوأ  لمحلاب  ؤبنتلا  يف ةدمختسلما  جذانموال يدحدتو ةينقتلا  اتداتملعاا

 .لحلا قيبطتل ةمزاللا دارووالم

   اهراتبخوا لحلل ةبولطلما تايجمربلا ةجمربو ريوطت :زةهجلأوا تايجمربلا ريوطت 

 ةيلذكا  ءابرهكلا  تادادع  كذل  يف  امب  ة،يرورضلا  ةزجهلأا  نيوتكو  انهيسحتو

 .اهب ةطتبرملات اساسحوال

   عمواقلا يف ةيلذكا تادادلعا وىتسم لىع اتهيتثبو زةجهلأا عيجمت :تيتثبوال عيجمتلا 

 قيبطتوال تادادلعا نيب تانايبلا لقنل ةمزاللا تابكشوال تلااصتلاا نيوكتو ةبسانالم

 .ينورتاإللك

 :لءامعلا  معدو  بيردت    بيردت  ميدقت شامل قيبطتوال  لحلا  مادختسا  ولح  ءالمللع

 لاعفلا مهمادختسا من دكأتلل ءالمعلل ةرمتسلما ةدعاسالمو ينفلا معدلا ميدقتو ينورتكللإا

 .ةوجرملا دئاوفلا قيقحتو لحلل
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 :مييظنتلا ططخلما-ايناث
 

 

 
 

 

 

 

 

 
 

 فيلاتكوال

 FINANCIER( )PLAN ةيالملا طةخلا :سماخلا روحمال

 يدقنو يمك لكش يف فيلاتكلا مجرتي لياملاط طخالم

 .راثمتسلاا لكاتهوا عورشلما فيلاتك-الوأ

 ةيراثمتسلاا  فيلاكتلا  يف  عورشلمل  ةيلاجملاا  فيلاتكلا  لثتمت  :عورشلما  فيلاتك

 :ةيليغشتال

 :ةيراثمتسلااف يلاتكال
 

 
 

 األصول ةفكلتال

 ينابالم /

100000DA والمعدات اآلالت 

 ثاثلأا /

10000DA العامل المال رأس 

110000DA المجموع 

 :ةيليغشتلا فيلاتكال
 

 األصول ةفكلتال

10540DA ةيلوأ داوم 

 أجور /

36000DA تنرتنلاوا فتااله 

 ءاملوا ءابرهكال /

46540DA المجموع 

 بحاصل ةصاخلا لاولمأا ىلع لكليا داتملعااب امإ رقط ةدعب عورشلما ليومت متي :لييوتملا ليكلها  1-

 كلذو ةيلالما تاسسؤلما دحأب ةناتعسلاا وأ ي،تاذلا ليوتملاب مىسي ام اذهو عورشلما

 معدلاو يةنقلتا قيرف

 ينفلا

  ذييفلتنا ريدالم 

  
 دراولماو ةيلالما ةردالإا

 ةيرشالب

 

 ريوتطلا قيرف تاعبيملاو قيوسلتا قيرف ءلامعلا مةدخ قيرف

 قيبطتلاو ثلبحاو
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 ليوتملاب نويكس .(              ) انعورشمل ةبسنلاب امأ ي،ثالثلا وا يئانثلا ليوتملا قيطر عن
 

 PREVISION  

Produit A destiné 

Client 

N N+1 N+2 N+3 N+4 N+5 

Quantité produit A 10 25 50 75 100 250 

Prix HT produit A 25000DA 

Ventes produit A 3 16 42 60 -93 220 

CHIFFRE 

D'AFFAIRES 

GLOBAL 

75000D 

A 

400000D 

A 

1050000D 

A 

1500000D 

A 

2325000D 

A 

5500000D 

A 

 :لياتلا لودجال يف حضوم وه امك يتاذال
 

 نايبال ةبسنال ةيمقال

110000DA 100% خاصة أموال 

 وضرقال 0% 0

110000DA 100% المجموع 

 

 

 
 

 

 
 
 

 يبيرجتلا يلولاا جذومنلا :سداسلا روحمال
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 يراجلتا لمعلا ذجمون 04: مقر قحالمل
 

 ةيسئيرلا تاكارشلا

Key Partners 

 ءابرهكلا ةكرش-

 ةلمجلا راجت-

 ةيسئيرلا ةطشنلأا

Key Activities 

 حساسات شراء-

 .زاهجلاب ةصاخ تادعم ءارش-

 ةجمربلا-

 ةزهجلأا بيكرت-

 عيبلا-

 ةنايصلا-

 ةحرتقملا يمقلا

Value Proposition 

 ةقاطلل ةضفخنم ةفلكت-

                  

 زايتجا ندع هيبنتلا- .ةيئابرهكلا

 ةميق ةفلكتلا

                       

 لاغتشا ندع هيبنتلا- .ةنيعم

 دةم ةزهجلأا

 .ةليوط
 .زاغلا برستب هيبنتلا-

 ءالمعلا عم تاقالعلا

Customer Relationships 

 ليمعلا ةمخد-

 ةنايصلا ةمدخ ريفوت-

 ءالمعلا حئارش

Customer Segments 

 يداعلا نطاوملا -

 ةقاطلا تاكرش باحصأ -

               
 تاسسؤملا باحصأ - ةيئابرهكلا

 ةيعانصلا

 ةيسيئرلا داروملا

Key Ressources 

 ءابرهك لامع-

- حساسات-

 وبساحلا

 ،)Arduino أخرى أجهزة-

) relay،câbles 

 تاونقلا

Channels 

 راجت  قيرط  نع ر شابم  ريغ  عيزوت-

 .ةلمجلا وأ ةئزجتلا

 ةقاطلا تاكرش باحصأل رشابم عيزوت-

 .ةيعانصلا تاكرشلاو

 فيلاكتلا لكيه

Cost Structure 

 ءابرهكلا فيلاكت-

 ناكملا راجيإ فيلاكت-

- ةيتبكملا تازيهجتلا-

 نيفظوملا روجأ

 بئارضلا-
 arduino، ...relay ،تاساسحلا فيلاكت-

 تاداريلإا رداصم 

Revenue Streams 

 

  
 زاهجلا عيب-

 ةنايصلا-

 ءابرهكلا تاكرشل ةقاطلا يمظنت-
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