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1. Title: Advanced Energy Management System for Cost-Efficient Green Energy 

Utilization 

2. Prior-Art 

3. U.S. Patent No. 10,127,648: "Energy Management System for Renewable Energy 

Integration" 

• Publication Date: November 13, 2018 

• Summary: This patent describes a system for integrating renewable energy 

sources into the power grid, optimizing energy consumption, and managing 

energy storage. 

• Analysis: The system described in this patent includes a central control unit, 

energy storage units, and smart meters. However, it does not include advanced 

algorithms for predictive maintenance, renewable energy forecasting, or peer-to-

peer energy sharing, which are distinguishing aspects of the present invention. 

• Distinguishing Aspects: The present invention incorporates advanced 

optimization algorithms, real-time data analytics, and predictive maintenance 

features, enhancing the cost-efficiency and reliability of green energy utilization. 

4. 2. U.S. Patent No. 9,870,797: "Smart Grid Energy Management System" 

• Publication Date: January 16, 2018 

• Summary: This patent covers a smart grid energy management system that uses 

real-time data to optimize energy distribution and consumption. 

• Analysis: While this system uses real-time data analytics similar to the present 

invention, it lacks the advanced forecasting capabilities and peer-to-peer energy 
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sharing features. Additionally, the predictive maintenance and user interface 

elements of the present invention are not disclosed. 

• Distinguishing Aspects: The present invention's integration of predictive 

analytics, user-friendly interface, and community energy sharing mechanisms 

provides significant improvements over the existing technology. 

5. 3. International Patent Application No. WO2017156487A1: "Energy Management 

and Control System" 

• Publication Date: September 14, 2017 

• Summary: This application describes a system for managing and controlling 

energy consumption and distribution in a residential or commercial setting. 

• Analysis: The system described includes energy storage management and smart 

grid integration. However, it does not address predictive maintenance or the use 

of real-time data analytics for optimization. The peer-to-peer energy sharing and 

advanced security protocols of the present invention are also not covered. 

• Distinguishing Aspects: The advanced algorithms for energy scheduling and 

charge-discharge management, as well as the secure data storage and privacy 

features of the present invention, set it apart from this prior art. 

6. 4. Scientific Article: "Real-Time Data Analytics for Smart Grid Management" 

• Publication Date: March 10, 2019 

• Source: Journal of Renewable Energy 

• Summary: This article discusses the use of real-time data analytics in smart grid 

management, focusing on optimizing energy distribution and consumption. 
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• Analysis: While the article highlights the importance of real-time data analytics, 

it does not provide detailed solutions for predictive maintenance, renewable 

energy forecasting, or peer-to-peer energy sharing. 

• Distinguishing Aspects: The comprehensive approach of the present invention, 

which includes predictive maintenance, energy forecasting, and community 

energy sharing, offers a more holistic solution for green energy management. 

7. Conclusion 

8. The detailed analysis of prior art reveals that while several existing systems address 

various aspects of energy management, the present invention offers significant 

advancements in terms of optimization algorithms, real-time data analytics, predictive 

maintenance, renewable energy forecasting, and peer-to-peer energy sharing. These 

distinguishing aspects enhance the cost-efficiency, reliability, and user engagement of 

green energy utilization, making the present invention a novel and non-obvious 

improvement over the prior art. 

9. Technical Field 

10. This invention relates to energy management technologies, specifically to a system 

designed to enhance the cost-efficiency of green energy utilization. The system employs 

advanced algorithms, smart grid integration, and real-time data analytics to optimize 

energy consumption and reduce costs associated with renewable energy sources. 

11. Background of the Invention 

12. The transition to green energy sources such as solar and wind is essential for reducing 

carbon emissions and combating climate change. However, the intermittent nature of 

these energy sources and the high initial costs associated with their deployment present 



Inventor: Robert V. Salinas 

Title: Advanced Energy Management System for Cost-Efficient Green Energy Utilization 

 

 

 4 

significant challenges. Current energy management systems often fail to fully optimize 

the use of green energy, leading to inefficiencies and higher costs. There is a need for an 

advanced system that can intelligently manage and optimize the utilization of renewable 

energy, thereby making it more cost-efficient. 

13. Summary of the Invention 

14. The present invention is an advanced energy management system designed to enhance 

the cost-efficiency of green energy utilization. The system uses smart grid technology, 

real-time data analytics, and advanced algorithms to optimize energy consumption, 

storage, and distribution. By intelligently managing energy resources, the system reduces 

costs and maximizes the benefits of renewable energy sources. 

15. Brief Description of the Drawings 

16. Figure 1: System Architecture Flow Chart 

17. This figure illustrates the overall system architecture of the Advanced Energy 

Management System, including the central control unit, energy storage units, smart 

meters, and integration with renewable energy sources and the smart grid. 

• Central Control Unit (CCU) (101): The CCU orchestrates the interaction 

between all components, monitoring and managing energy flow within the 

system. 

o Solid Line Connections: Indicates direct communication and control over 

connected components, ensuring efficient energy management. 

• Energy Storage Unit (ESU) 1 (102) and Energy Storage Unit (ESU) 2 (103): 

These units store excess energy generated by renewable sources, ensuring 

availability during high-demand periods. 



Inventor: Robert V. Salinas 

Title: Advanced Energy Management System for Cost-Efficient Green Energy Utilization 

 

 

 5 

o Solid Line Connections: Illustrate the flow of energy to and from the 

CCU, highlighting the bidirectional exchange necessary for optimal 

energy storage management. 

• Smart Meter 1 (104) and Smart Meter 2 (105): Smart meters collect real-time 

data on energy production and consumption, providing critical insights for the 

system's analytics. 

o Solid Line Connections: Show the continuous data feed to the CCU, 

essential for real-time monitoring and decision-making. 

• Renewable Energy Sources (106): This element includes solar panels and wind 

turbines, representing the system's green energy inputs. 

o Solid Line Connections: Highlight the direct supply of generated energy 

to the ESUs, emphasizing the role of renewable sources in energy storage. 

• Smart Grid Integration (107): This component enables the system to interact 

with the wider smart grid, allowing for bidirectional energy flow and dynamic 

pricing. 

o Solid Line Connections: Depict the energy exchange between the ESUs 

and the smart grid, crucial for balancing supply and demand across the 

grid. 

18. Figure 2: Real-Time Data Analytics Flow Chart 

19. This figure depicts the real-time data analytics process within the system, showing how 

data is collected, analyzed, and used to predict energy demand and supply patterns. 
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• Data Collection Unit (201): The Data Collection Unit gathers real-time data on 

energy production, consumption, and storage levels from various sensors and 

devices within the system. 

o Solid Line Connection: Indicates the flow of collected data to the Data 

Processing Unit for analysis. 

• Data Processing Unit (202): The Data Processing Unit processes the collected 

data, performing initial filtering, normalization, and integration tasks. 

o Solid Line Connection: Shows the direct data flow from the Data 

Collection Unit to the Data Processing Unit, essential for seamless data 

processing. 

• Predictive Analytics Module (203): The Predictive Analytics Module uses 

advanced algorithms to analyze processed data, generating predictive models for 

energy demand and supply. 

o Solid Line with Arrow: Indicates the unidirectional flow of processed 

data from the Data Processing Unit to the Predictive Analytics Module, 

highlighting the module's role in forecasting. 

• Data Storage (204): The Data Storage unit securely stores both raw and 

processed data, ensuring data availability for historical analysis and future 

reference. 

o Solid Line Connection: Illustrates the continuous data flow between the 

Data Processing Unit and Data Storage, emphasizing the importance of 

data retention. 
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• User Interface (205): The User Interface provides real-time insights and 

visualizations of energy data, enabling users to monitor and manage energy 

consumption effectively. 

o Solid Line Connection: Indicates the direct flow of analyzed data from 

the Data Processing Unit to the User Interface, ensuring users have access 

to up-to-date information. 

20. Figure 3: Smart Grid Integration Flow Chart 

21. This figure demonstrates the integration of the system with the smart grid, highlighting 

the bidirectional energy flow and dynamic energy pricing capabilities. 

• Smart Grid (301): The Smart Grid represents the overall electrical grid 

infrastructure that supports bidirectional energy flow and dynamic energy 

management. 

o Solid Line Connection: Indicates the direct connection to the CCU, 

facilitating energy exchange and communication. 

• Central Control Unit (CCU) (302): The CCU orchestrates the interaction 

between all components, monitoring and managing energy flow within the 

system. 

o Solid Line Connections: Illustrate the CCU's central role in coordinating 

energy storage and demand response actions, ensuring optimal system 

performance. 

• Energy Storage Unit (ESU) 1 (303) and Energy Storage Unit (ESU) 2 (304): 

These units store excess energy generated by renewable sources, ensuring 

availability during high-demand periods. 
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o Solid Line Connections: Highlight the bidirectional energy exchange 

between the ESUs and the CCU, crucial for balancing supply and demand. 

• Demand Response Unit (305): The Demand Response Unit manages the 

system's response to changes in energy demand, adjusting consumption based on 

real-time grid conditions. 

o Solid Line with Arrow: Indicates the flow of control signals from the 

CCU to the Demand Response Unit, emphasizing the unit's role in 

adaptive energy management. 

• Dynamic Pricing Module (306): The Dynamic Pricing Module calculates real-

time energy prices based on supply and demand conditions, enabling cost-

efficient energy usage. 

o Solid Line with Arrow: Shows the unidirectional flow of pricing data 

from the Demand Response Unit to the Dynamic Pricing Module, 

highlighting the module's role in cost optimization. 

22. Figure 4: Optimization Algorithms Flow Chart 

23. This figure illustrates the proprietary optimization algorithms used by the system to 

schedule energy consumption and manage energy storage for cost reduction. 

• Data Input Unit (401): The Data Input Unit gathers relevant data on energy 

production, consumption, and storage from various sources within the system. 

o Solid Line Connection: Indicates the flow of input data to the Algorithm 

Processing Unit for analysis. 
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• Algorithm Processing Unit (402): The Algorithm Processing Unit processes the 

input data using advanced optimization algorithms to determine the most cost-

effective energy management strategies. 

o Solid Line Connection: Shows the direct data flow from the Data Input 

Unit to the Algorithm Processing Unit, essential for optimization 

processing. 

• Energy Scheduling Module (403): The Energy Scheduling Module uses the 

optimized strategies from the Algorithm Processing Unit to schedule high-energy-

consuming activities during periods of low energy prices. 

o Solid Line with Arrow: Indicates the unidirectional flow of optimization 

data from the Algorithm Processing Unit to the Energy Scheduling 

Module, highlighting its role in scheduling. 

• Charge-Discharge Management Unit (404): The Charge-Discharge 

Management Unit manages the charge and discharge cycles of energy storage 

units (ESUs) to maximize efficiency and ensure excess energy is stored during 

peak production times and utilized during high-demand periods. 

o Solid Line Connection: Illustrates the continuous data flow between the 

Algorithm Processing Unit and the Charge-Discharge Management Unit, 

emphasizing the importance of efficient energy storage management. 

• Output Data Unit (405): The Output Data Unit compiles the results of the 

optimization process and provides actionable insights and instructions to the rest 

of the system. 
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o Solid Line Connection: Indicates the direct flow of output data from the 

Algorithm Processing Unit to the Output Data Unit, ensuring that 

optimization results are effectively utilized. 

24. Figure 5: User Interface Flow Chart 

25. This figure provides an overview of the user interface, showing how users can interact 

with the system to view real-time insights into energy consumption, costs, and savings, 

and customize settings based on their preferences. 

• Data Display Unit (501): The Data Display Unit visually presents real-time data 

on energy production, consumption, and storage levels, allowing users to monitor 

system performance. 

o Solid Line Connection: Indicates the flow of displayed data to the User 

Input Module, enabling user interactions. 

• User Input Module (502): The User Input Module allows users to interact with 

the system, providing inputs and commands to adjust settings and manage energy 

consumption. 

o Solid Line Connection: Shows the direct data flow from the Data Display 

Unit to the User Input Module, ensuring user inputs are informed by real-

time data. 

• Control Panel (503): The Control Panel provides a set of controls for users to 

manage various aspects of the energy management system, such as scheduling 

and prioritizing energy usage. 
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o Solid Line with Arrow: Indicates the unidirectional flow of user 

commands from the User Input Module to the Control Panel, highlighting 

its role in user control. 

• Settings Configuration Module (504): The Settings Configuration Module 

allows users to customize system settings based on their preferences for cost 

savings, energy efficiency, or other priorities. 

o Solid Line Connection: Illustrates the continuous data flow between the 

User Input Module and the Settings Configuration Module, emphasizing 

the importance of user customization. 

• Real-Time Insights Dashboard (505): The Real-Time Insights Dashboard 

provides detailed visualizations and analytics on energy consumption, costs, and 

savings, enabling users to make informed decisions. 

o Solid Line Connection: Indicates the direct flow of insights from the 

User Input Module to the Real-Time Insights Dashboard, ensuring users 

have access to up-to-date information. 

26. Figure 6: Predictive Maintenance Flow Chart 

27. This figure outlines the predictive maintenance features of the system, depicting how 

equipment performance is analyzed and potential failures are predicted to reduce 

downtime and maintenance costs. 

• Data Collection Unit (601): The Data Collection Unit gathers real-time data on 

equipment performance and operational conditions from various sensors and 

devices within the system. 
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o Solid Line Connection: Indicates the flow of collected data to the 

Equipment Performance Analysis Module for analysis. 

• Equipment Performance Analysis Module (602): The Equipment Performance 

Analysis Module processes the collected data, analyzing equipment performance 

metrics to identify signs of wear and potential failures. 

o Solid Line Connection: Shows the direct data flow from the Data 

Collection Unit to the Equipment Performance Analysis Module, essential 

for performance analysis. 

• Predictive Maintenance Algorithm (603): The Predictive Maintenance 

Algorithm uses advanced algorithms to predict potential equipment failures and 

schedule maintenance activities before failures occur. 

o Solid Line with Arrow: Indicates the unidirectional flow of analysis data 

from the Equipment Performance Analysis Module to the Predictive 

Maintenance Algorithm, highlighting its role in predicting maintenance 

needs. 

• Maintenance Scheduling Unit (604): The Maintenance Scheduling Unit uses 

predictions from the Predictive Maintenance Algorithm to create maintenance 

schedules that minimize downtime and optimize maintenance activities. 

o Solid Line Connection: Illustrates the continuous data flow between the 

Equipment Performance Analysis Module and the Maintenance 

Scheduling Unit, emphasizing the importance of efficient maintenance 

scheduling. 
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• Maintenance Execution Unit (605): The Maintenance Execution Unit carries out 

the scheduled maintenance activities, ensuring that equipment is maintained and 

potential failures are prevented. 

o Solid Line Connection: Indicates the direct flow of maintenance 

schedules from the Maintenance Scheduling Unit to the Maintenance 

Execution Unit, ensuring timely execution of maintenance tasks. 

28. Figure 7: Renewable Energy Forecasting Flow Chart 

29. This figure shows the process of renewable energy forecasting within the system, using 

weather forecasts and historical data to predict energy production. 

• Weather Data Collection Unit (701): The Weather Data Collection Unit gathers 

real-time weather data from various meteorological sources, providing essential 

inputs for forecasting. 

o Solid Line Connection: Indicates the flow of weather data to the 

Historical Data Repository for analysis. 

• Historical Data Repository (702): The Historical Data Repository stores past 

weather and energy production data, serving as a reference for the forecasting 

process. 

o Solid Line Connection: Shows the direct data flow from the Weather 

Data Collection Unit to the Historical Data Repository, essential for 

historical analysis. 

• Data Processing Unit (703): The Data Processing Unit processes both real-time 

weather data and historical data, preparing it for use in forecasting algorithms. 
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o Solid Line with Arrow: Indicates the unidirectional flow of processed 

data from the Historical Data Repository to the Data Processing Unit, 

highlighting its role in data preparation. 

• Forecasting Algorithms Module (704): The Forecasting Algorithms Module 

uses advanced algorithms to analyze processed data and generate predictions for 

renewable energy production. 

o Solid Line Connection: Illustrates the continuous data flow between the 

Data Processing Unit and the Forecasting Algorithms Module, 

emphasizing the importance of accurate forecasting. 

• Energy Production Forecast Unit (705): The Energy Production Forecast Unit 

compiles the predictions from the Forecasting Algorithms Module, providing 

actionable insights for energy management. 

o Solid Line Connection: Indicates the direct flow of forecast data from the 

Forecasting Algorithms Module to the Energy Production Forecast Unit, 

ensuring that forecasts are effectively utilized. 

30. Figure 8: Energy Sharing Flow Chart 

31. This figure illustrates the peer-to-peer energy sharing feature, detailing how users can 

buy and sell excess energy within a community to promote local energy markets. 

• Energy Producer Unit (801): The Energy Producer Unit represents users or 

entities that generate excess energy, which can be sold within the community. 

o Solid Line with Bi-directional Arrow: Indicates the exchange of energy 

with the Energy Consumer Unit, facilitating peer-to-peer energy 

transactions. 



Inventor: Robert V. Salinas 

Title: Advanced Energy Management System for Cost-Efficient Green Energy Utilization 

 

 

 15 

• Energy Consumer Unit (802): The Energy Consumer Unit represents users or 

entities that consume energy and can purchase additional energy from the 

community. 

o Solid Line with Bi-directional Arrow: Shows the bidirectional flow of 

energy between the Energy Producer Unit and the Energy Consumer Unit, 

promoting energy sharing. 

• Energy Trading Platform (803): The Energy Trading Platform is the central hub 

where energy producers and consumers meet to trade energy. 

o Solid Line Connections: Illustrate the platform’s role in facilitating 

energy transactions between producers and consumers, ensuring smooth 

trading processes. 

• Transaction Processing Module (804): The Transaction Processing Module 

handles the execution of energy trade transactions, ensuring accurate and secure 

processing. 

o Solid Line with Arrow: Indicates the unidirectional flow of transaction 

data from the Energy Trading Platform to the Transaction Processing 

Module, highlighting its role in transaction management. 

• Payment Gateway (805): The Payment Gateway processes payments for energy 

transactions, ensuring that producers are compensated for the energy they sell. 

o Solid Line Connection: Illustrates the continuous data flow between the 

Transaction Processing Module and the Payment Gateway, emphasizing 

the importance of secure payment processing. 
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• Ledger System (806): The Ledger System records all energy transactions, 

maintaining a transparent and immutable record of trades within the community. 

o Solid Line Connection: Indicates the direct flow of transaction records 

from the Transaction Processing Module to the Ledger System, ensuring 

accurate and secure record-keeping. 

32. Figure 9: Security and Privacy Flow Chart 

33. This figure depicts the advanced encryption protocols and data security measures 

implemented in the system to ensure privacy and compliance with data protection 

regulations. 

• Data Encryption Module (901): The Data Encryption Module applies advanced 

encryption techniques to protect sensitive data from unauthorized access. 

o Solid Line Connection: Indicates the flow of encrypted data to the User 

Authentication Unit, ensuring data security. 

• User Authentication Unit (902): The User Authentication Unit verifies the 

identity of users accessing the system, ensuring that only authorized personnel can 

access sensitive information. 

o Solid Line Connection: Shows the direct flow of authenticated data from 

the Data Encryption Module to the User Authentication Unit, essential for 

secure access control. 

• Access Control Module (903): The Access Control Module manages user 

permissions and access levels, determining which users can access specific data 

and system functions. 
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o Solid Line with Arrow: Indicates the unidirectional flow of 

authentication data from the User Authentication Unit to the Access 

Control Module, highlighting its role in access management. 

• Data Privacy Management Unit (904): The Data Privacy Management Unit 

ensures compliance with data protection regulations, managing user consent and 

privacy settings. 

o Solid Line Connection: Illustrates the continuous data flow between the 

User Authentication Unit and the Data Privacy Management Unit, 

emphasizing the importance of privacy management. 

• Secure Data Storage (905): The Secure Data Storage unit stores encrypted data 

securely, ensuring that sensitive information is protected from unauthorized 

access and breaches. 

o Solid Line Connection: Indicates the direct flow of authenticated and 

encrypted data from the User Authentication Unit to the Secure Data 

Storage, ensuring secure data retention. 

34. Detailed Description of the Invention 

35. System Architecture 

36. The Advanced Energy Management System for Cost-Efficient Green Energy Utilization 

is designed to optimize the integration and use of renewable energy sources. The system 

comprises several interconnected components that work together to monitor, analyze, and 

manage energy flow. The primary components of the system are: 

• Central Control Unit (CCU): The CCU is the heart of the system, responsible 

for orchestrating the interaction between all other components. It monitors real-
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time data from energy production, consumption, and storage units, making 

decisions to optimize energy use. The CCU uses advanced algorithms to process 

the data and determine the most efficient energy distribution strategy. 

• Energy Storage Units (ESUs): ESUs store excess energy generated by 

renewable sources like solar panels and wind turbines. The system includes 

multiple ESUs to ensure a reliable energy supply during peak demand periods. 

The ESUs are managed by the CCU, which controls their charge and discharge 

cycles based on predictive analytics and real-time data. 

• Smart Meters: Smart meters are installed at various points within the energy 

network to collect real-time data on energy production and consumption. These 

meters transmit data to the CCU, providing insights into energy usage patterns 

and helping to identify opportunities for optimization. Smart meters can also 

detect anomalies and send alerts to the CCU for further investigation. 

• Renewable Energy Sources: The system integrates with various renewable 

energy sources, including solar panels and wind turbines. These sources provide 

clean energy, which is either used immediately or stored in the ESUs for later use. 

The system can dynamically adjust the energy mix based on real-time conditions, 

ensuring maximum efficiency and cost savings. 

• Smart Grid Integration: The system connects with the smart grid, allowing for 

bidirectional energy flow. This integration enables dynamic pricing and demand 

response capabilities, ensuring that energy is used most cost-effectively. The 

smart grid connection also allows for the exchange of energy with other grid-

connected systems, enhancing overall grid stability and reliability. 
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37. Real-Time Data Analytics 

38. The system employs advanced real-time data analytics to optimize energy management. 

Key features include: 

• Data Collection: The system collects real-time data from smart meters, energy 

storage units, and renewable energy sources. This data includes information on 

energy production, consumption, and storage levels. The data collection process is 

continuous, ensuring that the CCU has the most up-to-date information available. 

• Data Processing: The collected data is processed using advanced analytics tools. 

The system filters, normalizes, and integrates the data to create a comprehensive 

view of the energy network. This processing step involves the use of machine 

learning algorithms to detect patterns and trends that can inform energy 

management decisions. 

• Predictive Analytics: Using historical data and real-time inputs, the system 

predicts energy demand and supply patterns. This predictive capability allows the 

CCU to make informed decisions about energy distribution and storage. 

Predictive analytics can also identify potential issues before they become critical, 

allowing for proactive maintenance and optimization. 

39. Optimization Algorithms 

40. Proprietary optimization algorithms are at the core of the system’s functionality. These 

algorithms perform the following tasks: 

• Energy Scheduling: The system schedules high-energy-consuming activities 

during periods of low energy prices. This scheduling reduces overall energy costs 
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by shifting energy usage to off-peak times. The algorithms take into account user 

preferences, weather forecasts, and grid conditions to create optimal schedules. 

• Charge-Discharge Management: The algorithms manage the charge and 

discharge cycles of the ESUs to maximize efficiency. Excess energy generated 

during peak production times is stored and used during high-demand periods. The 

system can dynamically adjust the charge-discharge strategy based on real-time 

data and predictive analytics. 

• Dynamic Pricing: The system supports dynamic pricing, adjusting energy costs 

based on real-time supply and demand conditions. This feature incentivizes users 

to use energy more efficiently and can lead to significant cost savings. The 

dynamic pricing module integrates with the smart grid to access real-time pricing 

data and adjust energy usage accordingly. 

41. User Interface 

42. The system includes a user-friendly interface that provides real-time insights into energy 

consumption, costs, and savings. Key features include: 

• Data Display: Users can view real-time data on energy production, consumption, 

and storage levels. The interface presents this data in an easy-to-understand 

format, with visualizations such as graphs and charts to highlight key trends and 

insights. 

• User Input: Users can input preferences and customize settings based on their 

priorities, such as cost savings or energy efficiency. The interface allows for easy 

adjustment of energy schedules, storage preferences, and other settings. 
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• Real-Time Insights: The interface provides detailed visualizations and analytics, 

helping users make informed decisions about their energy use. Users can access 

historical data, view predictive analytics, and receive alerts about potential issues 

or opportunities for optimization. 

43. Predictive Maintenance 

44. The system includes predictive maintenance features to enhance reliability and reduce 

costs: 

• Performance Analysis: The system continuously monitors equipment 

performance, analyzing data to detect signs of wear and potential failures. Sensors 

and smart meters provide real-time data on equipment conditions, which is 

analyzed by the CCU. 

• Predictive Maintenance Algorithms: Advanced algorithms predict potential 

failures and schedule maintenance activities before issues occur, minimizing 

downtime. These algorithms use historical data and machine learning techniques 

to identify patterns and trends that indicate impending failures. 

• Maintenance Scheduling: The system schedules maintenance activities at 

optimal times, ensuring minimal disruption to energy supply. Maintenance 

schedules are dynamically adjusted based on real-time data and predictive 

analytics, ensuring that maintenance is performed only when necessary. 

45. Renewable Energy Forecasting 

46. The system uses advanced forecasting techniques to predict renewable energy 

production: 
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• Weather Data Collection: The system collects real-time weather data from 

various meteorological sources. This data includes information on temperature, 

wind speed, solar radiation, and other factors that influence renewable energy 

production. 

• Historical Data Analysis: The system analyzes historical weather and energy 

production data to inform its forecasts. By identifying patterns and correlations in 

the data, the system can make more accurate predictions about future energy 

production. 

• Forecasting Algorithms: Advanced algorithms use the collected data to predict 

future energy production from renewable sources. These algorithms take into 

account weather forecasts, historical data, and real-time conditions to generate 

accurate and reliable forecasts. 

47. Energy Sharing 

48. The system supports peer-to-peer energy sharing within a community: 

• Energy Trading Platform: A central platform facilitates energy trades between 

producers and consumers within the community. The platform provides a 

marketplace where users can buy and sell excess energy, promoting local energy 

markets and sustainability. 

• Transaction Processing: The system processes energy trade transactions 

securely and accurately. Transactions are recorded in real-time, ensuring 

transparency and accountability. 
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• Payment Gateway: A secure payment gateway ensures that energy producers are 

compensated for their excess energy. The payment gateway integrates with the 

energy trading platform to process payments and manage transactions. 

• Ledger System: All transactions are recorded in an immutable ledger, providing 

transparency and security. The ledger system ensures that all trades are accurately 

recorded and can be audited if necessary. 

49. Security and Privacy 

50. The system employs advanced security measures to protect data and ensure privacy: 

• Data Encryption: All sensitive data is encrypted using advanced encryption 

techniques. This ensures that data is protected from unauthorized access and 

breaches. 

• User Authentication: The system verifies user identities to ensure that only 

authorized personnel can access sensitive information. Multi-factor authentication 

(MFA) and other security measures are used to enhance user authentication. 

• Access Control: User permissions and access levels are managed to protect data 

and system functions. The system ensures that users only have access to the data 

and functions they need to perform their roles. 

• Data Privacy Management: The system complies with data protection 

regulations, managing user consent and privacy settings. Users can control how 

their data is collected, used, and shared, ensuring compliance with privacy laws. 

• Secure Data Storage: Encrypted data is securely stored to prevent unauthorized 

access and breaches. The system uses redundant storage and backup mechanisms 

to ensure data availability and integrity. 
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51. Advantages and Improvements 

52. The Advanced Energy Management System offers several advantages over prior art: 

• Cost Efficiency: The system reduces energy costs through advanced optimization 

algorithms and dynamic pricing. By optimizing energy use and storage, the 

system helps users save money on their energy bills. 

• Reliability: Predictive maintenance and real-time data analytics enhance the 

system’s reliability. By proactively addressing potential issues, the system 

minimizes downtime and ensures a stable energy supply. 

• User Engagement: A user-friendly interface and peer-to-peer energy sharing 

promote active user participation. Users can customize their energy settings, 

participate in energy trading, and access real-time insights into their energy use. 

• Environmental Impact: The system maximizes the use of renewable energy, 

reducing carbon emissions and promoting sustainability. By optimizing the 

integration and use of renewable energy sources, the system helps to reduce 

reliance on fossil fuels and lower greenhouse gas emissions. 

53. Alternative Configurations 

54. The system is designed to be flexible and adaptable to various configurations: 

• Scalability: The system can scale to handle varying data volumes and 

computational demands. Whether used in a small residential setting or a large 

commercial facility, the system can adapt to different scales of operation. 

• Integration: The system integrates seamlessly with existing energy 

infrastructure. It can be deployed alongside existing energy management systems, 

renewable energy installations, and smart grid infrastructure. 
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• Customization: Users can customize settings to prioritize cost savings, energy 

efficiency, or other preferences. The system provides flexibility in configuring 

energy schedules, storage strategies, and other parameters. 

55. Detailed Examples 

56. Specific examples of the system in practice illustrate its versatility: 

57. Residential Application: A homeowner uses the system to manage solar panel output 

and energy consumption, reducing electricity bills through optimized energy use and 

dynamic pricing. The system schedules high-energy-consuming activities, such as 

electric vehicle charging and laundry, during off-peak hours when energy prices are 

lower. The CCU integrates real-time data from the homeowner's smart meters and 

weather forecasts to predict solar energy production, ensuring that energy is stored and 

used efficiently. 

• Example Scenario: 

• Morning: The solar panels generate excess energy, which is stored in the ESUs. 

• Afternoon: The system predicts higher energy prices in the evening and 

schedules the dishwasher and laundry to run during the day when energy prices 

are low. 

• Evening: The stored energy is used to power the home during peak hours, 

reducing reliance on grid electricity and saving on energy costs. 

58. Commercial Application: A business integrates the system with its energy network, 

using predictive maintenance to minimize downtime and ensure a reliable energy supply. 

The system forecasts energy demand based on historical data and real-time inputs, 

allowing the business to optimize its energy use and reduce costs. The business can also 
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participate in dynamic pricing programs, adjusting its energy consumption based on real-

time pricing signals from the smart grid. 

• Example Scenario: 

• Morning: The system collects data on energy consumption patterns and identifies 

peak usage times. 

• Midday: Predictive maintenance algorithms detect a potential issue with one of 

the energy storage units. The system schedules maintenance during a low-demand 

period to avoid disruption. 

• Evening: The business participates in a demand response program, reducing 

energy use during peak hours and receiving financial incentives from the utility 

company. 

59. Community Energy Sharing: A neighborhood uses the system’s energy trading 

platform to share excess solar energy, promoting local energy markets and sustainability. 

Residents can sell their excess energy to neighbors, reducing overall energy costs and 

increasing the use of renewable energy within the community. The platform ensures 

secure transactions and transparent record-keeping through the ledger system. 

• Example Scenario: 

• Morning: Several homes generate excess solar energy, which is fed into the 

community energy trading platform. 

• Afternoon: A resident who consumes more energy than they produce buys 

additional energy from a neighbor, facilitating a seamless energy transaction. 

• Evening: The trading platform updates the ledger system with all transactions, 

ensuring transparency and accuracy in energy trading. 
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60. Industrial Application: An industrial facility employs the system to manage its 

extensive energy needs and ensure uninterrupted operations. The system integrates 

various renewable energy sources and optimizes the use of on-site energy storage units. 

Predictive analytics help the facility anticipate energy demands and adjust operations 

accordingly, ensuring cost efficiency and reliability. 

• Example Scenario: 

• Morning: The facility's renewable energy sources generate significant power, 

with excess energy stored in the ESUs. 

• Midday: Predictive analytics forecast a spike in energy demand due to increased 

production activities. The system schedules energy-intensive processes during this 

period to use stored energy and avoid peak grid prices. 

• Evening: The facility's energy consumption stabilizes, and the system continues 

to monitor and manage energy flow, ensuring optimal use of resources. 

61. Agricultural Application: A large agricultural operation uses the system to manage 

energy for irrigation, climate control in greenhouses, and other energy-intensive 

activities. The system leverages real-time data and weather forecasts to predict energy 

needs and optimize the use of renewable energy sources. Energy sharing within the 

agricultural community ensures that energy is used efficiently and sustainably. 

• Example Scenario: 

• Morning: Solar panels and wind turbines generate energy, with excess stored in 

ESUs. 

• Midday: The system predicts a need for increased irrigation due to rising 

temperatures and schedules energy use accordingly. 
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• Evening: Excess energy is shared with neighboring farms, reducing overall 

energy costs and supporting sustainable agricultural practices. 

62. Municipal Application: A city integrates the system to manage energy for public 

buildings, street lighting, and other municipal services. The system enhances energy 

efficiency and supports the city’s sustainability goals by maximizing the use of renewable 

energy and reducing carbon emissions. Predictive maintenance ensures that critical 

infrastructure remains operational. 

• Example Scenario: 

• Morning: Public buildings generate energy through rooftop solar panels, with 

excess stored in community ESUs. 

• Midday: The system schedules energy-intensive activities, such as water 

treatment and public transportation, to use stored energy during off-peak hours. 

• Evening: Street lighting and other public services operate efficiently using stored 

renewable energy, reducing reliance on grid electricity. 

63. Best Mode of Carrying Out the Invention 

64. The best mode of carrying out the invention involves implementing the Advanced Energy 

Management System in a residential community with a mix of solar and wind energy 

sources. The system includes multiple ESUs, smart meters, and a user-friendly interface 

to ensure seamless integration and efficient energy management. 

65. System Setup: 

• Central Control Unit (CCU): Installed in a central location to manage and 

monitor all components. 
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• Energy Storage Units (ESUs): Distributed across the community to store excess 

energy. 

• Smart Meters: Installed in each home to collect real-time data on energy 

production and consumption. 

• Renewable Energy Sources: Solar panels and wind turbines installed on rooftops 

and community spaces. 

• User Interface: Accessible via smartphones and computers, allowing residents to 

monitor and manage their energy use. 

66. Operation: 

• Data Collection and Analysis: The system collects real-time data from smart 

meters and renewable energy sources, processing it using advanced analytics 

tools. 

• Energy Optimization: The CCU uses optimization algorithms to schedule 

energy use and manage ESU charge-discharge cycles. 

• Predictive Maintenance: The system continuously monitors equipment 

performance and schedules maintenance activities as needed. 

• Energy Sharing: Residents participate in the energy trading platform, buying and 

selling excess energy within the community. 

• Security and Privacy: The system employs advanced encryption and user 

authentication measures to protect data and ensure privacy. 

67. Advantages: 

• Cost Savings: Residents save on energy bills through optimized energy use and 

dynamic pricing. 
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• Reliability: Predictive maintenance and real-time data analytics enhance system 

reliability. 

• Sustainability: The system maximizes the use of renewable energy, reducing 

carbon emissions and promoting environmental sustainability. 

• Community Engagement: The energy trading platform fosters a sense of 

community and encourages residents to participate in sustainable energy 

practices. 

68. By following these detailed instructions and examples, someone skilled in the relevant 

field can effectively replicate and utilize the Advanced Energy Management System for 

Cost-Efficient Green Energy Utilization. The system's innovative features and advantages 

ensure its novelty and non-obviousness, supporting its patentability and practical 

implementation. 
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Claims 

1. An advanced energy management system for enhancing the cost-efficiency of green 

energy utilization comprising: 

A central control unit for monitoring and managing energy flow; 

Energy storage units for storing excess energy; 

Smart meters for real-time data collection on energy production and consumption; 

Integration with renewable energy sources and the smart grid. 

2. The system of claim 1, wherein the central control unit uses real-time data analytics to 

predict energy demand and supply patterns. 

3. The system of claim 1, wherein the smart grid integration enables bidirectional energy 

flow and dynamic energy pricing. 

4. The system of claim 1, wherein optimization algorithms schedule energy consumption 

and manage energy storage to reduce costs. 

5. The system of claim 1, wherein the user interface provides real-time insights into energy 

consumption, costs, and savings, allowing users to customize settings. 

6. The system of claim 1, wherein predictive maintenance features analyze equipment 

performance and predict potential failures. 

7. The system of claim 1, wherein renewable energy forecasting uses weather forecasts and 

historical data to predict energy production. 

8. The system of claim 1, wherein energy sharing supports peer-to-peer energy transactions 

within a community. 

9. The system of claim 1, wherein advanced encryption protocols ensure data security and 

privacy. 
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10. The system of claim 1, wherein the system integrates with existing energy infrastructure 

and scales to handle varying data volumes and computational demands. 
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Abstract 

1. An advanced energy management system designed to enhance the cost-efficiency of 

green energy utilization. The system employs smart grid technology, real-time data 

analytics, and advanced optimization algorithms to monitor and manage energy 

consumption, storage, and distribution. Features include a user-friendly interface, 

predictive maintenance, renewable energy forecasting, peer-to-peer energy sharing, and 

advanced security protocols. This innovative solution aims to reduce costs and maximize 

the benefits of renewable energy sources. 
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