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1. Title: Integrated Green Energy System with Cost-Efficient Production, Enhanced 

Storage, and Stability Solutions 

2. Prior-Art 

3. The following section outlines the relevant prior art that has been identified in relation to 

the "Integrated Green Energy System with Cost-Efficient Production Enhanced Storage 

and Stability Solutions." This prior art includes both published patents and non-patent 

literature that provide background and context for the current invention. 

4. US9200734B2 - Energy storage system integrated with renewable energy sources 

• This patent describes a system integrating renewable energy sources with various 

forms of energy storage, including batteries and thermal storage. The focus is on 

optimizing energy production and storage to ensure a stable energy supply. 

However, the current invention advances beyond this by incorporating a hybrid 

management algorithm that dynamically adjusts the output of each renewable 

source based on real-time data and predictive analytics. 

5. US20150275841A1 - Intelligent control of renewable energy storage systems 

• This patent application discusses intelligent algorithms for managing renewable 

energy storage systems, including predictive analytics to optimize energy 

distribution. The current invention distinguishes itself by integrating multiple 

renewable sources (solar, wind, hydro) and utilizing a central control unit with 

advanced algorithms to manage not only storage but also production and stability 

in real-time. 
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6. US8852886B2 - Hybrid renewable energy system with optimized energy 

management 

• This patent covers a hybrid renewable energy system that uses solar, wind, and 

hydroelectric generators, along with advanced management algorithms. The 

present invention differentiates itself through the integration of cost-efficient 

production techniques and enhanced storage solutions, such as lithium-ion 

batteries, pumped hydro storage, and thermal storage units. 

7. US9041325B2 - Distributed energy storage system with centralized control 

• This patent involves a distributed energy storage system managed by a central 

control unit to optimize energy flow and storage efficiency. The current invention 

improves upon this concept by incorporating intelligent management algorithms 

that balance charge and discharge cycles to extend the lifespan of storage 

components and maximize efficiency. 

8. Integration of Renewable Energy Sources with Advanced Energy Storage 

Technologies (Journal of Renewable Energy) 

• This paper explores the integration of different renewable energy sources with 

advanced storage solutions. The current invention expands on these ideas by 

implementing a modular and scalable architecture that allows for easy expansion 

and integration with existing infrastructure. 

9. Intelligent Energy Management Systems for Renewable Energy Integration (IEEE 

Transactions on Smart Grid) 
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• This article discusses intelligent management algorithms in renewable energy 

systems. The present invention incorporates these algorithms within a central 

control unit to manage real-time data from various sources and optimize overall 

system performance. 

10. Cost-Efficiency in Renewable Energy Systems (Renewable and Sustainable Energy 

Reviews) 

• This review covers strategies for reducing costs in renewable energy production 

and storage. The current invention leverages advanced photovoltaic materials, 

optimized wind turbine designs, and economies of scale to achieve cost-efficient 

production. 

11. By thoroughly examining the existing prior art, it is clear that the "Integrated Green 

Energy System with Cost-Efficient Production Enhanced Storage and Stability Solutions" 

offers significant advancements in terms of cost efficiency, enhanced storage solutions, 

and intelligent management of renewable energy sources. This comprehensive approach 

ensures a stable and reliable supply of green energy, addressing key challenges faced by 

existing technologies. 

12. Technical Field 

13. This invention relates to renewable energy technologies, specifically to an integrated 

green energy system designed to address issues of cost, energy storage, availability, and 

production volatility. The system combines multiple renewable energy sources with 

advanced storage solutions and intelligent management algorithms to ensure stable and 

cost-effective energy production. 
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14. Background of the Invention 

15. Renewable energy sources such as solar and wind power are crucial for reducing 

greenhouse gas emissions and combating climate change. However, these sources are 

often associated with high production costs, energy storage challenges, availability 

issues, and production volatility. There is a need for an integrated system that can 

overcome these challenges, making green energy more reliable and economically viable. 

16. Summary of the Invention 

17. The present invention is an integrated green energy system designed to provide cost-

efficient production, enhanced energy storage, and stable energy availability. The system 

combines multiple renewable energy sources such as solar, wind, and hydro with 

advanced energy storage technologies and intelligent management algorithms. This 

innovation aims to optimize energy production, reduce costs, and ensure a stable supply 

of green energy. 

18. Brief Description of the Drawings 

19. Fig. 1: System Overview (101) 

20. A block diagram showing the integration of solar panels, wind turbines, hydroelectric 

generators, energy storage units, and the central control unit with intelligent management 

algorithms. 

21. Explanation of Each Element: 

• Solar Panels (102): 

o Function: Capture sunlight and convert it into electrical energy. 

• Wind Turbines (103): 
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o Function: Harness wind energy to generate electricity. 

• Hydroelectric Generators (104): 

o Function: Convert kinetic energy from flowing water into electrical 

energy. 

• Energy Storage Units (105): 

o Lithium-Ion Batteries (106): 

o Function: Store electrical energy for later use. 

o Pumped Hydro Storage (107): 

o Function: Store energy by pumping water to a higher elevation 

and release it to generate electricity. 

o Thermal Storage Units (108): 

o Function: Store energy in the form of heat for later conversion to 

electricity. 

• Central Control Unit (109): 

o Function: Manages the overall operation of the system, coordinating 

energy production, storage, and distribution. 

o Sub-component: 

o Intelligent Management Algorithms (110): 

o Function: Use advanced algorithms to optimize the system's 

performance. 

• Connections: 
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o Arrowed lines connecting solar panels, wind turbines, and hydroelectric 

generators to the central control unit. 

o Function: Indicate the flow of energy and data between the components. 

22. Fig. 2: Solar Panel and Wind Turbine Integration 

23. A schematic showing the arrangement and connectivity between solar panels, wind 

turbines, and the central control unit. 

24. Explanation of Each Element: 

• Solar Panels: 

o Function: Capture sunlight and convert it into electrical energy. 

• Wind Turbines: 

o Function: Harness wind energy to generate electricity. 

• Connection Lines: 

o Function: Indicate the electrical connections between the energy sources 

and the control unit. 

o Arrows: shows the direction of energy flow from the solar panels and 

wind turbines to the central control unit. 

• Sensors and Monitoring Devices: 

o Function: Monitor the performance and environmental conditions of the 

solar panels and wind turbines. 

• Central Control Unit: 

o Function: Manages the overall operation of the system, coordinating 

energy production, storage, and distribution. 
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• Flow of Energy: 

o Function: Arrows illustrate the direction of energy flow within the 

system. 

25. Fig. 3: Advanced Energy Storage Solutions 

26. Detailed diagrams of lithium-ion batteries, pumped hydro storage, and thermal storage 

units. 

• Explanation of Each Element: 

• Lithium-Ion Batteries (302): 

o Internal Structure: Included are the anode (303), cathode (304), and 

electrolyte (305) within the battery cells. Arrows within the electrolyte 

area indicate the movement of lithium ions from the anode to the cathode 

during discharge and from the cathode to the anode during charging. 

o Function: Store electrical energy for later use. 

• Pumped Hydro Storage: 

o Pump System: The pipe (308) with pump symbol (309) indicates the 

mechanism to pump water from the lower reservoir (307) to the elevated 

reservoir (306). Arrows show the direction of water flow. Water is pumped 

from the lower reservoir to the elevated reservoir using electrical energy 

when there is excess energy supply. Water flows back from the elevated 

reservoir to the lower reservoir, passing through turbines to generate 

electricity when there is a demand for energy. 
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o Function: Store energy by pumping water to a higher elevation and 

release it to generate electricity. 

• Thermal Storage Units (310): 

o Heat Storage Medium (314): The heat exchanger symbol (311) indicates 

the part of the unit where heat is transferred to or from the storage 

medium. 

• Heat Exchanger: Component that facilitates the transfer of heat to and from the 

storage medium. 

• Heat Storage Medium: Material that stores thermal energy (e.g., molten salt, 

phase change materials). 

o Inlet (312) and Outlet (313) Connections: Channels for heat transfer 

fluid to enter and exit the unit. The inlet pipe carries heat transfer fluid 

into the heat exchanger. The outlet pipe carries heat transfer fluid out of 

the heat exchanger after it has transferred its heat to the storage medium.  

o Function: Store energy in the form of heat for later conversion to 

electricity. 

• Connections: 

o Arrows: Arrows from each of the storage units to the central control unit 

indicate the direction of energy flow into and out of each storage unit. 

• Central Control Unit (315): 

o Function: Manages the flow of energy into and out of each storage unit. 

27. Fig. 4: Intelligent Management Algorithms 
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28. Flowchart illustrating the operation of the intelligent algorithms managing energy 

production, storage, and distribution. 

29. Explanation of Each Element: 

• Data Inputs (402): 

o Sensors (402): data inputs from environmental and performance 

monitoring devices. 

o Renewable Energy Sources: Solar panels (403), wind turbines (404), and 

hydroelectric generators (405). 

o Storage Units: Lithium-ion batteries (406), pumped hydro storage (407, 

and thermal storage units (408). 

o Function: Collect data on energy production, environmental conditions, 

and storage status. 

• Central Control Unit (409): 

o Function: Houses the intelligent management algorithms that process data 

and make decisions. 

• Algorithm Processes: 

o Data Analysis (410): Gather and analyze data from sensors, energy 

sources, and storage units to understand the current state and predict future 

needs. 

o Decision-Making (411): Determine optimal strategies for energy 

production, storage, and distribution based on data analysis. 
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o Control Actions (412): Execute control signals to adjust the operation of 

energy sources and storage units to maintain optimal system performance. 

o Function: Analyze data, make decisions based on analysis, and execute 

control actions. 

• Outputs: 

o Renewable Energy Sources: Arrows from the central control unit to solar 

panels, wind turbines, and hydroelectric generators. 

o Storage Units: Arrows from the central control unit to symbols 

representing lithium-ion batteries, pumped hydro storage, and thermal 

storage units. 

o Function: Send control signals to manage energy production and storage. 

• Connections: 

o Dotted-line Arrows connecting data inputs to the central control unit and 

arrows connecting the central control unit to outputs indicate the flow of 

data and control signals. The dotted-line arrows show the direction of data 

flow into the central control unit and control signals out of it. 

30. Fig. 5: Predictive Analytics System 

31. Diagram depicting the data flow and predictive analytics processes for managing energy 

distribution. 

32. Explanation of Each Element: 

• Data Sources (502): 
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o Sensors (502): Sensors receive data inputs from environmental and 

performance monitoring devices. 

o Renewable Energy Sources: Solar panels (503), wind turbines (504), and 

hydroelectric generators (505). 

o Storage Units: Llithium-ion batteries (506), pumped hydro storage (507), 

and thermal storage units (508). 

o Function: Collect raw data on energy production, environmental 

conditions, and storage status. 

• Central Control Unit (509): 

o Function: Houses the predictive analytics system that processes data and 

generates predictions. 

• Data Processing: 

o Data Collection (510): Gather raw data from sensors, renewable energy 

sources, and storage units. 

o Preprocessing (511): Clean and format the collected data for analysis. 

o Predictive Modeling (512): Apply advanced algorithms to make 

predictions about future energy production and demand. 

o Output Generation (513): Generate actionable insights and control 

signals to optimize the energy system based on predictions. 

o Function: Collect, clean, and analyze data to create predictive models that 

generate actionable insights. 

• Outputs: 
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o Renewable Energy Sources: Arrows from the central control unit to solar 

panels, wind turbines, and hydroelectric generators. 

o Storage Units: Arrows from the central control unit to lithium-ion 

batteries, pumped hydro storage, and thermal storage units. 

o Function: Provide predictions and control signals to optimize energy 

production and storage. 

• Connections: 

o Dotted-line Arrows connecting data inputs to the central control unit and 

arrows connecting the central control unit to outputs indicate the flow of 

data and control signals. The dotted-line arrows show the direction of data 

flow into the central control unit and control signals out of it. 

33. Detailed Description of the Invention 

34. Introduction and Overview 

35. The Integrated Green Energy System with Cost-Efficient Production Enhanced Storage 

and Stability Solutions is designed to address the challenges associated with renewable 

energy sources, including high production costs, energy storage limitations, availability 

issues, and production volatility. The system integrates multiple renewable energy 

sources, such as solar panels, wind turbines, and hydroelectric generators, with advanced 

energy storage technologies and intelligent management algorithms. This combination 

aims to optimize energy production, reduce costs, and ensure a stable and reliable supply 

of green energy. 

36. System Architecture 
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37. The integrated green energy system comprises the following components: 

38. Renewable Energy Sources: 

• Solar Panels: Utilize advanced photovoltaic materials to capture sunlight and 

convert it into electrical energy. These materials are chosen for their high 

efficiency and durability, ensuring long-term performance even in varying 

weather conditions. 

• Wind Turbines: Feature optimized aerodynamic designs to maximize energy 

capture from wind. These turbines are equipped with sensors to monitor wind 

speed and direction, allowing the system to adjust their operation for optimal 

performance. 

• Hydroelectric Generators: Use flowing water to generate electricity. These 

generators are strategically placed in locations with consistent water flow to 

ensure a continuous energy supply. 

39. Energy Storage Units: 

• Lithium-Ion Batteries: Consist of anode, cathode, and electrolyte components. 

The batteries are designed for high energy density and long cycle life, allowing 

them to store large amounts of energy and release it when needed. 

• Pumped Hydro Storage: Involves two water reservoirs at different elevations. 

When excess energy is available, water is pumped to the higher reservoir. During 

periods of high energy demand, the water is released back to the lower reservoir, 

passing through turbines to generate electricity. 
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• Thermal Storage Units: Store energy in the form of heat using materials such as 

molten salt or phase change materials. These units are designed to retain heat 

efficiently and release it as needed to generate electricity. 

40. Central Control Unit: 

• Intelligent Management Algorithms: Use advanced data analytics and machine 

learning techniques to manage the overall operation of the system. These 

algorithms process real-time data from sensors and adjust the operation of energy 

sources and storage units to optimize performance. 

41. Function and Operation 

42. The system operates by continuously collecting data from sensors installed on the solar 

panels, wind turbines, and hydroelectric generators. This data includes information on 

energy production, environmental conditions, and storage status. The central control unit 

processes this data using advanced algorithms to predict energy production and demand. 

Based on these predictions, the control unit adjusts the operation of the renewable energy 

sources and storage units to optimize performance and ensure a stable energy supply. 

43. For instance, during periods of high sunlight, the control unit may prioritize solar energy 

production and store excess energy in lithium-ion batteries. During periods of low 

sunlight but high wind, the control unit may reduce solar energy production and increase 

wind energy production, using pumped hydro storage to balance the load. 

44. Best Mode 

45. The best mode of carrying out this invention involves using the following components 

and configurations: 
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• Advanced Photovoltaic Materials: For solar panels, materials such as 

monocrystalline silicon are preferred due to their high efficiency and long-term 

stability. 

• Optimized Wind Turbine Designs: Aerodynamic blades and high-efficiency 

generators are used to maximize energy capture from wind. 

• Efficient Hydroelectric Generators: Designed to operate efficiently even in 

varying water flow conditions. 

• Lithium-Ion Batteries: Featuring high energy density and long cycle life, 

ensuring reliable energy storage. 

• Pumped Hydro Storage: Utilizing efficient pump and turbine systems to 

maximize energy storage and retrieval. 

• Thermal Storage Units: Using materials with high heat retention capabilities to 

ensure efficient energy storage and conversion. 

• Central Control Unit with Intelligent Algorithms: Equipped with machine 

learning capabilities to continuously improve system performance based on real-

time data. 

46. Embodiments 

• Embodiment 1: A residential community installs the integrated green energy 

system to reduce its reliance on the grid. Solar panels on rooftops and a nearby 

wind turbine provide most of the community's energy needs. Excess energy is 

stored in a thermal storage unit for use during the night or on cloudy days. The 
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central control unit uses real-time data to manage energy distribution and ensure a 

stable supply. 

• Embodiment 2: Wind turbines are placed in high-wind areas and connected to 

the central control unit. The control unit adjusts the turbines' operation to 

maximize energy capture based on wind speed and direction. Excess energy is 

stored in lithium-ion batteries, which are then used during periods of low wind. 

• Embodiment 3: A hydroelectric generator is installed in a flowing water source. 

The central control unit manages the generator's operation to balance energy 

production and environmental impact. Excess energy is stored in pumped hydro 

storage, which releases water to generate electricity during high-demand periods. 

47. Terminology and Definitions 

• Photovoltaic Materials: Materials that convert sunlight into electricity. 

• Lithium-Ion Batteries: Rechargeable batteries that use lithium ions as the 

primary component of the electrolyte. 

• Pumped Hydro Storage: A type of energy storage that uses two water reservoirs 

at different elevations to store and generate electricity. 

• Thermal Storage Units: Devices that store energy in the form of heat for later 

conversion to electricity. 

48. Advantages and Improvements 

49. The integrated green energy system offers several advantages over prior art: 

• Cost-Efficiency: By combining multiple renewable energy sources and 

optimizing their operation, the system reduces overall energy production costs. 
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• Enhanced Storage: Advanced energy storage technologies ensure a reliable 

energy supply even during periods of low production. 

• Stability: Intelligent management algorithms balance energy production and 

storage, mitigating production volatility and ensuring a stable energy supply. 

• Scalability: The system is designed to be modular and scalable, allowing for easy 

expansion and integration with existing infrastructure. 

50. Alternative Configurations 

51. The system can be configured in various ways to suit different environments and energy 

needs. For instance, in coastal areas, the system may include tidal energy generators as an 

additional renewable energy source. In urban areas, the system may focus more on 

rooftop solar panels and small-scale wind turbines. 

52. Detailed Examples 

• Example 1: A residential community installs the integrated green energy system 

to reduce its reliance on the grid. Solar panels on rooftops and a nearby wind 

turbine provide most of the community's energy needs. Excess energy is stored in 

a thermal storage unit for use during the night or on cloudy days. The central 

control unit uses real-time data to manage energy distribution and ensure a stable 

supply. 

• Example 2: A remote village without access to the national grid uses the system 

to achieve energy independence. A combination of solar panels, a hydroelectric 

generator, and lithium-ion batteries ensures a consistent energy supply even 

during the rainy season when sunlight is scarce. The central control unit optimizes 
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energy production and storage based on real-time data, ensuring a stable supply of 

electricity to the village. 

• Example 3: An industrial facility implements the integrated green energy system 

to reduce its carbon footprint and energy costs. The facility uses a combination of 

solar panels, wind turbines, and a hydroelectric generator to meet its energy 

needs. Excess energy is stored in lithium-ion batteries and thermal storage units, 

ensuring a reliable energy supply even during peak production periods. The 

central control unit uses predictive analytics to manage energy distribution and 

optimize system performance. 

53. This detailed description should provide a comprehensive and robust understanding of 

the invention, enabling someone skilled in the relevant field to replicate and utilize it 

effectively.  
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Claims 

1. An integrated green energy system for cost-efficient production, enhanced energy 

storage, and stable energy availability comprising: 

Multiple renewable energy sources including solar panels, wind turbines, and 

hydroelectric generators; 

Energy storage units including lithium-ion batteries, pumped hydro storage, and 

thermal storage; 

A central control unit with intelligent management algorithms for optimizing 

energy production, storage, and distribution. 

2. The green energy system of claim 1, wherein advanced photovoltaic materials and wind 

turbine designs increase energy conversion efficiency and reduce production costs. 

3. The green energy system of claim 1, wherein intelligent algorithms manage energy 

storage units, balancing charge and discharge cycles to maximize efficiency and extend 

lifespan. 

4. The green energy system of claim 1, wherein real-time data from energy sources and 

storage units is analyzed to predict energy production and demand. 

5. The green energy system of claim 1, wherein predictive analytics are used to manage 

energy distribution and ensure stable availability. 

6. The green energy system of claim 1, wherein a hybrid energy management algorithm 

dynamically adjusts the output of each renewable source based on current and forecasted 

conditions. 
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7. The green energy system of claim 1, wherein backup energy sources such as bioenergy or 

hydrogen fuel cells provide additional stability during periods of high production 

volatility. 

8. The green energy system of claim 1, wherein a user-friendly interface allows operators to 

monitor system performance, view energy production and storage data, and adjust 

settings. 

9. The green energy system of claim 1, wherein the system is scalable and modular, 

allowing for easy expansion and integration with existing infrastructure. 
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Abstract 

1. An integrated green energy system designed to provide cost-efficient production, 

enhanced energy storage, and stable energy availability. The system combines multiple 

renewable energy sources with advanced storage technologies and intelligent 

management algorithms to optimize energy production, reduce costs, and ensure a 

reliable supply of green energy. Features include real-time data analysis, predictive 

analytics, hybrid energy management, and a user-friendly interface. This innovative 

solution addresses the challenges of cost, energy storage, availability, and production 

volatility in the renewable energy sector. 
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