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Design/Development of an efficient Energy Storage System (ESS) to integrate intermittent Renewable Energy sources and to support/stabilize the grid
[bookmark: _GoBack]ABSTRACT
· Background: The increasing adoption of renewable energy sources like solar and wind presents significant challenges due to their intermittent nature. This variability can strain the power grid, leading to inefficiencies and reliability issues. 
· Traditional grid infrastructure is not designed to handle these fluctuations effectively, resulting in energy wastage and a reliance on fossil fuel-based backup power. 
· Energy storage systems (ESS) offer a potential solution by storing excess energy generated during peak production periods and releasing it during times of high demand or low generation, ensuring a stable and reliable power supply. Description: The task is to design an innovative and efficient energy storage system to integrate intermittent renewable energy sources and stabilize the grid. 
· This requires addressing several key challenges: high costs, technological limitations, and regulatory barriers. 
· Current ESS technologies, such as lithium-ion batteries, pumped hydro storage, and flow batteries, each have their own strengths and weaknesses. Innovative ideas need to be explored to reduce costs, enhance storage capacities, and improve the efficiency and lifespan of these technologies. 
· Additionally, how to navigate and potentially reform regulatory frameworks to support the widespread adoption of ESS may also be explored. Expected Solution: Develop approaches to lower the initial and operational costs of ESS, potentially through new materials, manufacturing processes, or economies of scale. 
· Identify or create advanced ESS technologies that offer higher efficiency, greater storage capacity, and longer operational lifespans.
·  Suggest changes to policies and regulations that facilitate ESS integration, including safety standards, performance metrics, and grid interconnection protocols.
· Formulate strategies to engage key stakeholders, including policymakers, utility companies, and consumers, to build support for ESS deployment.
·  Design small-scale pilot projects to test and refine their proposed solutions in real-world settings, gathering data to demonstrate effectiveness and scalability.
· 











CHAPTER-1
INTRODUCTION
· The worldwide projection of renewable energy (RE) shares is expected to be in the range of 15% to 25% by 2020 [1]. In Malaysia, the government has recently announced a target RE penetration of 2080 MW over the same timeframe [2].
·  Increasing grid integration from multiple DGs, particularly from wind and solar sources, introduces several technical issues in grid operation, which sometimes requires the deployment of energy storage system (ESS) technologies. 
· Furthermore, ESS fulfils the need for better management of the energies extracted from renewable energy sources. The role of ESS in power systems has been reviewed by several researchers who have investigated state-of-theart storage technologies suitable for energy and power applications [3-6].
·  Comparisons of different storage characteristics, including emerging storage technologies, have also been presented.
· Some examples of large scale multi-megawatt systems currently installed worldwide have been described by [7, 8], while others have discussed the potential of storage devices when coupled with flexible AC transmission system (FACTS) devices [9-11]. 
· In the literature, the varieties of storage methods available for use in power systems, including traditional and emerging storage technologies, such as pumped hydroelectric storage systems (PHS), compressed air energy storage (CAES), flywheel energy storage, semiconducting magnetic energy storage (SMES), ultracapacitors and battery energy storage systems (BESS), have also been described.
· Most of these storage methods, particularly BESS, require a power electronic interface consisting of solid state switching devices to control the flow of energies. In the context of power system simulation studies, it may be challenging to model power systems that utilise such high frequency switching devices, particularly for approaches that use dynamic modelling.
· 
· 




CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM

· However, the same is not the case with Renewable Energy (RE) sources such as Solar, Wind & Run of the River Hydro (without pondage) are to be used instantly, and in case they are not utilised they will be lost forever. 
· The challenge with RE sources arises due to their varying nature with time, climate, season or geographic location. The variability associated with the RE sources leads to issues as grid balancing creating a need for flexibility. 
· In this context, Energy Storage Systems (ESS) can be used for storing energy available from RE sources to be used at other times of the day. Storage of energy will help in bringing down the variability of generation in RE sources, improving grid stability, enabling energy/ peak shifting, providing ancillary support services and enabling larger renewable energy integration. 
· Storage Systems will also benefit consumers by bringing down peak deficits, peak tariffs, reduction of carbon emissions, deferral of transmission and distribution capex, and energy arbitrage. 
· 
 
2.1.1 DRAWBACKS OF EXISTING SYSTEM ARE 
· Capital Investment: The upfront cost of deploying energy storage technologies, such as batteries, pumped hydro storage, or other systems, can be quite high. This includes costs for materials, installation, and infrastructure.
· Battery Degradation: Many battery technologies, particularly lithium-ion batteries, degrade over time and with repeated cycling, leading to reduced capacity and efficiency. This limits the overall lifespan and effectiveness of the system.
· Resource Extraction: The extraction of raw materials (e.g., lithium, cobalt) for battery production can have significant environmental impacts, including habitat destruction and pollution.
· Scalability Issues: Some energy storage technologies may not scale well for large applications, limiting their effectiveness in providing grid-level support.

2.2. PROPOSED SYSTEM
· The ESS features a sophisticated Energy Management System (EMS) that utilizes predictive analytics and real-time monitoring to optimize energy flow, ensuring that excess renewable energy is stored during peak production and dispatched during periods of high demand.
· A robust power conversion module with bidirectional inverters allows seamless interaction between the ESS, renewable generation sources, and the grid, providing essential functions such as frequency regulation and voltage support. 
· Safety protocols and thermal management systems are integrated to maintain optimal performance and prevent overheating, ensuring the longevity and reliability of the storage components. 
· The system is designed to be scalable, making it adaptable for various applications, from small microgrids to large utility-scale projects.
· 

2.2.1. ADVANTAGES OF PROPOSED SYSTEM

· Frequency Regulation: ESS can provide fast response times to help maintain the frequency of the grid within required limits, ensuring a stable power supply.
· Smooth Integration: ESS allows for the smooth integration of intermittent renewable energy sources, such as solar and wind, by storing excess energy generated during peak production times for use during low production periods.
· Load Balancing: By balancing supply and demand, energy storage systems can increase the overall efficiency of the energy grid, reducing waste and ensuring more effective energy use.
· Cost Savings: By optimizing energy use and reducing peak demand charges, ESS can lead to significant cost savings for utilities and consumers.
· 



2.3 FEASIBILITY STUDY
The feasibility Analysis is an analytical program through project manager determines the project success ratio and through feasibility study project manager able to see either project. The key considerations involved in the feasibility analysis are:
· Economic Feasibility
· Technical Feasibility
· Operational Feasibility
· Environmental Feasibility
2.3.1 ECONOMICAL FEASIBILITY
Hence this project is economically feasible there is no need to involve any cost for this project. 
2.3.2 TECHNICAL FEASIBILITY
Software Technologies used are PHP and MySql. In the educational institutions, it is possible to update the system in future. No special hardware is required for the purpose of using this system. Hence it is declared that this project is technically feasible.
2.3.3 OPERATIONAL FEASIBILITY
As the admin work mainly to maintain the Patient and Doctor .Doctor will predict patient cancer disease. Hence it is easy to operate with training. Therefore it is operationally feasible for implementation.




2.3.4 ENVIRONMENTAL FEASIBILITY
This project environment is correct as a admin has developed this system and no expenditure is involved under any head and this process is part of admin document management, this project environment is accessible.   


2.4 SYSTEM REQUIREMENTS
· System	:  Pentium IV 2.4 GHz.
· Hard Disk	: 40 GB.
· Monitor	: 15 inch VGA Color.
· Mouse	: Logitech Mouse.
· Ram		: 512 MB
· Keyboard	: Standard Keyboard

2.4.1 HARDWARE REQUIREMENTS
             The Hardware of the computer consists of physical component such as Input Devices, Storage Devices, Processing & Control units and Output Devices.  Computer includes external storage unit to store data in programs.
           The Hardware Configuration involved in this project
· System	:  Pentium IV 2.4 GHz.
· Hard Disk	: 40 GB.
· Monitor	: 15 inch VGA Color.
· Mouse 		: Logitech Mouse.
· Ram		: 512 MB
· Keyboard	: Standard Keyboard

2.4.2 SOFTWARE REQUIREMENTS 
 	Software is a group of programs that computers need to do a particular task.  It is an essential requirement of Computer System. The Software used to develop the project is
· Operating System	: Windows XP.
· Platform		: DOT NET TECHNOLOGY
· Front End		: ASP.Net 3.5
· Back End		: SQL SERVER 2005










2.5 MODULE DESCRIPTION
· Energy Storage Technology Module
· Power Conversion Module
· Energy Management System (EMS)
· Integration Module

Energy Storage Technology Module
· Battery Systems: Different types of batteries can be used based on the application:
· Lithium-Ion Batteries: High energy density, efficiency, and a wide range of applications.
· Lead-Acid Batteries: Lower cost, widely used for shorter-duration applications.
· Flow Batteries: Suitable for longer-duration storage, offering scalability and longevity.
· Solid-State Batteries: Emerging technology promising higher safety and energy density.
· Mechanical Storage: Options like pumped hydro storage, flywheels, and compressed air energy storage (CAES) for longer-duration applications.
· 


Power Conversion Module	

· Inverters/Converters: Essential for converting DC to AC and vice versa, enabling integration with the grid and renewable energy sources.
· Bidirectional Inverters: Allows for energy flow in both directions, supporting charging and discharging operations.
· Power Quality Controllers: Manage voltage and frequency stability to ensure smooth operation within the grid.



Energy Management System (EMS)
· Control Algorithms: Implement algorithms for optimal charging, discharging, and load balancing based on demand forecasts and energy availability.
· Real-time Monitoring: Continuous monitoring of system performance, energy flow, and grid conditions.
· Predictive Analytics: Use machine learning to predict energy demand and generation patterns, optimizing storage operation schedules.
· 

Integration Module

· Grid Interconnection: Design the interconnection of the ESS with the existing grid infrastructure, ensuring compliance with grid codes and standards.
· Renewable Source Interface: Manage integration with solar, wind, or other renewable sources, including MPPT (Maximum Power Point Tracking) controllers.
· Microgrid Capabilities: Enable operation in grid-connected and islanded modes, allowing local energy management during outages.







CHAPTER 4
TESTING AND IMPLEMENTATION

0. TESTING
 Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one.

 4.1.1Unit Testing
	Unit testing comprises the set of tests performed by an individual programmer prior to integration of the unit into a larger system. The module interface is tested to ensure that information properly flows into and out of the program unit. The local data structure is examined to ensure that data stored temporarily maintains its integrity during all steps in an algorithm’s execution. Boundary conditions are tested to ensure that the module operates properly at boundaries established to limit or restrict processing. All independent paths through the control structure are tested. All error-handling paths are tested.

4.1.2 Block Box Testing
Black-box testing is a method of software testing that examines the functionality of an application without peering into its internal structures or workings. This method of test can be applied virtually to every level of software testing: unit, integration, system and acceptance. It is sometimes referred to as specification-based testing.




4.2 SYSTEM IMPLEMENTATION
Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one. 


















CHAPTER 5
CONCLUSION 
CONCLUSION

· Energy storage systems (ESS) allow for the smooth integration of clean energy generation sources, such as wind and solar energy. Increasing interest in ESS, particularly in battery technologies, has led to increased research and deployment of BESS, which will contribute to their future viability.
·  Among the BESS technologies available, lead acid batteries are currently the most widely used battery due to their cost, technological maturity and availability.
·  The motivation for continuous development of battery technologies includes many factors, such as application flexibilities and decreasing investment costs resulting from parallel advancement of the technologies for use in power system and electric vehicle applications. 
· In this paper, a review of real-world utilisation of various storage technologies is discussed, and most of the installation examples provided are still under operation. 
· State-of-the-art research and development of BESS are generally focused on increasing their power, energy capacity and applications.
·  The approaches used in power system simulation studies are also described with a specific focus on chemical battery modelling by means of electrical equivalent circuit models. 
· Steady state and dynamic models of lead-acid batteries are reviewed based on their distinct characteristics and applications. 


