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wind and solar photovoltaic (PV). Therefore, and inverterBESS based hybrid power plants are the primary focus of - ... 1 A hybrid power plant is defined herein as “agenerating resource that is comprised of multiple generation or energy storage technologies ... (RCs), TPs, and PCs to ensure all entities have an understanding of the operational ...
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    	Transcription of Reliability Guideline - North American Electric ...


        
    	1 Reliability Guideline Performance, Modeling, and Simulations of BPS- Connected Battery Energy storage Systems and Hybrid Power Plants March 2021. Reliability | RESILIENCE | SECURITY. NERC | Report Title | Report Date I. Table of Contents Preface .. iv Preamble .. v Metrics .. vi Executive Summary .. vii High-Level Recommendations .. viii Background .. 1. Introduction .. 3. Fundamentals of Energy storage Systems .. 3. Fundamentals of Hybrid Plants with BESS .. 4. Co-Located Resources versus Hybrid Resources .. 6. Chapter 1: BPS-Connected BESS and Hybrid Plant 7. Recommended Performance and Considerations for BESS Facilities .. 7. Topics with Minimal Differences between BESS and Other Inverter-Based Resources .. 10. Capability Curve .. 12. Active Power-Frequency Control .. 13. Fast Frequency Response .. 13. Reactive Power-Voltage Control (Normal Conditions and Small Disturbances).
2 15. Inverter Current Injection during Fault Conditions .. 16. Grid Forming .. 16. System Restoration and Blackstart Capability .. 17. State of Charge .. 18. Recommended Performance and Considerations for Hybrid Plants .. 20. Topics with Minimal Differences between AC-Coupled Hybrids and standalone BESS Resources .. 25. Capability Curve .. 26. Active Power-Frequency Control .. 26. Fast Frequency Response .. 27. Reactive Power-Voltage Control (Normal Conditions and Small Disturbances) .. 27. State of Charge .. 28. Operational Limits .. 28. Chapter 2: BESS and Hybrid Plant Power Flow Modeling .. 29. BESS Power Flow Modeling .. 29. Hybrid Power Flow Modeling .. 30. AC-Coupled Hybrid Plant Power Flow Modeling .. 30. NERC | Performance, Modeling, and Simulations of BPS-Connected BESS and Hybrid Power Plants | March 2021. ii Table of Contents DC-Coupled Hybrid Plant Power Flow Modeling.
3 32. Chapter 3: BESS and Hybrid Plant Dynamics Modeling .. 34. Use of Standardized, User-Defined, and EMT Models .. 34. Dynamic Model Quality Review Process .. 35. BESS Dynamic Modeling .. 35. Scaling for BESS Plant Size and Reactive Capability .. 36. Reactive Power/Voltage Controls Options .. 36. Active power control options .. 37. Current Limit Logic .. 38. State of Charge .. 38. Representation of Voltage and Frequency Protection .. 38. Hybrid Plant Dynamics Modeling .. 39. AC-Coupled Hybrid Modeling .. 39. DC-Coupled Hybrid Modeling .. 40. Electromagnetic Transient Modeling for BESS and Hybrid Plants .. 41. Chapter 4: BESS and Hybrid Plant Short Circuit Modeling .. 42. BESS Short Circuit Modeling .. 42. Hybrid Plant Short Circuit 43. Chapter 5: Studies for BESS and Hybrid Plants .. 44. Interconnection 44. Hybrid Additions: Needed Studies .. 46. Transmission Planning Assessment Studies.
4 47. Blackstart Study Considerations .. 48. CAISO BESS and Hybrid Study Approach Example .. 49. CAISO Generation Interconnection Study .. 49. CAISO Transmission Planning Study .. 50. : Relevant FERC Orders to BESS and Hybrids .. 51. Contributions .. 55. NERC | Performance, Modeling, and Simulations of BPS-Connected BESS and Hybrid Power Plants | March 2021. iii Preface Electricity is a key component of the fabric of modern society and the Electric Reliability Organization (ERO) Enterprise serves to strengthen that fabric. The vision for the ERO Enterprise, which is comprised of the North American Electric Reliability Corporation (NERC) and the six Regional Entities (REs), is a highly reliable and secure North American bulk power system (BPS). Our mission is to assure the effective and efficient reduction of risks to the Reliability and security of the grid. Reliability | Resilience | Security Because nearly 400 million citizens in North America are counting on us The North American BPS is made up of six RE boundaries as shown in the map and corresponding table below.
5 The multicolored area denotes overlap as some load-serving entities participate in one RE while associated Transmission Owners (TOs)/Operators (TOPs) participate in another. MRO Midwest Reliability Organization NPCC Northeast Power Coordinating Council RF ReliabilityFirst SERC SERC Reliability Corporation Texas RE Texas Reliability Entity WECC WECC. NERC | Performance, Modeling, and Simulations of BPS-Connected BESS and Hybrid Power Plants | March 2021. iv Preamble The NERC Reliability and Security Technical Committee (RSTC), through its subcommittees and working groups, develops and triennially reviews Reliability guidelines in accordance with the procedures set forth in the RSTC Charter. Reliability guidelines include the collective experience, expertise, and judgment of the industry on matters that impact BPS operations, planning, and security. Reliability guidelines provide key practices, guidance, and information on specific issues critical to promote and maintain a highly reliable and secure BPS.
6 Each entity registered in the NERC compliance registry is responsible and accountable for maintaining Reliability and compliance with applicable mandatory Reliability Standards. Reliability guidelines are not binding norms or parameters; however, NERC encourages entities to review, validate, adjust, and/or develop a program with the practices set forth in this Guideline . Entities should review this Guideline in detail and in conjunction with evaluations of their internal processes and procedures; these reviews could highlight that appropriate changes are needed, and these changes should be done with consideration of system design, configuration, and business practices. NERC | Performance, Modeling, and Simulations of BPS-Connected BESS and Hybrid Power Plants | March 2021. v Metrics Pursuant to the Commission's Order on January 19, 2021, North American Electric Reliability Corporation, 174 FERC.
7 61,030 (2021), Reliability guidelines shall now include metrics to support evaluation during triennial review, consistent with the RSTC Charter. Baseline Metrics Performance of the BPS prior to and after a Reliability Guideline , as reflected in NERC's State of Reliability Report and Long Term Reliability Assessments ( , Long Term Reliability Assessment and seasonal assessments);. Use and effectiveness of a Reliability Guideline as reported by industry via survey; and Industry assessment of the extent to which a Reliability Guideline is addressing risk as reported via survey. Specific Metrics The RSTC or any of its subcommittees can modify and propose metrics specific to the Guideline in order to measure and evaluate its effectiveness. [Reserved]. NERC | Performance, Modeling, and Simulations of BPS-Connected BESS and Hybrid Power Plants | March 2021. vi Executive Summary Interconnection queues across North America are seeing a rapid influx of requests for battery energy storage systems (BESS) and hybrid power plants.
8 1 While there are different types of energy storage technologies, BESS are experiencing a rapid increase in penetration levels due to favorable economics, policies, and technology Similarly, BESS are most commonly being coupled with inverter-based generating resources, such as wind and solar photovoltaic (PV). Therefore, BESS and inverter-based hybrid power plants are the primary focus of this Reliability Guideline . NERC previously published a Reliability Guideline in 2018 that outlined the recommended performance for BPS- connected inverter-based resources. 3 The guidance provided in that document included BESS as an inverter-based technology; however, there are certain considerations and nuances to the operation of this technology that warrant additional guidance. Hybrid plants also pose new benefits to the BPS by combining operational capabilities across different technologies; however, there are different types of hybrid configurations (ac-coupled versus dc-coupled).
9 And complexities and unique operational considerations of hybrid plants that need additional guidance as well. The Reliability Guideline presented here provides guidance, clarifications, and considerations not previously covered in the initial Reliability Guideline , focusing specifically on BESS and hybrid power plants. NERC also published a Reliability Guideline in 2019 that recommended all Transmission Owners (TOs), Transmission Planners (TPs), and Planning Coordinators (PCs) improve their interconnection requirements and planning processes for newly interconnecting inverter-based resources. 4 That guidance also pertained to BESS and hybrid power plants but was not specifically addressed in detail in the previous Reliability Guideline . Therefore, the guidance contained in the materials presented in this document should also be used by TOs, TPs, and PCs to further enhance their interconnection requirements and study processes for BESS and hybrid power plants.
10 The recommendations in this Guideline should apply to all BPS-connected BESS and hybrid plants and should not be limited only to Bulk Electric System (BES) facilities. Many newly interconnecting BESS projects and hybrid plants may not meet the BES definition; however, having unified performance and behavior from all BPS-connected inverter- based resources (including BESS and hybrid plants) is important for reliable operation of the North American BPS. Building off the NERC Reliability Guideline : Improvements to Interconnection Requirements for BPS-Connected Inverter-Based Resources,4 TOs are encouraged to incorporate the recommended performance characteristics into their interconnection requirements per NERC FAC-001, and TPs and PCs are encouraged to incorporate the recommended modeling and studies approaches into their interconnection processes per NERC FAC-002. The IEEE. P2800 project is currently developing interconnection capability and performance criteria for inverter-based resources interconnected with transmission and networked sub-transmission systems that will also apply to BESS.
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			Distributed Energy Resources - nerc.com

			www.nerc.com
			The North American electric power system is transforming to a resource mix that relies less on coal and nuclear while integrating more natural gas, wind, solar, distributed generation, and demand response resources.
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			TLP: White Analysis of the Cyber Attack on the …

			www.nerc.com
			Summary of Incidents . On December 23, 2015, the Ukrainian Kyivoblenergo, a regional electricity distribution company, reported service outages to customers.
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			CIP Version 5 Evidence Request User Guide - …

			www.nerc.com
			Introduction . Purpose . A component of performing a compliance audit is the gathering of evidence to support audit findings. The regions, as delegates of NERC, perform compliance audits and exercise a degree of independence; historically, this meant
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			BAL-001-TRE-1 — Primary Frequency Response in …

			www.nerc.com
			BAL-001-TRE-1 — Primary Frequency Response in the ERCOT Region Page 1 of 49. A. Introduction . 1. Title: Primary Frequency Response in the ERCOT Region
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			www.nerc.com
			MOD-032-1 — Data for Power System Modeling and Analysis Page 1 of 19 A. Introduction 1. Title: Data for Power System Modeling and Analysis 2. Number: MOD-032-1

			

		

	

	
				
					

		
			ERO Reliability Risk Priorities - nerc.com

			www.nerc.com
			The Reliability Issues Steering Committee (RISC) is an advisory committee to the NERC Board of Trustees (Board). The RISC provides key insights, priorities, and high-level leadership for issues of strategic importance
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			PRC-025-1— Generator Relay Loadability - nerc.com

			www.nerc.com
			PRC-025-1— Generator Relay Loadability 3 of 97 The Generator Owner, Transmission Owner, and Distribution Provider shall keep data or evidence to show compliance as identified below unless directed by its
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			FAC-001-2 Facility Interconnection Requirements

			www.nerc.com
			FAC-001-2 — Facility Interconnection Requirements Page 3 of 8 The Transmission Owner and applicable Generator Owner shall keep data or evidence to show compliance as identified below unless directed by its CEA to

			

		

	

	
				
					

		
			Standard TOP-001-3 Transmission Operations - …

			www.nerc.com
			Standard TOP-001-3 — Transmission Operations Page 2 of 19 R3. Each Balancing Authority, Generator Operator, and Distribution Provider shall comply with each Operating Instruction issued by its Transmission Operator(s), unless such

			

		

	


                
                
	
				
					

		
			A. Introduction 1. Title - nerc.com

			www.nerc.com
			Standard PRC-019-2 — Coordination of Generating Unit or Plant Capabilities, Voltage Regulating Controls, and Protection Page 2 of 11 equipment capabilities and settings of the applicable Protection System devices and
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			Energy Storage Systems Overview Fundamentals, …

			www.sandia.gov
			Oct 19, 2017 · A basic understanding of energy storage technologies – FUNDAMENTALS Knowledge about the various ... doubles the output of the solar system and control the ramp rate. ZZB Energy Corporation at Hawaiian Properties – ... Energy storage technologies may or may not be similar to other technologies; the system and its component parts must be ...

			   System, Understanding, Overview, Fundamentals, Storage, Solar, Storage systems overview fundamentals

		

	

	
				
					

		
			Inertia and the Power Grid: A Guide Without the Spin - NREL

			www.nrel.gov
			Understanding the role of inertia requires understanding the interplay of inertia and these other services, particularly primary frequency response, which is largely ... Using power electronics, inverter-based resources including wind, solar, and storage can quickly detect frequency deviations and respond to system imbalances. Tapping

			   Understanding, Storage, Solar, Nrel

		

	

	
				
					

		
			Guide to Passive Solar Home Design - Energy

			www.energy.gov
			2. Absorber – The hard, darkened surface of the storage element is the absorber. This surface – such as a masonry wall, floor, or partition – sits in the direct path of sunlight. Sunlight hits the surface and is absorbed as heat. ... Understanding how passive solar home design works also means understand-ing how heat moves and how it can ...

			   Understanding, Storage, Solar, Understand, Under standing

		

	


                
                
	
				
					

		
			Frequently Asked Questions on Solar Photovoltaics

			www.seai.ie
			2.7. What about a battery storage system? 2.8. What supports are there for solar PV in homes? 2.9. Is there a ‘feed-in tariff’ payment for excess solar electricity fed into the grid by owners of solar PV systems? 2.10. Does my rooftop PV system require maintenance? 3. Non-domestic rooftop solar PV 3.1. Are solar panels right for my business ...

			   Storage, Solar

		

	

	
				
					

		
			Grid-Scale Battery Storage - NREL

			www.nrel.gov
			Palchak et al. (2017) found that India could incorporate 160 GW of wind and solar (reaching an annual renewable penetration of 22% of system load) without additional storage resources. What is grid-scale battery storage? Battery storage is a technology that enables power system operators and utilities to store energy for later use.

			   Grid, Scale, Storage, Solar, Battery, Nrel, Battery storage, Grid scale battery storage

		

	

	
				
					

		
			SOLAR ROOF - Tesla, Inc.

			www.tesla.com
			that readers have a comprehensive understanding of how safety systems work and have completed ... Rapid Shutdown initiation devices and Energy Storage Systems (ESS)) ... by the local AHJ or Utility INFORMAL IDENTIFIERS: • The tile is glossy, reflective & mostly smooth in appearance • Solar Roof tiles are reflective during daylight under all ...

			   Understanding, Roof, Storage, Solar, Solar roof

		

	


                
                
	
				
					

		
			Solar Permitting Guidebook 4th Edition - California

			opr.ca.gov
			Feb 26, 2019 · solar PV and solar water heating installations (including both solar domestic water heating [SDWH] and solar pool heating [SPH]) and provide standard forms that can be used to streamline permitting. Part 5 RESOURCES AND INFORMATION: This section provides informational materials

			   Solar, Permitting, Solar permitting

		

	

	
				
					

		
			IEEE 1547 Overview - Energy

			www1.eere.energy.gov
			4 Content ¾Background ¾IEEE Standards ¾1547 Series of Standards • ANSI/IEEE Std 1547 (2003): Standard for interconnection system & interconnection test requirements for interconnecting DR with Electric Power Systems (EPS) • P1547.1 Standard for interconnection test procedures • P1547.2 Guide to 1547 standard • P1547.3 Guide for information exchange …

			   Energy, Ieee, 4571, Ieee 1547
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