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Module 1: Introduction 

Learning Objectives 
By the end of this section, you will be able to: 

• Identify the primary drivers necessitating the modernization of the U.S. electric grid. 

• Evaluate the role of next-generation transmission and distribution (T&D) equipment in grid 

reliability. 

• Identify the major organizations responsible for promulgating electrical equipment standards. 

Executive Summary: The modernization of the aging U.S. electric grid requires the deployment of 

advanced technologies like solid-state and superconducting fault current limiters (FCLs). However, the 

lack of standardized testing protocols and specialized facilities for these "next-generation" devices 

currently creates a significant barrier to their commercial integration and deployment. 

Grid Modernization Drivers 
The U.S. electric grid is a critical infrastructure reaching a tipping point due to several converging factors: 

• Aging Infrastructure: Much of the existing T&D infrastructure is nearing the end of its intended 

service life. 

• Demand Growth: Steady increases in electricity demand are straining system capacity. 

• Operational Risks: These factors contribute to rising electricity congestion and a reduction in 

overall reliability. 

To address these challenges, the U.S. Department of Energy (DOE) is funding collaborative research and 

development (R&D) involving manufacturers, utilities, national laboratories, and universities to develop 

innovative technologies, including solid-state and superconducting equipment. 

Standardized Testing and Industry Frameworks 
Utilities require rigorous testing of new T&D equipment to ensure performance and prevent adverse 

system effects. While conventional equipment follows well-established protocols, "next-generation" 

devices like FCLs lack these benchmarks. 

The following organizations are central to the development of power sector standards: 

• IEEE (Institute of Electrical and Electronics Engineers): Composed of electrical engineers; 

currently establishing a task force on FCL testing. 

• NEMA (National Electrical Manufacturers Association): Composed of equipment manufacturing 

firms. 

• ANSI (American National Standards Institute): Adopts standards developed by IEEE or NEMA. 
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• International Bodies: Includes the IEC (International Electrotechnical Commission) and ISO 

(International Organization for Standards). 

• CIGRE (International Council on Large Electrical Systems): Published limited recommendations 

in 2003 and formed Working Group A3.23 in 2008 to study FCL application. 

      Design Tip: Because FCLs are still in the R&D phase, current testing recommendations are typically 

developed on a case-by-case basis by manufacturers and hosting utilities. 

 

Figure: Testing of Zenergy’s FCL device 

Purpose and Scope of Assessment 
The primary objective of this assessment is to facilitate the transition of FCLs from prototype to market-

ready devices. 

Assessment Goals 

• Identify specific testing requirements for advanced electricity-delivery devices. 

• Assess the existing capabilities of international and domestic testing facilities. 

• Perform a gap analysis to pinpoint where existing facilities fall short of meeting FCL 

requirements. 

The scope specifically focuses on solid-state and superconducting-based FCL projects sponsored by the 

DOE. 

Methodology 
The project followed a multi-track logic flow to identify testing needs and facility limitations: 

1. Expert Interviews: Consultations with experts from utilities, manufacturers, and national 

laboratories regarding their experience with T&D testing. 
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2. Facility Research: Evaluation of high-voltage and high-current facility capabilities worldwide. 

3. Gap Analysis: A comparative study of identified testing needs versus actual facility capabilities. 

 

Figure 1. Methodology Flow Chart  

Organization of the Report 
The report is structured to guide the reader through the current landscape of FCL development: 

• Module 2: Detailed testing procedures and project status reports. 

• Module 3: Evaluation of existing high-current and high-voltage facilities. 

• Module 4: Comprehensive gap analysis. 

• Module 5: Assessment of next steps for facility development. 

 

Checkpoint Quiz 

1. Which organization typically adopts standards from IEEE or NEMA rather than promulgating its 

own? 

a) IEC 

b) ANSI 

c) CIGRE 

d) ISO 

Answer: (b). ANSI serves as an umbrella organization that adopts standards from other bodies.  
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2. Why is the lack of standardized testing for High-Temperature Superconducting (HTS) FCLs 

considered problematic? 

a) It prevents the use of copper in transmission lines. 

b) It could delay the deployment of equipment needed for grid modernization. 

c) It makes it impossible to measure steady-state current. 

d) It eliminates the need for Department of Energy funding. 

Answer: (b). Inadequate standards and facilities create barriers to grid security and efficiency upgrades. 

3. According to the methodology flow chart (Figure 1), which activity directly informs the Gap 

Analysis alongside Subject Matter Expert Interviews? 

a) International Trade Treaties 

b) Market Readiness Goals 

c) Testing Needs and Testing Facility Capabilities 

d) Utility Commissioning Guidelines 

Answer: (c). The gap analysis is performed by comparing what is needed for testing against what 

facilities can currently provide. 
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Module 2: Testing Procedures for Fault Current Limiters 

Learning Objectives 
By the end of this section, you will be able to: 

• Distinguish between R&D testing and type testing requirements for commercial-scale devices. 

• Identify the specific dielectric and thermal tests required to validate FCL performance. 

• Evaluate the unique performance testing needs of superconducting versus solid-state fault 

current limiters. 

Executive Summary: Fault Current Limiter (FCL) testing currently relies on hybrid procedures derived 

from existing standards for breakers, transformers, and reactors. Because commercial transmission-class 

devices are still in the prototype phase, current efforts focus on design-dependent R&D testing rather 

than standardized type testing, which requires simultaneous high-voltage and high-current capabilities 

currently unavailable at most global test sites. 

FCL Testing Framework and Current Status 
The U.S. Department of Energy (DOE) is currently supporting three high-temperature superconducting 

(HTS) projects—American Superconductor, SuperPower, and Zenergy—and one solid-state project with 

Silicon Power. 

Operational Distinctions in Testing 

• R&D Testing: Focuses on exploring device parameters (e.g., coil size, number of conductors) to 

refine design. These are currently possible at lower voltage levels. 

• Type Testing: Refers to testing commercial-scale devices to evaluate critical functions like fault 

limitation time and maximum current/voltage withstand. 

• Current Gap: Standardized procedures do not yet exist; protocols are established on a case-by-

case basis between manufacturers and utilities. 
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