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Today’s Topics

• Provide an overview of recent events that highlight the need for resilience 

from both a supply and community perspective

• Understand the difference between reliability and resiliency, along with 

additional metrics and goals under consideration for resiliency

• Learn about behind-the-meter and non-wires alternatives being deployed 

and investigated to create resilient neighborhoods and microgrids to serve 

consumer needs
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Resiliency

NOAA GOES-13 image of Sandy at 6:02 a.m. EDT Tuesday (Oct. 30). (Image credit: NOAA/NASA)



Reliability versus Resiliency

Reliability
• The ability of a system or its components to operate within defined 

limits

• A measure of system performance  

• For power industry, defined in IEEE 1366

• SAIDI (System Average Interruption Duration Index)

• SAIFI (System Average Interruption Frequency Index)

• CAIDI (Customer Average Interruption Duration Index)

• “Blue Sky” operations - major events excluded



Reliability versus Resiliency

Resiliency
• The capability of a system to cope with adversity arising from intentional 

and unintentional threats

• The ability to recover in a timely manner from major events; planning for 
infrequent, highly critical events

• “…avoid or minimize interruptions of service during an extraordinary and 
hazardous event.”*

• Standards for reporting are evolving

• Duration, load, customers and community services impacted

• Criticality ranking – focus on facilities essential to supporting and sustaining 
life

• “Black sky” operations – major events are the focus
*Resilience in Regulated Utilities; NARUC, with support from DOE, November 2013



Reliability versus Resiliency

Reliability Resilience

High Frequency, Low Impact Events High Impact, Low Frequency Events

Ability to provide service under normal (blue 

sky) operating conditions

Ability to operate in full or reduced form during 

abnormal (black sky) operating conditions

Industry Accepted Standards – IEEE 1366 No Industry Standards Currently

Major Events are Excluded Major Events are the Focus

Impact to System, Customers Impact to System, Customers, Society, and 

Communities



High Impact Low Frequency (HILF) Events

• Potential to cause catastrophic 

impacts on the power system

• Rare occurrence

• Examples:

• Cyber and physical attacks

• Earthquakes, tsunamis, and large 

hurricanes

• Geomagnetic disturbances

• Fuel supply disruptions



Recent Major Events Impacting North Carolina

•Hurricane Matthew – Oct 2016

•Hurricane Florence – Sep 2018

•Hurricane Michael – Oct 2018

•Hurricane Dorian – Sep 2019

I-40 after Florence: Port City Daily Flooded substation: Duke Energy



Recent Events Across the US

• Texas Grid Failure – February 2021

• Western Wildfires – Ongoing

• Pacific Northwest Heat Wave

• Colonial Pipeline Ransomware Cyber Attack

Bootleg fire in Oregon: usatoday.com

Rotating blackouts in Texas: abcnews.go.com

Gas shortages from Colonial Pipeline 

attack: cnn.com

Extreme heat in Pacific Northwest: 

abcnews.go.com



Resiliency Metrics

• Currently no widely accepted 
industry standards

• US Department of Energy 
proposal under development

Source: DOE Grid Modernization Initiative

Customer Services

Direct Impacts

Community Services

Indirect Impacts
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Billion-Dollar Weather Events in NC



Reliability vs. Resiliency
• North American Electric Reliability 

Corp- NERC is the federally approved 
organization responsible for developing 
reliability standards for the grid

• NERC defines reliability using two core 
concepts:
• Adequacy
• Operating reliability

• Metrics for generation and 
transmission are used by FERC and 
NERC; reliability at distribution level is 
left to state regulatory agencies.

• Reliability and resiliency are all about 
probability!

• IEEE Std-1366 defines 12 reliability 
metrics



Example Metric: SAIDI 
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*MED - Major Event Days

𝑆𝐴𝐼𝐷𝐼 =
𝑇𝑜𝑡𝑎𝑙 𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑂𝑢𝑡𝑎𝑔𝑒 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠

System Average Interruption Duration Index (SAIDI)



Major Event Days

• A catastrophic event 
that exceeds 
reasonable design or 
operational limits of 
the electric power 
system

• IEEE Std-1366 defines 
methods for 
establishing 
appropriate 
thresholds

ln
𝑆𝐴𝐼𝐷𝐼

𝑑𝑎𝑦
High 
Probability, 
Low 
Consequence

Low 
Probability, 
High 
Consequence



Defining Resilience

• ‘Resilience’ means the ability 
to prepare for and adapt to 
changing conditions and 
withstand and recover 
rapidly from disruptions.

• Hazards have low probability 
but potential for high 
consequence

• NARUC notes that resilience 
definitions are currently too 
imprecise “to be used as a 
regulatory term of art”

• NARUC notes that reliability 
metrics miss two components:

• They often undervalue the impact of 
large-scale events and focus on normal 
operating conditions; and 

• They price lost load at a flat rate, when 
in fact the value of lost load 
compounds the longer it is lost



How Do We Define Resilience?

Increased 
Robustness

Improved 
Response Time

Customers without Power

Outage Duration (Days)



But Electric Power Can’t Be Considered in 
Isolation…

• Electric power is 
foundational to so many of 
the services that a 
community requires

• Resilience thus requires 
looking beyond simply the 
grid, but what the grid 
enables

• Utilities and 
communities/governments 
may see resilience 
differently



How Can Resilience Be Approached?

• Resilience analysis is risk-based
• Resilience must consider the consequences of loss of 

power



Resilience is Contextual 

• Resilience to one threat type 
can be different than resilience 
to other threat types

• Case 1: Wildfire prevention; 
extreme cold conditions
• Loss of generation / transmission

• Case 2: Damage to the 
distribution system 



What Does the Data Tell Us in North Carolina?

• Case 1: Loss of 
generation / 
transmission   

• Case 2: Outages 
lasting < 24 hours, 
some damage to 
distribution systems

• Case 3: Outages 
lasting > 24 hours, 
heavy damage to 
distribution systems 

ln
𝑆𝐴𝐼𝐷𝐼

𝑑𝑎𝑦



The North Carolina Grid Improvement Plan



What Does the Data Tell Us?

• Example circuit in New 
Hanover County

• One of the lowest 
SAIDI values in the 
county

• Experienced outages 
lasting 2+ weeks in 
Hurricane Florence 
– Access issues 

hampered recovery



Resilience Uses Risk-Based Measures of Vulnerability

• Reliability: Historic data guides investment
• Resiliency: What infrastructure is at risk 

given expected conditions?
– SLOSH-MOM (NOAA)

Reliability: Historic Analysis Resilience: Risk-Based Analysis 

ln
𝑆𝐴𝐼𝐷𝐼

𝑑𝑎𝑦



Resilience Uses Risk-Based Measures of Vulnerability

• GIP addresses major issues associated with substation locations
• How do we address distribution system vulnerability?

– Aquifer charge
– Trees outside of right-of-way

ICF, DEC/DEP Climate Resilience Study



How Do DERs Factor In? 

• Microgrids can be a 
major solution and 
can provide “blue 
sky” benefits

• How do you best 
utilize and value 
microgrids and 
DERs?



Example: Hot Springs Microgrid

• 2MW solar

• 4MW battery-storage
– 90th percentile of load 

for 4 hours without 
solar

• Can provide ancillary 
services such 
frequency, voltage, 
and ramping support 
as well as capacity 
during peaks



Example: Hot Springs Microgrid

• Alternatives:
– Second feeder
– Harden feeder

• Commission: “It is not clear 
that the Hot Springs Microgrid 
is the most cost-effective way 
to address reliability and 
service quality issues at Hot 
Springs”

• System benefits are “material 
but are difficult to quantify 
accurately without real world 
experience”



DERs Can Be Essential for Community Resilience

• What are the consequence 
categories that matter? 

• Examples:

• The storm’s effect on power 
delivery to hospitals, waste-
water plants, police stations, 
and fire stations, and other key 
community facilities

• The extent and duration of 
power outages

• The cost borne by the utility to 
restore power following an 
outage     



The Challenge: Valuing Resilience

• Resilience policy varies a great deal by state; no uniform 
methodology for its incorporation into regulated utility 
planning processes

• No state utilizes a resilience metric in regulated utility 
planning processes such as IRP, IDP, ISOP
• Hawaii, a leader in updating the grid planning process only references 

resiliency - Saying they will "consider resiliency policy objectives”
• Southern Company’s Georgia Power are introducing resilience concepts 

into their IRP (most recently as filed in their 2019 IRP filing) - IRP still based 
in reliability standards

• Florida – Battles over the value of undergrounding 

• NARUC Report found that in regulatory proceedings 
resilience values for DER’s have only be used qualitatively 
for decision making (ex. Maryland and Illinois filings)



Thank You!

Dr. Robert Cox
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The Distribution Operator 
and Resilience

S. Lee Ragsdale, Jr.
Senior VP, Energy Delivery



▪ Regulatory and market signals are driving DER adoption and collaboration on the 
distribution and transmission systems

▪ Visibility and coordination enable operational confidence and planning certainty

▪ DER growth, coordinated with the utilities, can lead to enhanced local resilience

Introduction

35
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Reliable electricity delivered across 
innovative, co-op operated electric 
grids at the lowest possible cost. 

Support for community through 
economic development and enrichment 
activities.

Utilizing existing and new resources and 
technologies to achieve Net zero 
carbon emissions by 2050.

Building a

BRIGHTER FUTURE
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Build a Brighter Future for co-op members through 
reliability, affordability, sustainability

Provide value to all 
co-ops through portfolio and shared 
capabilities at G&T

Distribution Operations 
and G&T Coordination

Increased reliability for 
transmission operators



Enabler for the cooperatives, NCEMC and transmission providers

What Role does DO Play in the Transmission System?

38

Enabling

Reliability and Value

DO Provides

Visibility & Coordination



▪ Four operational
▪ Ocracoke Island – Feb 2017
▪ Butler Farms – Mar 2018
▪ Heron’s Nest – June 2020
▪ Eagle Chase – March 2021

▪ One in development
▪ Rose Acre Farms – Q4 2021

▪ Objectives
▪ Demand Response
▪ Resilience
▪ Sustainability

Microgrids

39

Partners



Microgrids:  Use Cases and Value

40

Investment
or

PPA

Portfolio 
Value

Member 
Value

Ancillary 
Services

Asset 
Deferral

Resiliency
& Reliability

Microgrid



Microgrid Controller
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▪ Utility Controller (Tertiary or Layer 4)
▪ DERMS

▪ NCEMC EMS

▪ Cooperative SCADA

▪ Site Controller (Secondary or Layer 2 & 3)
▪ Site Microgrid Controller

▪ Weather Stations 

▪ Device Controller (Primary or Layer 0 & 1)
▪ Inverters

▪ Generator controller



Heron’s Nest Project: Brunswick EMC
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What’s New

▪ Sustainable neighborhood 

▪ OATI GridMind (site controller) will integrate with 

DERMS

▪ GridPort (distributed sensor) on individual devices

▪ NCEMC assets

▪ OATI GridMind controller 

▪ On-site generation owned by 
developer

▪ 230 kW/255 kWh energy storage

▪ 62 kW solar

▪ On-site assets owned by 
homeowner

▪ Rooftop solar and EV plug rough-in

▪ Smart thermostat and water heater 
controls

▪ Controller and infrastructure to 
provide community resilience w/ 
Neighborhood App



Eagle Chase: Wake EMC
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What’s New

▪ Resilient neighborhood w/ 36-hour backup power

▪ OATI GridMind (site controller) will integrate with 

DERMS

NCEMC assets
▪ Battery: 558 kW – 1 MWh Tesla Battery 

Bank

▪ OATI GridMind controller 

Wake EMC asset
▪ 300 kW Propane Generator

Controller and infrastructure to provide 
community resilience



▪ The DO is critical for visibility and coordination of DER and DR across 
the cooperative network

▪ DER growth and utility coordination provide opportunities

▪ The evolution will enable improved reliability and enhanced resilience 
to our member consumers

The grid is evolving
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Energy is the Hub of Community Resilience 
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Thank You!


