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AGENDA

1:30 pm  ~ Team Introductions 

                      

1:40 pm ~ Project:  Overview & Methodology 

2:50 pm  ~ Q & A, Discussion, Comments & Concerns

3:20 pm ~ Wrap up & Next Steps

 

3:30 pm ~ Adjourn



GoToWebinar Housekeeping: Attendee Participation

Open and close your control panel

Join audio:
• Choose Mic & Speakers to use VoIP
• Choose Telephone and dial using the information 

provided

Submit questions and comments via the Questions 
panel

Note: Today’s presentation is being recorded and will 
be provided within 48 hours.

Your Participation



Team Introductions

• Sushma Masemore, Deputy Assistant Secretary for Environment, 
State Energy Director, NC Department of Environmental Quality

• Greg Dierkers, Project Officer,  U.S. Department of Energy, State 
Energy Program

• Robert Cox, Associate Director, UNC Charlotte EPIC

• Anne Tazewell, Special Projects Manager, NC Clean Energy 
Technology Center
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Recommendations related to
Strengthening the resilience and flexibility of the grid
• Utilities to develop projects focused on DERs, community solutions, and 

microgrids at state facilities and critical infrastructure locations (e.g. 
hospitals, shelters) to enhance resilience.

∙ Coordinate resilience planning with disaster recovery operations center 

and require NC Emergency Management’s Recovery Support Functions 

to address cybersecurity concerns in conjunction with energy resiliency 

issues.

∙ Develop a method to quantify the human costs of power outages, and 

integrate these costs when evaluating grid modernization plan 

components related to resiliency.

Focus on Resilience



Vulnerability, Risks and Resilience Planning



Hazards Affecting the Energy System

Non-Climate Stressors
Climate Stressors

(Projected by the end of this century under both the 
lower and higher emissions scenarios) 

Source:  North Carolina Climate Science Report, 
https://ncics.org/nccsr  

https://ncics.org/nccsr


Source:  National Oceanic and Atmospheric Administration, https://www.ncdc.noaa.gov/billions/ 

Frequency of Billion-Dollar Disaster Events in the U.S.

https://www.ncdc.noaa.gov/billions/


Hurricane Matthew 
(2016)

Hurricanes Michael and 
Florence (2018)

Hurricane 
Dorian (2019)

North Carolina Billion-Dollar Disaster Events



Framework for Energy System Resiliency Planning

Resilience Analysis Process
(Sandia National Laboratory)

 

Risk Based Framework
• Provides methods for measuring and increasing 

energy resilience.

• Contains a standard definition of resilience metrics 
and explains how the metrics can be applied to 
accelerate the resilience of energy infrastructure. 

• Can be used to make decisions for policy, 
infrastructure planning, and operations. 



Highlights of U.S. Department of Energy (DOE) 
Programs on Energy Resilience 

U.S. Department of Energy, State Energy Program (SEP) Competitive Award

• 2 year project began in June 2019

• Aligns with DOE and State Energy Program (SEP) priorities for energy resilience

Office of Energy Efficiency and Renewable Energy

• State Energy Program

• Energy Storage Grand Challenge (multiple offices)

Office of Cybersecurity, Energy Security, and Emergency Response (CESER)

• Infrastructure protection, preparedness and response

Office of Electricity

• Grid Modernization Initiative (multiple offices)
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Project Goals
• Develop an Affordable, Resilient & Sustainable 

Grid Roadmap to inform key energy planning 
processes:

• EPIC will utilize Duke Energy’s 2015-2018 outage 
data to conduct power system and cost benefit 
analyses to assess storm impacts in 3 grid 
scenarios

• NCCETC will lead stakeholder process to share 
results & gather input on advanced grid scenario 
to inform state energy planning processes. 

• NCDEQ will incorporate findings into State Risk 
Assessment and Resiliency Plan and coordinate 
with other agencies developing State Hazard 
Mitigation Plans.
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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
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Source: Enhancing 
the Resilience of the 
Nation's Electricity 
System, 2017



Reliability Example: SAIDI 
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Major Event Days 
• A catastrophic event which exceeds reasonable 

design or operational limits of the electric power 
system 

• IEEE Std-1366 defines methods for establishing 
appropriate thresholds

• Thresholds can be developed based on historic 
data

15

SAIDI/day

Fr
eq

ue
nc

y

 



Reliability vs. Resiliency

• National Association of Regulatory Utility Commissioners 
(NARUC) notes that reliability metrics miss two components: 

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

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

• According to Presidential Policy Directive 21:

• ‘Resilience’ means the ability to prepare for and adapt to 
changing conditions and withstand and recover rapidly 
from disruptions. Resilience includes the ability to 
withstand and recover from deliberate attacks, 
accidents, or naturally occurring threats or incidents

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

• Problem: Enabling key community functions after a major 
event is not a component of reliability.
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Reliability
Resiliency



Grid Improvement Plan
• Several  definitions for cost-effectiveness of investment:

• Protect: Required for compliance

• Modernize: Technology has rapidly advanced and is now mature

• Optimize: Provides attractive benefits

• Maintain: Serves customers in a manner that meets industry safety, reliability, and 
environmental standards
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Microgrids

1. Microgrid
a. The DOE defines microgrid as - A group of interconnected loads and 

distributed energy resources within clearly defined electrical boundaries 
that acts as a single controllable entity with respect to the grid. A microgrid 
can connect and disconnect from the grid to enable it to operate in both 
grid-connected or island mode.

b. Many other organizations define microgrids with very similar definitions, 
including the concept of a system of multiple loads and generation, and of 
islanding from the grid.
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Florida’s SunSmart Emergency 
Shelters Program

• Over 100 schools have been installed with a PV solar array and 
battery supplying power to critical loads

• Typically a system consists of a 10 kW of Solar and a 10kW/4 hour 
battery

• 54 of the school shelters were utilized following Hurricane Irma 
is 2017

• 41 of the 54 schools utilized their resilient solar and storage systems to 
provide power while the grid was out

• The program was initially funded under the ARRA of 2009 via 
the DOE, further funds were supplied by utility partners

19

• The SunSmart Emergency Shelter Program was implemented to create resilient centers of 
refuge at local public schools supplying power to select lights, power outlets and 
communication equipment

• Under normal operations the PV solar charges the batteries and sells the remaining power to the grid
• During an outage the battery and solar will supply power to the critical loads as identified



Town of Woodbridge, CT

• Funded via state grant (distribution component - underground) & 
partnership with the utility, United Illuminating (generation portion)

• UI owns the fuel cell and the Town of Woodbridge owns the microgrid

• Under normal conditions the 2.2 MW fuel cell supplies electricity to the 
grid helping to meet the renewable generation requirements and waste 
heat goes to the local high school

• Under grid outages, the fuel cell powers a microgrid 
comprised of multiple critical facilities (Government,
 first responders, School, and Senior housing/
emergency shelter)

• Part of the state sponsored microgrid pilot program 
(Public Act 12-148, passed in 2012)
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South Oaks Hospital, NY

• Owns and operates a Combined Heat & Power and Solar system at their facility 
that is capable of islanding

• The CHP component is 5 x 250 kW natural gas engines
• The roof mounted solar array is 47 kW

• The hospital operates in tandem with the grid but will transfer seamlessly to 
island more when power goes out (zero downtime)

• The facility operated 100% isolated from the grid for 15 days following 
superstorm Sandy

• This enabled the facility to take on patients from surrounding areas, store refrigerated 
medicines, supply outlets to staff and the community

• Remained offline even after power was restored due to grid instability, at the request of 
the utility

• CHP alone provides the hospital with a savings of nearly $540,000 annually
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Resilience Policy - Regulators

• Resilience policy varies a great deal by state and there is no 
uniform methodology or best practice 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

• 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)
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Resilience Policies & Approaches 
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Source:  NARUC Report, https://pubs.naruc.org/pub/531AD059-9CC0-BAF6-127B-99BCB5F02198

https://pubs.naruc.org/pub/531AD059-9CC0-BAF6-127B-99BCB5F02198


NC Example: Hot Springs Microgrid 

• Hot Springs is a rural community fed from a 22.86kV 
feeder running through the Great Smoky Mountains
• The existing feeder has a history of incurring long 

duration outages
• Takes 8 to 12 hours to restore power

• Duke proposed a microgrid including:
• 2 MW ground-mounted solar array

• 4 MW battery storage system

• Sized to meet 100% of peak load

• Power the 90th percentile of load for ~ 4 hours without 
solar

• Can provide the grid with such ancillary services as 
frequency, voltage, and ramping support, as well as 
capacity during system peaks.
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NC Example: Hot Springs Microgrid 

• Two alternatives proposed:
• Build a second feeder
• Build existing feeder to modern hardening 

standards

• Commission finding: “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,” but the public would be served by 
approving the facility as a pilot project. 

• The commission also noted that the system 
benefits of the microgrid project “are material but 
are difficult to quantify accurately without real 
world experience.”
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Resiliency vs. Reliability
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• Resiliency of a specified power system to a specific hazard should be measured in terms of the 
consequences that will result if and when the hazards occur

• Consequence categories should be reflective of the specific goals of a utility, community, 
regulatory body, and other stakeholders



Resiliency vs. Reliability
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• DOE’s Grid Modernization Laboratory 
Consortium (GMLC) established a set of 
consequence categories and proposed 
metrics to quantify them

• Consequences can be both direct and 
indirect



The Nature of Our Analysis
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• Our project focuses on historic analysis looking at impact of 
recent storms on DEC and DEP



The Nature of Our Analysis
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• Scenario 1: What were the consequences of recent storms?

• Scenario 2: How do proposed grid modernization initiatives impact the consequences?

• Scenario 3: What other alternative solutions impact the consequences? 

• To be successful, we need to define:
• Hazards
• Consequences 
• Goals

Grid improvement plan

Alternative solutions



Resilience Analysis Process
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• First proposed as part of the 2015 Quadrennial 
Energy Review

• Walks through defining:

• Hazards

• Consequences

• Goals



What Are The Hazards?
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• Between 1883 and 1996, tropical cyclone 
made landfall once every 4 years in North 
Carolina

• Estimated that 17.5% of all North Atlantic 
tropical cyclones have hit NC

• After South Florida, Cape Hatteras is the 
second most likely spot in the US to be hit 
by a tropical cyclone



What Are The Hazards?
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• MEDs have been increasing at a rate of ~2% per 
year in NC

• Heavy precipitation accompanying hurricanes 
that pass near or over North Carolina is very 
likely to increase, which would in turn increase 
the potential for freshwater flooding in the state.

• RAP can factor in such uncertainty



Uncertainty Can Be Included
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• Process is intended to be risk-based

• One can define probabilities associated with various hazards .  This will lead to uncertainty in 
the consequences

Variations in severity, storm 
tracks,etc. 

The nature of the 
consequences 
depends on storm 
severity



Defining Goals
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• For this analysis, our focus is on storms similar 
to Florence impacting the southeastern portion 
of the state

• This frames our hazard

• Key first steps:

• What are our goals?

• What are the metrics we want to associate 
with those goals?



Defining Goals & Consequences  
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• 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     



Pre Webinar Questionnaire 
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114 Responses

a.  Ensuring power to critical infrastructure, such as hospitals or municipal water & wastewater systems
b.  Minimizing direct economic losses to businesses, industry, and essential government operations in an extended outage
c.  Minimizing community impacts (e.g. school closures), individuals time out of work, or displacement in an extended outage
d.  Minimizing cumulative customer outage hours
e.  Minimizing cost of recovery to the utility & ratepayers



Defining Metrics
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• Once specific goals are defined, one needs to 
place specific numeric values to them

• Examples:

• The storm’s effect on power delivery to 
critical infrastructure:
• Ensure that no critical facility loses power 

for more than 48 hours

• The extent and duration of power outages
• Ensure that there is less than 1M 

customer-hours of lost power

• The cost borne by the utility to restore 
power following an outage     
• Ensure that the cost is lower than some 

specified amount

•



Characterizing the Threats or Hazards
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• If Florence is our chosen hazard or threat, we 
need to understand its impacts

• This involves studying:

• Utility data 

• Storm impact on region



Example: Hurricane Florence
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• Outage data for DEC and DEP 
between 9/13/2018 and 
9/17/2018



Example: Florence’s Impact
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• There were 15 direct fatalities in 
North Carolina:
• 11 due to freshwater flooding 
• 4 due to wind. 

• Approximately 1.8 million total 
Duke Energy customer outages 
restored across the Carolinas 

• ~ 45 transmission lines out
• 185 miles of distribution lines 

down
• 10 substations flooded at peak of 

storm



Florence’s Impact on Wilmington
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• Primary damage: Freshwater flooding

• The Cape Fear River flooded portions 
of downtown Wilmington with water 
over two feet deep. 

• Over 22 million gallons of untreated 
sewage overflowed into area 
waterways. 



Florence’s Impact on Wilmington
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• New Hanover County and Wilmington were 
isolated from the outside world for several days

• Major access routes including Interstate 40, and 
U.S. Highways 17, 74, 76, and 421 were closed due 
to flooding. 



Florence’s Impact on Wilmington
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• Sunday 9/16: Cape Fear Public Utility Authority 
issued dire warning to community:

• “Without an influx of diesel and gasoline, it 
would run out of fuel for the Sweeney 
water-treatment plant, cutting off water for 
fire suppression, for the major regional 
hospital and drinking water”

• CFPUA was not able to get a hold of their 
emergency supplier; trucks from Raleigh could 
not enter the city

• Fuel was ultimately transported via pneumatic 
pump from a nearby terminal at the Port of 
Wilmington



Florence’s Impact on Wilmington
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• Generator flooding at the Southside 
Wastewater Treatment Plant 

• 5.25 million gallons of partially treated 
sewage released

• Hurricane-force winds limited utility’s 
ability to intervene



Outage Impacts - New Hanover County
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Evaluating Improvements
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• Given our goals, how will a set of 
improvements reduce the consequences for a 
given hazard or likelihood of hazards

• Two sets of measures to be included in this 
project:

• Grid improvement plan

• Advanced options, such as microgrids



Pre Webinar Questionnaire 
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112 Responses

a. Advanced distribution grid management systems (ADMS) and advanced sensors and controllers to self-heal the grid
b. Distributed energy resources such as solar PV, energy storage and combined heat & power at strategic locations to add 
value and enable continuity of grid operations
c. Emergency backup generators and fuel storage
d. Deploy demand side management (DSM) technologies to reduce nonessential loads and ensure power to critical facilities
e. Localized microgrids with the capability to island



Evaluating Improvements
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• Example: Ensure that no critical facility loses power for more than 
48 hours

• Microgrids are a natural solution

• Given the risk of flooding, microgrid siting may be difficult and 
costs may be high

• Example: Ensure fewer than 1M customer-hours without power

• Do grid improvement plan measures address these needs?  



Pre Webinar Questionnaire 
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112 Responses

a. Elevating substations and relocating facilities to areas less prone to flooding
b. Invest more in predictive and targeted maintenance
c. Develop capabilities to allow utility scale solar PV and energy storage to serve local loads during power outages
d. Placing utility-owned distributed energy resources at or near critical infrastructure
e. Putting wires underground and hardening major distribution linesucture 



Next Steps
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• The team wishes to utilize the full RAP for the Wilmington region  

• We’d like input from stakeholders in the Wilmington area to help identify those key 
community goals. 

• Next broader stakeholder meeting in October 2020, will discuss:

• What are the community goals?
• How much does the grid improvement plan address the goals? 
• Are other solutions needed to address the goals?

• Key element of the analysis: What happens if we don’t act?  

• What’s the potential economic / societal fallout from inaction



Pre Webinar Questionnaire 
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110 Responses

a. Incentivize customers to invest in onsite resiliency measures
b. Including resilience improvement benefits as a decision factor in IRP, grid improvement and other regulated utility proceedings
c. Compensate third-party distributed energy systems that provide resiliency benefits
d. Develop a state revolving loan fund or resiliency bank for critical infrastructure
e. Prioritize and incorporate grid infrastructure resiliency projects into State Hazard Mitigation Plans submitted to FEMA every 5 years



Please submit your text questions 
and comments using the Questions 
panel

We will answer as many as possible 
in the time left

Note: Today’s presentation is being 
recorded and will be provided along 
with notes and the slides 

Questions
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Stakeholder Workshops

• 1st  (May 2020)
• Present the project
• Educate stakeholders on topic and value
• Provide framework for 3rd scenario and complete activity to obtain input
• Get feedback on methodology, results, metrics, etc.

• 2nd (October 2020*)
• Present initial findings – including 3rd scenario prelim results
• Continue discussion/review on methodology, results, metrics, etc.

• 3rd (April 2021*) 
• Present findings of the overall project, get feedback and input
• How can the findings be useful to project goals and applied 

53* Tentative dates



Immediate  Next Steps

NCCETC & EPIC will meet with stakeholder group(s) to discuss 
resilience topics across NC and more specifically using Wilmington as a 
case study. [Use post webinar survey to get involved]

Stakeholders of interest include (not limited to): 

• Emergency management personnel
• Clean energy interests
• Local utilities and Coops

Topics of discussion include:

• What actions can be implemented to increase resilience? 
• What are good resiliency goals and outcomes?
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Contacts & Info

Thank you for attending

More Info and Updates are available at:

PARSG Site

55

Star Hodge, 

NCDEQ State Energy 
Program,

Star.Hodge@ncdenr.gov 

Rob Cox, 

UNCC EPIC, 

robert.cox@uncc.edu

Anne Tazewell, 

NCCETC,

aetazewe@ncsu.edu 

https://epic.uncc.edu/research/research-activity/parsg-project

