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INTRODUCTION

Thanks to climate change, the future promises more (and more 
severe) wildfires, floods, hurricanes, tornadoes and other extreme 
weather events. Utilities around the world are racing to upgrade 
their grids for greater reliability and resilience in the face of this 

“new normal.” 

Severe weather is already a leading cause of major power 
outages in the U.S. Hurricanes, wildfires, lightning, tornadoes, 
blizzards and floods already routinely trigger outages affecting 
millions of U.S. utility customers each year. The ripple effects 
of these outages can also be severe. In the short term, there 
is often interruption of business, supply chain, transportation, 
education, and health and safety during the outage and after 
the restoration. In the long term, increased weather-related 
risk of power outages can inhibit economic development and 

growth, insurance rates, and regulatory priorities for utility 
capital investment.

For us, wildfires used to be a seasonal 
event, from September to November, 
with dry, hot winds called Santa Anas 
which accelerate fire growth. But now, 
wildfires are a year-round threat here. 
That’s our new normal: extreme winds, 
extreme drought, high tree mortality.

Caroline Winn, chief operating officer of San Diego 
Gas & Electric Company (SDG&E)
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“For us, wildfires used to be a seasonal event, from September to 
November, with dry, hot winds called Santa Anas which accelerate 
fire growth,” said Caroline Winn, chief operating officer of San 
Diego Gas & Electric Company (SDG&E). “But now, wildfires are 
a year-round threat here. That’s our new normal: extreme winds, 
extreme drought, high tree mortality.”

The last major wildfire in SDG&E territory happened in 2007. Since 
then, the utility has developed one of the most comprehensive 
and robust fire risk mitigation programs in the industry designed 
to improve grid resiliency. “We’ve made significant strategic 
investments to fire-harden the power grid, increase situational 
awareness, update operating protocols and enhance the region’s 
ability to respond to wildfires regardless of cause,” said Winn.

Similarly, at Florida Power and Light (FPL), the hurricanes of the 
mid-2000s spurred Storm Secure, a major grid resilience and risk 
reduction program. FPL’s territory includes 530 miles of coastline, 
and most of their customers live within 20 miles of the coast. 
Currently, FPL is conducting a three-year, $100 million pilot project 
to determine the best strategy for undergrounding distribution lines.

“After Hurricane Irma in 2017, almost 80 percent of our repair time 
was spent restoring feeders and distribution feeder laterals,” said Ron 
Critelli, senior director of power delivery, engineering and technical 
services for FPL. “Undergrounding will vastly reduce our restoration 
time, with great benefits for customers and our community.”

After Hurricane Irma in 2017, almost 80% 
of our repair time was spent restoring 
feeders and distribution feeder laterals. 
Undergrounding will vastly reduce our 
restoration time, with great benefits for 
customers and our community.

Ron Critelli, senior director of power delivery, 
engineering and technical services for FPL

http://newsroom.fpl.com/news-releases?item=101875
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Gregg Edeson, energy expert with PA Consulting, observed that any 
long-term strategy for grid resilience must address five critical issues:

Real-time, granular monitoring of weather 
conditions, fires or storms in, or heading 
toward, the utility’s service area. 

Utilities must identify, as quickly and precisely as possible, 
grid locations and assets that are (or could be) affected. Early 
warning should trigger a proactive response that is at least 
partially automated.

Isolating problems on the system during a 
turbulent event. 

Smarter, more automated switchgear, advanced distribution 
management systems (ADMS) and other advanced tech-
nologies are essential for fast, precise asset shutdown and 
power rerouting.

Coordination and communication between 
utility personnel in the control room and the 
field — as well as with customers, emergency 
responders and state and local governments.

Media, social media and direct communication channels 
(such as robocalls and radio networks) must be used skillfully 
and efficiently. Also, the flow of real-time grid data and 
analytics must be maintained to support decisions during a 
crisis. Social media, mobile apps and similar channels have 

become essential for both assessing situations on the ground 
and disseminating information to customers and the media.

Assessing damage to grid assets as well as to 
access routes and supplies. 
Sensors, monitoring, drones, wearables, algorithmic moni-
toring of social media and other advanced technologies can 
supply critical information in real time.

Organizing resources for recovery. 

Detailed, structured real-time information is needed to 
efficiently and effectively coordinate field team dispatch, 
spare parts inventories, and vendor emergency support. 
Pre-positioning resources in key locations around the service 
territory can minimize deployment times and expand logisti-
cal flexibility.

Capital investments that utilities make today for technology, 
hardening and protecting assets, and for increasing power system 
flexibility and recovery capabilities, will determine how quickly 
and well utilities respond to natural disasters. Two key challenges 
utilities face in making these investments are:

 ● Clearly and consistently prioritizing long-term resilience in the 
integrated resource planning process.

 ● Recovering these costs in ways that are fair to customers 
and investors.
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TECHNOLOGIES FOR A MORE 
RESILIENT GRID

Many important grid resilience improvements are fairly basic: 
installing concrete or steel poles, under grounding power lines 
wherever possible, installing more temperature/fire-resistant 
overhead lines where necessary, improving storm water manage-
ment around substations and hardening critical utility facilities, etc. 

Such measures can make a huge difference. For instance, Critelli 
noted that in 2005, it took FPL 18 days to fully restore power after 
Hurricane Wilma. In 2017, after the similarly powerful Hurricane 
Irma, restoration took only 10 days. FPL is currently on track to 
harden or underground all 3,300 feeders by 2024. “Our goal is to 
make sure the poles don’t fall down. We expect the wires to be out, 
but that’s faster to fix,” he said.

[Ron] Critelli noted that in 2005, 
it took FPL 18 days to fully restore 
power after Hurricane Wilma. In 2017, 
after the similarly powerful Hurricane 
Irma, restoration took only 10 days. 
FPL is currently on track to harden or 
underground all 3,300 feeders by 2024.



6

But as utilities face increasingly severe weather, best practices 
are evolving. Smarter technology is becoming crucial for reliability 
and recovery:

 ● Renewables and battery energy storage, especially for 
mobile deployment

 ● Microgrids

 ● Robust, real-time analytics, augmented by machine learning 
and artificial intelligence

 ● Advanced distribution management systems (ADMS)

 ● Smarter switchgear

 ● Advanced metering infrastructure (AMI) that communicates 
with behind-the-meter loads and resources

 ● Sensors for more granular data

 ● Autonomous drones that know where to investigate and what 
to report

Because such advanced technologies are highly versatile, they 
help utilities keep more options open. “In a resilient system, there’s 
always more than one way to do anything,” said Wei Du, energy 
expert with PA. “Transmission networks routinely plan for redun-
dancy in all aspects of their operations. However, utilities need to 
move toward this for distribution networks, too.”

In a resilient system, there’s always 
more than one way to do anything. 
Transmission networks routinely plan 
for redundancy in all aspects of their 
operations. However, utilities need 
to move toward this for distribution 
networks, too.

Wei Du, energy expert with PA Consulting
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The need for options during a crisis significantly influences the kinds of 
resilience investments that utilities make. For example, microgrids can 
be deployed to serve neighborhoods or campuses during outages or 
other emergencies.

The earliest possible warning of wildfires and storms yields the greatest 
range of options to protect assets and customers. Thus, over the last 
10 years, SDG&E has invested $1 billion to fire-harden infrastructure, 
develop tools to increase situational awareness and create the largest util-
ity-owned weather station network. The network consists of 177 weather 
stations and mountaintop cameras and sensors is deployed across 4,100 
square miles, with the greatest density in the most wildfire-prone areas. 

SDG&E also hired a team of meteorologists who, together with engineer-
ing and analytics experts, designed and issue a daily Fire Potential Index 
(FPI). This key indicator utilizes big data and state-of-the art algorithms 
and is now used by emergency response agencies and local govern-
ments in the region. “Local fire chiefs are coordinating their staffing based 
on our FPI,” said Winn. “And we also contracted for a helitanker aircraft, 
which we loan out to agencies for firefighting in the region.”

Other advanced technologies SDG&E has invested in to enhance grid 
resilience include a microgrid pilot, improved fault location, “falling 
conductor” protection, self-healing grid, smarter switchgear and recliners, 
and synchronous condensers. Currently, SDG&E has a pending applica-
tion before the California Public Utilities Commission to deploy 100 MW 
of energy storage around the grid to support critical public safety facilities.

7

http://www.cbs8.com/story/36574092/san-diego-fighting-fires-with-new-tools-and-technology
https://timesofsandiego.com/business/2017/12/06/sdge-brings-back-giant-helitanker-as-peak-santa-ana-winds-loom/
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PLANNING AND PAYING  
FOR RESILIENCE TECHNOLOGIES

The tricky part of investing in long-term grid resilience is designing 
a strategy that is robust yet flexible, to adapt to changing weather 
trends and technology options. 

Understanding everything that will affect project economics is an 
important part of achieving this goal. For instance, FPL strives 
to include all potential costs and savings in their grid resilience 
planning process. 

“We know from experience that hardened or underground feeders 
are 42 percent more reliable. That lets us estimate savings 
due to reduced customer complaints and repairs,” he said. “Also, 
where feeders and laterals are underground, we don’t need to do 

We can predict pretty accurately how 
much staff we’d need to respond to 
various levels of damage, and what 
resources those people would need 
to restore power. Then we can put 
resources in place well in advance, 
and coordinate effectively with other 
utilities for mutual aid.

Ron Critelli, senior director of power delivery, 
engineering and technical services for FPL
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Creating these centers is making that 
more palatable to those communities. 
They really liked that they had a voice in 
finding ways to address wildfire risk.

Caroline Winn, chief operating officer of San Diego Gas 
& Electric Company (SDG&E)

nearly as much tree trimming and other vegetation control. That, 
in turn, leads us to consider all related cost centers. Do we really 
need so many overhead line trucks?”

In general, FPL leverages a highly metrics-driven approach to 
forecasting its needs, especially to maintain reliability. “Probably 
our most important planning metric is construction man hours 
(CMH),” said Critelli. “We can predict pretty accurately how much 
staff we’d need to respond to various levels of damage, and what 
resources those people would need to restore power. Then we can 
put resources in place well in advance, and coordinate effectively 
with other utilities for mutual aid.”

Through this strategy, FPL is currently building several new service 
centers in strategic locations. Designed to withstand a category 
5 hurricane, these buildings not only store crucial supplies, spare 
parts and fuel on site; they also house crews during emergencies, 
leaving hotel rooms available for evacuees. 

SDG&E has created eight community centers in more remote, high-
risk communities as part of their wildfire resilience strategy. During 
town hall meetings in these communities, customers requested 
these facilities to get up-to-date information, supplies and guidance.

“These community centers are located in areas where it’s likely 
we might need to proactively de-energize grid assets to reduce 
potential damage,” explained Winn. “Creating these centers 

Photo by Ted Walton
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is making that more palatable to those communities and our 
customers really liked that they had a voice in finding ways to 
address wildfire risk and enhance public safety.”

FPL also invested in a reliability assurance laboratory. In this facility, 
scientists and engineers conduct extensive forensic examinations 
of failed equipment. “We look at every single failure, to find the 
root cause,” said Critelli. “Then we use that information to update 
our specifications for equipment and systems. Understanding why 
systems really fail is the best way to avoid similar future failures.”

Such investments must be approved by regulators, who value 
resilience but tend to be wary of ratepayer impacts. So these 
projects must not only be cost-effective, but support key indicators 
for reliability and system performance. 

One way that FPL helped control costs and gain regulatory ap-
proval for major investments was to model their resilience program 
after that of Dominion Energy, a utility with which FPL collaborates 
closely. “Not starting from scratch with your planning saves a lot 
of time and money,” said Critelli. “Also, regulators like to know that 
what you’re asking for has been approved by other regulators.”

Customer fairness can be an issue for grid resilience. If some 
customers (especially large customers operating critical facilities) 
stand to benefit more from certain investments, should they be 
asked to pay more?

10
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Recognizing the financial impact modernization efforts can have 
on a customer’s bottom line is a high priority for SDG&E. “Our 
investments keep people safer and support reliability, every day,” 
said Winn. “That’s why we try to be as efficient as possible with 
construction. And we prioritize programs that not only enhance 
resilience, but also help the grid operate more efficiently — like EV 
charging infrastructure with special pricing. A more efficient grid is 
always more resilient.”

We are constantly explaining how 
our investments keep people safer 
and support reliability, every day. 
That’s why we try to be as efficient 
as possible with construction. And 
we prioritize programs that not only 
enhance resilience, but also help the 
grid operate more efficiently — like EV 
charging infrastructure with special 
pricing. A more efficient grid is always 
more resilient.

Caroline Winn, chief operating officer of San Diego 
Gas & Electric Company (SDG&E)
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MOVING TOWARD RISK-AWARE 
RESOURCE PLANNING

California and several other states facing the most substantial 
grid-related risks from increased severe weather are beginning 
to urge utilities to consider these risks in their long-term resource 

planning. For instance, the Risk Assessment and Safety Advisory 
(RASA) section of the California Public Utilities Commission (CPUC) 
promotes safety by ensuring that California utilities integrate risk 
analysis and risk management practices into their current operations, 
future planning and decision-making processes. SDG&E was the first 
investor-owned utility to file a risk-informed general rate case under 
the new CPUC’s Risk Aware Mitigation Phase (RAMP) process.

Adopting risk-aware planning processes presents a time-scale 
challenge for both utilities and regulators. The traditional integrated re-
source planning (IRP) process typically sets utility budgets for five to 
six years. However, climate resilience requires planning for decades 
to come, with far less certainty about future conditions or response 
options. “You can’t turn asset hardening and system diversification 

You can’t turn asset hardening 
and system diversification plans 
on a dime. There will always be 
opportunities and tradeoffs. Striking 
that balance can be a challenge.

Gregg Edeson, energy expert with PA Consulting

http://www.cpuc.ca.gov/riskassessment/
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plans on a dime,” said Edeson. “There will always be opportunities 
and tradeoffs. Striking that balance can be a challenge.”

Several utilities have used ReliabilityOne Portfolio Optimizer, 
a budgeting tool developed by PA to determine which resilience 
program options are most cost effective, to support risk-aware 
resource planning. It balances program timelines and priorities for 
maximum progress within a set budget, using optimized risk-based 
models, including for weather impacts. This allows utilities to diagnose 
their areas of greatest exposure or need, and then clarify investment 
choices and potential benefits. Edeson noted that this tool can be 
especially helpful to smaller or more resource-constrained utilities, and 
its results can support rate cases and other regulatory proceedings.

Organizations offering guidance and insight for utility efforts to 
adopt risk-aware resource planning include CERES (a nonprofit 
global sustainability organization) and the National Association of 
Regulatory Commissioners (NARUC).

Whether internally motivated or externally required, utilities that 
act sooner to plan for investments in long-term grid resilience are 
more likely to realize substantial economic and logistical benefits. 
Delays in this shift not only increase project cost and complexity; 
they increase the risk that increasingly severe weather will wreak 
havoc on their systems. It’s always easier, safer and better to 
upgrade existing systems and assets than to have to rebuild them 
from scratch after they’ve been destroyed.

It’s always easier, safer and better to 
upgrade existing systems and assets 
than to have to rebuild them from 
scratch after they’ve been destroyed.
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https://www.ceres.org/resources/reports/practicing-risk-aware-electricity-regulation-2014-update
https://pubs.naruc.org/pub/D10AF40A-AD04-3983-7421-9FBE970D87F3
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