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I will briefly do four things
1. Say a few words about a recent National Academy consensus
study that I chaired.
2. Say a few words about what could cause large power outages
of long duration (LLD-outages) and strategies that could be
used to provide limited power during such outages.
3. Quickly describe some studies we have been doing of how
residential customers may value limited (e.g. 20A) service
during LLD-outages.
4. Talk a little bit about the problem of deciding when it might
make sense to invest in some some strategies to mitigate LLDoutages.

Download the report at:
nap.edu/24836
3

About the Study
At the request of Congress,
the Department of Energy
asked the National Academies
of Sciences, Engineering, and
Medicine to organize a study
to identify technologies,
policies, and organizational
strategies to increase the
resilience and reliability of
the U.S. electricity system.
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Most disruptions are brief and local
Most causes of power outages, such as
lightning strikes, falling trees, squirrel
electrocutions, or vehicles crashing into
poles, cause little prolonged disruption to
daily life. These events result in short
term power outages, as evidenced by the
median power outage in the United States
lasting less than three hours in 2014.

Such outages were not the
subject of this report. Our
concern was wide-area outages of
long duration.
IEEE Benchmark Year 2015 Results for 2014 Data. IEEE
Working Group on Distribution Reliability. Available at:
http://grouper.ieee.org/groups/td/dist/sd/doc/BenchmarkingResults-2014.pdf, Accessed February 8, 2016.

Image sources: wcvb.com; wikipedia;
consumerwarningnetworrk.com; lightingsafety.com;
rhizome.com
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Large outages are more common
than one might think
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Resilience is Different
than Reliability
The Random House Dictionary defines resilient as:
“the power or ability to return to the original form, position, etc.
after being bent, compressed, or stretched . . . [the] ability to
recover from illness, depression, adversity, or the like . . . [to] spring
back, rebound.”
While minimizing the likelihood of large-area, long-duration outages is
important, a resilient system is one that acknowledges that large
outages can occur, prepares to deal with them, minimizes their impact
when they do occur, is able to restore service quickly, and draws lessons
from the experience to improve performance in the future.
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The Resilience Cycle

This framing was originally laid out in an article by S.E. Flynn in
Foreign Affairs (2008). An earlier version of the diagram was
produced by the National Infrastructure Advisory Council (NIAC,
2010). The committee modified it for our report
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Metrics
Metrics for reliability are fairly
straight forward because they
involve looking at the statistics of
past outages.
Standard reliability metrics include:
SAIFI (System Average Interruption Frequency Index)
SAIDI (System Average Interruption Duration Index)
CAIDI (Customer Average Interruption Duration Index)
CAIFI (Customer Average Interruption Frequency Index)
MAIFI (Momentary Average Interruption Frequency
Index)

Developing metrics for resilience is
extremely challenging because that
involves assessing how well we are
prepared for, and could deal with,
very rare events, many of which have
never happened.
To assess how well an investment is
likely to do in providing increased
resilience in the face of various
LLD-outages will likely require
simulation studies.
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The many potential causes of LLD-Outages
Introduction
Different Causes Require Different Preparation and Have
Different Consequences
Reviewing the Causes of Outages
The Lifecycle of a Power Outage
Human induced

Natural events

Physical attack
Cyber attack
Operat(or/ion) error(s)
Drought and associated water shortage
Earthquake
Pandemic
Flood/storm surge Regional storms and tornados
Hurricane
Space weather
Ice storm
Tsunami
Volcanic events
Wild fire
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A few images can make this
abstract description more real:

Images sources: NYT, NOAA, CBC, NWS, Thinglink, NCAR, teara.govt.nz
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Strategies for Reducing the Harmful
Consequences from Loss of Grid Power
Experience suggests that a lot of the equipment
designed to restore power service will not
function reliably, especially in context of a long
duration large area grid outage.
We need more work on advanced preparations for the use
of non-traditional sources of back up.
Steps should also be taken to make it possible for those
with roof top PV to obtain power during
outages, and to use hybrid and
fuel cell vehicles for distributed
backup power
Images frim CAT; fslwfuels; Abley (1998), greentech media, GM.
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Making “smart grid” a reality
More work is needed on
developing the ability for much
expanded reliance on “smart
grid” capabilities at and below
the distribution level
• islanding
• public and private
micro-grids
• need regulatory changes.
Image from Berkeley Labs
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Past estimates of the cost of outages
Utilities have conducted
studies of the cost of outages
to justify reliability
investments for their PUCs.
The details of most of these
studies are proprietary.
They are virtually all focused
on outages of ≤ 24 hours.
LBNL has used regression
analysis to summarize them.

We have focused on developing methods to help residential customers make
informed judgments about their willingness to pay to secure at least some
power during LLD-outages.

First round of studies involved
70 ~1hr. face-to-face interviews

Now Sunhee has built a web-based system
to explore a wide variety of scenarios

I’ve brought copies of two papers from Risk Analysis, and a more recent
report we prepared for an LBNL workshop.
Bottom line: As people learn more WTP for 20A service goes up
(considerable consumer surplus). WTP for full service stays pretty flat.
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Need an analytical deliberative process

Images from NASA and Slate
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