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INTRODUCTION

Lisa Wood

Vice President, The Edison Foundation and Executive Director, Institute for Electric Innovation

t's easy to forget how much we depend on electricity. Yet, with-

outit, we can't pump gas or water, turn-on our air conditioners,

power our computers, charge our smart phones and tablets, or
access our money from an ATM. Electricity is both a service and
a commodity. In the US, electricity is a reliable, affordable, plug-
and-play service that we all largely take for granted.

Today the electric power industry—a fundamental industry that
powers our economy and our lives—is in the midst of a profound
transition. Among those most involved—electric utility leaders,
technology company executives, policy makers, consumer
advocates, environmentalists, and other stakeholders—there
are intense debates in almost every state about how this transi-

tion should evolve.

No longer an industry of one-way power flows from large genera-
torsto customers, the model is beginning to evolve to a much more

distributed network with multiple sources of generation—both

large and small-and multi-directional power and information
flows. This is not a hypothetical future. It's already unfolding.

This book is a collection of essays by electric utility and tech-
nology company leaders, policy makers, and other stakehold-
ers focused on three distinct and interrelated areas driving the
evolution of the electric power industry today—the Evolving
Grid; the Evolving Customer; and Evolving Regulation.

EVOLVING GRID

The distribution grid is an area where we are probing new
opportunities for efficiency and facing new challenges. The
distribution grid is becoming a platform to integrate a diverse
set of energy resources, large and small-from traditional ther-
mal generating plants, hydro plants, and large-scale wind and
solar farms to generally smaller, more local resources such as
combined heat and power plants, rooftop solar systems, com-
munity solar gardens, micro-grids, electric vehicles, storage,
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demand response, and energy efficiency. This new vision will
require and foster increased interaction among utilities, cus-
tomers, and third parties. The grid edge—which lies between
the distribution utility and the customer—holds opportunities
and challenges for both utilities and customers.

Managing the integrated grid platform will require utilities to
continue to maintain, upgrade, and modify their distribution
systems; to invest in technology; and increasingly to collabo-
rate with three key strategic groups: technology companies,
whose innovative products and services plug into the grid; reg-
ulators, who define appropriate business models for the grid
platform and determine "just and reasonable rates" for custom-
ers, while assuring that the utility remains a healthy and viable
business that can meet customers’ needs; and customers, who
have specific needs and desires.

EVOLVING CUSTOMER

Electricity customers today expect service. They are used to it
in their desktop and mobile communications, and require it in
the electric service that drives their many devices. They expect
the best service and the lowest prices, and they want maxi-
mum flexibility, maximum choice, and maximum value. But,
they also expect, as they have for decades, high-quality and
reliable service at an affordable price. Today, some customers

want rooftop solar panels, but they also want reliable electric-
ity around the clock. For customers, this is the beginning of a
new era of choice and control over their energy supply and use
that's unlike anything seen before. Increasingly, customers are
gaining access to technology that gives them unprecedented
ability to tailor their energy use to their personal needs and
wants. The key issue that customers face is whether utilities,
technology companies, and regulators can collaborate to help
them take advantage of new service offerings and unlock the
value in those services.

"The key questions for policy makers are
whether the regulatory paradigm can be
redesigned to best support the power
industry transition that’s underway and

whether this can be done collaboratively."

EVOLVING REGULATION

The power grid is evolving. Customers are evolving. Utilities
too are changing in response to competitive pressures, cus-
tomer desires, and policy directives. But the regulatory model
remains essentially unchanged.
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State regulators are dedicated, hard-working public servants,
but do they have the tools to induce both efficient and inno-
vative behavior by the power industry and its customers? Our
regulatory statutes were written for an era that is largely past:
plain vanilla, unidirectional service by the utility, quite different
from the multi-directional grid model that we're moving toward
today and from the requirements for vastly improved technol-
ogy and the agility that it demands. Many programs utilities
are asked to support—-to promote energy efficiency, demand
response, and distributed energy resources—are contrary to
their motivation under the current regulatory structure, their
ability to raise capital, and their responsibility to shareholders.

This paradox is widely recognized, but typically is addressed
piecemeal and has not resulted in a redefinition of the regu-
latory paradigm in a fundamental way—one that could benefit
not only electricity customers and utilities, but also the broader
public interest.

Regulation is the essential link between the utility and the cus-
tomer and carries within it the explicit duty to uphold the public
interest. The key questions for policy makers are whether the
regulatory paradigm can be redesigned to best support the
power industry transition that's underway and whether this can
be done collaboratively.

In a few states, informal meetings involving utilities, regulators,
technology companies, consumer advocates, environmentalists,
and other stakeholders have shown major bene-

fits and may point the way forward. This prog-
ress has occurred through collaborative
processes based on trust and good
faith—not adversarial proceedings.

The authors of the essays that
follow representawidevariety of
stakeholders not unlike those
involved in these state col-
laboratives. Indeed, in some
cases, they are active par-
ticipants in those collabora-
tives. | invite you, the reader,
to consider the essays that fol-
low as an addition to this
very necessary and timely
discussion of the evolving
electricity industry.
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EVOLVING GRID

oday'’s electric distribution grid is hurtling along in an evo-

lution that often feels like a revolution. In addition to its
traditional role—delivering electricity to customers reliably
and affordably, around the clock—-the grid is becoming more
efficient and flexible: a platform for efficiently integrating new
energy resources, new technologies, and new devices into
the system. With an information technology overlay, as well
as investment in more sophisticated operating technology,
the grid also is becoming a more flexible network that will
deliver energy multi-directionally, both from large generators
on the transmission grid and from smaller, distributed energy
resources throughout the distribution system.

As the essays that follow make clear, this evolving grid will
improve reliability and resiliency. It will enable more interactive
customer services, applications, and choice. It will remain afford-
able, while also being more resistant to external threats posed by
extreme weather, sudden resource changes, or cyber attacks. It's
becoming a smarter grid—active, dynamic, and able to respond
to changing system conditions in real time. It's also becoming
a more connected grid—a Grid of Things™-as more and more
devices and technologies are plugging into the network.

The evolving grid also must be a catalyst for innovation, capable
of automatic high-speed decision-making and seamless oper-
ations throughout the network to ensure that resource opera-
tions are efficient. From coast to coast, aided by platform-en-
abled programs like Con Edison’s Brooklyn Queens demand
management program and Southern California Edison’s pre-
ferred resources pilot that focuses on next-generation energy
efficiency, demand response, distributed generation, and stor-
age, the grid is doing more and doing things differently.

For tomorrow’s distribution network to operate efficiently and
largely automatically will require investment in new tools—
sophisticated information technology and operating systems—
and a readiness to look outside the industry to partner with
non-traditional players that are technology innovators. Increas-
ingly, utilities must endeavor to "see around the corner" to
identify breakthrough opportunities.

All of this will require thoughtful public policy and partner-
ships that recognize the value of the grid as a unifying net-
work that delivers reliable, affordable, safe, and increasingly
clean electricity.
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Grio oF ThiNGS™

Chris Johns
President, Pacific Gas & Electric Company

y 2020, 80 percent of the world’'s adults will have a
super-computer in their pocket. That's a staggering pro-

jection from a recent article in The Economist.

More thanthat, those super-computerswill be super-connected.
Cisco estimates the number of things connected to the Internet
by 2020 will hit 50 billion. And when these predictions become
reality, amazingly, we'll likely take them for granted.

All this is relevant as we think about how the energy busi-
ness is evolving. Technology and innovation are moving so
fast and becoming so hyper-connected that they're creating
a whole new world of possibilities and reshaping our expec-
tations as consumers.

Today we can get what we want, where and when we want it,
and we expect it to be very personalized. Our customers have
access to technology that offers them unprecedented visibility
and control, allowing them to tailor their energy usage to their

budget, schedule, and environmental goals.

It's an era of choice and control over our personal energy unlike
anything we've seen before—and it has only just begun.

The question for our industry is: how do we help custom-
ers unlock value—from clean energy and efficiency goals, to
improved reliability, resiliency, security, and power quality?
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PG&E’S VISION
At PG&E, our vision is called the Grid of Things™.

Like "the Internet of Things," where seemingly everything in our
lives is interconnected, the same thing is happening in our indus-
try, where the technologies that our customers want to pursue are
connected to an increasingly modernized and integrated grid.

Besides being able to put a solar panel on the rooftop, our cus-
tomers may want a battery in their garage and to have these
technologies work together. They may want to charge their
electric vehicle anywhere and anytime and sell stored electric-
ity back to the grid for demand response.

They may also want to plug in new devices and access new ser-
vices from other providers, and expect seamless communica-
tion with the utility. They might even want to sell excess power
from their rooftop to their neighbor at the push of a button,

using their Smartmeter and Smartphone.

"Our customers expect us to develop
and maintain a grid that gives them
maximum flexibility, maximum choice,

and ultimately, maximum value."

Our customers expect us to develop and maintain a grid that
integrates all of this technology in a way that gives them maxi-
mum flexibility, maximum choice in how they use their energy,

and ultimately, maximum value.

As we've learned from the mobile phone, its far more valuable
when it's super connected. So, at the same time, the grid itself

needs to get stronger and more flexible.

All this means the grid is going to be just as indispensable and
valuable for the next 100 years as it has been for the last 100
years. If we're serious about fully realizing the potential of all of
this innovation, about making renewables the go-to technology
of the future, or reaping even bigger gains from energy pro-
ductivity for our economy, | believe the Grid of Things™ is the

paradigm we need to think about.

CHALLENGES
The challenge today is modernizing the grid to become that plat-
form of integration. There are three key areas for us to focus on.

The first is investment. We must continue to invest in grid mod-
ernization, which means more than replacing wires and pipes.
It also means putting in sophisticated information technology
and operating technology, and data analytics capabilities that
allow us to optimize that technology.



Evolving Grid

It means adding new voltage controls to allow the grid to han-
dle power from multiple resources, and advanced sensors
that give us visibility and flexibility in how we run the system. It
means providing new grid services to our customers, like elec-
tric vehicle charging stations.

It also means greater automation. Over the past few years at
PG&E, we've invested in smart switches that have helped us
avoid millions of minutes of interruptions for our customers and

moved us toward our goal of a self-healing grid.

The second key is having the right policy approaches. We need
policies that are smart about supporting and encouraging
innovation in our industry while ensuring continued safety, reli-
ability, and affordability.

The third key is to continue driving innovation. We also need
to focus on partnerships. Innovation in our industry once came
largely from within. Now much of it is driven by non-traditional
players. We're going to see more of that. At PG&E, we are
actively reaching out to these companies and looking for
opportunities to work together.

PG&E is excited about this work. We're excited about building
the Grid of Things™.

This is an incredible time in our industry. People are thinking
about and engaging with energy like never before. We have
the opportunity now to enable an even better, smarter energy
future for our kids and grandkids. And the path to that future
runs through the 21st-century electric grid.

We look forward to what the future holds for our company, our

customers, and our country.
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SuirTiNG FROM SMART TO AcTivE

Philip Mezey
President & CEQO, Itron

century ago, Thomas Edison could only dream of where

his inventions and innovations would lead modern soci-

ety. His brilliance brought electricity to homes, busi-
nesses, and factories over a grid—a pivotal development in the
industrialized world. A key to his success was constantly challeng-
ing himself and those around him to think bigger and broader.

Fast forward to today. Where do we find ourselves on the path
Edison trail-blazed? | think Edison would challenge us: "There's
a way to do it better—find it."

Imagine what we could do if the modernized grid was more
than just a connected grid. Or if the grid could evolve to be
more dynamic and actively solve problems. We need to expand
how we think about the grid and innovate for the changing util-
ity landscape. The time to take the next step in optimizing how

we manage and use energy and water is now.

THERE IS A BETTER WAY, AND TOGETHER WE CAN FIND IT
Our industry has a history of innovating that is too often over-
looked. A mere 30 years ago, battalions of meter readers walked

house-to-house to record readings. They would then pass their
hand-written hard-to-read notebooks to armies of clerks who
painstakingly calculated the bills. But then automated meter read-
ing (AMR) was pioneered, changing the face of the industry at the
time, improving the experience for our customers, and creating
unheard of productivity and customer-service gains for utilities.

In fact, we perfected the current meter-to-cash model. By mov-
ing from manual reads to AMR, and finally to advanced meter-
ing infrastructure (AMI), we've saved the average consumer
$23 per year in meter reading costs alone.

In that same period Bill Gates ignited a technology revolution at
Microsoft with a bold vision that there should be a PC in every
home and on every desk. Today, 35 years later, a recent cover
story in The Economist predicts that by 2020, 80 percent of

adults in the world will have a supercomputer in their pocket.

Bold visions and innovative technology are revolutionizing
every sector. Yet, even with the advancement of AMI, it is easy
to feel that our industry has plateaued. We talk smart. Smart

13
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metering. Smart cities. Smart grids. Smart technologies all
used to improve efficiency and reliability, while empowering
consumers to better manage resources. But we stop short of
the next major advancement. Trapped in old thinking while fac-

ing massive new resource challenges.

It is time to lift our sights to think—and act-more boldly. We
need to fundamentally rethink the way we deliver, manage, and

use energy and water.

Growing populations are hungry for more energy and water.
A more complex mix of demands is taxing current systems.
The challenges are real and require that, beyond innovation,
we must challenge the model. We need a sea change in the
way we think about and pursue innovation, and the way we

implement technology.

Historically, our Western approach to resource challenges has
centered on two simple strategies: produce more and, more
recently, use less. While effective at times, such an approach
fundamentally overlooks the profound reality that we are

incredibly wasteful and inefficient.

In the US alone, an incredible amount of electricity, gas, and
water is wasted every year because of aging infrastructure
and inefficiencies.

m  We lose $13 billion in water every year. That's an
expensive leak.

m  We lose $24 billion annually in electricity transmission
and distribution.

m It costs the US $2 billion per year for natural gas that is
unaccounted for and never used.

Add it all up and we lose nearly $40 billion every year simply
wasting resources! We can no longer assume that our existing
systems are good enough. We must address waste. When we
do this right, we will be defining the utility of the future.

CREATING AN ACTIVE & DYNAMIC GRID

Today, our networks and devices simply move data around,
and that's fine. It's worked for years. But it won't work much
longer. Increasing demands will outpace our ability to produce
or conserve. Electric vehicles, renewable energy, and distrib-
uted generation are forcing us to rethink the structure and
operational suppleness of the grid. We're moving away from a
centralized generation and delivery model toward a dynamic,
distributed collection of micro-grids and two-way power flows
that will need to be synchronized, monitored, and maintained

in real time.

Today, we collect reams of data and make long-range plans
looking backward. We need to envision and create a grid that is
active, dynamic, and secure, with the ability to respond in real
time. The active grid leverages data to make real-time changes,

where and when they're needed.
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The active grid harnesses the power of the Internet of Things
(loT) to reduce waste, improve efficiencies, and create value
for both utilities and communities. Cisco, the world leader
in networking, is betting its entire business on loT and its
projected $19 trillion payout. The power and promise of loT
applies across all industries, and it applies to us.

At ltron, we're expanding our global presence by creating
loT-compatible devices, software, and applications with the
computing power not only to measure and communicate, but
to solve problems on the grid in real time. These solutions, for
example, determine where and when water leaks are occurring,
detect leaks and other potential dangers in gas pipes before
they do harm, and dynamically manage outage conditions
through an intelligent, distributed, and self-aware network-
improving safety, reliability, and, ultimately, profitability.

Billions of connected devices on the Internet are creating
unprecedented amounts of data. Big data. But "Big Data" is
overhyped, overrated, and overstated. All the data in the world
is worthless if you don't know what to do with it. Utilities, busi-
nesses, and consumers don't need more data. They need the
right data, and they need it at the right time.

We need information that allows us to interpret consumption
patterns, quickly identify problems and opportunities, and
more efficiently allocate resources. Collecting data in a central

data store and running reactive analytical data modeling only
gets us so far. Having dynamic analytical engines throughout
the network that accelerate and improve our decision-making
and shorten the time it takes to react to dynamic grid condi-
tions—that's the next wave of transformation!

Data that moves us from managing delivery systems with fore-
casts and insights built on historical data, to real-time insights
and the ability to take action on the health of that system will
allow us to manage the resources we have today as we use them.

We've been looking at production and conservation as the two
sides of the coin. In reality they're on the same side of the coin.
It's time to flip the coin and understand that on the other side
lies waste and resourcefulness. Can we be more resourceful?
Yes, and we must.

In the last 30 years, we used automation to optimize the way
we deliver energy and water. In the next 30 years, we'll trans-
form automation. Let's attack the remaining waste in transmis-
sion and distribution by harnessing the power of the loT. We'll
deploy field devices and software with the processing power to
make decisions and solve problems in real time.

Let's reduce waste. Let's use the tools we have and those we will
develop to become more efficient in delivering, managing, and
using energy and water. It's time to create a more resourceful

world, together.

15
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Tue Grio oF tHe FuTURE: EVOLUTION OR REVOLUTION?

Kenneth M. Mercado

Senior Vice President, Electric Operations, CenterPoint Energy

iewers of the short-lived TV show "Revolution" witnessed
a world returned to the dark ages after the collapse of
the electric grid. Although the show was fiction, real
fears have been expressed about a so-called utility death spi-
ral, in which customers will disconnect from the grid en masse.
| do not share that fear. | believe that while the electric grid is

undergoing a rapid evolution, the grid is here to stay!

In fact, the growth of distributed energy resources (DER) and
demand for customer choice and energy reliability will make
the grid more important than ever as it evolves from a one-
way energy delivery system into an energy network. Today's
always-connected consumers demand reliable, secure, afford-
able electricity to power their busy lives and businesses. They
want more control over their energy choices. Around the coun-
try, stakeholders are debating the future of the electric grid as
consumer demands and alternative energy sources grow.

In Texas, it's not a question of investing in either DER or in grid
modernization. At CenterPoint Energy, we are modernizing our

grid as a smart energy network that improves electric reliability
and resilience while adapting to integrate new energy sources,
products, and services. As it evolves, the grid of the future

must, at minimum, do five things.

IMPROVE POWER RELIABILITY AND RESILIENCE

Customers want fewer and shorter outages—even during disas-
ters. After Hurricane lke hit Houston in 2008, calls arose for
replacing wooden poles with steel or burying all the lines under-
ground, which would be far too costly. Instead, the Mayor's Task
Force concluded that Intelligent Grid technology offers the best

investment to improve power reliability and resilience.

CenterPoint Energy agreed. We installed 2.3 million smart
meters throughout Houston that automatically notify us of power
outages. As a result, we have restored power to more than 1 mil-
lion customers without a single phone call to report the outage.
The meters, along with advanced data analytics, help us localize

outages faster, which helps us restore power more quickly.

17
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We have installed Intelligent Grid switches on circuits serving
more than 417,000 customers, through which we can isolate
outages and reroute power. This reduces outages for some
customers from hours to minutes. Since 2011, we have saved
customers more than 100 million outage minutes through
grid automation. In 2014, we improved reliability by 28.5 per-
cent using our intelligent grid, and most recently installed our

Advanced Distribution Management System.

ENABLE CUSTOMER SERVICES, APPLICATIONS, AND CHOICE
Consumers expect the same kind of service from their utili-
ties that they get from banks, phone companies, and others,
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including access to more information in real time. CenterPoint
Energy’s smart energy investments provide a platform for new
electric products and services such as energy analysis tools,
pre-paid service, time-of-use rates, peak-time rebates, and our
new Power Alert Service.

Smart meters give consumers more frequent, detailed elec-
tricity usage data. Hundreds of thousands of Texans are taking
control of their energy use with this information. According
to ERCOT, more than 700,000 Texans are enrolled in time-of-
use rates or peak-time rebates and they are compensated for
reducing load during peak events.

CenterPoint Energy’'s Power Alert Service gives 400,000
enrolled consumers automatic notification of outages at or near
their home or business by phone call, email, or text. This notifi-
cation includes an outage cause, crew status, estimated resto-
ration time, plus confirmation when power has been restored.

Customers today expect such proactive, personalized service.

INTEGRATE DISTRIBUTED ENERGY RESOURCES

A growing number of customers want cleaner energy and/or
the ability to generate their own solar or wind power, operate
a micro-grid, or store energy via batteries or electric vehicles.
Texas generates more wind power than any other state and is
also a leader in energy storage development.
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"Powerful data analytics give utilities

better, real-time insight into the grid."

CenterPoint Energy’s smart grid, with its two-way communi-
cation and multi-channel meters, provides a platform for inte-
gration of DER. We must integrate both utility-owned and cus-
tomer-owned assets serving the grid. It's a collaboration. Just
as some customers will relinquish control of their thermostat
to support grid reliability, utilities must prepare to adapt and
relinquish some control to consumers. However, as utilities, we
must also understand how DER impacts the grid and prepare to
manage a grid that is a multi-point network rather than a one-
way transmission and distribution system.

REMAIN AFFORDABLE

Many things compete with energy for a share of consumers’
wallets: food and shelter, computers, smart phones, entertain-
ment, etc. These all depend on energy, so power demand will

remain high, but consumers want energy prices to stay low.

Smart-grid-enabled products and services such as energy analy-
sis tools, time-of-use rates, peak-time rebates, and pre-paid ser-
vice can help consumers save energy and money. In fact, one-half
to two-thirds of the consumers we've surveyed who use these

tools say they are taking energy-saving measures as a result.

Generating their own power is another way for customers to
manage their energy costs, after a significant up-front invest-
ment. However, | believe that if energy prices stay low, most
consumers will be happy to leave power generation and deliv-
ery to the experts as long as they get a reliable supply of power

and a choice of energy sources, products, and services.

BE SECURED FROM CYBER AND OTHER THREATS

CenterPoint Energy maintains a comprehensive cyber secu-
rity program based on national standards followed by leading
companies in the energy, defense, and financial industries.
While actively monitoring the security of our systems, we also
employ outside vendors to audit our security practices and test

the protection of our systems.

We understand customer concerns about privacy. Under Texas
law, energy usage data belongs to the customer and can only
be shared when authorized. No personal customer information is
stored on or transmitted by smart meters. The security of the grid,
including essential telecommunications and computing systems,

remains a top priority for our company, industry, and nation.

American’s electric grid is evolving daily. Yesterday’s one-way
electricity delivery system has today become a two-way net-
work, in which powerful data analytics give utilities better,
real-time insight into grid health and give consumers real-time
information to manage electricity use. The grid of tomorrow
will revolutionize energy markets. The grid is here to stay!
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RoaomAP oF THE FUTURE GRrID

Robert Schimmenti

Senior Vice President, Electric Operations, Consolidated Edison Company of New York

on Edison is playing a central role in the evolution to

a smarter and more resilient electric distribution grid.

Our company delivers power to 3.4 million electric cus-
tomers in New York City and its suburbs, where global centers
of finance, commerce, and culture intersect in a city that truly
never sleeps. We have seen our system evolve with the mod-
ern world, from the age when the world’s first skyscrapers were
being built, to today’s networked, information-driven environ-
ment. The immense, dynamic LED displays that famously illu-
minate Times Square every night aptly signify the technolo-

gy-powered era we operate in today.

New York's Public Service Commission (PSC) too is seeking reg-
ulatory transformation. Its Reforming the Energy Vision (REV)
initiative is advancing new models for how our utility and others
will operate the grid, offering an array of different products and
services to our customers and defining a new role as a Distrib-
uted System Platform Provider (DSPP). REV ultimately envisions

a less centralized, more distributed grid and is meant to foster

greater deployment of less carbon-intensive energy sources.
Under this paradigm, customers choosing to install distributed
energy resources (DER) and micro-grids will likely participate
as an integrated extension of the delivery grid. Utilities will be
challenged to develop system design and operations to handle
greater complexity than ever before, while continuing to meet
customers’ expectations for safety, reliability, quality, conve-

nience, and cost.

Achieving this vision will requires a significant transition for Con
Edison, but also a great opportunity. We see this as the road-

map of the future grid:

®  We will continue to invest in grid infrastructure, the back-
bone for new distributed technology, while actively seek-
ing targeted DER solutions to offset peak demand growth.

®  We will accommodate greater penetration of DERs by inte-
grating modern communications and data platforms for
smart monitoring and control, and solve interconnection
challenges through advanced network systems design.
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B We will expand our ability to engage customers in manag-
ing their usage by harnessing more data and analytics, and
develop incentive programs that will drive their responses.

In each of these areas, Con Edison has several ground-breaking
initiatives in progress.

BROOKLYN QUEENS DEMAND MANAGEMENT
(BQDM): MEETING PEAK DEMAND GROWTH

A thriving economy relies on reliable infrastructure systems
to help sustain growth. In New York City, we are in the midst
of a building boom, evidenced by the common sight of tower
cranes in every borough. When Con Edison’s planning studies
forecasted a need to expand our infrastructure to meet rap-
idly growing electric demand in Brooklyn, the PSC asked us to
study non-traditional approaches as part of the solution.

"Continued development of smart

grid functionalities will be integral to
managing a more advanced grid in
which every customer meter and DER
installation may become an active node

interacting with the distribution system."

We launched the BOQDM program to incentivize customers and
developers to implement DERs in order to defer a $1.2 billion
substation build. Through this program, we expect to add 52
MW of mostly customer-sited DER and energy efficiency solu-
tions by the summer peak period of 2018. BQDM is designed
to diversify energy sources and encourage emerging solutions
like utility-scale battery energy storage. If successful, the con-
cept may serve as a model for utilities and regulators advancing
alternative earning opportunities to reduce reliance on tradi-
tional utility rate base expansion.

ADVANCED PV INTERCONNECTIONS: MANAGING A
MORE COMPLEX GRID WITH SMART GRID SOLUTIONS

Con Edison’s recent innovations in tariff design, interconnec-
tion practices, and communication technology have given cus-
tomers more options for installing distributed generation. That
has contributed to doubling the number of new solar installa-
tions each year and development of several customer micro-

grids of ambitious size and scope.

In 2013, we advanced a new smart grid solution enabling cus-
tomers’ large, exporting photovoltaic (PV) systems to intercon-
nect to our network. Uniquely, most of our service territory
is served by highly reliable networked distribution instead
of more typical radial or loop configurations. Prior to this
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innovation, excess PV-generated power flowing into sections
of the networks had been restricted, since our system integ-
rity relies on network protection equipment that's designed to
open in response to reversed power flow.

To solve this issue, Con Edison engineers designed a smarter net-
work protection scheme that would recognize and respond to
faults, but allow power flow to and from the solar customer. The
solution was integrated into our SCADA platform, allowing con-
trol room operators to communicate remotely with the network
protector nodes as well as the customer’s PV inverter. Two years
later, almost 6 MW of new PV capacity are interconnected in this

manner, making up 10 percent of all our interconnected PV.

Con Edison’s advanced PV interconnection solution is a step
toward more ubiquitous two-way power flow on the distribu-
tion system. Recent smart grid investments, enabled by federal
stimulus funds, implemented active monitoring and control
equipment on both our overhead and underground systems.
Continued development of these types of smart grid function-
alities will be integral to managing a more advanced grid in
which every customer meter and DER installation may become
an active node interacting with the distribution system.

REV DEMONSTRATIONS: ENGAGING CUSTOMERS
THROUGH NEW PRODUCTS AND SERVICES

Most recently, the PSC has asked us to devise REV demonstra-
tion projects with the aim of exploring novel product and ser-
vice offerings to customers. Underlying this initiative is the idea
that utility earnings should depend more on creating value for
customers than on investment. We have the opportunity within
this demonstration setting to be entrepreneurial and create
new business models. Our success will require that we better
harness data and use analytics to inform our practices. This will,
in turn, require that we develop new skill sets in our work force,

and new tools to run our business.

The REV demonstrations, along with smart grid solutions and
targeted demand management programs, are all part of an
evolution of the grid that will better serve our customers. It
is an extraordinary time for the utility
industry. With all the
technological and regu-

latory change, however,
what remains constant is
the grid’s essential role in
our lives.
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The 2151 Cenrury Pruc-ano-Pray Devery System

Kevin C. Fitzgerald

Executive Vice President and General Counsel, Pepco Holdings, Inc.

he National Academy of Sciences found the electric grid

to be the single most important engineering achievement

of the 20th century. The network of transmission and
distribution wires delivered electricity to all, driving economic,
social, and public health benefits. The 21st century has also
brought the advent of the Internet and its network of informa-
tion sharing, data management, and communications, similarly
transforming many businesses and industries in the process.
The growing connection between the Internet and the nation's
energy delivery system holds the promise of unprecedented
transformation for the electric industry. Information technology
sensors, microprocessors, software and the like ("smart devices")
are fast becoming integral parts of the electricity network. Stack-
ing smart devices and the Internet on top of the energy delivery
system will allow for greater monitoring, control, and optimiza-
tion, ultimately leading to a self-healing grid.

Connected products are proliferating in our customers’ homes
and distributed generation options are becoming more

mainstream. Some of these—such as rooftop solar, electric
vehicles, and smart thermostats—are already interfacing with
our utility systems in ways that challenge us to think about how
the grid will need to evolve continually to support new assets.

More than ever before, utilities must focus on their core job,
which is to ensure reliability, affordability, environmental lead-
ership, and power quality in

the energy services we provide
to our customers. Viewing the
market through this filter, it is
clear that we are at an inflec-
tion point. The business
and technology decisions
our sector makes today
will influence grid oper-

ations for future generations. JS(&(I\_M ]
Tremendous opportunities will be %O [ \—-\

unleashed as utilities successfully
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evolve the grid to serve as a platform for delivering and sup-
porting new energy services. To enable this, we need to focus
on two critical areas: (a) optimizing the grid platform, and (b)
creating a culture for proactive deployment of connected prod-
ucts and data analytics.

GRID PLATFORM OPTIMIZATION

Microsensors, low cost computer processing, and wireless com-
munications, as well as data management/analytics provide the
utility operator with a remarkable set of new tools to drive effi-
ciency in the energy supply chain. For example, smart devices
connected to the electric grid can assist in lighting control, room
heating and cooling control, and other efficiency measures that
reduce consumption. Further, heating sensors, voltage and load
monitors, and smart meter data can address predictive mainte-
nance, grid resilience, and electricity theft matters.

"Stacking smart devices and the Internet
on top of the energy delivery system
will allow for greater monitoring,
control, and optimization, ultimately

leading to a self-healing grid."

In addition, those smart devices also serve as the facilitator for
new consumer products. Distributed energy resources that
reside on the customer side of the meter comprise a significant
share of new connected assets. Utilities are the enablers and
facilitators of distributed energy resources and storage. This
is a natural extension of our role. Where we need to do more,
however, is in building out our sensor and control networks to
facilitate interconnection as well as appropriate monitoring and
control of the constantly evolving grid. This will help ensure that
the grid platform is truly a two-way plug-and-play platform for
a growing number of customer desires, including distributed

energy resources.

DEPLOYMENT OF CONNECTED PRODUCTS
AND DATA ANALYTICS

In conjunction with building out and developing the grid plat-
form, we must utilize data in new ways. The reason for this is
twofold. First, the useful data available now is abundant! For
example, smart devices today can meter their own energy use,
and many have machine learning and automatic controls built
in, so we can know ahead of time when and how much energy
will be used. Second, system oversight is essentiall As more
things become connected to the grid, the system becomes
more complex, and the importance of ensuring that the system
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components work together
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system resources. By proactively analyzing and drawing

insights from available data, we can not only optimize energy
development and delivery, but also support more distributed
resources and connected technologies on the grid. This trans-
formation of the grid will require utilities to break down historic
silos between operations technology (OT) engineers and infor-

mation technology (IT) professionals.

Ultimately, deployment of smart devices and data analytics will
lead to a more reliable, resilient, and efficient grid. Optimiz-
ing the grid platform and proactive data analytics will require
utilities to work closely with technology companies, regula-
tors, and customers. In doing so, we will encounter new issues
related to privacy and security. For example, with more con-

nected devices, access to data and how things are networked

becomes a core question for all stakeholders. On one hand,
most people will agree that customer data should be as pri-
vate as possible. However, that same data, when aggregated
over circuits, neighborhoods, etc. and networked, will help
the grid operate more efficiently. Further, smart devices and
data collection/analytics will require enhanced cyber security
measures.

By collaboratively working through these challenges with cus-
tomers and other stakeholders, utilities will unlock the benefits
of the evolving grid platform and unleash opportunities that
benefit both our customers and the economy.
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Devivering Customer=Focusep ENereY SoLuTiONS

Mark S. Lantrip

Chairman, President and Chief Executive Officer, Southern Company Services, Inc.

he Southern Company system'’s approach to the grid

stems from how we operate our business overall: every

decision is focused on providing the best service to the
customer. Our ongoing effort to maintain and improve the grid
is part of a broader strategy to ensure clean, safe, reliable, and
affordable energy for the families, businesses, and communi-
ties we are privileged to serve.

Modernizing the grid begins with ensuring that it continues
to deliver the electricity customers need safely and reliably.
In addition to more than $500 million per year of transmission
assetinvestment, we have already invested more than $1 billion
in smart devices, communication systems, and applications.
Over the next few years, we plan to invest even more to main-

tain and expand our grid, making it smarter and more robust.

GRID DEVICES AND OPTIMIZATION

Increasing the number and capability of smart field devices
on the grid provides opportunities for improved optimization,
resiliency, and reliability. In concert with grid investments, we

recognize that IT system architecture must be secure and dura-
ble, so our combined smart grid and IT investments are always
focused on improving reliability and maximizing the efficiency

of operations.

Two particular areas where we have advanced our grid are the
Smart Grid Investment Grant (SGIG), in partnership with the US
Department of Energy; and Advanced Metering Infrastructure
(AMI), also known as "smart meters." The significant benefits for
customers from the efforts funded through the SGIG include
our faster recognition of outage locations, improved reliabil-
ity from quicker service restoration, reduced maintenance
costs and equipment failures, optimized grid operations, and
enhanced situational awareness and visualization of the system

for faster and better decision-making.

Perhaps the greatest benefit of AMI, beyond the cost savings
and reduced vehicle emissions from remotely reading the
meters, is the operational information the meters provide.
Using data transmitted from the meters, we are able to identify
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voltage issues on the grid, respond more quickly and efficiently
to outages, and take both proactive and reactive corrective
action. We have deployed approximately 4.4 million smart
meters across our service territory in Alabama, Georgia, and

the Florida panhandle.

These are critical steps, as we determinedly pursue ways to
better manage and optimize the grid. We are already seeing
results: we have experienced a 12-year trend of improved per-

formance in terms of the frequency and duration of outages.

Our vast, 120,000-square-mile service territory makes reliabil-
ity and resiliency a central focus for Southern Company'’s utili-
ties. Our investments to harden the grid in the event of adverse
and abnormal conditions and events are the foundation that
enables us to meet the needs of our customers. With outage
communication technology, online outage maps, and drawing
on our prior experience with severe weather events, we have
the resources and technology to provide real-time information

to our customers about our service restoration efforts.

Several years ago, a series of tornadoes caused significant
damage across much of Alabama. Our restoration team drew
on data from newly-installed smart meters, real-time systems,
and aerial imagery to quickly identify the hardest-hit areas and
create staging sites and material distribution facilities to sup-

port 10,000 restoration personnel from 20 states. IT employees

joined field crews, creating a responsive environment for devel-
oping and deploying immediate solutions. Under extraordi-
narily difficult circumstances, our outstanding workforce was

able to safely and efficiently restore power.

EMBRACING ENERGY CHALLENGES

As leaders in the industry, we embrace the energy challenges
of today and play offense to best create tomorrow'’s solutions.
That's why the Southern Company system is investing in the full
portfolio of energy resources—nuclear, 21st-century coal, natu-
ral gas, renewables, and energy efficiency. System-wide, South-
ern Company has added or announced more than 3,100 MW
of renewable energy projects since January 2012. We remain
committed to robust, proprietary research and development,
having managed some $800 million in environmental research
and development over the past decade.

"We believe in inventing our energy
future. Our bottom line: we must keep

the lights on and costs affordable."

In April, we announced the creation of our Energy Innovation
Center—a facility dedicated to developing solutions custom-
ers need today and will need tomorrow—through collaborative

partnerships. We believe in inventing our energy future.
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ness the velocity of change, we always remember that the cus-
tomer is our North Star.

Over the past four decades, the consumption of electricity has
grown five times as fast as other energy sources in America.
Electricity is becoming ever more important to our economy
and to improving our standard of living. Our commitment to
growth, service, and innovation—setting the trend for the indus-
try—focuses on making the communities we serve better off
because we are there.

3



€€ The real value of big data comes
when we're able to tie it back to

our core business processes. 99

—-BRADLEY WILLIAMS



Evolving Grid

TecunoLosy & THE EvoLving Grio:

Topr Turee MyTHS

Bradley Williams
Vice President, Industry Strategy, Oracle Utilities

he electricity grid is changing, and changing very quickly.
As a former utility engineer, | spent 20 years intercon-
necting large renewables into transmission and distribu-
tion systems in Southern California and in the Pacific Northwest.
To do this we had to innovate our approaches to modeling and
managing the impacts of renewables on the system in real time,
and we had to create forward-looking forecasts that included

distribution and substation automation technologies.

We soon learned that information is critical in order to build
a model that will support integrating intermittent renewables
into the grid, and to do it safely, reliably, and affordably. It's too
easy to say, "Our grid wasn't designed for that." In fact, there
are a number of myths that affect our ability to really see where
our grid is going. Here are three | want to dispel:

®  Myth #1: We don't have the technology to support this
vision of the smart grid.

B Myth #2: Big Data will solve all of our problems.

B Myth #3: We can leverage existing operational solutions,
expanding them to enable the grid of the future.

MYTH #1: WE DON'T HAVE THE TECHNOLOGY
TO SUPPORT THIS VISION OF THE SMART GRID

Myth #1 says we don't have the technology to support where
we need to go with the grid, particularly the grid edge, where
we see growth in consumer energy technologies. We have lots
of data from sensors, home energy management systems, and
rooftop photovoltaic, all causing a lot of disruption for distribu-

tion operators.
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In fact, we're seeing the distribution grid becoming more of a
platform. The New York Public Service Commission’s "Reform-
ingthe Energy Vision" proceeding anticipates the utility becom-
ing a distribution system platform provider with an interopera-
ble plug-and-play platform. That will require changing the way
we think about the distribution system.

The distribution sys-
tem will no longer

simply distribute bulk

power from transmis-

sion lines to end-use

DONT HAVE
the TECHNOLOCY
1w SUPPORT
CHANGE..,

==Y BIC DATA
AV Us.

or wind are not available, and to respond to other intermittency.
We will still need the grid.

customers. It will also
need to accommodate
two-way electricity flows,
and to manage those
We will still

need central genera-

flows.

tion resources to provide
service, especially when solar

But if this new platform is going to be an interconnected envi-

ronment, as utility engineers we need to ask: how can we

provide a platform that can integrate these plug-and-play
tools? These technologies exist now. It all starts with modeling
the system and being able to integrate large volumes of data
to provide real-time simulation, as well as proactive, predictive
performance of the distribution grid.

MYTH #2: BIG DATA CAN SOLVE ALL OUR PROBLEMS

Yes, "big data" is a great tool. Of course, | work for a data com-
pany, so obviously we embrace big data and analytics. But the
real value of big data comes when we're able to tie it back to
our core business processes: when we tie analytics back into
the real-time processing systems that optimize the grid, or dis-
patch crews, or tell customers about outages. To do that, we
need to be able to integrate with other systems, and to take big
data beyond producing cool reports and into very prescriptive

automated processes.

MYTH #3: WE CAN USE EXISTING SYSTEMS
TO ENABLE THE GRID OF THE FUTURE

For decades, we have used energy management systems
(EMS) scaled down to Distribution Management Systems (DMS)
to run our distribution systems and scan our more traditional
end points and devices. But considering the many transactions
we expect at the grid edge, there are limits to what traditional
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"We need to be able to integrate with
other systems and take big data beyond
producing cool reports and into very

prescriptive automated processes."

utility EMS and DMS can do. We don't have continuous report-
ing capabilities from these grid edge devices and there’s no vis-
ibility beyond the substations with these traditional solutions.
In fact, we need a more real-time, model-based approach—one
that represents all loads and all resources, and can aggregate
that data to connection points on the grid in a much more
advanced way than we have ever done in this industry before.

| believe innovation is the only way to break through some of

these myths. And innovation requires leadership.

Times of immense change like these challenge us to move
beyond traditional thinking, and to provide leadership to pur-
sue technologies that enable us to create a vision of where we

want the grid to go.
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ConneeTing THE DoTs

Thomas R. Kuhn

President, Edison Electric Institute

ore than any time in recent memory, the US electric

power industry is in the midst of a major, long-term

transformation. While it is difficult to predict what our
industry will look like 20-30 years from now, | firmly believe that
our success is contingent upon the strategic partnerships and
collaborative efforts that we are charting today.

In today’s energy industry, it is critical that customers, utilities,
technology providers, and policy makers are all connected
through ongoing dialogue and partnerships. This year’s Pow-
ering the People event—and the essays in this book-really drive
home the importance of "connected conversations," which are

critical to ensuring tomorrow’s energy success.

Looking at the bigger picture and how we connect the dots,
the starting and end points will always be customers. Utilities
have established relationships with customers, and are focused
on providing safe, reliable, affordable, and increasingly clean
electricity to them.

CUSTOMERS AND TECHNOLOGIES

Customers today expect to be connected all the time and
everywhere, and they want to be able to plug in all of their
devices and access new services. At the same time, they expect
utilities to continue to sustain a power grid that supports their
needs, while also giving them flexibility and choice in how they

use energy.

The smart meters and smart rates being deployed nationwide
give customers more options and provide new services—bill
management tools, energy use notifications, energy efficiency,
and smart pricing programs. And the data collected by smart
meters allows utilities and customers to better analyze electric-

ity usage to see if it can be tightened or made more productive.

Our technology partners play a significant role in our industry’s
ongoing transformation, and utilities are working at breakneck

speed to integrate new innovations as they come on the market.
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Electric utilities are developing and leveraging new technologies
to transform how they generate and deliver electricity as they
transition to a low-carbon and digital future. We are investing
more than $90 billion each year, on average, to transition to a
cleaner generating fleet and to enhance the electric grid. Utilities
are increasingly integrating more renewable energy resources,
particularly solar and wind, in their generation portfolios.

Our industry is also focused on expanding electrification of the
transportation sector. From electric vehicles to utility fleets to
charging stations to seaports and airports, electric transpor-
tation enables utilities to support environmental goals, build
customer satisfaction, reduce operating costs, and enhance
national security by using more of our domestic resources.

As we continue to incorporate innovation and technology

into the power system, it must be done in an evolutionary,

:
Songer
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not revolutionary, way. It is important that large-scale systems
work hand-in-hand with distributed generation technologies;
that micro-grids and storage batteries are in balance with tra-
ditional transmission towers and lines—complementing one
another, instead of competing against each other. Like con-
necting the dots in a puzzle, thoughtful planning and strategy
will be needed to construct a balanced, aligned system. This is

where partnerships will be critical.

ROLE OF PUBLIC POLICY

While new technologies and customer expectations play sig-
nificant roles in our industry’s ongoing transformation, public
policy is also a major driver of change. When many of us think
of infrastructure, we generally think of poles and wires and all of
the other assets that are part of the electric power system. But
the policy and regulatory framework governing our industry is
just as important in determining the value of service, and not

simply the cost of service.

It is critical that policies continue to recognize the value that
the grid provides, both as a platform for diverse, reliable, and
affordable electricity, and as a facilitator for new technologies
that give customers more choices and more control over their

energy use.
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"Since utilities already plan, build, and
operate the grid, it makes sense that
utilities continue to be the planners,
builders, and operators of the grid
working in partnership with third-party

technology providers and customers."

Since utilities already plan, build, and operate the grid, it makes
sense that utilities continue to be the planners, builders, and
operators of the grid—provided they do it seamlessly—working in
partnership with third-party technology providers and custom-
ers. Not only is this the most cost-effective solution, it will also
ensure that the reliability and resiliency of the system are main-
tained. Finally, utilities should be able to go "behind the meter"
to offer full service and a range of options to their customers.

Often, itis only utilities that offer options to all customers.

As the grid continues to evolve and change, itis important that
customers, utilities, technology providers, and policy makers
join forces to drive its innovation intelligently and strategically.
Through conversations, collaboration, and partnerships, we

will define a successful energy future together.
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TRANSFORMING THE GRID OF THE FUTURE

Keith Trent

Executive Vice President, Grid Solutions & President, Midwest and Florida Regions, Duke Energy

uke Energy and power utilities everywhere face a
rapidly changing future. Emerging mega-trends are
already transforming the landscape in which we oper-
ate, presenting both great promise and exciting challenges. As
we look ahead at how to adapt to create new and added value

for customers, it is useful to begin by assessing the legacy grid.

The grid has been a powerful instrument for broad social
change and economic development. The National Academy of
Engineering recognized the electric grid as the "greatest engi-
neering achievement of the 20th century," ranking it ahead of
the computer, automobile, the Internet, and the airplane.

The grid has been the foundation of the many innovative appli-
cations that operate on its platform, including nearly all modern
technologies. The grid has been an engine of economic devel-
opment and a catalyst for innovations that continue to enhance

our quality of life.

Many people define the electricity industry by its product,
but the Academy looked beyond what we produce to all the
innovation it enables. The grid, the world’s largest integrated
machine, allowed independent entities all across the conti-
nent to build and integrate their distinct pieces of the system,
melding them into a single machine that functions seamlessly
with 99.99 percent-reliable power delivery. It is important to
connect with these roots. As we look at the challenges ahead,
these roots remind us to think big and with the right perspec-
tive as we assess new needs and capabilities.

POSITIONING FOR THE PROMISE OF THE FUTURE

Many say that Thomas Edison would recognize the grid of today,
but | think it would also surprise him in many ways. Moore's law
has enabled significant uplift in capability of the original grid.
It's no longer Grid 1.0, but more like Grid 1.99.
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The power of advanced computing, data analytics and mod-
els, sensors, and telecommunications continue to drive auto-
mation, increasing grid efficiency and system optimization. At
the same time, many technologies are growing rapidly, includ-
ing distributed energy resources (DER), renewable energy, and
energy storage. All these changes point toward a transforma-
tion to the grid of the future, or Grid 2.0.

"Investing in advanced grid capabilities,
and integrating new technologies will
position us to unlock the full potential

of the energy value chain and the grid."

UNLOCKING THE POWER OF GRID 2.0

One example of Grid 2.0's capabilities is management and
coordination of distributed energy resources to optimize ben-
efits. The dynamic nature of the future grid, with one-way flows
replaced by two-way flows, means more high-speed decision
making at the grid edges to ensure that resource participation
is complementary and not disruptive.

Complementary participation maximizes the value of all
resources—those connected to the transmission system, those
on the distribution system, and those behind the customers’
meters—by mitigating possible negative outcomes, such as
localized over-voltage and other adverse system impacts,
through high-speed localized decision making. It enhances the
customer experience while also maximizing the value to the
grid. Duke Energy is currently leading efforts in a collaborative
engagement project across the vendor community to enable
this capability.

Embracing this potential, investing in advanced grid capabili-
ties, and integrating new technologies will position us to unlock
the full potential of the energy value chain and the grid. In so

doing, we reconnect with the 20th century grid as an engine of
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innovation and integration.

We must also remember

to think big and to assess
the value of what we do by
what we enable others to
do through the services we
provide, for our customers
and for the communities

Wwe serve.
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IR C'APTER 2: |

EVOLVING CUSTOMER

he electric utility customer is changing—and driving change.

Residential customers have more devices connected to the
grid than ever. Many commercial and industrial customers have
systems that require "clean" power, without voltage spikes and
frequency deviations. Accustomed to a high degree of service
from leading companies like Amazon, FedEx, and Apple, cus-
tomers expect excellent service from electric utilities as well,
along with plans tailored to meet their needs.

Customers expect utilities to provide reliable, affordable elec-
tricity 24/7, while at the same time enhancing the grid; replac-
ing aging infrastructure; providing cleaner electricity; and con-
necting customer-sited resources and ever more devices. This
requires investment—costs that customers will pay—so we also
must talk about the price tag that goes along with it. Electricity
is an essential service, but the grid also must remain affordable.
What do we want and how much will it cost? An informed dis-
cussion of these questions involving all stakeholders in a search
for mutual understanding is timely and essential.

The essays in this section straddle the gap between utilities’
and customers’ perspectives on the electricity service that is so
central to our lives. If we are to be successful in developing this
modern Grid of Things™, that gap must be narrowed.

Here are some customer questions that need to be answered
honestly and completely:

What is a modern grid and why do we need one?
Why do | need a smart meter and what does it do?

How are the grid costs reflected in my electricity bill today?

Should solar energy be developed by solar companies,
or utilities, or both?

m Can rooftop solar panels work for customers without
a grid connection?

Utilities must take the initiative to educate the public on how
the grid works and why it is taken for granted. (Children love to
educate their parents, so perhaps this education begins in the
schools.) When utilities initiate discussions in their communi-
ties—not just when facing a crisis—the services the grid provides
and the part that utilities play are better understood.

In the evolving energy landscape, utilities are moving toward
operating the distribution grid as a platform for the varied
energy resources and services that customers want and need—
in other words, to be the trusted service providers for electric-
ity customers. But for utilities to retain that central customer
relationship, they must earn and be "seen" in that role. That
will require both education and understanding. As George B.
Green discovers, in the essay by Commissioner Bob Stump,
"Our nation'’s utilities are uniquely equipped to preserve and
improve our energy future by combining reliability with innova-
tive customer-sited resources as few other entities can."
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SuAre THE IMIACHINATIONS,
MysTery, AND MlAGIC OF THE GRID

Monica Martinez
Principal, Ruben Strategy Group

ustomers expect access to a safe, resilient, and reliable

grid. When they wake up in the morning and look at the

alarm clock the first thing that comes to mind proba-
bly isnt "Yeah, | love that grid! Great job, utility for keeping the
power on!" Believe it or not, the grid is often taken for granted.
Now customers are demanding even more of it, and from it.
And, why shouldn’t they? Technology is constantly evolving in
every facet of their lives. Every day, there are new mobile apps
to meet their needs and entertainment expectations. So, really,
why can't the grid keep pace?

When we talk to our customers, we hear about their expecta-

tions of the grid:

B What do you mean you don't know when my house specifi-
cally lost power? You operate the grid don't you?

B Why can't you tell me when my power will be restored?

B Why can't you bury my power lines?

B Can | use this cool new app | got with my smart meter?
Then we talk with another set of customers who also have ques-
tions and concerns.

B Whydo | need a "smart meter"? Isn‘t my old one
smart enough?

B Why do you want to know about my power usage?
Are you sharing my information with the government?

® How will these reliability improvements help me?
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Customers have different expectations and different needs.

Whether it's the state public utilities commission or the utility, we
are all in changing times. For years, we applauded quarterly and
annual benchmarks when regulators received fewer contacts
from their constituents and utilities from their customers. The
system worked. People flicked the switch and the lights came
on. We were happy to be in the background and not on the front
page or dealing with a crowd of protesters at a public meeting.

Today, regulators can no
longer sit idly by, wait-
ing for constituents
to contact them-or
not. No, they need to
engage with the pub-

lic—-maybe even share
with them the machinations,

mystery, and magic of the grid. And we

must confront our biggest challenge

head on: the price tag that goes along
with reliability and resiliency. Together,
we need to explain why these invest-
ments need to be made. We need to be willing to engage in
cost/benefit discussions—and notjustin a filing as part of a rate
case. Utilities—that means you too!

Of course, customers expect access. As a former regulator, |
know how essential electricity service is today. For many it's lit-
erally the difference between life and death. And, in my opin-
ion, access means affordability; service from the grid has to be
affordable. This means we must have a cost/benefit discussion
with constituencies. We must discuss how we can make invest-
ments more affordable. This might mean that the regulatory

constructforincorporating costs into rates needs to be revised.

Perhaps we need to consider new business and operational
models as well. Whatever the solution, | believe the discussion
needs to begin under a collaborative effort with key constituen-
cies and stakeholders—utilities, regulators, policy makers, com-
munity leaders, and parties in typical cases. The whole purpose
of such a collaborative effort would be to initiate engagement
and start a discussion before a crisis.

All too often, action is spurred by tragedy or a severe weather
event. When this occurs, there may be a knee-jerk response
that is ill-considered. Even the best intentioned efforts can be
stymied by misinformation in the public space. Let’s not forget
the need to invest in general education on these issues.

In an ideal world, customers and constituencies would have
that "good feeling" about the grid-like the sentiment in those
infamous MasterCard commercials. Imagine: the grid would no
longer be taken for granted but, rather viewed as ... "priceless."
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Until that day, however, our focus needs to be on getting our
constituencies talking about grid reliability and resiliency—what
we want and what it will cost. When we engage in this discussion
we could be surprised by the feedback we get. But we also might
learn a thing or two about customer expectations and how we

can work cost-effectively to meet them.

"In an ideal world, customers and
constituencies would have that 'good
feeling' about the grid. Imagine: the grid
would no longer be taken for granted

but, rather viewed as ... 'priceless."

You never know—we might even find ourselves in broad agree-
ment and understanding. Agreement and understanding: now
that would be priceless!
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Georee B. Green Re~Discovers
SeLr~ReviaNcE AND INDEPENDENT THOUGHT

Bob Stump

Commissioner, Arizona Corporation Commission

magine, if you will, a man who wishes to do right—for himself,
forthe planet, forthe community. Hisnameis George B. Green.
George lives considerately. When asked to describe himself

in three words, he says, "Respectful, mindful, responsible."

George knows the sun is the giver of life and that any effort to
impede its energy is morally suspect. George believes he will
soon be self-reliant—this great American dream, articulated by
Emerson, will soon be a reality. George is seeking "energy inde-

pendence," "choice," and "freedom."

He's heard Barry Goldwater Jr., Chairman of Tell Utilities Solar
Won't Be Killed (TUSK), trumpet these virtues. Utilities and other
profiteers wish to prevent George from living out the meaning
of the American dream. How could they have the audacity to

"tax sunshine?"

Renowned energy ratemaking expert Rachel Mad-

dow says that charging solar customers

for their use of the grid is "a fine for
the crime of using solar." Tom Mor-
rissey, former Arizona Republican
Party chair, says, "If we can keep
one dollar from going to people
who are killing our kids in Afghan-
istan, it's a good thing—and | feel
that's what solar energy does."

George believes something world-changing is upon us. Elec-
tric vehicles will let him sing a song of himself, free on the open
road, hurtling through a new frontier. He will become a "pro-

sumer," producing as well as consuming energy.
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He already uses Uber and his phone is loaded with apps. He
feels empowered and individuated, but also more intercon-
nected than ever before. George values independence of mind
and genuine self-reliance. Yet because electricity is the most
political of commodities, George will have to cut through slo-

ganeering to discern reality.

So, George begins to ask questions. Energy independence?
From what? From Middle Eastern oil, perhaps? This isn't yet
possible. From the utility? That's not possible, either. Free-
dom to do what? Perhaps to become energy independent and

engage in choice? George feels these are circular arguments.

George learns that the National Academy of Engineering rec-
ognized the electric grid as the top engineering achievement
of the 20th century, more momentous even than the automo-

bile, the airplane, and the computer.

"George understands that a healthy utility
and electric system enables him to achieve
precisely the modicum of energy choice

and independence he is seeking."

Thus it begins to dawn on George that even using Uber requires
public infrastructure, that apps require a network that we all
use, and that using distributed generation still means being

connected to the grid from which he longs to be liberated.

George begins to see that nearly everyone needs the grid to
have reliable electric service. He starts to feel that perhaps
we are all in this together—his environmental awareness taught
him that.

George doesn’t quite understand how solar companies are
competitors with utilities. They provide intermittent energy.
Solar customers are still connected to the grid and need the
utility to keep the lights on and to balance their energy needs.

Mustn't one be a potential equal to be a competitor?

In the final analysis, even though George admires and wishes
to emulate Henry David Thoreau by living off the grid, he real-
izes that he values the contents of his freezer too much. Utility
reliability, he recognizes, is the foundation for choice in his life.
It provides a freedom and independence that he would miss,
should it disappear. He now understands that a healthy util-
ity and electric system—with or without solar—enables him to
achieve precisely the modicum of energy choice and indepen-

dence he is seeking.
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And so George begins
to embrace a degree of
energy independence

and choice by employing

smart devices. He installs
utility-owned rooftop solar
to make his life easier—
thereby living up to what Goldwater

called "true conservative principles" by not embracing a net

energy metering subsidy George thinks is unfair.

Goldwater had, after all, spoken of equality of opportunity
for energy resources in a competitive marketplace. But this
is exactly what foregoing a net metering subsidy means to
George. George also recognizes that taking advantage of the
subsidy means a "tax" on the 98 percent of Arizonans in APS
territory who choose not to "go solar."

George begins to develop an appreciation for irony: He knows
the sun isn't free, that "killing solar" just makes it stronger, that
solar is impractical without the utility connection that some
pro-solar folks claim to despise. The utility can survive without

rooftop solar, but rooftop solar cannot survive without the utility.

Ultimately, George learns that the utility grid is here to stay.
Indeed, the solar energy he wants would not power his home
without a grid connection. In fact, the grid connection provides

a continuous, reliable supply of energy.

For George, Thoreau's Walden Pond would remain a dream. He
recalls that even Thoreau had his mother fix him meals during

his sojourn in the wilderness.

George finally understands Edmund Burke’s maxim: A disposi-
tion to preserve, and an ability to improve, is the standard for
good public policy. Self-reliance, independence, and freedom—
using all the tools at our disposal to manage our energy future—
may be achieved by both preserving and improving the electric
system and strengthening the regulatory compact between

utilities and regulators, while allowing solar to play its part.

Our nation’s utilities are uniquely equipped to preserve and
improve our energy future by combining reliability with innova-

tive customer-sited resources as few other entities can.

George feels that Emerson would approve of his self-reliance—
especially self-reliance manifesting itself as independence of
thought, which is such a challenge in today’s environment.
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Tt Times Tuey Are A-CHANGIN’

Stephen Callahan

Vice President, Global Strategies and Solutions, Energy and Utilities, IBM

...you better start swimmin'
Oryou'll sink like a stone

For the times they are a-changin’

—The Times They Are A-Changin', by Bob Dylan

hange is coming. No, actually, change is here, looking

us right in the eye. Defined by words like smart, disrup-

tive, and hard, change in the electricity industry is in the
air, everywhere, palpable in virtually every industry forum. And
here are a few of the questions we ponder in this change:

B Can we have smarttechnology synched with smart regulation?
B Have we really figured out the IT challenges of Smart Grid?
B Are we incentivized to invest in innovation?

These questions are aimed at trying to figure out if it's the reg-
ulatory/business model, the technology, or just the underlying

DNA of the industry that may impede a smooth transition to what
future historians may call the "post-industrial" electricity industry.

Three core drivers have the industry in a maelstrom of uncertainty.

The first is the rise of viable substitutes to the traditional mode
of energy supply. These substitutes are more distributed and
more uncertain in their operation than the traditional model,
but they are also more sustainable and nearing cost parity with
grid-provided energy. Their prevalence in the electric energy

world is only going to increase.

The second is a fundamentally changed customer—one who
uses less energy to obtain the same outcome (think: LED lights
vs. incandescent—i.e., lumens per watt), a customer who uses
less energy from centralized sources (think: net zero homes and
buildings) and a 21st century customer (think: propensity to

interact with the world through mobile devices). This customer

"Change is coming. No, actually, change

is here, looking us right in the eye."
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is different from a familiar one whose interaction is via a monthly

bill, the mail, or an occasional unhappy call reporting an outage.

The third is that no matter how disruptive to the current busi-
ness model substitutes might be, or the complexity of the new
customer interaction, the norms of the industry persist. The
requirements for safe, reliable, affordable, and increasingly
sustainable energy endures. No regulator or customer expects
a reduced quality of service or a less resilient energy supply.
Expectations are rising, not diminishing!

Given these drivers, it is easy to see why the change dialogue is
so prevalent, but identifying the situation is easier than predict-
ing its outcome. Still, the dialogue does seem to present some
clear patterns. Among them:

TECHNOLOGY-DRIVEN

The change is technology-driven. That is saying a lot in an
industry that uses a lot of technology but is so regulatory-
driven. The technology—its economy, its reach, and its richness
is making the entire discussion of change plausible. Itis not lost
on industry veterans that nearly every innovation being dis-
cussed (e.g., roof top solar, demand response, and storage) is
decades—sometimes many decades—old.

DIVERSITY OF VIEWS

The diversity of the dialogue is rich and there is no single or
simple answer. Depending on where you work and live, the eco-
nomics, the politics, and the physics of the issue suggest that
varied approaches and time scales for the change are possible.

CHANGE IS HARD-AND IT SHOULD BE

Perhapsthe clearestitem thatall can agree onis thatthe change
is and will be challenging. The industry is besieged by Johnny-
come-lately "innovators" pronouncing the industry decades
behind in its technology, its thinking, and its economics. Indus-
try incumbents can learn and be inspired by uncomfortable
prodding from outside. But supplying electricity to the world
safely, reliably, and affordably is not an arbitrary or a whimsical
undertaking and not for the faint of heart.

Whatis this "post-industrial" electricity industry? It will undoubt-
edly be more electric, more distributed, and more uncertain—
both economically and physically. It is also ever more essential
to our economy and our future. It is perhaps this contrast of
uncertainty and essentiality that defines the core problem to
be solved.
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The core problem: What everyone wants
is an affordable solution that treats all par-
ties fairly, leverages the best of technology,
applies it locally, and with sustainable val-
ues. Now that would be change!
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A One~-Stor-SHop ror CusTOMERS

Ted Craver
Chairman, President and CEQO, Edison International

he needs of our customers are changing. They want
more choices, clean and more reliable power, and
affordable power.

In our increasingly digital, networked world, reliable service is
more important to customers than ever. Power outages, even
brief fluctuations, can disrupt a wide variety of microproces-
sor-based devices, from computers running the Internet to life
support systems.

For homeowners, if the power goes out even for a couple of
seconds, customers have to reboot all their digital devices.
That's not high on their satisfaction list.

Outages are even more damaging for businesses. More and
more of our business customers have their processes comput-
erized, so even a momentary outage can knock out computer-
ized controls, requiring them to reboot their systems. The down
time can be expensive.

Customers' demands for power quality are only going up.
Today our industry averages 99.99 percent availability—less
than an hour of downtime per year. That sounds good, but it
won't be good enough going forward.
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Business customers represent about two-thirds of Southern
California Edison’s load. They all have different requirements
for power quality. Some just need back-up systems; others, like
those with digital control devices used in manufacturing and
high-tech industries, have very high power-quality needs.

Business customers are also very sensitive to price and compet-
itiveness. The power system is a key part of their cost picture,
so electricity service must remain affordable. Affordability is
important for economic development generally, so that busi-

ness customers can compete on cost, and for our region’s com-
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petitive position.

In one initiative, for exam-
ple, SCE and the Electric
Power Research Institute

partnered with aero-
space company Space X
to reduce power anoma-
lies and improve energy
efficiency for Space X.
This resulted

power quality improve-

in overall
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duction and cost savings.

We also see opportunities to partner with commercial real estate
owners to enable on-site services, like electric vehicle chargers
and solar power, to help make their properties more attractive.

All electric utilities have essentially the same mission: to pro-
vide safe, reliable, and affordable electricity to its customers.
More recently, an important fourth element has been added: to
do this in an environmentally responsible way.

California, probably more than any state, has made greenhouse
gas reduction a central feature of its public policy. Our challenge is
to figure out how to provide electricity with as little environmental
impact as possible without choking off growth and job creation.

Distributed energy, especially rooftop solar, is here to stay. In
California, which has more than one-quarter of the nation’s dis-
tributed generation, our customers are being actively recruited
by companies offering to install rooftop solar systems.

Some people see all this change as a "disruptive" threat to the
utility business. On balance, | see it as an opportunity to make
our nation’s power grid more flexible and ultimately better
serve our customers.

Distributed energy has the potential to offer customers cleaner
power, more choices, and more control over their energy bills.
It can also provide a number of benefits to utilities, including
increased engagement with customers in how their energy is
sourced, delivered, and used.
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"We see our role as the trusted

energy advisor, a one-stop-shop for
customers who want to take advantage
of new energy technologies. As the
utility, we'll be there 24/7—helpful,

credible, and easy to deal with."

That's why we are building a more flexible, resilient, and
low-carbon electricity distribution grid for the 21st century and
beyond. We call it the "plug-and-play" backbone system-a
power network that customers can plug any device into and
have it work seamlessly, whether it's an electric vehicle, solar
panels, batteries, or "smart home" technologies we haven't
even thought of yet.

Such a network also allows us to partner with clean-energy
technology and service providers, facilitating the adoption
of new products. For example, at SCE we have a 3,000-home
pilot with NEST that offers a potentially less costly way to man-
age demand response: Instead of the utility installing demand
response devices on customers’ HVAC units, we can access the
customer’s home network via the NEST thermostat.

The key benefits in all this are customer choice and ease of use.
For major energy-consuming devices, customers can "set it
and forget it." It also helps us meet our energy efficiency and

demand response goals.

We see our role as the trusted energy advisor, a one-stop-shop
for customers who want to take advantage of new energy tech-

nologies from suppliers.

The home energy market today includes many service pro-
viders: home security companies like ADT, and cable/tele-
comm companies like AT&T, Comcast, and Time Warner. It also
includes retailers selling devices for the do-it-yourself market,
like Lowes, Sears, and Home Depot. The explosion of new play-
ers and new services available may seem overwhelming to

some customers.

As the utility, we'll be there 24/7—helpful, credible, and easy to
deal with.
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Uritities As OrenesTRA CONDUCTORS

Adrian Tuck
CEO, Tendril

echnological advances, regulatory changes, consum-
er-centric communication practices—they're all reshap-
ing the energy industry at faster rates than we've experi-

enced in the past century.

With these shifts must come changes in the ways utilities deliver
electricity. Traditionally, utilities owned and managed the entire
energy value chain, from generation to the service drop at the
customer’s meter. Now, many other players have a stake, from
solar and storage companies to traditional service providers.
Consumers are buying different energy-related products and
services on their own, changing the nature of their dependence
on utilities. This may all seem strange and new, but appear-

ances can be false.

In the new energy landscape utilities can still own the central
customer relationship and manage all of the assets customers

use, even if the assets come from other providers. Because of
their history, utilities understand customers’ energy practices
better than anyone else, and that understanding makes them
the most likely energy advisors and service providers, now and

for years to come.

Utilities do, however, need to evolve as the grid evolves. They
need to find ways to quickly cooperate with new players and
insertthemselves into the role as the orchestra conductor of sup-
pliers, regulators, and customers. Utilities can most effectively
fulfill this new role if they operate as bundled service providers,
similar to, for example, the way that cable companies provide
television, phone, and Internet services, and bundle content. In
their bundled service provider roles, utilities will be the primary

entity to which consumers turn for all their energy needs.
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ACQUIRE, ENGAGE, AND ACTIVATE CONSUMERS

While this transition to the role of orchestra conductor creates
opportunity for utilities, it also brings challenges. It requires a
reconceptualization of business practices and customer relation-
ships. The utilities that move beyond compliance and cost-driven
motives, while treating every customer interaction as a chance to
build a relationship, stand to profit and succeed. Focusing on
three guiding principles—the ability to acquire, engage, and acti-
vate consumers—can set utilities on the right path.

"Focus on three guiding principles—the ability

to acquire, engage, and activate consumers."

Acquire. Utilities will prosper if they prioritize the customer
relationship by offering an enhanced set of products and ser-
vices. Setting customer retention and acquisition as a priority
means using the wealth of consumer data utilities possess to
determine what consumers need and want and then tailor-
ing communications to these individuals. Utilities will gather,
aggregate, and act on data most efficiently and effectively if
they approach acquisition as an organization-wide mission. A
broad focus on developing attractive service packages could
include, for instance, access to community solar for people liv-
ing in rentals or fixed-rate pricing for those on fixed incomes.

Strong energy services management technology can perform
the necessary consumer segmentation and targeting to enable
utilities to get the word out about their bundled services to the

most likely program participants.

Engage. Utilities will succeed if they keep their customers sat-
isfied. Engagement requires a company-wide focus on person-
alized interaction with customers. Utilities can get to know their
customers individually through data aggregation and holistic
analysis of statistics in combination with information from occa-
sional home visits and in-person interviews. With this data in
hand, utilities can communicate information in ways that are
helpful, not intrusive. Information needs to be relevant, for
example, helping customers keep their costs and consumption
at an appropriate level. Engagement will also allow utilities to
offer additional products and services that data and analysis

suggests will appeal to the customer.

Activate. Finally, utilities will thrive when they embrace their
roles as orchestrators of all of the players and services in the
energy market. Activation demands that utilities look at new
dimensions of the industry-like solar, storage, and distributed
energy—as opportunities, not threats. Partnerships with provid-
ers of these services, as well as with other companies that refine
the customer experience, can strengthen utilities’ relationships
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with customers, who can still turn to utilities as the trusted advi-
sors and sources for their energy needs. Utilities can build the
institutional capacity to integrate the energy services consum-
ers may want, then distribute them through personalized, tai-
lored communication and delivery.

Conductors of multi-piece,
nuanced, intricate orches-
tras do not have easy jobs.
Utilities face comprehensive,
complex transformations as
they position themselves to
lead in the new energy mar-
ket. Changing their business

models into those of bundled
service providers and adopt-
ing strong technology to help with data-driven, multi-channel,

proactive communication will set utilities on the path to success.

The new energy world is one of partnerships, smart data anal-
ysis and application, and pervasive consumer participation. It
has customers at its center and, with the necessary develop-
ments, it will have utilities at the helm.
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ManAcING THE TRANSITION

John DiStasio

President, Large Public Power Council

he Large Public Power Council (LPPC) represents the 25
largest public power systems in the United States and
the island of Puerto Rico. While not all LPPC members
directly serve retail consumers, they all have a keen interest in

the evolving power grid.

The evolution of the grid is the result of many things, but par-
ticularly developed from the convergence of three factors:
Technology, Consumerism, and Policy. These factors have pre-
cipitated a robust debate—about the future of electricity gener-
ation and delivery, customer choice, utility resource planning,
big data and privacy, cyber security, and environmental policy.
While all of these areas are important in their own right, it's the
best balance and the sensible interrelationship of all of them

that will yield an optimal result.

For utilities, finding the appropriate mix of reliability, affordabil-
ity, and environmental stewardship, while paying close atten-
tion to how customers weigh each of those values is critical to

the transition underway.

RELIABILITY, AFFORDABILITY, AND THE ENVIRONMENT

Reliability is expected and rightly so. Pressures on reliability
have grown in our increasingly digital world. The loss of elec-
tricity, even for short durations, has serious and adverse effects

on our communities and our economy.

Affordability comes from sound resource decisions and scale.
Since the central station utility model is quite capital inten-
sive, scale has mattered. Large, long-lived investments can
be financed and their costs recovered over time, keeping cus-
tomer bills as low as possible. Today, interest is growing in the
economic and operational benefits from distributed resources
on the grid.

Finally, environmental stewardship is important to our custom-
ers and to the quality of life in the communities we serve. Given
the long-lived nature of past investments, the transition to a
new resource mix, informed by a better understanding of asso-
ciated environmental impacts, needs to be anchored to out-

comes that ensure both reliability and affordability.
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How will the grid evolve, given these dynamics? Through tech-
nology, the grid has become smarter and that will continue. The
grid has driven the American economy for 100 years and was
smart enough to manage the generation sources, end uses,
and customers’ expectations of our pre-digital society.

Many agree that the grid that's evolving will have the capability
to manage myriad new resources, technologies, and customer
end-uses, and the ability to reduce and aggregate demand in
increments. The overlay of digital communication networks
makes this possible, allowing for the two-way flow of informa-

tion and energy transactions.

"Customer service today is about enabling
the customer through technology and
communications capabilities, while keeping

the back office in the back office."

TECHNOLOGY AND CUSTOMERS' EXPECTATIONS

The evolution of electric power, communications, and infor-
mation technology is well underway and many utilities have
embraced these technologies—initially, to understand how to
integrate them into the existing grid, while maintaining reliabil-
ity, and to reduce costs. Many utilities are now offering new
technologies as part of their base business offerings.

The grid is growing into a technology platform that will allow
customers to choose their relationship with their utility. Given
other demands, many customers may want to maintain a full
requirements, full service relationship. Many may want a greater
hand in managing their energy use and to self-supply a portion
of their energy needs. A few may seek independence from the
grid altogether.

The explosion in technologies and personal computing capa-
bilities that has occurred over the past two decades has
empowered consumers and raised their expectations for both
the quality of service and service options in every aspect of
their lives.
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Gone are the days when utilities compared themselves solely to
other utilities as a measure of meeting their customers’ expec-
tations. Today’s customers compare their utility experience to
every other service experience, and they expect their service
providers to accommodate their preferences and choices.

Customer service today is about enabling the customerthrough
technology and communications capabilities, while keeping
the back office in the back office. The path to maintaining a

successful customer relationship is still high quality service—but
that service must be transparent and flexible, while enabling
customers to make their own decisions.

OUTCOMES MATTER MOST

Finally, good public policy focuses on outcomes like reduced
emissions, energy productivity, supply diversity, and energy
security.

The evolution of the grid has been hindered by a lack of such
broad policy objectives, too much prescription such as spe-
cific resource mandates, arbitrary renewable definitions, com-
pound subsidies, pricing requirements that don't reflect cost,
and a lack of technology neutrality. This has resulted in uncer-
tainty, unnecessary complexity, and increased cost and a focus
on compliance instead of innovation.

Policy makers have the authority and responsibility to set broad
policy goals, butthey should avoid setting the means to achieve
those goals. This is especially true in a time of transition when
creativity and innovation, both within the industry and by new
market entrants, is critical to achieving the optimal balance of
reliability, affordability, and environmental quality.
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undoubtedly makes the Navy a
better war fighter and a better
community member. We see
leveraging micro-grid technology
as the key to making our energy

systems more flexible. 99
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CxoosiNG TO LeAD ON ENERGY

Hon. Dennis McGinn

Assistant Secretary of the Navy, Energy, Installations & Environment

he Department of the Navy has a long and successful his-
tory of energy innovation, from steam engines to nuclear
engines on our ships, and connecting diesel back-up
generators to critical buildings for our shore bases to ensure
mission continuity and operational capability. Like the rest of
the energy industry, we're looking to modernize our energy
operations to ensure we are capable of achieving our highly

specialized missions around the world.

Most people think of the Navy as a Sea Service, but the Navy
also owns 3.5 million acres of land and 117,000 buildings. With
all of this property, the Navy is absolutely interested in taking
advantage of new technology that reduces our energy foot-

print and increases our abilities.

For the most part, the infrastructure that has supplied electric-
ity to our shore bases has been reliable for more than a century.
However, newer, cheaper, and more reliable energy technology
now available has created an opportunity for the Department

of the Navy and our sister services to pursue more resilient
and flexible energy services. Micro-grids, which allow power
users to demand a new level of control and reliability from their
power sources, are of great interest to the Navy.

Micro-grids are not a new technol-

ogy. To the Navy, a micro-grid
is a network thatallows usto be
connected to the larger grid—
or not, as circumstances dic-
tate. A micro-grid allows us to
have more energy resiliency

if there are problems with
the larger grid. It also allows
us, in some cases, to lower our
total electric bill by giving us a choice in terms of what is the
best-value, least-cost electricity supply, whether that energy is
coming from the grid or from some set of distributed genera-
tion assets located on Navy or Marine Corps installations.
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In order to fully integrate new technology which we believe will
provide cleaner, cheaper, and more flexible energy, our culture
inside the Department of the Navy has to change. We need to
understand in depth what the options are and what they offer.

Niccolo Machiavelli made an observation which still holds water
today, "It ought to be remembered that there is nothing more
difficult to take in hand, more perilous to conduct, or more
uncertain in its success than to take the lead in the introduction
of a new order of things. Because the innovator has for enemies
all those who have done well under the old conditions, and luke-
warm defenders among those who may do well under the new."

In addition to addressing its culture and technology, itis essen-
tial that the Navy form meaningful partnerships to better meet
our changing energy needs at home and abroad. We want
to have partnerships within the Department of Defense and
throughout the Federal Government, with every agency that
impacts how we get and use energy. We also want to build
partnerships with states, municipalities, towns, and cities where

our installations are located.

Most important, the Navy needs to build more and stronger
working partnerships with the private sector, so that we can uti-

lize new technology and effectively integrate it into our culture.

Energy supply flexibility undoubtedly makes the Navy a better
war fighter and a better community member. We see lever-
aging micro-grid technology as the key to making our energy
systems more flexible, so we are poised to always support our
missions and stand ready to support the communities that sur-

round our bases.

For example, the Naval SUBASE New London; the City of Gro-
ton, Connecticut; Groton Utilities; the Connecticut Municipal
Electric Energy Cooperative; and the local energy service pro-
viders are developing a hybrid distribution project for approx-
imately 8 MW. The project will support multiple types of gen-
eration, including renewables, a baseload energy source like
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natural gas, and backup generation. This template meets our
desire to be cleaner and cheaper. And, by connecting these
resources together on a micro-grid system, the Navy can have

the flexibility to better support the installation’s mission.

We recognize that our Sailors, Marines, their families, our Civil-
ian employees, and our contractors don't just live, breathe, and
work on-base all the time. We recognize that there's a commu-
nity outside our walls. We want to partner with communities
to provide strategic and emergency services when they are
needed. Thus, we are experimenting with the partnership for
the project at SUBASE New London to extend the micro-grid
to first responders, medical treatment facilities, and even to a
commercial corridor in Groton, so that if the grid is down, our
community partners can have confidence that they too will
have essential services. The Navy believes this ability will pro-
vide regional resiliency. We do not want to become islands of
Navy or Marine Corps installations in the face of some sort of a
widespread grid crisis. We want to ensure that our neighboring

region is protected as well as our bases.

"Some will resist the change, as Machiavelli
noted more than 500 years ago, but the
potential benefits of embracing change

in the energy sector are too great."

New technology is making power cheaper and cleaner so the
Navy can integrate new energy systems that make our installa-
tions flexible. We believe flexibility will enable ultimate opera-
tional capability and mission continuity, and eventually will be
able to stabilize and provide regional resiliency to our commu-
nities. Some will resist the change, as Machiavelli noted over
500 years ago, but the potential benefits of embracing change
in the energy sector are too great.

The Navy is choosing to lead on energy.
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have been a big black box to
customers who had little reason to
think about the actual complexities
of how we delivered electricity.
Now, customers are entering into

new relationships with us. 99
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Orening THE BLAck Box

Karen Lefkowitz

Vice President, Business Transformation & Chief Information Security Officer, Pepco Holdings, Inc.

aking advantage of new and emerging technology is the
new normal for utilities. That means re-examining how

we approach our work.

Utilities, with our obligation for universal service, have histori-
cally spoken with one voice to our customers. Today, a deeper
understanding of our customers is essential, and data analytics
provide insight into customer needs and expectations as well
as providing us a means to optimize and customize messages

to our customers. For example:

B An energy efficiency program may be attractive to one
customer because it provides an opportunity to save
money, but it may only be attractive to another because it
improves the environment.

B When a customer calls with a power quality problem, we
have data and tools to evaluate what is happening at that
location. And that call now can serve as an alert and trig-
ger, where with little additional expense, an assessment of
power quality for other customers served by that circuit or
the substation can be conducted.

B Some customers want paper billing and paper bill inserts
with generalized energy savings tips, while another cus-
tomer may be more accustomed to interactive web sites
containing information that is (or can be) tailored to that
customer’s specific circumstances.

Improvements in data analytics lead to improvements in grid
management, which in turn lead to improved customer expe-
riences and levels of service satisfaction. At Pepco Holdings,
we are encouraging employees to think more expansively;
collaborative employee teams developed about 50 use cases
for data analytics, and organized them into categories: grid,
reliability, asset management, enterprise, customer, load,
voltage, and work.

To prioritize the work, we asked ourselves some fundamental
questions focused on what analytics will produce information
that is most important to our customers. For example:

B Should we focus on analyzing the impacts of high penetra-

tion of renewable energy at specific locations? That is useful
where we see fast growth of customer-sited renewables.
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B Should we focus on customer segmentation and use it to
better deliver messages to customers about energy effi-
ciency programs and peak time rebate programs?

Some customers and regulators are concerned about data
privacy. We have adopted tough data privacy standards into
our policies. On the other hand, many customers are willing to
share large amounts of their personal data to get something
they value. And we know that entrepreneurs are developing
products that require access to customer data. We have mixed
messages to decode and understand and recognize that we sit
at the crossroad of a new and exciting analytics-based energy
value chain. While it would be easy to fall back on regulations,
we owe it to our customers to collaborate with them, our reg-
ulators, and other policy makers and stakeholders in under-
standing, protecting, and managing the data.

UNLOCK #ie

For much of our history,
utilities have been a big
black box to customers—
we delivered electricity

\. . 7 DATA
.LEVERAGE ;
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from big power stations

to our customers and they
had little reason to think

aboutthe actual complexities

of how those things were done.

"Now we have the opportunity and the
imperative to educate policy makers
and customers—and ourselves—on

what'’s really inside that black box."

Now, customers are entering into new relationships with us.
Increasingly, they are self-generating and selling back excess
energy to the grid or buying electric vehicles and substantially

changing their electricity usage patterns.

The complexities of grid operation grow significantly with these
new uses, yet the black box operational model that utilities
grew used to, and even encouraged, today works against us as
customers are left to wonder why the grid cannot always allow

a certain use.

Now we have the opportunity and the imperative to educate
policy makers and customers—and ourselves—on what's really
inside that black box and its capacity to accommodate the
exciting new uses that are being developed. We have to adapt
by staying in front of the choices customers are making and
develop ways to evolve the grid in order to meet their expecta-

tions. Otherwise, we will have failed our customers.
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EVOLVING REGULATION

Traditional electric utility regulation was designed for the
electric grid that evolved from the work of Edison, Tesla,
and Westinghouse to a natural monopoly structure covering
much of the US. In 1978, the first opening to competition was
introduced with enactment of the Public Utility Regulatory Poli-
cies Act (PURPA). PURPA was the leading edge of what became
a competitive era that, over the next several decades, trans-
formed a wholly monopolistic industry structure into one with
elements of competition at each level.

Though the electric power industry is now much transformed
by competitive forces, the same state regulatory laws meant to
govern its original structure remain in effect. Today's state reg-
ulators are handicapped by the dissonance between the stat-
utes they administer, artifacts of an earlier time, and today's era
of immense innovation and change—in technology, customers,
and competition that's driving the industry.

Today, competition has largely transformed energy genera-
tion, transmission is open to competition in much of the US,
and at the distribution level, electric utilities remain largely
a monopoly.

What's needed today, as the essays in this chapter make clear,
is a new regulatory paradigm-one that's beginning to be dis-
cussed but is still far from defined. Below are some principles
for evolving regulation that you will find in these essays.

B Regulation should be more forward looking, less bur-
dened by lengthy rate proceedings, and more reliant on
long-term rate plans that provide utilities flexibility and
give customers rate predictability.

B Regulation should signal prices to customers in relation to
the costs that customers cause and the value they provide
to the grid.

B Regulation should allocate the cost of grid services equita-
bly to all customers.

B Regulation should encourage innovation and collabora-
tion among stakeholders.

B Regulation should foster competition and development of
value-added and performance-based services.

B Regulation should give customers the opportunity to inter-
connect distributed resources to the grid, while assuring
utilities recovery of their grid services costs.

Minnesota’s e21 Initiative and similar activities in a few states
address many of these issues. These initiatives involve all stake-
holder groups in a good faith, collaborative effort to define a
vision for the future grid and a path forward for state electric
utility regulation. That path leads to a performance-based reg-
ulatory paradigm that acknowledges the value of the grid as
the unifying network. It offers greater flexibility to utilities in
meeting customer needs, while rewarding or penalizing them
based on their ability to achieve agreed upon outcomes.
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€€ The key question before us is how
to adapt regulation to align with the
changing role of utilities, accelerating
technology, and increasing customer
expectations, while also stabilizing
rates, minimizing costs, and ensuring

equity among customers. 99
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Suapine THE 21sT CenTURY ENERGY SYSTEM

Marvin E. McDaniel, Jr.

Executive Vice President; Group President—Ultilities and Chief Administrative Officer, Xcel Energy

igns of change are all around us.

Years of successful conservation programs and efficiency

improvements have slowed and in some cases reversed
the electricity sales growth trends characteristic of the past
century. Likewise, declines in the cost of distributed generation
technologies, growing customer interest in expanded energy
options, and supportive public policies have prompted a
surge in the adoption of distributed resources and heightened
demand for new products and services.

These trends are spurring innovation and entrance of new market
participants into an evolving energy market. This evolution will
not be without challenges for utilities, but it also represents an
unprecedented opportunity to reshape what the energy system
looks like, what it is able to do, and how people use it.

As a result of this wave of innovation, Xcel Energy is participating
in an initiative to shape the energy system of the 21st century

called the e21 Initiative. The e21 Initiative comprises a diverse
group of stakeholders in Minnesota that came together on a
voluntary and proactive basis to discuss how the regulatory
model needs to evolve to embrace technological innovation,

support customer choice, and transition to a lower carbon future.

PARTNRRSHIp
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THE GRID AS BACKBONE

An early point of consensus in Minnesota’s e21 Initiative was that
the current regulatory framework is increasingly incompatible
with the state’s energy policy goals and with industry trends.
While stakeholders differed on exactly what needed to change
and why, there was general agreement that a strong, reliable,
and resilient grid is at the center of this energy future. Far from
becoming obsolete, the grid will serve as the backbone and
platform for new technologies, products, and services and be
accessible to customers. It will grow in value as more devices are
connected to it. Xcel Energy’s long history and experience in
developing and managing the grid, with all its complexities and
requirements, makes us uniquely suited to continue providing

grid services and to participate in its evolution.

Evolving the grid and keeping it safe, resilient, and secure will
require ongoing investment and commitment. Our ability to

make these investments and manage the cost of this transition

"Far from becoming obsolete, the grid will
serve as the backbone and platform for new
technologies, products, and services and
be accessible to customers. It will grow in

value as more devices are connected to it."

will depend on having a constructive regulatory framework,
particularly in the face of uncertain public policy, little if any
sales growth, and increased competition. As the grid needs
to evolve, regulatory models and rate structures also need to
evolve, and demonstrate to those who provide capital that there
is reasonable assurance that costs will be recovered and that

utilities will have the opportunity to earn their authorized returns.

Utilities subject to the traditional cost-of-service regulatory
model often struggle to meet today’s business challenges.
Cycles of frequent rate cases, such as we have experienced
in Minnesota, have revealed a misalignment between an
industry that requires continued investment and a relatively
rigid and increasingly outdated regulatory framework. Thus,
the key question before us and at the heart of the e21 Initiative
is how to adapt regulation to align with the changing role of
utilities, accelerating technology, and increasing customer
expectations, while also stabilizing rates, minimizing costs, and

ensuring equity among customers.

EVOLVING THE REGULATORY PARADIGM

Xcel Energy is not alone in exploring alternatives and
modifications to the existing regulatory model. We recognize
that important differences may exist across states, so we are
not pursuing the same solutions in each of the eight states we
serve. Each state we serve is addressing these issues in different
ways, and at a different scope and pace. We try to consider each
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situation and develop a spectrum of solutions that ranges from
incremental to more comprehensive and transformational.

While there will not be a single solution that suits all states
and utilities, we do believe there are some trends and

common approaches.

B First, we believe the regulatory model must become more
anticipatory and forward-looking, with greater reliance on
tools such as longer-term rate plans that provide utilities
with greater flexibility and customers with greater rate
predictability. These rate plans could be part of filings that
address a range of planning issues and look more like a
business plan than a test year snapshot.

B Second, itis hard to overstate the importance of pricing
and rate design. We must find better methods of assign-
ing costs that send the right price signals to customers
and appropriately assign system costs to those that cause
those costs. Similarly, we must fairly compensate custom-
ers for the value of energy they provide.

B Third, many states may explore the role of incentives in
driving utility performance in areas that are important
to customers.

B Finally, we believe there will be a greater role for collabo-
ration among stakeholders. Through broader collabora-
tion and partnership, we can start to move away from the
adversarial posturing inherent in the traditional regulatory
environment and toward win-win solutions that appropri-
ately balance interests and maximize value.

E21 INITIATIVE ADVANCES DISCUSSION

Stakeholders in Minnesota's e21 Initiative are advancing the
discussion of how to adapt our regulatory model for the future.
This initiative began organically as an idea for stakeholders to come
togetheraspartofavoluntary and consensus-based effortoutside of

cul \I\BORON

in December 2014, which included a number of recommendations

the formal regulatory process
to proactively respond to
industry changes. The group

published its Phase 1 report

related to regulatory reform. At the heart of the recommendations
is a shiftto a more customer-centric, performance-based regulatory
model that uses multi-year rate plans and performance incentives to
drive outcomes. For Minnesota, we believe e21 is a useful model for
how stakeholders can work together to find areas of mutual benefit.

Utilities and the services we provide will remain critical well
into the future. Our greatest challenges in evolving the grid will
not be so much technological, but in designing a system that
facilitates adoption of technologies and responds to customer
interests while also stabilizing rates, treating all customers fairly,
and ensuring that utilities have the financial health necessary to
continue investing in the system.



€€ Regulation 2.0 must foster
competition; incorporate the hybrid
nature of the grid; and provide
mechanisms that maintain balance
and fairness for consumers, utilities,

and investors. 99

—-DR. LAWRENCE E. JONES
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Towarp A MooerNizeo RecuLAToRY CompAcT

Dr. Lawrence E. Jones

Vice President, Utility Innovations and Infrastructure Resilience, Alstom

oday, deployment of new technologies is creating a more

dynamic grid with greater controllability and observability.

The power grid must now be operated in an environment
of increasing variability, uncertainty, and complexity. Demand is
becoming more elastic and distributed generation from renew-
ables and other sources is surging. System intelligence and
transactive capabilities are being embedded in devices along
the entire value chain, on a scale that will upend the way we pro-
duce, deliver, and consume energy going forward.

Atthe sametime, electric utilities around the world are expected
to continue to make capital investments in a grid infrastructure
that provides high quality, reliable electricity service and
societal benefits, while seeing declining sales growth. While
utilities can adapt by adjusting their current operational
practices to improve the type and quality of services they
deliver to customers, and adopting decoupling mechanisms
(as many jurisdictions have)—these approaches do not address
the fundamental issue.

The regulatory compact in the US was designed more than
100 years ago with the goal of attracting private capital to help
develop facilities to provide electricity services to society. In
return, the providers of such services were granted franchise
monopoly rights to sell electricity at rates that are considered
just and reasonable. The assumption that underlies this business
model is that the price consumers pay for electricity times the
volume of electricity sold will allow utilities to collect the revenues
they require to recover their operating costs while providing a fair
return to their investors. The compact between utilities and their
investors on the one hand, and between utilities and customers
on the other, has served the US well, as electricity has driven the
engines of the world’s leading economy.

Today, however, the industry is facing several disruptive forces,
especially at the grid edge, that fundamentally challenge the
long-held assumption that growth in sales of electricity will
provide utilities the revenue needed to continue financing and

making capital investments in the grid. In light of the confluence
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ofthese disruptive forces—high penetration of renewable energy
and a surge in distributed energy resources (DERs) such as solar
PV, energy storage, demand response, and micro-grids—there
are intense discussions within the US electric industry and
elsewhere about the future of the utilities. In most instances,
the focus is whether utilities can adapt and remain successful,
or will they retreat to a business-as-usual approach and fall into

a so-called death spiral? But, is this really the question?

There is no lack of vision of the future grid or utility, and there are
multiple potential pathways to achieve new utility models and
satisfactory end-states. But any visions of the utility of the future
will require adaptation of the current regulatory model to take

account of exogenous forces that are stressing the existing model.

One cannot build and operate a utility of the future with
regulation of the past. It is high time, therefore, to revise
and update the traditional regulatory compact. It is time for
Regulation 2.0. Already in a number of US states (e.g., Arizona,
California, Colorado, Maryland, Massachusetts, and New
York) regulators and policy makers are exploring alternative
regulatory models. Regulation 2.0 should not, however,
insulate utilities or any other market player for that matter from

competitive forces. Instead, at the minimum, it must:

B Foster competition by allowing utilities to offer new
value-added and performance-based services along the
value chain (e.g. micro-grid as a service, energy storage as
a service);

B Incorporate the hybrid nature of the grid with old and new
assets having different economic life spans; and

B Provide mechanisms that maintain balance and fairness
for consumers, utilities, and investors for services and
cost-recovery.

"One cannot build and operate a utility of the
future with regulation of the past. It is time to

update the traditional regulatory compact.”

Regulation 2.0 should spur innovation by utilities in how they
leverage the important triad that defines their competitive
advantages, including brand and name recognition, their
reputation as a reliable service provider, and customers’ trust.
Understanding and meeting the diverse needs and preferences
of the customers of the future (e.g., baby boomers, generation

X and Y, and Millennials) will distinguish the successful utility.
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Innovative, forward-looking utilities will harness advanced
technologies to actively engage their customers. In the future,
customers may want more value-added bundled services, not

just timely and reliably delivered electrons.

There are excellent examples from other networked industries
that show the benefits of bundled services. For example,
Comcast bundled cable and Internet services and saw an
increase in revenues, in spite of a reduction in the number
of its subscribers. Similarly, in West Africa, some energy
entrepreneurs are offering bundled energy services like
refrigeration and lighting in lieu of selling electricity to villagers
who prefer to pay a higher price for the bundled service than
for kWh. How can electricity systems with legacy regulatory
models transition to models in which bundled energy services

are valued and monetized?

The US electricity industry is constantly evolving. How it will look
inthe next 5, 10, 50, or 100 years is difficult, if not impossible, to
predict. What s certain is thatthe change is inevitable. As future
consumers’ needs, expectations, and values change, so too
must utilities adapt to new competitive landscapes. In tandem,
new regulatory and business models must be implemented

sooner rather than later.

More than 100 years ago,
faced with a similar need for

capital to support economic

development, an innovative

regulatory compact was put in place
that allowed electricity to fuel America’s economic prosperity.
Today, we are at a similar inflection point, as we consider the

current transition.

Our electricity grid will continue to undergo modernization
while we simultaneously implement measures in response
to climate change. This will require trillions of dollars of
investments. What modernized regulatory compact will attract
investors, foster competition, and meet the needs of customers
and the planet? How will it balance the allocation of costs, risks,

and rewards?
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opportunities should include
performance-based incentives tied to
benefits delivered to their customers
by cost-effective initiatives to improve
energy efficiency, integrate clean energy

generation, and improve grids. 99
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Tue Deatv SpiraL FaLLACY:
Rosust Prospeets For CLEANER ELecTrICITY GRIDS

Ralph Cavanagh
Energy Program Co-Director, NRDC

The San Francisco Earthquake struck me as a reasonable metaphor for
the kind of changes the energy utilities have experienced in this coun-
try in the last several years, in effect turning their world upside down ...
The basic proposition of this symposium is that the dramatic underly-
ing changes in the economics of energy in the United States occasion a
corresponding examination of the role of our energy utilities."

Neighborhood electric cooperatives; ... rooftop systems integrated
into a community storage and backup system; utilities as mere dis-
patching agents, or maintenance crews, or financing mechanisms; ...
these are a few of the visions of the urban future ... Overnight we have
witnessed a dramatic change in the assumptions underlying our elec-

tric generation technologies and regulatory procedures.?

The electricity industry is a classic example of a market ripe for break-
out disruptive technologies.®

lthough these three statements sound like contem-

porary discourse, their actual publication dates were

1980, 1983, and 2003, respectively. The quotations are
a reminder that fervent rhetorical challenges to the utility busi-
ness model have a long history, along with formulaic claims that
technology innovation will shortly relieve people of any need for
further reliance on their hometown utility’s generation, transmis-
sion, and/or distribution systems, with dire consequences for
everyone connected to these imminently obsolete ventures.*

| remember sitting in a hearing room packed with utility man-
agers when a regulator in the nation’s most populous state
declared electricity distribution monopolies obsolete and
admonished them to prepare for mass defections. That was
twenty years ago. The regulator is now a widely respected

chairman of a major electricity distribution monopoly.®
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The resilience of the utility model reflects durable economies
of scale in grid management, reliability assurance, and the
procurement and integration (but not ownership) of electricity
resources. Grid bypass remains unappealing to almost every-
one with the option to connect or stay connected, notwith-
standing every advance in the composition and management
of rooftops and batteries. As E.F. Lindsey observed 30 years
ago, "Until you've walked into a totally dark generator room
with a flashlight in one hand and a toolbox in the other, you
haven't had a firsthand experience with onsite power." Inven-
tors and venture capitalists have learned that it is far more pro-
ductive to treat utilities as partners than adversaries. For those
committed to a clean energy future, utilities remain the most
important investors. Technological progress in the electricity
sector has been and remains much more about opportunities
for grid enhancement than grid evasion.

"For those committed to a clean energy future,
utilities remain the most important investors."
This is not to say that regulatory models don't need to change.

US electricity sales are not collapsing, but since 2000 the rate of
growth has lagged well behind that of the population. Linking

utilities’ financial health to increasing commodity sales won't

work any longer.

This yields two crucial questions: given declining growth in
those sales, how do utilities secure the reasonable revenue
certainty required to make investment decisions that will allow
them to continue to provide reliable and affordable services?
And how can regulators allocate the costs of those services
equitably among all who use them? The simple but entirely
wrong answer to both questions would be to stop charging for
electricity service based on electricity use, and to make all or
most of an electricity bill independent of consumption. The "all
you can eat" pricing model may work well for some businesses,
but none have environmental and equity dimensions compara-
ble to electricity generation.

The most promising solutions emerge from collaborative dis-
cussions in open settings among regulators, their utilities, and
diverse groups of stakeholders. The list begins with revenue
decoupling, which makes utilities indifferent to retail energy
sales without abandoning the tradition of volumetric pricing
and its incentives for customers to use energy efficiently. More
than half the states have now adopted this approach for at least
one electric or natural gas utility, and a comprehensive order
by the Washington Utilities and Transportation Commission is
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a primer on how to do it effectively, using modest annual true-
ups in rates that few if any customers even notice.’

We need also to address additional aspects of utility business
model reform and rate design that are critical to a clean energy
transition, and they form the heart of joint efforts by NRDC and
the Edison Electric Institute.® The two institutions agree that
"net metering programs in wide use across the United States
have helped valuable "distributed’ technologies such as solar
power gain traction and improve performance, but we believe
that additional approaches are needed now." Although distrib-
uted generation (DG) can reduce a grid's needs for central sta-
tion generation and other infrastructure, while providing clean
and carbon-free electricity, DG typically does not eliminate
the installer’s need for grid services. Both utilities and distrib-
uted generators should get fair compensation for grid services

received and provided.

Customers deserve the opportunity to interconnect distributed
generation to the grid quickly and easily. For their part, utilities
deserve assurances that recovery of their authorized nonfuel fixed
costs will not vary with fluctuations in electricity use. This does not
require rate designs that reduce rewards to all or most customers
for using less electricity. Alternatives include minimum bills that
convert to volumetric charges if the customer exceeds a monthly
consumption threshold, and well-designed variable demand

charges that take advantage of digital meter capabilities.’

Finally, investor-owned utilities’ earnings opportunities should
include performance-based incentives tied to benefits delivered
to their customers by cost-effective initiatives to improve energy

efficiency, integrate clean energy generation, and improve grids.

In general, business models should include profit opportuni-
ties linked to utilities’ performance in delivering safe, reliable,
and affordable energy services. This would mark a decisive and
overdue break with the regulatory tradition of tying utilities’
earnings opportunities to tonnages of capital invested in their

own physical assets.

1. California PUC, Energy Efficiency and the Utilities: New Directions, p. 1
(July 1980).

2. David Morris, The Pendulum Swings Again: A Century of Urban Electric
Systems, in Howard J. Brown (ed.), Decentralizing Electric Power Produc-
tion, p. 55 (1983).

3. Steve Silverman, Taming the Electricity Beast, Wired, November 2003, p. 036.

4. lexplored these themes previously in the Preface to F. Sioshansi (ed.),
Distributed Generation and its Implications for the Utility Industry (2014).

5.  Theregulator was then California PUC Commissioner Jessie Knight. He
can be found today at the San Diego Gas and Electric Company, adroitly
navigating what has proved to be stubbornly persistent utility regulation.

6. E.F.Lindsley, Planning Practically for a Decentralized Electrical System, in
Howard J. Brown (ed.), note 2, p. 245.

7. Washington Utilities and Transportation Commission, In the Matter of
the Petition of Puget Sound Energy and the Northwest Energy Coalition,
Dockets UE 121697 and UG 121705 (June 25, 2013).

8. See http://switchboard.nrdc.org/blogs/rcavanagh/
disparate_voices_joining_in_su.html.

9. Anexcellent resource on the "minimum bill" concept is http://www.rapon-
line.org/document/download/id/7361. For a discussion of variable demand
charges, see http://www.brattle.com/news-and-knowledge/news/778
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€€ Utilities must be proactive in
defining the grid’s evolution; this
is happening through innovative
product design, new rules, and
expanded partnerships with
customers, regulators, and
other key stakeholders. 99

—PHILIP J. DION
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AvAprTING TO CHANGE,

WiiLe Servine MaNy MASTERS

Philip J. Dion

Senior Vice President, Public Policy and Customer Solutions, Tucson Electric Power

he key question as we enter the framework of Utility 2.0

is: how do utilities adapt their established legacy grid

systems and traditional regulatory and public policy
frameworks to respond to new technologies and customers'
evolving wants and needs?

We must begin with a reassessment of the grid and its oper-
ating protocols. Today's system, particularly the location of
supply assets, traditionally has been determined and planned
by utility engineers. As the grid becomes more distributed,
the placement of many new assets will be driven by customer
choices. Those same customers will demand that the quality of
their electric service be equivalent to or better than the service

they receive today. As a result, the grid itself is emerging as the

focus of the most significant innovation, as it has to incorporate
new assets, the location and operation of which the utility may
or may not control, while still operating as if those assets are

part of a designed system.

To succeed, utilities must embrace
these evolving relationships with
and other

customers, regulators,

stakeholders. Customers will look
to utilities to provide new products and
services. This means utilities will need
better insight into what their custom-

ers want. In addition to providing

safe, affordable, and reliable electric service,
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utilities will be asked to provide additional value through flexi-
bility, convenience, and other benefits. Utilities also must make
distinctions between services customers say they want and ser-
vices for which they are actually willing to pay.

REGULATORY ENTREPRENEURS

This evolution challenges utilities to become "regulatory entre-
preneurs." In this role, they will have to engage with custom-
ers, identify their wants and needs, then execute a strategy that
balances the needs of stakeholders, including regulators, while
maximizing value to the customer. Success means providing
increased customer and other stakeholder satisfaction while

contributing to the sustainability of an evolving grid.

"This evolution challenges utilities to become
'regulatory entrepreneurs.' Success means
providing increased customer and other
stakeholder satisfaction while contributing

to the sustainability of an evolving grid."

Of course, the effectiveness of a regulatory entrepreneur
depends upon the willingness of the regulator to adopt flexible
policies and pricing structures. Thus, it is not only the utilities’
infrastructure that needs to adapt; the regulatory infrastructure

must evolve as well.

While traditional cost-of-service regulation of poles, wires, and
generators will likely continue, regulators should be encour-
aged to embrace more entrepreneurial models for new prod-
ucts and services. This would encourage utilities to innovate,
searching for new ways to serve customers’ needs while enhanc-
ing the versatility and value of the grid. These products and ser-
vices could include the design and construction of micro-grids,
effective integration of distributed generation and technology,
and behind-the-meter offerings. These new products and ser-
vices will require utilities to forge new partnerships with third-
party developers or other organizations that heretofore were
difficult to establish due to more traditional views and rules of
the regulatory regime.

To transition to such a regime, regulators, utilities, and stake-
holders will have to engage in a dialogue regarding pricing
methodologies for products and services that fall outside the
traditional regulated sphere.
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Ultimately, the industry must set E
aside outdated conceptions z r!;R
of traditional utility serice w\'nsu'rl'gm&' “)
and adopt new business \
models and structures QTRONG @
appropriate to the chang-
ing energy marketplace. SEC“RE

ENABLING

Utilities must be proac- CHANGE X
tive in defining the grid’s evolution; this is CHOICE
happening through innovative product design, new rules, and

expanded partnerships with customers, regulators, and other
key stakeholders. By embracing change, utilities can continue
to be the trusted provider of safe, reliable, affordable—and sus-
tainable—energy and services for the communities they serve.
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€€ To enable the goal of a modern electric
transmission and distribution system,
advanced cloud-based IT offerings are
necessary. Regulators need to respond by
removing barriers and providing incentives
to deploy cost-saving, high-performance

21st century software systems. 99

—-PETER MCCARTHY
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RecULATION FOR IT INVESTMENTS

Peter McCarthy
Senior Vice President, North America, C3 Energy

he National Academy of Engineering identified electri-

fication of the grid as the most important engineering

achievement of the 20th century. That infrastructure is
now being substantially upgraded, and the resulting smart grid
will be one of the largest and most complex machines ever
conceived. Like its forebear, the evolving smart grid will likely
prove to be one of the most significant achievements of the
21st century.

It is estimated that as much as $2 trillion is being invested this
decade in upgrading electricity infrastructure globally to make
devices in the power grid remotely machine addressable. The
most common example is the smart meter that allows the grid
operator to remotely sense the electric or gas meter's state in
near real time. As the grid becomes increasingly monitored by
sensors, it becomes a fully connected sensor network (think of it
as the Internet of Energy), from which unprecedented volumes of
data are produced. These data can be integrated, processed, and
analyzed using state-of-the-artinformation technology to optimize
the generation, transmission, and distribution value chain.

C3 Energy is a private sector response to this challenge
and opportunity, harnessing the power of big data, social
networking, cloud computing, human-computer interaction
models, and machine learning to make advances in safety,
reliability, cost efficiency, and security of power generation
and delivery, unlocking up to $300 per meter per year in
annual economic benefit for US utilities, retailers, and their

energy customers.

The rapid growth of sensor investments in the smart grid
opens a new opportunity for utilities to take advantage of
next-generation information technology to fully unlock the
insights and value that a modern grid has to offer. Today's
state utility regulation, however, has not kept pace with and
actually impedes the ability of utilities and their customers
to benefit from new IT models that will substantially improve
system performance, reduce capital and operating costs,
and produce substantial economic value for utility customers
and shareholders.
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Under current guidelines, a utility may generally classify
investments in legacy hardware and supporting on-premises
software as a capital expense and investments in state-of-the-
art cloud-based technologies as an operating expense for

which it does not receive a rate of return.

Utilities are investing billions of dollars to make the devices in
the power grid remotely IP-addressable, including the nearly 1.1
billion smart meters that will be installed worldwide by 2022
While representing only a fraction of the sensor devices on the
grid, the number of smart meters provides a good indication of
the growth rate of the smart grid.

McKinsey & Company has estimated that widespread use of big
data analytics solutions could cut more than $50 billion per year
from electricity billsinthe US. Globally, the opportunity amounts
to $300 billion annually.? Smart grid analytics solutions across
the entire power value chain can deliver $1.5 billion in recurring
annual economic benefit to a typical integrated, five-million

oD
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meter US utility and
its customers. That

is a very real private
sector stimulus for
the economy.

Because smart grid analytics produce far greater savings than
they cost, itrequires no financial assistance or incentive from the
federal government to succeed. But success will be achieved
and benefits realized more rapidly if regulatory obstacles
are removed. For example, by updating rate regulations
to recognize Software-as-a-Service (SaaS) products as the
equivalent of a capital expense, and by updating accounting
rules and guidance to encourage utilities to add analytics
solutions to their planned budgets for grid modernization,

progress will accelerate.

IT offerings have rapidly evolved to leverage innovative cloud
computing models, including SaaS, Platform as a Service,
and Infrastructure as a Service. With these models come
opportunities to leverage the capabilities essential to fulfilling
the promise of the smart grid, including continuous access to
increased processing speeds and power, more flexibility and
mobility, elasticity/on-demand surge capacity, and lower costs

through scale.

The majority of IT innovation and development in the 21st
century is focused upon these next-generation, cloud-based
computing models. The acceleration of thistrend is breathtaking,
with examples appearing in the news every day from leading
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companies, including Google, Facebook, Amazon Web Services,
and Apple. Cisco recently predicted that by 2018, more than
three-quarters of all corporate information will be processed in
the cloud rather than on internally-hosted computer servers.? In
February, Ginni Rometty, CEO of IBM, announced an additional
$4 billion investment in cloud-based technology development,
predicting that 40 percent of IBM's expected total revenues will

accrue from cloud computing by 2018.4

"Today’s state utility regulation has not
kept pace with and actually impedes the
ability of utilities and their customers

to benefit from new IT models."

To enable the goal of a modern electric transmission and
distribution
are necessary. Regulators need to respond by removing

system, advanced cloud-based IT offerings
barriers and providing incentives to deploy cost-saving, high-
performance 21st century software systems similar to those
that a utility receives for investing in other capital infrastructure,

including IT systems.

1. Navigant Research. Smart Electric Meters, Advanced Metering Infra-
structure, and Meter Communications: Global Market Analysis and
Forecasts. Chicago: 3Q 2014.
Client Study, McKinsey & Company: February 2013.
Barlas, Pete. "Cisco Systems: Cloud Will House Most Data By
2018."Investors Business Daily. Investors.Com, 4 Nov. 2014. Web. 1 Mar.
2015. <http://news.investors.com/technology/110414-724654-cisco-
forecasts-huge-cloud-growthcisco-systems-cloud-will-house-most-da-
ta-by-2018.htm#ixzz3lcFWDjsj>.
4.  Clark, Don. "IBM Pumps $4 Billion Into Cloud and
Mobile Initiatives." Wall Street Journal, 26 Feb. 2015.
Web. 02 Mar. 2015. <http://www.wsj.com/articles/
ibm-pumps-4-billion-into-strategic-imperatives-1424959681>.
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€€ Hawaii is keenly focused on creating a
sustainable, market-based structure that
provides customers choice and enables
rooftop solar and other distributed
energy resources to offer the greatest
value to the grid, while assuring that
non-participating customers are not
adversely affected. 99

-MICHAEL E. CHAMPLEY
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Roortor SoLAr DepLoymENT:

Lessons From HAwaAll

Michael E. Champley

Commissioner, Hawaii Public Utilities Commission

t's been said that Hawaii's experience with rooftop solar PV
and net energy metering is a postcard from the future.

Hawaii has experienced exponential growth in rooftop solar
PV systems over the last few years. Many customers have
installed distributed solar PV, responding to the island utili-
ty’s high prices and relatively attractive solar panel prices. As
a result, Hawaii leads the nation in penetration of rooftop solar
PV systems as a percentage of the overall power system. More
than 50,000 customers have rooftop solar—that's 13 percent of
all residential customers, and perhaps 40 percent of customers
with roofs that could accommodate solar panels.

Average residential customer electricity usage has declined
by 30 percent over the last decade, due primarily to energy
efficiency programs and price-responsive behavior and from
distributed rooftop solar PV installations. But, grid investment
did not decline by 30 percent during this period; in fact, it
increased, due in part to growth in rooftop solar.

OPERATIONAL CHALLENGES POSED
BY DISTRIBUTED ROOFTOP SOLAR PV

Distributed solar on Oahu, Hawaii's most populous island by
far, amounts to about 25 percent of the evening system peak.
The solar units are connected to the utility distribution system,
yet their output and operation can't be controlled by the util-
ity grid operator. As a consequence, unscheduled and uncon-
trolled excess solar energy is exported to the grid, whether or

not the utility can physically or economically use that energy.

The aggregated distributed solar capacity would be the equiv-
alent—in Hawaii's small system—of several nuclear units for a
typical mainland electric utility system. Imagine if that capacity

was not under operator control.

Hawaii's distribution systems have generally been more robust
in the amount of solar PV they can host than originally envi-
sioned. More than half of our distribution circuits have installed

solar PV capacity greater than 75 percent of gross daytime
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minimum load, so there is little or no net load during the "solar
noon" period. Bulk power reliability and operational challenges,
not distribution system issues, are the binding constraint on

Hawaii's electrical grid.

Regrettably, the rapid growth of rooftop solar PV in Hawaii
occurred without stakeholders fully understanding its technical
and economic consequences, both for the utility and its cus-
tomers. As a result, Hawaii now faces a number of significant
economic, policy, and technical challenges associated with dis-
tributed rooftop solar PV penetration.

THE NEED TO TREAT CUSTOMERS FAIRLY
The lessons to be learned from Hawaii's experience can be use-
ful elsewhere. The Hawaii Public Utilities Commission recently

observed that—

"...itis unrealistic to expect that the high growth in distributed solar
PV capacity additions experienced in the 2010-2013 time period
can be sustained, in the same technical, economic, and policy man-
ner in which it occurred, particularly when electric energy usage
is declining, distribution circuit penetration levels are increasing,
system level challenges are emerging, and grid fixed costs are
increasingly being shifted to non-solar PV customers."

The rapid growth of rooftop solar PV systems is creating two
broad, distinct groups of utility customers—rooftop solar PV

customers and customers who do not have rooftop solar. They
present quite different power supply and service requirements.
These requirements must be harmonized if the utility is to ful-
fill its obligation to serve non-solar customers at reasonable
cost and in parallel, also enable customers to adopt distributed

energy technologies.

HAWALI ...

SUSTAINABLE NODEL
FOR. CUSTOME

CHoICE

HUGE GRID FOOTPRINT

THE RULES OF THE GAME MUST CHANGE

Hawaii's net energy metering (NEM) policy was designed to
incent early adoption of solar PV in an administratively sim-
ple manner. NEM's retail rate pricing is not flexible to adapt
to changes over time in the economic value of exported solar
energy. At higher levels of distributed solar PV penetration,
lower solar grid benefits and higher solar integration costs are

inevitable outcomes.
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Notwithstanding this, NEM customers continue to receive full
retail rate compensation for exported energy regardless of the
solar PV penetration level. The consequences may be insignificant
at low levels of penetration, but at high levels of solar penetration,
they can be significant and adversely affect non-solar customers.

Recognizing this situation, the Hawaii Commission stated that -

"the distributed solar PV industry in Hawaii will, out of necessity
due to their accomplishments thus far, have to migrate to a new
business model, not unlike what is expected for [electric utilities]

as a result of disruptive technologies.”

Hawaiiis keenlyfocused on creating asustainable, market-based
structure that provides customers choice and enables rooftop
solar and other distributed energy resources (DERs) to offer the
greatest value to the grid, while assuring that non-participating
customers are not adversely affected.

MARKET-BASED PATHWAYS UNDER CONSIDERATION
Sound technical, economic, and regulatory principles should
guide the development of a sustainable, market-based DER
customer choice model. The Hawaii Commission is currently
considering two market-based development pathways—cus-
tomer self-supply (retail centric, non-export model) and cus-
tomer grid-supply (wholesale centric, export model)-among
the alternatives to the current NEM model.

"Electric utilities, their customers, and

the solar industry will need to adapt to
new business models in which customers
are fairly compensated for the value

they provide to the system and fairly
charged for the grid services they use."

As the Hawaii Commission recognized—

"Current electric utility rate structures in Hawaii are not well suited
for a future environment where there are significant quantities of
variable renewable energy, customer-sited distributed energy
resources, and increasingly smart grid technologies. ... By estab-
lishing pricing that more accurately reflects the economic costs of
grid operations, the electric utilities can recover the costs of grid
investments that benefit all customers, third party energy service
providers could develop new offerings to meet customer energy
needs and support grid operations, and customers would have a
growing array of options better suited to the changing demands
of their homes and businesses."

Electric utilities, their customers, and the solar industry will
need to adapt to new business models in which customers are
fairly compensated for the value they provide to the system and
fairly charged for the grid services they use.

103



€€ The papers that fill this book
recognize the electricity grid
as the most essential of all
our essential infrastructures.
It is the one infrastructure

that enables all others. 99
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ConcLusion

Bob Rowe
President and CEO, NorthWestern Energy

he three sections in this book—the Evolving Grid, the

Evolving Customer, and Evolving Regulation—are both

independent and interdependent. The elements they
represent are discrete and distinct, but interrelated. None
makes sense without the others. Like a three-legged stool,
function and stability require balance.

EVOLVING GRID

The grid that's evolved to become the heartbeat of America’s
economy is entering a transformation that will see it become
more interactive and useful than ever before, not only produc-
ing and delivering electricity from generators, but also inte-
grating and dispatching customer resources. The grid requires
at least two things to thrive: regulation, both state and federal,
because it provides essential services and is deeply "affected
with the public interest"; and the customers it's meant to serve.

Like an organism, the grid evolves. Customers want it to be
smarter, sturdier, and more flexible. Regulators want it to be
self-healing and interactive—not only with steel in the ground,

but also the intelligence and resilience to adapt to changing
conditions, whether from violent weather, an adverse grid

event, or sudden changes in resource availability.

There is an accelerating shift from passive to active grid man-
agement, as information technology pushes deeper into the
network, creating opportunities to improve the efficiency of
power flows and the reliability of the distribution system.

The increasing digitization of the network also means that
ever more data are generated. How can that data be used to
enhance efficiency, improve quality, and build and operate a
more flexible and—especially—a more resilient grid? Data from
the grid will enable it to do much of what's needed, but data
alone is useless without the analytics to make sense of it. The

grid will need a bigger brain than ever before.

Both customers and regulators want the grid and the services
it enables to remain affordable. It's regulation’s job to ensure
that the grid does all of those things it needs to do, while earn-
ing enough to attract investment necessary to support renewal
and modernization.
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Service from the grid will evolve differently in a dense city than
in rural and rugged areas with differently-configured infra-
structure. It will evolve differently based on the array and cost
of alternatives. It will evolve differently based on the processes
and decisions of policy makers and regulators. It will evolve dif-
ferently based on the perceived risks, opportunities, and alter-
natives available to debt and equity investors, upon whom grid
investment depends.

EVOLVING CUSTOMER

Electricity is driving the revolution in systems and processes
that American businesses need to be competitive. Meanwhile,
residential customers are using more plug-and-play devices for
home safety, comfort, and entertainment. Amazing things are
happening inside homes and offices, as wireless routers sup-
port sophisticated home and energy management systems.
Our most engaged customers are interested in exercising
choices about both energy production and consumption.

The public is excited about the prospect of non-polluting
renewable generation providing a major share of tomorrow’s
energy, just as increasing efficiency in our devices and systems
helps manage consumption. Efficiency is itself a killer app.

While some of us long for energy independence—not only from
other countries’ resources but also from utilities and the grid—
most leading thinkers believe the grid remains central to all our
energy goals.

Here's what UC Berkeley professor Severin Borenstein wrote
recently aboutthe question, "Is residential solar really the future

of electricity generation?"

"Count me among the people who get no special thrill from
making our own shoes, roasting our own coffee, or generating
our own electricity. | don't think my house should be energy
independent any more than it should be food independent or
clothing independent. Advanced economies around the world
have gotten to be advanced economies by taking advantage of
economies of scale, not by encouraging every household to be

self-sufficient.”

"That’s not to say that distributed generation couldn’t be the best
way for some people at some locations to adopt renewables, but
simply that DG should not be the goal in itself. We desperately
need to reduce greenhouse gases from the electricity sector,
not just in the US, but around the world, including some very
poor countries where affordability is a real barrier and electricity
access is life-changing. If DG is the least costly way to get that
done, I'm in, but the choice should be driven by real cost-benefit

analysis, not slogans about energy freedom.”"

EVOLVING REGULATION

Regulators today have the toughest job. Gone are the good old
days when steady load growth required new generating plants,
each one more efficient than the last. Keeping costs and rates low

was easy. Customers and utilities were happy. Today—not so much!
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Regulators today are asked to make decisions about an essen-
tial industry that's in a rapid transition, its future shape is unclear.

Here are some questions they—and all of us—must consider:

What will technology enable us to do?

B What will policy require and allow us to do?
B What will the financial sector support us doing?
B What do citizens and customers want us to do—or be

enabled to do themselves?

Regulators are expected to see the broad publicinterest, ensur-
ing that customers have the services they need—today, and in
the future—and that the prices they pay cover the cost of opera-
tion and provide a sufficient return to attract capital. Regulators
have the ability to ensure that policy goals, utility requirements,

and customer needs are aligned over the long term.

There is a growing view, including among many regula-
tors, that regulation should move away from the backward-
looking, accounting-based, contested case approaches, and
toward more forward-looking, business- and planning-based
approaches that are more collaborative and less adversarial.
Utilities should have greater flexibility to meet diverse cus-
tomer needs (and with increased flexibility should be expected
to do so), with their performance measured against success in
achieving societal outcomes.

Regulators in many states are beginning to shape a vision of a new
kind of regulation that will support development of this future grid.

Modernizing regulation should be a major public concern, one
that public-spirited consumer and business groups both support.

I'll close by circling back to the grid and the values it helps our
customers and the economy achieve. The great papers that
fill this timely book recognize the electricity grid as the most
essential of all our essential infrastructures. It is the one infra-
structure that enables all others. As thought leaders, their goals
for that infrastructure are diverse, lofty, and inspiring. Here are

just a few:

B Reliability m Efficiency B Environmental
B Resiliency m Diversity Compatibility
m Ubiquity W Sustainability ~ W Creativity

B Affordability B Interoperability ® Stability

Our three-legged stool-the evolving grid, the evolving cus-
tomer, and evolving regulation—can build a better understand-
ing of the links between technology, policy, and finance, while
meeting societal goals and customer expectations. If the legs
can be maintained in balance, we will better be able to deliver

the bright future toward which we are all working.

1. Severin Borenstein, "Is residential solar really the future of electricity
generation?" The Berkeley Blog, May 8, 2015 <http://blogs.berkeley.
edu/2015/05/08/is-residential-solar-the-future-of-electricity-generation/>
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