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On March 5th, 2014, leaders of electric utilities, regulatory agencies, and advanced energy technology companies met at the
headquarters of EnerNOC in Boston, MA, for the fifth 215t Century Electricity System CEO Forum co-hosted by Advanced
Energy Economy Institute (AEEI) and MIT’s Industrial Performance Center (IPC). Attendees met to discuss the path forward
for technology, regulatory, and business model innovation in New England’s power sector, with a focus on Massachusetts,
Connecticut and Rhode Island.

The key themes of the meeting were:

1. The proliferation of new technology, an evolving policy environment, and changing customer needs and expectations
have unleashed a set of powerful trends reshaping the utility sector today; these trends are distinct from patterns of
change the sector has faced in the past.

2.  Electric utilities will take on a variety of new roles in the changing power sector in order to integrate new technologies
and offer a range of differentiated services to end users.

3. Regulators must update how utilities are remunerated and how electricity products and services are priced in order to
pave the way for innovation and enable utilities to take on new roles and offer new services.

The changing electric utility industry

“We’ve been down this route of talking about new business models for utilities before. This is not
the first time we've had rooms and discussions like this. So | have to ask: what is it this time around,
that's different?”

This question set the stage for a discussion of what distinguishes the changes facing the electricity sector today from the
pattern of changes the sector has experienced previously. From regulatory restructuring to integration of new technologies,
the industry has grappled with disruptive changes in the past.

Today, a new set of changes is once again reshaping the power sector, and these trends have unique features that

stand apart from the past. New technologies are enabling business models that were never before possible. Customer
expectations and demands are changing against the backdrop of flat or even decreasing load, creating new opportunities
and challenges for utilities. Meanwhile, policy makers have set new priorities for the electric power system, from enhanced
resiliency and cyber-security to improved environmental performance and climate change objectives.

"We looked at our customers and asked, ‘What do our customers want?’ We realized they don’t
want to be in the dark, literally or figuratively.”

"Our customers want more information about their energy use and system. And our regulators,

public officials, and towns want more information as well, when there's something that goes wrong,
blue sky day or storm.”
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Attendees pointed out that the Internet is making available to customers and utilities a range of fundamentally better
energy solutions. Information and communication capabilities are enabling access to more data and more informed
decision-making, and customers are increasingly demanding access to this information. At the same time, control over the
power system is no longer restricted to the supply side. Increasing communication between the utility and the end-user is
expanding opportunities for control on the demand or customer side as well.

“1 think this is the first time we're moving from a ‘one-dial’ system to a ‘two-dial’ system for utilities.
What | mean is that utilities used to have only one dial to control the system: the supply side. Now
we're creating a second dial on the demand side and customer side. That creates more alignment
between the utility and end customer than ever before ... you can now dial the demand side up or
down in a way you could never before.”

Even as new technologies are reshaping the power sector and enabling unprecedented interaction between utilities, third
party providers, and the end-users, the regulatory and policy infrastructure governing the power sector has also started to
change. These changes range from incremental to more foundational. For example, Massachusetts is in the midst of a major
Grid Modernization proceeding, and New York has just recently embarked on a proceeding called Reforming the Energy
Vision. Forum participants mentioned heightened concern with grid resiliency, climate change-related policy objectives,
energy efficiency priorities, and the integration of renewable energy to meet state RPS requirements, as key policy drivers
affecting the electric power sector.

Many of these regulatory and policy drivers are enabling the development of new markets and new business models for
both utilities and non-utility companies. At the same time, some meeting participants argued that -- novel technologies and
new market entrants aside -- utilities are still well positioned to solve new challenges and meet new demands in the power
sector.

“The one thing that hasn’t changed in spite of new technology and policy is that the folks who are
best positioned to solve these problems are the folks that are running utilities.”

At the same time, it was noted that there are huge entrepreneurial opportunities associated with developing a 21t century
electricity system, especially in New England, which has a strong innovation economy.

The new roles of the utility

“The utility's job is to be the platform for innovation, to give the market the opportunities and move
that innovation through.”

Subsequent discussion explored how the role of the electric utility would evolve amidst the set of forces reshaping the

power sector. Participants noted that the utility is a vital link between the requirements shaped by policy and customer
demands on the one hand and the technology and market solutions available to meet those requirements on the other.
Looking forward, participants identified a series of key utility roles, including:

1. Updating, operating, and maintaining a resilient backbone system that will face a host of new demands for which it was
not originally designed. These include integrating distributed energy resources and renewable resources.

2. Providing an increasingly differentiated range of products and services to customers who want more than a basic level
of service. Various new functions can potentially be fulfilled by existing utilities or by third party technology or service
providers.

3. Enabling customer engagement - ranging from automated load control to engaging customers in daily decision-making
- by giving customers the tools to make new choices and become active market participants.
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“The world today has changed rather dramatically. ... Everybody is talking about strengthening and
modernizing the grid. The big question for us is what does that mean?”

Offering a diverse suite of solutions to customers will constitute a shift in the utility’s core business. Utilities will move away
from the commodity delivery of electricity to become providers of electricity as a service, enabling a richer array of options
for customization. This evolving role for the utility raises important questions about which are the right products and services
to offer, how and to what extent services should be differentiated, what basic level of service should be guaranteed for all
customers, and how should these new service offerings be valued?

Regulatory redesign
"The first step to modernizing the grid is to modernize the way we do regulation.”

There was general consensus amongst meeting participants that in order for utilities to fulfill new roles and offer new
products and services, regulatory changes must be implemented. Participants drew parallels to the regulatory experience
with energy efficiency (EE), noting that the successful implementation of EE programs in many states are a result of
progressive regulatory models that have created markets for efficiency and aligned the incentives for third parties and
utilities. Such regulation was designed to resolve uncertainty over how utilities could recover investments in EE and how
their revenue streams would be impacted, clarify the roles played by utilities and third parties, and define who benefits and
who pays for EE.

Updating the regulatory regime to accommodate and integrate new distributed energy resources must now similarly address
three regulatory challenges:

1. How do we establish utility revenue requirements and update remuneration schemes to align utility incentives to
accommodate distributed energy resources (DER) and integrate the services they can provide to the grid?

2. How do we design distribution network rates to ensure fair allocation of costs and efficient integration of DER?
3. How do we define the roles and responsibilities of utilities and third parties?

“I think [regulation is] where we need real evolution or revolution in thinking...How do we throw
away the old paradigm...Do we really have the guts to change the regulatory model and price things
the way they need to be priced?”

“Many in the industry see the impact of local generation and energy efficiency as a deflationary
pressure for the distribution utilities’ revenue. I think that if we open up the constraints from

a regulatory perspective ... | think what we'll find in the electricity industry, much like in
[telecommunications], that the revenue opportunities in aggregate actually go up, because you can
deliver new services. That's an incentive for moving forward.”

Multiple participants noted that determining revenue requirements for distribution utilities should shift away from fixed

cost recovery through volumetric sales and move towards performance-based remuneration. This calls for defining clear,
credible performance requirements for utilities. Performance could be measured according to the delivery of value-added
services including reliability, efficiency savings, and more information about the services being provided to and paid for by
end-users. Models of successful implementation of performance-based remuneration with revenue caps exist in the natural
gas and telecommunications sectors in the United States, and the power sector in Europe, and may be an effective route for
unlocking innovation amongst electric utilities.
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“If the right incentives are there, it will force the utility to do things that will benefit their customers.
From a ratemaking perspective, we've been very successful with performance-based rates [in the
natural gas sector].”

“The volumetric product is what's killing us. That's the historic legacy. We got stuck with the meter.
... We think everything has to be priced off the meter. It doesn't. The issue now is the environment,
not how many kilowatts we can shove through the pipe. These are complicated things, but we have
to throw out old thinking and figure out how to price products now.”

Meeting attendees emphasized that an updated remuneration scheme should incentivize utilities to view DER owners as
customers and system users with unique needs to be served. The regulation of utility remuneration and rates should capture
the full benefits and costs of network use behaviors and incentivize utilities to view network users not only as consumers, but
also as providers of services to the utility.

“When we talk about energy efficiency and distributed generation, it’s talked about as if people are
‘doing something to our system’ and we have to figure out how to make them pay for that. We want
to get beyond that. These are customers with new demands on the system. We want a regulatory
compact to let them do that and for the system to take advantage of new capabilities to operate
more efficiently for all customers.”

The second key regulatory question that participants discussed was the challenge of setting fair prices for services, including
designing rates for use of the distribution network by DER customers. Participants argued that fair use-of-distribution-system
charges should allow utilities to recover their costs and meet their obligations without driving customers off the network
through rate increases. The current pricing of network use — which is based on volumetric energy sales — fails to capture

the impact of peak capacity requirements on network costs. Network rates should reflect the full costs and benefits of DER
connection and operation, thereby incentivizing DER integration rather than mere interconnection.

“We have to start by looking at the product we are providing and pricing it accordingly. We can't
send benefit signals if we can't price basic service. We're on a 100-year-old pricing model. It was
based on power plants. When we deregulated, everyone patted themselves on the back. But we
didn’t deregulate. We deregulated power plants but not the delivery model or the pricing model.”

Price signals should encourage network users to engage in efficient utilization of the distribution system, including optimal
siting and operation of integrated DER. Participants pointed out that while time varying rates have been discussed for many
years, only now do the technology and business models exist to enable customers to change their behaviors in response to
price signals. Attendees emphasized that the design of time varying rates consists of multiple rate components, including
energy commodity sales and distribution network utilization, and each rate component communicates different signals about
system user behavior.

“You don’t have the same rate for everyone. You look at where is that distributed generator most
valuable, or what time of day we should charge less to encourage people to pre-heat water heaters
for example. That will ultimately be key.”

Greater differentiation of customer demands and service offerings increases the complexity of determining revenue
requirements and allocating that revenue across network users. In environments where customers receive different levels
of service, meeting attendees asked how utilities should invest to address different service levels, and if only a subset of
customers demand a particular service, how should utilities allocate costs across the customer base?
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A final regulatory challenge concerns defining the evolving role of electric utilities and clarifying how and when existing
utilities can compete with, or contract with, new market entrants. If a regulated utility is providing a service that can also
be provided by non-regulated third parties, how should that service be priced, and how do regulated and non-regulated
entities interact?

“We [advanced energy technology companies] need the utilities to be partners to be the platform
for innovation. What I’'m hearing today is maybe they will not just be the platform but also build
some of these innovative solutions themselves.”

Summary and next steps

This Forum concludes the year-long series of 21t Century Electricity System CEO Forums convened jointly by AEEI and

the MIT Industrial Performance Center. The series, which began in Massachusetts in early 2013, and continued in Texas,
Colorado, and New York, before returning most recently to Massachusetts, has revealed the contours of the rapidly
evolving debate about the future of the nation’s electric power system, in which utilities, regulators, and advanced energy
technology companies are all responding to fast-changing circumstances in the power sector that could hardly have been
predicted even a few years ago. The forums have focused attention on the strategic challenges facing these participants.
They have shown that the challenges in the power sector are pervasive, but that the pathways for progress are likely to

vary considerably from one part of the country to another. Most important, these forums have demonstrated the value

of constructive debate and engagement among industry participants. It will be important to continue and broaden these
discussions, and both AEE and MIT are pursuing new initiatives that build on the findings of this series. In the meantime, we
take this opportunity to thank all of the participants in the forums for their exceptionally valuable contributions to the series.

The MIT Industrial Performance Center is also grateful for the generous support from the Doris Duke Charitable Foundation
that made its participation possible.
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Participants

Ann Berwick
Chair
Massachusetts Department of Public Utilities

Janet Gail Besser
Vice President, Policy and Government Affairs
New England Clean Energy Council

Stan Blazewicz
Vice President, US Strategy and Technology
National Grid

David Cash
Commissioner
Massachusetts Department of Public Utilities

Geoff Chapin
Founder and Chief Executive Officer
Next Step Living

Luke Clemente
General Manager, North America
GE Digital Energy

Stephen (Steve) L. Cowell
Chairman and Chief Executive Officer
Conservation Services Group

Bill DiCroce
Chief Operating Officer & Executive Vice President, Municipal & Commercial Business
Veolia Environnement North America

Katie Scharf Dykes
Deputy Commissioner for Energy
Connecticut Department of Energy and Environmental Protection

Sean J. Finnerty
Senior Vice President
Comepetitive Power Ventures, Inc.

Marion Gold
Commissioner
Rhode Island Office of Energy Resources

Tim Healy
Chief Executive Officer, Chairman, and Co-Founder
EnerNOC
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Arthur (Art) House
Chairman
Connecticut Public Utilities Regulatory Authority

Alex Laskey
President & Founder
Opower

Thomas (Tom) May
Chairman, President & Chief Executive Officer
Northeast Utilities

Tom Meissner
Senior Vice President and Chief Operating Officer
Unitil

Dave Olsson
Chief Executive Officer
Bridge Energy Group

Naimish Patel
Chief Executive Officer
GridCo Systems

Prasanna Venkatesan
President & Chief Executive Officer
Landis+Gyr Americas

Karen Zink
President and Chief Operating Officer
The Berkshire Gas Company
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Observers

Penni McLean-Conner
Chief Customer Officer and Senior VP of Customer Group
Northeast Utilities

Greg Geller
Manager, Regulatory Affairs
EnerNOC

Phil Giudice
Chief Executive Officer
Ambri

Robert (Bob) Keough
Vice President, Communications
Advanced Energy Economy

Hannah Polikov
Director, Public Utility Commission Program
Advanced Energy Economy

Adam Rein
Principal
MissionPoint Capital Partners

Peter Rothstein
President
New England Clean Energy Council

Richard (Rich) Sedano
Principal and US Programs Director
Regulatory Assistance Project

Jessie Stratton
Policy Director
Connecticut Department of Energy and Environmental Protection

Paul Vasington
Director of State Public Policy
Verizon

Mason Willrich
Director
California Clean Energy Fund

Ory Zik
Founder & Chief Executive Officer
Energy Points Inc.
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Series Hosts & Facilitators

Ash Bharatkumar
S.M. Candidate, Technology & Policy Program
Massachusetts Institute of Technology

Lisa Frantzis (Facilitator)
Senior Vice President, Strategy and Corporate Development
Advanced Energy Economy

Jesse Jenkins
S.M. Candidate, Technology & Policy Program
Massachusetts Institute of Technology

Ryan Katofsky
Director of Industry Analysis
Advanced Energy Economy

Richard K. Lester
Japan Steel Industry Professor
Head of the Department of Nuclear Science and Engineering

Faculty co-chair and Founding Director of the Industrial Performance Center (IPC)

Massachusetts Institute of Technology

Elisabeth (Liz) Reynolds
Executive Director, Industrial Performance Center (IPC)
Massachusetts Institute of Technology

Graham Richard
Chief Executive Officer
Advanced Energy Economy

Hemant Taneja
Co-founder and Chairman
Advanced Energy Economy
Managing Partner

General Catalyst Partners



