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ABSTRACT

In FY 2011, with support from the U.S. Department of Energy Power Systems Fellowship Program,
Sandia National Laboratories partnered with a diversity of Vermont organizations, including
utilities, energy technology companies, and academic institutions, to develop a set of educational,
training, and research activities that would support and further smart grid deployment in
Vermont. These activities included a public seminar series at the University of Vermont called
“Powering the Future;” a multidisciplinary, multisectorial statewide conference; a set of
technology short courses for utility workers and other stakeholders; a public outreach display at a
Vermont science center; and collaborative research focused on four key areas: smart grid, complex
systems, policy, and human behavior. Overall, this partnership reflected the synergies between
Sandia, which has deep technical expertise in energy delivery systems, and the state of Vermont,
which has a strong commitment to sustainability, a supportive regulatory framework, and an
unprecedented history of utility collaboration with respect to smart grid deployment. By working
together in this way, it is hopes that Sandia and Vermont can drive fundamental change in the
electric sector, change that translates beyond Vermont to further energy transformation in the
rest of the nation.

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a
wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy’s National Nuclear
Security Administration under contract DE-AC04-94AL85000. SAND#2012-2370P.
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A Model for the Nation: Promoting Education and Innovation
in Vermont’s Electricity Sector

EXECUTIVE SUMMARY

In fiscal year 2011, the U.S. Department of Energy awarded Sandia National Laboratories a
grant to work in partnership with the University of Vermont (UVM) and other stakeholders to
promote workforce development and the creation of an interdisciplinary community to foster
innovation and technological advancement in the electric power sector.

The funds awarded for this effort helped address the following two needs: (1) a national
shortage of trained workers who understand the information technology complexities of the
smart grid and other 21%-century grid challenges, including high penetration of renewable
energy and infrastructure security (as well as related policy and economic issues) and

(2) Vermont's near-term needs for a workforce capable of deploying, overseeing, and
maintaining the state’s emerging smart grid, which is scheduled to be in place statewide by
the end of 2013.

The focal point of this year-long collaborative effort was a set of educational initiatives,
including a series of seminars and short courses, which provided training for electric-sector
workers, sparked research collaborations with Vermont’'s academic institutions and engaged a
diverse group of private and public stakeholders, promoting interaction among them.

More specifically, these activities included:

* Regular interactions with Vermont's electric utilities and the Vermont Department of
Public Service, a group known collectively as e-Energy Vermont, to ensure that the activities
supported by this grant contributed directly to smart grid deployment efforts in Vermont.

* Aseries of public seminars in Vermont, presented by Sandia researchers on various topics
related to energy innovation. Held at UVM and attended by a broad representation of
stakeholders—including students, faculty, the electric utilities, technology companies, and
government representatives—the seminars sparked ongoing dialogue and created a
platform for future collaboration between Sandia and Vermont.

* A conference to bring stakeholders from across Vermont together to discuss energy
innovation in Vermont and to explore opportunities for the state—the first to deploy a
statewide smart grid—to become a national leader in smart energy systems. Topics
included smart grid technologies, energy security, job opportunities, and partnerships and
policies related to the environmental benefits of smart grid. The event also showcased the
work of high school students who had conducted energy-related research for the Vermont
State Science and Math Fair, acknowledging the role they may play as the next generation
of energy researchers.

* Aset of technology short courses on topics identified by the Vermont utilities as key to
workforce education. Taught by researchers from Sandia, the Vermont Law School, and the
Electric Power Research Institute, these courses drew a diverse audience of focused on
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utility workers, government and private sector employees and university students who
wanted to better understand smart grid implementation challenges and opportunities.

* Supported faculty research opportunities and student internships at Sandia National
Laboratories during the summer of 2011 in the following topic areas: smart grid
performance, consumer decision-making, and policy analysis.

* A public outreach effort at Vermont’s ECHO Lake Aquarium and Science Center to educate
the public about electricity as well as the need for—and the benefits of—the smart grid to
Vermont. Targeted at the general public and developed with the help of engineering
students at UVM, the project had two primary purposes: to educate consumers about the
smart grid and to collect data on visitors’ understanding of the electric grid to help inform
future research.

The effort also spawned a long-term strategic partnership between Sandia and the State of
Vermont that has been wide ranging in its impact, touching on issues that range from the
technical to the social and involving multiple Vermont institutions. Amounting to a catalyst
for interinstitutional research in topics relevant to the smart grid, the result has been an
unprecedented level of engagement among policy experts, social scientists, security and
computer experts, computational modelers, engineers, and economists, creating the
foundation for a systems-based and holistic approach to energy innovation in Vermont.

The core partners in this year-long collaboration brought unique but complementary
strengths to the project, making it possible to meld Sandia’s deep
technical expertise in energy delivery systems with Vermont's
experience in energy projects, its commitment to sustainability,
supportive regulatory framework, and unprecedented history of
utility collaboration.

Stakeholders across Vermont—in
partnership with Sandia National
Laboratories—are working toward a
sustainable energy future, creating a

Working more broadly with Vermont's policymakers, utilities, model for statewide collaboration that
educational institutions, nonprofit organizations, privately owned reflects unprecedented trust,
companies, and citizen groups, Sandia researchers provided—and communication, and innovation.

continue to provide—a high level of technical expertise to help

transform the state’s electric grid into a more reliable, secure, and

affordable “smart grid.” As part of this effort, they are helping

integrate new renewable and distributed energy sources, working

with utilities to secure the grid against cyber attack and

conducting research to better understand consumer response to the smart grid.

By collaborating in this way, with a focus on best practices, Vermont is poised to emerge as a
model for the U.S. Not only will it be the first state in the nation to deploy a statewide smart
grid, but as a result of its partnership with Sandia, Vermont has the potential to create a set of
best practices that can be replicated by other states, hastening our nation’s trajectory toward
a better energy future.
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A Model for the Nation: Promoting Education and Innovation
in Vermont’s Electricity Sector

Introduction

As the 21* century unfolds, it is increasingly clear that the United States—and indeed the world—
faces unprecedented energy challenges. The electric grid, which is widely viewed as our nation’s
most critical infrastructure (it is—in today’s digital and electronic world—the one on which all
other infrastructures depend), has remained essentially unchanged since its rollout at the end of
the 19" century. At the same time, the nation’s insatiable appetite for electricity continues to
grow, adding stress to the grid and increasing our dependence on fossil fuels, much of the latter
imported and virtually all of it contributing to greenhouse gas emissions.

This stress has, in turn, led to an increase in electricity outages each year, underscoring the fact
that our nation’s century-old grid badly needs modernization and an advanced communications
overlay befitting the 21° century. Upgrading the grid in this way, and ensuring it continues to
operate in a manner that is safe, secure, reliable, and efficient, is not only vital to American
competitiveness in a global arena but to securing our nation’s energy future and the continued
wellbeing of every American citizen.

Although many of the upgrade challenges are technical in nature, others are economic or
political; even educational. In fact, according to the U.S. Power and Engineering Collaborative,
“Aging trends in the electrical engineering workforce...will make it difficult to meet [the smart
grid’s] reliability expectations unless action is taken today,” a sentiment echoed by U.S. Secretary
of Energy, Steven Chu, who said in 2010 that “Building and operating smart grid infrastructure will
put tens of thousands of Americans to work [but we need to] ensure that we have the workforce
in place to meet this need.”

Project Objectives

Recognizing the link between education and successful smart-grid deployment, the U.S.
Department of Energy (DOE), through its Power Systems Fellowship Program, provided Sandia
National Laboratories with funding to initiate a partnership with the University of Vermont (UVM)
and other Vermont stakeholders to support various educational and outreach initiatives across
the state of Vermont.

The funding was to further Vermont’s efforts to deploy a statewide smart grid and to help tackle
the human dimensions of grid modernization, specifically the need for a workforce adequately
trained to design, develop, install, operate, and maintain an advanced grid but also equipped to
understand related challenges such as the integration of renewables, the emergence of an
electrified transportation sector, and the need to imbed cybersecurity in new system designs.

This Power Systems Fellowship Program had four primary objectives:
1. to enhance multidisciplinary education and workforce development in smart grid-related
fields, thus indirectly supporting deployment of Vermont's statewide smart grid;

2. to promote broader public understanding within Vermont of the need for and benefits
associated with smart grid deployment;
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3. to promote collaborative research between Sandia researchers and faculty at UVM and other
Vermont academic institutions in smart-grid relevant disciplines; and

4. toform liaisons with private and public stakeholders across Vermont to encourage
information sharing, technology transfer, and job growth in the electric power sector.

In formulating these objectives, the Steering Committee identified four key technical areas that
reflect technical and programmatic synergies between Sandia and UVM.

*  Smart grid

* Complex systems approaches to understanding and evolving the power grid
* Human behavioral impacts on the power grid

* Policy impacts on power grid operation and design

This effort very much recognized the fact that grid modernization requires more than
technological development (although this is critical); it must include consumer engagement,
policy considerations, education, and workforce training.

Achieving the goals of the grant would serve a dual purpose: they would have immediate local
impact, facilitating Vermont's transition to a smart-grid state and they would allow Vermont to
emerge as a national leader in energy transformation, an area critically important to national
security.

The activities made possible by this grant (Work order #M610000767) are described in this report
along with a set of recommendations for future collaborative work.

The Sandia-Vermont Partnership

The partnership between Sandia National Laboratories and the State of Vermont, supported by the
DOE's Power Systems Fellowship Program (as described in this report,) remains an ongoing
collaboration, a testament to the synergies and collaborative relations that emerged between the
two partnersin FY2011.

The enduring nature of the partnership reflects two underlying facts. One, both Sandia and
Vermont share a common vision for the future of the electric grid, a vision that is broadly defined
to include improved efficiency and advanced smart grid technologies, reduced dependence on
foreign oil, limited greenhouse gas emissions, and the successful integration of new sources of
renewable energy generation into the existing power system. And two, both view the partnership
as an exceptional opportunity to combine their respective strengths to serve local and national
interests. Specifically, Sandia brings deep expertise in power systems and energy surety (safety,
security, reliability, sustainability, and cost effectiveness) to the partnership. Vermont brings a
collaborative spirit and sense of openness that prevails across government agencies, private-
sector energy companies, academic
institutions, and nonprofit organizations. In
short, Vermont—unified in its political
commitment to energy transformation, united

Working together, Sandia and Vermont have a unique
opportunity to leverage the expertise and skills that

behind a statewide smart grid deployment exist in both places to drive fundamental change in the
effort and in partnership with by Sandia—has electric sector, change that translates into
the potential (as explained below) to model opportunities beyond the state of Vermont.

systemic change in the electric sector and thus
be a blueprint for the rest of the nation.
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Vermont: A Leader of Energy Innovation

Although a small state, Vermont is at the forefront of smart grid deployment, and an emerging
leader nationally in helping define, build, and test a modern, secure, and resilient grid. Several
reasons explain Vermont'’s unique ability to serve as a national model for smart grid deployment.

To begin with, Vermont is on track to become the first state in the nation to deploy a statewide
smart grid, with smart meters projected to reach 85% of Vermont's electricity customers by 2013.
That effort is made possible by an American Reinvestment and Recovery Act (ARRA) Smart Grid
Investment Grant of $69.5 million (matched equally by the Vermont’s 21 utilities) to upgrade the
state’s distribution grid with two-way communications systems and smart meters.

This smart grid deployment effort, known as e-Energy Vermont, involves the full roster of utilities
working together, along with the Vermont Department of Public Service, a collaborative process
that

* encourages information sharing by providing a venue for communication among the electric
utilities and also the state’s regulators;

» offers benefits of scale and a common procurement process for smart grid technologies;
* ensures all the utilities, regardless of size, have an equal voice in the deployment process; and
* provides an opportunity to work together on outreach and communications to the public.

Political support for e-Energy Vermont exists at all levels, with Vermont’s U.S. Congressional
Delegation and the Governor unanimous in their support of grid innovation, improved efficiency,
and the growth of renewables. Because of such support, Vermont is already a leader in energy
efficiency, ranking first nationwide in electricity efficiency gains and is the only state in the country
to have a designated efficiency utility, Efficiency Vermont. Such commitment to a better energy
future is shared by the state’s vibrant and dedicated energy community, which includes (apart
from the utilities) numerous dedicated and innovative nonprofits as well as private-sector energy
technology companies. These organizations are working in lockstep to drive significant
technological progress in the areas of efficiency, renewables, energy storage, and
communications.

Moreover, Vermont is home to several academic institutions, with strengths in key areas related to
energy and whose participation has been essential to the success of this project. UVM, for
example, though a small public research university, has demonstrated excellence in several areas
directly related to smart grid, notably complex systems, behavioral sciences, and electrical
engineering. It is also committed—through its Office of Technology Commercialization and
partnership with the Vermont Center for Emerging Technologies—to technology transfer and
workplace innovation and has several centers, including the Complex Systems Center and the
Transportation Research Center whose work has added value to this project.

In addition, the Vermont Law School, a world-renowned institution that specializes in
environmental and energy law, has—through its Institute for Energy and the Environment and its
Smart Grid Project—been a key participant in the Sandia-Vermont partnership. Norwich University
has similarly brought expertise in cybersecurity and risk assessment to the project; the Vermont
State Colleges, including Vermont Technical College, has also participated, sharing with the
partnership its expertise in vocational education.



A Model for the Nation: Promoting Education and Innovation in Vermont’s Electricity Sector

Sandia National Laboratories: Exceptional Service in the National Interest

Headquartered in Albuquerque, New Mexico, and with a research site in Livermore, California,
Sandia is a U.S. Department of Energy-owned and contractor-operated Federally Funded Research
and Development Center, one of 17 such laboratories in the U.S. that advances cutting-edge
research in energy-related fields. Since 1949, Sandia has been a leader in preventing technological
surprise, in anticipating threats, and in providing transformative science- and technology-based
solutions to the nation’s energy challenges.

Sandia also has a long history of partnering with others, believing collaboration is essential to
innovation. The Labs share science and technology resources, staff, and infrastructure with
partners across the U.S., encouraging its researchers to present their research publicly and
welcoming faculty and students to Sandia. This collaborative approach ensures that solutions are
developed in lockstep with end-user needs, accelerates the pace with which new technologies
reach the marketplace, and allows well-engineered solutions to reach the places where they have
the greatest impact.

Recognizing the need to meet the unique energy challenges of our 21*-century world, with its
expanding electricity needs and unsustainable reliance on fossil fuels, Sandia has established the
Energy, Climate, and Infrastructure Security strategic management unit. This unit supports
research in renewable energy systems, climate modeling, water quality, smart grid
implementation, alternative fuels, and grid security in order to

* reduce the nation’s dependence on foreign oil,
* increase deployment of low-carbon power generation,

* understand the risks and help mitigate climate-
change impacts,

* increase security and resiliency of the electrical Partnerships are key to accelerating innovation,
grid and energy infrastructure, and development, and successfully deploying solutions
 strengthen the nation’s science and technology to the nation’s most challenging energy problems.
capabilities related to energy, climate and
infrastructure.

Organizational Structure

To meet the objectives of the Power Systems Fellowship Program collaboration and to ensure a
successful outcome for the partnership, a three-part organizational structure was put in place.

* Steering Committee
A three-member Steering Committee made of representatives from Sandia, UVM, and the
state’s second largest electric utility, Green Mountain Power, was created. This committee
communicated via monthly conference calls, and engaged in lengthy face-to-face meetings
twice during a six-month period.

* CoreTeam
A 12-member core team, with membership evenly split between Sandia and UVM, was also
formed. This team was responsible for overseeing and executing the various activities
supported by the Power Systems Fellowship Program grant, including seminars, conferences,
short courses and research exchanges. This team interacted frequently throughout the year,
conducting weekly teleconferences and monthly face-to-face meetings to ensure the agenda
matched the goals of the partnership and complimented other activities underway.



A Model for the Nation: Promoting Education and Innovation in Vermont’s Electricity Sector

* Research Topics
Four research areas—complex systems, smart grid, consumer behavior, and policy—were
identified as strategically important to the project. Collectively these topics (1) reflect the
complementary strengths of Sandia and UVM, (2) lend themselves to multidisciplinary
research, and (3) have the potential to produce integrated, validated models of smart grid
technology, consumer behavior, and related policy within a complex systems framework and
to have immediate impact.

Steering Committee

Margie Tatro Mary Powell John Evans
Sandia National Laboratories Green Mountain Power University of Vermont
Core Team
Sandia National Laboratories (SNL)  University of Vermont (UVM)
Margie Tatro John Evans
Bob Hwang Domenico Grasso
Juan Torres Dan Harvey
Laurie Burnham Jeff Marshall
Tara Camacho-Lopez Melody Burkins
Rene Sells Wendy Koenig
Complex Systems Smart Grid Consumer Policy
Rush Robinett, SNL Juan Torres, SNL Behavior Nancy Brune, SNL
Maggie Eppstein, UVYM Paul Hines, UVYM John Wagner, SNL Chris Koliba, UVYM

Figure 1. Organizational Chart for the Sandia-Vermont partnership in FY2011.

Project Activities

During FY2011, the Sandia-Vermont partnership supported a suite of activities around smart grid
deployment; some were launched to help meet Vermont’s immediate educational and training
needs; others formed the foundation for longer-term collaborations related to smart grid research
and development (R&D). Collectively, they fall into one or more of the following categories:
education and training, stakeholder outreach, and collaborative research.

the Vermont Smart Grid and Beyond
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Figure 2. Timeline of the activities that helped develop and define the Sandia-Vermont partnership for energy
transformation and innovation.

I. Education and Training

Powering the Future Seminar Series

Intended to stimulate student interest in the electric sector, elevate the public’s understanding of
the smart grid, and showcase Sandia’s cutting-edge work in smart grid R&D, this seven-seminar
series covered a range of timely topics, such as renewable-energy integration and supply-chain
security for the grid. The series also deepened relations between Sandia and UVM by enabling the
Sandia researchers who were on campus to engage in one-on-one conversations with their UVYM
peers, interact with undergraduate and graduate students in the classroom, and deliver a public
lecture on a topic related to energy and the smart grid. The seminar series also contributed
directly to students’ interest in applying for a summer internship at Sandia.

As the seminars gained recognition, the number of attendees increased, with what was initially an
academic audience evolving into a mixed audience of faculty, students, representatives from
Vermont electric utilities as well as private-sector technology companies, and the local press.

Overall, the objectives of the series were to
* encourage cross-institutional, cross-disciplinary dialogue;
* provide a catalyst and foundation for future R&D efforts;

the Vermont Smart Grid and Beyond
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* provide a forum for engaging students and stimulating their interest in the electric sector;

* contribute to the public’'s understanding of the challenges and possibilities of transforming
the state’s energy sector;

* showcase Sandia’s technical expertise and capabilities in areas related to smart grid; and
* continue to building trust at an institutional and personal level.
Topics and speakers for the Powering the Future seminar series are listed below.

Spring 2011
* March 23. Smart Grid Challenges and Opportunities, by Juan Torres, Manager of Energy Surety
Engineering and Analysis

* March 29. Solar Energy and Our Electricity Future, by Charles Hanley, Manager of Photovoltaic
and Distributed Systems Integration

* May 2. Climate Change, Technology, and Global Security, by Rob Leland, Director Climate
Security

Fall 2011

* September 6. Integrating Renewables into the Electric Grid: Where’s the Storage?, by Rush
Robinett, Ill, Senior Manager of Grid Modernization and Military Energy Systems [postponed]

* September 13. Smart Grid Security: Do You Know Who Your Insiders Are?, by Bob Hutchinson,
Senior Manager of Cyber Infrastructure Security

* September 21. Stability vs Complexity: Is the Smart Grid at a Tipping Point?, by Brian Gaucher,
IBM

* October 11. Cybersecurity of the Smart Grid: An Overview of Threats, Vulnerabilities, and
Mitigation Strategies, by Bryan Richardson, Senior Member Technical Staff, Sandia

Technology Short Courses

To support Vermont’s leadership role in smart grid deployment and energy innovation, UVM, the
Vermont Law School, and Sandia National Laboratories offered a series of short courses intended
for a diverse audience of students and professionals. Administered by UVM’s Office of Continuing
Education, the courses covered key topics related to the smart grid, including the technical
challenges of renewables integration and grid security, as well as policies that could facilitate
statewide deployment of advanced and so-called green technologies. [For more information, see
Appendix 8.]

* Course One: Renewable Energy Integration (July 26, 2011, enrollment: 42)
This one-day course—which was structured for representatives from the utilities and energy
technology companies as well as graduate students in engineering, computer science, and
environmental sciences—looked at the broader energy infrastructure into which renewables
are being integrated, the advances in design and components, and the smart technologies
that will allow renewables to interface with the larger smart-grid architecture.
Instructors: Joshua Stein and Roger Hill, members of Photovoltaics and Grid Integration
Department at Sandia National Laboratories.

* Course Two. Smart Grid Policy: Pathways for Improving the Global Environment (August 9, 2011,
enrollment: 37)

14
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Aimed at utilities, regulators, policymakers, investors, technology companies, and consumers
interested in exploring pathways for a smart electric grid to improve the global environment,
this one-day course looked at the legal, regulatory, and other policy changes that are most
likely to ensure that smart grid implementation in the U.S. supports the nation’s clean energy
goals. The curriculum focused on smart grid benefits that go beyond basic utility business
justifications, such as meter reading and outage-management automation, to address broader
societal goals regarding the global environment.

Instructors: Kevin Jones and other members of the Smart Grid Research Project team at the
Vermont Law School’s Institute for Energy and the Envir